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January 9, 2014 

8:30 AM 

 

Meridian Park Hospital 

Community Health Education Center, Room 117BC 

19300 SW 65th Avenue, Tualatin, OR 97062 

 



Section 1.0 

Call to Order 



Health Evidence Review Commission (503) 373-1985 

 
AGENDA 

VALUE-BASED BENEFITS SUBCOMMITTEE 
January 9, 2014 
8:30am - 1:00pm 

Meridian Park Room 117B&C 
Community Health Education Center 

Tualatin, OR 97062 
A working lunch will be served at approximately 12:00 PM 

All times are approximate 
 

I. Call to Order, Roll Call, Approval of Minutes – Lisa Dodson   8:30 AM 
 

II.  Staff report –Ariel Smits, Cat Livingston, Darren Coffman   8:35 AM 
 

III. Straightforward/Consent Agenda – Ariel Smits         8:45 AM  
A. Straightforward table  

 
IV. 2014 CPT/HPCPS/CDT Code Review – HERC staff    8:50 AM 

A. General follow up  
A. Codes omitted from January review: 34846, 34847 
B. Trichomonas DNA/RNA probe: 87661 
C. Mechanical chest wall oscillation: 94669 
D. Carotid artery stenting  
E. Intravascular stents  

B. 2014 HCPCS codes  
C. OHAP recommended placement of 2014 CDT codes 

 
V. New discussion items – HERC staff`      9:45 AM 

A. Colonoscopy with endoscopic ultrasound  
B. Pediatric trigger thumb  
C. Mastoplexy  
D. BHAP recommended changes for DSM-V  
E. Medical nutrition therapy  

 
VI. Guidelines – HERC staff`      10:30 AM 

A. Revisions 
1. Genetic testing guideline on familial cancer   
2. Continuous blood glucose monitoring guideline revision   
3. Acute otitis media guideline revisions  
4. Hydrocele guideline clarification  
5. Cognitive rehabilitation  

B. New guidelines 
1. Concussions  
2. Oral health risk assessments  
3. Materials for dental restorations  



Health Evidence Review Commission (503) 373-1985 

 
VII. Biennial Review items – HERC staff    11:30 AM 

A. Fibromyalgia  
B. BHAP recommended factitious disorder and somatization line merge  
 

VIII. Coverage Guidances for review – HERC staff    12:30 PM 
1) Prenatal genetic testing (informational)  
2) DXA  
3) Treatment of sleep apnea in adults (update) 

 
IX. Public comment        12:55 PM 

 
X. Adjournment—Lisa Dodson         1:00 PM 

 



 

Value-based Benefits Subcommittee Summary Recommendations, 10/10/13  

Value-based Benefits Subcommittee Recommendations Summary 
For Presentation to: 

Health Evidence Review Commission on 10/10/13 
 

For specific coding recommendations and guideline wording, please see the text of the 10/10/13 
VbBS minutes. 
 

CODE PLACEMENT/MOVEMENT 
• Various straightforward coding changes were made 
• 2014 CPT codes were adopted as shown in Appendix A 
• Codes for the diagnosis and treatment of femoroacetabular impingement syndrome (FAI) were 

added to a covered line with a new guideline 
• Coverage of intraocular steroid procedures was added for treatment of posterior uveitis and 

central retinal vein occlusion with two new guidelines 
• Use of extracorporeal photophoresis was added for cutaneous T-cell lymphoma and chronic 

cutaneous graft-vs-host disease with a new guideline 
 
 

ITEMS CONSIDERED BUT NO CHANGES MADE 
• Coverage of the Lp-PLA2 assay was not added 
 
 

GUIDELINE CHANGES 
• The cervical cancer screening guideline was updated to reflect the most recent national 

guidelines 
• A new guideline for upper endoscopy for GERD and heartburn symptoms was adopted 
• A new guideline outlining coverage of prenatal genetic testing was adopted 
• A new guideline was adopted for tonsillectomy for treatment of sleep apnea (OSA) in children.  

The existing tonsillectomy guideline was modified to remove OSA. 
 
 
BIENNIAL REVIEW CHANGES 
• The open wound of eardrum and chronic otitis media lines were merged 
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VALUE-BASED BENEFITS SUBCOMMITTEE 
Meridian Park Health  

Community Health Education Center, Room 117B&C 
Tualatin, OR 

October 10, 2013 
8:30 AM – 1:00 PM 

 
Members Present: Lisa Dodson, MD, Chair; James Tyack, DMD; Mark Gibson; Irene 
Croswell, RPh; Laura Ocker, Lac; Susan Williams, MD (arrived 10:15 AM). 
 
Members Absent: Kevin Olson, MD, Vice-chair; David Pollack MD. 
 
Staff Present: Darren Coffman; Ariel Smits, MD, MPH; Cat Livingston, MD, MPH; 
Jason Gingerich; Dorothy Allen. 
 
Also Attending:  Denise Taray, DMAP; Jesse Little, Actuarial Services Unit of OHA; 
*Alan Ackerman, PhD, Camille Kerr, and Chris Doyle, Allergan; *Tom Jenkins, MD and 
*Ginevra Liptan, Legacy Health; *Tami Stackelhouse; Mike Willett, Matt Krebs and 
Rachel Houper, Pfizer; Lynette Chen, *Kim Jones and Charlene Maxwell, OHSU; Sue 
Matthews; *Pamela Corona Black; Dianne Danowski-Smith, Oregon Healthline; Carol 
Kelly. 1 in 4; Mary Lou Hart; Robert Staples; *Tamara Staples;*Robert Bennett, MD, 
OHSU  
*Provided testimony  

 
 
Roll Call/Minutes Approval/Staff Report  
 
The meeting was called to order at 8:35 am and roll was called. Minutes from the 
August 2013 VbBS meeting were reviewed and approved.   
 

ACTION: HERC staff will post the approved minutes on the website as soon as 
possible.  

 
Smits reported that HERC staff will now be report on “Topics Reviewed which had 
Insufficient Evidence to Discuss with Commission.”  For this meeting, these topics 
include the use of acupuncture to treat peri-operative pain, dysmenorrhea, TMJ, and 
labor pain.  
 
Coffman shared an update on possible cancelation of the November VBBS meeting as 
the 2014 CPT codes came out early in time to be reviewed at this meeting. 
 
Livingston reported on having a new beautiful baby girl! 
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 Topic: Straightforward/Consent agenda 

 

Discussion: Smits presented the straightforward/consent items.  There was no 
discussion. 
MOTION: To approve the all suggested changes. CARRIES 5-0 (Absent: 
Williams) 

 

Actions: 
1) Add 50398 to line 186 
2) Add 44186 to lines 62 and 229 
3) Add 43653 to line 229 
4) Add 37204 to line 459 
5) Add 77301 to line 341 
6) Add 77470 to lines 181, 276 and 356 
7) Add 52214 to line 287 
8) Add 99324-99337 and 99339-99350 to MHCD lines  

[5,6,9,27,32,68,107,133,180,209,212,222,269,295,305,316,334,390,398,412,
417,419,425,431,437,445,457,462,469,471,474,481,483,487,488,496,500,50
8,518,521,544,546,569,576,588,608,609,660,681] 

9) Add 49904 to line 216 
10) Add 61215 to line 320 
11) Add 54440 to line 216 
12) Add 14000, 14001, 14021, 14060, 14061 to line 64 
13) Add 44015 to line 88 
14) Add 42960-42962 to line 308 
15) Add 22010 and 22015 to line 308 
16) Add 61582 to line 84 
17) Add 67039 and 67040 to line 473 
18) Delete the coding specification “R49.0 is located on the Diagnostic List for 

use for the work-up of hoarseness” from line 583 
19) Change the coding specification for line 33 to the following: 

CPT codes 43644-43645 and 43846-43848 (Roux-En-Y gastric bypass) 
and 43770-43775 (laparoscopic adjustable gastric banding and sleeve 
gastrectomy) are only included on this line as treatment according to the 
requirements in Guideline Note 8 when paired with: 

1) a primary diagnosis of 250.x0 or 250.x2 (Type II Diabetes with or 
without complication); 

2) a secondary diagnosis of 278.00 (Obesity, Unspecified) or 278.01 
(Morbid Obesity); AND, 

3) a tertiary diagnosis code of V85.35-V85.45 (BMI >= 35). 
20) Update guideline note 66 as appears in Appendix A. 
21) Adopt the following coding specification for lines 295 and 334: 

ICD-9 299.8x is included on line 295 for treatment of “atypical childhood 
psychosis” and “borderline psychosis of childhood.” It is included on line 
334 for treatment of Asperger’s syndrome. 
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22) Diagnostic Guideline D4 Advanced Imaging for Low Back Pain: replace the 
two instances of “radiculopathic symptoms” with “radiculopathic signs.” 

 
 

 Topic: 2014 CPT codes 
 

Discussion: Smits introduced multiple documents reviewing staff 
recommendations for placement of 2014 CPT codes.  The recommended 
placements were accepted without discussion except as below: 

1) Transcatheter placement of an intravascular stent(s) (CPT 37217, 37236-
37239).  Dodson requested that staff review the efficacy and evidence for 
use of these stents.  These codes were tabled until a future meeting. 

2) 87661 (amplified DNA/RNA probe for Trichomonas vaginalis) was tabled 
until further review. 

3) New influenza vaccination codes were added to the prevention lines (lines 
3 and 4) instead of the influenza line. 

4) 94669 (Mechanical chest wall oscillation): Gibson requested cost 
comparison information between this therapy and similar therapies, as this 
therapy was found to be equally efficacious to other therapies, but not 
better.  HERC staff will review.  Code placement was tabled until a future 
meeting. 

 
MOTION: To approve the all suggested changes, with the influenza vaccination 
codes added to the prevention lines and CPT 37217, 37236-37239, 87661, and 
94669 tabled until a future meeting. CARRIES 5-0 (Absent: Williams) 

 
Actions: 
1) New CPT codes placed as indicated in Appendix A 
2) Add 43260, 43261, 43263 to lines 196, 308; add 43262, 43264,43265 to line 

196 
3) Change coding spcification on line 388 to read: "Chemodenervation with 

botulinum toxin injection (CPT 64612,-64614, 64616) is included on this line 
only for treatment of blepharospasm (ICD-9 333.81), spasmodic torticollis 
(ICD-9 333.83), and other fragments of torsion dystonia (ICD-9 333.89)” 

4) HERC staff will review and bring back revised recommendations for 
placement of CPT 37217, 37236-37239, 87661, and 94669. 

 
 

 Topic: Fibromyalgia 
 

Discussion: Smits introduced a summary document outlining a review of 
systematic analyses of various treatments for fibromyalgia.  This review found 
that only exercise and antidepressants have evidence of effectiveness for 
treatment of fibromyalgia.   
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Testimony was heard from Dr. Robert Bennett, an internist from OHSU. Dr. 
Bennett noted that somatoform disorder is covered on line 398 (Note: This 
condition is only covered for consultation and this line has been moved below the 
funding line for the October 2014 List).  He noted that fibromyalgia was the 3rd 
most common chronic pain condition in the US.  He discussed the changes 
within the central nervous system that occur with fibromyalgia.  He noted the 
large economic impact of this disease. He discussed that patients with 
fibromyalgia have increased suicide risk (3-10x risk).  On further questioning, he 
could not provide data that treatment of fibromyalgia reduces the risk of suicide.  
Dr. Bennett stated that treatment of fibromyalgia should involve integrated, 
coordinated care.  Patients need to have access to specialists (psychiatry, 
psychology, addiction specialists, etc.).   

 
Testimony was heard from Kim Jones, FNP from OHSU.  Ms. Jones noted that 
the evidence base has changed significantly in past 5 yrs.  She found 256 
systematic reviews on fibromyalgia from 2008-present.  She also stressed the 
importance of a multi-disciplinary approach for fibromyalgia.  Exercise 
interventions have good evidence base and patients need referral to PT/OT for 
exercise training.  She noted that patients with fibromyalgia have increased 
suffering, low quality of life, and impaired physical function.  She believes that 
effective treatments are available, but that patients need to have access to 
specialty care to take advantage of these treatments.  

 
Testimony was heard from Dr. Ginevra Liptan, an internist with Legacy. She 
testified to a lack of places to refer OHP patients with fibromyalgia.  She feels 
fibromyalgia patients need a multi-disciplinary approach.  Many primary care 
doctors do not know enough about optimal treatment of fibromyalgia.  She 
believes that patients with fibromyalgia need rheumatology and pain specialists 
to assist in care.  She notes that she personally is a patient.  She believes that 
with treatment, patients with fibromyalgia can improve their quality of life and get 
back to work.   
 
There was discussion regarding the accuracy and consistency in diagnosing 
fibromyalgia.  Experts agreed this was problematic. 
 
The experts were asked what treatments they have found evidence of 
effectiveness for that were not found to be effective in the staff review.  The 
experts replied that in their review of the literature and experiences, SSRIs are 
ineffective, but SNRIs work.  Amitriptyline works for assisting sleep.  Multi-
disciplinary care (PT/OT/psychology/specialty care )has good evidence 
supporting it.  Evidence for trigger point injections is good. Pregabalin was found 
to be helpful in studies (strong but new evidence).   
 
There was discussion about whether a patient can access exercise outside of a 
health care environment (community yoga classes, etc.) or whether patients 
really need PT/OT or other medicalized exercise programs.  The experts 
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reported that studies have shown that more supervised exercise programs work, 
whereas handouts and less supervised programs have not been shown to work.  
Mindful movement (chi gong, Tai Chi, etc) is effective.  PT is important as a 
source of good recommendations for exercise types/methods.   
 
Multidisciplinary care was discussed, and it was noted that there is no CPT code 
for this type of treatment.  There are guidelines calling out its use for palliative 
care and for bariatric surgery.  Smits noted that a guideline could be written for 
multidisciplinary care for fibromyalgia, but that this might be difficult to 
operationalize.  
 
Williams noted that fibromyalgia is a constellation of symptoms and a 
constellation of treatment modalities.  The symptoms that are above the funding 
line (OSA, depression, etc.) can be treated. 
 
The experts requested that fibromyalgia be covered, with treatments including 
PT/OT, pain clinic consultation, rheumatology, and expanded drug coverage.  
 
Three patients (Pamela Corona Black, Tamara Staples and Tami Stackelhouse) 
gave testimony regarding their own experience with fibromyalgia. 
 
Further discussion centered around whether to move fibromyalgia up on the 
Prioritized List, or whether to continue to cover secondary diagnoses such as 
depression.  If fibromyalgia is moved up on the Prioritized List, VbBS needs to be 
very specific about what treatments are covered. 
 
The decision was made to have HERC staff review topics suggested as having 
good evidence (trigger points, multi-disciplinary care, etc.).  A mock-up of a new 
fibromyalgia line will be created with suggested scoring in the prioritization 
formula.  These materials will be brought back to a future meeting. 
 
Actions: 
1) HERC staff will review suggested effective treatments for fibromyalgia and 

bring a proposal for a new line with suggested treatment and prioritization 
scores to a future meeting 

 
 

 Topic: Open wound of eardrum 
 

Discussion: Smits introduced a summary recommending merging the lines for 
open wound of eardrum and chronic otitis media.  It was suggested to change 
the name of the new line to include both diagnoses. 
 

MOTION: To approve the line merging as presented. CARRIES 5-0 (absent 
Williams). Actions: 

1) Move ICD-9 872.61/ICD-10 S09.20XA to line 502 

http://www.icd10data.com/ICD10CM/Codes/S00-T88/S00-S09/S09-/S09.20XA
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2) Delete line 456 

3) Change the name of line 502 to CHRONIC OTITIS MEDIA; OPEN 

WOUND OF EAR DRUM 

4) These changes will be a part of the biennial review of the list to be 

completed in May 2014, resulting in changes currently scheduled to go 

into effect January 2016. 

 
 

 Topic:  Coverage Guidance: Upper Endoscopy for GERD 
 

Discussion: A new diagnostic guideline for GERD was presented.  There was 
discussion about whether patients 50 and older should have treatment with PPI 
or other treatments prior to esophagogastroduodenoscopy (EGD).  There was 
concern for overuse in this population.  The HTAS report was reviewed, and the 
evidence for immediate EGD in the 50 and older population was reviewed.  The 
diagnostic guideline was accepted as presented in the meeting materials. 
 
Actions: 
1) A new diagnostic guideline was adopted as shown in Appendix B 

 
 

 Topic: Coverage Guidance: Prenatal Genetic Testing 
 

Discussion: A proposed new diagnostic guideline for prenatal genetic testing 
was reviewed to bring the Prioritized List into agreement with a proposed HERC 
coverage guidance. Dr.Tom Jenkins, a Legacy perinatologist, gave testimony 
that the CPT/HCPCS codes in the proposed guideline were not correct/inclusive.  
HERC staff agreed to work with him to identify the correct codes.   
 
There was discussion about whether to cover test panels that include 
nonrecommended tests in addition to recommended tests, but which are less 
expensive.  There was general agreement that less expensive tests are generally 
preferred.  However, there was concern that some of these panels may include 
tests that the HERC does not want to cover (such as eye color).  Reproductive 
decisions made on the basis of these types of tests would be problematic.  Dr. 
Jenkins noted that there is a panel which included the 4 recommended tests for 
patients of Ashkenazi heritage and is less expensive.  Wording was added to the 
guideline to allow coverage of this less expensive test: “If a panel which includes 

these 4 tests is available at a lower cost than the sum of the individual tests, then the 

panel should be covered.”   However, a more general statement allowing coverage 
of less expensive panels was rejected.  If other panels are developed that are 
less expensive, the Committee can review those as needed. 

 
 
Actions: 



 

Value-based Benefits Subcommittee Minutes, 10/10/13  Page 8 

 

1) A new diagnostic guideline was adopted as shown in Appendix B 
a. Note: Expert suggestions for CPT code corrections were incorporated 

into the guideline as shown 
 

 

 Topic: Coverage Guidance: FAI Surgery 
 

Discussion: Coverage for femoroacetabular impingement syndrome (FAI) was 
discussed based on a new coverage guidance recommendation.  There was no 
discussion. 
 

MOTION: To approve the guidelines for GERD, changes for coverage of FAI 
surgery as presented and the prenatal genetic testing guideline with expert 
modifications. CARRIES 6-0   

 
Actions: 

1) Add ICD-9 719.85 (Other specified disorders of joint, pelvic region and thigh) and 
718.05 (Articular cartilage disorder, pelvic region and thigh)/ ICD-10 M24.15x 
(Other articular cartilage disorders, hip) and M25.85x (Other specified joint 
disorders, hip) to Line 384  

2) Keep 719.85/M25.85x and 718.05/M24.15x on line 550 DEFORMITIES OF 
UPPER BODY AND ALL LIMBS 

3) Add CPT 29914 [Arthroscopy, hip, surgical; with femoroplasty (ie, treatment of 
cam lesion)], 29915 [Arthroscopy, hip, surgical; with acetabuloplasty (ie, 
treatment of pincer lesion)], and 29916 (Arthroscopy, hip, surgical; with labral 
repair) to line 384 

4) Advise DMAP to remove 29914-29916 from the Excluded List 
5) A new  guideline was adopted for line 384 as shown in Appendix B 

 
 

 Topic: Coverage Guidance: ADHD 
 

Discussion: This topic was on the agenda only for the subcommittee to view the 
coverage guidance document which was omitted from the August meeting 
materials.  No changes were discussed to the decisions regarding the ADHD 
changes adopted in August. 
 
Actions: 
1) None 
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 Topic: Extracorporeal photophoresis 
 

Discussion: Recommended addition of coverage of extracorporeal 
photophoresis for treatment of two rare conditions was reviewed.  There was no 
discussion. 

 
 
Actions: 
1) Add CPT 36522 to lines 221 and 338  
2) Remove CPT 36522 from line 622  
3) A new guideline note was adopted for lines 221 and 338 as shown in 

Appendix B  
 

 

 Topic: Lp-PLA2 assay 
 

Discussion: A review of the Lp-PLA2 assay was presented.  There was no 
discussion. 
 

MOTION: To approve the suggested changes for extracorporeal photopheresis 
and no changes for coverage of Lp-PLA2 assay as presented. CARRIES 6-0   

 
Actions: 
1) No change to the current non-coverage of Lp-PLA2 assay (CPT 83698)   
 
 

 Topic: Intraocular steroids 
 

Discussion: Recommendations for coverage of intraocular steroids was 
presented.  This was a follow up discussion from the August 2013 VbBS 
meeting, with feedback from P&T Committee staff on VbBS questions.  
Testimony was heard from Alan Ackerman from Allergan recommended that all 
of the following ICD-9 codes be paired with Ozurdex treatment (CPT 
67028):362.30, 362.35, 362.36, 362.37, 363.00 – 363.08, 363.10-363.15, 363.20, 
363.22.  He also recommended that the new guideline for treatment of uveitis not 
include a requirement for “failure of” systemic steroid treatment. The group 
decided that this wording was consistent with the P&T Committee report and 
should be maintained.  Dr. Ackerman requested that Ozurdex be included for 
treatment of intermediate uveitis as well as posterior uveitis.  HERC staff will 
review this topic and bring back recommendations.  Dr. Ackerman requested that 
Ozurdex treatment be adopted for branch retinal vein occlusion as well as central 
vein occlusion. Again, the P&T Committee report was specific for central vein 
occlusion and this wording was maintained. HERC staff will look at this specific 
question in the future.  The Allergan representative requested that the failure of 
anti-VEGF therapy be removed from the proposed new guideline for central 
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retinal vein occlusion as there is some evidence that these therapies can be 
done concurrently.   The subcommittee decided not to change this wording. 
 
Actions: 

1) Add 67027 and 67028 to Line 106  
2) Add a new guideline to line 106 as shown in Appendix B 
3) Add 67027 and 67028 to Line 363  
4) AAdd 67028 to Line 465  

i. Rename  the Treatment: LASER SURGERY; SURGICAL AND 
LASER THERAPY 

5) Add a new guideline to line 465 as shown in Appendix B 
6) Add the following coding specification to line 413 

i. Coding specification: “CPT 67027 (Implantation of intravitreal drug 
delivery system) is included on this line for use with medications 
other than intraocular steroid implants.” 

ii. CPT 67027 already is present on this line; ICD-9 363.21 (Pars 
planitis)/ICD-10 H30.23 would pair with this code.  However, there 
is no evidence for use in types of uveitis other than posterior 
uveitis, which now pairs on line 106. 

7) HERC staff will review use of intraocular steroids for treatment of 
intermediate uveitis and branch retinal vein occlusion 

 
 

 Topic: Guideline for tonsillectomy for obstructive sleep apnea in children 
 

Discussion: A guideline developed by a work group of ENT’s, sleep medicine 
specialists, primary care physicians, and OHP medical directors was presented.  
There was no discussion. 
 

MOTION: To approve the suggested changes for intraocular steroid coverage and 
the new guideline for tonsillectomy for OSA in children as presented. CARRIES 6-
0   

 
 

Actions: 
1) Add CPT 94660 to line 210 
2) Adopt a new guideline for pediatric sleep apnea diagnosis and treatment as 

shown in Appendix B 
3) Modify the existing Tonsillectomy Guideline and Sleep Apnea Guideline as 

shown in Appendix C 
4) The sleep apnea guideline was modified to define adult as shown in Appendix 

C 
 
 

 Public Comment: 
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No additional public comment was received. 
 
 

 Issues for next meeting: 
1) Placement of CPT codes 37217, 37236-37239 (Transcatheter placement of 

an intravascular stent), 87661 (amplified DNA/RNA probe for Trichomonas 
vaginalis), and 94669 (Mechanical chest wall oscillation). 

2) Fibromyalgia prioritization 
 

 

 Next meeting:  January 9, 2014, at Meridian Park Hospital Health Education 
Center, Conference Room 117B&C in Tualatin, OR 

 
 



2014 CPT Code Summary Document

CPT 

code Code description

Proposed List/Line(s)

10030 Image-guided fluid collection drainage by catheter (eg, abscess, 
hematoma, seroma, lymphocele, cyst), soft tissue (eg, extremity, 
abdominal wall, neck), percutaneous

84 DEEP ABSCESSES, INCLUDING APPENDICITIS AND PERIORBITAL 
ABSCESS; INTESTINAL PERFORATION
214 SUPERFICIAL ABSCESSES AND CELLULITIS
250 PERIPHERAL VASCULAR DISEASE, LIMB THREATENING INFECTIONS, AND 
VASCULAR COMPLICATIONS  
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
427 LYMPHADENITIS

19081 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; first lesion, including 
stereotactic guidance

Diagnostic

19082 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; each additional lesion, 
including stereotactic guidance (List separately in addition to code 
for primary procedure)

Diagnostic

19083 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; first lesion, including 
ultrasound guidance

Diagnostic

19084 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; each additional lesion, 
including ultrasound guidance (List separately in addition to code 
for primary procedure)

Diagnostic

1

Appendix A 
Recommendations for New CPT Code Placement



2014 CPT Code Summary Document

CPT 

code Code description

Proposed List/Line(s)

19085 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; first lesion, including 
magnetic resonance guidance

Diagnostic

19086 Biopsy, breast, with placement of breast localization device(s) (eg, 
clip, metallic pellet), when performed, and imaging of the biopsy 
specimen, when performed, percutaneous; each additional lesion, 
including magnetic resonance guidance (List separately in addition 
to code for primary procedure)

Diagnostic

19281 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; first lesion, 
including mammographic guidance

Diagnostic

19282 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; each additional 
lesion, including mammographic guidance (List separately in 
addition to code for primary procedure)

Diagnostic

19283 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; first lesion, 
including stereotactic guidance

Diagnostic

19284 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; each additional 
lesion, including stereotactic guidance (List separately in addition 
to code for primary procedure)

Diagnostic

19285 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; first lesion, 
including ultrasound guidance

Diagnostic

19286 Placement of breast localization device(s) (eg, clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; each additional 
lesion, including ultrasound guidance (List separately in addition to 
code for primary procedure)

Diagnostic

19287 Placement of breast localization device(s) (eg clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; first lesion, 
including magnetic resonance guidance

Diagnostic

2

Appendix A 
Recommendations for New CPT Code Placement



2014 CPT Code Summary Document

CPT 

code Code description

Proposed List/Line(s)

19288 Placement of breast localization device(s) (eg clip, metallic pellet, 
wire/needle, radioactive seeds), percutaneous; each additional 
lesion, including magnetic resonance guidance 

Diagnostic

23333 Removal of foreign body, shoulder; deep (subfascial or 
intramuscular)

464 RESIDUAL FOREIGN BODY IN SOFT TISSUE 

23334 Removal of prosthesis, includes debridement and synovectomy 
when performed; humeral or glenoid component

308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT
443 DISORDERS OF SHOULDER,POTENTIALLY RESULTING IN SIGNIFICANT 
INJURY/IMPAIRMENT

23335 Removal of prosthesis, includes debridement and synovectomy 
when performed; humeral and glenoid components (eg, total 
shoulder)

308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT
443 DISORDERS OF SHOULDER,POTENTIALLY RESULTING IN SIGNIFICANT 
INJURY/IMPAIRMENT

33366 Transcatheter aortic valve replacement (TAVR/TAVI) with 
prosthetic valve; transapical exposure (eg, left thoracotomy)

76 ACUTE AND SUBACUTE ISCHEMIC HEART DISEASE, MYOCARDIAL 
INFARCTION  
90 MYOCARDITIS (NONVIRAL), PERICARDITIS (NONVIRAL) AND 
ENDOCARDITIS  
116 CONGENITAL STENOSIS AND INSUFFICIENCY OF AORTIC VALVE  
192 MULTIPLE VALVULAR DISEASE
195 CHRONIC ISCHEMIC HEART DISEASE
237 DISEASES AND DISORDERS OF AORTIC VALVE   
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT
354 COCCIDIOIDOMYCOSIS, HISTOPLASMOSIS, BLASTOMYCOTIC INFECTION, 
OPPORTUNISTIC AND OTHER MYCOSES  

34841 Endovascular repair of visceral aorta (eg, aneurysm, 
pseudoaneurysm, dissection, penetrating ulcer, intramural 
hematoma, or traumatic disruption) by deployment of a fenestrated 
visceral aortic endograft and all associated radiological supervision 
and interpretation, including target zone angioplasty, when 
performed; including one visceral artery endoprosthesis (superior 
mesenteric, celiac or renal artery)

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   
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34842 Endovascular repair of visceral aorta (eg, aneurysm, 
pseudoaneurysm, dissection, penetrating ulcer, intramural 
hematoma, or traumatic disruption) by deployment of a fenestrated 
visceral aortic endograft and all associated radiological supervision 
and interpretation, including target zone angioplasty, when 
performed; including two visceral artery endoprostheses (superior 
mesenteric, celiac and/or renal artery[s])

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   

34843 Endovascular repair of visceral aorta (eg, aneurysm, 
pseudoaneurysm, dissection, penetrating ulcer, intramural 
hematoma, or traumatic disruption) by deployment of a fenestrated 
visceral aortic endograft and all associated radiological supervision 
and interpretation, including target zone angioplasty, when 
performed; including three visceral artery endoprostheses 
(superior mesenteric, celiac and/or renal artery[s])

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   

34844 Endovascular repair of visceral aorta (eg, aneurysm, 
pseudoaneurysm, dissection, penetrating ulcer, intramural 
hematoma, or traumatic disruption) by deployment of a fenestrated 
visceral aortic endograft and all associated radiological supervision 
and interpretation, including target zone angioplasty, when 
performed; including four or more visceral artery endoprostheses 
(superior mesenteric, celiac and/or renal artery[s])

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   

34845 Endovascular repair of visceral aorta and infrarenal abdominal 
aorta (eg, aneurysm, pseudoaneurysm, dissection, penetrating 
ulcer, intramural hematoma, or traumatic disruption) with a 
fenestrated visceral aortic endograft and concomitant unibody or 
modular infrarenal aortic endograft and all associated radiological 
supervision and interpretation, including target zone angioplasty, 
when performed; including one visceral artery endoprosthesis 
(superior mesenteric, celiac or renal artery)

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   
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34848 Endovascular repair of visceral aorta and infrarenal abdominal 
aorta (eg, aneurysm, pseudoaneurysm, dissection, penetrating 
ulcer, intramural hematoma, or traumatic disruption) with a 
fenestrated visceral aortic endograft and concomitant unibody or 
modular infrarenal aortic endograft and all associated radiological 
supervision and interpretation, including target zone angioplasty, 
when performed; including four or more visceral artery 
endoprostheses (superior mesenteric, celiac and/or renal artery[s])

88 INJURY TO INTERNAL ORGANS  
270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, THORACIC 
AORTA  
293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY   
307 DISSECTING OR RUPTURED AORTIC ANEURYSM   
349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE   

37217 Transcatheter placement of an intravascular stent(s), intrathoracic 
common carotid artery or innominate artery by retrograde 
treatment, via open ipsilateral cervical carotid artery exposure, 
including angioplasty, when performed, and radiological 
supervision and interpretation

Tabled for further review

37236 Transcatheter placement of an intravascular stent(s) (except lower 
extremity, cervical carotid, extracranial vertebral or intrathoracic 
carotid, intracranial, or coronary), open or percutaneous, including 
radiological supervision and interpretation and including all 
angioplasty within the same vessel, when performed; initial artery

Tabled for further review

37237 Transcatheter placement of an intravascular stent(s) (except lower 
extremity, cervical carotid, extracranial vertebral or intrathoracic 
carotid, intracranial, or coronary), open or percutaneous, including 
radiological supervision and interpretation and including all 
angioplasty within the same vessel, when performed; each 
additional artery (List separately in addition to code for primary 
procedure)

Tabled for further review

37238 Transcatheter placement of an intravascular stent(s), open or 
percutaneous, including radiological supervision and interpretation 
and including angioplasty within the same vessel, when 
performed; initial vein

Tabled for further review

37239 Transcatheter placement of an intravascular stent(s), open or 
percutaneous, including radiological supervision and interpretation 
and including angioplasty within the same vessel, when 
performed; each additional vein (List separately in addition to code 
for primary procedure)

Tabled for further review
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37241 Vascular embolization or occlusion, inclusive of all radiological 
supervision and interpretation, intraprocedural roadmapping, and 
imaging guidance necessary to complete the intervention; venous, 
other than hemorrhage (eg, congenital or acquired venous 
malformations, venous and capillary hemangiomas, varices, 
varicoceles)

570 SUBLINGUAL, SCROTAL, AND PELVIC VARICES
656 BENIGN NEOPLASMS OF SKIN AND OTHER SOFT TISSUES

37242 Vascular embolization or occlusion, inclusive of all radiological 
supervision and interpretation, intraprocedural roadmapping, and 
imaging guidance necessary to complete the intervention; arterial, 
other than hemorrhage or tumor (eg, congenital or acquired 
arterial malformations, arteriovenous malformations, arteriovenous 
fistulas, aneurysms, pseudoaneurysms)

570 SUBLINGUAL, SCROTAL, AND PELVIC VARICES
656 BENIGN NEOPLASMS OF SKIN AND OTHER SOFT TISSUES

37243 Vascular embolization or occlusion, inclusive of all radiological 
supervision and interpretation, intraprocedural roadmapping, and 
imaging guidance necessary to complete the intervention; for 
tumors, organ ischemia, or infarction

340 CANCER OF LIVER 
428 UTERINE LEIOMYOMA

37244 Vascular embolization or occlusion, inclusive of all radiological 
supervision and interpretation, intraprocedural roadmapping, and 
imaging guidance necessary to complete the intervention; for 
arterial or venous hemorrhage or lymphatic extravasation

62 ULCERS, GASTRITIS, DUODENITIS, AND GI HEMORRHAGE  
224 ESOPHAGEAL VARICES 

43191 Esophagoscopy, rigid, transoral; diagnostic, including collection of 
specimen(s) by brushing or washing when performed (separate 
procedure)

Diagnostic

43192 Esophagoscopy, rigid, transoral; with directed submucosal 
injection(s), any substance

62 ULCERS, GASTRITIS, DUODENITIS, AND GI HEMORRHAGE   
224 ESOPHAGEAL VARICES
339 CANCER OF ESOPHAGUS
409 ESOPHAGEAL STRICTURE 
411 ESOPHAGITIS; ESOPHAGEAL AND INTRAESOPHAGEAL HERNIAS   
421 ACHALASIA, NON-NEONATAL

43193 Esophagoscopy, rigid, transoral; with biopsy, single or multiple Diagnostic

43194 Esophagoscopy, rigid, transoral; with removal of foreign body 126 FOREIGN BODY IN PHARYNX, LARYNX, TRACHEA, BRONCHUS AND 
ESOPHAGUS

43195 Esophagoscopy, rigid, transoral; with balloon dilation (less than 30 
mm diameter)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   
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43196 Esophagoscopy, rigid, transoral; with insertion of guide wire 
followed by dilation over guide wire

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43197 Esophagoscopy, flexible, transnasal; diagnostic, includes 
collection of specimen(s) by brushing or washing when performed 
(separate procedure)

Diagnostic

43198 Esophagoscopy, flexible, transnasal; with biopsy, single or multiple Diagnostic

43211 Esophagoscopy, flexible, transoral; with endoscopic mucosal 
resection

Diagnostic

43212 Esophagoscopy, flexible, transoral; with placement of endoscopic 
stent (includes pre- and post-dilation and guide wire passage, 
when performed)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43213 Esophagoscopy, flexible, transoral; with dilation of esophagus, by 
balloon or dilator, retrograde (includes fluoroscopic guidance, 
when performed)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43214 Esophagoscopy, flexible, transoral; with dilation of esophagus with 
balloon (30 mm diameter or larger) (includes fluoroscopic 
guidance, when performed)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43229 Esophagoscopy, flexible, transoral; with ablation of tumor(s), 
polyp(s), or other lesion(s) (includes pre- and post-dilation and 
guide wire passage, when performed)

339 CANCER OF ESOPHAGUS  
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43233 Esophagogastroduodenoscopy, flexible, transoral; with dilation of 
esophagus with balloon (30 mm diameter or larger) (includes 
fluoroscopic guidance, when performed)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   
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43253 Esophagogastroduodenoscopy, flexible, transoral; with 
transendoscopic ultrasound-guided transmural injection of 
diagnostic or therapeutic substance(s) (eg, anesthetic, neurolytic 
agent) or fiducial marker(s) (includes endoscopic ultrasound 
examination of the esophagus, stomach, and either the duodenum 
or a surgically altered stomach where the jejunum is examined 
distal to the anastomosis)

Diagnostic

43254 Esophagogastroduodenoscopy, flexible, transoral; with endoscopic 
mucosal resection

Diagnostic

43266 Esophagogastroduodenoscopy, flexible, transoral; with placement 
of endoscopic stent (includes pre- and post-dilation and guide wire 
passage, when performed)

339 CANCER OF ESOPHAGUS 
409 ESOPHAGEAL STRICTURE 
421 ACHALASIA, NON-NEONATAL 
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43270 Esophagogastroduodenoscopy, flexible, transoral; with ablation of 
tumor(s), polyp(s), or other lesion(s) (includes pre- and post-
dilation and guide wire passage, when performed)

339 CANCER OF ESOPHAGUS  
622 SECONDARY AND ILL-DEFINED MALIGNANT NEOPLASMS   
667 BENIGN NEOPLASMS OF DIGESTIVE SYSTEM   

43274 Endoscopic retrograde cholangiopancreatography (ERCP); with 
placement of endoscopic stent into biliary or pancreatic duct, 
including pre- and post-dilation and guide wire passage, when 
performed, including sphincterotomy, when performed, each stent

61 CHOLELITHIASIS, CHOLECYSTITIS, COMMON BILIARY DUCT STONE  
196 NEOPLASMS OF ISLETS OF LANGERHANS   
200 ACUTE PANCREATITIS  
267 CHRONIC PANCREATITIS
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
319 ANOMALIES OF GALLBLADDER, BILE DUCTS, AND LIVER   
341 CANCER OF PANCREAS 
459 CANCER OF GALLBLADDER AND OTHER BILIARY   
671 GALLSTONES WITHOUT CHOLECYSTITIS   

43275 Endoscopic retrograde cholangiopancreatography (ERCP); with 
removal of foreign body(s) or stent(s) from biliary/pancreatic 
duct(s)

61 CHOLELITHIASIS, CHOLECYSTITIS, COMMON BILIARY DUCT STONE  
196 NEOPLASMS OF ISLETS OF LANGERHANS   
200 ACUTE PANCREATITIS  
267 CHRONIC PANCREATITIS
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
319 ANOMALIES OF GALLBLADDER, BILE DUCTS, AND LIVER   
341 CANCER OF PANCREAS 
459 CANCER OF GALLBLADDER AND OTHER BILIARY   
671 GALLSTONES WITHOUT CHOLECYSTITIS   
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43276 Endoscopic retrograde cholangiopancreatography (ERCP); with 
removal and exchange of stent(s), biliary or pancreatic duct, 
including pre- and post-dilation and guide wire passage, when 
performed, including sphincterotomy, when performed, each stent 
exchanged

61 CHOLELITHIASIS, CHOLECYSTITIS, COMMON BILIARY DUCT STONE  
196 NEOPLASMS OF ISLETS OF LANGERHANS   
200 ACUTE PANCREATITIS  
267 CHRONIC PANCREATITIS
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
319 ANOMALIES OF GALLBLADDER, BILE DUCTS, AND LIVER   
341 CANCER OF PANCREAS 
459 CANCER OF GALLBLADDER AND OTHER BILIARY   
671 GALLSTONES WITHOUT CHOLECYSTITIS   

43277 Endoscopic retrograde cholangiopancreatography (ERCP); with 
trans-endoscopic balloon dilation of biliary/pancreatic duct(s) or of 
ampulla (sphincteroplasty), including sphincterotomy, when 
performed, each duct

61 CHOLELITHIASIS, CHOLECYSTITIS, COMMON BILIARY DUCT STONE  
196 NEOPLASMS OF ISLETS OF LANGERHANS   
200 ACUTE PANCREATITIS  
267 CHRONIC PANCREATITIS
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
319 ANOMALIES OF GALLBLADDER, BILE DUCTS, AND LIVER   
341 CANCER OF PANCREAS 
459 CANCER OF GALLBLADDER AND OTHER BILIARY   
671 GALLSTONES WITHOUT CHOLECYSTITIS   

43278 Endoscopic retrograde cholangiopancreatography (ERCP); with 
ablation of tumor(s), polyp(s), or other lesion(s), including pre- and 
post-dilation and guide wire passage, when performed

61 CHOLELITHIASIS, CHOLECYSTITIS, COMMON BILIARY DUCT STONE  
196 NEOPLASMS OF ISLETS OF LANGERHANS   
200 ACUTE PANCREATITIS  
267 CHRONIC PANCREATITIS  
319 ANOMALIES OF GALLBLADDER, BILE DUCTS, AND LIVER   
341 CANCER OF PANCREAS 
459 CANCER OF GALLBLADDER AND OTHER BILIARY   
671 GALLSTONES WITHOUT CHOLECYSTITIS   

49405 Image-guided fluid collection drainage by catheter (eg, abscess, 
hematoma, seroma, lymphocele, cyst); visceral (eg, kidney, liver, 
spleen, lung/mediastinum), percutaneous

84 DEEP ABSCESSES, INCLUDING APPENDICITIS AND PERIORBITAL 
ABSCESS; INTESTINAL PERFORATION 
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
427 LYMPHADENITIS

49406 Image-guided fluid collection drainage by catheter (eg, abscess, 
hematoma, seroma, lymphocele, cyst); peritoneal or 
retroperitoneal, percutaneous

84 DEEP ABSCESSES, INCLUDING APPENDICITIS AND PERIORBITAL 
ABSCESS; INTESTINAL PERFORATION 
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
427 LYMPHADENITIS
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49407 Image-guided fluid collection drainage by catheter (eg, abscess, 
hematoma, seroma, lymphocele, cyst); peritoneal or 
retroperitoneal, transvaginal or transrectal

84 DEEP ABSCESSES, INCLUDING APPENDICITIS AND PERIORBITAL 
ABSCESS; INTESTINAL PERFORATION 
308 COMPLICATIONS OF A PROCEDURE ALWAYS REQUIRING TREATMENT  
427 LYMPHADENITIS

52356 Cystourethroscopy, with ureteroscopy and/or pyeloscopy; with 
lithotripsy including insertion of indwelling ureteral stent (eg, 
Gibbons or double-J type)

54 CONGENITAL HYDRONEPHROSIS  
186 URETERAL STRICTURE OR OBSTRUCTION; HYDRONEPHROSIS; 
HYDROURETER  
379 URINARY SYSTEM CALCULUS  

64616 Chemodenervation of muscle(s); neck muscle(s), excluding 
muscles of the larynx, unilateral (eg, for cervical dystonia, 
spasmodic torticollis)

388 DYSTONIA (UNCONTROLLABLE); LARYNGEAL SPASM AND STENOSIS

64617 Chemodenervation of muscle(s); larynx, unilateral, percutaneous 
(eg, for spasmodic dysphonia), includes guidance by needle 
electromyography, when performed

Excluded

64642 Chemodenervation of one extremity; 1-4 muscle(s) 318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

64643 Chemodenervation of one extremity; each additional extremity, 1-4 
muscle(s) (List separately in addition to code for primary 
procedure)

318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

64644 Chemodenervation of one extremity; 5 or more muscle(s) 318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

64645 Chemodenervation of one extremity; each additional extremity, 5 
or more muscle(s) (List separately in addition to code for primary 
procedure)

318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

64646 Chemodenervation of trunk muscle(s); 1-5 muscle(s) 318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

64647 Chemodenervation of trunk muscle(s); 6 or more muscle(s) 318 NEUROLOGICAL DYSFUNCTION IN POSTURE AND MOVEMENT CAUSED 
BY CHRONIC CONDITIONS

66183 Insertion of anterior segment aqueous drainage device, without 
extraocular reservoir, external approach

149 GLAUCOMA, OTHER THAN PRIMARY ANGLE-CLOSURE
258 PRIMARY ANGLE-CLOSURE GLAUCOMA   

77293 Respiratory motion management simulation (List separately in 
addition to code for primary procedure)

102,124,136,137,140,144, 162, 165, 166, 197, 207, 208, 218, 220, 221, 229, 243, 

249, 275, 276, 278, 287, 292, 312, 320, 339, 340,  342, 356, 466, 549, 622, 633

80155 Caffeine Diagnostic

80159 Clozapine Diagnostic

80169 Everolimus Diagnostic

80171 Gabapentin Diagnostic
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80175 Lamotrigine Diagnostic

80177 Levetiracetam Diagnostic

80180 Mycophenolate (mycophenolic acid) Diagnostic

80183 Oxcarbazepine Diagnostic

80199 Tiagabine Diagnostic

80203 Zonisamide Diagnostic

81161 DMD (dystrophin) (eg, Duchenne/Becker muscular dystrophy) 
deletion analysis, and duplication analysis, if performed

Diagnostic

81287 MGMT (O-6-methylguanine-DNA methyltransferase) (eg, 
glioblastoma multiforme), methylation analysis

Excluded

81504 Oncology (tissue of origin), microarray gene expression profiling of 
> 2000 genes, utilizing formalin-fixed paraffin-embedded tissue, 
algorithm reported as tissue similarity scores

Excluded

81507 Fetal aneuploidy (trisomy 21, 18, and 13) DNA sequence analysis 
of selected regions using maternal plasma, algorithm reported as 
a risk score for each trisomy

1 PREGNANCY

87661 Infectious agent detection by nucleic acid (DNA or RNA); 
Trichomonas vaginalis, amplified probe technique

Tabled for further review

88343 Immunohistochemistry or immunocytochemistry, each separately 
identifiable antibody per block, cytologic preparation, or 
hematologic smear; each additional separately identifiable 
antibody per slide (List separately in addition to code for primary 
procedure)

Diagnostic

90673 Influenza virus vaccine, trivalent, derived from recombinant DNA 
(RIV3), hemagglutinin (HA) protein only, preservative and 
antibiotic free, for intramuscular use

3 PREVENTIVE SERVICES, BIRTH TO 10 YEARS OF AGE
4 PREVENTIVE SERVICES, OVER AGE OF 10

90685 Influenza virus vaccine, quadrivalent, split virus, preservative free, 
when administered to children 6-35 months of age, for 
intramuscular use

3 PREVENTIVE SERVICES, BIRTH TO 10 YEARS OF AGE
4 PREVENTIVE SERVICES, OVER AGE OF 10

90686 Influenza virus vaccine, quadrivalent, split virus, preservative free, 
when administered to individuals 3 years of age and older, for 
intramuscular use

3 PREVENTIVE SERVICES, BIRTH TO 10 YEARS OF AGE
4 PREVENTIVE SERVICES, OVER AGE OF 10

90687 Influenza virus vaccine, quadrivalent, split virus, when 
administered to children 6-35 months of age, for intramuscular use

3 PREVENTIVE SERVICES, BIRTH TO 10 YEARS OF AGE
4 PREVENTIVE SERVICES, OVER AGE OF 10

11

Appendix A 
Recommendations for New CPT Code Placement



2014 CPT Code Summary Document

CPT 

code Code description

Proposed List/Line(s)

90688 Influenza virus vaccine, quadrivalent, split virus, when 
administered to individuals 3 years of age and older, for 
intramuscular use

3 PREVENTIVE SERVICES, BIRTH TO 10 YEARS OF AGE
4 PREVENTIVE SERVICES, OVER AGE OF 10

92521 Evaluation of speech fluency (eg, stuttering, cluttering) 64, 75, 80, 100, 101, 185, 201, 202, 273, 289, 308, 312, 325, 342, 375, 448

92522 Evaluation of speech sound production (eg, articulation, 
phonological process, apraxia, dysarthria);

64, 75, 80, 100, 101, 185, 201, 202, 273, 289, 308, 312, 325, 342, 375, 448

92523 Evaluation of speech sound production (eg, articulation, 
phonological process, apraxia, dysarthria); with evaluation of 
language comprehension and expression (eg, receptive and 
expressive language)

64, 75, 80, 100, 101, 185, 201, 202, 273, 289, 308, 312, 325, 342, 375, 448

92524 Behavioral and qualitative analysis of voice and resonance 64, 75, 80, 100, 101, 185, 201, 202, 273, 289, 308, 312, 325, 342, 375, 448

93582 Percutaneous transcatheter closure of patent ductus arteriosus 85 PATENT DUCTUS ARTERIOSUS; AORTIC PULMONARY FISTULA   
93583 Percutaneous transcatheter septal reduction therapy (eg, alcohol 

septal ablation) including temporary pacemaker insertion when 
performed

109 CARDIOMYOPATHY, HYPERTROPHIC MUSCLE   

94669 Mechanical chest wall oscillation to facilitate lung function, per 
session

Tabled for further review

97610 Low frequency, non-contact, non-thermal ultrasound, including 
topical application(s), when performed, wound assessment, and 
instruction(s) for ongoing care, per day

Excluded List

99446 Interprofessional telephone/Internet assessment and management 
service provided by a consultative physician including a verbal and 
written report to the patient's treating/requesting physician or other 
qualified health care professional; 5-10 minutes of medical 
consultative discussion and review

E&M lines (inpatient and outpatient)

99447 Interprofessional telephone/Internet assessment and management 
service provided by a consultative physician including a verbal and 
written report to the patient's treating/requesting physician or other 
qualified health care professional; 11-20 minutes of medical 
consultative discussion and review

E&M lines (inpatient and outpatient)

99448 Interprofessional telephone/Internet assessment and management 
service provided by a consultative physician including a verbal and 
written report to the patient's treating/requesting physician or other 
qualified health care professional; 21-30 minutes of medical 
consultative discussion and review

E&M lines (inpatient and outpatient)
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99449 Interprofessional telephone/Internet assessment and management 
service provided by a consultative physician including a verbal and 
written report to the patient's treating/requesting physician or other 
qualified health care professional; 31 minutes or more of medical 
consultative discussion and review

E&M lines (inpatient and outpatient)

99481 Total body systemic hypothermia in a critically ill neonate per day 
(List separately in addition to code for primary procedure)

E&M lines (inpatient)

99482 Selective head hypothermia in a critically ill neonate per day (List 
separately in addition to code for primary procedure)

E&M lines (inpatient)
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Value-based Benefits Subcommittee Minutes, 10/10/2013 Appendix B 

 
 
DIAGNOSTIC GUIDELINE DXX, UPPER ENDOSCOPY FOR GERD OR DYSPEPSIA 
SYMPTOMS 

Upper endoscopy for uninvestigated dyspepsia or GERD symptoms is covered for 
1) Patients less than 50 years of age with persistent symptoms following advice on 

lifestyle modifications and completion of an appropriate course of twice daily PPI 
therapy or an H. pylori test and treat protocol. 

2) Patients 50 years of age and older 
3) Patients with troublesome dysphagia, regardless of age or prior upper 

endoscopy. 
4) Patients with “alarm symptoms” including, but not limited to, iron deficiency 

anemia or weight loss 
 

Upper endoscopy is not covered for patients with previous upper endoscopy with non-
malignant findings (other than Barrett’s esophagus) in the absence of significant new 
symptoms. 

 
 
DIAGNOSTIC GUIDELINE DXX, PRENATAL GENETIC TESTING 
 
The following types of prenatal genetic testing and genetic counseling are covered for 
pregnant women: 

1) Genetic counseling (CPT 96040, HPCPS S0265) for high risk women who have 

family history of inheritable disorder or carrier state, ultrasound abnormality, 

previous pregnancy with aneuploidy, or elevated risk of neural tube defect 

2) Genetic counseling (CPT 96040, HPCPS S0265) prior to CVS, amniocentesis, 

microarray testing, Fragile X, and spinal muscular atrophy screening   

3) Validated questionnaire to assess genetic risk in all pregnant women 

4) Screening high risk ethnic groups for hemoglobinopathies (CPT 83020, 83021) 

5) Screening for aneuploidy with any of five screening strategies [first trimester 

(nuchal translucency, beta-HCG and PAPP-A), integrated, serum integrated, 

stepwise sequential, and contingency] (CPT 76813, 76814, 81508-81511, 84163, 

84702) 

6) Cell free fetal DNA testing (CPT 81507) for evaluation of aneuploidy in women 

who have an elevated risk of a fetus with aneuploidy (maternal age >34, family 

history or elevated risk based on screening). 

7) Ultrasound for structural anomalies between 18 and 20 weeks gestation (CPT 

76811, 76812, 76817) 

8) CVS or amniocentesis (CPT 59000, 59015, 88235, 88269, 88282, 88285, 82106, 

88280, 88267) for a positive aneuploidy screen, maternal age >34, fetal structural 

anomalies, family history of inheritable chromosomal disorder or elevated risk of 

neural tube defect.  
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9) Array CGH (CPT 81228) when major fetal congenital anomalies apparent on 

imaging, and karyotype is normal  

10) FISH testing (CPT 88271, 88275) only if karyotyping is not possible due a need 

for rapid turnaround for reasons of reproductive decision-making (i.e. at 22w4d 

gestation or beyond)  

11) Screening for Tay-Sachs carrier status (CPT 81255, 83080) in high risk 

populations. First step is hex A, and then additional DNA analysis in individuals 

with ambiguous Hex A test results, suspected variant form of TSD or suspected 

pseudodeficiency of Hex A 

12) Screening for cystic fibrosis carrier status once in a lifetime (CPT 81220-81224) 

13) Screening for fragile X status (CPT 81243, 81244) in patients with a personal or 

family history of 

a. fragile X tremor/ataxia syndrome 

b. premature ovarian failure 

c. unexplained early onset intellectual disability 

d. fragile X intellectual disability 

e. unexplained autism through the pregnant woman’s maternal line 

14) Screening for spinal muscular atrophy (CPT 81401) once in a lifetime  

15) Screening those with Ashkenazi Jewish heritage for Canavan disease (CPT 

81200), familial dysautonomia (CPT 81260), and Tay-Sachs carrier status (CPT 

81255, 83080).  If a panel which includes these 4 tests is available at a lower 

cost than the sum of the individual tests, then the panel will be covered. 

16) Expanded carrier screening only for those genetic conditions identified above 

 
The following genetic screening tests are not covered:  

1) Serum triple screen 

2) Screening for thrombophilia in general population or for recurrent pregnancy loss 

3) Expanded carrier screening which includes results for conditions not explicitly 

recommended for coverage 

 
 
GUIDELINE NOTE XXX, FEMOROACETABULAR IMPINGEMENT SYNDROME 

Line 384 

ICD-9 719.85 (Other specified disorders of joint, pelvic region and thigh)/ICD-10 
M25.85x (Other specified joint disorders, hip), ICD-9 718.05 (Articular cartilage disorder, 
pelvic region and thigh)/ICD-10 M24.15x (Other articular cartilage disorders, hip) and 
CPT codes 29914-29916 (Arthroscopy, hip, surgical) are included on line 384 only for 
the diagnosis and treatment of femoroacetabular impingement syndrome.   
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Surgery for femoroacetabular impingement syndrome is included on this line only for 
patients who meet all of the following criteria:  

1) Adult patients who are younger than 55 years of age, or adolescent patients 
who are skeletally mature with documented closure of growth plates; and 

2) Other sources of pain have been ruled out (e.g., lumbar spine pathology, SI 
joint dysfunction, sports hernia); and 

3) Pain unresponsive to physical therapy and other non-surgical management 
and conservative treatments (e.g., restricted activity, cortisone injections, 
nonsteroidal anti-inflammatory drugs) of at least three months duration, or 
conservative therapy is contraindicated; and 

4) Moderate-to-severe persistent hip or groin pain that significantly limits activity 
and is worsened by flexion activities (e.g., squatting or prolonged sitting); and 

5) Positive impingement sign (i.e., sudden pain on 90 degree hip flexion with 
adduction and internal rotation or extension and external rotation); and 

6) Radiographic confirmation of FAI (e.g., pistol-grip deformity, alpha angle 
greater than 50 degrees, coxa profunda, and/or acetabular retroversion); and 

7) Do not have advanced osteoarthritis (i.e., Tönnis* grade 2 or 3) and/or severe 
cartilage damage (i.e., Outerbridge* grade III or IV). 

 
 
GUIDELINE NOTE XXX, EXTRACORPOREAL PHOTOPHERESIS 

Lines 221, 338 

Extracorporeal photopheresis (CPT 36522) is included on line 221 for treatment of 
chronic T-cell lymphoma (ICD-9 202.1x, 202.2x; ICD-10 C84.0, C84.1) which is:  

1) stage III or IVA  
2) erythrodermic  
3) not responsive to other therapy 

 
Extracorporeal photopheresis (CPT 36522) is included on line 338 for treatment of 
chronic graft-versus-host disease (ICD-9 279.52; ICD-10 T86.0) which 

1) is steroid refractory, steroid dependent or the patient is unable to tolerate 
corticosteroid therapy 

2) primarily affects skin or mucosal membranes (mouth and ⁄or eye disease) 
 
 

GUIDELINE NOTE XXX, INTRAOCULAR STEROID IMPLANTS FOR CHRONIC 
NON-INFECTIOUS UVEITIS 

Line 106 

Intraocular steroid implants (CPT 67027, 67028) are only included on Line 106 for 
pairing with uveitis (ICD-9 363.0x, 363.1x, 363.20, 363.22; ICD-10 H30.0x9, H30.1x9, 
H30.93, H30.819), and only when the following conditions are met: uveitis is chronic, 
non-infectious, and affecting the posterior segment of the eye, and there has been  
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appropriate trial and failure, or intolerance of therapy, with local and systemic 
corticosteroids and/or immunosuppressive agents.  
 

 
GUIDELINE NOTE XXX, INTRAOCULAR STEROID IMPLANTS FOR CENTRAL 
RETINAL VEIN OCCLUSION 

Line 465 

Intraocular steroid implants (CPT 67028) are only included on Line 465 for treatment of 
central retinal vein occlusion (ICD-9 362.35, ICD-10 H34.81x) in those individuals who 
have failed anti-VEGF therapy. 

 
 
GUIDELINE NOTE XXX, OBSTRUCTIVE SLEEP APNEA DIAGNOSIS AND 
TREATMENT FOR CHILDREN 

Line 210 

Obstructive sleep apnea (OSA) in children (18 or younger) must be diagnosed by  
1) nocturnal polysomnography with an AHI >5 episodes/h or AHI>1 episodes/h with 

history and exam consistent with OSA, OR  
2) nocturnal pulse oximetry with 3 or more SpO2 drops <90% and 3 or more 

clusters of desaturation events, or alternatives desaturation (>3%) index >3.5 
episodes/h, OR  

3) use of a validated questionnaire (such as the Pediatric Sleep Questionnaire or 
OSA 18), OR 

4) consultation with a sleep medicine specialist.   
 
Polysomnography and/or consultation with a sleep medicine specialist to support the 
diagnosis of OSA and/or to identify perioperative risk is recommended for  

1) high risk children (i.e. children with cranio-facial abnormalities, neuromuscular 
disorders, Down syndrome, etc.) 

2) children with equivocal indications for adenotonsillectomy (such as discordance 
between tonsillar size on physical examination and the reported severity of sleep-
disordered breathing), 

3) children younger than three years of age  
 
Adenotonsillectomy is an appropriate first line treatment for children with OSA. Weight 
loss is recommended in addition to other therapy in patients who are overweight or 
obese.  
 
Intranasal corticosteroids are an option for children with mild OSA in whom 
adenotonsillectomy is contraindicated or for mild postoperative OSA.  
 
CPAP is covered for a 3 month trial for children through age 18 who have 

1) undergone surgery or are not candidates for surgery, AND 
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2)  have documented residual sleep apnea symptoms (sleep disruption and/or 
significant desaturations) with residual daytime symptoms (daytime sleepiness or 
behavior problems) 

 
CPAP will be covered for children through age 18 on an ongoing basis if: 

1) There is documentation of improvement in sleep disruption and daytime 
sleepiness and behavior problems with CPAP use 

2) Annual re-evaluation for CPAP demonstrates ongoing clinical benefit and 
compliance with use, defined as use of CPAP for at least four hours per night on 
70% of the nights in a consecutive 30 day period 
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GUIDELINE NOTE 27, SLEEP APNEA 

Line 210 

Surgery for sleep apnea for adults (18 and older) is only covered after documented 
failure of both CPAP and an oral appliance. 
 

 
GUIDELINE NOTE 36, ADENOTONSILLECTOMY FOR INDICATIONS OTHER THAN 
OBSTRUCTIVE SLEEP APNEA 

Lines 49, 84, 210, 395, 574 

Tonsillectomy/adenotonsillectomy is an appropriate treatment for patients with: 
1. Five documented attacks of strep tonsillitis in a year or 3 documented attacks 

of strep tonsillitis in each of two consecutive years where an attack is 
considered a positive culture/screen and where an appropriate course of 
antibiotic therapy has been completed; 

2. Peritonsillar abscess requiring surgical drainage; 
3. Moderate or severe obstructive sleep apnea (OSA) in children 18 and 

younger, or mild OSA in children with daytime symptoms and/or other 
indications for surgery. For children 3 and younger or for children with 
significant co-morbidities, OSA must be diagnosed by nocturnal 
polysomnography. For children older than 3 who are otherwise healthy, OSA 
must be diagnosed by either nocturnal polysomnography, use of a validated 
questionnaire (such as the Pediatric Sleep Questionnaire or OSA 18), or 
consultation with a sleep medicine specialist; or, 

4. 3. Unilateral tonsillar hypertrophy in adults; unilateral tonsillar hypertrophy in 
children with other symptoms suggestive of malignancy. 

 
See Guideline Note XXX for diagnosis and treatment of obstructive sleep apnea in 
children 
 
GUIDELINE NOTE 66, CERVICAL DYSPLASIA 

Line 31 

Work up and treatment of cervical dysplasia should follow the American Society for 
Cervical Colposcopy and Pathology guidelines as published in the American Journal of 
Obstetrics & Gynecology, October 2007 Journal of Lower Genital Tract Disease, April 
2013. 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

45339 Sigmoidoscopy, flexible; with 

ablation of tumor(s), polyp(s), 

or other lesion(s) not amenable 

to removal by hot biopsy 

forceps, bipolar cautery or 

snare technique 

173 ANAL, RECTAL AND 

COLONIC POLYPS 
DMAP is requesting that 45339 

pair with 211.3 Benign 

neoplasm of colon.  45339 is on 

lines 35,62,111,501,649.  

Several similar codes are on line 

173 

Add 45339 to line 173 

250.41 

 

 

250.43

250.81 

 

 

250.83 

Diabetes with renal 

manifestations, type I [juvenile 

type], not stated as uncontrolled 

Uncontrolled 

Diabetes with other specified 

manifestations, type I [juvenile 

type], not stated as uncontrolled 

Uncontrolled 

10 TYPE I DIABETES 

MELLITUS  
 

DMAP requested that 250.43 

and 250.83 pair with CPT 95250 

(Ambulatory continuous glucose 

monitoring).  On review, 

additional diagnoses were both 

found to be missing from line 

10.  The other specified 

manifestations for 250.8x are 

“diabetic hypoglycemia NOS” 

and “hypoglycemic shock 

NOS.” 

 

Add 250.41, 250.43, 

250.81 and 250.83 to line 

10 

 

 

38770 Pelvic lymphadenectomy, 

including external iliac, 

hypogastric, and obturator 

nodes (separate procedure) 

252 CANCER OF OVARY DMAP requested that 38770 

pair with 183.0 Malignant 

neoplasm of ovary. 38770 is 

currently on lines 144,218,243. 

 

Add 38770 to line 252 

519.4 Disorders of diaphragm  49 CONGENITAL AIRWAY 

OBSTRUCTION WITH OR 

WITHOUT CLEFT PALATE 
689 RESPIRATORY 

CONDITIONS WITH NO OR 

MINIMALLY EFFECTIVE 

TREATMENTS OR NO 

TREATMENT NECESSARY 

DMAP requested that 519.4 be 

removed from line 49 as coding 

specifications state that it cannot 

be used for congenital 

conditions.  ICD-9 519.4 

includes the subdiagnoses of 

diaphragm paralysis and 

relaxation. 

 

Remove 519.4 from line 

49 

 

Add 519.4 to line 689 



Straightforward Issues—January, 2014 

 

2 

Code Code Description Line(s) Involved Issue Recommendation(s) 

11740 Evacuation of subungual 

hematoma 
382 CLOSED FRACTURE OF 

EXTREMITIES (EXCEPT 

TOES) 

DMAP rquesting that 11740 pair 

with 816.02 Closed fracture of 

distal phalanx or phalanges of 

hand. 11740 is currently on lines 

142,143,214,315,536,615,663 

Add 11740 to line 382 

32110 Thoracotomy; with control of 

traumatic hemorrhage and/or 

repair of lung tear 

153 PNEUMOTHORAX AND 

HEMOTHORAX 
DMAP requested that 32110 

pair with 860.2 Traumatic 

hemothorax without mention of 

open wound into thorax and 

860.5 Traumatic 

pneumohemothorax with open 

wound into thorax. 32110 is on 

lines 63,88,307,409. 

Add 32110 to line 153 

50398 Change of nephrostomy or 

pyelostomy tube 
78 NEUROLOGICAL 

DYSFUNCTION IN 

BREATHING, EATING, 

SWALLOWING, BOWEL, OR 

BLADDER CONTROL 

CAUSED BY CHRONIC 

CONDITIONS; ATTENTION 

TO OSTOMIES 

DMAP requested that V55.6 

Attention to other artificial 

opening of urinary tract pair 

with 50398. 50398 is currently 

on lines 245, 308. 

Add 50398 to line 78 

43274-

43277 

Endoscopic retrograde 

cholangiopancreatography 

(ERCP); with endoscopic stent 

placement/replacement into 

biliary duct (various types of 

procedures) 

 

340 CANCER OF LIVER DMAP requested that 43268 

(code replaced by 43274-43277 

series) be paired with 155.0 

Malignant neoplasm of liver, 

primary. 

Add 43274-43277 to line 

340 

62100 Craniotomy for repair of 

dural/cerebrospinal fluid leak, 

including surgery for 

rhinorrhea/otorrhea 

448 COMPLICATIONS OF A 

PROCEDURE USUALLY 

REQUIRING TREATMENT 

DMAP requested that 62100 

pair with 349.39 Other dural 

tear.  62100 is on lines 

22,137,162,193,201,371,401. 

 

Add 62100 to line 448 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

63275 

 

 

63277 

63278 

63280 

 

63282 

 

63283 

63285-

63290 

Laminectomy for 

biopsy/excision of intraspinal 

neoplasm; extradural, cervical 

extradural, lumbar  

extradural, sacral 

intradural, extramedullary, 

cervical  

intradural, extramedullary, 

lumbar 

intradural, sacral 

intradural, intramedullary, 

137 BENIGN NEOPLASM OF 

THE BRAIN 
DMAP requested that 63282 

pair with 225.3 Benign 

neoplasm of spinal cord.  

Several similar CPT codes are 

present on line 137.  Multiple 

similar codes are only on line 

320 CANCER OF BRAIN AND 

NERVOUS SYSTEM. 

Add 63275, 63277, 

63278, 63280, 63282, 

63283, 63285-63290 to 

line 137 

67882 Construction of intermarginal 

adhesions, median 

tarsorrhaphy, or canthorrhaphy; 

with transposition of tarsal 

plate 

497 PTOSIS (ACQUIRED) 

WITH VISION IMPAIRMENT 
DMAP requested that 67882 

pair with 374.41 Eyelid 

retraction or lag.  67882 is on 

lines 393,476,499,515,524,537. 

Similar code 67880 is on line 

497. 

Add 67882 to line 497 

34825 

 

 

 

 

 

34826 

Placement of proximal or distal 

extension prosthesis for 

endovascular repair of 

infrarenal abdominal aortic or 

iliac aneurysm, false aneurysm, 

or dissection; initial vessel 

each additional vessel 

307 DISSECTING OR 

RUPTURED AORTIC 

ANEURYSM 

DMAP requested that 34825 and 

34826 pair with 441.3 

Abdominal aneurysm, ruptured. 

Both CPT codes are currently on 

line 349 NON-DISSECTING 

ANEURYSM WITHOUT 

RUPTURE. 

Add 34825 and 34826 to 

line 307 

45384 Colonoscopy, flexible, 

proximal to splenic flexure; 

with removal of tumor(s), 

polyp(s), or other lesion(s) by 

hot biopsy forceps or bipolar 

cautery 

 

62 ULCERS, GASTRITIS, 

DUODENITIS, AND GI 

HEMORRHAGE 

DMAP requested that 45384 be 

paired with 569.84 

Angiodysplasia of intestine. 

45384 is on lines 

48,111,165,173,667. 

Add 45384 to line 62 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

28715 Arthrodesis; triple 384 RHEUMATOID 

ARTHRITIS, 

OSTEOARTHRITIS, 

OSTEOCHONDRITIS 

DISSECANS, AND ASEPTIC 

NECROSIS OF BONE   

DMAP requested that 28715 

pair with 715.97 Osteoarthrosis, 

unspecified whether generalized 

or localized, ankle and foot.  

28715 is on lines 

297,308,318,565.  Brief 

literature review finds ankle 

arthrodesis to be a standard 

treatment for ankle arthritis. 

Add 28715 to line 384 

197.0 Secondary malignant neoplasm 

of lung 
278 CANCER OF LUNG, 

BRONCHUS, PLEURA, 

TRACHEA, MEDIASTINUM 

AND OTHER RESPIRATORY 

ORGANS   
622 SECONDARY AND ILL-

DEFINED MALIGNANT 

NEOPLASMS    

197.0 appears on both lines 278 

and 622.  Similar secondary 

cancer codes only appear on line 

622.  There is no guideline or 

coding specification to clarify 

when this diagnosis is on the 

covered line. 

Remove 197.0 from line 

278 

65870 

 

 

 

 

 

Severing adhesions of anterior 

segment of eye, incisional 

technique (with or without 

injection of air or liquid) 

(separate procedure); anterior 

synechiae, except 

goniosynechiae 

362 RUBEOSIS IRIDIS DMAP is requesting that 65870 

pair with 364.70 Unspecified 

adhesions of iris.  Similar code 

65875 is on line 362. 

Add 65870 to line 362 

66682 Suture of iris, ciliary body 

(separate procedure) with 

retrieval of suture through 

small incision (eg, McCannel 

suture) 

362 RUBEOSIS IRIDIS DMAP requested that 66682 

pair with 364.76 Iridodialysis. 

66682 is on line 321 

CATARACT, EXCLUDING 

CONGENITAL. 

Add 66682 to line 362 

67405 Orbitotomy without bone flap 

(frontal or transconjunctival 

approach); with drainage only 

84 DEEP ABSCESSES, 

INCLUDING APPENDICITIS 

AND PERIORBITAL ABSCESS; 

INTESTINAL PERFORATION 

DMAP requested that 67405 

pair with 376.01 Orbital 

cellulitis. 67405 is on lines 

381,476,670 

Add 67405 to line 84 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

69000 Drainage external ear, abscess 

or hematoma; simple 
450 NON-MALIGNANT 

OTITIS EXTERNA 
DMAP requested that 69000 

pair with 380.10 Unspecified 

infective otitis externa.  69000 is 

on lines 214,577. 

Add 69000 to line 450 

69540 Excision aural polyp 405 CHOLESTEATOMA; 

INFECTIONS OF THE PINNA 
DMAP requested that 69540 

pair with 385.30 Unspecified 

cholesteatoma. 69540 is on lines 

178,548. 

Add 69540 to line 405 

27829 Open treatment of distal 

tibiofibular joint (syndesmosis) 

disruption, includes internal 

fixation, when performed 

297 DEFORMITY/CLOSED 

DISLOCATION OF JOINT 
DMAP requested that 27829 

pair with 837.0 Closed 

dislocation of ankle.  27829 is 

on lines 143,382,406,467 

Add 27829 to line 297 

52310 Cystourethroscopy, with 

removal of foreign body, 

calculus, or ureteral stent from 

urethra or bladder (separate 

procedure); simple 

308 COMPLICATIONS OF A 

PROCEDURE ALWAYS 

REQUIRING TREATMENT   

DMAP requested that 52310 

pair with 996.76 Other 

complications due to 

genitourinary device, implant, 

and graft. 52310 is on lines 

54,88,186,351,379. 

Add 52310 to line 308 

38747 Abdominal lymphadenectomy, 

regional, including celiac, 

gastric, portal, peripancreatic, 

with or without para-aortic and 

vena caval nodes 

229 CANCER OF STOMACH DMAP requested that 38747 

pair with 151.9 Malignant 

neoplasm of stomach, 

unspecified site.  38747 is on 

lines 243,597,598 

Add 38747 to line 229 

50605 Ureterotomy for insertion of 

indwelling stent, all types 

 

186 URETERAL STRICTURE 

OR OBSTRUCTION; 

HYDRONEPHROSIS; 

HYDROURETER 

DMAP is requesting that 50605 

pair with 593.3 Stricture or 

kinking of ureter.  50605 is on 

lines 54,287,379 

Add 50605 to line 186 

26567 Osteotomy; phalanx of finger, 

each 
467 MALUNION AND 

NONUNION OF FRACTURE 
DMAP requested that 26567 

pair with 733.81 Malunion of 

fracture. 26567 is on lines 

297,531,550. 

 

Add 26567 to line 467 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

51050 

 

 

51060 

51065 

Cystolithotomy, cystotomy 

with removal of calculus, 

without vesical neck resection 

Transvesical ureterolithotomy 

Cystotomy, with calculus 

basket extraction and/or 

ultrasonic or electrohydraulic 

fragmentation of ureteral 

calculus 

 

96 CONGENITAL 

ANOMALIES OF URINARY 

SYSTEM  
379 URINARY SYSTEM 

CALCULUS 

DMAP requested that 51050 

pair with 594.1 Other calculus in 

bladder. 51050 is on line 96. On 

review, 51060 and 51065 found 

to be candidates for line 379. 

Add 51050, 51060, and 

51065 to line 379 

 

Remove 51050, 51060, 

and 51065 from line 96 

55831 Prostatectomy (including 

control of postoperative 

bleeding, vasectomy, 

meatotomy, urethral calibration 

and/or dilation, and internal 

urethrotomy); retropubic, 

subtotal 

351 FUNCTIONAL AND 

MECHANICAL DISORDERS 

OF THE GENITOURINARY 

SYSTEM INCLUDING 

BLADDER OUTLET 

OBSTRUCTION 

DMAP requested that 55831 

pair with 600.01 Hypertrophy 

(benign) of prostate with urinary 

obstruction and other lower 

urinary tract symptoms [LUTS].  

Similar codes 55801, 55821 are 

on line 351. 

Add 55831 to line 351 

58700 Salpingectomy, complete or 

partial, unilateral or bilateral 
260 TORSION OF OVARY DMAP requested that 58700 

pair with 620.5 Torsion of 

ovary, ovarian pedicle, or 

fallopian tube. 

Add 58700 to line 260 

25028 Incision and drainage, forearm 

and/or wrist; deep abscess or 

hematoma 

214 SUPERFICIAL 

ABSCESSES AND 

CELLULITIS 

DMAP requested that 25028 

pair with 682.3 Cellulitis and 

abscess of upper arm and 

forearm.  25028 is on line 250 
PERIPHERAL VASCULAR DISEASE, 

LIMB THREATENING INFECTIONS, 

AND VASCULAR COMPLICATIONS. 

Add 25208 to line 214 

29540 Strapping; ankle and/or foot 550 DEFORMITIES OF 

UPPER BODY AND ALL 

LIMBS 

DMAP requested that 29540 

pair with 736.79 Other acquired 

deformity of ankle. 29540 is on 

lines 406,638. 

Add 29540 to line 550 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

23430 

 

26410 

 

 

26412 

26350 

 

 

 

 

 

26352 

Tenodesis of long tendon of 

biceps 

Repair, extensor tendon, hand, 

primary or secondary; without 

free graft, each tendon 

With free graft 

Repair or advancement, flexor 

tendon, not in zone 2 digital 

flexor tendon sheath (eg, no 

man's land); primary or 

secondary without free graft, 

each tendon  

With free graft 

 

 

406 DISRUPTIONS OF THE 

LIGAMENTS AND TENDONS 

OF THE ARMS AND LEGS, 

EXCLUDING THE KNEE, 

POTENTIALLY RESULTING 

IN SIGNIFICANT 

INJURY/IMPAIRMENT 

DMAP requested that 23420 

pair with 727.62 Nontraumatic 

rupture of tendons of biceps 

(long head), 26410 pair with 

727.63 Nontraumatic rupture of 

extensor tendons of hand and 

wrist (26412 should also pair), 

and 26350 pair with 727.64 

Nontraumatic rupture of flexor 

tendons of hand and wrist 

(26352 should pair as well). 

Most similar codes on line 406. 

Add 23430, 26350, 

26352, 226410, 26412 to 

line 406 

50546 Laparoscopy, surgical; 

nephrectomy, including partial 

ureterectomy 

88 INJURY TO INTERNAL 

ORGANS 
DMAP requested that 50546 

pair with 866.02 Kidney 

laceration without mention of 

open wound into cavity. 50546 

is on lines 54,84,96,228,287, 

538. 

 

Add 50546 to line 88 

29405 Application of short leg cast 

(below knee to toes) 
318 NEUROLOGICAL 

DYSFUNCTION IN POSTURE 

AND MOVEMENT CAUSED 

BY CHRONIC CONDITIONS 
467 MALUNION AND 

NONUNION OF FRACTURE 

DMAP requested that 29405 

pair with 733.81 Malunion of 

fracture and with 727.81 

Contracture of tendon (sheath). 

29405 is on lines 

143,297,382,406,455,565. 

Similar code 29425 is on lines 

318 and 467 

 

 

Add 29405 to lines 318 

and 467 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

43196 

 

 

 

43226 

Esophagoscopy, rigid, 

transoral; with insertion of 

guide wire followed by dilation 

over guide wire  

Esophagoscopy, flexible; with 

insertion of guide wire 

followed by dilation over guide 

wire 

71 CONGENITAL 

ANOMALIES OF UPPER 

ALIMENTARY TRACT, 

EXCLUDING TONGUE 

DMAP requested that 43226 

pair with 750.3 Congenital 

tracheoesophageal fistula, 

esophageal atresia and stenosis. 

43196 is a new code for 2014 

which should be used for rigid 

procedures, and 43226 was 

changed to only flexible type. 

Add 43196 and 43226 to 

line 71 

44314 Revision of ileostomy; 

complicated (reconstruction in-

depth) 

308 COMPLICATIONS OF A 

PROCEDURE ALWAYS 

REQUIRING TREATMENT 

DMAP requested that 44314 

pair with 997.49 Other digestive 

system complications.  44314 is 

currently on lines 35, 78, 84, 97, 

111, 165, 448. 

Add 44314 to line 308 

59200 Insertion of cervical dilator (eg, 

laminaria, prostaglandin) 
69 SPONTANEOUS 

ABORTION COMPLICATED 

BY INFECTION AND/OR 

HEMORRHAGE, MISSED 

ABORTION 

DMAP requested that 59200 

pair with 632 Missed abortion.  

59200 is on lines 1 and 41. 

Add 59200 to line 69 

24635 Open treatment of Monteggia 

type of fracture dislocation at 

elbow (fracture proximal end of 

ulna with dislocation of radial 

head), includes internal 

fixation, when performed 

 

382 CLOSED FRACTURE OF 

EXTREMITIES (EXCEPT 

TOES) 

DMAP requested that 24635 

pair with 813.03 Closed 

Monteggia's fracture. 24635 is 

on lines 143,297. 

Add 24635 to line 382 

61107 Twist drill hole(s) for subdural, 

intracerebral, or ventricular 

puncture; for implanting 

ventricular catheter, pressure 

recording device, or other 

intracerebral monitoring device 

101 SEVERE/MODERATE 

HEAD INJURY: 

HEMATOMA/EDEMA WITH 

LOSS OF CONSCIOU0SNESS, 

COMPOUND/DEPRESSED 

FRACTURES OF SKULL 

DMAP requested that 61107 be 

paired with a variety of skull 

fracture diagnoses found on line 

101. 61107 is found on lines 

22,75,84,201,320,401. Several 

similar CPT codes are on line 

101. 

 

Add 61107 to line 101 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

33217 

 

 

 

33220 

 

 

 

33222 

 

33226 

Insertion of 2 transvenous 

electrodes, permanent 

pacemaker or cardioverter-

defibrillator  

Repair of 2 transvenous 

electrodes for permanent 

pacemaker or pacing 

cardioverter-defibrillator 

Relocation of skin pocket for 

pacemaker 

Repositioning of previously 

implanted cardiac venous 

system (left ventricular) 

electrode (including removal, 

insertion and/or replacement of 

existing generator) 

308 COMPLICATIONS OF A 

PROCEDURE ALWAYS 

REQUIRING TREATMENT 

DMAP requested that 33217 

pair with 996.01 Mechanical 

complication due to cardiac 

pacemaker (electrode). Most 

similar codes found on line 308; 

however, several additional 

codes found on review which 

also should be added. 

Add 33217, 33220, 

33222, and 33226 to line 

308 

77014 Computed tomography 

guidance for placement of 

radiation therapy fields 
 

277 CANCER OF 

RETROPERITONEUM, 

PERITONEUM, OMENTUM 

AND MESENTERY 

DMAP requested that 77014 

pair with 158.9 Malignant 

neoplasm of peritoneum, 

unspecified.  Line 277 has 

radiation treatment codes. 77014 

is on 40+ lines. 

Add 77014 to line 277 

62165 Neuroendoscopy, intracranial; 

with excision of pituitary 

tumor, transnasal or trans-

sphenoidal approach 

162 BENIGN NEOPLASM OF 

PITUITARY GLAND 
DMAP requested that 62165 

pair with 227.3 Benign 

neoplasm of pituitary gland and 

craniopharyngeal duct (pouch).  

62165 is on lines 137,276,320. 

Add 62165 to line 162 

32124 Thoracotomy; with open 

intrapleural pneumonolysis 
153 PNEUMOTHORAX AND 

HEMOTHORAX 
DMAP requested that 32124 

pair with 512.83 Chronic 

pneumothorax. 32124 is on lines 

63,88,307,409. This CPT code is 

used for removing adhesions.  

Add 32124 to line 153. 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

26567 Osteotomy; phalanx of finger, 

each 
467 MALUNION AND 

NONUNION OF FRACTURE 
DMAP requested that 26567 

pair with 733.81 Malunion of 

fracture.  Similar codes are on 

line 467.  26567 is on lines 

297,531,550. 

Add 26567 to line 467 

62272 Spinal puncture, therapeutic, 

for drainage of cerebrospinal 

fluid (by needle or catheter) 

 

308 COMPLICATIONS OF A 

PROCEDURE ALWAYS 

REQUIRING TREATMENT 

DMAP requested that 62272 

pair with 996.63 Infection and 

inflammatory reaction due to 

nervous system device, implant, 

and graft.  76672 is on lines 

22,137,201,320,401. 

Add 62272 to line 308 

  312 CANCER OF ORAL 

CAVITY, PHARYNX, 

NOSE AND LARYNX 

Speech therapy CPT codes were 

recently added to line 312.  

However, GN #6 

(PT/OT/Speech services)  does 

not reference line 312. 

 

Add line 312 to GN#6 

96150-

96154 

Health and behavior assessment 

codes 
22 HYDROCEPHALUS AND 

BENIGN INTRACRANIAL 

HYPERTENSION 

DMAP is requesting that the 

health and behavior assessment 

codes pair with 348.2 Benign 

intracranial hypertension.  96144 

already is found on line 22. 

 

Add 96150-96154 to line 

22 

32110 

 

 

Thoracotomy; with control of 

traumatic hemorrhage and/or 

repair of lung tear 

153 PNEUMOTHORAX AND 

HEMOTHORAX 
DMAP is requesting that 32110 

pair with Iatrogenic 

pneumothorax.  32110 is found 

on lines 63,88,307,409.  The 

treatment title of line 153 is 
TUBE THORACOSTOMY/ 

THORACOTOMY, MEDICAL 

THERAPY    
 

Add 32110 to line 153 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

S0270-

S0274 

Physician/nurse practitioner 

management of patient home 

care 

Approximately 600 These HCPCS codes are 

currently closed to payment by 

DMAP.  Equivalent CPT codes 

exist and are open to payment.  

DMAP/HERC staff  recommend 

moving to Excluded List for 

clarity. 

 

Remove S0270-S0274 

from all lines on 

Prioritized List. 

 

Advise DMAP to add 

S0270-S0274 to 

Excluded List 

92081 

 

 

 

92082 

Visual field examination, 

unilateral or bilateral, with 

interpretation and report; 

limited examination  

intermediate examination 

136 THYROTOXICOSIS 

WITH OR WITHOUT GOITER, 

ENDOCRINE 

EXOPHTHALMOS; CHRONIC 

THYROIDITIS 

DMAP requested that 92082 

pair with 376.21 Thyrotoxic 

exophthalmos.  92082 is on 

approximately 50 lines. Other 

ophthalmologic services are 

included on line 136. 92081 

should also be added. 

 

Add 92081 and 92082 to 

line 136 

66825 Repositioning of intraocular 

lens prosthesis, requiring an 

incision (separate procedure) 

448 COMPLICATIONS OF A 

PROCEDURE USUALLY 

REQUIRING TREATMENT 

DMAP requested that 66825 

pair with 996.53 Mechanical 

complication due to ocular lens 

prosthesis.  66825 is currently 

on lines 321,322,337,397,429, 

452. 

 

Add 66825 to line 448 

718.44 Contracture of hand joint 297 DEFORMITY/CLOSED 

DISLOCATION OF JOINT   
318 NEUROLOGICAL 

DYSFUNCTION IN POSTURE 

AND MOVEMENT CAUSED 

BY CHRONIC CONDITIONS.   

DMAP requested that 718.44 

pair with 26508 Release of 

thenar muscle(s) (eg, thumb 

contracture).  All appropriate 

contracture correction CPT 

codes are on line 297.  718.44 is 

currently on line 318 297 has all 

OT/PT services needed.  

 

Add 718.44 to line 297 

 

Remove 718.44 from line 

318 
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Code Code Description Line(s) Involved Issue Recommendation(s) 

14020-

14302 

Adjacent tissue transfer or 

rearrangement (various body 

areas, size, etc.) 

308 COMPLICATIONS OF A 

PROCEDURE ALWAYS 

REQUIRING TREATMENT 

DMAP requested that 14301 

pair with 998.32 Disruption of 

external operation (surgical) 

Wound.  Similar codes 14000 

and 14001 are on line 308, but 

the rest of the tissue transfer 

codes are not present on that 

line. 

Add 14020-14302 to line 

308 

 Neonatal specific treatments Neonatal lines There are multiple CPT codes 

that refer to treatment of 

neonates.  These are currently on 

all lines with hospital CPT 

codes.  HERC staff recommends 

restricting to only lines with 

neonatal diagnoses. 

Restrict neonatal specific 

CPT codes to neonatal 

lines. 

 

See attached document 

for codes and lines 
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CPT Codes for Placement Only On Neonatal Lines 
 

Code CodeDesc LD 

99468 Initial inpatient neonatal critical care, per day, for the evaluation and 

management of a critically ill neonate, 28 days of age or younger 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99469 Subsequent inpatient neonatal critical care, per day, for the evaluation and 

management of a critically ill neonate, 28 days of age or younger 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99477 Initial hospital care, per day, for the evaluation and management of the 

neonate, 28 days of age or younger, who requires intensive observation, 

frequent interventions, and other intensive care services 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99478 Subsequent intensive care, per day, for the evaluation and management of 

the recovering very low birth weight infant (present body weight less than 

1500 grams) 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99479 Subsequent intensive care, per day, for the evaluation and management of 

the recovering low birth weight infant (present body weight of 1500-2500 

grams) 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99480 Subsequent intensive care, per day, for the evaluation and management of 

the recovering infant (present body weight of 2501-5000 grams) 

1,2,3,4,10,11,12,13 and 533 other lines. 

 

99481 Total body systemic hypothermia in a critically ill neonate per day (List 

separately in addition to code for primary procedure) 

New Codes(D),1(A),2(A),3(A),4(A),5(A),7(A),9(A) 

and 572 other lines. 

 

99482 Selective head hypothermia in a critically ill neonate per day (List separately 

in addition to code for primary procedure) 

New Codes(D),1(A),2(A),3(A),4(A),5(A),7(A),9(A) 

and 572 other lines. 
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Lines considered Neonatal 
October 2014 Prioritized List 
 

2014 

Line 
Condition 

2 BIRTH OF INFANT  

11 RESPIRATORY CONDITIONS OF FETUS AND NEWBORN 

15 CONGENITAL INFECTIOUS DISEASES  

16 CONGENITAL SYPHILIS  

17 VERY LOW BIRTH WEIGHT (UNDER 1500 GRAMS)  

18 NEONATAL MYASTHENIA GRAVIS  

19 FEEDING PROBLEMS IN NEWBORNS 

22 OMPHALITIS OF THE NEWBORN AND NEONATAL INFECTIVE MASTITIS  

23 LOW BIRTH WEIGHT (1500-2500 GRAMS)  

27 INTRACRANIAL HEMORRHAGES; CEREBRAL CONVULSIONS, DEPRESSION, COMA, AND OTHER ABNORMAL CERERAL SIGNS OF THE NEWBORN 

31 DRUG WITHDRAWAL SYNDROME IN NEWBORN  

34 SEVERE BIRTH TRAUMA FOR BABY  

36 HEMATOLOGICAL DISORDERS OF FETUS AND NEWBORN  

43 DISORDERS RELATING TO LONG GESTATION AND HIGH BIRTHWEIGHT  

45 HYPOCALCEMIA, HYPOMAGNESEMIA AND OTHER ENDOCRINE AND METABOLIC DISTURBANCES SPECIFIC TO THE FETUS AND NEWBORN  

77 POLYCYTHEMIA NEONATORUM, SYMPTOMATIC  

92 NECROTIZING ENTEROCOLITIS IN FETUS OR NEWBORN  

105 CONGENITAL ANOMALIES OF DIGESTIVE SYSTEM AND ABDOMINAL WALL EXCLUDING NECROSIS; CHRONIC INTESTINAL PSEUDO-OBSTRUCTION  

106 HEMOLYTIC DISEASE DUE TO ISOIMMUNIZATION, ANEMIA DUE TO TRANSPLACENTAL HEMORRHAGE, AND FETAL AND NEONATAL JAUNDICE  

146 CONDITIONS INVOLVING THE TEMPERATURE REGULATION OF NEWBORNS  

149 ANEMIA OF PREMATURITY OR TRANSIENT NEONATAL NEUTROPENIA  
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282 HYDROPS FETALIS  

296 ADRENAL OR CUTANEOUS HEMORRHAGE OF FETUS OR NEONATE  

351 MILD/MODERATE BIRTH TRAUMA FOR BABY  

653 EDEMA AND OTHER CONDITIONS INVOLVING THE SKIN OF THE FETUS AND NEWBORN 

 

April 2014 Prioritized List 

Line Condition 

2 BIRTH OF INFANT  
14 OTHER RESPIRATORY CONDITIONS OF FETUS AND NEWBORN  
18 CONGENITAL INFECTIOUS DISEASES  
19 CONGENITAL SYPHILIS  
20 VERY LOW BIRTH WEIGHT (UNDER 1500 GRAMS)  
21 NEONATAL MYASTHENIA GRAVIS  
24 OMPHALITIS OF THE NEWBORN AND NEONATAL INFECTIVE MASTITIS  
25 LOW BIRTH WEIGHT (1500-2500 GRAMS)  
28 CONVULSIONS AND OTHER CEREBRAL IRRITABILITY IN NEWBORN  
29 CEREBRAL DEPRESSION, COMA, AND OTHER ABNORMAL CEREBRAL SIGNS OF NEWBORN  
34 DRUG WITHDRAWAL SYNDROME IN NEWBORN  
37 SEVERE BIRTH TRAUMA FOR BABY  
39 HEMATOLOGICAL DISORDERS OF FETUS AND NEWBORN  
45 DISORDERS RELATING TO LONG GESTATION AND HIGH BIRTHWEIGHT  
47 HYPOCALCEMIA, HYPOMAGNESEMIA AND OTHER ENDOCRINE AND METABOLIC DISTURBANCES SPECIFIC TO THE FETUS AND NEWBORN  
81 POLYCYTHEMIA NEONATORUM, SYMPTOMATIC  
97 NECROTIZING ENTEROCOLITIS IN FETUS OR NEWBORN  
111 CONGENITAL ANOMALIES OF DIGESTIVE SYSTEM AND ABDOMINAL WALL EXCLUDING NECROSIS; CHRONIC INTESTINAL PSEUDO-OBSTRUCTION  
112 HEMOLYTIC DISEASE DUE TO ISOIMMUNIZATION, ANEMIA DUE TO TRANSPLACENTAL HEMORRHAGE, AND FETAL AND NEONATAL JAUNDICE  
152 CONDITIONS INVOLVING THE TEMPERATURE REGULATION OF NEWBORNS  
155 ANEMIA OF PREMATURITY OR TRANSIENT NEONATAL NEUTROPENIA  
296 HYDROPS FETALIS  
317 ADRENAL OR CUTANEOUS HEMORRHAGE OF FETUS OR NEONATE  
377 MILD/MODERATE BIRTH TRAUMA FOR BABY  
674 EDEMA AND OTHER CONDITIONS INVOLVING THE INTEGUMENT OF THE FETUS AND NEWBORN  

 



Section 4.0  

New Codes 



2014 CPT Code Review 

1 
 

 
 

The 2014 CPT codes were reviewed at the October, 2013 VBBS meeting.  The majority 
of new codes had placement approved at that meeting.  Several codes were tabled for 
additional review by HERC staff.  In addition, 2 codes were found to have been left off 
the October meeting materials.   
 

1) Codes omitted from October 2013 review 
a. 34846: Endovascular repair of visceral aorta and infrarenal abdominal 

aorta (eg, aneurysm, pseudoaneurysm, dissection, penetrating ulcer, 
intramural hematoma, or traumatic disruption) with a fenestrated visceral 
aortic endograft and concomitant unibody or modular infrarenal aortic 
endograft and all associated radiological supervision and interpretation, 
including target zone angioplasty, when performed; including two visceral 
artery endoprostheses (superior mesenteric, celiac and/or renal artery[s]) 

b. 34847: including three visceral artery endoprostheses (superior 
mesenteric, celiac and/or renal artery[s]) 

c. These codes are part of the 34845-34848 series and should be placed on 
the same lines as the other codes in this series 

d. HERC staff recommendation: add 34846 and 34847 to lines: 
i. 88 INJURY TO INTERNAL ORGANS   
ii. 270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, 

THORACIC AORTA   
iii. 293 INJURY TO BLOOD VESSELS OF THE THORACIC CAVITY    
iv. 307 DISSECTING OR RUPTURED AORTIC ANEURYSM    
v. 349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE 

 
 

2) 87661 (amplified DNA/RNA probe for Trichomonas vaginalis) 
a. Chapin 2011, review 

i. FDA approval in April 2011.  One commercial system available 
(APTIMA, TV from Gen-Probe Inc.) 

ii. Clinical sensitivity and specificity are >95 and 98% 
b. Coleman 2011, review 

i. Sensitivity/specificity of various tests for trichomonas 
1. Wet mount: 56.0%/100% 
2. Culture: 83.0%/100% 
3. Rapid antigen: 63-90%/99.9-100% 
4. APTIMA DNA probe: 95-100%/98.9-99.6% 

c. Testing can be done on same swab and gonorrhea/chlamydia testing 
d. Might increase costs due to higher detection rate and therefore higher 

treatment rate 
e. Cost of actual assay not available 
f. HERC staff recommendation 

i. Place 87661 on the Diagnostic List 
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3) 94669 (Mechanical chest wall oscillation) 
a. The VBBS requested cost comparison information between this therapy 

and similar therapies for cystic fibrosis and similar conditions, as this 
therapy was found to be equally efficacious to other therapies, but not 
better.   

b. HCPCS A7025, A7026, and E0483 were previously used to code the DME 
for device 

c. 2012 MED report on oscillating devices for children with CF 
i. Purchase cost of system ranged from $8,000-11,000 
ii. Monthly rental costs ranged from $30-$1100  
iii. HCPCS E0483 

d. Medicare fee schedule (2013) 
i. E0483: $1151.07/month rental 
ii. A7025: $470.92 (purchase) 
iii. A7026: $31.13 (purchase) 

e. DMAP reimbursement 
i. E0483 is excluded as less cost effective than other therapies 
ii. Chest respiratory therapy (CPT 94667-94668): $25.48 

f. From Trillium Health Plans: 
i. The comparable “standard treatments” 

1. Mechanical Percussor (E0480); electric or pneumatic, home 
model 

a. DMAP - $37. 20 (rental per month), $371.97 
(purchase) 

b. Medicare - $45.50 (rental only; per month) 
2. Flutter device (S1815, E1399); hand held, portable  

a. No DMAP or Medicare pricing; average cost per web 
search; $50.00 

3. Positive Expiratory Pressure (PEP) device (E0484); 
mask/mouthpiece with valve, hand held  

a. Medicare pricing; $39.98 (purchase)  
4. Chest PT is expected to be delivered by the member’s 

caregiver and is associated with one-time training cost only 
g. HERC staff recommendation 

i. Place 94669 on the Excluded List 
1. Equally efficacious but much more expensive that 

comparable therapies. 
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Diagnostic Profile

Trichomoniasis is caused by the single-cell proto-
zoan parasite Trichomonas vaginalis (TV). TV is 
a common sexually transmitted infection (STI) 
that affects approximately 180 million persons 
per year worldwide, making it the most common 
STI in the world [1]. An estimated 7.4 million 
new cases occur annually in the USA [2], mak-
ing trichomoniasis more common than cervical 
human papilloma virus infections (6.2 million), 
herpes simplex virus infections (1.5 million), 
Chlamydia trachomatis (CT) infections (3.5 mil-
lion), and Neisseria gonorrhoeae (GC) infec-
tions (700,000). Because TV infections are not 
reportable to public health or part of routine STI 
screening, reported incidence and prevalence 
data vary significantly and are likely to be under-
estimated. Prevalence rates are as low as 1.7% [3] 
to as high as 32.0 [4] and appear to be depend-
ent on a variety of overlapping factors including 
age, sexual activity, known contact exposure, 

incarceration or ethnicity, to cite a few [5–8]. 
Recent data from a population-based study in 
women (aged 14–49 years) demonstrated TV 
had an overall prevalence of 3.1% in the USA [9], 
but in a more recent study including both 
asymptomatic and symptomatic women, preva-
lence was 12.7% [10]. Although both women and 
men can be infected, women are more likely to 
present with symptoms, despite the majority of 
male partners of infected women being positive 
for TV [11–13]. In addition, unique to TV infec-
tion, TV appears to be significantly associated 
with age groups greater than 30 years of age for 
both men and women (Figure 1) [4,11,14,15].

Trichomonas infection is an under-recog-
nized disease by both healthcare providers 
and patients. Neither group is aware of the 
predominance of TV infection as an STI or 
the significant sequelae that have been iden-
tified, especially HIV acquisition and adverse 
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The APTIMA® Trichomonas vaginalis (APTIMA TV; Gen-Probe Inc.) assay is the only amplification-
based assay for T. vaginalis (TV) currently cleared by the US FDA. The assay was cleared in 
April 2011. APTIMA TV utilizes target capture specimen processing, transcription-mediated 
amplification and chemiluminescent probe hybridization for the qualitative detection of TV 
ribosomal RNA. The assay is used for the screening/diagnosis of trichomoniasis in women. 
Specimen types that can be used include physician-collected endocervical swabs, vaginal swabs, 
endocervical specimens collected in PreservCyt® (Thin Prep, Hologic Incorporated, MA, USA) 
solution and female urine specimens. The APTIMA TV assay has shown superior performance 
in side-by-side comparisons with other diagnostic methods in all patient populations and 
specimen types tested. Clinical sensitivity and specificity are  >95 and 98%, respectively. The 
APTIMA TV assay fills a significant void in sexually transmitted infection diagnostics.
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Trichomonas vaginalis Vaginitis in
Obstetrics and Gynecology Practice:

New Concepts and Controversies
Jenell S. Coleman, MD, MPH,* Charlotte A. Gaydos, DrPH, MPH, MS,†
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Trichomonas vaginalis (TV) is the most common curable sexually transmitted infection worldwide.
Annually, 7.4 million new infections are estimated in the United States, which is greater than combined
new cases of Chlamydia, gonorrhea, and syphilis. Serious adverse reproductive health outcomes
including pregnancy complications, pelvic inflammatory disease, and an increased risk of HIV ac-
quisition have been linked to TV infection. There are several sensitive and specific diagnostic tests
available, including a newly approved nucleic acid amplification test (NAAT) that utilizes the same in-
strumentation platform and clinical sample as Chlamydia and gonorrhea tests. In this article, we review
TV pathogenicity, adverse reproductive health outcomes, detection, and treatment followed by clinical
scenarios for which TV diagnosis may prove useful in obstetrics and gynecology practice.

Target Audience: Obstetricians and gynecologists, family physicians
Learning Objectives: After completing this CME activity, physicians should be better able to incorporate

TV counseling and testing into standard clinical practice, compare and contrast available TV diagnostic tests,
and manage TV in pregnant and nonpregnant women.

Incident Trichomonas vaginalis (TV) infections in
the United States are estimated at 7.4 million annual
cases, which totals more than gonorrhea, Chlamydia,
and syphilis infections combined.1,2 It is emerging as
a serious reproductive tract pathogen, mainly affecting

minorities and people living in poor or disadvantaged
communities. Although TV is listed as one of Centers
for Disease Control and Prevention’s (CDC’s) top 5
neglected parasitic infections in the United States, TV
continues to be excluded from public health sexually
transmitted disease (STD) control programs and is not
a reportable infection.3

In an article presented to the Southern Surgical
Association in 1941, Brady and Reid4 stated, ‘‘The
importance of these recurring exacerbations of
Trichomonas vaginalis vaginitis cannot be over-
emphasized, for in women during menstrual life the
Trichomonas vaginalis is probably the commonest
cause of leucorrhea.’’ Such early reports in the lit-
erature highlight the pervasive and recurrent nature
of TV. Indirectly, they also reflect popular thought
that TV is a harmless, nuisance parasite. Yet, in recent
years, serious adverse health outcomes including preg-
nancy complications, pelvic inflammatory disease, and
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Carotid Artery Stenting 
 

1 
 

 
Question: Should carotid artery stenting be a covered procedure for carotid 
atherosclerotic disease? 
 
Question source: 2014 CPT code review 
 
Issue: During the October, 2013 VBBS review of the 2014 CPT codes, a new CPT code 
for carotid stenting was identified for further research on its effectiveness.  The review 
request for for carotid artery stenting efficacy in general. 
 
2014 CPT code 37217: Transcatheter placement of an intravascular stent(s), 
intrathoracic common carotid artery or innominate artery by retrograde treatment, via 
open ipsilateral cervical carotid artery exposure, including angioplasty, when performed, 
and radiological supervision and interpretation 
 
Similar CPT codes are currently on lines 342 STROKE and 440 TRANSIENT 
CEREBRAL ISCHEMIA; OCCLUSION/STENOSIS OF PRECEREBRAL ARTERIES 
WITHOUT OCCLUSION 

1) 37215 Transcatheter placement of intravascular stent(s), cervical carotid artery, 
percutaneous; with distal embolic protection 

2) 37216 without distal embolic protection 
 
On research, the stenting of the common carotid artery or innominate artery is a much 
more difficult procedure than stenting the cervical carotid artery, and treatment of 
stenoses in these areas is more complex that treatment of  cervical carotid artery 
disease.  Treatment of this more complex disease involves stenting, angioplasty or 
medical management, much like cervical carotid disease. 
 
Treatment of carotid endosclerotic disease can be done in one of three ways: medical 
management, carotid enarterectomy (CEA), and carotid artery stenting (CAS). Patients 
may be symptomatic (have had a stroke, TIA, etc.) or asymptomatic (stenosis found on 
ultrasound or other screening). 
 
 
Evidence:  

1) Bonati 2012, Cochrane review of CEA vs CAS vs medical management in non-
surgical candidates 

a. N=16 trials (7572 patients) 
b. In patients with symptomatic carotid stenosis at standard surgical risk, 

endovascular treatment (CAS) was associated with a higher risk of the 
following outcome measures occurring between randomisation and 30 
days after treatment than endarterectomy (CEA): death or any stroke (the 
primary safety outcome) (OR 1.72, 95% CI 1.29 to 2.31, P = 0.0003; I² = 
27%), death or any stroke or myocardial infarction (OR 1.44, 95% CI 1.15 
to 1.80, P = 0.002; I² = 7%), and any stroke (OR 1.81, 95% CI 1.40 to 
2.34, P < 0.00001; I² = 12%). The OR for the primary safety outcome was 
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1.16 (95% CI 0.80 to 1.67) in patients < 70 years old and 2.20 (95% CI 
1.47 to 3.29) in patients >= 70 years old (interaction P = 0.02). 

c. The rate of death or major or disabling stroke did not differ significantly 
between treatments (OR 1.28, 95% CI 0.93 to 1.77, P =0.13; I² = 0%). 
Endovascular treatment was associated with lower risks of myocardial 
infarction (OR 0.44, 95% CI 0.23 to 0.87, P= 0.02; I² = 0%), cranial nerve 
palsy (OR 0.08, 95% CI 0.05 to 0.14, P < 0.00001; I² = 0%) and access 
site haematomas (OR 0.37,95% CI 0.18 to 0.77, P = 0.008; I² = 27%). 

d. The combination of death or any stroke up to 30 days after treatment or 
ipsilateral stroke during follow-up (the primary combined safety and 
efficacy outcome) favoured endarterectomy (OR 1.39, 95% CI 1.10 to 
1.75, P = 0.005; I² = 0%), but the rate of ipsilateral stroke after the peri-
procedural period did not differ between treatments (OR 0.93, 95% CI 
0.60 to 1.45, P = 0.76; I² = 0%). 

e. Restenosis during follow-up was more common in patients receiving 
endovascular treatment than in patients assigned surgery (OR2.41, 95% 
CI 1.28 to 4.53, P = 0.007; I² = 55%). 

f.  In patients with asymptomatic carotid stenosis, treatment effects on the 
primary safety (OR 1.71, 95% CI 0.78 to 3.76, P = 0.18; I² = 0%) and 
combined safety and efficacy outcomes (OR 1.75, 95% CI 0.92 to 3.33, P 
= 0.09; I² = 0%) were similar to symptomatic patients, but differences 
between treatments were not statistically significant. 

g. Among patients not suitable for surgery, the rate of death or any stroke 
between randomisation and end of follow-up did not differ significantly 
between endovascular treatment and medical care (OR 0.22, 95% CI 0.01 
to 7.92, P = 0.41; I² = 79%). 

h. Authors’ conclusions Endovascular treatment is associated with an 
increased risk of peri-procedural stroke or death compared with 
endarterectomy. However, this excess risk appears to be limited to older 
patients. The longer term efficacy of endovascular treatment and the risk 
of restenosis are unclear and require further follow-up of existing trials. 
Further trials are needed to determine the optimal treatment for 
asymptomatic carotid stenosis. 

2) Roffi 2010, meta-analysis of CAS vs CEA included in larger review 
a. Meta-analysis performed on 5 large scale (N>300) CEA vs CAS RCTs.  

i. N=2110 patients randomized to CAS 
ii. N=2087 patients randomized to CEA 
iii. Overall, patients undergoing CAS had a significant increase in 30 

day death or stroke compared to patients treated surgically (OR 
1.52, 95% CI 1.19 to 1.94)  

3) WTA 2012 evidence review 
a. For asymptomatic patients 

i. CAS versus medical therapy alone: 1 retrospective cohort study 
found CAS superior to medical therapy alone for decreasing rates 
of stroke and death; evidence was concluded to be insufficient to 
make a determination of comparative effectiveness 
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ii. CAS vs CEA: no statistically significant differences found in 
outcomes 

b. For symptomatic patients 
i. CAS vs medical therapy: no studies found 
ii. CAS vs CEA: significant increase in death or stroke at 4 months 

with CAS; no long term differences in outcomes found 
c. For patients >= 70 years of age, CEA has a lower rate of stroke and death 

compared to CAS; those <70 has similar results 
4) WTA 2012 Coverage determination 

a. CAS is a covered benefit for 
i. patients who are at high risk for carotid endarterectomy (CEA) and 

who also have symptomatic carotid artery stenosis >50%. 
ii. Patients who are at high risk for CEA and have asymptomatic 

carotid artery stenosis ≥80%. 
b. Carotid Artery Stenting of intracranial arteries is not covered. 
c. Definition of high risk includes: Patients at high risk for CEA are defined as 

having significant comorbidities and/or anatomic risk factors (i.e., recurrent 
stenosis and/or previous radical neck dissection), and would be poor 
candidates for CEA.  

d. Definition of symptoms of carotid artery stenosis include: carotid transient 
ischemic attack (distinct focal neurological dysfunction persisting less than 
24 hours), focal cerebral ischemia producing a nondisabling stroke 
(modified Rankin scale < 3 with symptoms for 24 hours or more), and 
transient monocular blindness (amaurosis fugax). Patients who have had 
a disabling stroke (modified Rankin scale ≥ 3) shall be excluded from 
coverage. 

5) NICE 2011, symptomatic carotid stenting 
a. Current evidence on the safety and efficacy of carotid artery stent 

placement for symptomatic extracranial carotid stenosis is adequate to 
support the use of this procedure 

6) NICE 2011, asymptomatic carotid stenting 
a. Current evidence on the safety of carotid artery stent placement for 

asymptomatic extracranial carotid stenosis shows well-documented risks, 
in particular the risk of stroke. The evidence on efficacy is inadequate in 
quantity. Therefore this procedure should only be used with special 
arrangements for clinical governance, consent and audit or research. 

 
 
Evidence summary: CAS has been found have a slightly higher risk of stroke and death 
periprocedurally and in the first 4 months postoperatively compared to CEA.  The long 
term risks and benefits appear the same.  Patients aged 70 and older appear to benefit 
more from CEA than CAS.  Patients who are not candidates for CEA due to 
comorbidities can still benefit from CAS.  The evidence for use of CAS in asymptomatic 
patients is lower than for symptomatic patients. 
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HERC staff recommendation: 
1) Cover CAS for carotid artery disease with certain restrictions (see guideline 

below) 
a. Leave CPT 37215 and 37216 on lines 342 STROKE and 440 TRANSIENT 

CEREBRAL ISCHEMIA; OCCLUSION/STENOSIS OF PRECEREBRAL 
ARTERIES WITHOUT OCCLUSION 

b. Add new CPT code 37217 to lines 342 and 440 
c. Adopt a new guideline for lines 342 and 440 as shown below (based on 

WTA coverage guidance with additional wording from HTAS coverage 
guidance for carotid endarterectomy): 

 

 

GUIDELINE NOTE XXX CAROTID ARTERY STENTING 

Lines 342, 440 

Carotid artery stenting (CPT 37215-37217) is included on lines 342 and 440 for 

1) patients who are at high risk for carotid endarterectomy (CEA) due to significant 

comorbidities and/or anatomic risk factors and who also have symptomatic (recent 

transient ischemic attack or ischemic stroke) carotid artery stenosis >50% OR  

2) patients who are at high risk for CEA due to significant comorbidities and/or anatomic 

risk factors and have asymptomatic carotid artery stenosis ≥80% only if best current 

medical therapy is not tolerated or contra-indicated. 
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A B S T R A C T

Background

Endovascular treatment by transluminal balloon angioplasty or stent insertion may be a useful alternative to carotid endarterectomy for

the treatment of atherosclerotic carotid artery stenosis. This review updates a previous version first published in 1997 and subsequently

updated in 2004 and 2007.

Objectives

To assess the benefits and risks of endovascular treatment compared with carotid endarterectomy or medical therapy in patients with

symptomatic or asymptomatic carotid stenosis.

Search methods

We searched the Cochrane Stroke Group Trials Register (last searched January 2012) and the following databases: the Cochrane Central

Register of Controlled Trials (CENTRAL) (The Cochrane Library 2010, Issue 4), MEDLINE (1950 to January 2011), EMBASE (1980

to January 2011) and Science Citation Index (1945 to January 2011). We also searched ongoing trials registers (January 2011) and

reference lists and contacted researchers in the field.

Selection criteria

Randomised trials comparing endovascular treatment (including balloon angioplasty or stenting) with endarterectomy or medical

therapy for symptomatic or asymptomatic atherosclerotic carotid stenosis.

Data collection and analysis

One review author selected trials for inclusion, assessed trial quality and extracted data. A second review author independently validated

trial selection and a third review author independently validated data extraction. We calculated treatment effects as odds ratios (OR) and

95% confidence intervals (CI), with endovascular treatment as the reference group. We quantified heterogeneity using the I² statistic.

1Percutaneous transluminal balloon angioplasty and stenting for carotid artery stenosis (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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PERIPHERAL ARTERIAL DISEASE

Current evidence for carotid
endarterectomy and carotid artery
stenting
Marco Roffi

In western countries, stroke is the third most
frequent cause of death, behind cardiac disease and
cancer, and is the number one condition associated
with permanent disability. Large artery athero-
sclerosisdmostly located at the carotid bifurca-
tiondmay account for up to 20% of all ischaemic
strokes. Atherosclerosis is by far the most common
pathology causing carotid artery stenosis and
typically affects the origin of the internal carotid
artery. The pathophysiology of stroke in patients
with carotid artery stenosis is commonly distal
embolisation of plaque material into the intracra-
nial vasculature, while in the presence of a critical
stenosis, hypoperfusion may also play a role. The
most important predictor of stroke in patients with
carotid artery stenosis is the presence of symp-
tomsdamaurosis fugax, transient ischaemic attack
(TIA) or strokedfollowed by the severity of
stenosis. In the North American Symptomatic
Carotid Endarterectomy Trial (NASCET), the risk
of stroke for patients with symptomatic carotid
artery stenosis treated medically was 26% over
2 years (13%/year) for >70% stenosis and 18.5%
over 5 years (4.4%/year) for 50e69% stenosis.w1 In
asymptomatic patients with carotid artery stenosis
>60%, the yearly risk of stroke is 1e2% per year.w2

However, the risk may increase to 3e4% per year in
elderly patients or in the presence of a severe
stenosis, contralateral carotid stenosis or occlusion,
carotid plaque heterogeneity, poor collateral blood
supply, generalised inflammatory states, and
cardiac or medical illnesses.
Large scale randomised trials have established the

superiority of carotid endarterectomy (CEA) over
medical management for stroke prevention in
patients with symptomaticdand to a lesser degree
asymptomaticdinternal carotid artery stenosis. In
the last decade, carotid artery stenting (CAS) has
been advocated as a less invasive alternative to
surgery. Recently, the value of carotid revascular-
isation in asymptomatic patients has been
questioned because patients allocated to the
conservative arms of the trials were not treated
according to current standards. The current review
aims at delineating the respective roles of CEA and
CAS in patients with carotid artery stenosis.

CAROTID ENDARTERECTOMY
The performance of carotid CEA has undergone
significant improvements since its inception 50 years

ago. Although surgery is commonly performed un-
der general anaesthesia, the surgical approach in
local anaesthesia has been frequently advocated as
a superior approach. However, the General Anaes-
thesia versus Local Anaesthesia for carotid surgery
(GALA) randomised trial found no difference in
stroke, myocardial infarction or mortality rates
between general and local anaesthesia among 3526
patients undergoing CEA.w3 Similarly, no differences
were observed in terms of quality of life, intensive
care or high dependency unit time or length of
hospital stay.
Following a longitudinal incision from the

common carotid artery into the internal carotid
artery, the carotid plaque is removed and the arte-
riotomy is usually repaired with the use of a patch.
While primary closure of the endarterectomy site is
still performed by a number of surgeons, there is
evidence in favour of routine patch placement for
reduction of acute stroke risk and recurrent sten-
osis.w4 Alternatively, CEA can also be performed
using an eversion technique, an approach proven to
be associated with similar outcomes to standard
CEA in a randomised comparative trial involving
1353 patients.w5 In patients not tolerating
prolonged clamping of the internal carotid artery,
a temporary shunt is inserted during surgery to
allow for continuous carotid flow. It remains
a source of debate whether routine or selective
application of shunts is the best strategy. Following
CEA, the patient is initially monitored in an inten-
sive or high dependency unit. The main advantages
and disadvantages of CEA are presented in box 1.

Randomised trials of CEA versus medical treatment
Large scale randomised evidence supports the
superiority of CEA over medical management in
stroke prevention in patients with high grade
internal carotid artery stenosis, particularly in the
presence of carotid symptoms (table 1). The
NASCET trial randomised 2226 symptomatic
patients and found that among patients with
>70% carotid stenosis the ipsilateral stroke rate at
2 years was 9% in the CEA arm and 26% in the
medical arm; the rates of disabling or fatal strokes
were 2.5% and 13.1%, respectively.w6 w7 In patients
with 50e69% stenosis, the benefit of surgery
remained statistically significant but less
pronounced, with a 5 year ipsilateral stroke rate of
15.7% in the surgical arm and of 22.2% in the
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http://hrt.bmj.com/content/
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About this Report 

This technology assessment report is based on research conducted by a contracted technology 

assessment center, with updates as contracted by the Washington State Health Care Authority.  

This report is an independent assessment of the technology question(s) described based on 

accepted methodological principles.  The findings and conclusions contained herein are those of 

the investigators and authors who are responsible for the content.  These findings and 

conclusions may not necessarily represent the views of the HCA/Agency and thus, no statement 

in this report shall be construed as an official position or policy of the HCA/Agency.  

The information in this assessment is intended to assist health care decision makers, clinicians, 

patients and policy makers in making sound evidence-based decisions that may improve the 

quality and cost-effectiveness of health care services.  Information in this report is not a 

substitute for sound clinical judgment.  Those making decisions regarding the provision of health 

care services should consider this report in a manner similar to any other medical reference, 

integrating the information with all other pertinent information to make decisions within the 

context of individual patient circumstances and resource availability. 

 

About Spectrum Research, Inc. 

For over a decade, Spectrum Research, Inc. (SRI) has developed a solid reputation for providing 

high-quality evidence-based products and clinical research consulting. SRI is a partner in the 

AHRQ-funded Pacific Northwest Evidence-Based Practice Center together with the Oregon Health 

and Sciences University and the University of Washington. Spectrum’s evidence-based practice 

(EBP) reports have been used by a variety of agencies and private organizations. Our reports 

provide an independent assessment of current evidence/research and have been used for policy 

formulation, creation of clinical recommendations and consideration of future research needs. 

Reports include full health technology assessments (HTAs) and comparative effectiveness reviews 

as well as smaller evidence briefs and rapid reviews for the purpose of understanding evidence and 

improving health-care delivery. 
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EXECUTIVE SUMMARY 

Introduction 
Cardiovascular disease (CVD) is the leading cause of mortality and morbidity in both men and 

women in the United States.
52

  One or more types of CVD effect an estimated 82,600,000 adults 

(> 1 in 3), half of which are 60 years of age or older.  By 2030, the prevalence of CVD in the US 

population is projected to rise to 40.5%.
26

  When considered separately from other CVDs, stroke 

is the fourth leading cause of death (behind heart disease, cancer, and chronic lower respiratory 

disease).
52

  The American Heart Association estimates that about 800,000 Americans experience 

a new or recurrent stroke each year; 87% of these are ischemic in nature, mostly due to 

thromboembolic events.
42

  The carotid arteries provide the main blood supply to the brain and 

narrowing of these arteries (stenosis) due to atherosclerosis accounts for nearly 20% to 25% of 

these strokes.
21,49

  The most common site of plaque formation and stenosis in the carotid artery is 

near the bifurcation of the common carotid artery into the internal and external carotid 

arteries.
2,13

  Medical risk factors for carotid artery atherosclerosis are similar to those for other 

cardiovascular diseases. 

 

Intracranial arteries may be affected by atherosclerotic disease as well and intracranial stenosis is 

an important cause of ischemic stroke worldwide. While all traditional risks factors are 

associated with ICAD, it appears that the presence of diabetes and metabolic syndrome are 

particularly associated with the development of atherosclerotic disease of the intracranial 

vasculature. 

 

Therapeutic options for atherosclerotic carotid stenosis include medical therapy alone, carotid 

endarterectomy (CEA) and medical therapy, or carotid angioplasty and stenting (CAS) and 

medical therapy. Management of risk factors (e.g. smoking) is also an important part of any 

therapeutic approach.  Medical therapy has changed significantly in the past decade. Randomized 

comparisons of CEA with current best medical therapy are lacking. Given the changes in 

approach to medical therapy in the past decade, landmark trials completed in the early 1980s and 

1990s comparing CEA with medical therapy alone may not be applicable to contemporary 

practice.
38,50

  Evaluation of current best medical therapy is beyond the scope of this report. 

 

For many years, CEA has been considered the gold-standard to restore vascular patency in the 

surgical management of carotid artery stenosis.  However, recently, CAS, a less invasive surgical 

procedure, has become an alternative to CEA, particularly in persons who may be at high risk for 

surgically-related morbidity and mortality. Much of the evidence available for guiding decision 

making in the management of patients with carotid artery disease comes from randomized 

controlled trials conducted in symptomatic patients.  A patient with carotid stenosis is considered 

symptomatic if they have neurological evidence of an ipsilateral stroke, transient ischemic attack 

(TIA) or transient monocular blindness.  However, less is known about the efficacy of medical 
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treatment, CEA and CAS in patients without these symptoms and thus the management of 

patients with asymptomatic carotid disease is still evolving. 

 

The target populations for carotid artery stenting are symptomatic patients with moderate (50%-

69%) or severe (70%-99%) carotid artery stenosis at risk for stroke and asymptomatic patients 

with stenosis of 60% or greater who are not able to tolerate general anesthesia for CEA. Current 

U.S. Food and Drug Administration (FDA) labeling requires that stents only be used in 

asymptomatic patients with ≥70% stenosis. All patients must have a reference vessel diameter 

within the range of 4.0mm and 9.0 mm at the target lesion.  FDA indications also include history 

of contralateral vocal cord damage, previous ipsilateral neck surgery and restenosis after CEA. 

Drug eluting stents have not been approved for use in the carotid or intracranial vessels. 

 

The primary therapeutic approach for intracranial atherosclerotic disease (ICAD) is medical 

therapy. More recently, angioplasty with or without stenting has been reported.  Surgical options 

are limited. Approval of intracranial stents by the U.S. Food and Drug Administration (FDA) has 

been through the humanitarian device exemption (HDE) process for use in persons with 70%–

99% stenosis of an intracranial vessel experiencing recurrent intracranial stroke secondary to 

atherosclerotic disease that is refractory to medical therapy.  

 

The public health, societal and economic burden of stroke is high. It is therefore important that 

decisions related to treatment options include consideration of the best evidence available on 

efficacy, effectiveness and safety. This technical review systematically assesses the evidence on 

this topic based on the context and final key questions provided by the Washington State Health 

Technology Assessment Program. The Washington State Healthcare Authority’s Health 

Technology Assessment program selected this topic for review based on high levels of concern 

around efficacy and cost and on medium levels of concern around safety. 

 

Key Questions 

This review seeks to answer the following key questions: 

1. In symptomatic or asymptomatic persons with atherosclerotic carotid artery stenosis what 

is the evidence of short- and long-term comparative efficacy and effectiveness of:  

a. Extracranial carotid artery stenting (CAS) and medical therapy compared with 

medical therapy alone? 

b. Extracranial carotid artery stenting (CAS) and medical therapy compared with 

carotid endarterectomy (CEA) and medical therapy? 

2. In asymptomatic or symptomatic persons with atherosclerotic stenosis of the intracranial 

arteries, what is the evidence of short- and long-term comparative efficacy and 
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effectiveness of intracranial artery stenting and medical therapy compared with medical 

therapy alone? 

3. What is the evidence regarding adverse events and complications, particularly during the 

periprocedural period and longer term, for stenting compared with alternative treatments? 

In persons with extracranial carotid artery stenosis, are rates of periprocedural death or 

stroke <3% for asymptomatic patients and <6% for symptomatic patients? 

4. Is there evidence of differential efficacy or safety for special populations, (including 

consideration of age, gender, race, diabetes, atrial fibrillation or other comorbidities, 

ethnicity, or disability)? 

5. What is the evidence of cost-effectiveness of CAS compared with other treatment options 

(medical therapy, CEA) in the short-term and the long term? 

 
The focus of this HTA is on treatment of atherosclerotic disease in the extracranial carotid 

arteries and intracranial arteries in adult patients comparing the use of stents with other treatment 

options. Treatment of atherosclerotic disease or other conditions of the extracranial portions of 

the vertebral and basilar arteries was not included in this report. Given that the benefits and risks 

of treatment may be different for asymptomatic and symptomatic disease, the population subsets 

were evaluated separately. Input from clinical experts was incorporated to formulate final 

inclusion and exclusion criteria and confirm focus on primary outcomes.  Research reports were 

selected for summarization based on the following general inclusion criteria. For a detailed 

description of the inclusion and exclusion criteria, please refer to the PICO table in section 3.1.1 

of this report.   

 

 Population.  1) Adults with extracranial carotid artery stenosis undergoing primary 

treatment for symptomatic or asymptomatic atherosclerotic carotid artery stenosis who 

have not had previous revascularization. 2) Adults with atherosclerotic stenosis of 

intracranial arteries 

 Intervention. Stenting of carotid arteries (with or without use of embolic protection 

devices or strategies) or stenting of intracranial arteries, using FDA approved devices 

 Comparator. Medical therapy or surgical alternatives including carotid endarterectomy 

(CEA) 

 Outcomes. The primary critical outcomes for long term efficacy included any stroke, 

ipsilateral stroke, death, the composite of stroke or death. Primary critical outcomes for 

safety were periprocedural (30 day) any stroke, death, the composite of stroke or death, 

myocardial infarction, major bleeding complications and persistent cranial nerve palsy. 

Additional outcomes are listed in the inclusion/exclusion table below.  
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 Study design. The focus for all key questions was on evidence judged to have the least 

potential for bias. Therefore, we concentrated on results from randomized controlled trials 

and comparative nonrandomized controlled trials (i.e. cohorts, registries).  Only peer-

reviewed articles published in English were considered. 

 

Methods for evaluating comparative effectiveness 

 

The scope of this report and final key questions were refined based on input from clinical experts 

from a variety of disciplines and public comments received on draft key questions.  Clinical 

expert input was sought to confirm primary outcomes on which to focus. 

 

A formal, structured systematic search of the peer-reviewed literature across a number of 

databases including PubMed and EMBASE to identify relevant peer reviewed literature as well 

as of other sources (National Guideline Clearinghouse, Center for Reviews and Dissemination 

Database)  to identify pertinent clinical guidelines and previously performed assessments.   

 

Studies were selected for inclusion based on pre-specified criteria detailed in the full report. All 

records were screened by two independent reviewers. Selection criteria included a focus on 

studies with the least potential for bias that were written in English and published in the peer-

reviewed literature. 

 

Pertinent studies were critically appraised independently by two reviewers based on Spectrum’s 

Class of Evidence (CoE) system which evaluates the methodological quality and potential for 

bias based on study design as well as factors which may bias studies.  An overall Strength of 

Evidence (SoE) combines the appraisal of study limitations with consideration of the number of 

studies and the consistency across them, directness and precision of the findings to describe an 

overall confidence regarding the stability of estimates as further research is available.  Included 

economic studies were also formally appraised based on criteria for quality of economic studies 

and pertinent epidemiological precepts. 

 

Results: Summary of the highest quality evidence on primary outcomes 

 

The following summaries of evidence for primary findings have been based on the highest 

quality of studies available. Additional information on lower quality studies is available in the 

report. 

A summary of the primary results for each key question are provided below with a focus on the 

primary outcomes described above.  Details of these and other outcomes are available in the full 

report. RCTs and comparative nonrandomized controlled trials are the focus for for this 
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summary. The overall strength (quality) of evidence across studies is summarized in tables 

below.  This is followed by a section called “Synoposis and remaining questions”.  

 

Key Question 1. In symptomatic or asymptomatic persons with atherosclerotic carotid 

artery stenosis what is the evidence of short- and long-term comparative efficacy and 

effectiveness of 

a. Extracranial carotid artery stenting (CAS) and medical therapy compared 

with medical therapy alone? 

b. Extracranial carotid artery stenting (CAS) and medical therapy compared 

with carotid endarterectomy (CEA) and medical therapy? 

 

Efficacy and Effectiveness in Asymptomatic Patients 

 

Summary regarding efficacy (RCT data) 

 

CAS versus medical therapy alone:  No RCT evaluating the efficacy of CAS and medical 

therapy versus medical therapy alone among patients with asymptomatic carotid stenosis were 

found.  

 

CAS compared with CEA: Two RCTs evaluated the efficacy of CAS and medical therapy 

versus CEA and medical therapy in patients of average surgical risk: One (Kentucky 2004)
12

 was 

conducted in asymptomatic patients only, and one trial (CREST)
14

 enrolled both symptomatic 

and asymptomatic patients.  A third trial was conducted in high-risk patients (SAPPHIRE)
25

 and 

is described in with Key Question 4 on special populations. 

 

Across the two RCTs included in this section with regard to efficacy:  

 Neither RCT evaluated the short-term efficacy of CAS and medical therapy compared 

with CEA and medical therapy for death or MI.  

 Data on outcomes up to 4 years were reported for the CREST and Kentucky trials. 

o Stroke: Kentucky reported no stroke events at 4 years for either CAS or CEA 

treatment groups. 

o Ipsilateral stroke: No statistical difference was reported in in the CREST study.  

No ipsilateral stroke events were seen in either treatment arm of the Kentucky 

trial.    

o Any periprocedural stroke or death or post-procedural ipsilateral stroke: In 

the CREST trial, there was no statistical difference in risk of this composite 

outcome at 4 years.  
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o Other outcomes:  The Kentucky 2004 study reported no difference in vessel 

patency at 4 years between CEA and CAS treatment groups. No patients in either 

group experienced symptoms of cerebral ischemia. Hospital length of stay, 

postprocedural pain and time to return to full activity were similar between 

treatment groups.  

 

Summary regarding effectiveness (nonrandomized comparative studies) 

 

CAS versus medical therapy alone:  One retrospective, single-center cohort, Sherif et al. 

2005,
53

 followed patients for a median 2.1 years and reported Kaplan-Meier estimates for a 

projected 5 years of follow-up using a propensity score-adjusted analysis.  Compared to patients 

in the medical therapy group, patients in the CAS group had significantly decreased rates of all 

outcomes (any stroke, death, and any stroke or death).  This study was considered to be at 

moderately high risk of bias. 

 

CAS compared with CEA:  Primary outcomes following CAS and medical therapy compared 

with CEA and medical therapy up to 4 years were reported in three nonrandomized comparative 

studies (2 clinical cohorts,
18,62

 and one registry
6
) all of which were described in the AHRQ 

report.  .   

 Any stroke: There were no statistical differences between treatments at 1.5 years in one 

prospective registry study or in one prospective cohort study at 4 years.  

 Death: No statistical difference at 1.5 or 4 years was reported in one prospective 

registry and one prospective cohort study, respectively.  

 Any stroke or death: No statistical difference at 1.5 or 4 years as reported in two 

studies (1 prospective registry and 1 prospective cohort). 

 Myocardial infarction (MI): Across two prospective studies (1 registry and 1 cohort) at 

1.5 and 4 years, no statistical difference was seen between treatments, although 

somewhat higher rates of MI were seen following CEA.  

 Any periprocedural stroke, death or post-procedural ipsilateral stroke: At 2.8 years 

no statistical difference was seen between groups in one prospective cohort study. 

 Cognitive function, ADLs, Depression: Three small prospective cohort studies (all 

considered to be at moderately high risk of bias) reported on various secondary 

outcomes.
16,22,37

 Overall, no statistical differences between treatment groups were seen 

for most measures, which may partly be a function of sample size. One small study 

reported improvement in working memory after CAS (compared with CEA) and in 

processing speed following CEA (compared with CAS). 
37

  



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 7 Page 7 

Efficacy and Effectiveness in Symptomatic Patients 

 

Summary regarding efficacy (RCT data) 

 

CAS versus medical therapy alone:  No RCT evaluating the efficacy of CAS and medical 

therapy versus medical therapy alone among patients with symptomatic carotid stenosis were 

found.  

 

CAS compared with CEA:  Ten reports from seven RCTs evaluated the efficacy of CAS and 

medical therapy versus CEA and medical therapy among symptomatic patients.
3-5,11,14,19,20,28,44,55

 

For the purposes of this HTA, short term outcomes were considered all outcomes occurring after 

30 days and before 12 months, and longer-term outcomes were considered all outcomes 

occurring at or after 12 months.  All seven RCTs evaluated long-term outcomes, and two RCTs 

evaluated short term outcomes
20,43

. One additional trial was conducted in high-risk patients 

(SAPPHIRE)
25

 and is described in Key Question 4 on special populations. 

 

CAS compared with CEA, Short term efficacy: 

 Any stroke (excluding periprocedural): There was no significant difference between 

treatments in risk of any stroke at 4 months in one large RCT. 

 Ipsilateral stroke (excluding periprocedural): There was no significant difference 

between treatments in risk of ipsilateral stroke at 4 months in one large RCT. 

 Death: One RCT reported a significant increase in risk of death at 4 months for CAS 

compared with CEA (RD = 1.4, 95% CI: 0.3, 2.6). 

 Any stroke or death (including periprocedural): Across two RCTs, there was a 

significant increase in risk at 4 months in one large RCT (RD: 3.32, 95% CI 1.13, 5.52); 

however, no statistically significant difference between treatment arms at 6 months. 

 Death or any periprocedural stroke or postprocedural ipsilateral stroke: In one 

large RCT there was a significant increase in risks for CAS compared with CEA (RD = 

5.36%, 95% CI: 1.28, 9.42). 

 Cognitive function, blood pressure:   Two RCTs reported on cognitive function and 

blood pressure at 4 months.  Overall, there were no statistical differences between 

treatment groups for change in measures of cognitive function or blood pressure. 

CAS compared with CEA, Long term efficacy: 

 Any stroke (excluding periprocedural): No statistical differences between treatment 

groups were seen at two years (2 RCTs) or four years (2 RCTs). Risks ranged from 0% -

3.8% in both treatment groups. 
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 Ipsilateral stroke (excluding periprocedureal): No statistical differences were seen at 

two years (2 RCTs), or four years (2 RCTs) or 5.4 years (1 RCT). In the largest trials 

(CREST, SPACE, EVA-3s),
14,19,44

 rates ranged from 1.5%-2.2% following CAS and 

1.5% - 2.4%.  

 Death: No statistical differences were seen at two years (2 RCTs), four years (2 RCTs) 

or 5.4 years (1 RCT). The pooled estimate across five studies failed to reach statistical 

significance.  

 Any stroke or death (including periprocedural): Lack of estimate stability across two 

small studies precludes the ability to draw meaningful conclusions. 

 Death or any periprocedural stroke or postprocedural ipsilateral stroke: The pooled 

estimate across five studies reporting data for 2, 4 or 5.4 years failed to reach 

significance. Risks for this composite ranged from 0%-9.2% following CAS and 0%-

10% for CEA.  

 Restenosis:   The pooled estimate for risk of restenosis (≥70%) across three RCTs 

reporting data for 2, 4 or 5.4 years failed to reach significance. Risks for restenosis 

ranged from 0%–18.8% following CAS and 0%–4.6% for CEA. 

 

 

Summary regarding effectiveness (nonrandomized comparative studies) 

 

CAS versus medical therapy alone:  No nonrandomized comparative studies evaluating the 

efficacy of CAS and medical therapy versus medical therapy alone among patients with 

symptomatic carotid stenosis were found.  

 

CAS compared with CEA:  Outcomes following CAS and medical therapy compared with 

CEA and medical therapy up to 4 years were reported by two nonrandomized prospective cohort 

studies included in this report.
18,62

 any stroke or death at 4 years showed a statistically significant 

difference between groups as reported by one study, with lower rates following CAS compared 

with CEA.
62

 All other outcomes (any stroke, all-cause death, MI, and any periprocedural stroke 

or death or post-procedural ipsilateral stroke), reported by one study each, did not differ 

statistically between treatment groups, although consistently lower rates were reported following 

CAS.  Both studies were considered to be at moderately high risk of bias. 
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Key Question 2. In asymptomatic or symptomatic persons with atherosclerotic stenosis of 

the intracranial arteries, what is the evidence of short- and long-term comparative efficacy 

and effectiveness of intracranial artery stenting and medical therapy compared with 

medical therapy alone? 

 

 

Asymptomatic Intracranial Disease 

 

No studies in asymptomatic patients meeting our inclusion criteria were found. 

 

Symptomatic Intracranial Disease 

 

Summary of RCT data: The Stenting and Aggressive Medical Management for Preventing 

Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial was the only RCT identified.
17

  

 Efficacy: Based on Kaplan–Meier analysis, 1 year probabilities are summarized below: 

o Stroke or death within 30 days or ischemic stroke in the territory of the 

qualifying artery beyond 30 days: This was the studies primary endpoint. 

Stenting was associated with a significantly higher probability of this composite 

outcome (20.0%) than medical therapy (12.2%), P = .009. 

o Any stroke: Probabilities were significantly higher in patients assigned to receive 

stents (22.3%) than in those assigned to intensive medical care (14.9%) 

o Death: The probabilities were not statistically different between groups 

o Any stroke or death: Probabilities at 1 year were 23.4% and 17.5% respectively 

for the stenting and medical therapy arms, a marginally insignificant result. 

o Myocardial infarction: The probabilities were not statistically different between 

treatment groups.  

o Any major hemorrhage:  The probability of major hemorrhage was significantly 

greater in the stent group (9.0%) than in the medical treatment group (1.8%), p 

<0.001. 

 Safety: This RCT was terminated early based on significantly higher risk of 

periprocedural (30 day) stroke or death in the stenting group (14.7%) compared with the 

medical management group (5.8%) and a futility analysis which demonstrated that no 

benefit in the stenting group would be shown had the trial been run to completion. The 

probability of any stroke was 14.7% for stenting and 5.3 % for medical therapy, (p = 

0.03) RD of 9.4% (NNH 11), while there was no statistical differences in death between 

the groups.  

 

Summary of nonrandomized studies: No nonrandomized comparative studies were found so no 

conclusions regarding comparative effectiveness or safety can be made. Five prospective case 

series met the inclusion criteria.
1,9,23,32,61

  The longest follow-up was an average of 22 months.  
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 Longer term effectiveness: The risks of stroke and for any stroke or death by longest 

follow-up were lower than those reported in the RCT. Risk of in-stent restenosis ranged 

from 7.5%-32.3% with the majority reported as being asymptomatic. 

 Safety: 

o For 30 day periprocedural safety outcomes, risks for stroke and any stroke or death 

were lower than those reported in the RCT and risk of death was similar. 

o Reported complications included access site complications (11.4%) stent 

thrombosis (0%–3.1%) and transient vasospasm (1.6%–11.4%). Vessel 

dissection/perforation occurred in 0%–6.4% across four studies.  

 

    

Key Question 3. What is the evidence regarding adverse events and complications, 

particularly during the periprocedural period and longer term, for stenting compared with 

alternative treatments? In persons with extracranial carotid artery stenosis, are rates of 

periprocedural death or stroke <3% for asymptomatic patients and <6% for symptomatic 

patients? 

 

 

Safety in Asymptomatic Patients 

 

Summary of RCT data 

CAS versus medical therapy alone:  No RCTs evaluated adverse events and complications for 

CAS and medical therapy versus medical therapy alone among patients with asymptomatic 

carotid stenosis 

CAS compared with CEA:  Two RCTs (CREST, Kentucky) provided data comparing CAS 

with medical therapy to CEA with medical therapy during the peri-procedural timeframe.
12,54

   

 Any periprocedural stroke: Across two RCTs, risk of periprocedural stroke was slightly 

higher, though not statistically significant, for CAS compared to CEA; however, in one 

RCT no stroke events were reported in either treatment group. 

 Periprocedural death: In 2 RCTs no deaths were reported during the periprocedural 

period. 

 Periprocedural stroke or death:  The risk of stroke or death was 2.5% for CAS and 

1.4% for CEA based on the CREST study. The difference was not statistically significant.   

 Periprocedural myocardial infarction (MI):  In asymptomatic patients, in one RCT 

(CREST) there was a statistically non-significant lower risk of periprocedural MI for 

CAS compared to CEA. 

 Periprocedural cranial nerve palsy:  Risk of periprocedural cranial nerve palsy was 

significantly lower for CAS compared to CEA in one RCT; another  reported no events in 

either treatment arm. RD = -3.9% across studies. 
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 Periprocedural bleeding Complications:  In one RCT (CREST) there were no 

significant difference in risks of periprocedural bleeding complications (bleeding event 

requiring transfusion, hematoma requiring treatment, retroperitoneal hemorrhage, 

moderate or minor bleeding) between CAS and CEA; however, there was a statistically 

significant decrease in risks of surgical wound complications (hematoma requiring 

treatment and other complications) among CAS compared to CEA . 

 

Summary of nonrandomized comparative studies 

CAS versus medical therapy alone:  One small, retrospective, single-center cohort study, 

Bosiers et al. 2005,
10

 reported 30-day stroke or death rates.  No statistically significant difference 

was reported between those who received CAS versus medical therapy alone. This study was 

considered to be at a moderately high risk of bias. 

CAS compared with CEA:  Periprocedural outcomes following CAS and medical therapy 

compared with CEA and medical therapy were reported in seven cohorts studies
10,15,18,30,35,41,62

 

and three registries.
33,39,48

  All cohort studies were considered to be at moderately high risk of 

bias.  For the registries, one was considered to be at a moderately low risk of bias and reported 

in-hospital outcomes,
48

 one a moderately high risk of bias,
33

 and the third at a high risk of bias.
39

 

 Any periprocedural stroke:  Across five small cohort studies (1 prospective and 4 

retrospective), there were no statistical differences between treatment groups in the risk 

of periprocedural stroke. Confidence intervals were large and overlapped across studies. 

Across two large prospective registry studies, only one reported a statistically significant 

difference favoring CEA at 30 days.  

 Periprocedural death: No statistical differences in risk of death were seen across four 

small cohort studies. One of the two included prospective registry studies reported a 

statistically significant greater risk of death at 30 days following CAS compared with 

CEA while the second study, which reported in-hospital events, failed to reach statistical 

significance.  

 Periprocedural stroke or death: Across six cohort studies, no statistical difference 

between groups was reported for this composite outcome. One of two included registries 

reported a statistically significant increased risk of periprocedural stroke or death at 30 

days in persons receiving CAS compared with CEA (confidence intervals were large), 

while the other larger registry reported much lower in-hospital risks for both groups and 

failed to find a statistical difference. The risk of periprocedural stroke or death following 

CAS was less than 3% in six of the eight studies.   

 Periprocedural myocardial infarction (MI): No statistical differences in MI risk were 

seen across five studies.  

 Periprocedural ipsilateral stroke: No statistical difference between groups in the risk of 

in-hospital ipsilateral stroke was found as reported by one large prospective registry. 
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 Periprocedural transient ischemic attack (TIA):  One small retrospective cohort study 

and one large prospective registry that reported in-hospital events found no significant 

differences in the risk of periprocedural TIA between CAS and CEA.   

 Periprocedural cranial nerve palsy: Across two retrospective cohort studies and one 

large prospective registry (in-hospital data), no significant differences in the risk of 

cranial nerve palsy were reported following CAS compared with CEA.   

 Periprocedural bleeding complications: The risk of hematoma was reported by two 

retrospective cohort studies with no significant differences between treatment groups; 

however, in the smaller of the two cohorts, the risk following CAS was twice that seen 

following CEA (RD = 4.1%).   

 Intracranial hemorrhage (ICH):  Administrative data provided the only evidence for 

this outcome.   As reported by two administrative database studies, the incidence of ICH 

was rare in both groups; however, the risk was six times greater following CAS 

compared with CEA.   

 Other complications: Administrative data provided the only evidence for these 

outcomes.   Unspecified cardiac complications were reported by three administrative 

database studies, two of which reported a marginally significant increased risk following 

CAS while the third administrative study found no difference between the treatment 

groups.  The risk of venous thromboembolism was reported by one administrative study 

with no statistically significant difference between groups. 

 

Safety in Symptomatic Patients 

Summary of RCT data 

CAS versus medical therapy alone:  No RCTs comparing CAS and medical therapy with 

medical therapy alone in symptomatic patients were identified. 

CAS compared with CEA:  For the comparison of CAS and medical therapy with CEA and 

medical therapy, a total of ten studies from eight RCTs reported on various outcomes during the 

periprocedural period.
3,11,19,20,28,43,44,47,54,55

  

 Any periprocedural stroke: Across six RCTs, risk of periprocedural stroke was 

significantly greater for CAS compared to CEA (Pooled RD: 3.39%, 95% CI .15%, 

6.6%). This difference in risk suggests that for every 30 persons treated, there will be one 

additional stroke for CAS compared with CEA. In analysis excluding older studies 

(which enrolled patients prior to 2000), studies with 10 or fewer patients per arm and 

studies that did not use embolic protection devices, pool risk difference remained 

significant favoring CEA (RD: 2.88%, 95% CI: 1.3, 4.44, NNH 35, 95% CI 23, 75) 

across for studies. This estimate is reflected in the evidence tables below. 
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 Periprocedural death: Across four RCTs, the rates of periprocedural death ranged from 

0% to 1.3% for CAS and 0.5% to 2.0% for CEA. There was no difference in risk of 

periprocedural death between CAS and CEA in any individual RCT, nor when studies 

were combined in a pooled analysis. 

 Periprocedural stroke or death:  The risk of stroke or death was 7.1% for CAS and 

4.1% for CEA based on pooled data across seven RCTs reporting this composite, neither 

of which fell below 6%.  Three of the four largest RCTs reported significant increases in 

risk of stroke or death for CAS compared to CEA.  In meta-analysis of seven RCTs, the 

RD of 2.75%, 95% CI -0.39%, 5.88% was not statistically significant; however, there 

was considerable heterogeneity in this analysis.  Analyiss excluding older, small studies 

and those which did not use EPDs resulted a pooled RD of 3.1%, 95% CI 1.4%, 4.7%); 

Number needed to harm was 33 (94% CI 21, 70) as reflected in the evidence table below. 

 Periprocedural myocardial infarction (MI):  Across four RCTs, periprocedural MI in 

individual studies ranged from 0.4% to 1.0% for CAS and 0.6% to 2.3% for CEA.  There 

were no differences in risk between CAS and CEA in any individual study in 

symptomatic patients, nor when studies were combined in a pooled analysis. 

 Periprocedural ipsilateral stroke:  In pooled estimates across three studies, there was a 

suggestion of an increased risk of ipsilateral stroke for CAS compared to CEA (RD = 

4.47% (`1.98%, 10.91%); however, it was not statistically significant and confidence 

intervals were wide.  Sensivity analysis removing an older study which did not use 

embolic protection yielded a risk difference of 2.37% (95% CI 0.42%, 4.3%) corresponds 

to a NNH of 42.  

 Periprocedural fatal, major or disabling stroke:  Across five RCTs contributing data 

for this composite endpoint, the pooled risk difference between treatment groups and not 

statistically significant (RD: 0.88%, 95% CI -0.39%, 2.15%). 

 Periprocedural cranial nerve palsy: In five RCTs, risk of cranial nerve injury or palsy 

was lower for CAS (0% to 1.1%) compared to CEA (2.3% to 7.8%).  Three of the largest 

RCTs reported a significant reduction in risk for CAS compared with CEA. In pooled 

estimates risk of cranial nerve palsy was significantly lower among patients who received 

CAS compared with those having CEA (RD: -5.19%, 95% CI -4.14, -6.24 ). 

 Periprocedural hematoma: In four RCTs, periprocedural rates of “severe hematoma 

requiring treatment” ranged from 0.4% to 5.7% for CAS, and from 0.8% to 2.0% for 

CEA treatment groups.  There was no difference in risk between CAS and CEA treatment 

groups. 

 

Summary of nonrandomized comparative studies 

CAS versus medical therapy alone:  No nonrandomized comparative studies evaluating 

periprocedural outcomes following CAS and medical therapy versus medical therapy alone 

among patients with symptomatic carotid stenosis were found.  
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CAS compared with CEA:  Periprocedural outcomes following CAS and medical therapy 

compared with CEA and medical therapy were reported in a total of seven cohort 

studies
10,15,18,30,34,35,62

 and three registries.
33,39,48

 All cohort studies were considered to be at 

moderately high risk of bias.  For the registries, one was considered to be at a moderately low 

risk of bias and reported in-hospital outcomes only,
48

 one a moderately high risk of bias,
33

 and 

the third at a high risk of bias.
39

  

 Any periprocedural stroke: No significant differences in the risk of any stroke between 

groups were reported across five cohort studies whereas data from two large prospective 

registry studies (one reporting in-hospital events) consistently showed a statistical 

increased risk following CAS.   

 Periprocedural death: No statistical differences in risk of death were seen across three 

small cohort studies. Both of the included prospective registry studies reported a higher 

risk of death following CAS compared with CEA at 30 days and during the in-hospital 

period (wide confidence interval in the latter study suggests instability of the estimate).  

 Periprocedural stroke or death: Across five cohort studies, no statistical difference 

between groups was reported for this composite outcome. Wide confidence intervals 

suggest instability of estimates. One of two included prospective registries reported an 

increased in-hospital risk of periprocedural stroke or death in persons receiving CAS 

compared with CEA, while the other larger registry reported similar risks for both groups 

at 30 days. The risk of periprocedural stroke or death following CAS was less than 6% in 

six of the seven studies.   

 Periprocedural myocardial infarction (MI): No statistical differences in MI risk were 

seen across two cohort studies and two prospective registries. 

 Periprocedural ipsilateral stroke: CAS was associated with a three-fold greater risk of 

ispilateral stroke compared with CEA during the in-hospital period as reported in one 

large prospective registry. 

 Transient ischemic attack (TIA): No significant differences in the risk of TIA 

following CAS versus CEA were reported by one small retrospective cohort study and 

one large registry study reporting in-hospital data only.  

 Periprocedural cranial nerve palsy: Across one retrospective cohort study and one 

large prospective registry (in-hospital data), no significant differences in the risk of 

cranial nerve palsy were reported following CAS compared with CEA.  

 Periprocedural bleeding complications: The risk of hematoma was reported by one 

retrospective cohort study with no significant differences found in patients who 

undergone CAS compared with CEA.   

 Intracranial hemorrhage (ICH): Administrative data provided the only evidence for 

this outcome. The risk of any ICH was five and half times greater following CAS 

compared with CEA.  Risks following CAS were also greater for the subcategories of 

acute ICH and subarachnoid hemorrhage, but were not significantly different between 
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groups when considering nontraumatic extradural hemorrhage and unspecified 

hemorrhage. 

 Other complications: Administrative data provided the only evidence for this outcome. 

Risk of unspecified cardiac complications and venous thromboembolism did not differ 

between CAS and CEA as reported by one administrative database study. 

 

   

Key Question 4. Is there evidence of differential efficacy or safety for special populations, 

(including consideration of age, gender, race, diabetes, atrial fibrillation or other 

comorbidities, ethnicity, or disability)? 

 

Differential Efficacy and Safety in Asymptomatic patients 

 

CAS versus medical therapy alone: No RCT data were available. One retrospective cohort 

study evaluated the differential effectiveness of CAS versus medial therapy alone for severity of 

baseline stenosis.
53

 

 Severity of ipsilateral stenosis:  

o Effectiveness: 

 Stroke (median 25 months): Data from one non-randomized retrospective 

study suggested that stroke risk increased with the degree of stenosis in the 

medical therapy group but remained stable in those treated with CAS.  

 

CAS versus CEA: One RCT (CREST) evaluated whether patient sex conferred differential 

safety outcomes
29

.  In addition, one prospective cohort study,
30

 one registry study
33

 and five 

administrative database studies
7,24,36,46,60

 are included in this report. Data from one trial of 

asymptomatic high risk patients were also included, however, no direct comparison with average 

risk patients could be made.
25,58

 

 Age. No RCT data were available. Data from one registry study were available: 

o Safety: Age (< 65 versus ≥ 65) did not modify the treatment effect of CEA versus 

CAS in asymptomatic patients for the following outcomes: 

 Periprocedural death 

 Periprocedural stroke  

 Periprocedural MI 

 Periprocedural death, stroke, or MI (composite) 

 

 Sex: Data from one RCT (CREST) were available: 
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o Safety: Sex did not modify the treatment effect of CEA versus CAS in 

asymptomatic patients for the following outcomes: 

 Periprocedural stroke 

 Periprocedural stroke or death (composite) 

 Periprocedural MI 

 Periprocedural death, stroke, or MI (composite) 

 

o Efficacy: Sex did not modify the treatment effect of CEA versus CAS in 

asymptomatic patients for the following outcomes: 

 Ipsilateral stroke (4 years) 

 Ipsilateral stroke or death (composite) (4 years).   

 

 High surgical risk: Data for asymptomatic patients were available from the SAPPHIRE 

trial of high risk patients, however, no direct comparison with average risk patients could 

be made and therefore evaluation of differential efficacy is not possible: 

o Efficacy: 

 Ipsilateral stroke or death (composite) (1 year): lower rates following 

CAS versus CEA.  

 Ipsilateral stroke or death (3 years): similar stroke risk regardless of 

treatment group. 

 Stroke (3 years): similar stroke risk regardless of treatment group. 

 

Differential Efficacy and Safety in Symptomatic patients 

 

CAS versus CEA: 

Differential efficacy, effectiveness and safety were evaluated. Patient-level data were available 

for age and sex for six trials (Leicester, EVA-3S, SPACE, BACASS, ICSS, and CREST) as 

reported in the Bonati systematic review.
8
  Data from four individual trials were also included 

(EVA-3S, SPACE, ICSS, and CREST).
19,20,27,29,44,56

  In addition, one prospective cohort study,
30

 

one registry study
33

 and four administrative database studies
7,24,46,51

 were included in this report. 

Data from one trial of symptomatic high risk patients were also included, however, no direct 

comparison with average risk patients could be mad, thus no evaluation of differential 

effectiveness is possible.
25,58

 

 Age:  

o Safety: A meta-analysis of patient-level safety data from five RCTs suggested: 

 Periprocedural stroke or death (composite): Age (< 70 versus ≥ 70 years) 

may modify this outcome such that in patients 70 years of age and older 

CEA is favored while those under 70 years of age had similar results 
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regardless of treatment group. Sensitivity analysis across three studies 

(excluding older, small studies and those which did not use embolic 

protection) more strongly indicates that age modifies the effect of 

treatment.  

 

o Efficacy: Efficacy data from three trials were available and suggested: 

 Death, stroke, or MI (composite) (120 days): Age (< 70 versus ≥ 70 years) 

did not modify treatment outcome (ICSS trial).  

 Ipsilateral stroke or death (composite) (2 years): Age (< 68 versus ≥ 68 

years) significantly modified treatment outcome such that patients 68 

years of age and older had significantly better outcomes following CEA, 

while those under 68 years of age had similar outcomes regardless of 

treatment received (SPACE trial). 

 Ipsilateral stroke (4 years): Age (< 70 versus ≥ 70 years) did not modify 

treatment outcome (EVA-3S trial).  

 Sex:  

o Safety: Data from a meta-analysis of patient-level data from six RCTs were 

available. Additional data from one RCT was available.  

 Periprocedural stroke or death (composite): Sex did not significantly 

modify treatment outcome according to a meta-analysis of patient-level 

safety data from six RCTs and sensivity analyses across 4 studies. 

 Periprocedural stroke: Sex did not significantly modify treatment 

outcome (CREST trial). 

 Periprocedural MI: Sex did not significantly modify treatment outcome 

(CREST trial).  

 Periprocedural death, stroke, or MI (composite:) Sex significantly 

modified treatment effect such that females had significantly lower rates 

of this outcome when treated with CEA versus CAS, while in males there 

was no difference between treatment groups (CREST trial). 

 

o Efficacy: Data from three trials were available. Sex did not modify any of the 

following treatment outcomes: 

 Death, stroke, or MI (composite) (120 days): (ICSS trial)  

 Ipsilateral stroke or death (composite) (2 years): (SPACE trial) 

 Ipsilateral stroke (4 years):(combined data from EVA-3S, CREST)   

 Stroke or death (4 years): (CREST trial)  
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 Diabetes:  

o Efficacy: Data from two trials suggested that diabetes status did not modify 

treatment outcome in terms of:  

 Death, stroke, or MI (composite) (120 days): (ICSS trial). 

 Ipsilateral stroke (4 years): (EVA-3S trial). 

  

 Type of symptomatic qualifying event:  

o Safety: Data from one trial suggested that type of symptomatic qualifying event 

(ie., stroke, transient ischemic attack, ocular, or multiple events) did not modify 

treatment outcome in terms of:  

 Periprocedural ipsilateral stroke or death (composite): (CREST trial). 

 Periprocedural stroke: (CREST trial).  

 

o Efficacy: Data from two trials suggested that type of symptomatic qualifying 

event (ie., stroke, transient ischemic attack, ocular, or multiple events) did not 

modify treatment outcome in terms of:  

 Ipsilateral stroke or death (composite) (2 years): (SPACE trial). 

 Ipsilateral stroke (4 years): (EVA-3S trial). 

 

 Severity of ipsilateral stenosis:  

o Efficacy: Data from three trials suggested that severity of stenosis in the 

ipsilateral artery did not modify treatment outcome in terms of:  

 Death, stroke, or MI (composite) (120 days): (ipsilateral stenosis of 50-

69% versus 70-99%) (ICSS trial). 

 Ipsilateral stroke or death (composite) (2 years): (ipsilateral stenosis of < 

70% versus ≥ 70%) (SPACE trial).  

 Ipsilateral stroke (4 years): (ipsilateral stenosis of < 90% versus ≥ 90%) 

(EVA-3S). 

 

 Severity of contralateral stenosis:  

o Safety: Data from one trial suggested that severity of contralateral stenosis did 

not modify treatment outcome in terms of: 

 Periprocedural ipsilateral stroke or death (composite): (contralateral 

stenosis of < 70% versus 70–99%) (SPACE trial). 

 

o Efficacy: Data from three trials suggested that severity of stenosis in the 

contralateral artery did not modify treatment outcome in terms of:  

 Stroke, death, or MI (composite) (120 days): (contralateral stenosis of 0-

49% versus 50–69% versus 70–99% versus 100%) (ICSS trial). 
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 Ipsilateral stroke or death (composite) (2 years): (contralateral stenosis of 

< 70% versus 70–99% versus 100%) (SPACE trial). 

 Ipsilateral stroke (4 years): (contralateral stenosis of < 70% versus 70–

100%) (EVA-3S trial). 

 

 Time to treatment:  

o Efficacy: Data from two trials suggested that time to treatment (< 14 days versus 

≥ 14 days) did not modify treatment outcome in terms of:  

 Stroke, death, or MI (composite) (120 days): (ICSS trial). 

 Ipsilateral stroke (4 years): (EVA-3S trial).  

 

 Hypertension:  

o Efficacy: Data from two trials were available: 

 Stroke, death, or MI (composite) (120 days): Baseline hypertensive status 

modified the treatment effect such that patients without treated 

hypertension favor CEA while those without treated hypertension have 

similar outcomes regardless of treatment group (ICSS trial). 

 Ipsilateral stroke (4 years): Baseline hypertensive status did not modify 

treatment outcome (EVA-3S trial). 

 

 Smoking status:  

o Efficacy: Data from one trial suggested that baseline smoking status did not 

modify treatment outcome in terms of:  

 Ipsilateral stroke (4 years): (EVA-3S). 

 

 High surgical risk: Data from the SAPPHIRE trial in high risk surgical patients were 

available; no comparison to patients with average surgical risk was made. Data were also 

available from one prospective nonrandomized comparative study. 

o Safety: Regardless of treatment received, patients had similar risk of: 

 Periprocedural stroke, death, or MI (composite): (SAPPHIRE trial). 

 Periprocedural non-disabling stroke: Data from one nonrandomized 

prospective cohort study suggested that CEA risk grades did not modify 

outcome in terms of periprocedural non-disabling stroke. 

 

o Efficacy: Regardless of treatment received, patients had similar risk of: 

 Ipsilateral stroke or death (composite) (1 year): (SAPPHIRE trial). 

 Ipsilateral stroke or death (composite) (3 years): (SAPPHIRE trial). 

 Stroke (3 years): (SAPPHIRE trial). 
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Key Question 5. What is the evidence of cost-effectiveness of CAS compared with other 

treatment options (medical therapy, CEA) in the short-term and the long term? 

No full economic studies comparing the cost effectiveness of CAS with medical therapy versus 

medical therapy alone or comparing intracranial vessel stenting and alternative treatments were 

found.  

 

CAS versus CEA: Five cost-utility studies comparing carotid angioplasty and stenting (CAS) and 

carotid endarterectomy (CEA) met the inclusion criteria
31,40,45,57,59

: One study was of 

asymptomatic patients, two studies focused on symptomatic patients and two studies provided a 

subgroup analysis for both symptomatic statuses.  

 

Asymptomatic patients (overall strength of evidence, low): 

 Across two cost utility studies, the evidence suggested CAS to be a plausible, but not 

verifiably superior treatment for high surgical risk patients. Over 1-year time horizon 

studies reported ICERs of $49,514 and $67,891. Primary limitations of these studies 

should, however, be considered and relate to methods for parameter estimation and 

concerns regarding the reliability extrapolating beyond the last follow-up of the 

SAPPHIRE trial should be noted. Variation in methodology for determining patient 

utility estimates across studies contributed to potential discrepancy in the results between 

the studies and concerns regarding the validity of the utilities used. 

 When focusing on patients with standard surgical risk, CEA was found to be slightly less 

expensive and provided slightly more quality-adjusted life years (QALYs) in one study. 

In that sense, it CEA was the preferred treatment given commonly assumed cost-

effectiveness thresholds. 

 

Symptomatic patients (overall strength of evidence, low): 

 Evidence across four cost-utility studies indicated that CEA tended to be more cost-

effective than CAS in symptomatic patients. Two out of the four studies examining 

symptomatic patients found there to be insufficient evidence to strongly favor one 

treatment method over the other.  

 In two studies focused on symptomatic patients, one concluded that CAS was at best non-

inferior in terms of clinical outcomes, however, its long-run cost savings failed to 

compensate for the greater upfront procedural costs. The second study found CEA to be 

both more effective and less costly for symptomatic patients (CEA dominated CAS). The 

first study authors chose not to report a specific ICER due to variability in models when 

different data sources were used.  

 In the two studies that presented sub-group results for symptomatic patients, CAS was 

not found to be an economically attractive alternative. CEA dominated CAS in one and 

was preferred in the other.  
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Summary and overall strength of evidence  
 

The tables below summarize the overall quality (strength) of evidence (SoE) for key findings for 

the primary outcomes based on the highest quality data available. Additional information on 

lower quality studies is available in the full report.  

 
Key Question 1: What is the evidence for efficacy and effectiveness? 
 

Asymptomatic 

 

Randomized controlled trials (RCTs) 

 

Quality of evidence summary for Key Question 1: In asymptomatic persons with 

atherosclerotic carotid artery stenosis what is the evidence of short- and long-term 

comparative efficacy of extracranial CAS and medical therapy compared with CEA and 

medical therapy. 

KQ1: Asymptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)† 

RR (95% CI) 

 

Favors 

Any stroke 4 years 

1 RCT 

N = 85 

Low 0.0% 

(0/43) 

0/0% 

(0/42) 

Not estimable NA 

Ispilateral 

stroke 

4 years 

2 RCTs 

N = 1181 

N = 85 

Low 1.5% 

(9/584) 

 

0.0% 

(0/43) 

0.9% 

(5/582) 

 

0.0% 

(0/43) 

RD = 0.7 (-0.57, 1.9) 

RR = 1.78 (0.60, 5.28) 

 

Not estimable 

NS 

 

 

NA 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

4 years 

1 RCT 

N = 1181 

 

Low 4.5% 

(24/594) 

 

 

 

2.7% 

(13/587) 

 

 

RD = 1.9 (-0.5, 4.3) 

HR = 1.9 (0.95, 3.7) 

 

NS 

 

 

 

 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; NS: not statistically significant; RD: risk 

difference; RR: risk ratio. 

*A total of 2 RCTs are represented in the table. 

†A negative risk difference favors CAS and positive risk difference favors CEA 
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Nonrandomized comparative studies 
 

Quality of evidence summary for Key Question 1: In asymptomatic persons with 

atherosclerotic carotid artery stenosis what is the evidence of short- and long-term 

comparative effectiveness of extracranial CAS and medical therapy compared with medical 

therapy alone. 

KQ1:  Asymptomatic 

CAS vs. medical therapy only 
Treatment Groups Effect Size 

Outcome 

Studies* 

N 

Follow-up (median) 

Overall 

quality of 

evidence CAS (%)† Medical (%)† 

Adjusted HR 

(95% CI)† Favors 

Any 

stroke 

1 retrospective 

registry 

N = 946 

2.1 years 

Low 9 11 0.5 (0.2, 0.9) 

 

 

CAS 

Death 1 retrospective 

registry 

N = 946 

2.1 years 

Low 20 32 0.7 (0.5, 0.9) CAS 

Any 

stroke or 

death 

1 retrospective 

registry 

N = 946 

2.1 years 

Low 29 38 0.7 (0.5, 0.9) CAS 

CAS: carotid artery stenting; CI: confidence interval; HR: hazard ratio. 

*A total of 1 nonrandomized study is represented in the table. 

†Kaplan-Meier estimates for projected 5 years of follow-up.  Authors conducted a propensity-score adjusted 

analysis with the following baseline clinical characteristics were entered into a multivariate probit model to define a 

propensity score: age, gender, body mass index, degree of carotid stenosis, diabetes, hypertension, hyperlipidemia, 

smoking, congestive heart failure, coronary artery disease, history of myocardial infarction, peripheral artery 

disease, concomitant malignancy, American Society of Anesthesiologists classification (I to IV), Asymptomatic 

Carotid Atherosclerosis Study eligibility, and the date of CAS to account for temporal trends during the study 

period. 
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Quality of evidence summary for Key Question 1: In asymptomatic persons with 

atherosclerotic carotid artery stenosis what is the evidence of short- and long-term 

comparative effectiveness of extracranial CAS and medical therapy compared with CEA 

and medical therapy. 

KQ1:  Asymptomatic 

CAS vs. CEA 
Treatment Groups Effect Size 

Outcome 

Studies* 

N range 

Follow-up 

Overall 

quality of 

evidence CAS (%) CEA (%) 

RD % (95% CI)† 

RR/HR (95% CI) Favors 

Any stroke 1 

prospective 

cohort 

N = 269 

4 years 

Insufficient 9.2 5.7 RD = -3.5 (-12.5, 3.2) 

RR = 1.6 (0.6, 4.2) 

 

NS 

 1 

prospective 

registry‡ 

N = 1672 

1.5 years 

Low 3.8§ 2.6§ Adjusted HR = 1.4 (0.8, 2.5) NS 

Death 1 

prospective 

cohort 

N = 269 

4 years 

Insufficient 22.2 19.7 RD = -2.4 (-14.0, 8.5) 

RR = 1.1 (0.7, 1.9) 

 

NS 

 1 

prospective 

registry‡ 

N = 1672 

1.5 years 

Low 7.4§ 7.4§ Adjusted HR = 0.7 (0.5, 1.1) NS 

Any stroke or 

death 

1 

prospective 

cohort 

N = 269 

4 years 

Insufficient 25.8 23.2 RD = -2.6 (-14.7, 8.8) 

RR = 1.1 (0.7, 1.8) 

 

NS 

 1 

prospective 

registry‡ 

N = 1672 

1.5 years 

Low 9.9§ 8.9§ Adjusted HR = 0.9 (0.6, 1.3) NS 

MI 1 

prospective 

cohort 

N = 269 

4 years 

Insufficient 7.9 10.1 RD = 2.2 (-7.1, 10.1) 

RR = 0.8 (0.3, 2.0) 

NS 

 1 

prospective 

registry‡ 

N = 1672 

1.5 years 

Low 3.2§ 4.8§ Adjusted HR = 0.6 (0.4, 1.1) NS 
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KQ1:  Asymptomatic 

CAS vs. CEA 
Treatment Groups Effect Size 

Outcome 

Studies* 

N range 

Follow-up 

Overall 

quality of 

evidence CAS (%) CEA (%) 

RD % (95% CI)† 

RR/HR (95% CI) Favors 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

1 

prospective 

cohort 

N = 1518 

2.8 years 

Low 3.3** 2.5** RR = 0.8 (0.5, 1.4)†† NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; HR: hazard ratio; MI: 

myocardial infarction; NS: not statistically significant; RD: risk difference; RR: risk ratio. 

*A total of 3 nonrandomized studies are represented in the table. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Propensity score-matched analysis. The model included the following baseline characteristics: age, sex, race, 

documented transient ischemic attack, prior coronary artery bypass grafting, documented ischemic stroke, 

myocardial infarction, nitrates, beta blockers, calcium channel blockers, statins, angiotensin-converting enzyme 

(ACE)-inhibitors, diuretics, insulin, smoking, unstable/stable angina, diabetes, congestive heart failure, 

ACE/angiotensin receptor blocker, hypercholesterolemia, history of atrial fibrillation, and history of treated 

hypertension. 

§Kaplan Meier rate estimates as reported by the authors. 

**5 year Kaplan Meier rate estimates as reported by the authors. 

††Calculated from raw data by the Agency for Healthcare Quality and Research (AHRQ). 

 

Symptomatic 

Randomized controlled trials (RCTs) 

 

Quality of evidence summary for Key Question 1: In symptomatic persons with 

atherosclerotic carotid artery stenosis what is the evidence of short- and long-term 

comparative efficacy of extracranial CAS and medical therapy compared with CEA and 

medical therapy. 

KQ1: Symptomatic 

CAS vs. CEA 
Treatment groups Effect size 

Outcome 

Studies* 

N range 

Follow-up 

Overall 

quality of 

evidence CAS (%) CEA (%) 

RD % (95% CI)† 

RR (95% CI) Favors 

Any stroke 

(excluding 

periprocedural) 

4 months 

1 RCT 

N = 1710 

Moderate 0.8% 

(7/853) 

0.9% 

(8/857) 

RD = -0.11 (-0.99, 0.77) 

RR = 0.88 (0.32, 2.42) 

NS 

2-4 years 

2 RCTs 

N = 1712 

Moderate 3.5% 

(30/866) 

3.5% 

(30/846) 

RD‡ = -0.08 (-1.82, 1.66) 

RR‡ = 0.98 (0.59, 1.61) 

NS 
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KQ1: Symptomatic 

CAS vs. CEA 
Treatment groups Effect size 

Outcome 

Studies* 

N range 

Follow-up 

Overall 

quality of 

evidence CAS (%) CEA (%) 

RD % (95% CI)† 

RR (95% CI) Favors 

Ipsilateral stroke 

(excluding 

periprocedural) 

4 months 

1 RCT 

N = 1710 

Moderate 0.7% 

(6/853) 

0.5% 

(5/857) 

RD = 0.12 (-0.63, 0.87) 

RR = 1.20 (0.37, 3.93) 

NS 

2-5.4 years 

4 RCTs 

N = 3120 

Moderate 2.0% 

(31/1577) 

1.9% 

(30/1543) 

RD‡ = -0.01 (-1.36, 1.34) 

RR‡ = 0.97 (0.55, 1.73) 

NS 

Death 4 months 

1 RCT 

N = 1710 

Moderate 2.3% 

(19/853) 

0.8% 

(7/857) 

RD = 1.37 (0.23, 2.51) 

RR = 2.69 (1.14, 6.36) 

CEA 

 2-5.4 years 

5 RCTs 

(including 

periprocedural) 

N = 1934 

 

2-5.4 years 

2 RCTs 

(excluding 

periprocedural) 

N = 1308 

Moderate 

 

 

 

 

 

 

Moderate 

7.9% 

(77/975) 

 

 

 

 

 

4.1% 

(27/664) 

8.2% 

(79/959) 

 

 

 

 

 

3.7% 

(24/644) 

RD‡ = -0.10 (-2.17, 1.96) 

RR‡ = 0.97 (0.72, 1.30) 

 

 

 

 

 

RR‡ = 0.38 (-1.87, 2.64) 

RR‡ = 1.09 (0.64, 1.87) 

NS 

 

 

 

 

 

 

NS 

Any stroke or 

death (including 

periprocedural) 

4-6 months 

2 RCTs 

N = 527 

 

N =1710 

Moderate 11.8% 

(31/262) 

 

8.5% 

(72/853) 

9.8% 

(26/265) 

 

4.7% 

(40/857) 

RD = 1.65 (-3.17, 6.46) 

RR = 1.18 (0.72, 1.94) 

 

RD = 3.32 (1.13, 5.52) 

RR = 1.75 (1.20, 2.54) 

NS 

 

 

CEA 

2-4 years 

2 RCTs 

N = 124 

Low 1.6% 

(1/63) 

4.9% 

(3/61) 

RD‡= -2.18 (-7.33, 2.96) 

RR‡ = 0.43 (0.07, 2.69) 

NS 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral stroke 

6 months 

1 RCT 

N = 527 

Moderate 10.2% 

(27//262

) 

4.2% 

(11/265) 

RD = 5.36 (1.28, 9.43) 

RR = 2.34 (1.19, 4.63) 

CEA 

2-5.4 years 

5 RCTs 

N = 2728 

Low 8.1% 

(112/13

81) 

6.6% 

(89/1347) 

RD‡ = 1.28 (-1.64, 4.19) 

RR‡ = 1.20 (0.89, 1.62) 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NR: 

not reported; NS: not statistically significant; RD: risk difference; RR: risk ratio. 

NOTE: CAS and CEA patients received different anti-platelet interventions in two trials (EVA, SPACE) 

*A total of 7 RCTs are represented in the table. 

†A negative risk difference favors CAS and positive risk difference favors CEA 

‡Effect size estimates from pooled meta-analysis with weighting based on sample size; data for n/N are numbers of 

total events/total number of patients 
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Nonrandomized comparative studies 
 

Quality of evidence summary for Key Question 1: In symptomatic persons with 

atherosclerotic carotid artery stenosis what is the evidence of short- and long-term 

comparative effectiveness of extracranial CAS and medical therapy compared with CEA 

and medical therapy. 

KQ1: Symptomatic 

CAS vs. CEA 
Treatment groups Effect size 

 Outcome 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

CAS (%) CEA (%) 
RD % (95% CI)† 

RR (95% CI) 
Favors 

Any stroke 1 prospective 

cohort 

N = 128 

4 years 

Insufficient 7.2 17.8 RD = 10.7 (-3.2, 22.0) 

RR = 0.4 (0.1, 1.3) 

NS 

Death 1 prospective 

cohort 

N = 128 

4 years 

Insufficient 10.4 24.9 RD = 14.5 (-2.0, 28.3) 

RR = 0.4 (0.2, 1.2)  

 

NS 

Any stroke or 

death 

1 prospective 

cohort 

N = 128 

4 years 

Insufficient 12.4 

 

33.5 RD = 20.8 (4.0, 34.5) 

RR = 0.4 (0.2, 0.9) 

CAS 

MI 1 prospective 

cohort 

N = 128 

4 years 

Insufficient 7.1 12.6 RD = 5.4 (-11.4, 17.6) 

RR = 0.6 (0.1, 2.6)  

 

NS 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

1 prospective 

cohort 

N = 684 

2.8 years 

Low 4.9‡ 8.7‡ NR NS§ 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial 

infarction; NR: not reported; NS: not statistically significant; RD: risk difference; RR: risk ratio. 

*A total of 2 nonrandomized studies are represented in the table. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡5 year Kaplan Meier rate estimates as reported by the authors. 

§As reported by the authors, “rates were similar between groups” (P = .07). 
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Key Question 2:  What is the evidence of short- and long-term comparative efficacy and of 

safety (peri-procedural, 30-day outcomes) in persons with atherosclerotic intracranial 

artery stenosis? 

 

Asymptomatic 

None 

 

Symptomatic 
 

Efficacy  

 

Quality of evidence summary for Key Question 2: In persons with atherosclerotic 

intracranial artery stenosis what is the evidence of short- and long-term comparative 

efficacy of CAS and aggressive medical therapy compared with medical therapy alone. 

KQ2: Efficacy of intracranial artery 

stenting versus medical therapy 

Treatment Groups 

Probability (%) 1 year 

(95% CI) 

Patient Events (n/N) 

Effect size* 

 Outcome 

Studies†  

N range 

Follow-up 

Overall  

quality of 

evidence 

CAS Medical P-value‡ Favors 

Any stroke 1 RCT 

N = 451 

1 year 

Low 22.3 (17.2–28.7) 

 

(50/224) 

14.9 (10.6–20.7) 

  

(32/227) 

.03 Medical 

 

RD 7.4% 

NNH 13  

Death 1 RCT 

N = 451 

1 year 

Low 3.4 (1.6–7.2)  

 

(7/224) 

4.1 (2.0–8.5)  

 

(7/227) 

.95 NS 

Any stroke or 

death 

1 RCT 

N = 451 

1 year 

Low 23.4 (18.1–29.8)  

 

(52/224) 

17.5 (12.8–23.6)  

 

(37/227) 

.06 NS 

Study’s 

Primary 

Outcome: 

Stroke or death 

within 30 days 

or ischemic 

stroke in the 

territory of the 

qualifying 

artery beyond 

30 days 

1 RCT 

N = 451 

1 year 

Low  20.0 (15.2–26.0)  

 

(46/224) 

12.2 (8.4–17.6)  

 

(26/227) 

.009 Medical 

 

RD 7.8% 

NNH 13 

Myocardial 

infarction 

1 RCT 

N = 451 

1 year 

Low 2.2 (0.8–5.8)  

 

(5/224) 

4.0 (1.9–8.4)  

 

(7/227) 

.60 NS 
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KQ2: Efficacy of intracranial artery 

stenting versus medical therapy 

Treatment Groups 

Probability (%) 1 year 

(95% CI) 

Patient Events (n/N) 

Effect size* 

 Outcome 

Studies†  

N range 

Follow-up 

Overall  

quality of 

evidence 

CAS Medical P-value‡ Favors 

Any major 

hemorrhage   

1 RCT 

N = 451 

1 year 

Low 9.0 (5.9–13.5)  

 

(22/224) 

1.8 (0.7–4.8) 

 

(5/227) 

< .001 Medical 

 

RD 7.2% 

NNH 14 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant. 

*Authors do not report effect size; probabilities and p-values are provided. 

†Only 1 RCT (SAMMPRIS trial) is represented in the table. 

‡The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two 

treatment groups for each of the specified adverse events. 

 

Safety (Periprocedural, 30-day outcomes) 

 

Quality of evidence summary for Key Question 2: In persons with atherosclerotic 

intracranial artery stenosis what is the evidence of the safety (peri-procedural, 30 day 

outcomes) of CAS and aggressive medical therapy compared with medical therapy alone. 

KQ2: Safety of intracranial artery 

stenting versus medical therapy 

Treatment Groups 

Probability (%) 1 year  

(95% CI) 

Patient Events (n/N) 

Effect size* 

 Outcome 
Studies† 

N range 

Overall 

quality of 

evidence 

CAS Medical P-value‡ Favors 

Any stroke 1 RCT 

N = 451 

 

Low 14.7 (10.7–20.1) 

 

(33/224) 

5.3 (3.1–9.2) 

 

(12/227) 

.03 Medical 

 

RD 9.4% 

NNH 11 

Death 1 RCT 

N = 451 

 

Low 2.2 (0.9–5.3) 

 

(5/224) 

0.4 (0.1–3.1) 

 

(1/227) 

.95 NS 

Any stroke or 

death 

1 RCT 

N = 451 

 

Low 14.7 (10.7–20.1) 

 

(33/224) 

5.8 (3.4–9.7) 

 

(13/227) 

.009 Medical 

 

RD 8.9% 

NNH 11 

Myocardial 

infarction 

1 RCT 

N = 451 

 

Low 0.5 (0.1–3.2) 

 

(NR) 

1.3 (0.4–4.1) 

 

(NR) 

.60 NS 

 

Any major 

hemorrhage   

1 RCT 

N = 451 

 

Low 8.0 (5.1–12.5) 

 

(NR) 

0.9 (0.2–3.5) 

 

(NR) 

< .001 Medical 

 

RD 7.9% 

NNH 13 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant. 
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*Authors do not report effect size; probabilities and p-values are provided. 

†Only 1 RCT (SAMMPRIS trial) is represented in the table. 

‡The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two 

treatment groups for each of the specified adverse events. 

 

 

Key Question 3:  What is the evidence for safety (peri-procedural, 30-day outcomes)?  

 

Asymptomatic 

 

Randomized controlled trials (RCTs) 

 

Quality of evidence summary for Key Question 3: In asymptomatic patients with 

atherosclerotic carotid artery stenosis, what is the evidence regarding adverse events and 

complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Asymptomatic 

CAS vs. CEA 
Treatment groups Effect size 

 Outcome 
Studies* 

N range 

Overall 

quality of 

evidence 

CAS 

(% range) 

CEA 

(% range) 

RD range, % (95% CI)† 

RR range (95% CI) 
Favors 

Any stroke  2 RCTs 

N = 1191  

 

N = 85 

Moderate 2.5% 

(15/594) 

 

0.0% 

(0/43) 

1.4% 

(8/597) 

 

0.0% 

(0.42) 

RD = 1.2 (-0.4,2.7) 

RR = 1.9 (0.8, 4.4) 

 

Not estimable 

NS 

Death 1 RCT 

N = 85 

Low 0.0% 

(0/43) 

0.0% 

(0/42) 

Not estimable NA 

Any stroke 

or death 

2 RCTs 

N = 1191 

 

N = 85 

Moderate 2.5% 

(15/594) 

 

0.0% 

(0/43) 

1.4% 

(8/597) 

 

0.0% 

(0/42) 

RD = 1.2 (-0.4,2.7) 

RR = 1.9 (0.8, 4.4) 

 

Not estimable 

NS 

 

 

NA 

MI 1 RCT 

N = 1191 

Moderate 1.2% 

(7/594) 

2.2% 

(13/597) 

RD = -1.0 (-2.5, 0.4) 

RR = 0.6 (0.2, 1.4) 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: 

not statistically significant; RD: risk difference; RR: risk ratio. 

*A total of 2 RCTs are represented in the table. 

†A negative risk difference favors CAS and positive risk difference favors CEA. 
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Nonrandomized comparative studies 

 

Quality of evidence summary for Key Question 3: In asymptomatic patients with 

atherosclerotic carotid artery stenosis, what is the evidence regarding adverse events and 

complications, particularly during the periprocedural period, and longer term for CAS 

compared with medical therapy alone. 

KQ3: Asymptomatic 

CAS vs. medical therapy only 

Treatment groups 

 

Effect size 

 Outcome Studies 

N 

 

Overall  

quality of 

evidence 

CAS (%) Medical (%) RD % (95% CI)* 

RR (95% CI) 

Favors 

Any stroke 

or death 

1 retrospective 

cohort 

N = 75 

Insufficient 1.7 0 RD = 1.7 (-9.0, 17.7) 

RR = not estimable 

NS 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant; RD: risk difference; RR: risk 

ratio. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

 

 

Quality of evidence summary for Key Question 3: In asymptomatic patients with 

atherosclerotic carotid artery stenosis, what is the evidence regarding adverse events and 

complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Asymptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies* 

N range 

 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)† 

RR range (95% CI) 

Favors 

Any stroke  5 cohorts (2 

pro, 3 retro) 

N, 87–269 

Insufficient 0–8.5 1.8–2.1 RD = -6.3 to 2.0 

CI low range (-16.4, -3.9) 

CI high range (3.8, 10.5) 

 

4 studies 

RR = 0.5–4.0 

CI low range (0.1, 0.5) 

CI high range (4.9, 32.9) 

1 study 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 5268,  30 

Day) 

 

N = 5316 (in 

hospital) 

Low 3.2 (59/1850) 

 

 

 

0.7 (2/273) 

1.7 (58/3418) 

 

 

 

0.7 (35/5043) 

 

 

RD = -1.5 (-2.5 to -0.6) 

RR = 1.88 (1.31-2.69 

 

 

RD = 0 (-1.9 to 0.6) 

RR = 1.06 (0.26-4.37) 

1 CEA 

 

 

 

1 NS (in 

hospital) 

  

 Low 

Death 4 cohorts  

(1 pro, 3 retro) 

N, 87–269 

Insufficient 0–1.1 0–2.0 RD = -0.4 to 2.0 

CI low range (-9.4, -2.9) 

CI high range (2.2, 10.5) 

 

1 study 

NS 
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KQ3: Asymptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies* 

N range 

 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)† 

RR range (95% CI) 

Favors 

RR = 1.6 (0.1, 24.6)  

3 studies 

RR = not estimable  

 2 prospective 

registries 

N = 5268 

(30 day) 

 

N = 5316 (in 

hospital)  

Low 

 

 

 

Low 

1.6 (29/1850) 

 

 

 

0.4 (1/273) 

 

0.7 (25/3418) 

 

 

 

0.2 (10/5043) 

RD = -0.8 (-1.6 to -0.2) 

RR = 2.14 (1.26-3.65) 

 

 

RD = -0.2 (-1.8 to 0.2) 

RR = 1.85 (0.24-14.38) 

1 CEA 

 

 

 

1 NS (in 

hospital 

Any stroke 

or death 

6 cohorts (3 

pro, 3 retro) 

N, 87–1518 

Insufficient 0–3.8 0–4.0 RD = -1.7 to 2.0  

CI low range (-9.0, -2.2) 

CI high range (0.7, 14.5) 

 

5 studies 

RR = 0.6–1.5 

CI low range (0.04, 0.71) 

CI high range (3.1, 23.9) 

1 study 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 1416 (30 

days) 

 

N = 5316 (in 

hospital 

Insufficient 

 

 

 

Low 

10.9 (11/101) 

 

 

 

0.7 (2/273) 

4.0 (53/1315) 

 

 

 

0.9 (45/5043) 

RD = -6.9 (-14.5 to -2.0) 

RR = 2.70 (1.46-5.01) 

 

 

RD = 0.2 (-1.8 to 0.8) 

RR = 0.82 (0.20-3.37) 

1 CEA 

 

 

 

 

1 NS (in 

hospital) 

Ipsilateral 

stroke 

1 prospective 

registry 

N = 5316 (in 

hospital) 

Low 0.4 0.6 RD = 0.2 (-1.5 to 0.6) 

RR = 0.6 (0.1-4.5) 

NS 

MI 3 cohorts (1 

pro, 2 retro) 

N, 87–269 

Insufficient 0–1.1 0–1.4 RD = 0 to 1.2  

CI low range (-9.4, -2.7) 

CI high range (3.9, 7.1) 

 

2 studies 

RR = 0.3–1.2 

CI low range (0.01, 0.07) 

CI high range (8.5, 9.4) 

1 study 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 5268 

(30 day) 

 

N = 5316 (in 

hospital)  

Low 

 

 

 

Low 

1.1 (20/1850) 

 

 

0.7 (2/273) 

1.0 (35/3418) 

 

 

1.0 (50/5043) 

RD = -0.1 (-0.7 to 0.5) 

RR = 1.06 (0.61-1.82) 

 

 

RD = 0.3 (-1.7 to 0.9) 

RR = 0.74 (0.18-3.02) 

NS 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: 

not statistically significant; Pro: prospective study design; RD: risk difference; Retro: retrospective study design; 

RR: risk ratio. 

*A total of 9 nonrandomized studies are represented in the table. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

 

 

 

Symptomatic 

 

Randomized controlled trials (RCTs) 

 

Quality of evidence summary for Key Question 3: In symptomatic patients with 

atherosclerotic carotid artery stenosis, what is the evidence regarding adverse events and 

complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Symptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies* 

N range 

 

Overall  

quality of 

evidence 

CAS† 

(% range) 

CEA†  

(% range) 

RD range, % (95% CI)‡ 

RR range (95% CI) 

Favors 

Any stroke  4 RCTs§ 

N = 4754 

Moderate 6.8% 

(163/2393) 

4.0% 

(94/2361) 

RD = 2.9 (1.3, 4.4) 

NNH = 35 (22, 75) 

RR = 1.7 (1.2, 2.5) 

CEA 

Death 4 RCTs 

N = 3530 

Low 1.1% 

(19/1774) 

0.7% 

(13/1756) 

RD = 0.4 (-0.3, 1.0) 

RR = 1.4 (0.7, 2.9) 

NS 

Any stroke 

or death 

4 RCTs§ 

N = 4754 

Moderate 7.1% 

(171/2393) 

4.1% 

(98/2361) 

RD = 3.1 (1.4, 4.7) 

NNH = 33 (2, 70) 

RR = 1.8 (1.2, 2.6) 

CEA 

Ipsilateral 

stroke 

3 RCTs 

N = 2923 

Moderate 6.5% 

(96/1467) 

3.8% 

(56/1456) 

RD = 4.5 (-1.9, 10.9) 

RR = 1.8 (0.9, 3.4) 

NS 

Fatal, major 

or disabling 

stroke 

5 RCTs 

N = 4764 

Moderate 3.0% 

(73/2396) 

2.1% 

(49/2368) 

RD = 0.9 (-0.4, 2.2) 

RR = 1.5 (1.0, 2.1) 

NS 

MI 4 RCTs 

N = 3600 

Moderate 0.6% 

(11/1813) 

1.3% 

(23/1787) 

RD = -0.4 (-1.0, 0.1) 

RR = 0.5 (0.2, 1.0) 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: 

not statistically significant; RD: risk difference; RR: risk ratio. 

NOTE: CAS and CEA patients received different anti-platelet interventions in two trials (EVA, SPACE) 

*A total of 6 RCTs are represented in the table. 

† Effect size estimates from pooled meta-analysis with weighting based on sample size; data for n/N are numbers of 

total events/total number of patients 

‡A negative risk difference favors CAS and positive risk difference favors CEA. Significance based on evaluation of 

risk difference 

§Based on sensitivity analysis which excluded older, small studies and those which did not use embolic protection. 
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Nonrandomized comparative studies 

 

Quality of evidence summary for Key Question 3: In symptomatic patients with 

atherosclerotic carotid artery stenosis, what is the evidence regarding adverse events and 

complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Symptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

Any stroke  5 cohorts (2 pro, 

3 retro) 

N, 75–155 

Insufficient 2.9–10.0 2.4–7.2 RD = -7.1 to 2.6 

CI low range (-22.9, -8.7) 

CI high range (2.5, 10.9) 

 

RR = 0.6–3.5 

CI low range (0.1, 0.6) 

CI high range (3.0, 19.6) 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

hospital)  

Low 6.1  

(95/1547) 

 

 

 

5.1  

(8/156) 

4.1  

(85/2098) 

 

 

 

1.4  

(37/2605) 

RD = -2.1 (-3.6 to -0.7) 

RR = 1.52 (1.14-2.02) 

 

 

 

RD = -3.7 (-8.4 to -1.1) 

RR = 3.61 (1.71-7.62) 

CEA 

  

 Low 

Death 3 cohorts (1 pro, 

2 retro) 

N, 75–155 

Insufficient 0–1.6 0–1.3 RD = -1.6 to 0 

CI low range (-10.2, -6.9) 

CI high range (6.4, 8.6) 

 

RR = not estimable  

for all studies 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

hospital) 

Low 

 

 

 

 

Low 

2.0  

(31/1547) 

 

 

 

1.3  

(2/156) 

 1.1  

(23/2098) 

 

 

 

0.2  

(5/2605) 

RD = -0.9 (-1.8 to -0.1) 

RR = 1.83 (1.07-3.12) 

 

 

 

RD = -1.1 (-4.4 to -0.1) 

RR = 6.68 (1.31-34.15) 

CEA 

 

 

 

 

CEA (in- 

hospital) 

Any stroke 

or death 

5 cohorts (2 pro, 

3 retro) 

N, 75–684 

Insufficient 2.6–7.9 2.4–7.2 RD = -1.6 to 2.6 

CI low range (-12.6, -3.9) 

CI high range (1.2, 10.9) 

 

RR = 0.6–1.6 

CI low range (0.1, 0.7) 

CI high range (3.0, 18.6) 

NS 

2 prospective 

registries 

N = 5149 (30 

day) 

 

N = 2761 (in 

hospital) 

Insufficient 

 

 

 

 

Low 

4.9 

 (7/142) 

 

 

 

5.1  

(8/156) 

4.4  

(220/5007) 

 

 

 

1.6  

(42/2605) 

RD = -0.5 (-5.5 to 2.1) 

RR = 1.12 (0.54-2.34) 

 

 

 

RD = -3.5 (-8.2 to-0.9) 

RR = 3.18 (1.52-6.66) 

 NS 

 

 

 

 

CEA (in- 

hospital) 
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KQ3: Symptomatic 

CAS vs. CEA 

Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

Ipsilateral 

stroke 

1 prospective 

registry 

N = 2761 

Low 3.9 1.2 RD = -2.7 (-7.0 to -0.5) 

RR = 3.2 (1.4, 7.6) 

CEA 

MI 2 cohorts (1 pro, 

1 retro) 

N = 128, 155 

Insufficient 0 0 RD = 0  

CI low range (-8.0, -5.7) 

CI high range (4.0, 4.4) 

 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

hospital) 

Low 

 

 

 

 

Low 

1.4  

(21/1547) 

 

 

 

1.3  

(2/156) 

1.3  

(27/2098) 

 

 

 

1.3  

(34/2605) 

RD = -0.1 (-0.9 to 0.7) 

RR = 1.05 (0.60-1.86) 

 

 

 

RD = 0 (-3.3 to 1.1) 

RR = 0.98 (0.24-4.05) 

NS 

 

 

 

 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: 

not statistically significant; Pro: prospective study design; RD: risk difference; Retro: retrospective study design; 

RR: risk ratio. 

*A total of 9 nonrandomized studies are represented in the table. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
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Key Question 4:  What is the evidence on of differential efficacy or safety for special 

populations? 
 

 

Asymptomatic 

 

Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy 

or safety for special populations?  

KQ4: Asymptomatic 

              CAS vs. Medical Therapy 

Outcome 

 

Studies  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup CAS* 

HR  

(95% CI) 

Medical 

Therapy* 

HR  

(95% CI) 

Interaction 

p-values 

Subgroup: Ipsilateral stenosis (IS) 

Stroke 

 

1 retrospective 

cohort study 

N = 946 

25 mos. (median) 

 

Insufficient IS: 70-79% 

(n = 307) 

aHR: 

1.32 (0.43, 

4.11) 

aHR: 

1.0 

NR 

   IS: 80-89% 

(n = 366) 

aHR: 

0.91 (0.33, 

2.49) 

aHR: 

2.36 (1.02, 

5.44) 

 

   IS: 90-99% 

(n = 273) 

aHR: 

0.98 (0.27, 

3.61) 

aHR: 

3.17 (1.15, 

4.11) 

 

aHR: adjusted hazard ratios; n/a: not applicable; NR: not reported; NS: not statistically significant 

NOTE. A positive risk difference favors CAS and negative risk difference favors medial therapy; a HR > 1 

indicates a greater risk of stroke. 

*n/N for each outcome not reported 
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Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy 

or safety for special populations?  

KQ4: Asymptomatic 

              CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Subgroup: Age 

Death 

 

1 registry 

N = 5268 

Periprocedural 

Insufficient Age:  

< 65 yrs 

RR: 

1.78 (0.58, 5.49) 

 

NS P = 0.71 

   Age:  

≥65 yrs 

RR: 

2.26 (1.24, 4.14) 

CEA  

Stroke 

 

1 registry 

N = 5268 

Periprocedural 

Insufficient Age:  

< 65 yrs 

RR:  

1.78 (0.75, 4.24) 

NS P = 0.89 

   Age:  

≥65 yrs 

RR: 

1.91 (1.29, 2.82) 

CEA  

MI 

 

1 registry 

N = 5268 

Periprocedural 

Insufficient Age:  

< 65 yrs 

RR: 

2.97 (0.71, 12.36) 

 

NS P = 0.12 

   Age:  

≥65 yrs 

RR: 

0.88 (0.48, 1.61) 

NS  

Subgroup: Sex 

Ipsi-

lateral 

stroke 

 

1 RCT 

N = 1181 

4 yrs. 

Low Female HR: 

1.59 (0.53, 4.75) 

NS P = 0.71 

   Male HR: 

2.16 (0.91, 5.10) 

NS  

Stroke 

or  

Death 

1 RCT 

N = 1181 

4 yrs. 

Moderate Female HR: 

1.59 (0.53, 4.75) 

NS P = 0.71 

   Male HR: 

2.16 (0.91, 5.10) 

NS  

Stroke 1 RCT 

N = 1181 

Periprocedural 

Moderate Female HR: 

2.11 (0.55, 8.15) 

NS P = 0.82 

   Male HR: 

1.75 (0.57, 5.37) 

NS  

Stroke 

or 

Death 

1 RCT 

N = 1181 

Periprocedural 

Moderate Female HR: 

2.11 (0.55, 8.15) 

NS P = 0.82 

   Male HR: 

1.75 (0.57, 5.37) 

NS  
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KQ4: Asymptomatic 

              CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

MI 1 RCT 

N = 1181 

Periprocedural 

Moderate Female HR: 

0.67 (0.15, 3.01) 

NS P = 0.74 

   Male HR: 

0.48 (0.15, 1.56) 

NS  

Subgroup: Surgical risk 

Stroke 

(non-

dis-

abling) 

1 prospective 

cohort study 

N = 106 

Periprocedural 

Insufficient CEA Risk 

Grade I† 

RR: 

3.68 (0.16, 85.98) 

NS P < 0.72 

   CEA Risk 

Grade II† 

RR: 

1.88 (0.09, 37.63) 

NS  

   CEA Risk 

Grade III† 

RR: 

1.65 (0.19, 14.62) 

NS  

n/a: not applicable; HR: hazard ratio; NR: not reported; NS: not statistically significant; RR: risk ratio 

NOTE. A positive risk difference favors CAS and negative risk difference favors CEA; a HR > 1 favors CEA and a 

HR < 1 favors CAS. 

*A total of 3 studies are represented in the table. 

†CEA Risk Grades: I, neurologically stable patients with no major medical or angiographically defined risks but 

with unilateral or bilateral ulcerative/stenotic CA disease; II, neurologically stable patients with no major medical 

risks but with significant angiographically defined risks; III, neurologically stable patients with no major medical 

risks and with or without significant angiographically defined risks. 
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Symptomatic 
 

Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy 

or safety for special populations?  

KQ4: Symptomatic 

                CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Subgroup: Age 

Stroke 

or Death 

 

Meta-analysis 

5 RCTs 

N = 3470 

Periprocedural 

Moderate Age:  

< 70 yrs 

0.56% (-1.55%, 2.6%) 

1.14 (0.70, 1.84) 

NS P = 0.07 

(RD) 

P = 0.04 

(RR) 

  Age:  

≥ 70 yrs 

8.28% (0.14%, 16.4%) 

2.14 (1.47, 3.10) 

CEA  

 Meta-analysis- 

Sensitvity analysis: 

3 of the 5 RCTs 

N = 3433 

Moderate Age:  

< 70 yrs 

0.47% (-1.89%, 2.83%) 

1.08 (0.68, 1.72) 

NS P = 0.003 

(RD) 

P = 0.03 

(RR) 

  Age:  

≥ 70 yrs 

5.68% (3.18%, 8.18%) 

2.14 (1.45, 3.17) 

CEA  

Ipsi-

lateral 

Stroke 

or Death 

1 RCT 

N = 1214 

2 yrs. 

Moderate Age:  

< 68 yrs 

-4% (-8%, 0%) 

0.54 (0.29, 1.02) 

NS P = 0.005 

(RD) 

P = 0.006 

(RR) 

   Age:  

≥ 68 yrs 

5% (0%, 1%) 

1.63 (1.02, 2.61) 

CEA  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Low Age:  

< 68 yrs 

HR: 

~1.10 (0.45, 2.70) 

NS P = 0.08 

   Age:  

≥ 68 yrs 

HR: 

~3.40 (1.40, 8.10) 

CEA  

Subgroup: Sex 

Stroke 

or Death 

 

Meta-analysis 

6 RCTs 

N = 4774 

Periprocedural 

Moderate Female 2.6% (-2.1%, 7.2%) 

1.5 (1.0, 2.3) 

NS P = 0.66 

(RD) 

P = 0.51 

(RR) 

   Male 4.0% (-0.1%, 8.1%) 

1.9 (1.1, 3.1) 

CEA  

Stroke 1 RCT 

N = 1321 

Periprocedural 

Moderate Female HR: 

2.80 (1.11, 7.07) 

CEA P = 0.17 

   Male HR: 

1.28 (0.65, 2.52) 

NS  
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KQ4: Symptomatic 

                CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

MI 1 RCT 

N = 1321 

Periprocedural 

Moderate Female HR: 

1.26 (0.28, 5.63) 

NS P = 0.11 

   Male HR: 

0.25 (0.07, 0.88) 

CAS  

Ipsi-

lateral 

Stroke 

or Death 

1 RCT 

N = 1214 

2 yrs. 

Moderate Female 2% (-4%, 7%) 

1.24 (0.58, 2.66) 

NS P = 0.73 

(RD) 

P = 0.69 

(RR) 

   Male 0% (-4%, 4%) 

1.04 (0.69, 1.58) 

NS  

Ipsi-

lateral 

stroke 

 

2 RCTs 

N = 1848 

4 yrs. 

Low Female HR: 

~0.65-1.58 (0.25, 3.08) 

NS P ≥ 0.05 

   Male HR: 

~1.10-3.30 (0.62, 7.40) 

NS  

Stroke 

or  

Death 

1 RCT 

N = 1321 

4 yrs. 

Moderate Female HR: 

1.58 (0.81, 3.08) 

NS P = 0.56 

   Male HR: 

1.23 (0.71, 2.14) 

NS  

Subgroup: Diabetes 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Low Diabetes: 

Yes 

HR: 

~1.20 (0.30, 3.75) 

NS P = 0.27 

   Diabetes: No HR: 

~2.60 (1.20, 5.60) 

CEA  

Subgroup: Type of symptomatic qualifying event 

Stroke 1 RCT 

N = 1208 

Periprocedural 

Insufficient Qualifying 

event: 

Stroke  

4% (1%, 8%) 

3.26 (1.21, 8.77) 

CEA P = 0.46 

(RD) 

P = 0.53 

(RR) 

   Qualifying 

event: 

TIA  

3% (0%, 7%) 

2.13 (0.88, 5.12) 

NS  

   Qualifying 

event: 

Ocular 

0% (-5%, 6%) 

1.15 (0.24, 5.55) 

NS  

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

Periprocedural 

Low Qualifying 

event: 

Stroke  

-1% (-6%, 3%) 

0.84 (0.47, 1.53) 

NS P = 0.48 

(RD) 

P = 0.55 

(RR) 
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KQ4: Symptomatic 

                CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

   Qualifying 

event: 

TIA  

2% (-4%, 7%) 

1.27 (0.61, 2.64) 

NS  

   Qualifying 

event: 

Ocular 

-1% (-7%, 4%) 

0.71 (0.16, 3.09) 

NS  

   Qualifying 

event: 

Multiple 

events  

7% (-2%, 15%) 

4.77 (0.55, 41.19) 

NS  

   Qualifying 

event: 

Other 

7% (-14%, 27%) 

1.69 (0.08, 37.26) 

NS  

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yr. 

Low Qualifying 

event: 

Stroke  

4% (-2%, 9%) 

1.56 (0.84, 2.93) 

NS P = 0.13 

(RD) 

P = 0.25 

(RR) 

   Qualifying 

event: 

TIA  

1% (-5%, 7%) 

1.14 (0.61, 2.11) 

NS  

   Qualifying 

event: 

Ocular OR 

Other 

0% (-6%, 6%) 

1.07 (0.34, 3.39) 

NS  

   Qualifying 

event: 

Multiple 

events  

15% (4%, 27%) 

9.53 (1.24, 73.48) 

CEA  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Insufficient Qualifying 

event: 

Stroke  

HR: 

~3.00 (1.60, 6.80) 

CEA P ≥ 0.16 

   Qualifying 

event: 

TIA  

HR: 

~1.50 (0.45, 5.15) 

NS  

   Qualifying 

event: 

Ocular 

HR: 

~2.00 (0.10, 4.30) 

NS  

Subgroup: Severity of Ipsilateral Stenosis 

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yrs. 

Moderate Ipsilateral 

stenosis < 

70% 

2% (-3%, 7%) 

1.31 (0.67, 2.58) 

NS P = 0.54 

(RD) 

P = 0.49 

(RR) 

   Ipsilateral 

stenosis ≥ 

70% 

0% (-4%, 4%) 

0.99 (0.64, 1.52) 

NS  
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KQ4: Symptomatic 

                CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Low Ipsilateral 

stenosis < 

90% 

HR: 

~2.30 (1.00, 5.40) 

NS P = 0.61 

   Ipsilateral 

stenosis ≥ 

90% 

HR: 

~1.65 (0.60, 4.30) 

NS  

Subgroup: Severity of Contralateral Stenosis 

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

Periprocedural 

Low Contra-

lateral 

stenosis  

< 70% 

1% (-2%, 4%) 

1.20 (0.76, 1.88) 

NS P = 0.14 

(RD) 

P = 0.16 

(RR) 

   Contra-

lateral 

stenosis  

70-99% 

-8% (-20%, 4%) 

0.38 (0.08, 1.79) 

NS  

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yr. 

Low Contra-

lateral 

stenosis  

< 70% 

-7% (-12%, -2%) 

0.57 (0.39, 0.83) 

CAS P = 0.82 

(RD) 

P = 0.89 

(RR) 

   Contra-

lateral 

stenosis  

70-99% 

-13% (-33%, 7%) 

0.41 (0.09, 1.83) 

NS  

   Contra-

lateral 

stenosis 

100% 

-5% (-27%, 17%) 

0.70 (0.13, 3.73) 

NS  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

 Contra-

lateral 

stenosis  

< 70% 

HR: 

~2.20 (1.10, 4.30) 

CEA P = 0.65 

   Contra-

lateral 

stenosis  

70-100% 

HR: 

~1.45 (0.30, 6.50) 

NS  

Subgroup: Time to Treatment 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Insufficient Time to 

treatment: 

< 14 days 

HR: 

~6.75 (0.80, ≥8) 

NS P = 0.40 

   Time to 

treatment: 

≥ 14 days 

HR: 

~1.70 (0.80, 3.45) 

NS  
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KQ4: Symptomatic 

                CAS vs. CEA 

Outcome 

 

Studies*  

N range 

Follow-up 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Subgroup: Hypertension 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Insufficient Hyper-

tension:  

Yes 

HR: 

~1.80 (0.85, 3.65) 

NS P = 0.62 

   Hyper-

tension:  

No 

HR: 

~2.90 (0.75,  ≥8) 

NS  

Subgroup: Smoking Status 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Low Smoking:  

Yes 

HR: 

~1.75 (0.5, 6.1)* 

NS P = 0.81 

   Smoking:  

No 

HR: 

~2.10 (1.00, 4.40)* 

NS  

Subgroup: Surgical Risk 

Stroke 

(non-dis-

abling) 

1 prosp. cohort 

study 

N = 106 

Periprocedural 

Insufficient CEA Risk 

Grade I 

†† 

RR: 

Not Estimable 

n/a Not 

Estimable 

   CEA Risk 

Grade II 

† 

RR: 

Not Estimable 

NS  

   CEA Risk 

Grade III 

† 

RR: 

3.43 (0.28, 41.32) 

 

NS  

n/a: not applicable; HR: hazard ratio; NR: not reported; NS: not statistically significant; RD: risk difference; RR: 

risk ratio 

NOTE. A positive risk difference favors CAS and negative risk difference favors CEA; a HR > 1 favors CEA and a 

HR < 1 favors CAS. 

*A total of 7 studies are represented in the table. 

†CEA Risk Grades: I, neurologically stable patients with no major medical or angiographically defined risks but 

with unilateral or bilateral ulcerative/stenotic CA disease; II, neurologically stable patients with no major medical 

risks but with significant angiographically defined risks; III, neurologically stable patients with no major medical 

risks and with or without significant angiographically defined risks. 
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Key Question 5:  What is the evidence of cost-effectiveness? 
 

Note:  GRADE has not been developed to evaluate the quality of cost-effectiveness 

evidence. 

KQ5: Stenting compared with other treatment options (medical therapy, CEA) 

Population Studies* 

 

Countries QHES  

Range† 

Overall  

quality of 

evidence 

Conclusions 

Asymptomatic 

Atherosclerotic 

Stenosis 

3 cost-utility 

analyses 

 

USA 

 

84-99  Low   Two studies based on data from the 

SAPPHIRE trial in high surgical risk patients 

reported ICERs of $49,514 and $67,891 for a 

1-year time horizon, suggesting that CAS may 

be plausible but but not verifiably superior 

treatment. One study reported that over a life-

time horizon CAS may be more cost-effective, 

however, methodological concerns regarding 

extrapolation of data for life-time time horizon 

and determination of utilities were noted 

 In one evaluation in patients with standard 

surgical risk, CEA was the preferred treatment 

given commonly assumed cost-effectiveness 

thresholds 

Symptomatic 

Atherosclerotic 

Stenosis 

4 cost-utility  

analyses 

USA 

Sweden 

 

94-100 Low  Evidence across four cost-utility studies 

indicated that CEA tended to be more cost-

effective than CAS in symptomatic patients. 

Two out of the four studies examining 

symptomatic patients found there to be 

insufficient evidence to strongly favor one 

treatment method over the other.  

 Subanalysis of patients from the SAPPHIRE 

trial of high surgical risk patients found CAS 

to be the more expensive treatment option with 

negligible QALY improvement leading to 

extremely high ICERs. 

Intracranial 

Atherosclerotic 

Stenosis 

No studies 

identified 

  No Evidence N/A 

CAS: carotid artery stenting; CEA: carotid endarterectomy; ICER: incremental const-effectiveness ratio; N/A: not 

applicable; QALY: quality-adjusted life years; SAPPHIRE: Stenting and Angioplasty With Protection in Patients At 

High-Risk for Endarterectomy. 

*A total of 5 studies are represented in the table. 

†Quality of Health Economic Studies (QHES) scores ranged from 84-100, which primarily reflects the quality of 

reporting on specific factors that are important in economic analyses.  It does not provide for evaluation of quality 

with respect to modeling assumptions or extensive consideration of data quality and included outcomes measures 

relevant to a specific topic 
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Synopsis and remaining questions 

 

Synopsis of highest evidence for primary outcomes: Asymptomatic patients with 

extracranial carotid atherosclerotic stenosis 

 

  CAS versus current best medical therapy: Efficacy cannot be assessed as no RCTs 

were found. Evidence from one retrospective registry study suggests that CAS was 

favored over medical therapy and was graded as insufficient. 

 Short- and long-term efficacy CAS versus. CEA: The overall strength (quality) of 

evidence was considered low regarding short and long-term efficacy data from two RCTs 

(CREST and Kentucky 2004) comparing CAS with CEA for outcomes past the 

periprocedural period. Event rates were similar and no statistical differences between 

treatments were seen for stroke, ipsilateral stroke and vessel patency up to 4 years. The 

rate of the composite of any periprocedural stroke or death or post-procedural ipsilateral 

stroke was 4.5% for CAS and 2.7% for CEA at 4 years. The difference was not 

statistically significant.  Small sample sizes likely contributed to lack of statistical 

significance for some outcomes. 

 Safety CAS versus CEA: The overall strength (quality) of evidence was moderate that 

there were no statistical differences between treatment groups for safety outcomes (30-

day periprocedural period) including stroke, the composite of death or stroke and 

myocardial infarction, primarily based on analysis of asymptomatic patients in the 

CREST trial.  The risk of stroke and for the composite of death or stroke was 2.5% for 

CAS and 1.4% for CEA, but the difference (1.2%) failed to reach statistical difference. 

 No differential treatment or safety effects in special populations were identified, 

however,  the data were limited and the overall strength of evidence grades were as 

follows: 

o  Insufficient with respect to percent of ipsilateral stenosis for the comparison of 

CAS with medical therapy (cohort data only);  

o Insufficient with respect to age and surgical risk for the comparison of CAS with 

CEA (registry data) 

o Moderate with respect to sex (1 RCT). 

 Full economic evaluations: One study suggests that CAS may be plausible but not 

verifiably superior for a one year time horizon in high risk patients; another reported CAS 

may be more cost effective given a life-time horizon and a third CEA as preferred.  The 

overall strength of evidence was low. 

 

Synopsis of highest evidence for primary outcomes: Symptomatic patients with 

extracranial carotid atherosclerotic stenosis 

 

 CAS with best medical therapy: No comparative studies were found.  
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 Short- and long-term efficacy CAS versus CEA: The overall strength (quality) of 

evidence was considered moderate to low regarding short and long-term efficacy.  

o Short term: There is moderate evidence for the following: 

 When periprocedural strokes were excluded, risk of any stroke and risk of 

ipsilateral stroke were similar between treatment groups at 4 months 

(1RCT);  

 Risk of any stroke or death was significantly higher in patients receiving 

CAS at 4-6 months across two RCTs when periprocedural events were 

included.  Risk of any periprocedural stroke or death or postprocedural 

ipsilateral stroke was significantly higher up to 6 months (1RCT) 

 Risk of death at 4 months was signigicantly higher following CAS 

(1RCT).  

o Longer term: Length of follow-up ranged from 2-5.4 years across 5 RCTs, 3 of 

which used embolic protection. Longest follow-up in these 3 RCTs was 4 years. 

 There is moderate evidence that risk of death was similar between 

treatment groups regardless of whether periprocedural death was included 

across 5 RCTs at up to 5.4 years follow-up. 

 There is low evidence that there were no signicant differences between 

treatments for he composite of death or any stroke (including 

periprocedural) or the composite of any periprocedural stroke or death or 

postprocedural ipsilateral stroke at follow-up to 5.4 years across 5 RCTs 

 Safety of CAS versus CEA: 

o Based on meta-analyses of the four more recent RCTs which employed embolic 

protection, there is moderate evidence that the risk of stroke and the composite of 

any stroke or death are significantly higher in symptomatic persons who received 

CAS compared with CEA. The risk of any stroke or death was 7.1% for CAS and 

4.1% for CEA, RD 3.1% (1.4%, 4.7%), NNH = 35. These risks are primarily 

influenced by stroke risk. 

o There is moderate evidence that no significant risk differences between treatments 

for the following outcomes: death, ipsilateral stroke, fatal, major or disabling 

stroke or MI.  

 Differential treatment efficacy or safety effects for special populations  

o Age: There is moderate evidence from meta-analysis of more RCTs (using 

embolic protection) that age modifies the effect of treatment. In symptomatic 

persons with regard to risk of periprocedural death or stroke, CEA is favored in 

those age ≥ 70 years old while those under 70 years of age had similar results 

regardless of treatment group. 

o Sex: there is moderate evidence from meta-analysis of RCTs that sex does not 

modify treatment effect or safety.  
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o Surgical risk: There is insufficient evidence from RCTs. Efficacy data from the 

SAPPHIRE trial of 96 symptomatic high surgical patients undergoing CAS versus 

CEA suggested these patients had similar risks for efficacy and safety outcomes.  

o There is moderate evidence from 1 RCT and low evidence from another RCT that 

severity of ipsilateral stenosis does not modify treatment or safety effects. This 

trial did not include and compare treatment outcomes from standard/average risk 

patients thus direct comparisons and conclusions cannot be made. 

o There is insufficient to low evidence from individual RCTs that treatment or 

safety effects are not modified by diabetes, type of symptomatic qualifying event, 

severity of contralateral stenosis, time to treatment, hypertension or smoking.  

 Full economic evaluations: Low evidence across four cost-utility studies indicated that 

CEA tended to be cost effective than CAS. Subanalysis of the SAPPIRE trial found CAS 

to be more expensive with negligible improvement in QALY.  

 

Synopsis of highest evidence primary outcomes: Intracranial stenting for atherosclerotic 

disease 

 No studies in asymptomatic persons were found. 

 The overall strength of evidence is low for efficacy and safety based on one study in 

symptomatic persons. The one available RCT was terminated because of safety concerns. 

Stenting was associated with a significantly higher probability (20.0%) of stroke or death 

within 30 days or ischemic stroke in the territory of the qualifying artery beyond 30 days 

compared with medical therapy (12.2%). 

 No studies evaluating differential effectiveness in special populations were found. 

 No economic studies were found.  

Limitations of the literature and remaining questions 

This report synthesizes studies comparing stenting with other treatment options for the treatment 

of atherosclerotic disease in the carotid arteries and intracranial arteries, with a focus on the 

highest quality, least biased evidence available in the peer reviewed literature. There are a 

number of questions that remain. 

 In order to weigh whether or not to recommend an invasive procedure with serious risks 

in a healthy asymptomatic person, there should be clear evidence that benefits outweigh 

the risks. Benefits of CAS compared with current medical therapy have not been shown. 

There are no high quality data comparing stenting with current best medical practices in 

asymptomatic patients and limited data from randomized controlled trials in 

asymptomatic, low-risk patients comparing CAS with CEA. Although statistical 

significance was not reached, risk of stroke or death was lower following CEA in 

asymptomatic patients, but trials lacked a medical treatment comparator. 

 Do any long-term benefits (>5 years) of CAS outweigh risks associated with 

periprocedural events (e.g. stroke)?  The longest follow-up reported in more 

contemporary studies using embolic protection devices was 4 years. The number of 

individuals with available data at longer follow-up times was not uniformly reported 
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across studies and in some studies although statistical projection of longer term outcomes 

was reported, actual data are needed. Long-term data for implanted devices is essential. 

 It is important to study the impact of improvements in stent technology and techniques 

(e.g. different embolic protection mechanisms), operator experience, surgical technique 

and medical therapy (including more active lifestyle counseling) on the bigger context of 

comparative effectiveness of CAS, medical therapy and CEA for the treatment of 

atherosclerotic carotid stenosis in not known. Although there is potential for 

improvements in devices to decrease risk of stroke and death with CAS, no published 

studies have included treatment arms for CAS, medical therapy and CEA in the same 

underlying population to allow for direct comparisons of current best treatments. For 

asymptomatic patients in particular, this is an important question. In addition, data on the 

risks and benefits of CAS and CEA from methodologically rigorous studies outside of 

high volume centers participating in RCTs is essential to understand what the risks and 

benefits would be in actual use. 

 Based on available evidence, intracranial artery stenting in the treatment of intracranial 

atherosclerotic disease has substantial risk of harm. The only comparative study available 

was terminated early based on due to increased risk of stroke or death within 30 days or 

ischemic stroke in the territory of the qualifying artery. The extent to which intracranial 

stenting is an effective treatment for primary treatment or in patients failed medical 

therapy, thrombectomy or PTA is not clear. 

 Is CAS efficacious and safe in “high risk” patients? There does not appear to be a 

standard definition of “high risk” and many factors are considered when determining a 

patient’s surgical risk. Although one RCT (SAPPHIRE) explicitly sought to evaluate the 

efficacy of CAS in “high risk” patients compared with CEA, because there was no direct 

comparison with a group of “standard” risk patients, firm conclusions cannot be drawn.  

 The extent to which there is differential efficacy and safety in some special populations is 

not clear. Overall, studies were underpowered to detect modification of treatment. 

 The cost-effectiveness of CAS is not established based on published studies. Although 

full economic analyses were available and based on data from RCTs, methodological 

concerns and potential for bias limit the usefulness of these analyses firm conclusions. 
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1. Appraisal  

1.1. Rationale   

The public health burden of stroke and its associated morbidity and mortality combined 

with its impact on patient quality of life is substantial.  The direct and indirect costs of 

stroke care to patients, the health care system and society are also substantial. Together 

all of these factors provide impetus to consider and evaluate the efficacy, effectiveness 

and safety of treatment options. There are uncertainties regarding the evidence on the 

use of stents for the treatment of atherosclerotic carotid stenosis and intracranial 

atherosclerotic disease compared with other treatment options. The Washington State 

Healthcare Authority’s Health Technology Assessment program selected this topic for 

review based on high levels of concern around efficacy and cost and on medium levels 

of concern around safety.  

 

Objective of this HTA: To systematically review, critically appraise, analyze and 

synthesize research evidence comparing the efficacy, effectiveness, and safety of carotid 

artery stenting procedures for subjects with symptomatic or asymptomatic 

atherosclerotic carotid stenosis or atherosclerotic stenosis of intracranial arteries.  The 

differential effectiveness and safety as well as the cost-effectiveness of CAS were also 

evaluated.  Review was limited to FDA-approved devices.  

 

1.2. Key Questions  

Input from clinical experts and from comments generated by public review of key 

questions was incorporated into the formulation of the final key questions and scope of 

this report.   

 

1. In symptomatic or asymptomatic persons with atherosclerotic carotid artery stenosis 

what is the evidence of short- and long-term comparative efficacy and effectiveness 

of:  

a. Extracranial carotid artery stenting (CAS) and medical therapy compared with 

medical therapy alone? 

b. Extracranial carotid artery stenting (CAS) and medical therapy compared with 

carotid endarterectomy (CEA) and medical therapy? 

2. In asymptomatic or symptomatic persons with atherosclerotic stenosis of the 

intracranial arteries, what is the evidence of short- and long-term comparative 

efficacy and effectiveness of intracranial artery stenting and medical therapy 

compared with medical therapy alone? 
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3. What is the evidence regarding adverse events and complications, particularly during 

the periprocedural period and longer term, for stenting compared with alternative 

treatments? In persons with extracranial carotid artery stenosis, are rates of 

periprocedural death or stroke <3% for asymptomatic patients and <6% for 

symptomatic patients? 

4. Is there evidence of differential efficacy or safety for special populations, (including 

consideration of age, gender, race, diabetes, atrial fibrillation or other comorbidities, 

ethnicity, or disability)? 

5. What is the evidence of cost-effectiveness of CAS compared with other treatment 

options (medical therapy, CEA) in the short-term and the long term? 

 

Figure 1 provides the analytic framework for this HTA. Key question 1 evaluates 

efficacy and effectiveness of stenting in carotid compared with other treatment options 

and key question 2 evaluates efficacy and effectiveness of stenting intracranial artery 

atherosclerosis. Key question 3 compares the safety of stenting with other treatment 

options and key question 4 evaluates whether the efficacy, effectiveness or safety of 

treatment is differentially influenced by patient or other factors. Key question five 

assesses the cost-effectiveness of stenting compared with other treatment options.  

 

 

Figure 1.  Analytic Framework and Key Questions  
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1.3. Key considerations highlighted by clinical experts: 

 
1. Interventions: 

Individual patients may present with circumstances that need to be considered in 

determining the best treatment options. Patient co-morbidities and other factors that may 

contribute to the overall picture of patient suitability for surgical intervention need to be 

considered and the risks and benefits of the available treatment options need to be 

carefully weighed in consultation with the patient. Variations due to tortuosity, 

calcification, intracranial arterial stenosis, collateral circulation, aneurysms, and 

arteriovenous malformation have important implications that must be considered in 

applying treatment recommendations to individual patients.
47

  

 

Carotid stenting is seen as an alternative to CEA in patients who are at high risk of 

surgically related morbidity and mortality. Device approval and use clinically has 

focused on treating such high risk patients. Clinical experts suggested that there is no 

standardized definition of “high surgical risk” or for who might be at “average” or 

“standard” risk. As discussed elsewhere in this report, a number of factors that may put 

patients at high risk for CEA surgery have been suggested. The recent AHRQ HTA 

(2012)
150

 systematically identified a list of such factors from a number sources: factors 

listed in the CMS decision memo,
1
 factors reported to be significant in multivariate 

analyses of published literature for predictive models, inclusion criteria for the 

SAPPHIRE trial designed to evaluate high risk patients,
183

 factors listed in the reference 

surgical risk classification tool
172

 and definitions factors described in a recent systematic 

review.
158

 Factors such as cardiac co-morbidities, obesity, type of neurological event and 

presence of pulmonary disease may place patients at high risk of surgery.  

 

With regard to intracranial stenting, comments from experts on the draft of this report 

suggest that primary stenting of intracranial arteries does not appear to have a clinical 

advantage over PTA in patients with medically refractory stenosis but may be beneficial 

as a bailout for failed PTA or failed thrombectomy.  

 

Comments on the draft report from one expert also indicate that historically, the 3% and 

6% benchmarks for the composite of stroke or death following CEA were arbitrarily 

established based on work and consensus of an ad hoc committee
37

 set in 1989 and were 

carried forward to clinical guidelines for CAS.
137

  

 

Several experts commented that there have been improvements in technology, operator 

experience, surgical technique and medical therapy that may not be reflected in the 

available comparative literature, particularly older studies, and indicate that rates for 

stroke/death composites have decreased with time.  
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2. Professional considerations: 

Utilization trends and regional variation 

Using discharge data from the National Inpatient Sample from 1998 to 2008, a recently 

published article investigated utilization trends over time for carotid endarterectomy 

(CEA) and carotid artery stenting (CAS).
168

  Evaluation of 253,651 carotid 

revascularization procedures revealed a downward trend in the overall rate of 

interventions performed which was driven by a significant decrease in the rate of CEAs 

– the much more commonly performed procedure – over the course of the study period 

(lowest rates in 2007).  Conversely, a significant increase in the rate of CAS performed 

was seen during this time (highest rates in 2006).   

 

Provider experience 

With the growing popularity and use of carotid stenting to treat atherosclerotic carotid 

artery stenosis the impact of the treating physician’s experience level on outcomes has 

been scrutinized.  The literature provides conflicting results regarding this topic.  A 

recent observational study conducted using administrative data on Medicare 

beneficiaries (age 65 years or older) that underwent carotid stenting from 2005 to 2007 

reported on 24,701 procedures performed by 2339 operators and found that lower annual 

operator volume and early provider experience were associated with increased 30-day 

mortality.
139

  Similarly, a subanalysis of the CAPTURE 2 study investigated physician- 

and site-related variables associated with differential outcomes for CAS in 

asymptomatic nonoctogenarians and found that both site and operator  volume were the 

most important determinant of perioperative CAS outcome; a threshold of 72 cases was 

found to be necessary for consistently achieving a stroke and death rate below 3%.  

There was no evidence that hospital type (community, private, teaching) or hospital 

geographic location (midwest, northeast, south, west) had significant influence on 

outcomes and no difference between various physician specialties (interventional 

cardiology, vascular surgery) was seen.
83

 A previously published pooled analysis of 

individual patient data from EVA-3S, SPACE, and ICSS randomized controlled trial 

showed that the excess stroke or death risk associated with stenting was higher among 

centers enrolling fewer than 50 patients into the trial than in the larger centers.  

However, the differences were not significant and the risk of stenting was still higher 

than endarterectomy in the larger centers.
40

  A recent Cochrane systematic review 

conducted a subanalysis of eight of the included RCTs that specified the amount of pre-

trial experience their physicians performing CAS and found that there was no significant 

difference in the primary safety outcome between those trials that required 10 or fewer 

procedures and those that required greater than 10.
41

  Furthermore, when CAS outcomes 

from the SVS Vascular Registry were analyzed by center by the number of procedures 

performed (< 25, 25-50, > 50), no statistically significant difference was seen.
166

   

 



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 57 Page 57 

Provider specialty 

In the United States, CAS is performed by physicians from a wide range of specialties; 

however, cardiologists currently play the most prominent role in CAS.  According to a 

recent study analyzing Medicare beneficiaries, cardiologists accounted for one-third of 

all operators and performed over half of the 28,700 CAS procedures reported between 

2005 and 2007.
140

  In contrast, 27.3% of procedures were performed by surgeons 

(vascular, general, neurosurgery, cardiothoracic), 17.8% by radiologists, and the 

remaining 3.2% by other specialties (primarily neurology and internal medicine).    

 

Facility/provider standards 

Two private organizations, Intersocietal Commission for the Accreditation of Carotid 

Stenting Facilities (ICACSF) and Accreditation for Cardiovascular Excellence (ACE), 

currently provide accreditation for facilities that perform stenting of the extracranial 

carotid artery.   In order to be accredited by these organizations a facility must meet the 

specified standards of quality of care in carotid stenting.  Each organization has a set of 

standards encompassing such things as facility and equipment requirements, personnel 

standards, physician training and education, case volume, and quality assurance and 

safety programs. The Centers for Medicare and Medicaid (CMS) has created a list of 

minimum standards modeled in part on professional society statements on competency.  

CMS requires that facilities meet CSM’s personnel, equipment, programming, 

emergency management, and data collection standards in order to receive coverage of 

CAS for high risk patients. For more detailed information about these private 

organization and CMS standards as well as a list of CMS approved hospitals in 

Washington State see Appendix I. 
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1.4.    Washington State utilization and cost data 

Data in this section were provided by the Washington State Health Technology Assessment 

Program.  

 
Figure 1 – Carotid Artery Stenting Procedures - Paid Amounts by Agency and Year, 2009-2012 

Agency/Year 2009 2010 2011 2012 
4 Yr Overall 

Total
1
 

Avg % 
Change  

PEBB**             
 

PEBB Average Annual Members 210,501 213,487 212,596 212,684   0.3% 
 

Carotid Artery Stenting             
 

   Carotid Artery Stent Patients  18 12 10 12 51 -10.2% * 

   Carotid Artery  Stent Procedures 
2
 19 12 10 12 53 -11.4% * 

Total Paid $501,687 $188,391 $211,519 $66,304 $967,901 -39.6% * 

    Average Paid per Procedure 
3
 $17,121 $15,699 $9,857 $5,525 $14,892 -29.8% 

 
    Average Paid, PEBB Primary $33,066 $26,011 $26,598 $29,261 $33,672 -3.0% 

 
    PEBB Primary % of procedures 52.6% 58.3% 40.0% 16.7% 43.4% -26.3% 

 
Comparator Procedure - Endarterectomy            * 

   Endarterectomy Patients 57 60 56 54 214 -2.0% * 

   Endarterectomy Procedures
2
 57 65 59 61 242 2.3% 

 
Total Paid, Endarterectomy $249,225  $276,084  $258,463  $288,503  $1,072,275  4.9%   

    Average Paid, PEBB Primary 
aaaaaaaaEndarterectomy 

$16,781  $15,281  $19,313  $15,864  $17,284 -0.4%   

Medicaid             
 

Medicaid FFS Population 463,966 474,676 473,356 477,727   1.0% 
 

Carotid Artery Stenting             
 

   Carotid Artery Stent Patients  21 24 26 11 78 -12.6% * 

   Carotid Artery  Stent Procedures 
2
 21 25 26 11 82 -12.0% * 

Total Paid $170,064  $228,546  $183,868  $132,089  $714,567  -5.0% * 

    Average Paid per Procedure
 3

 $8,098  $9,142  $7,072  $12,008  $8,714  20.0% 

     Average Paid, Non-medicare $9,149  $11,358  $10,948  $7,468  $10,229  -3.7% 

     Non-medicare % of procedures 85.7% 80.0% 61.5% 81.8% 75.6% 1.1% 

 Comparator Procedure - Endarterectomy            

    Endarterectomy Patients 65 52 63 51 226 -6.7% * 

   Endarterectomy Procedures
2
 68 54 64 52 235 -7.7% * 

Total Paid, Endarterectomy $411,449  $288,334  $509,735  $547,618  $1,757,135  17.4% * 

    Average Paid, Non-medicare $7,958  $7,434  $12,437  $14,200  $10,554 25.0% 

 *Average % Change was adjusted for population.  **Public Employee Benefits 
1
 Patients who receive treatment in multiple years are counted only once in the “4 Yr Overall” total.  

2 
Repeated procedures 
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Agency Repeated  
Procedures 

Carotid Artery Stent Endarterectomy Both 

PEBB Patient Count 2 38 0 

Medicaid  Patient Count 4 9 3 

3
 Procedure amounts include directly related charges for up to 3 days before and after the stent placement.  One 

outlier (above 2 standard deviation from the mean) was excluded from each of the PEBB averages for 2009 and 
2011. 

L&I had no claims during 2009-2012 for Carotid Artery Stenting procedures, and 1 claim for endarterectomy. 
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Figure 2a.  PEBB Carotid Artery Stenting Patients by Payer and Procedure Type, 2009-

2012 

 
NOTE:  Cervical procedures make up about 90% of PEBB CAS procedures. Cervical procedures allowed amount 
averaged around $25K  per procedure, while extra- and intra-cranial procedures averaged $23K and $36K 
respectively.  

 

Figure 2b.  Medicaid Carotid Artery Stenting Patients by Payer and Procedure Type,  

2009-2012

 
NOTE:  Cervical procedures make up about 80% of Medicaid CAS procedures. Cervical procedures allowed amount 
averaged around $7K  per procedure, while extra- and intra-cranial procedures averaged $6K and $5K respectively.  

2009 2010 2011 2012

Cervical 10 10 9 11

Extracranial 5 0 0 1

Intracranial 4 2 1 0
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2009 2010 2011 2012
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Figure 3a.  PEBB Carotid Artery Stenting Patients by Age and Gender, 2009-2012 

 

 
 

Figure 3b.  Medicaid Carotid Artery Stenting Patients by Age and Gender, 2009-2012 
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Figure 4a. Carotid Artery Stenting Average Allowed Amounts, 2009-2012 

 

Per Procedure Avg 
Allowed Charges by 
Agency and Payer 

PEBB 
Primary 
(n=23) 

PEBB 
Medicare 

(n=30) 

Medicaid 
Non-

Medicare 
(n=62) 

Medicaid 
Medicare 

(n=20) 

Breakdown 1       

Professional Services                 $3,500  $1,815  $1,391 $1,516 

Facility/Other $38,110  $30,657  $11,360 $7,662 

Breakdown 2       

Stent Placement $6,378  $1,685  $1,071 $1,431 

Study $126  $65  $12 $3 
Facility/DRG $32,588  $29,059  $10,825 $5,683 
Anesthesia $481  $149  $213 $199 
Imaging $1,516  $589  $387 $399 
Patient Care $521  $924  $243 $1,463 

Avg Allowed/Procedure 
(95% upper limit) 

$41,610 
($128,502)  

$32,472 
($116,983)  

$12,750 
($43,174) 

$9,178 
($33,328) 

 
 

Figure 4b. Inpatient vs Outpatient Average Allowed Amounts, 2009-2012 

 

Per Procedure Avg 
Allowed Charges by 
Agency, Payer and 

Setting 

PEBB 
Primary 
(n=23) 

PEBB 
Medicare 

(n=30) 

Medicaid 
Non-

Medicare 
(n=62) 

Medicaid 
Medicare 

(n=20) 

Inpatient 83% 63% 71% 30% 

Professional Services                 $3,587  $1,365  $1,502 $1,937 

Facility $39,456  $45,569  $15,811 $25,296 

Avg Allowed/Procedure  $43,043  $46,934  $17,313 $27,233  

Outpatient 17% 37% 29% 70% 

Professional Services                 $3,088  $2,593  $478 $105 

Facility $31,718  $4,900  $1,118 $1,336 

Avg Allowed/Procedure  $34,806  $7,492  $1,596 $1,441  
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Figure 5a – PEBB Carotid Artery Stenting Top Diagnoses, 2009-2012 

 

Diagnosis Description CAS 
Patient 
Count  
N = 53 

OCL CRTD ART WO INFRCT                                                                                                           31 
OCL CRTD ART W INFRCT                                                                                                            7 
OCL MLT BI ART WO INFRCT                                                                                                         3 
OCL VRTB ART W INFRCT                                                                                                            3 
CRBL ART OCL NOS W INFRC                                                                                                         2 
NONRUPT CEREBRAL ANEURYM                                                                                                         2 

CRBL ART OC NOS WO INFRC                                                                                                         1 
CRNRY ATHRSCL NATVE VSSL                                                                                                         1 
CVA                                                                                                                              1 
DISSECT CAROTID ARTERY                                                                                                           1 
OCL BSLR ART WO INFRCT                                                                                                           1 
OCL VRTB ART WO INFRCT                                                                                                           1 

PERIPH VASCULAR DIS NOS                                                                                                          1 

STRICTURE OF ARTERY                                                                                                              1 

 
 

 

Figure 5b – Medicaid Carotid Artery Stenting Top Diagnoses, 2009-2012 

 

Medicaid Diagnosis Description CAS 
Patient 
Count  
n = 82 

OCL CRTD ART WO INFRCT                                                                                                           47 
OCL CRTD ART W INFRCT                                                                                                            17 
CRBL ART OCL NOS W INFRC 3 
OCL BSLR ART W INFRCT 2 
OCL MLT BI ART WO INFRCT 2 
OCL VRTB ART W INFRCT 2 
OCL VRTB ART WO INFRCT 2 

COR ATH UNSP VSL NTV/GFT 1 
CVA 1 
DISSECT CAROTID ARTERY 1 
NONRUPT CEREBRAL ANEURYM 1 
OCL BSLR ART WO INFRCT 1 

OCL MLT BI ART W INFRCT 1 
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Figure 6a.  PEBB Emergency Room Visits and Readmissions within 30 days, 2009-2012 

PEBB ER Visits             

  Carotid Artery Stenting Patients            

  
 

 Overall 
11 of 53 (21%)   CAS patients had 12 ER visits within 30 days, 
averaging around day 13 post-procedure.  Three ER visits 
resulted in readmission.  

  
 

By Procedure Type 
8 Cervical patients had post-procedure ER visits (28%) 
compared to 1 Intracranial patient (14%) and 2 extracranial 
patients (33%). 

  Endarterectomy Patients             

    Overall 
31 of 214 (14%) endarterectomy patients had 48 ER visits 
within 30 days post procedure, averaging day 11. 

PEBB Readmissions             

  Carotid Artery Stenting Patients            

  
 

 Overall 5 of 53 (10%) patients were readmitted within 30 days. 

  
 

By Procedure Type 
One each intracrantial, extracranial and three cervical patients 
were readmitted (14%, 17% and 8% respectively). 

  Endarterectomy Patients             

    Overall 16 of 214 (7.5%) patients were readmitted within 30 days.  

 
Figure 6b.  Medicaid Emergency Room Visits and Readmissions within 30 days, 2009-2012 

Medicaid  ER Visits             

  Carotid Artery Stenting Patients            

  
 

 Overall 
17 of 82 (21%) of CAS patients had 26 ER visits within 30 days, 
averaging around day 10 post-procedure.  Seven ER visits 
resulted in readmission.  

  
 

By Procedure Type 
15 Cervical patients had post-procedure ER visits (22%) 
compared to 2 extracranial patients (18%). 

  Endarterectomy Patients           

    Overall 
48 of 226 (21%) endarterectomy patients had 81 ER visits within 
30 days post procedure, averaging day 11. 

Medicaid Readmissions             

  Carotid Artery Stenting Patients            

  
 

 Overall Fifteen of 82 (18%) patients were readmitted within 30 days. 

  
 

By Procedure Type 
68 cervical, 3 extracranial and 2 intracranial patients were 
readmitted within 30 days (16%, 27% and 50% respectively). 

  Endarterectomy Patients           

    Overall 14 of 226 (6.2%) patients were readmitted within 30 days.  
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Related Medical Codes 

Type Code Description Category 

DRG M034 Carotid artery stent procedure w MCC Main procedure, 
inpatient 

DRG M035 Carotid artery stent procedure w CC Main procedure, 
inpatient 

DRG M036 Carotid artery stent procedure w/o CC/MCC Main procedure, 
inpatient 

APDRG 892 Carotid Artery Stent procedure Main procedure, 
inpatient 

Type Code Description Category 

CPT 0075T Transcatheter placement of extracranial vertebral or intrathoracic carotid 
artery stent(s), including radiologic supervision and interpretation, 
percutaneous; initial vessel 

Main Procedure - 
extracranial 

CPT 0076T Transcatheter placement of extracranial vertebral or intrathoracic carotid 
artery stent(s), including radiologic supervision and interpretation, 
percutaneous; each additional vessel 

Main Procedure - 
extracranial 

CPT 35301 Thromboendarterectomy, including patch graft, if performed; carotid, 
vertebral, subclavian, by neck incision 

Endartarectomy 
comparator 

CPT 37215 Transcatheter placement of Intravascular Stent(s), Cervical carotid artery, 
percutaneous; without distal embolic protection 

Main Procedure - 
Cervical 

CPT 37216 Transcatheter placement of Intravascular Stent(s), Cervical carotid artery, 
percutaneous; with distal embolic protection 

Main Procedure - 
Cervical 

CPT 61635 Transcatheter placement of intravascular stent(s), intracranial (e.g., 
atherosclerotic stenosis), including balloon angioplasty, if performed 

Main procedure - 
intracranial 
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2. Background  

2.1. Epidemiology and burden of disease 

Cardiovascular disease (CVD) is the leading cause of mortality and morbidity in both 

men and women in the United States.
157

  One or more types of CVD effect an estimated 

82,600,000 adults (> 1 in 3), half of which are 60 years of age or older.
157

  By 2030, the 

prevalence of CVD in the US population is projected to rise to 40.5%.
89

   

 

When considered separately from other CVDs, stroke is the fourth leading cause of 

death (behind heart disease, cancer, and chronic lower respiratory disease).
157

  The 

American Heart Association estimates that about 800,000 Americans experience a new 

or recurrent stroke each year; 87% of these are ischemic in nature, mostly due to 

thromboembolic events.
126

  The carotid arteries provide the main blood supply to the 

brain and narrowing of these arteries (stenosis) due to atherosclerosis accounts for nearly 

20% to 25% of these strokes.
68,146

  The most common site of plaque formation and 

stenosis in the carotid artery is near the bifurcation of the common carotid artery into the 

internal and external carotid arteries.
23,47

  The extracranial portions of the artery are 

primarily affected. The risk of stroke depends upon the severity of the carotid stenosis.  

According to the North American Symptomatic Carotid Endarterectomy Trial 

(NASCET), 75% to 94% stenosis is associated with a stroke risk of up to 27% in 

symptomatic patients and 18.5% in asymptomatic patients.
97

  However, this relationship 

in asymptomatic patients was less clear in other studies.
88,185

  Carotid artery stenosis is 

also associated with an increased risk of cardiovascular events, such as myocardial 

infarction.
55,68,146

  Medical risk factors for carotid artery atherosclerosis are similar to 

those for other cardiovascular diseases and include age, hypertension, insulin-dependent 

diabetes, cigarette smoking, metabolic syndrome, end-stage renal disease and chronic 

kidney disease and hypercholesterolemia/obesity.
122

  

 

Intracranial arteries may be affected by atherosclerotic disease as well and intracranial 

stenosis is an important cause of ischemic stroke worldwide, accounting for 8 to 10% of 

strokes in North America and 30% to 50% in Asian countries.
81,85,112,160

  The prevalence 

of intracranial atherosclerotic disease (ICAD) is higher in Asian, black, and Hispanic 

individuals than in Caucasians, while the reverse is true for extracranial carotid 

disease.
110,160

  The major intracranial arteries that may be involved include the 

intracranial internal carotid artery, middle cerebral artery, vertebral artery and basilar 

artery.
110

  The frequency and natural history of intracranial atherosclerotic disease 

(ICAD) is different from extracranial carotid atherosclerosis.  The natural history has 

frequently been characterized on a vessel by vessel basis as there are apparent difference 

in morbidity and mortality based on the location of stenosis.  While all traditional risks 
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factors are associated with ICAD, it appears that the presence of diabetes and metabolic 

syndrome are particularly associated with the development of atherosclerotic disease of 

the intracranial vasculature.
32,152

  A study by Sacco et al found that the prevalence of 

intracranial stenosis was greater in African Americans and Hispanics than in 

Caucasians; however, this was due to the greater prevalence of insulin-dependent 

diabetes and hypercholesterolemia in these racial populations.
160

  

 

Persons with carotid artery and/or intracranial artery atherosclerosis will generally have 

concomitant medical problems such as diabetes, high cholesterol or hypertension and 

various risk factors such as smoking and obesity. The standard of care is to address these 

problems and risk factors independent of the atherosclerotic artery disease. 

 

Symptomatic versus asymptomatic carotid stenosis  

 

Much of the evidence available for guiding decision making in the management of 

patients with carotid artery disease comes from randomized controlled trials conducted 

in symptomatic patients.  A patient with carotid stenosis is considered symptomatic if 

they have neurological evidence of an ipsilateral stroke, transient ischemic attack (TIA) 

or transient monocular blindness.  However, less is known about the efficacy of medical 

treatment, CEA and CAS in patients without these symptoms and thus the management 

of patients with asymptomatic carotid disease is still evolving. Recently, an assessment 

conducted by the AHRQ that focused on evaluation of management of carotid stenosis 

in asymptomatic patients was released.
150

   

 

Asymptomatic disease may be discovered via several general mechanisms. A patient 

who presents with symptoms related to one carotid artery may have concomitant 

obstruction in the other carotid artery which is discovered via the evaluation of the 

symptomatic side. During routine history and physical exam, a clinician may hear a bruit 

on auscultation and/or an individual may have multiple risk factors for cardiovascular 

disease (e.g. diabetes, smoking) prompting further evaluation.  Although there is 

controversy regarding screening for carotid disease, persons may participate in screening 

programs, sometimes paying out of pocket for such services.  Findings from such 

screening exams may then prompt additional evaluation and initiation of treatment.  In 

2007, the U.S. Preventive Services Task Force published a recommendation statement 

regarding screening for asymptomatic carotid artery stenosis in which they conclude that 

screening should be discouraged in the adult general population.
13

  After review of the 

evidence, they determined that there is moderate certainty that the service has no net 

benefit or that the harms outweigh the benefits (Grade D recommendation).  This 

recommendation is currently in the process of being updated.   
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Anatomy of the carotid arteries and intracranial arteries  

 

Carotid Arteries 

 

There are two common carotid arteries, one on the right and one on the left, each of 

which branches into an external and internal portion, creating a total of four carotid 

arteries. The external carotid artery supplies blood to the face, scalp, tongue, and neck. 

In the neck, it usually runs medially and anteriorly to the internal carotid artery. The 

internal carotid artery supplies blood to the front part of the brain, the eye and its 

appendages, and sends branches to the forehead and nose. The distal common carotid 

artery typically bifurcates into the internal and external carotid arteries at the level of the 

thyroid cartilage; this bifurcation is the most common site of atherosclerosis plaque 

build-up.  Considerable variation exists in the normal anatomy of the carotid and other 

arteries that supply blood to the face and brain.  Most commonly, all three major arteries 

that arise from the aortic arch – the innominate (or brachiocephalic), left common 

carotid and left subclavian – have separate origins as they branch off the aortic arch.  In 

some instances, the innominate and the left common carotid share a branch origin off the 

aortic arch, while in other cases, the left common carotid originates separately off the 

innominate artery.  The internal carotid artery can also vary in length and tortuosity (e.g. 

coiling, kinking).  

 

Intracranial Arteries 

 

Blood is carried into the brain primarily by two paired arteries, namely the internal 

carotid arteries and the vertebral arteries.  The internal carotid arteries supply the front 

areas of the brain and the vertebral arteries supply the back areas.  After passing through 

the skull, the right and left vertebral arteries join together to form a single basilar artery; 

the basilar artery and the internal carotid arteries "communicate" with each other in a 

ring at the base of the brain called the Circle of Willis.  The configuration of the circle of 

Willis is quite variable which has implications for treatment for individual patients. 

Intracranial atherosclerotic disease likely causes stroke by two primary mechanisms, 

which are not mutually exclusive:  thrombus formation at the site of stenosis with 

subsequent embolization to distal portions of the involved vessel or complete or near-

complete occlusion causing a reduction of blood flow to areas without sufficient 

collateral flow resulting ultimately in ischemia.
95

  Intracranial arteries evaluated in this 

report include internal carotid artery, middle cerebral artery, vertebral artery and basilar 

artery. 
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2.2. Treatment options 

Therapeutic options for atherosclerotic carotid stenosis include medical therapy alone, 

carotid endarterectomy (CEA) and medical therapy, or carotid angioplasty and stenting 

(CAS) and medical therapy. Management of risk factors (e.g. smoking) is also an 

important part of any therapeutic approach. For many years, CEA has been considered 

the gold-standard to restore vascular patency in the surgical management of carotid 

artery stenosis.  However, recently, CAS, a less invasive surgical procedure, has become 

an alternative to CEA.  

 

Based on landmark trials of CEA, upper limits for periprocedural (within 30 days) death 

or stroke rates that must be achieved for CEA to provide a net clinical benefit have been 

established in the literature and among experts:  Rates must be < 3% for asymptomatic 

patients and < 6% for symptomatic patients.
21

 These same criteria are applied to 

outcomes following CAS.  

 

The primary therapeutic approach for intracranial atherosclerotic disease (ICAD) is 

medical therapy. More recently, angioplasty with or without stenting has been reported.  

Surgical options are limited. External to internal carotid bypass in patients with poor 

hemodynamic reserve has been proposed, but is not widely recommended.
110

  

2.3. Technology  

Carotid angioplasty and stenting (CAS) 

 

A newer procedure, percutaneous CAS, has become an accepted alternative to open 

surgery in the treatment of carotid artery disease. It does not require general anesthetic 

or open access to the atherosclerotic lesion. Because it is minimally invasive, patients 

are often discharged from the hospital the next day following the procedure, depending 

on individual progress.  During CAS, the clinician threads a catheter up from the groin, 

around the aortic arch, and up the carotid artery. The catheter has an attached balloon 

which expands the artery and inserts a stent to hold the artery open.  Multiple stents may 

be placed depending on lesion length.  Because there is a risk of disrupting the plaque 

along the artery walls during this type of procedure, CAS is usually performed along 

with an embolic protection device (EPD) which is used to capture any debris that 

becomes dislodged, reducing the risk of embolization. Currently, The Centers for 

Medicare and Medicare have limited there coverage to procedures using FDA-approved 

CAS systems in conjunction with FDA-approved or -cleared EPDs only.
5
 CAS may be 

recommended or considered in patients with symptomatic severe stenosis (>70%) and 

abnormal anatomy precluding surgical access, medical comorbidities that put them at 

high-risk for surgery, or radiation-induced stenosis or restenosis after CEA. The 
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American Heart Association further recommends that CAS be performed by operators 

with established periprocedural morbidity and mortality rates of 4% to 6%.
159

  In 

asymptomatic patients, the effectiveness of CAS compared with medical therapy alone 

is not well understood; however, CAS might still be considered in highly selected 

patients with carotid stenosis of at least 60% by angiography or 70% by validated 

Doppler ultrasound.
47

  

 

The first stents for use in the carotid artery were approved in 2004. CAS was approved 

originally only for use in high risk surgical patients. In 2011, the FDA cleared the use of 

stents to treat standard risk surgical patients, expanding the indications for their use for 

the RX Acculink stent.  All approved devices for carotid use appear to be described as 

bare metal stents only. Approval is for symptomatic patients with ≥50% stenosis and for 

asymptomatic patients with ≥80% stenosis.  Some stent labels specify vessel diameter 

(most describe 4.0–9.0mm with some ranging up to 9.5 mm) at the target lesion. FDA 

labeling does not specify use in extracranial versus intracranial vessels, but trials have 

focused on extracranial disease as this is the most common area requiring treatment for 

atherosclerosis.  For detailed information on FDA approved stents see Appendix I. 

 

Embolic protection devices (EPDs) 

 

There is evidence indicating that there is a significantly higher incidence of microemboli 

following CAS compared with CEA.
103,169,192

  The catheters, wires, balloons and stents 

used to navigate and manipulate the plaque-lined vessels may inadvertently break-off 

and release embolic particles into the blood stream during the procedure and concerns 

regarding the risk of procedure-related thromboembolic complications have prompted 

the widespread use of embolic protection devices (EPDs) during carotid artery stenting.    

 

There are three primary types of EPDs: distal filter devices, distal occlusion balloons, 

and proximal occlusion balloons.  Distal filter devices are metal, mesh-like devices 

placed distal to the atherosclerotic target lesion before balloon expansion and stent 

insertion and collapsed and withdrawn once the procedure is complete, trapping plaque 

or other emboli-causing debris.  Occlusion balloons work by blocking the vessel either 

beyond (distal) or before (proximal) the target lesion and trapping any embolic debris 

that may dislodge in the stagnant column of blood, which is aspirated completely before 

the balloon is deflated and antegrade blood flow is restored. Since blood flow is 

disrupted, use of these types of EPDs relies on a good supply of collateral blood through 

the Circle of Willis to avoid ischemia during the procedure.  In general, potential 

problems with EPD use include difficulty manipulating the device through the target 

lesion (especially in tortuous vessels), trouble with deployment, vessel injury or 

dissection caused by the guide wire, and difficulties with device retrieval.
56,145
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Indirect comparisons from many series and registries have shown a benefit of embolic 

protection devices.  Two systematic reviews comparing case-series of CAS with and 

without the use of EPDs found that EPD use significantly reduced the risk of 

thromboembolic complications (range, 1.8%–2.6% vs. 4.2%–5.5%).
75,106

  Similarly, 

when data from Global Carotid Artery Stent Registry, consisting of 12,392 procedures in 

53 centers, was evaluated by use of EPDs, the incidence of any stroke or death was 2.2% 

in those who underwent CAS with protection versus 5.3% in those who underwent 

unprotected CAS.
179

 Furthermore, a subanalysis of the EVA-3S RCT comparing patients 

from the CAS arm who received EPD versus those who did not suggested that the use of 

cerebral protection devices reduces periprocedural stroke.  In fact, The Safety 

Committee recommended stopping unprotected CAS because the 30-day rate of stroke 

was four-times higher.
127

   

 

A recent meta-analysis published in 2012 by Bersin et al. investigated the use of 

proximal occlusion devices in 2,397 patients who underwent carotid artery stenting and 

reported a very low rate of adverse events at 30 days.
38

  This was a single-arm study and 

did not compare stenting with proximal occlusion devices to stenting without EPD or 

with filter EPDs.  The incidence of stroke was 1.7% and the incidence of death was 

0.4%. 

 

In the United States, the use of embolic protection devices is recommended by expert 

consensus and professional society guidelines.
151

 Although there is some controversy 

regarding the use of EPDs, it has been generally accepted by the medical community, 

and use of an embolic protection device has been required by Centers for Medicare and 

Medicaid Services to qualify for reimbursement.
5
  

 

Evaluation of the evidence on the use of EPDs is in not part of the scope of this report 

and the previous information was provided for background purposes only. 

 

Intracranial artery atherosclerotic disease and stenting 

 

Intracranial atherosclerotic stenosis accounts for a large majority of ischemic strokes 

worldwide
81,110

  and the rate of recurrent stroke with medical therapy alone is 

unacceptably high.  Some of the best evidence comes from The Warfarin versus Aspirin 

for Symptomatic Intracranial Disease (WASID) study trial, a randomized clinical trial 

that compared warfarin and aspirin for preventing stroke and vascular death in 569 

patients with symptomatic stenosis of a major intracranial artery.
52

 Ischemic stroke 

accounted for the majority of events in WASID and occurred in a total of 106 patients 

(19.0%).  Seventy-seven (73%) of these strokes were in the territory of the stenotic 

artery, 60 (78%) of which occurred within the first year underscoring the need for rapid 
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assessment and management.
105

  Furthermore, the degree of stenosis was found to be 

associated with outcomes with those with severe (70%-99%) intracranial stenosis having 

a higher stroke rate at 1 and 2 years, 18% and 19%, respectively, compared with 6% at 1 

year and 10% at 2 years for those with stenosis < 70%.
105

  

 

The primary strategies for treating intracranial atherosclerotic disease are intensive 

medical therapy including use of antiplatelet therapy and risk factor management, and 

angioplasty with stenting.  Currently, only two devices have some level of FDA 

approval for intracranial vessel stenting: NEUROLINK® System (Guidant) and the 

Wingspan™ Stent System with Gateway™ PTA Balloon Catheter (Stryker 

Neurovascular).   However, the NEUROLINK System is no longer being manufactured 

making the Wingspan the only FDA device currently available on the market.  Approval 

of intracranial stents by the U.S. Food and Drug Administration (FDA) has been through 

the humanitarian device exemption (HDE) process. This form of FDA approval is 

available for devices used in the treatment or diagnosis of conditions that affect fewer 

than 4,000 individuals in the United States per year; the FDA only requires data showing 

“probable safety and effectiveness.” A humanitarian use device (HUD) may only be 

used after an internal review board (IRB) approval has been obtained for the use of the 

device for the FDA approved indication.  In March 2012, the FDA issued a safety 

communication related to the Wingspan System, limiting its use to a narrow, select 

group of patients who meet very specific criteria (see Indications and Contraindications 

section below). Generally, a patient may be treated with Wingspan only if its use has 

been approved in advance by the treating physician’s Institutional Review Board (IRB). 

The Wingspan Stent System should not be used for the treatment of stroke with an onset 

of symptoms within seven days or less of treatment; or for the treatment of transient 

ischemic attacks (TIAs).  

 

Treatment of extracranial portions of the basilar artery and the vertebral artery was not 

included in the scope of this report. 

2.4. Comparators   

Medical therapy 

 

Medical therapy has changed in the past decade. Findings from the recent AHRQ report 

indicated that there had been a significant reduction in ipsilateral stroke incidence over 

time with medical therapy alone. They report a reduction of nearly 1% per year of 

follow-up between 2000 and 2010 for use of current best medical therapy in 

asymptomatic patients.
150
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Conservative medical therapy for carotid artery stenosis currently consists of the 

treatment of vascular risk factors through pharmacotherapy and lifestyle modification.  

Antiplatelet medications such as aspirin and clopidogrel (Plavix) are given to reduce the 

risk of stroke caused by blood clots. Current guideline statements recommend the use of 

aspirin 75 to 325 mg daily in patients with symptomatic obstructive or nonobstructive 

atherosclerosis of the extracranial carotid artery for prevention of MI and other ischemic 

cardiovascular events; the benefit has not been established for prevention of stroke in 

asymptomatic patients, however.
47

  Blood thinners, such a Coumadin, may also be 

prescribed.  Hypertension significantly increases the risk of stroke, and the relationship 

between blood pressure and stroke is “continuous, consistent, and independent of other 

risk factors” 
53

 so it is crucial that blood pressure be controlled, usually with 

antihypertensive medication, to a level consistently below 140/90 mmHg and ideally 

below 120/80 mmHg.
54

 A strong relationship also exists between total cholesterol, low-

density lipoprotein cholesterol, and the extent of carotid artery atherosclerosis and wall 

thickness,
54

 thus statins are often prescribed for patients with carotid artery disease.  

Recommended lifestyle changes include quitting smoking (smoking  nearly doubles the 

risk of stroke),
165,182

 controlling diabetes, eating a healthy diet, maintaining a healthy 

weight, exercising regularly, and regular medical check-ups to control hypertension and 

cholesterol.  

 

Carotid endarterectomy (CEA) for extracranial carotid artery stenosis 

 

CEA is the most commonly performed surgical treatment for carotid artery stenosis 

(≥50%)
159

 and its aim is to prevent adverse events secondary to atherosclerotic disease, 

i.e. ischemic stroke.  General or local/regional anesthesia may be used for CEA with 

similar risks.
116

 Typically, patients are able to go home 1 to 3 days following the 

procedure.  During CEA, the vascular surgeon opens the carotid artery and removes the 

plaque-laden inner lining, widening the artery and restoring blood flow.  CEA may be 

recommended for patients who have had a transient ischemic attack (TIA) or a mild 

stroke due to ipsilateral severe (70%–99%) carotid artery disease. In these symptomatic 

patients, CEA has been shown to be effective in preventing future ipsilateral ischemic 

events, provided that the perioperative (30-day) combined risk of stroke and death is not 

higher than 6%.
159

 Asymptomatic patients may also be candidates for the procedure if 

they have > 70% stenosis of the internal carotid artery and the surgery can be performed 

with a low risk of perioperative stroke, MI, or death.
47

  

 

Randomized comparisons of CEA with current best medical therapy are lacking. Given 

the changes in approach to medical therapy in the past decade, landmark trials 

completed in the early 1980s and 1990s comparing CEA with medical therapy alone 

may not be applicable to contemporary practice.
115,150

 The recent AHRQ report for 
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included trials of CEA versus medical therapy alone, asymptomatic carotid stenosis 

patient not receive what is currently considered best medical treatment, include statin 

use or specific targets for management of diabetes and hypertension. In addition, since 

the early 1990s when most trials were performed, enhanced understanding of the role 

that lifestyle factors play in the risk of stroke has led to more aggressive counseling 

around making lifestyle changes. These early trials established the benefits of CEA, 

providing additional evidence for defining the balance of acceptable procedure-related 

risk of death and stroke with benefits related to reduction of future stroke.
21

 These 

landmark trials further delineated benefits and harms following CEA in terms of degree 

of stenosis, presence or absence of neurologic symptoms and clinician expertise required 

to enhance outcomes.
6-10,35,88,92,131

  

 

 

2.5. Indications and Contraindications  

The target populations are symptomatic patients with moderate (50%-69%) or severe 

(70%-99%) carotid artery stenosis at risk for stroke and asymptomatic patients with 

stenosis of 60% or greater. Current U.S. Food and Drug Administration (FDA) labeling, 

however, requires that stents only be used in asymptomatic patients with greater than 

≥70% stenosis. All patients must have a reference vessel diameter within the range of 

4.0 mm and 9.0 mm at the target lesion. 

 

CAS with EPD is a procedure and thus does not require FDA approval. However, the 

devices used for CAS and for EPD do require FDA approval. A number of devices have 

been approved for use specifically in the carotid arteries. FDA labeling stipulates use of 

embolic protection devices.  Detailed product information by stent type is provided in 

Appendix I. 

 

FDA indications for devices approved for use in the carotid arteries are:  

 Inability to tolerate general anesthesia for CEA. 

 History of damage to the contralateral vocal cord (previous CEA or neck 

surgery). 

 Previous neck surgery on the ipsilateral side. 

 Neck irritation. 

 Restenosis after CEA. 

 

Contraindications for FDA-approved carotid stents include:  

 Unfavorable anatomy, making it difficult to place the stent and embolic 

protection device. 
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 Unstable carotid plaque or aortic arch plaque. 

 Allergy to nickel-titanium. 

 Anticoagulant or antiplatelet medication is contraindicated.  

 Uncorrected bleeding disorder. 

 Lesions at the opening of the common carotid artery. 

 

Approval of intracranial stents by the U.S. Food and Drug Administration (FDA) has 

been through the humanitarian device exemption (HDE) process. ALL of the following 

criteria/indications must be met in order for a patient to be approved:  

 Age between 22 and 80 years 

 Two or more stroke despite aggressive medical management 

 Most recent stroke occurred more than 7 days prior to planned treatment with 

Wingspan 

 70%-99% stenosis due to atherosclerosis of the intracranial artery related to 

the recurrent strokes 

 Good recovery from previous stroke and have a modified Rankin score of 3 or 

less prior to Wingspan treatment.   

 

Contraindications for FDA-approved intracranial stents include:  

 Treatment of acute strokes (i.e. onset of symptoms within 7 days or less of 

treatment) 

 Treatment of transient ischemic attacks (TIAs) 

 Highly calcified lesions that could prevent access or appropriate expansion of 

stent.  

 Antiplatelet or anticoagulation therapy is contraindicated. 

 

Drug eluting stents have not been approved for use in the carotid or intracranial vessels. 

Use of coronary drug eluting stents has been reported in case series and is an off-label 

use of these devices. As they are not FDA approved for carotid or intracranial stenting 

they are not included in the scope of this report.  

 

 

2.6.  Potential complications/harms. 

For revascularization of the carotid arteries, the primary focus on potential 

complications in trials has been on periprocedural outcomes such as stroke and death. 

Additional potential harms and complications for the primary interventions compared 

(CAS and CEA) are outlined below. 
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Reported complications following carotid artery CAS include myocardial infarction, 

ipsilateral stroke, transient ischemic attack, cranial nerve palsy, bleeding complications, 

intracranial hemorrhage, and venous thromboembolism. Complications arising from 

intracranial CAS include access site complications, vessel dissection/perforation, 

vasospasm, hematoma, hypertension, stent thrombosis, and extracranial parent vessel 

dissection related to guide catheter manipulation.  

 

Problems with EPD use include intolerance of the device, failure of the device, slow 

flow or no flow, particularly in the case of large plaques, and increased risk for stroke. 

Other problems include difficulty manipulating the device through the target lesion, 

trouble with deployment, vessel injury or dissection caused by the guide wire, and 

difficulties with device retrieval.
56,145

  

 

Complications related to CEA include those inherent in any major surgery such as 

infection, deep vein thrombosis, nerve damage, pulmonary complications, pain, and 

effects from anesthesia. In addition, complications specific to CEA may also include 

cerebral nerve palsy (which may be transient), intracerebral hemorrhage, 

thromboembolism from the operated vessel, and hematoma. 

 

2.7. Clinical Guidelines 

Sources, including the National Guideline Clearinghouse (NGC), major bibliographic 

databases, professional societies, and Medline were searched for guidelines related to 

carotid artery stenting for the treatment of carotid artery stenosis. Key word searches 

were performed: “carotid AND stent* AND stenosis.” Sixteen documents were 

recovered that contained specific recommendations regarding this topic.  

 National Guideline Clearinghouse (NCG): Thirteen potential current guidelines 

were retrieved, six of which provided relevant guidance. 

 National Institute for Health and Clinical Excellence (NICE): Four potential current 

guidelines were retrieved, three of which provided relevant guidance. 

 Other sources: Twenty-five potential current guidelines were retrieved, seven of 

which provided relevant guidance. 

 

A brief synopsis of each guideline is included below.  Details of each included 

recommendation for extracranial and intracranial CAS can be found in Tables 1 and 2 

that follow. 
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Extracranial CAS 

 

National Guideline Clearinghouse 

 Canadian Stroke Strategy, 2010: Canadian Best Practice Recommendations for 

Stroke Care.
118

  Recommends against CAS in older patients and recommends CAS 

as an option for patients not able to undergo CEA especially if asymptomatic or 

remotely symptomatic. 

 National Stroke Foundation, 2010: Clinical Guidelines for Stroke Management.
18

  

Recommends against CAS in most cases. 

 Singapore Ministry of Health, 2009: Stroke and Transient Ischaemic Attacks 

Assessment, Investigation, Immediate Management and Secondary Prevention.
17

  

CAS may be considered in patients who are not suitable for CEA. 

 Scottish Intercollegiate Guidelines Network, 2008: Management of Patients with 

Stroke or TIA: Assessment, Investigation, Immediate Management and 

Secondary Prevention.
16

  Generally recommends against CAS except in cases such 

as failed medical therapy. 

 Catalan Agency for Health Information, Assessment and Quality, 2008: Clinical 

Practice Guideline for Primary and Secondary Prevention of Stroke.
14

  

Recommends CAS as an option for asymptomatic or symptomatic patients deemed 

unsuitable for CEA. 

 

National Institute for Health and Clinical Excellence (NICE) 

 National Institute for Health and Clinical Excellence, 2008: Diagnosis and 

Initial Management of Acute Stroke and Transient Ischaemic Attack (TIA).
15

  

Finds no basis for use of carotid stenting. 

 National Institute for Health and Clinical Excellence, 2011: Carotid artery stent 

placement for symptomatic extracranial carotid stenosis.
20

  Recommends CAS as 

secondary treatment to CEA.  

 National Institute for Health and Clinical Excellence, 2011: Carotid artery stent 

placement for asymptomatic extracranial carotid stenosis.
19

  Generally 

recommends against any use of CAS for asymptomatic carotid artery stenosis. 

 

Professional Societies/Other  

 American Heart Association/American Stroke Association, 2011: Guidelines for 

the Prevention of Stroke in Patients With Stroke or Transient Ischemic Attack. 
73

  

CAS is recommended for patients with moderate (50%–69%) to severe (70%–99%) 

stenosis at high risk for CEA or with recent TIA or ischemic stroke. 

 American Heart Association/American Stroke Association, 2011: Guidelines for 

the Primary Prevention of Stroke.
79

  Prophylactic CAS could be considered for 

asymptomatic patients but is not a well-established alternative to CEA. 
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 American Heart Association/American Stroke Association, 2013: Guidelines for 

the Early Management of Patients With Acute Ischemic Stroke: A Guideline for 

Healthcare Professionals.
100

 Considers the usefulness of emergent angioplasty 

and/or stenting of the extracranial carotid or vertebral arteries in unselected patients 

to be unestablished. Additional randomized trial data are needed. 

 American Stroke Association/American College of Cardiology 

Foundation/American Heart Association/American Association of Neuroscience 

Nurses/American Association of Neurological Surgeons/American College of 

Radiology/American College of Radiology/American Society of 

Neuroradiology/Congress of Neurological Surgeons/Society of Atherosclerosis 

Imaging and Prevention/Society for Cardiovascular Angiography and 

Interventions/Society for Interventional Radiology/Society for 

NeuroInterventional Surgery/Society for Vascular Medicine/Society for Vascular 

Surgery, 2011: Guideline on the Management of Patients With Extracranial 

Carotid and Vertebral Artery Disease.
47

  Generally recommends CAS when 

conditions are not suitable for CEA, recommends against CAS in high-risk 

patients/conditions.  

 Society for Vascular Surgery, 2011: Updated Society for Vascular Surgery 

Guidelines for Management of Extracranial Carotid Disease. 
151

  Generally 

recommends CAS as secondary treatment to CEA or for high levels of stenosis. 

 Croatian Society of Neurovascular Disorders/Croatian Society of 

Neurology/Croatian Society of Ultrasound in Medicine and Biology/Croatian 

Society for Radiology/Croatian Society of Vascular Surgery/Croatian Society of 

Neurosurgery, 2010: Recommendations for the Management of Patients with 

Carotid Stenosis.
60

  Considers CAS investigational and recommends against CAS 

except in cases such as contraindications for CEA or inaccessible surgical site. 

 European Society for Vascular Surgery, 2008: Invasive Treatments for Carotid 

Stenosis: Indications, Techniques.
117

  Generally recommends CAS only if CEA 

has higher peri-procedural risk. 

 American Society of Interventional and Therapeutic Neuroradiology/American 

Society of Neuroradiology/Society of Interventional Radiology, 2003: Quality 

Improvement Guidelines for the Performance of Cervical Carotid Angioplasty 

and Stent Placement.
36

  Generally recommends CAS for severe, symptomatic 

stenosis especially when associated with other conditions that could complicate 

surgery, and recommends against CAS when associated with intracranial conditions 

or asymptomatic. 
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Intracranial CAS 

 

National Guideline Clearinghouse 

 American Society of Interventional and Therapeutic Neuroradiology/Society of 

Interventional Radiology/American Society of Neuroradiology, 2005: 

Intracranial Angioplasty & Stenting for Cerebral Atherosclerosis.
90

  Recommends 

CAS if medical therapy has failed. 

 Singapore Ministry of Health, 2009: Stroke and Transient Ischaemic Attacks 

Assessment, Investigation, Immediate Management and Secondary Prevention.
17

  

Recommends intracranial angioplasty with or without stenting as a treatment option 

for symptomatic patients who have >50% stenosis and who have failed medical 

therapy. 

 

Professional Societies/Other  

 American Heart Association/American Stroke Association, 2011: Guidelines for 

the Prevention of Stroke in Patients with Stroke or Transient Ischemic Attack. 
73

  

Considers the usefulness of angioplasty and/or stent placement for symptomatic 

stenosis (50%–99%) of a major intracranial artery unknown and investigational. 

 American Heart Association/American Stroke Association, 2013: Guidelines for 

the Early Management of Patients With Acute Ischemic Stroke: A Guideline for 

Healthcare Professionals.
100

 Considers the usefulness of emergent intracranial 

angioplasty and/or stenting to be unestablished. These procedures should be used in 

the setting of clinical trials only. 

 

 

Table 1.  Clinical Practice Guidelines for Extracranial Carotid Artery Stenosis 

Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

National Guideline Clearinghouse 

Canadian Stroke 

Strategy 

 

Canadian Best 

Practice 

Recommendations 

for Stroke Care 

(2010) 

Through 

6/30/10 

CAS for 

symptomatic and 

asymptomatic 

carotid artery 

stenosis 

4 RCTs 

(CREST, EVA-

3S, SPACE, 

ICSS)  

CAS may be considered for 

patients who are not operative 

candidates for technical, 

anatomic or medical reasons. 

Interventionalists should have 

expertise in carotid 

procedures and an expected 

risk of peri-procedural 

morbidity and mortality rate 

of less than 5%. 

NR A 

CEA is more appropriate than 

CAS for patients >70 who are 

otherwise fit for surgery 

because stenting carries a 

higher short-term risk of 

stroke and death. 

NR A 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

CAS may be considered in 

asymptomatic or remotely 

symptomatic patients (60-99% 

carotid stenosis, >3 months) 

who are not operative 

candidates for technical, 

anatomic or medical reasons 

provided there is a <3 percent 

risk of peri-procedural 

morbidity and mortality. 

NR A 

National Stroke 

Foundation 

Clinical Guidelines 

for Stroke 

Management (2010) 

Through 

2/19/10 

CAS for carotid 

artery stenosis 

1 Cochrane 

review; 

 

1 RCT (SPACE) 

CAS should NOT routinely be 

undertaken for patients with 

carotid stenosis. 

A NR 

While stenting is not routinely 

recommended it may be 

considered as an alternative in 

certain circumstances, that is 

in patients who meet criteria 

for CEA but are deemed 

unsuitable due to conditions 

that make them technically 

unsuitable for open surgery 

(e.g. high carotid bifurcation, 

symptomatic carotid 

restenosis, previous neck 

radiotherapy, possible medical 

co-morbidities, or age >80y). 

NR NR 

Singapore Ministry 

of Health 

 

Stroke and 

Transient Ischaemic 

Attacks. 

Assessment, 

Investigation, 

Immediate 

Management and 

Secondary 

Prevention (2009) 

NR CAS for 

symptomatic and 

asymptomatic 

extracranial 

carotid artery 

stenosis 

1 RCT 

(SAPPHIRE); 

 

 

Carotid artery stenting may be 

considered in patients who are 

not suitable for carotid 

endarterectomy. 

A 1++ 

Scottish 

Intercollegiate 

Guidelines Network 

 

Management of 

Patients with Stroke 

or TIA: Assessment, 

Investigation, 

Immediate 

Management and 

Secondary 

2000 to 

2007 

Carotid 

angioplasty and 

CAS and 

endovascular 

stenting for 

carotid artery 

stenosis and 

extracranial 

cervical arterial 

dissection 

1 Cochrane 

review;  

 

2 case series 

Carotid angioplasty and 

stenting is not recommended 

without ongoing randomized 

controlled trials. Angioplasty 

and stenting may be 

considered for patients with 

high risk of stroke recurrence 

and a “hostile surgical neck” 

(for example, previous radical 

neck dissection or 

radiotherapy) 

A NR 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

Prevention. A 

National Clinical 

Guideline (2008) 

Endovascular stenting is not 

routinely recommended for 

extracranial cervical arterial 

dissection or cervical artery 

pseudo-aneurysms. Stenting 

may be considered if recurrent 

ischaemic events occur 

despite medical therapy or 

where traumatic dissection 

has occurred with a high risk 

of stroke. 

D NR 

Catalan Agency for 

Health Information, 

Assessment and 

Quality 

 

Clinical Practice 

Guideline for 

Primary and 

Secondary 

Prevention of Stroke 

(2008) 

 

 

Through 

9/07 

CAS for 

symptomatic or 

asymptomatic 

carotid artery 

stenosis 

1 systematic 

review of RCTs 

Asymptomatic and 

symptomatic patients: The use 

of endovascular techniques 

with stent implantation should 

be individualized in patients 

with high surgical risk, in 

cases where there are 

technical difficulties for the 

performance of a CEA or 

within the context of a clinical 

trial. 

B 1+ 

National Institute for Healthcare and Excellence (NICE)       

National Institute 

for Health and 

Clinical Excellence 

 

Diagnosis and 

Initial Management 

of Acute Stroke and 

Transient Ischaemic 

Attack (TIA) 

(2008) 

NR CAS for 

symptomatic 

carotid artery 

stenosis  

NR No basis was found for CAS. NR NR 

National Institute 

for Health and 

Clinical Excellence 

 

Carotid artery stent 

placement for 

symptomatic 

extracranial carotid 

stenosis (2011) 

8/28/10 

to 

1/06/11 

CAS for 

symptomatic 

carotid artery 

stenosis 

NR Current evidence on the safety 

and efficacy of carotid artery 

stent placement for 

symptomatic extracranial 

carotid stenosis is adequate to 

support the use of this 

procedure provided that 

normal arrangements are in 

place for clinical governance 

and audit or research. 

NR NR 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

National Institute 

for Health and 

Clinical Excellence 

 

Carotid artery stent 

placement for 

asymptomatic 

extracranial carotid 

stenosis (2011) 

8/28/10 

to 

1/06/11 

CAS for 

asymptomatic 

carotid artery 

stenosis 

NR Current evidence on the safety 

of carotid artery stent 

placement for asymptomatic 

extracranial carotid stenosis 

shows well documented risks, 

in particular the risk of stroke. 

The evidence on efficacy is 

inadequate in quantity. 

Therefore this procedure 

should only be used with 

special arrangements for 

clinical governance, consent 

and audit or research. 

NR NR 

Other sources             

American Heart 

Association/ 

American Stroke 

Association 

 

Guidelines for the 

Prevention of Stroke 

in Patients With 

Stroke or Transient 

Ischemic Attack 

(2011) 

Through 

7/09 

CAS for 

symptomatic 

carotid artery 

stenosis 

5 RCTs 

(CAVATAS, 

SAPPHIRE, 

EVA-3S, 

SPACE, 

CREST) 

 

CAS is indicated as an 

alternative to CEA for 

symptomatic patients at 

average or low risk of 

complications associated with 

endovascular intervention 

when the diameter of the 

lumen of the internal carotid 

artery is reduced by >70% by 

noninvasive imaging or >50% 

by catheter angiography.  

I B 

CAS in the below setting (see 

Class IIb Recommendations) 

is reasonable when performed 

by operators with established 

peri-procedural morbidity and 

mortality rates of 4% to 6%, 

similar to those observed in 

trials of CEA and CAS.  

IIa B 

Among patients with 

symptomatic severe stenosis 

(>70%) in whom the stenosis 

is difficult to access 

surgically, medical conditions 

are present that greatly 

increase the risk for surgery, 

or when other specific 

circumstances exist, such as 

radiation induced stenosis or 

restenosis after CEA, CAS 

may be considered.  

IIb B 

When the degree of stenosis is 

<50%, there is no indication 

for carotid revascularization 

by either CEA or CAS. 

III A 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

American Heart 

Association/ 

American Stroke 

Association 

 

Guidelines for the 

Primary Prevention 

of Stroke (2011) 

12/06 to 

4/09 

CAS for 

asymptomatic 

carotid stenosis 

2 RCTs 

(SAPPHIRE, 

CREST) 

 

1 non-

randomized trial 

(CaRESS), 

Registries (NR) 

Prophylactic carotid artery 

stenting might be considered 

in highly selected patients 

with an asymptomatic carotid 

stenosis (>60% on 

angiography, >70% on 

validated Doppler 

ultrasonography, or >80% on 

computed tomographic 

angiography or MRA if the 

stenosis on ultrasonography 

was 50% to 69%). The 

advantage of revascularization 

over current medical therapy 

alone is not well established. 

IIb B 

The usefulness of CAS as an 

alternative to CEA in 

asymptomatic patients at high 

risk for the surgical procedure 

is uncertain 

IIb C 

American Heart 

Association/ 

American Stroke 

Association 

 

Guidelines for the 

Early Management 

of Patients With 

Acute Ischemic 

Stroke: A Guideline 

for Healthcare 

Professionals From 

the American Heart 

Association/ 

American Stroke 

Association (2013) 

NR Emergent 

angioplasty 

and/or stenting 

of the extracranial 

carotid or 

vertebral arteries 

8 retrospective 

case-series  

The usefulness of emergent 

angioplasty and/or stenting 

of the extracranial carotid or 

vertebral arteries in 

unselected patients is not well 

established 

IIb C 

Use of these techniques may 

be considered in certain 

circumstances, such as in the 

treatment of acute ischemic 

stroke resulting from cervical 

atherosclerosis or dissection. 

Additional randomized trial 

data are needed. 

IIb C 

American College 

of Cardiology 

Foundation/ 

American Heart 

Association Task 

Force on Practice 

Guidelines, and the 

American Stroke 

Association, 

American 

Association of 

Neuroscience 

Nurses, American 

Association of 

Neurological 

Surgeons, American 

Through 

05/10 

Carotid artery 

balloon 

angioplasty and 

CAS for 

symptomatic 

extracranial 

carotid disease 

5 RCTs 

(CREST, 

SAPPHIRE, 

EVA-3S, 

SPACE, ICSS) 

CAS is indicated as an 

alternative to CEA for 

symptomatic patients at 

average or low risk of 

complications associated with 

endovascular intervention 

when diameter of lumen of 

internal carotid artery is 

reduced by >70% as 

documented by noninvasive 

imaging or >50% as 

documented by catheter 

angiography and anticipated 

rate of peri-procedural stroke 

or mortality is <6%. 

I B 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

College of 

Radiology, 

American Society of 

Neuroradiology, 

Congress of 

Neurological 

Surgeons, Society 

of Atherosclerosis 

Imaging and 

Prevention, Society 

for Cardiovascular 

Angiography and 

Interventions, 

Society of 

Interventional 

Radiology, Society 

of Neuro-

Interventional 

Surgery, Society for 

Vascular Medicine, 

and Society for 

Vascular Surgery 

(2011) 

 

It is reasonable to choose 

CEA over CAS when 

revascularization is indicated 

in older patients, particularly 

when arterial pathoanatomy is 

unfavorable for endovascular 

intervention. 

IIa B 

It is reasonable to choose 

CAS over CEA when 

revascularization is indicated 

in patients with neck anatomy 

unfavorable for arterial 

surgery. 

IIa B 

Prophylactic CAS might be 

considered in highly selected 

patients with asymptomatic 

carotid stenosis (minimum 

60% by angiography, 70% by 

validated Doppler ultrasound), 

but its effectiveness compared 

with medical therapy alone in 

this situation is not well 

established. 

IIb B 

In symptomatic or 

asymptomatic patients at high 

risk of complications for 

carotid revascularization by 

either CEA or CAS because 

of comorbidities, 

effectiveness of 

revascularization versus 

medical therapy alone is not 

well established. 

IIb B 

Except in extraordinary 

circumstances, carotid 

revascularization by either 

CEA or CAS is not 

recommended when 

atherosclerosis narrows lumen 

by <50%. 

III A 

Carotid revascularization is 

not recommended for patients 

with chronic total occlusion of 

targeted carotid artery.  

III C 

Carotid revascularization is 

not recommended for patients 

with severe disability caused 

by cerebral infarction that 

precludes preservation of 

useful function.  

III C 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

Society for Vascular 

Surgery 

 

Updated Society for 

Vascular Surgery 

Guidelines for 

Management of 

Extracranial Carotid 

Disease (2011) 

NR Carotid artery 

balloon 

angioplasty and 

CAS for 

symptomatic 

extracranial 

carotid disease 

4 RCTs 

(CREST, 

SAPPHIRE, 

EVA-3S, 

SPACE1); 

 

2 non-

randomized 

trials (CaRESS, 

ICSS) 

For neurologically 

symptomatic patients with 

stenosis <50% or 

asymptomatic patients with 

stenosis <60% diameter 

reduction, optimal medical 

therapy is indicated. There are 

no data to support CAS or 

CEA in this patient group. 

I B 

In most patients with carotid 

stenosis who are candidates 

for intervention, CEA is 

preferred to CAS for 

reduction of all-cause stroke 

and peri-procedural death. 

Data from CREST suggest 

that patients aged <70 years 

may be better treated by CAS, 

but these data need further 

confirmation. 

I B 

CEA is preferred over CAS in 

patients aged >70 years of 

age, with long (>15-mm) 

lesions, preocclusive stenosis, 

or lipid-rich plaques that can 

be completely removed safely 

by a cervical incision in 

patients who have a virgin, 

nonradiated neck.  

I A 

Neurologically asymptomatic 

patients deemed “high risk” 

for CEA should be considered 

for primary medical 

management. CEA can be 

considered in these patients 

only with evidence that 

perioperative morbidity and 

mortality is <3%. CAS should 

not be performed in these 

patients except as part of an 

ongoing clinical trial. 

I B 

 CAS is preferred over CEA 

in symptomatic patients with 

≥50% stenosis and tracheal 

stoma, situations where local 

tissues are scarred and fibrotic 

from prior ipsilateral surgery 

or external beam radiotherapy, 

prior cranial nerve injury, and 

lesions that extend proximal 

to the clavicle or distal to the 

C2 vertebral body. CEA may 

be preferable in situations 

where ipsilateral tissue planes 

remain relatively intact. 

II B 



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 86 Page 86 

Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

CAS is preferred over CEA in 

symptomatic patients with 

≥50% stenosis and severe 

uncorrectable CAD, 

congestive heart failure, or 

chronic obstructive pulmonary 

disease. 

II C 

There are insufficient data to 

recommend CAS as primary 

therapy for neurologically 

asymptomatic patients with 

70% to 99% diameter 

stenosis. Data from CREST 

suggest that in properly 

selected asymptomatic 

patients, CAS is equivalent to 

CEA in the hands of 

experienced interventionalists. 

Operators and institutions 

performing CAS must exhibit 

expertise sufficient to meet 

the previously established 

AHA guidelines for treatment 

of patients with asymptomatic 

carotid stenosis. Specifically, 

combined stroke and death 

rate must be <3% to ensure 

benefit for the patient. 

II B 

Croatian Society of 

Neurovascular 

Disorders/ 

Croatian Society of 

Neurology/ 

Croatian Society of 

Ultrasound in 

Medicine and 

Biology/Croatian 

Society for 

Radiology/ 

Croatian Society of 

Vascular 

Surgery/Croatian 

Society of 

Neurosurgery 

 

Recommendations 

for the Management 

of Patients with 

Carotid Stenosis 

NR CAS for carotid 

artery stenosis 

and intracranial 

artery stenosis 

6 RCTs 

(CREST, 

SAPPHIRE, 

CAVATAS, 

SPACE, ICSS, 

EVA-3S); 

 

3 registry 

studies 

(ARCHeR, 

EXACT, 

CAPTURE) 

Carotid percutaneous 

transluminal angioplasty and 

stenting (CAS) is 

recommended in selected 

patients. 

I A 

For patients with 

hemodynamically significant 

intracranial stenosis that have 

symptoms despite medical 

therapies (antithrombotics, 

statins, and other treatments 

for risk factors), the 

usefulness of endovascular 

therapy (angioplasty and/or 

stent placement) is uncertain 

and is considered 

investigational. 

II C 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

(2010) CAS should be restricted to 

the following subgroups of 

patients with severe 

symptomatic carotid artery 

stenosis: those with 

contraindications for CEA, 

stenosis at a surgically 

inaccessible site, restenosis 

after earlier CEA, and post-

radiation stenosis. 

IV GCP 

Carotid angioplasty, with or 

without stenting, is not 

recommended for patients 

with asymptomatic carotid 

stenosis. 

IV GCP 

European Society 

for Vascular 

Surgery 

 

Invasive Treatments 

for Carotid Stenosis: 

Indications, 

Techniques  (2009) 

NR CAS for 

symptomatic and 

asymptomatic 

carotid artery 

stenosis 

11 RCTs 

(CAVATAS, 

Kentucky, 

Leicester, 

Wallstent, 

SAPPHIRE, 

EVA-3S, 

SPACE, 

BACASS, 

ARCHeR, 

NASCET, 

ACAS) 

CAS should be offered to 

symptomatic patients, if they 

are at high risk for CEA, in 

high-volume centers with 

documented low peri-

procedural stroke and death 

rates or inside an RCT. 

C NR 

It is advisable to offer CAS in 

asymptomatic patients only in 

high-volume centers with 

documented low peri-

procedural stroke and death 

rates or within well-conducted 

clinical trials. 

C NR 

CAS should not be offered to 

asymptomatic ‘high-risk’ 

patients if the peri-

interventional complication 

rate is >3%. 

C NR 

CAS is indicated in case of 

contralateral laryngeal nerve 

palsy, previous radical neck 

dissection, cervical 

irradiation, with prior CEA 

(restenosis), with high 

bifurcation or intracranial 

extension of a carotid lesion, 

provided that the peri-

interventional stroke or death 

rate is higher than that 

accepted for CEA. 

C NR 

CAS is not advisable in 

patients with extensive aortic 

and supra-aortic vessel 

plaques, calcification and 

tortuosity, unless performed in 

high-volume centers with 

documented low peri-

procedural stroke and death 

rate. 

C NR 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

American Society of 

Interventional and 

Therapeutic 

Neuroradiology/ 

American Society of 

Neuroradiology/ 

Society of 

Interventional 

Radiology 

 

Quality 

Improvement 

Guidelines for the 

Performance of 

Cervical Carotid 

Angioplasty and 

Stent Placement 

(2003) 

NR Cervical carotid 

angioplasty and 

CAS for carotid 

artery stenosis 

3 RCTs 

(CAVATAS,  

WALLSTENT, 

SAPPHIRE); 

 

1 other 

randomized trial 

Indications for CAS: 

• Symptomatic, severe 

stenosis surgically difficult to 

access (e.g., high bifurcation 

requiring mandibular 

dislocation). 

• Symptomatic, severe 

stenosis in a patient with 

significant medical disease 

that would make the patient 

high risk for surgery. 

• Symptomatic severe stenosis 

and one of the following 

conditions: 

a. Significant tandem lesion 

that may require endovascular 

therapy 

b. Radiation-induced stenosis 

c. Restenosis after CEA 

d. Refusal to undergo CEA 

after proper informed consent 

e. Stenosis secondary to 

arterial dissection 

f. Stenosis secondary to 

fibromuscular dysplasia 

g. Stenosis secondary to 

Takayasu arteritis  

• Severe stenosis associated 

with contralateral carotid 

artery occlusion requiring 

treatment before undergoing 

cardiac surgery. 

• Severe underlying carotid 

artery stenosis revealed after 

recanalization of carotid 

occlusion after thrombolysis 

for acute stroke (presumed to 

be the etiology of the treated 

occlusion) or to enable 

thrombolysis for acute stroke. 

• Pseudoaneurysm. 

• Asymptomatic preocclusive 

lesion in a patient otherwise 

meeting first three criteria. 

NR NR 

Relative Contraindications: 

• Asymptomatic stenosis of 

any degree, except in 

particular circumstances, as 

described above. 

• Symptomatic stenosis 

associated with an intracranial 

vascular malformation. 

• Symptomatic stenosis in a 

patient with a subacute 

cerebral infarction. 

• Symptomatic stenosis in a 

patient with a significant 

contraindication to 

NR NR 
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Organization(s) 

 

Title (Year) 

Search 

dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence 

angiography. 

Absolute Contraindications: 

• Carotid stenosis with 

angiographically visible 

intraluminal thrombus. 

• A stenosis that cannot be 

safely reached or crossed by 

an endovascular approach. 

NR NR 

 

Abbreviations: ARCHeR: ACCULINK for Revascularization of Carotids in High Risk Patients; ACAS: 

Asymptomatic Carotid Atherosclerosis Study; BACASS: Basel Carotid Artery Stenting Study; CAPTURE: Carotid 

ACCULINK/ACCUNET Post Approval Trial to Uncover Unanticipated or Rare Events; CaRESS: 

Carotid Revascularization Using Endarterectomy or Stenting Systems 

CAS: carotid artery stenting; CAVATAS: Carotid And Vertebral Artery Transluminal Angioplasty Study; CEA: 

carotid endarterectomy; CREST: Carotid Revascularization Endarterectomy versus Stenting Trial; EVA-3S: 

Endarterectomy versus Angioplasty in patients with Severe carotid Stenosis Study; EXACT: Emboshield and Xact 

Post Approval Carotid Stent Trial; ICSS: International Carotid Stenting Study; NASCET: North American 

Symptomatic Carotid Endarterectomy Trial; NR: not reported; RCT: randomized controlled trial; SAPPHIRE: 

Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE: Stent-Protected 

Angioplasty versus Carotid Endarterectomy; SSYLVIA: Stenting of symptomatic atherosclerotic lesions in the 

vertebral or intracranial arteries 
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Table 2.  Clinical Practice Guidelines for Intracranial Carotid Artery Stenosis 

Organization(s) 
Literature 

search dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence  

National Guideline Clearinghouse         

American Society 

of Interventional 

and Therapeutic 

Neuroradiology/So

ciety of 

Interventional 

Radiology/ 

American Society 

of Neuroradiology 

 

Intracranial 

Angioplasty & 

Stenting for 

Cerebral 

Atherosclerosis 

(2005) 

NR Intracranial 

CAS and 

angioplasty for 

asymptomatic 

and 

symptomatic 

intracranial 

artery stenosis  

1 non-

randomized, 

multicenter 

trial 

(SSYLVIA); 

 

1 prospective, 

multicenter 

single-arm trial 

(WINGSPAN) 

For symptomatic patients with 

a >50% intracranial stenosis 

who have failed medical 

therapy, balloon angioplasty 

with or without stenting 

should be considered. 

NR NR 

Patients who have an 

asymptomatic intracranial 

arterial stenosis should first be 

counseled regarding 

optimizing medical therapy. 

There is insufficient evidence 

to make definitive 

recommendations regarding 

endovascular therapy in 

asymptomatic patients with 

severe intracranial 

atherosclerosis. They should 

be counseled regarding the 

nature and extent of their 

disease, monitored for new 

neurological symptoms, and 

have periodic non-invasive 

imaging at regular intervals of 

6–12 months (magnetic 

resonance angiography or 

computed tomographic 

angiography) initially, and 

then by cerebral angiography 

if warranted. At a minimum, 

optimal prophylactic medical 

therapy should be instituted, 

which might include 

antiplatelet and/or statin 

therapy. 

NR NR 

Continued evaluation and 

improvements in both 

pharmacological and catheter-

based therapies are needed to 

reduce the stroke burden from 

intracranial atherosclerosis. 

NR NR 

Singapore Ministry 

of Health 

 

Stroke and 

Transient 

Ischaemic Attacks. 

Assessment, 

Investigation, 

NR Intracranial 

angioplasty 

with or without 

stenting 

1 non-

randomized 

multicenter 

trial 

(SSYLVIA); 

 

1 prospective 

multicenter 

Intracranial angioplasty with 

or without stenting may be 

considered as a treatment 

option for symptomatic 

patients who have >50% 

stenosis and who have failed 

medical therapy. 

C 2+ 
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Organization(s) 
Literature 

search dates 

Procedure(s) 

evaluated 

Evidence base 

available 
Recommendations 

Class/ Grade of 

Recommendation 

Level of 

Evidence  

Immediate 

Management and 

Secondary 

Prevention (2009)  

single-arm trial 

(WINGSPAN) 

Other Sources 

American Heart 

Association/ 

American Stroke 

Association 

 

Guidelines for the 

Prevention of 

Stroke in Patients 

With Stroke or 

Transient Ischemic 

Attack (2011) 

Through 

7/2009 

Intracranial 

angioplasty 

with or without 

stenting 

NIH Wingspan 

Registry; 10 

case series 

For patients with stroke or 

TIA due to 50% to 99% 

stenosis of a major 

intracranial artery, the 

usefulness of angioplasty 

and/or stent placement is 

unknown and is considered 

investigational.  

IIb C 

American Heart 

Association/ 

American Stroke 

Association 

 

Guidelines for the 

Early Management 

of Patients With 

Acute Ischemic 

Stroke: A 

Guideline for 

Healthcare 

Professionals From 

the American 

Heart Association/ 

American Stroke 

Association (2013) 

NR Emergent 

intracranial 

angioplasty 

with or without 

stenting 

3 case-series 

(including 1 

non-

randomized 

single-center 

trial, the 

SARIS study) 

The usefulness of emergent 

intracranial angioplasty and/or 

stenting is not well 

established. These procedures 

should be used in the setting 

of clinical trials 

IIb C 

Abbreviations: ARCHeR: ACCULINK for Revascularization of Carotids in High Risk Patients; ACAS: 

Asymptomatic Carotid Atherosclerosis Study; BACASS: Basel Carotid Artery Stenting Study; CAPTURE: Carotid 

ACCULINK/ACCUNET Post Approval Trial to Uncover Unanticipated or Rare Events; CaRESS: 

Carotid Revascularization Using Endarterectomy or Stenting Systems 

CAS: carotid artery stenting; CAVATAS: Carotid And Vertebral Artery Transluminal Angioplasty Study; CEA: 

carotid endarterectomy; CREST: Carotid Revascularization Endarterectomy versus Stenting Trial; EVA-3S: 

Endarterectomy versus Angioplasty in patients with Severe carotid Stenosis Study; EXACT: Emboshield and Xact 

Post Approval Carotid Stent Trial; ICSS: International Carotid Stenting Study; NASCET: North American 

Symptomatic Carotid Endarterectomy Trial; NR: not reported; RCT: randomized controlled trial; SAPPHIRE: 

Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE: Stent-Protected 

Angioplasty versus Carotid Endarterectomy; SSYLVIA: Stenting of symptomatic atherosclerotic lesions in the 

vertebral or intracranial arteries 
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2.8.   Previous Systematic Reviews/Technology Assessments 

Previous health technology assessments 

 

Eight prior Health Technology Assessments (HTAs) have evaluated the safety and/or 

efficacy of CAS compared with CEA for treatment of carotid artery disease (Table 3). 

Overall, for periprocedural  (≤30 days) outcomes, the results from prior HTAs suggest that 

individuals undergoing CAS tend to have a higher risk of stroke and death, a lower risk of 

periprocedural (≤ 30 days) MI and cranial nerve palsy, and a similar risk of bleeding 

complications compared to CEA patients. For long-term (>30 day) outcomes, differences in 

risks of stroke, death and MI between individuals undergoing CAS and CEA were 

attenuated. These findings were largely consistent among HTAs evaluating the safety and 

efficacy for asymptomatic and symptomatic patients separately; although data among 

asymptomatic patients is lacking. Table 3 provides an overview of previous health 

technology assessments.   

 

Previous systematic reviews 

 

Four systematic reviews (SRs)
41,74,121,138

 and eight meta-analyses
30,34,38,64,86,154,156,184

 have 

evaluated the safety and/or efficacy of CAS compared with CEA for treatment of carotid 

artery disease. These prior reviews primarily evaluate on the same set of RCTs comparing 

CAS with CEA. Overall, for periprocedural  (≤30 days) outcomes, the results of prior SRs 

and meta-analyses suggest that individuals undergoing CAS tend to have a higher risk of 

stroke, death, stroke or death, or disabling stroke or death, but a lower risk of MI and cranial 

nerve injury, and similar risk of death, hematoma compared to individuals undergoing CEA.  

Only 3 prior SRs/meta-analyses evaluated long-term (>30 day) outcomes,
41,64,156

 which 

indicate that the differences in risks of stroke and death between individuals undergoing CAS 

and CEA were attenuated. Two prior SRs/met-analyses evaluated the safety and efficacy for 

asymptomatic and symptomatic patients separately and the results were largely 

consistent
30,41

; although data among asymptomatic patients is lacking. Several SR’s/meta-

analyses also suggest that the increased risk of stroke for CAS may be limited to older 

patients,
41,64,74

 and that CAS may also increase risk of restenosis.
30,41

  Table 4 provides an 

overview of previous systematic reviews.   
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Table 3.  Overview of previous health technology assessments of treatments for carotid 

artery stenosis 

Assessment 

(year) 

Lit 

search 

dates 

Focus/ 

procedure(s) 

evaluated Key Questions Evidence base Conclusion 

Agency for 

Healthcare 

Research 

and Quality 

(AHRQ) 

(2012) 

 

 

 

from 

inception 
through 

May 

2012. 

Adults with 

asymptomatic 
carotid artery 

stenosis. Lesions: 

atherosclerotic 
narrowing of the 

lumen of the 

carotid bifurcation 
or the extracranial 

part of the internal 

carotid artery 
between 50 to 99 

percent. 

 
Medical therapy 

alone, CEA and 

medical therapy 
compared with 

medical therapy 

alone, CAS and 
medical therapy 

compared with 

medical therapy 
alone, and CAS 

and medical 

therapy compared 
with CEA and 

medical therapy 

1. In asymptomatic patients with carotid 

artery stenosis, what is the evidence on 
long-term clinical outcomes (at least 

12 months of follow-up) including 

stroke, death, MI, and other 
cardiovascular events the following 

interventions?  

a. Medical therapy alone  
b. CEA and medical therapy versus 

medical therapy alone  

c. CAS and medical therapy versus 
medical therapy alone  

d. CAS and medical therapy versus 

CEA and medical therapy  
 

2. Among comparative studies (CEA and 

medical therapy versus medical 
therapy alone, CAS and medical 

therapy versus medical therapy alone, 

CAS and medical therapy versus CEA 
and medical therapy), what is the 

impact of the following patient, 

intervention, and study characteristics 
on treatment effect?  

• Demographic and other baseline 

features including the assessment 
the applicability of studies to 

patients ≥ 65 years with 

asymptomatic carotid artery 
stenosis, subgroup of patients ≥ 

80 years, and sex  

• Clinical and anatomic features of 
carotid artery stenosis  

• Average or high risk for CEA due 

to comorbid diseases  
• Types of stents used and use of 

embolic protection devices  

• Concurrent and postoperative 
treatments  

• Length of follow-up  

• Methodological quality of studies  
3. Among comparative studies (CEA and 

medical therapy versus medical 
therapy alone; CAS and medical 

therapy versus medical therapy alone; 

CAS and medical therapy versus CEA 
and medical therapy), what is the 

evidence on adverse events and 

complications during the 
periprocedural period?  

 60 eligible studies/68 articles  

 
 Medical therapy alone: 41 

studies  met inclusion 

criteria (nine quality-A, 14 
quality-B, and 18 quality-C 

studies) 

 CEA + medical therapy vs. 

medical therapy alone : 

three RCTs  (quality-A) and 

seven nonrandomized 
comparative studies (2 

quality B, 5 quality C) 

 CAS and medical therapy 

vs. medical therapy alone: 

two nonrandomized 

controlled trials (one quality 
B, one quality C) 

 CAS + medical therapy vs. 

CEA + medical therapy: 
three RCTs (CREST, 

SAPPHIRE and Kentucky 

(Brooks) 2004) (one quality-
A and two quality-B), eight 

nonrandomized comparative 

studies (one quality B, seven 
quality C), and two registries 

(quality C) 

 The summary incidence rate of 

quality-A and -B studies of 
medical therapy alone was 1.59 

percent per year of follow-up  It 

significantly decreased in recent 
studies (recruitment closure year 

between 2000 and 2010) 

compared with older studies, 
recruitment closure year before 

2000 (1.1 versus 2.3 percent per 

year of follow-up). 
 Medical therapy: Moderate 

strength of evidence among 20 

quality-A and -B studies that 
medical therapy alone can reduce 

the incidence rate of ipsilateral 

stroke over time in patients with 
asymptomatic carotid stenosis. 
Incidence rates of ipsilateral 

stroke, ipsilateral stroke or TIA, 
any territory stroke, and death 

significantly decreased between 

2000 and 2010 as compared with 
older studies (those with 

recruitment closure year before 

2000). In contrast, inclusion of 
all studies regardless of their 

methodological quality resulted 

in reduction of incidence rates of 
ipsilateral stroke and ipsilateral 

stroke or TIA, but not for any 

territory stroke or death.  

 CEA + medical therapy vs. 

medical therapy alone: 

Moderate strength of evidence 
from 3 quality A RCTs, that 

CEA and medical therapy can 

reduce the risk of ipsilateral 
stroke as compared with medical 

therapy alone, but their results 

may not be applicable to 
contemporary clinical practice. 

There were no differences 
between the two treatment 

groups for the risk of any death, 

fatal stroke, or CVD death based 
on meta-analysis. Adverse Events 

- Moderate evidence (results 

may not translate to 

contemporary clinical practice) 

of an increased risk of adverse 
events including any stroke, 

death, or MI with CEA and 

medical therapy as compared 
with medical therapy alone 

 

 CAS and medical therapy vs. 

medical therapy alone: The 

strength of evidence was graded 

as insufficient because of a lack 
of RCTs for both efficacy and 

adverse events. 
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 CAS and medical therapy 

versus CEA and medical 

therapy: The strength of 

evidence was graded as 
insufficient because in these 

trials, the included populations 

had extreme clinical 
heterogeneity. No statistically 

significant differences in the risk 

of ipsilateral stroke or the risk of 
the composite endpoint of 

ipsilateral stroke were found 

between CAS and CEA in two 
RCTs. Adverse Events- Strength 

of evidence insufficient due to 

heterogeneity and point 
estimates in opposite directions. 

No statistical differences in risk 

of periprocedural events between 
interventions 

 

 Subgroup analysis: The 
strength of evidence is graded as 

insufficient for all comparisons.  

Blue Cross 

Blue Shield 

(BCBS) 

Technology 

Evaluation 

Center 

(2012) 

1994-May 
2010 

CAS with EPD 
alone and 

compared 

to CEA and best 
medical therapy in 

patients with 

carotid artery 
stenosis 

 

Does CAS with 
EPD meet the 

BCBS Association 

TEC criteria to 
reduce stroke risk 

from symptomatic 

or asymptomatic 
carotid stenosis? 

 

Combines studies 
of symptomatic 

and asymptomatic  

1. Is the periprocedural death/stroke rate 
with CAS < 3% for asymptomatic and 

< 6% for symptomatic patients? 

2. For those subgroups defined by a) 
medical comorbidities or b) 

unfavorable anatomy, are 

periprocedural death/stroke rate with 
CAS < 3% for asymptomatic and < 

6% for symptomatic patients? 

3. How do the benefits and harms of 
CAS, CEA, and best medical therapy 

compare? 

 5 RCTs (N = 2431 CAS; N 
= 2399 CEA): SAPPHIRE, 

SPACE, EVA-3S, ICSS, 

CREST 
 

 18 multicenter, prospective 

registries (including 1 
abstract, 1 FDA document, 

and 1 presentation) 

 In patients selected because of 
medical comorbidities and/or 

unfavorable anatomy, there is 

generalizable and applicable 
evidence that CAS is performed 

with periprocedural death/stroke 

rates exceeding 3% for 
asymptomatic and 6% for 

symptomatic patients and, 

therefore, not accompanied by 
net clinical benefit 

 In symptomatic patients not 

selected on the basis of medical 
comorbidities and/or unfavorable 

anatomy, results from 4 

randomized, controlled trials 
provide strong evidence that 

CAS should not be performed 

 In the single trial (CREST) 
enrolling asymptomatic patients, 

30-day death/stroke rates 

following CAS were higher than 
following CEA; moreover, 

lacking comparison of 

intervention with current best 
medical therapies makes 

conclusions regarding any 

intervention in asymptomatic 

carotid artery disease 

questionable 

California 

Technology 

Assessment 

Forum 

(CTAF) 

(2010) 

Prior 
search 

updated to 

include 
Jan 2009-

Sept 2010 

Update to 2009 
CTAF review on 

the efficacy of 

CAS compared 
with CEA (RCTs 

only) 

TA Criterion: 
1. Technology must have the appropriate 

regulatory approval 

2. Scientific evidence must permit 
conclusions concerning the 

effectiveness of the technology 

regarding health outcomes 
3. Technology must improve the net 

health outcomes 

4. Technology must be as beneficial as 
any established alternatives 

 5 RCTs (9 publications): 2 
new RCTs (ICSS, CREST), 

updates on 3 (CAVATAS, 

SPACE, SAPPHIRE)  

 Based on currently available 
publications, it is impossible to 

conclude that CAS improves the 

net health outcomes as much as 
or more than the established 

alternative of CEA for 

atherosclerotic carotid stenosis; 
in most of the RCT data, CEA 

outperformed CAS 
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5. The improvement must be attainable 

outside the investigational setting 

California 

Technology 

Assessment 

Forum 

(CTAF) 

(2009) 

Prior 
search 

updated to 

include 
Jan 2005-

May 2009 

Update to 2005 
CTAF review on 

the efficacy of 

CAS compared 
with CEA (RCTs 

only) 

Same as above  11 RCTs (29 publications): 6 
RCTs described in detail in 

2005 report (see below), 1 

RCT long-term follow-up 
(SAPPHIRE), 5 new RCTs 

(SPACE, EVA-3S, 

BACASS, TESCAS-C, 
Steinbauer 2008) 

 Based on currently available 
publications, it is impossible to 

conclude that CAS improves the 

net health outcomes as much as 
or more than the established 

alternative of CEA for 

atherosclerotic carotid stenosis 

California 

Technology 

Assessment 

Forum 

(CTAF) 

(2005) 

1966-

August 
2005 

Review the 

scientific evidence 
for the use of CAS 

for patients with 

carotid artery 

stenosis. 

Same as above  6 RCTs (Leicester, 

CAVATAS, WALLSTENT, 
Kentucky 2001/2004, 

SAPPHIRE) 

 

 6 non-randomized 

comparative trials (Jordan 

1997, Jordan 1998, Gray 
2002, CaRESS 2003/2005, 

Hobson 1999, AbuRahma 

2001) 
 

 25 case-series 

 Based on currently available 

publications, it is impossible to 
conclude that CAS improves the 

net health outcomes as much as 

or more than the established 

alternative of CEA for 

atherosclerotic carotid stenosis 

National 

Institute for 

Health and 

Clinical 

Excellence 

(NICE) 

(2010) 

-August 
28, 2010 

and 

updated to 
January 6, 

2011 

Treatment of 
asymptomatic 

extracranial 

carotid artery 
stenosis using 

CAS 

None stated.  Look at: 
 Efficacy (mortality, stroke, composite 

endpoints of stroke or death, arterial 

patency) 
 Safety (mortality, stroke, MI, 

composite endpoints of stroke or 

death, other) 

 2 meta-analyses (Meier 
2010, Ederle 2007) 

 

 2 RCTs (CREST, Kentucky 
2004) 

 

 2 nonrandomized controlled 
trials (Giles 2010, Giacovelli 

2010) 

 
 3 case-series 

 

 3 case reports 

 Current evidence on the safety of 
CAS placement for 

asymptomatic extracranial 

carotid stenosis shows well-
documented risks, in particular 

the risk of stroke. The evidence 

on efficacy is inadequate in 
quantity. Therefore this 

procedure should only be used 

with special arrangements for 
clinical governance, consent and 

audit or research. 

National 

Institute for 

Health and 

Clinical 

Excellence 

(NICE) 

(2010) 

-August 
28, 2010 

and 

updated to 
January 6, 

2011 

Treatment of 
symptomatic 

extracranial 

carotid artery 
stenosis using 

CAS 

None stated.  Look at: 
 Efficacy, > 30 days f/u (mortality, 

stroke, composite endpoints of stroke 

or death, arterial patency) 
 Safety (mortality, stroke and/or TIA, 

MI, composite endpoints of stroke or 

death, other) 

 2 meta-analyses (Meier 
2010, Bonati 2010) 

 

 4 RCTs (SPACE, EVA-3S, 
ICSS, CREST) 

 

 2 nonrandomized controlled 
studies (Giles 2010, 

Giacovelli 2010) 
 

 5 case-series 

 
 4 case reports 

 Current evidence on the safety 
and efficacy of CAS placement 

for symptomatic extracranial 

carotid stenosis is adequate to 
support the use of this procedure 

provided that normal 

arrangements are in place for 
clinical governance and audit or 

research 

 KCE 

(2005) 

January 

1998-

December 
2004 

Summarize the 

evidence of 

effectiveness and 
cost-effectiveness 

of CAS relative to 

CEA in patients 
suitable for 

surgery 

1. Is CAS superior to all other available 

strategies in certain well specified 

indications?  
2. Is there clinical equivalence between 

CAS and other available strategies in 

certain well specified indications, to 
warrant further experimentation? 

3. What are the conditions that are 

needed for a safe use of CAS? 

 2 RCTs (EVA-3S, 

SAPPHIRE) 

 
 4 nonrandomized 

(Becquemin 2003, Hobson 

2004, McKinlay 2003, 
Kastrup 2004) 

 

 Registry (Wholey 2003) 

 There is no convincing evidence 

that CAS is superior, inferior or 

non-inferior to CEA in well-
defined patient populations 

(absence of evidence) 

 CEA is the standard of treatment 
of carotid artery stenosis in well-

defined populations at high risk 

for stroke. This holds 
particularly for older patients. 

 CAS in asymptomatic patients 

should be discouraged 
 Studies from the United States 

found that initial hospital costs 

or charges for CAS (without 
cerebral protection) are higher 
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than for CEA 

 At equal effectiveness, the 
additional costs of devices make 

CAS less cost-effective 

compared to CEA. Stroke rate is 
the major determinant for the 

relative cost-effectiveness of 

CAS 

BACASS: Basel Carotid Artery Stenting Study; CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; 
CAVATAS: Carotid And Vertebral Artery Transluminal Angioplasty Study; CEA: carotid endarterectomy; CREST: Carotid Revascularization 

Endarterectomy versus Stenting Trial; CVD: cerebrovascular disease; EPD: embolic protection device; EVA-3S: Endarterectomy versus Angioplasty in 

patients with Severe carotid Stenosis Study; ICSS: International Carotid Stenting Study; KCE: Federaal Kenniscentrum voor de Gezondheidszorg (Belgium); 
MI: myocardial infarction; RCT: randomized controlled trial; SAPPHIRE: Stenting and Angioplasty with Protection in Patients at High Risk for 

Endarterectomy; SPACE: Stent-Protected Angioplasty versus Carotid Endarterectomy; TESCAS-C: Trial of Endarterectomy versus Stenting for the 

Treatment of Carotid Atherosclerotic Stenosis in China; TIA: transient ischemic attack. 

 

 

Table 4.  Overview of previous systematic reviews of treatments for carotid artery stenosis 

Review 

(year) 

Lit 

search 

dates 

Focus/procedure(s) 

evaluated Key Questions Evidence base Conclusion 

Liu (2012) 1990-

2010 

Systematic review 

and meta-analysis 

comparing CAS 
versus CEA in the 

treatment of carotid 

stenosis 

 Primary outcomes: death, 

stroke, and MI 

 13 RCTs (N = 3761 CAS; 

N = 3740 CEA): 

Leicester, WALLSTENT, 
Kentucky 2001, Kentucky 

2004, CAVATAS, 

SAPPHIRE, EVA-3S, 
SPACE, TESCAS-C, 

Steinbauer 2008, 

BACASS, ICSS, CREST 

 CAS is inferior to CEA with regard to 

the incidence of stroke or death for 

periprocedural outcomes, especially in 
symptomatic patients; however, CAS 

was associated with a lower incidence 

of MI 

Economopoulu
s (2011) 

January 1, 
1990-May 

21, 2010 

Meta-analysis of 
short-term and long-

term comparison 

between CEA and 
CAS synthesizing all 

available data coming 

from published RCTs 

 Short-term outcomes were the 
following: death, stroke, MI, 

death or stroke, death or 

ipsilateral stroke, death or 
disabling stroke, death or 

stroke or MI, and cranial 

nerve injury.  
 Long-term outcomes were the 

following: death, stroke, MI, 

death or stroke, death or 
ipsilateral stroke, death or 

disabling stroke, death or 
stroke or MI. 

 13 RCTs (20 
publications/abstracts, N 

= 3754 CAS; N = 3723 

CEA):  Leicester, 
Kentucky 2001, Kentucky 

2004, WALLSTENT, 

TESCAS-C, BACASS, 
EVA-3S, SAPPHIRE, 

SPACE, Steinbauer 2008, 

CAVATAS, ICSS, 
CREST  

 Significantly less frequent stroke 
events after CAE at long-term f/u 

 The outcomes of CAE seem superior 

to CAS, but there may be subgroups, 
particularly younger patients, in whom 

the results seem equivalent 

Guay (2011) July 2000-

July 2010 

Meta-analysis 

comparing CAS with 

CEA for the 
treatment of 

symptomatic or 

asymptomatic carotid 
artery stenosis in 

terms of stroke, MI, 

and death at 30 days 

 30 day stroke, MI, and death 

 symptomatic or 

nonsymptomatic 

 10 RCTs (N = 6950; 

CAVATAS, Leicester, 

Steinbauer 2008, 
SAPPHIRE, EVA-3S, 

CREST, ICSS, SPACE, 

Kentucky 2001, Kentucky 
2004) 

 Compared with CAS, CEA decreases 

the risk of stroke at 30 days, increases 

the risk of MI, and does not affect the 
risk of death. 

Murad (2011) 2008-July 

2010; 

previous 
review in 

2008 

included 
10 RCTs 

Systematic review 

and meta-analysis 

comparing efficacy 
and safety of CEA 

vs. CAS in patients 

with carotid artery 
disease 

 Death, nonfatal stroke, and 

nonfatal MI 

 symptomatic or 
nonsymptomatic 

 13 RCTs (N = 7484; 

Leicester, WALLSTENT, 

Kentucky 2001, Kentucky 
2004, CAVATAS, 

SAPPHIRE, EVA-3S, 

SPACE, TESCAS-C, 
BACASS, Steinbauer 

2008, CREST, ICSS) 

 Compared with CEA, CAS 

significantly increases the risk of any 

stroke and decreases the risk of MI 
 Outcome data in asymptomatic 

patients were sparse and imprecise; 

hence, these conclusions apply 
primarily to symptomatic patients 

Yavin (2011) 1948-July 

2010 

Meta-analysis 

comparing safety and 
efficacy of CEA 

versus CAS in the 

 Primary outcomes: 30-day 

periprocedural rate of stroke, 
death, and MI  

 Secondary outcomes: 30-day 

 12 RCTs (N = 6973; 

Leicester, Kentucky 2001, 
Kentucky 2004, 

WALLSTENT, 

 In comparison with CEA, CAS is 

associated with a greater odds of 
stroke and a lower odds of MI  

 While the results support the 
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search 
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treatment of carotid 

artery stenosis 

periprocedural rate of 

disabling stroke, stroke or 
death, or stroke, MI or death; 

incidences of restenosis, 

cranial neuropathy, and 
access-related hematoma 

SAPPHIRE, SPACE, 

TECAS-C, BACASS, 
EVA-3S, Steinbauer 

2008, ICSS, CREST) 

continued use of CEA as the standard 

of care in the treatment of carotid 
artery stenosis, CAS is a viable 

alternative in patients at elevated risk 

of cardiac complications 

Arya (2011) Not given Meta-analysis 

comparing the 30-day 

and long-term 
morbidity and 

mortality results of 

CEA compared to 
CAS 

 30-day risk of stroke and 

stroke/death 

 Long-term risk of stroke and 
restenosis 

 Subgroup analysis of 

symptomatic vs. 
asymptomatic patients 

 11 RCTs (N = 3631 CAS 

; N = 3596 CEA) used for 

primary analyses 
(Leicester, SPACE, ICSS, 

CREST, SAPPHIRE, 

CAVATAS, 
WALLSTENT, Leicester, 

Kentucky 2001, Kentucky 

2004, Link 2000) 
 

 5 prospective 

nonrandomized studies (N 
= 548 CAS; N = 991 

CEA) used only in 
secondary analyses 

(CaRESS 2005, 

Becquemin 2003, Endo 
2004, Roh 2005, Iihara 

2006) 

 The 30-day RR of stroke, stroke/death 

and long-term risk of stroke and 

restenosis are consistently higher for 
CAS 

 

 Data is lacking on risks in 
asymptomatic patients (with 1 

exception - Kentucky 2004 - no 

controlled trials have specifically 
addressed the asymptomatic 

population) 

Bangalore 

(2011) 

through 

June 2010 

Meta-analysis of the 

periprocedural and 
intermediate to long-

term benefits and 

harms of CAS 
compared with CEA 

 Periprocedural (≤ 30-day) 

outcomes: death, MI, or 
stroke; death or any stroke; 

any stroke; and MI 

 Intermediate to long-term 
outcomes: composite of 

periprocedural death, MI, or 

stroke plus ipsilateral stroke 
or death thereafter; 

periprocedural death or stroke 

plus ipsilateral stroke 
thereafter; death or any 

stroke; and any stroke 

 Other: cranial nerve injury; 
carotid restenosis 

 13 RCTs (N = 3754 CAS; 

N = 3723 CEA): 
WALLSTENT, 

BACASS, Kentucky 

2001, Kentucky 2004, 
CAVATAS, CREST, 

EVA-3S, ICSS, Leicester, 

SAPPHIRE, SPACE, 
Steinbauer 2008, 

TESCAS-C 

 CAS was associated with an increased 

risk of both periprocedural and 
intermediate to long-term outcomes, 

but with a reduction in periprocedural 

MI and cranial nerve injury 

Bonati (2012) 

 

Through 

January 
2011 

Systematic review 

and meta-analysis of 
the benefits and risks 

of CAS versus CEA 

or medical therapy in 
patients with 

symptomatic or 

asymptomatic carotid 
stenosis 

 Periprocedural (≤ 30-day) 

outcomes: death; stroke; 
ipsilateral stroke; death or 

stroke; fatal, major or 

disabling stroke; MI; cranial 
nerve palsy, access site 

hematoma 

 Intermediate to long-term 
outcomes: stroke; ipsilateral 

stroke; death or stroke; severe 

restenosis 

 16 Trials (N=7572) 

(EVA-3S 2004, 2006, 
CREST 2010, 

CAVATAS-CEA 2001, 

CAVATAS-MED 2009, 
WALLSTENT 2001, 

TESCAS-C 2006, 

BACASS 2008,ICSS 
2010,  Leicester 1998, 

Kentucky 2001, Kentucky 

2004, Regensburg 
(Steinbauer) 2008, 

Beijing (Liu) 2009, 

SAPPHIRE 2004, ICSS 
2010, Beijing 2003, 

SPACE 2006) 

 CAS is associated with an increased 

risk of peri-procedural stroke or death 
compared with CEA. 

 This excess risk appears to be limited 

to older patients. 
 The longer term efficacy of CAS and 

the risk of restenosis are unclear and 

require further follow-up of existing 
trials.  

 Further trials are needed to determine 

the optimal treatment for 
asymptomatic carotid stenosis. 

Bersin (2012) 
 

Does not 
state 

(submitte

d January 
2012) 

Meta-analysis of the 
effect of proximal 

occlusion devices in 

carotid stenting on 
30-day adverse 

events 

***Does not 
compare use of EPD 

versus no EPD*** 

 Periprocedural (≤ 30-day) 
outcomes: composite of major 

adverse cardiovascular and 

cerebral events, death, MI, 
stroke, or intolerance (device 

use interruption or alternate 

device use) 

 Single-arm trials: 
EMPiRE, ARMOUR, 

Nikas 2012  

 Registry Studies:  Stabile 
2010, Reimers 2005, 

Stabile 2012. 

 In CAS procedures performed with 
proximal occlusion devices, incidence 

of stroke was 1.71%, of myocardial 

infarction was 0.02% and death was 
0.40%.  

 Age and diabetic status were found to 

be the only significant independent 
risk predictors of adverse events 
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Gahremanpour 

(2012) 
 

Through 

August 
2011 

Systematic review of 

the benefits and 
safety of CAS and  

CEA 

Summary of the 
effect of EPD in CAS 

on 30-day adverse 

events 

 Periprocedural (≤ 30-day) 

outcomes: death, MI, or 
stroke; death or any stroke; 

death or disabling stroke 

 41 studies included in the 

review 
 RCTs (Leicester 1998,  

WALLSTENT 2001, 

Kentucky 2001, Kentucky 
2004, EVA-3S 2006, 

TESCAS-C 2006, 

SAPPHIRE 2008, 
SPACE 2008, Steinbauer 

2008, BACASS 2008, 

CAVATAS 2009, 
CREST 2010, ICSS 2010) 

 1 prospective 

nonrandomized study 
(CaRESS 2005) 

 Registry studies of CAS 

and CEA (SECURITY 
2011, SAPPHIRE 2009, 

CREATE 2007, PASCAL 

2007, ARCHer 20006, 
BEACH 2006, CREATE 

SpiderOTW 2006, 

MAVErIC 1+2 2006, 
MAVErIC Int’l 2006, 

CABERNET 2005, 

Mo.Ma 2005, PRIAMUS 
2005) 

 Within the 30-day periprocedural 

period, carotid stenting was associated 
with higher risks of stroke, especially 

for patients aged >70 years, whereas 

carotid endarterectomy was associated 
with a higher risk of myocardial 

infarction. 

 Carotid artery stenting is an equivalent 
alternative to carotid endarterectomy 

when patient age and anatomy, 

surgical risk, and operator experience 
are considered in the choice of 

treatment approach. 

Roffi (2009) 

 

Through 

July 2009 

Meta-analysis of the 

efficacy of CAS 
versus CEA (RCT’s 

only) 

 Periprocedural (≤ 30-day) 

outcomes: death, MI, or 
stroke; death or any stroke; 

death or disabling stroke 

 RCTs of CAS vs. CEA 

(Leicester 1998,  
WALLSTENT 2001, 

Kentucky-Sympt 2001, 

Kentucky-Asympt 2004, 
EVA-3S 2006, 

SAPPHIRE 2004, SPACE 

2006, BACASS 2008, 
CAVATAS 2001, ICSS 

1009)  

 Registry studies of CAS 
(CAPTURE1007, CASES 

PMS 2007, PRO-CAS 

2008, SAPPHIRE-W 
2009, SVS 2009, EXACT 

2009, CAPTURE 2009 

 Randomized Controlled Trials:  CAS 

was associated with a significantly 
increased risk of death or stroke rate at 

30 days compared with CEA (OR 

1.60(1.26–2.02)). 
 Beyond 30 days, long-term follow-up 

of the trials previously reported 

suggest that both revascularization 
techniques are equivalent in terms of 

stroke prevention. 

 CAS registries have, for the most part, 
reported rates of death/stroke in the 

range of current recommendation for 

CEA (<6%) in over 20 000 patients, 
despite the fact that the majority of 

patients were at high risk for surgery. 

Ringleb 2008 
 

Search 
was 

limited to 

publicatio
ns 

between 

October 
2004 and 

March 

2007 

Meta-analysis of the 
efficacy of CAS vs. 

CEA (RCT’s only) 

 Periprocedural (≤ 30-day) 
outcomes: death, or stroke; 

30-day death or disabling 

stroke 

 N=2,985 (8 trials) (EVA-
3S, SPACE, Leicester, 

WALLSTENT, 

CAVATAS, Kentucky-A, 
Kentucky-B, SAPPHIRE) 

 Risk of any stroke or death within 30 
days after treatment was greater for 

EAS versus CEA: OR 1.38 (1.04-

1.83) 
 There was an increase of the odds of 

suffering from disabling stroke or 

death for CAS versus CEA, though 
not significant (OR, 1.37; 95% CI, 

0.92-2.04; P=.12) 

 In the analysis of the large trials with 

symptomatic patients, the risk of any 

stroke or death was not significantly 

different between CAS and CEA 
(OR=1.29 (95% CI 0.94-1.76; P = 

.11); For the endpoint disabling stroke 

or death, the OR was 1.33 (95% CI 
0.89-1.93; P =.17)  

 

ARCHeR: ACCULINK for Revascularization of Carotids in High Risk Patients; ACAS: Asymptomatic Carotid 

Atherosclerosis Study; ARMOUR: Proximal Protection with the Mo.Ma Device During Carotid Artery Stenting; 

BACASS: Basel Carotid Artery Stenting Study; BEACH: Boston Scientific EPI: A Carotid Stenting Trial for High-
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Risk Surgical Patients; CABERNET: Carotid Artery revascularization using the Boston Scientific FilterWire 

EX1/EZ and the EndoTex NexStent; CAPTURE: Carotid ACCULINK/ACCUNET Post Approval Trial to Uncover 

Unanticipated or Rare Events; CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; 

CAS: carotid artery stenting; CASES-PMS: Carotid Artery Stenting With Emboli Protection Surveillance–Post-

Marketing Study; CAVATAS: Carotid And Vertebral Artery Transluminal Angioplasty Study; CEA: carotid 

endarterectomy; CREATE: Carotid Revascularization with ev3 Arterial Technology Evolution; CREST: 

Carotid Revascularization Endarterectomy versus Stenting Trial; EMPiRE: Embolic Protection with Reverse Flow 

Study of the GORE Neuro Protection System in Carotid Stenting of Subjects at High Risk for Carotid 

Endarterectomy; EPD: embolic protection device; EVA-3S: Endarterectomy versus Angioplasty in patients with 

Severe carotid Stenosis Study; EXACT: Emboshield and Xact Post Approval Carotid Stent Trial; ICSS: 

International Carotid Stenting Study; MAVErIC: Medtronic AVE Self-expanding CaRotid Stent System with distal 

protection In Carotid Stenosis; Mo.Ma: Mo.Ma proximal flow blockage cerebral protection device; MI: myocardial 

infarction; NASCET: North American Symptomatic Carotid Endarterectomy Trial; NR: not reported; OR: odds 

ratio; PASCAL: Performance And Safety of the Medtronic AVE Self-Expandable Stent in Treatment of Carotid 

Artery Lesions; PRIAMUS: PRoximal flow blockage cerebral protection during cArtoid stenting; PRO-CAS: 

Prospective registry of CAS (installed by the German Society of Angiology/Vascular Medicine and the German 

Society of Radiology); RCT: randomized controlled trial; SAPPHIRE: Stenting and Angioplasty with Protection in 

Patients at High Risk for Endarterectomy; SECURITY: Registry Study to Evaluate the Neuroshield Bare Wire 

Cerebral Protection System and X-Act Stent in Patients at High Risk for Carotid Endarterectomy; SPACE: Stent-

Protected Angioplasty versus Carotid Endarterectomy; TESCAS-C: Trial of Endarterectomy versus Stenting for the 

Treatment of Carotid Atherosclerotic Stenosis in China. 

 

2.9. Medicare and Representative Private Insurer Coverage Policies 

Information on the CMS national coverage decision and a sample of bell-weather payer 

policies are provided below.  As required by the Health Technology Assessment 

program, only two payer policies are required.  The table below provides an overview of 

policy decisions.   

 Medicare (National Coverage Determination) 

The Centers for Medicare and Medicaid Services (CMS) will cover PTA both with and 

without the placement of a stent (CAS) when used in accordance with FDA-approved 

protocols for carotid artery dilation for patients who are at high risk for the likely 

alternative treatment carotid endarterectomy (CEA) or in FDA-approved Category B 

Investigational Device Exemption (IDE) clinical trials and Post-Approval studies.  

Coverage for all other devices is at the discretion of local CMS contractors. 

 

 Aetna 
Aetna considers extracranial PTA of the carotid and vertebral arteries with or without 

stent implantation and embolic protection in symptomatic patients with >50% stenosis 

medically necessary. Aetna considers intracranial artery stenting to be investigational.  

 

 BlueCross BlueShield of North Carolina (Corporate Policy) 
BCBSNC will provide coverage for carotid angioplasty with associated stenting and 

embolic protection for patients with 50-99% stenosis (NASCET measurement), 

symptoms of focal cerebral ischemia (TIA or monocular blindness) in previous 120 days 
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with symptom duration less than 24 hours or nondisabling stroke, and anatomic 

contraindications for carotid endarterectomy. Carotid angioplasty with or without stenting 

and embolic protection is considered investigational for all other indications.  

 

 Health Net 
Health Net considers endovascular carotid balloon angioplasty with or without stent 

implantation medically necessary for patients in a FDA approved protocol governing 

Category B IDE trial, or have a carotid artery narrowed  by fibromuscular dysplasia or a 

vasculitic condition, or symptomatic recurrent carotid artery stenosis after carotid 

endarterectomy, or patients at high risk for adverse perioperative outcomes such that 

carotid endarterectomy would be prohibitive, or a surgically hostile neck. This technique 

is considered investigational for patients with significant atherosclerotic stenosis at the 

bifurcation of the carotid arteries. 

 

 Priority Health 
Priority Health covers extracranial carotid artery stenting with devices approved for 

indications of use, patients with a reference vessel diameter within the range of 4.0–9.0 

mm at the target lesion, and >70% stenosis of the common or internal carotid artery by 

ultrasound with or without neurological symptoms, >60% stenosis by angiogram without 

symptoms, or >50% stenosis by angiogram with symptoms. Intracranial angioplasty is 

considered investigational and not covered. 

 

 Cigna 
Cigna covers carotid artery stenting with a FDA approved system for patients at high risk 

for adverse events from carotid endarterectomy and requires revascularization and has 

>50% stenosis of the common or internal carotid artery by ultrasound, magnetic 

resonance imaging, or arteriogram with neurological symptoms or >80% stenosis without 

neurological symptoms.  
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Table 5.  Overview of payer policies for carotid artery stenting  

 

Payer 

(year) 

Stent(s) 

evaluated 

Evidence 

base 

available 

Policy Rationale 

Centers for 

Medicare & 

Medicaid 

Services 

(CMS):  

Pub 100-03 

National 

Coverage 

Determinati

ons: 20.7 – 

PTA, 

Version 10 

(2013) 

NR Unable to 

determine 
 CAS (with PTA) is covered when used in accordance w/ FDA-

approved protocols governing Category B IDE clinical trials or 
post-approval studies if used with an FDA-approved or -cleared 

embolic protection device 

 CAS (with PTA and embolic protection) is covered for:  

o Patients at high risk for CEA with symptomatic carotid 

artery stenosis >70 % with FDA-approved carotid artery 
stenting systems and embolic protection devices  

o Patients at high risk for CEA with symptomatic carotid 

artery stenosis between 50 % and 70% in accordance 
with the Category B IDE clinical trials regulation, as a 

routine cost under the clinical trials policy, or in 

accordance with the NCD on carotid artery stenting 
(CAS) post-approval studies 

o Patients at high risk for CEA with asymptomatic carotid 

artery stenosis >80 %, in accordance with the Category 
B IDE clinical trials regulation, as a routine cost under 

the clinical trials policy, or in accordance with the NCD 

on CAS post- approval studies 

 Facilities must meet CSM’s personnel, equipment, programming, 

emergency management, and data collection standards in order to 
receive coverage of CAS for high risk patients 

 Coverage of PTA with stenting not specifically addressed or 
discussed in this NCD is at local Medicare contractor discretion. 

 NR 

Aetna:  

Pub 0276 

Clinical 

Policy 

Bulletin: 

Angioplasty 

and Stenting 

of Extra-

Cranial and 

Intra-

Cranial 

Arteries 

(2013) 

NR 1 NICE rapid 

review, CMS 

national 

coverage 

report, 

additional 
studies 

Extracranial 

 Aetna considers PTA of the extra-cranial carotid and vertebral 

arteries, with or without stent implantation and embolic protection, 

medically necessary in symptomatic individuals with ≥50% 

stenosis of the carotid artery or the vertebral artery 

Intracranial 

 Aetna considers PTA, with or without stenting, of the intra-cranial 
arteries experimental and investigational for the prophylaxis or 

treatment of both atherosclerotic stenosis of intra-cranial arteries 

 Preliminary 

retrospective 

evidence that 

balloon angioplasty, 

with or without 
stenting, may be 

effective in treating 

symptomatic 
patients with intra-

cranial stenoses 

BlueCross 

BlueShield 

of North 

Carolina:  

Corporate 

Medical 

Policy: 

Carotid 

Artery 

Angioplasty/

Stenting 

(CAS) 

(2012) 

NR unspecified 

RCTs, 
unspecified 

database 

studies, 
unspecified 

non-

randomized 
studies 

 BCBSNC will provide coverage for carotid angioplasty with 
associated stenting and embolic protection when it is considered to 

be medically necessary if the medical criteria and guidelines listed 

below are met 

o Carotid angioplasty with associated stenting and embolic 

protection may be considered medically necessary in 

patients with 50-99% stenosis (NASCET measurement) 

o Symptoms of focal cerebral ischemia (transient ischemic 

attack or monocular blindness) in previous 120 days with 

symptom duration less than 24 hours, or nondisabling 
stroke 

o Anatomic contraindications for carotid endarterectomy 

such as prior radiation treatment or neck surgery, lesions 
surgically inaccessible, spinal immobility, or 

tracheostomy 

 The ACT-1 clinical trial is considered a covered clinical trial for 

 The evidence does 
not support use of 

CAS in carotid 

artery disease for 
the average risk 

patient, since early 

adverse events are 
higher with CAS 

and long-term 

outcomes are not 
better. Data from 

RCTs and large 

database studies 
establish that the 

risk of CAS exceeds 

the threshold set to 
indicate overall 

benefit from the 
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Payer 

(year) 

Stent(s) 

evaluated 

Evidence 

base 

available 

Policy Rationale 

patients who meet trial eligibility 

 Carotid angioplasty with or without associated stenting and 
embolic protection is considered investigational (not covered) for 

all other indications, including but not limited to, patients with 

carotid stenosis who are suitable candidates for CEA and patients 
with carotid artery dissection 

procedure 

Health Net: 

Policy 

NMP142 

National 

Medical 

Policy: 

Carotid 

Angioplasty 

and Stenting 

(2012) 

NR 4 RCTs,       

1 HTA,        
6 non-

randomized 

studies,        
1 meta-

analysis, 

additional 

studies 

 Health Net, Inc. considers this technique medically necessary if:  

o Patient is enrolled in a Food and Drug Administration 

(FDA) approved protocol governing category B 

Investigational Device Exemption (IDE) trials  

o Carotid artery is narrowed by fibromuscular dysplasia or 

a vasculitic condition  

o Symptomatic recurrent carotid artery stenosis after 
carotid endarterectomy 

o Patients at high risk for adverse perioperative outcomes 

(e.g., atherosclerotic obstructive lesions, severe cardiac 
dysfunction, requirement for combined coronary and 

carotid vascularization, severe pulmonary dysfunction, 

contralateral internal carotid artery occlusion and 
previous ipsilateral carotid endarterectomy) such that 

carotid endarterectomy would be prohibitive  

o A surgically hostile neck (e.g., high carotid bifurcation, 
prior non-vascular surgery, prior radiation to the neck) 

 Endovascular carotid balloon angioplasty, with or without stent 
implantation, is under investigation in patients with significant 

atherosclerotic stenosis at the bifurcation of the carotid arteries 

 ICD-9 Codes: 433.10, 433.11 

 CPT Codes: 35475, 36100, 36215, 36216, 36217, 37205, 37206, 

37215, 37216, 75650, 75660, 75662, 75665, 75671, 75676, 75680, 
75960, 0005T, 0006T, 0075T, 0076T; (2011 revisions: 37205, 

37206, 75960) 

  HCPCS Codes: C1725, C1874, C1875, C1876, C1877, S2211 

 Significantly higher 
risk of 30-day death 

or any stroke after 

CAS 

 Limited evidence 

and a clinical 

rationale to suggest 

CAS may be 

beneficial in the 

group of patients at 
increased anatomic 

risk 

Priority 

Health: 

 

Policy 

91495-R4 

Medical 

Policy: 

Carotid and 

Intracranial 

Stenting 

(2012) 

NR 2 RCTs  Extracranial 

 Priority Health will cover carotid artery stenting when all of the 
following are present:  

o Device is FDA approved for indications of use 

o Patient must have a reference vessel diameter within the 
range of 4.0 mm and 9.0 mm at the target lesion 

 Either of the following: 

o Patient with neurological symptoms and a > 70% 

stenosis of the common or internal carotid artery by 

ultrasound or > 50% stenosis of the common or internal 

carotid artery by angiogram 

o Patient without neurological symptoms and a > 70% 

stenosis of the common internal carotid artery by 
ultrasound or > 60% stenosis of the common internal 

carotid artery by angiogram 

Intracranial 

 Intracranial angioplasty, with or without stenting for the treatment 

of atherosclerotic lesions, intracranial vasospasm, or any other 

indication, is considered investigational and not a covered benefit 

 Increased 

dislocation of 
microemboli during 

CAS is thought to 

be the underlying 
cause for the 

increased risk of 

neurologic 
complications, risk 

may be reduced 

with the use of 
embolic protection 

devices 

 Outcome did not 
statistically differ 

between treatment 
groups in intention-

to-treat analysis, and 

occurrence favored 
stenting in analysis 

of those actually 

treated, target vessel 
revascularization 

rates, as well as 

incidence of major 
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Payer 

(year) 

Stent(s) 

evaluated 

Evidence 

base 

available 

Policy Rationale 

 ICD-9 Codes: 433.10, 433.11, 433.30, 433.31 

 CPT/HCPCS Codes: 37215, 37216, 0075T, 0076T 

 Codes not covered: 61630, 61635, 61640, 61641, 61642 

 

 

ipsilateral stroke 

within 1 year of 
treatment, were 

significantly lower 

in the stent versus 
endarterectomy 

group 

Cigna: 

Policy 0101: 

Carotid 

Artery 

Stenting for 

Carotid 

Artery 

Stenosis 

(2011) 

NR 19 RCTs (n 

= 7484),       
5 meta- 

analyses,      

2 HTAs,      
1 NIH 

sponsored 

study,          
1 NICE rapid 

review, 

unspecified 
non-

randomized 

trials, 
additional 

studies 

 Cigna covers carotid artery stenting using a FDA-approved carotid 
stent system for carotid artery stenosis as medically necessary 

when the following criteria are met: 

o The individual is at high risk for adverse events 
from carotid endarterectomy and requires 

revascularization, the individual has ONE of the 

following, as demonstrated on ultrasound, 
magnetic resonance angiography, or arteriogram: 

neurological symptoms and > 50% stenosis of the 

common or internal carotid artery 

o No neurological symptoms and > 80% stenosis of 

the common or internal carotid artery 

 CPT Codes: 37215, 37216, 0075T, 0076T 

 ICD-9 Codes: 433.10, 433.11, 433.30, 433.31 

 Evidence that CAS 
is safe and effective 

in treating severe 

(50–70%) carotid 
artery stenosis in 

high-risk 

symptomatic 

patients, limited 

evidence that CAS 

can reduce severe 
(>80%) stenosis in 

patients who have 

not yet begun to 
experience 

neurological 

symptoms. Clinical 
equipoise of CAS 

and CEA; needs to 

be confirmed in 
additional 

prospective, 

randomized clinical 
trials 

CMS: 

Decision 

Summary 

(2006) 

NR 14 case 

series reports 
 The treatment of cerebral artery stenosis >50% in patients with 

intracranial atherosclerotic disease with intracranial PTA and 

stenting is reasonable and necessary when furnished in accordance 

with the FDA-approved protocols governing Category B-IDE 
clinical trials 

 NR 

 

ACT-1: Asymptomatic Carotid Trial; BCBSNC: Blue Cross and Blue Shield of North Carolina; CAS: Carotid 

Artery Stenting; Category B-IDE: Investigational Device Exemption; CEA: Carotid Endarterectomy; CMS: Center 

for Medicaid & Medicare Services; CPT: Current Procedural Terminology; HCPCS: Healthcare Common Procedure 

Coding System; FDA: Food and Drug Administration ; ICD-9: International Classification of Diseases ; NASCET: 

North American Symptomatic Carotid Endarterectomy Trial; NCD: National Coverage Determination; NICE: 

National Institute for Health and Care Excellence; NR: not reported; PTA: Percutaneous Transluminal Angioplasty. 
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2.10. Other Significant Evidence 

As of June 2013, five comparative clinical trials were found evaluating carotid artery stenting 

versus either medical therapy or carotid endarterectomy that have yet to publish their data.  

Four of the five are in asymptomatic patients.  Three are currently recruiting participants, one 

completed enrollment in 2011, and one (ACT-I) was terminated as a business decision by the 

sponsor. A brief overview of these trials can be found below. 

 

Trial Sponsor Status Start Date Purpose 

Stenting Versus Best 

Medical Treatment of 

Asymptomatic High Grade 

Carotid Artery Stenosis 

 

Vienna 

General 

Hospital 

Completed 2011 (last 

updated 2013) 

March 2004 To analyze neurological and cardiovascular 

outcome of asymptomatic patients treated 

with elective CAS plus best medical 

treatment compared to best medical 

treatment only 

Carotid Endarterectomy 

Versus Carotid Artery 

Stenting in Asymptomatic 

Patients (ACST-2) 

 

University 

of Oxford 

Currently recruiting 

participants 

January 2008 To look at the immediate (within one 

month) risks (MI, stroke and death) and 

long term benefits of CEA versus CAS in 

asymptomatic patients 

Comparing Carotid 

Stenting With 

Endarterectomy in Severe 

Asymptomatic Carotid 

Stenosis 

Carmel 

Medical 

Center 

Currently recruiting 

participants 

January 2009 Comparison of cardiovascular mortality and 

morbidity which includes cardiac and 

neurological morbidity (TIA and CVA) in 

the two invasive treatments of 

asymptomatic carotid artery stenosis (i.e. 

CAS and CEA) 

 

Carotid Endarterectomy 

Versus Carotid Artery 

Stenting? A Prospective 

Comparison of 

Neuropsychological 

Outcome in Patients 

With Carotid Stenosis 

 

University 

Ghent 

Currently recruiting 

participants 

April 2011 To observe the absence or presence of 

preoperative impairments, postoperative 

changes in cognitive performance and 

possible differences between CEA and CAS 

regarding postoperative neuropsychological 

functions 

Carotid Stenting versus 

Surgery of Severe Carotid 

Artery Disease and Stroke 

Prevention in 

Asymptomatic Patients 

(ACT I) 

Abbot 

Vascular 

Terminated– business 

decision by the 

sponsor and not a 

result of any patient 

or product safety 

issues 

April 2005 To demonstrate the non-inferiority of CAS 

using the Emboshield® Embolic Protection 

System with the Xact® Carotid 

Stent System to CEA for the treatment of 

asymptomatic extracranial carotid 

atherosclerotic disease 

 

 

Abbreviations:  CAS: carotid artery stenting; CEA: carotid endarterectomy; CVA: cerebrovascular accident; MI: 

myocardial infarction; TIA: transient ischemic attack. 
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3. The Evidence 

3.1. Methods of the Systematic Literature Review 

3.1.1. Inclusion/exclusion  

The focus of this HTA is on treatment of atherosclerotic disease in the carotid arteries and 

intracranial arteries in adult patients comparing the use of stents with other treatment options. 

Given that the benefits and risks of treatment may be different for asymptomatic and 

symptomatic disease, the population subsets were evaluated separately. Input from clinical 

experts was incorporated to formulate final inclusion and exclusion criteria. 

 

 Population.  1) Adults with extracranial carotid artery stenosis undergoing primary 

treatment for symptomatic or asymptomatic atherosclerotic carotid artery stenosis who 

have not had previous revascularization. 2) Adults with atherosclerotic stenosis of 

intracranial arteries 

 Intervention. Stenting of carotid arteries (with or without use of embolic protection 

devices or strategies) or stenting of intracranial arteries, using FDA approved devices 

 Comparator. Medical therapy or surgical alternatives including carotid endarterectomy 

(CEA) 

 Outcomes. The primary critical outcomes for long term efficacy included any stroke, 

ipsilateral stroke, death, the composite of stroke or death. Primary critical outcomes for 

safety were periprocedural (30 day) any stroke, death, the composite of stroke or death, 

myocardial infarction, major bleeding complications and persistent cranial nerve palsy. 

Additional outcomes are listed in the inclusion/exclusion table below.  

 Study design. The focus for all key questions was on evidence judged to have the least 

potential for bias.  

 

Inclusion and exclusion criteria are summarized in Table 6 
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Table 6.  Summary of inclusion and exclusion criteria 

 Include Exclude 

Population 1) Adults with extracranial carotid artery stenosis undergoing primary 

treatment for de novo symptomatic or asymptomatic atherosclerotic 

carotid artery disease 

 Eligible stenosis: atherosclerotic narrowing of the lumen of the 

carotid artery between 50 to 99 percent, as defined by any 

invasive imaging modality (digital subtraction angiography) or 

noninvasive imaging modality (carotid duplex ultrasound (DUS), 

computed tomography angiography (CTA) or magnetic resonance 

angiography (MRA)). 

 Unilateral and bilateral stenosis 

2) Adults with symptomatic or asymptomatic atherosclerotic disease 

of the intracranial carotid artery distribution undergoing primary 

treatment for de novo atherosclerotic disease. 

 

 Patients < 18 years of age 

 Patients having re-treatment for re-stenosis 

(For Key Question 4, to evaluate the extent to 

which there is differential effectiveness in 

high versus. standard surgical risk patients, 

we included comparative studies that in 

which up to 30% of patient population may 

have had prior CEA, angioplasty or have 

presented for treatment for restenosis.) 

 Patients requiring treatment for conditions 

other than atherosclerotic disease including 

aneurysm, pseudoaneurysm, trauma, post-

radiation stenosis, AVM, etc. 

 Patients with  total ipsilateral carotid 

occlusion (100% obstructed) as they are not 

generally candidates for revascularization 

 Patients with extracranial vertebral artery 

disease, subclavian or innominate artery 

disease 

Intervention  External carotid artery stenting (with or without protection 

devices or strategies) using FDA approved device 

 Stenting of intracranial arteries  

 

 

 

 Stenting of the extracranial vertebral artery, 

subclavian or innominate arteries 

 Comparisons of different stent types or 

techniques for stenting 

 Comparison of angioplasty versus 

angioplasty with stenting 

 Angiography without stenting (stenting must 

be used in ≥ 80% of persons in that treatment 

arm) 

 Comparisons of different protective filters or 

deployment 

 Non-FDA approved devices or devices not in 

final stages for FDA approval 

 

Comparators  Medical therapy 

 Surgical alternatives including carotid endarterectomy (CEA) 

 

 Comparisons of different surgical techniques 

or CEA methods 

 Comparison of different medical therapies 

 Comparisons between CEA and medical 

therapy alone 

Outcomes Primary outcomes : 

 Prevention of embolic events and stroke (fatal and nonfatal)  

 Death (cardiovascular-related) 

 Myocardial infarction (fatal and nonfatal) 

 Neurological status (e.g. ischemic visual symptoms) 

 Functional status (including cognitive function)  

 HRQOL and patient reported outcomes 

 

Secondary outcomes 

 Composite outcomes measures 

 Re-vascularization after index procedures 

 

Safety: (devices, periprocedural or procedure related) 

 Mortality 

 Embolic complications (including stroke or ischemic attack) 

 Evaluation against acceptable peri-procedural death/stroke rate of 

<3% for asymptomatic persons with at least 5 year life 

expectancy and <6% for symptomatic persons with at least 2 year 

 Computational fluid dynamics,  flow 

simulation or evaluation of flow 

 



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 107 Page 107 

 Include Exclude 

projected life expectancy. 

 Stent thrombosis 

 Intracranial hemorrhage 

 Other reported complications or events  (e.g. myocardial 

infarction, facial or cranial neuropathy) 

Study design  Randomized controlled trials (RCTs) for Key Questions 1, 2 and 

4. Non-randomized comparative studies with low potential for 

bias will be considered. Studies with ≥ 30 patients per 

intervention group will be considered. Studies based on 

administrative data will be considered if no high quality (e.g. 

RCT, high quality cohort) studies with low risk of bias are 

available. Case series will be excluded if comparative studies are 

available. Prospective case series will be included if comparative 

studies are not available.  

 Recent, high quality systematic reviews, comparative 

effectiveness reviews or HTAs may be included as part of the 

evidence synthesis to address specific questions. 

 For Key Question 3 (safety), in addition to data from RCTs, non-

randomized studies, including prospective case series designed 

specifically to evaluate adverse events may be considered.  

 Formal, full economic studies will be sought for Key Question 5. 

 

 Studies that do not encapsulate current best 

medical therapy  

 Animal, laboratory or in vitro studies 

 Non-clinical studies, 

 Studies for which data for asymptomatic and 

symptomatic patients could not be separated.  

 Studies of technique, imaging options, flow 

dynamics, etc. 

 Studies of genetic markers or non-treatment 

related risk factors for re-stenosis 

 Series with N < 100 for studies of carotid 

disease; series with N < 50 for studies of 

intracranial arteries; (prospective series only,  

considered if comparative studies are not 

available).. 

 Studies based on administrative data if 

studies with lower potential for bias are 

available. (May be included for 

background/context only but will not be 

included in grading of evidence base) 

 

Publication  Studies published in English in peer-reviewed journals, published 

HTAs or publically available FDA reports 

 Full formal economic analyses (e.g. cost-utility studies) published 

in English in HTAs or in a peer-reviewed journal published after 

those represented in previous HTAs 

 

 Studies reporting only on the technical 

aspects of stenting (e.g., imaging, type of 

catheter, etc.) 

 Abstracts, editorials, letters 

 Unpublished studies 

 Duplicate publications of the same study 

which do not report on unique outcomes 

 Single reports from multicenter trials 

 White papers 

 Narrative reviews 

 Articles identified as preliminary reports 

when results are published in later versions 

 Incomplete economic evaluations such as 

costing studies 

 

 

3.1.2. Data sources and search strategy 

Electronic databases searched included PubMed, EMBASE, ClinicalTrials.gov, The 

Cochrane Library, AHRQ, and INAHTA for eligible studies, including health technology 

assessments (HTAs), systematic reviews, primary studies and relevant FDA reports. 

Reference lists of all eligible studies were also searched.  For studies related to 

atherosclerotic carotid stenosis, searches were conducted through February 2013. For the 

treatment of intracranial artery atherosclerotic disease, searches were conducted through 

January 2013.  For studies related to economics and cost-effective, searches were conducted 

through March 2013.  The search strategies and relevant dates are shown in Appendix B.   
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Figure 1 shows a flow chart of the results of all searches for included primary studies.  

Articles excluded at full-text review are listed in Appendix C. 

 

The clinical studies included in this report were identified using the algorithm shown in 

Appendix A.  The search and selection took place in four stages.  The first stage of the study 

selection process consisted of a comprehensive literature search using electronic means and 

hand searching. All possible relevant articles were then using titles and abstracts in stage two.  

This was done by two individuals independently.  Those articles that met a set of a priori 

retrieval criteria based on the criteria above were included.  Any disagreement between 

screeners that were unresolved resulted in the article being included for the next stage.  Stage 

three involved retrieval of the full text articles remaining.  The final stage of the study 

selection algorithm consisted of the selection of those studies using the set of a priori 

inclusion criteria, again, by two independent investigators.  Those articles selected form the 

evidence base for this report. 

 

Figure 2. Flow chart showing results of literature search   

 

 

1. Total Citations  
Key questions 1, 3, 4  (n = 872) 
Key question 2  (n = 34) 
Key question 5  (n = 137) 

4. Excluded at full–text review 
Key questions 1, 3 (n = 102) 
Key question 2  (n = 25) 
Key question 4  (n = 54) 
Key question 5  (n = 8) 
 

3. Retrieved for full-text evaluation 
Key questions 1, 3 (n = 144) 
Key question 2  (n = 31) 
Key question 4  (n = 72) 
Key question 5  (n = 13) 
 

5.  Publications included 
Key questions 1, 3 (n = 42) 
Key question 2  (n = 6) 
Key question 4  (n = 18) 
Key question 5  (n = 5) 
 

2.  Title/Abstract exclusion 
Key questions 1, 3 (n = 728) 
Key question 2  (n = 3) 
Key question 4  (n = 800) 
Key question 5  (n = 124) 
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3.1.3. Data extraction 

Reviewers extracted the following data from the included comparative clinical studies: study 

population characteristics, study type, patient demographics, study interventions, follow-up 

time, study outcomes, complications/adverse events.  An attempt was made to reconcile 

conflicting information among multiple reports presenting the same data. Detailed 

abstraction for case series was not done.   For economic studies, study funding and location, 

population characteristics, treatments evaluated, methods used (including perspective, model 

used, and time horizon), evidence base and assumptions, cost estimates, economic 

parameters and perspectives, and results for base-case and any sensitivity analyses were 

abstracted. Detailed abstraction tables may be found in Appendix F (key questions 1, 2, 3, 

and 5) and G (key question 4). 

 

 

 

3.2. Methods of Data Analysis and Evidence Synthesis 

3.2.1. Data analysis and synthesis of evidence 

Studies of asymptomatic and symptomatic patients were evaluated separately.  Study, 

treatment, population, and outcome characteristics were summarized in text and/or summary 

tables. Results are summarized in tables and/or figures. Risk differences, and associated 

confidence intervals were used to describe effect size for hard outcomes (e.g. death, stroke) 

when in may be reasonable to consider causality.  Risk ratios were also provided. When 

possible, data from RCTs were pooled.  Requirements for pooling include similar 

methodology, similar clinical characteristics (including study population, interventions, and 

how the outcome was determined),
72

 and similar follow-up. Data were not pooled from 

nonrandomized trials.  Meta-analysis was performed to compare the effect of carotid artery 

stenting (CAS) with carotid endarterectomy (CEA) using Review Manager (RevMan) 5.2 

software used for preparing Cochrane Reviews. A random effects was model used. The 

Mantel-Haenszel method was implemented to generate pooled estimates. The effect size was 

measured by the risk difference and risk ratio between treatments together with 95% 

confidence intervals. Studies with zero events in each study arm were excluded from the 

meta-analysis of the outcome for which there were no events.
72

  The inclusion of completed 

trials with those which were terminated prior to complete enrollment may be a source of 

heterogeneity for pooled analyses. The BACASS and Leicester studies had 20 or fewer total 

patients. These two studies in addition to the Regensburg, studies enrolled patients prior to 

the year 2000. Four studies did not include stenting with the use of embolic protection. 
45,46,141,170

  These additional factors may also be sources of heterogeneity for pooled analyses. 

Heterogeneity was explored by performing analyses which excluded older studies, small 

studies and those which did not use embolic protection as these were considered possible 

sources of clinical heterogeneity based on visual inspection of forest plots. In addition a 
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limited comparison of our meta-analysis results to those from the recent Cochrane review by 

Bonati as a sensitivity analysis was done.
41

  Patient-level data were available for some 

analyses in this Cochrane review.  Tests for statistical interaction were performed if patient 

event data were available to evaluate potential differential effects and safety for population 

subgroups using RevMan. Risk difference and risk ratios were presented for primary 

outcomes.  Number needed harm or number needed to treat was reported only for outcomes 

that were well measured, when the following conditions were met: the risk difference 

between treatments was statistically significant and there was reason to believe that the 

association was causal. Statistical significance based on evaluation of risk difference was 

used.  

 

Outcomes 

The primary critical outcomes for short- and long-term efficacy and effectiveness included 

any stroke, ipsilateral stroke, death, the composite of stroke or death. These are the primary 

outcomes for which the overall strength (quality) of evidence was evaluated. Additional 

outcomes of interest included changes in functional status, quality of life and cognitive 

ability. Restenosis and need for revascularization procedures following the index procedure 

were considered secondary outcomes as were other composite measures. Composite 

endpoints (with the exception of the composite of stroke or death) were not considered 

primary outcomes for this HTA report. Such endpoints are challenging to interpret when 

components are equally weighted and when the direction of the events for some 

component(s) move in the opposite direction of other components.  This may result in lack of 

statistical significance between treatments in the composite endpoint, difficulty in evaluating 

the types of events which drive any effects seen and different observed behavior across study 

arms. 

 

Primary critical outcomes for safety were periprocedural stroke, death, the composite of 

stroke or death, myocardial infarction, major bleeding complications and persistent cranial 

nerve palsy. These are the primary outcomes for which the overall strength of evidence was 

evaluated. Given the recommendations made in clinical guidelines for the treatment of 

atherosclerotic carotid stenosis, evaluation of reported outcomes against acceptable peri-

procedural death or stroke rate of <3% for asymptomatic persons with at least 5 year life 

expectancy and <6% for symptomatic persons with at least 2 year projected life expectancy 

was sought.  Unfortunately, studies did not provide data on the potential life expectancy of 

patients in their studies.   

 

There was variability in how “periprocedural” was defined across RCTs.  The precise period 

was not described in the following studies: Regensberg,
170

 Kentucky 2001
45

 or Kentucky 

2004.
46

 Definitions for the other studies were as follows:  
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 CREST (all studies)
48,167

:  30-days from intervention (for those who did not undergo 

procedure w/in 30 days of randomization - 36 days from randomization) 

 EVA (2006)
128

:  30 days after treatment - excludes events occurring between 

randomization and treatment 

 SPACE (2006)
153

:  30 days after treatment (for those who did not undergo treatment - 

30 days from randomization) 

 ICSS (2010)
65

: evaluated 30 days after treatment; Two analyses were 

conducted:  Intention to treat (ITT) included all events occurring up to 120 days after 

randomization and per protocol analysis within 30 days of treatment. 

 Leicester
141

:  30 days after treatment 

 BACASS
93

:  1 month after procedure 

 

Definitions or criteria for determining some outcomes were not always provided in studies 

and changes in protocol were generally not described in published studies. Outcomes 

criteria/definitions related to myocardial infarction changed during the CREST trial, which 

may influence the rates of MI.
2
 For evaluation of myocardial infarction, reliance on 

periprocedural elevations in cardiac enzymes alone may lead to misclassification. Outcomes 

from formal economic analyses may include various incremental cost effectiveness ratios and 

related parameters, e.g. cost per quality of life year gained.  

 

Various assessment and outcomes measures for stroke severity, functional status, health-

related quality of life or cognitive status were reported in included studies. Measures used in 

RCTs are summarized in Table 7 below. Additional detail on information on measures used 

in nonrandomized studies is contained in Appendix H. 
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Table 7.  Description of instruments used in included RCTs 
Measure 

Clinician or patient 

reported 

Instrument type 

Reported in 

these RCTs 

Components 

Score Range Interpretation 

Validity and 

reliability MCID 

National Institutes of 

Health Stroke Scale 

(NIHSS) 

 

CBO 

 

Disease Specific 

Brooks (2001) 

Brott  

(2010) 

Eckstein 

(2008) 

Ringleb (2006) 

11 subscales (13 items): 

 Level of consciousness 

 Horizontal eye 

movement 

 Visual field test 

 Facial palsy 

 Motor arm 

 Motor leg 

 Limb ataxia 

 Sensory 

 Language 

 Dysarthria 

 Extinction and 

inattention 

 

Score range 0-42 

0 = No stroke symptoms 

1-4 = Minor stroke 

5-15 = Moderate stroke 

16-20 = Moderate to 

severe stroke 

21-42 = Severe stroke 

 

5 

studies78,80,104,136,177,182  

 

Intraclass correlation 

coefficient  0.93 and 

0.95 80 

 

NR 

Barthel Index 

 

CBO 

 

Disease Specific 

Brooks (2001) 

Brooks (2004) 

5 subscales (10 items): 

 Self-care 

 Walking 

 Transfers 

 Controlling bowels and 

bladder 

 Feeding 

 

 

Score range: 0-100 

Lower score = greater 

disability 

9 

studies58,62,82,84,98,123,149,

161,162  

 

Reliability coefficient 

.4±.2 84 

 

Validity rho 0.89 

(week 1) 0.95 (week 3) 

and 0.98 (week 6)98 

 

Spearman correlation 

coefficient median 

0.96 123 

 

Overall reliability 

kappa = 0.46 149 

Internal consistency 

reliability coefficient 

0.9 162 

1.85 in stroke 

patients 

Pain Scale 

 

PRO 

 

General 

Brooks (2001) 

Brooks (2004) 

1 subscale (1 item): 

 Pain 

 

Score range: 0-10 

Higher score = greater 

pain 

NR NR 

Modified Rankin Scale 

(mRS) 

 

PRO 

 

Disease specific 

Brooks (2001) 

Brott  

(2010) 

CAVATAS 

(2001) 

Eckstein 

(2008) 

Ederle  

(2010) 

Mas  

(2006) 

1 subscale (1 item): 

 Degree of disability or 

dependence in daily 

activities 

 

 

Score range: 0-6 

0 = No symptoms 

1 = No significant 

disability 

2 = Slight disability 

3 = Moderate disability 

4 = Moderately severe 

disability 

5 = Severe disability 

6 = Dead 

 

4 studies164,180,181,190  

 

Intraclass correlation 

coefficient 0 .947 

(neurologists) and 

0.963 

(nurses/physiotherapist

s) 164 

 

Unweighted kappa 

0.44, weighted kappa 

NR 
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Measure 

Clinician or patient 

reported 

Instrument type 

Reported in 

these RCTs 

Components 

Score Range Interpretation 

Validity and 

reliability MCID 

Mas  

(2008) 

Ringleb (2006) 

 

0.78 180 

Unweighted kappa 

0.25, weighted kappa 

0.71 181 

 

Intraclass correlation 

coefficient 0.675 190 

Medical Outcomes 

Study 36-Item Short-

Form Health Survey 

(SF-36) 

 

PRO 

 

General Health 

 

Brott (2010) 8 subscales (36 items): 

 Physical functioning 

 Bodily pain 

 Physical role limitations 

 General health 

 Vitality 

 Social functioning 

 Emotional role 

limitations 

 Mental health 

 

Score range: 0-100 

Lower score = greater 

disability 

2 studies28,57  

 

Cronbach’s alpha >0.7 
28 

 

Intraclass correlation 

coefficient 0.28 57 

NR 

Medical Outcomes 

Study 36-Item Short-

Form Health Survey 

(SF-36) 

Physical component 

 

PRO 

Physical health 

Brott (2010)  None 

 

Score range: 0-100 

Lower score = greater 

disability 

1 study57  

 

 

NR 

Medical Outcomes 

Study 36-Item Short-

Form Health Survey 

(SF-36) 

Mental component 

PRO 

Mental health 

Brott (2010)  None 

 

Score range: 0-100 

 

Lower score = greater 

disability 

NR NR 

Transient Ischemic 

Attack (TIA) Stroke 

Questionnaire 

 

PRO 

Disease specific 

Brott (2010) 3 subscales (8 items): 

 History of TIA 

 History of stroke 

 Sudden onset of any 

various focal neurologic 

symptoms consistent 

with TIA or stroke 

 

Score range: NA 

NA NR NR 

Oxfordshire Handicap 

Scale (OHS) 

 

CBO  

Disease specific 

Naylor (1998) 1 subscale 

 Post-operative stroke 

 

Score range: 0-6 

Lower score = less 

disability 

NR NR 

ADL: Activities of daily living; CBO: clinician-based outcome;: IADL: Instrumental activities of daily living; MCID: Minimal 

clinically important difference; mRS: Modified Rankin Scale; NA: not applicable; NR: not reported; NIHSS: National Institutes 

of Health Stroke Scale; OHS: Oxfordshire Handicap Scale; PRO: patient-reported outcome; SF-36: Medical Outcomes Study 36-

Item Short-Form Health Survey; TIA: Transient Ischemic Attack;  
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3.2.2. Study quality assessment: Class of evidence (CoE) and risk of bias evaluation 

The method used by Spectrum Research, Inc. (SRI) for assessing the quality of evidence of 

individual clinical studies as well as the overall quality of evidence incorporates aspects of 

the rating scheme developed by the Oxford Centre for Evidence-based Medicine,
147

 precepts 

outlined by the Grades of Recommendation Assessment, Development and Evaluation 

(GRADE) Working Group,
31

 and recommendations made by the Agency for Healthcare 

Research and Quality (AHRQ).
22,178

  No standard, universally accepted method of critical 

appraisal of economic analyses is currently in use. Completeness of reporting for economic 

studies was assessed using the Quality of Quality of Health Economic Studies (QHES)
144

  

and combined with other factors are important in critical appraisal of studies from health 

economist and  epidemiologic perspectives. Although the precise guidelines that characterize 

high quality administrative database studies are still under development,
114

 a number of 

criteria that should be met in a high quality administrative database study have been 

suggested.
114,174

  A 12- item checklist based on these criteria was used as a basis for general 

critical appraisal of administrative studies. Based on the focus of using the studies with the 

least potential for bias as the primary evidence base and given concerns that administrative 

studies are at high risk of bias, the were not considered as part of the primary evidence base 

and not included in the determination of overall strength of evidence. 

 

Details of the Class of Evidence/risk of bias evaluation and overall strength of evidence 

(SoE) methodology are found in Appendix D. Comparative studies chosen for inclusion were 

appraised and study limitations assessed based on the quality criteria listed in Appendix D. 

Standardized guidelines were used to determine the class of evidence for each comparative 

study included in this assessment. Determination of overall strength of evidence based on 

GRADE was done for the primary critical outcomes and focused on the highest quality 

evidence available to address the questions. 

 

3.3. Quality of Literature Available 

Quality of retained studies 

The systematic search of bibliographic data bases produced 1043 citations using the search 

strategies in Appendix B.   A total of 71 articles are contained in this report; 42 for key 

questions 1 and 3 (15 publications from 9 RCTs, 27 nonrandomized comparative studies), six 

for key question 2 (1 RCT, 5 case-series), 18 for key question 4 (1 meta-analysis, 8 

publication from 5 RCTs, 9 nonrandomized comparative studies), and five formal economic 

evaluations for key question 5. 

 

A 2012 AHRQ
150

 review included 3 RCTS (CREST, SAPPHIRE, KENTUCKY 

2004),
46,48,183

 one of which was conducted in high-risk patients (SAPPHIRE).
183

  Because the 
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SAPPHIRE trial addresses the efficacy and effectiveness of a special population (high-risk 

patients), we have limited our discussion of this study to key Question 4.  Therefore, for the 

purposes of this HTA, data for the comparison of efficacy and effectiveness of CAS versus 

CEA (Key Question 1b) was contributed by two RCTs (CREST and KENTUCKY 2004).
46,48

   

 

Over 20 systematic reviews were identified via our search, including a recent Cochrane 

Review 
41

.  Summarized patient-level data from this review’s meta-analyses were used for 

some analyses for comparison to our meta-analyses and to provide information to answer key 

question 4. All others were excluded for one or more of the following reasons: failure to 

separate data by symptom status, inclusion of studies which did not meet our inclusion 

criteria, lack of clarity regarding timing of outcomes, failure to include the most recent 

randomized controlled trials, uncertainty regarding the quality of systematic search methods, 

lack of critical appraisal of individual studies failure to address the key questions and scope. 

 

For the evaluation of the primary outcomes for efficacy and periprocedural safety of carotid 

artery stenting, the primary evidence base comes from randomized controlled trials. The 

primary evidence base on effectiveness comes from comparative nonrandomized studies 

(cohort and registry studies). Administrative data studies were considered to be at high risk 

of bias and were not considered to be part of the primary body of evidence. Of the 11 

administrative database studies described for additional context, eight studies met half or 

fewer of the 12 criteria considered important for a quality database study. 

 

Six of the included trials were terminated early:  

 The EVA,
128

 SPACE
153

 and Leicester (Naylor)
141

 trials were stopped secondary to 

concerns over the safety of stenting and/or based on interim futility analysis. 

 SAPPHIRE
183

 was terminated early due to slowed recruitment 

 BACASS
93

 and Regensburg (Steinbauer)
170

 were stopped early for the stated reasons 

that the ICSS
65

 and SPACE trials respectively were being initiated.  

Two RCTs (BACASS, Regensburg) enrolled ≤10 participants in each treatment arm; one 

study enrolled patient prior to the year 2000 (Leichester).  

 

Data from many retained studies were used to provide information across multiple key 

questions. Exceptions to this were studies specific to stent use in treatment of intracranial 

atherosclerotic disease and those specific to economic evaluation. The key questions related 

to these topics had a discrete body of literature.    

 

Detailed critical appraisal information on included studies is found in Appendix E. Most 

RCTs were considered to be at moderately low risk of bias. The primary ICSS report was 

rated as having low risk of bias.
65

 Aside from sample size concerns noted by the authors of 
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these studies, primary reports on the CREST trial.
48,167

 were also considered highest quality 

for RCTs.  The lowest quality RCTs were the BACASS, Regengsberg and both Kentucky 

trials, based on failure to report randomization sequence generation, concealment of 

allocation and small sample size. 

 

Use of embolic protection: Six of the ten included RCTs reported using embolic protection 

methods  (CREST, SAPPHIRE, EVA-3S, ICSS, SPACE, BACASS)
48,63,65,87,93,129

 and three 

stated that they did not (Regensberg, Kentucky 2001 and 2004)
45,46,170

 and use was not clear 

in one study (Leicester).
141

  For nonrandomized studies, 12 of the 17 included studies 

reported using embolic protection in at least 80% of patients.
33,49,50,59,69,96,107,113,125,142,166,189

 In 

five other studies use was not reported or no clearly stated.
43,102,108,119,163

 

 

Key Question 1 

Asymptomatic patients:  

 For the comparison of CAS versus medical therapy alone, no randomized studies were 

found for asymptomatic patients. One retrospective, single-center cohort study provides 

the evidence based for effectiveness and was considered to be at moderately high risk of 

bias.
163

 

 For the comparison of CAS with medical therapy to CEA with medical therapy, two 

RCTS on asymptomatic patients provided the evidence base for evaluation of 

efficacy.
46,48

 Both were considered to be at moderately low risk of bias.  

 With respect to effectiveness in asymptomatic patients, four nonrandomized comparative 

studies (two clinical cohorts,
59,189

 1 registry provide the evidence base.
33

 In addition one 

administrative study
176

 is included in this report. All cohort and registry studies were 

considered to be at moderately high risk of bias; the administrative study was considered 

at high risk of bias. 

Symptomatic Patients:  

 For the comparison of CAS versus medical therapy alone, no randomized studies were 

found for symptomatic patients. One retrospective, single-center cohort study provides 

the evidence based for effectiveness and was considered to be at moderately high risk of 

bias.
163

  

 Ten reports from seven RCTS on symptomatic patients provided the evidence base for 

evaluation of efficacy of CAS versus CEA.
26,27,29,45,48,63,65,93,129,170

  All studies were 

considered to be at moderately low risk of bias.  

 Data on effectiveness following CAS and medical therapy compared with CEA and 

medical therapy up to 4 years were reported by two nonrandomized prospective cohort 

studies included in this report.
59,189

  Both studies were considered to be at moderately 

high risk of bias. 
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Key Question 2  

For coherence, information on efficacy and safety are presented for this question which 

focuses on stent use for treatment of atherosclerotic disease in intracranial arteries. One RCT 

in symptomatic patients provides the primary evidence base for both efficacy and safety.
51

  

This RCT was considered to be at moderately low risk of bias.  No comparative 

nonrandomized studies were identified. Five prospective case series (4 multicenter and 1 

single-center)
12,42,71,101,188

 that reported outcomes following angioplasty and stenting for 

symptomatic intracranial atherosclerosis using FDA approved devices for this indication. 

These were all considered at high risk of bias; individual class of evidence evaluation was 

not done for these studies.  

 

 

Key Questions 3  

Data from RCTs and non-randomized studies were included for the evaluation of safety.  

 

Asymptomatic patients:  

 For the comparison of CAS and medical therapy versus medical therapy alone, no 

randomized studies were found for symptomatic patients. One retrospective, single-center 

registry study provides the evidence based for effectiveness and was considered to be at 

moderately high risk of bias.
163

  

 

 Two RCTs provided data comparing CAS with medical therapy to CEA with medical 

therapy during the peri-procedural timeframe.
46,167

 Both were considered to be at 

moderately low risk of bias.  

 In addition to data from RCTs, periprocedural outcomes following CAS and medical 

therapy compared with CEA and medical therapy were reported in a total of 21 

nonrandomized comparative studies (7 cohorts,
43,49,59,96,108,125,189

  3 registries,
102,119,142

 and 

11 administrative
39,76,77,111,132,134,135,155,173,176,187

).  All cohort and registry studies were 

considered to be at moderately high risk of bias; administrative studies were considered to 

be at high risk of bias. 

Symptomatic Patients:  

 No studies comparing CAS and medical therapy with medical therapy alone in 

symptomatic patients were identified. 

 For the comparison of CAS and medical therapy with CEA and medical therapy, a total 

of ten studies from eight RCTs reported on various outcomes during the periprocedural 

period.
26,45,63,65,93,128,129,141,167,170

 

 In addition to data from RCTs, periprocedural and others safety outcomes following CAS 

and medical therapy compared with CEA and medical therapy were reported in a total of 

18 nonrandomized comparative studies (7 cohorts,
43,49,59,96,107,108,189

 3 registries,
102,119,142

 

and 8 administrative
39,76,77,132,134,135,155,173

).  All clinical and registry studies were 
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considered to be at moderately high risk of bias; administrative studies were considered to 

be at high risk of bias.   

 

 

Key Question 4  

For evaluation of differential effectiveness and safety in special populations data from RCTs 

and observational studies were included.   

Asymptomatic patients:  

 For CAS versus medical therapy alone, no RCT data were available and one retrospective 

cohort study was found.
163

 This study was considered to be at moderately high risk of 

bias. 

 One RCT (CREST) was available to evaluate differential safety outcomes.
94

  Data from 

one additional trial (SAPPHIRE)
87,183

 of asymptomatic high risk patients were also 

included, however, no direct comparison with average risk patients could be made. These 

studies were considered to be at moderately low risk of bias. 

 In addition, one prospective cohort study,
96

 one registry study,
102

 which were considered 

at moderately high risk of bias were included.   Five administrative database studies are 

also summarized and were considered to be at high risk of bias.
39,77,111,132,187

  

Symptomatic Patients:  

 For the comparison of CAS with CEA, patient-level data were available for age and sex 

for six trials (Leicester, EVA-3S, SPACE, BACASS, ICSS, and CREST) as reported in 

the Bonati systematic review.
41

 Otherwise, four trials were included (EVA-3S, SPACE, 

ICSS, and CREST).
63,65,91,94,129,171

  The ICSS
65

 was rated as having low risk of bias and 

all others were considered to be at moderately low risk of bias. Data from one trial for 

symptomatic high risk patients (SAPPHIRE) were also included, however, no direct 

comparison with average risk patients could be made.
87,183

 

 In addition, one prospective cohort study,
96

 one registry study
102

 and four administrative 

database studies
39,77,132,155

 were included. The cohort studies were considered to have 

moderately high risk of bias and the administrative studies were considered to be at high 

risk of bias. 

 

 

Key Question 5 

Five cost-utility studies meeting the inclusion criteria were identified.
99,124,130,175,186

 Quality 

of Health Economic Studies (QHES)
144

 scores ranged from 84-100, which primarily reflects 

the quality of reporting on specific factors that are important in economic analyses.  It does 

not provide for evaluation of quality with respect to modeling assumptions or extensive 

consideration of data quality and included outcomes measures relevant to a specific topic. In 

general, the quality of the individual studies was considered moderate to high. One study 

considered only asymptomatic patients,
130

 two studies concentrated on symptomatic 
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patients
99,186

 and two studies provided a subgroup analysis for both symptomatic 

statuses.
124,175

 

 

3.4.  Patient Population(s) 

Population characteristics from included studies for this HTA are briefly summarized in this 

section for reference. Detailed information on demographics in individual studies can be 

found in the Appendices. In particular, a number of studies have been described in the 

literature as primarily relating to patients at standard/average risk or at high risk for 

complications of surgery.  

 

Surgical Risk 

Carotid stenting is seen as an alternative to CEA in patients who are at high risk of surgically 

related morbidity and mortality. 

 

A number of factors that may put patients at high risk for CEA surgery have been suggested. 

The recent AHRQ HTA (2012)
150

 systematically identified a list of such factors from a 

number sources: factors listed in the CMS decision memo,
1
 factors reported to be significant 

in multivariate analyses of published literature for predictive models, inclusion criteria for 

the SAPPHIRE trial designed to evaluate high risk patients,
183

 factors listed in the reference 

surgical risk classification tool,
172

 and definitions factors described in a recent systematic 

review.
158

  The AHRQ HTA thus proposed the conditions listed below as those which may 

be associated with increased risk for periprocedural adverse events following CEA.
150

 Note 

that these factors are not necessarily limited to patients enrolled in the SAPPHIRE trial of 

high-risk patients.  For example, stroke was the qualifying event for treatment in 32%–65% 

of standard/average risk symptomatic patients as reported by the CREST and Kentucky 

trials.
45,167

  

 

Detailed information on demographics in individual RCTs can be found in the Appendices. 
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Factors which may increase risk for periprocedural adverse events following CEA. 

 
SAPPHIRE 

Trial of high-risk 

patients 

Asymptomatic Patient 

Trials 
(Kentucky, CREST)46,167 

Symptomatic Patient Trials 

(BACASS, CREST, EVA-3S, 

ICSS, Kentucky, Leicester, 
Regensburg, SPACE) 

45,63,65,129,141,167,170 

Number of patients N = 334 N = 1266 

(range, 85 – 1181 per trial) 

N = 4982 

(range, 17 – 1710 per trial) 

Symptomatic (% patients) 28.8% 0% 100% 

High surgical risk factors 

Age > 80 years 19.9% 

(mean age: 73) 

NR 

(mean age: 68 – 69) 

NR 

(mean age: 68 – 70) 

Contralateral occlusion (i.e., contralateral 

stenosis of 100%) 

24.5% 2.5 – 8.2% 2.9%- 13.5%§ 

Contralateral stenosis  > 50% NR NR 34.1 – 83.7%** 

Previous CEA with recurrent stenosis 22.4% NR 2.9%††  

Cardiac factors 

Congestive heart failure 18.4% NR 2.7 – 4%‡‡ 

Atrial fibrillation NR NR 0 – 7%§§ 

Left ventricular ejection fraction < 30% NR NR NR 

Unstable angina 19.4%* NR NR 

History of MI 32.5% NR 12 – 18%‡‡ 

History of open-heart surgery 37.1%† 25%† 13.5 – 16.9%† 

Severe pulmonary disease 15.4%‡ NR NR 

Neurologic factors 

Preoperative ipsilateral stroke NR NR NR 

Stroke as an indication for CEA NR 

(25.5% with  

history of stroke) 

0% 32.2 – 65%*** 

Crescendo transient ischemic attack 

/stroke 

NR NR NR 

Cerebral events (versus ocular events) NR NR NR 

History of transient ischemic attack/ 

stroke in the prior six months 

(contralaterally) 

NR 

(32.6% with 

history of TIA) 

NR NR 

(10 – 43% with TIA as 

qualifying event***) 

Stenosis of ipsilateral internal carotid siphon  NR NR NR 

Bifurcation of carotid artery at the level of 

C2 in conjunction with short neck 

NR NR NR 

Severe obesity NR NR NR 

Emergency CEA NR NR NR 

Prior radiation treatment to the neck NR NR NR 

*class 3 or 4 angina (according to Canadian Cardiovascular Society guidelines) 

†CABG; for asymptomatic patients, data reported for CREST trial only (N = 1181); for symptomatic patients, data reported for  
CREST (N = 1321) and ICSS (N = 1710) only 

‡chronic obstructive pulmonary disease 

§ data NR for Kentucky (N = 104), Leicester (N = 17), or Regensburg (N = 87)  

**Data reported for ICSS (N = 1710) and SPACE (N = 1183) trials only 

†† data reported for EVA-3S (N = 527)  

‡‡ data reported for EVA-3S (N = 527) and ICSS (N = 1710) trials only 

§§Atrial fibrillation or atrial flutter, data reported for ICSS (N = 1710) and CREST (N = 1321) only 

*** data NR for CREST (N = 1321) or Kentucky trials (N = 104) 
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Patient Characteristics in Trial of Intracranial Stenting 

The pathophysiology and treatment options for intracranial atherosclerotic disease are somewhat 

different than those for extracranial carotid atherosclerotic disease. Patient characteristics from 

the only RCT on intracranial artery stenting are summarized below.   

Baseline characteristics of patients from included RCTs comparing CAS with CEA for 

symptomatic carotid artery disease. 

 

SAMMPRIS trial
51

 

Baseline demographics and 

characteristics 

Treatment groups 

% (n) 

 CAS + medical 

therapy 

(N =224 ) 

Medical therapy 

only 

(N = 227) 

Demographics   

Male 56.7 63.9 

Mean age ± SD (years) 61.0 ± 10.7 59.5 ± 11.8 

Current Smoker 24.2 30.4 

Mean % stenosis (± SD) 80 ± 7 81 ± 7 

Comorbidities   

Hypertension 89.7 89.4 

Diabetes 47.3 45.4 

Lipid disorder 86.6 89.4 

History of coronary artery disease 21.0 26.0 

History of stroke other than qualifying 

event 

26.8 25.6 

Already receiving antithrombotic 

therapy at time of qualifying event 

64.7 62.1 

Qualifying event   

Stroke 63.4 67.0 

TIA 36.6 33.0 
 

AFib = atrial fibrillation; AFlutter = atrial flutter; CAD = coronary artery disease; CAS = carotid artery stenting; 

CEA = carotid endarterectomy; DM = diabetes mellitus; HTN = hypertension; MI = myocardial infarction; ND = 

not defined; NR = not reported; PVD = peripheral vascular disease; TIA = transient ischemic attack. 
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4. Results 

 

4.1. Key Question 1: Extracranial Carotid Artery Stenosis Stenting Efficacy 

and Effectiveness 

In symptomatic or asymptomatic persons with atherosclerotic carotid artery stenosis 

what is the evidence of short- and long-term comparative efficacy and effectiveness of:  

a. Extracranial carotid artery stenting (CAS) and medical therapy compared 

with medical therapy alone? 

b. Extracranial carotid artery stenting (CAS) and medical therapy compared 

with carotid endarterectomy (CEA) and medical therapy? 

 

Key Question 1 focuses on outcomes beyond the 30 day (1 month) periprocedural period. For 

the purposes of this HTA, short term outcomes were considered all outcomes occurring after 

30 days and before 12 months, and longer-term outcomes were considered all outcomes 

occurring at or after 12 months. A positive risk difference (RD) favors CAS and negative RD 

favors CEA, however if the value of “0” is included in the confidence interval, the result was 

not statistically significant. 

4.1.1. Asymptomatic 

 

Summary regarding efficacy (RCT data) 

 

CAS versus medical therapy alone:  No RCT evaluating the efficacy of CAS and medical 

therapy versus medical therapy alone among patients with asymptomatic carotid stenosis 

were found.  

 

CAS compared with CEA: Two RCTs evaluated the efficacy of CAS and medical therapy 

versus CEA and medical therapy in patients of average surgical risk: One (Kentucky 2004)
46

 

was conducted in asymptomatic patients only, and one trial (CREST)
48

 enrolled both 

symptomatic and asymptomatic patients.  A third trial was conducted in high-risk patients 

(SAPPHIRE)
87

 and is described in with Key Question 4 on special populations. 

 

Across the two RCTs included in this section with regard to efficacy:  

 Neither RCT evaluated the short-term efficacy of CAS and medical therapy compared 

with CEA and medical therapy for death or MI.  

 Data on outcomes up to 4 years were reported for the CREST and Kentucky trials. 

o Stroke: Kentucky reported no stroke events at 4 years for either CAS or CEA 

treatment groups. 
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o Ipsilateral stroke: No statistical difference was reported in in the CREST 

study; no ipsilateral stroke events were seen in either treatment arm of the 

Kentucky trial.    

o Any periprocedural stroke or death or post-procedural ipsilateral stroke: 

In the CREST trial, there was no statistical difference in risk of this composite 

outcome at 4 years.  

o Other outcomes:  The Kentucky 2004 study reported no difference in vessel 

patency at 4 years between CEA and CAS treatment groups. No patients in 

either group experienced symptoms of cerebral ischemia. Hospital length of 

stay, postprocedural pain and time to return to full activity were similar 

between treatment groups.  

 

Summary regarding effectiveness (nonrandomized comparative studies) 

 

CAS versus medical therapy alone:  One retrospective, single-center cohort, Sherif et al. 

2005,
163

 followed patients for a median 2.1 years and reported Kaplan-Meier estimates for a 

projected 5 years of follow-up using a propensity score-adjusted analysis.  Compared to 

patients in the medical therapy group, patients in the CAS group had significantly decreased 

rates of all outcomes (any stroke, death, and any stroke or death).  This study was considered 

to be at moderately high risk of bias. 

 

CAS compared with CEA: Primary outcomes following CAS and medical therapy 

compared with CEA and medical therapy up to 4 years were reported in four nonrandomized 

comparative studies (2 clinical cohorts,
59,189

 1 registry
33

 and 1 administrative
176

) included in 

this report, including those described in the AHRQ report.  All cohort studies were 

considered to be at moderately high risk of bias while the registry was considered to have a 

moderately low risk of bias.  Risk of bias in the administrative study was considered to be 

high. 

 Any stroke: There were no statistical differences between treatments at 1–1.5 years 

in one prospective registry study and one administrative study or in one prospective 

cohort study at 4 years.  

 Death: A marginally significant statistical increase in death was seen at 1 year in a 

large administrative study but no statistical difference at 1.5 or 4 years as reported in 

one prospective registry and one prospective cohort study, respectively.  

 Any stroke or death: No statistical difference at 1.5 or 4 years as reported in two 

studies (1 prospective registry and 1 prospective cohort). 

 Myocardial infarction (MI): Across two prospective studies (1 registry and 1 

cohort) at 1.5 and 4 years, no statistical difference was seen between treatments, 

although somewhat higher rates of MI were seen following CEA. By contrast, one 
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large administrative study reported a slight increase in MI risk at one year following 

CAS.  

 Any periprocedural stroke, death or post-procedural ipsilateral stroke: At 2.8 

years no statistical difference was seen between groups in one prospective cohort 

study. 

 Cognitive function, ADLs, Depression: Three small prospective cohort studies (all 

considered to be at moderately high risk of bias) reported on various secondary 

outcomes.
33,50,69,113

 Overall, no statistical differences between treatment groups were 

seen for most measures, which may partly be a function of sample size. One study 

reported improvement in working memory after CAS (compared with CEA) and in 

processing speed following CEA (compared with CAS).   

 

 

Detailed results: 

 

Efficacy in asymptomatic patients (RCTs) 

 

CAS and medical therapy compared with medical therapy alone: No RCTs evaluated the 

efficacy of CAS and medical therapy versus medical therapy alone among patients with 

asymptomatic carotid stenosis.   

 

CAS with medical therapy versus CEA with medical therapy:  Two RCTs evaluated the 

efficacy of CAS and medical therapy versus CEA and medical therapy: one (Kentucky 

2004)
46

 was conducted in asymptomatic patients only (N = 85), and one trial (CREST)
48

 

enrolled both symptomatic and asymptomatic patients (total N = 1321 and N = 1181, 

respectively), with randomization blocked by symptom status.  A third trial was conducted in 

high-risk patients (SAPPHIRE)
87

 and is described in with Key Question 4 on special 

populations. Therefore, treatment assignment was randomly assigned among asymptomatic 

patients. However, this stratified study was not powered to detect significant associations in 

subgroup analyses; therefore, it is possible that real differences exist between the 

interventions but were not detected because of inadequate sample size. Data for the 

asymptomatic patients is reported in this section. 

 

Neither the Kentucky nor the CREST study reported on death or MI as separate outcomes at 

times beyond 30 days.  

 

Any stroke 

One RCT (Kentucky) examined the risk of any stroke at 4 years; however, zero events were 

reported for both treatment groups; thus, no estimate of efficacy of CAS versus CEA could 

be deducted from this study.
46
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Ipsilateral stroke 

Both RCTs (CREST, Kentucky) reported data on ipsilateral stroke.  CREST reported 

ipsilateral stroke as a composite of ‘any periprocedural (within 30 days) stroke or 

postprocedural (> 30 days) ipsilateral stroke’ at 4-year follow-up.
48

 Although CREST does 

not explicitly report data limited to the post-procedural period, data are available to allow 

removal of periprocedural events; therefore we calculated the risk of postprocedural 

ipsilateral stroke.  At 4-year follow-up risk of ipsilateral stroke was similar for CAS and CEA 

(CAS vs. CEA RD = 0.67%, 95%CI = -0.57, 1.90).  Although Kentucky did not explicitly 

report data on ipsilateral strokes, they reported no stroke events for either CAS or CEA arms 

at 4 years.  No estimate of efficacy of CAS versus CEA with respect to ipsilateral stroke 

could be deducted from this study. 

 

Any periprocedural stroke or death or post-procedural ipsilateral stroke  

One RCT (CREST) reported data on stroke or death up to 4 years.
48

  Authors reported stroke 

or death as a composite of ‘any periprocedural stroke or death or post-procedural ipsilateral 

stroke’.  At 4-year follow-up, CAS patients had a nonsignificant 2% higher risk of stroke or 

death as compared with CEA (RD = 1.9%, 95% CI = -0.5, 4.3, HR 1.86, 95% CI 0.95, 3.66). 

Data were not available to separate periprocedural events.  The SAPPHIRE trial of high 

surgical risk patients reported no differences in 3-year ipsilateral stroke or death (RD, -8% (-

19%, 3%) between CAS and CEA treatment groups.
87

  See Key Question 4 for additional 

details. 

 

Patency 

One RCT (Kentucky) reported on patency of the reconstructed artery up to 4 years.
46

  Similar 

patency for both treatment arms was seen, and no individual in either treatment group 

experienced symptoms of cerebral ischemia. 

 

Other Outcomes 

One RCT reported similar lengths of hospital stay (CAS: 1.5 ± 0.8 days versus CEA: 1.7 ± 

2.5 days), perception of pain (Average 24-hour postprocedure pain scale (0-10) for CAS: 1.1 

versus CEA: 2.0), and return to full activity (Average days for CAS: 8.6 ± 5.9 versus CEA: 

9.8 ± 6.1) for CAS and CEA.
46

   

 

Effectiveness in asymptomatic patients (Nonrandomized comparative studies) 

 

CAS and medical therapy compared with medical therapy alone: Only one retrospective, 

single-center cohort, Sherif et al. 2005,
163

 was found that reported on long-term clinical 

outcomes following CAS and medical therapy (n = 421) compared with medical therapy 

alone (n = 525) and was included in the AHRQ report.
150

  Patients undergoing CAS were 

similar those having CEA with respect to age (72 and 73 years) and male gender (68% and  

62%). The median follow-up period was 2.1 years (absolute range, 6–72). Outcomes of 
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stroke and/or death were reported using Kaplan-Meier estimates for a projected 5 years of 

follow-up using a propensity-score adjusted analysis (age, gender, body mass index, baseline 

degree of carotid stenosis, diabetes, hypertension, hyperlipidemia, smoking, congestive heart 

failure, coronary artery disease, history of MI, peripheral artery disease, concomitant 

malignancy, American Society of Anesthesiologists classification, Asymptomatic Carotid 

Atherosclerosis Study eligibility, and the date of CAS to account for temporal trends). This 

study was considered to be at moderately high risk of bias. Compared to patients in the 

medical therapy group, patients in the CAS group had a significantly decreased risk for all 

outcomes:   

 Any stroke:  9% versus 11% (adjusted hazard ratio (HR) = 0.47; 95% CI, 0.24–0.91) 

 Death:  20% versus 32% (adjusted HR = 0.67; 95% CI, 0.46–0.97) 

 Any stroke or death:  29% versus 62% (adjusted HR = 0.66; 95% CI, 0.47–0.91) 

 

CAS and medical therapy compared with CEA and medical therapy: For the comparison 

of CAS and medical therapy with CEA and medical therapy in asymptomatic patients, data 

abstracted from the 2012 AHRQ report
150

 were combined with data from studies that were 

published after the AHRQ search or which appeared to have met the inclusion criteria but 

didn’t appear to have been summarized in that report. Overall this section includes data from 

four nonrandomized, comparative studies describing the primary outcomes (e.g. stroke, 

death).  Two prospective cohort studies
59,189

 and one prospective registry study (which 

conducted a propensity score matched analysis),
33

 all included in the AHRQ report, 

constitute the primary body of evidence.  Across these three studies, sample sizes ranged 

from 269 to 1672 with mean follow-up periods of 1.5 to 4 years.  Patient ages were similar 

(range, mean 70-72 years) and the proportion of males ranged from 62%-71%; in two of 

these studies demographics for the asymptomatic population were not reported separately so 

they reflect the entire study population.
59,189

 The fourth study was an administrative study not 

included in the AHRQ report that looked at the Center for Medicare and Medicaid Services 

(CMS) provider analysis data (N = 10,958, mean age 76 years, 57.5% male) and reported 

adjusted estimates for primary outcomes at 1 year of follow-up.
176

 In addition three small 

studies (N = 60, N = 46, N = 46) provided data on secondary outcomes (e.g. cognitive 

function).
50,69,113

  Data are summarized in Tables 8 and 9, respectively. 

 

All cohort studies were considered at moderately high risk of bias while the risk of bias in the 

registry study was considered to be moderately low. The administrative study was considered 

to be at high risk of bias.  Concerns regarding such studies include questions of coding 

accuracy and variability of algorithms used to identify patients as previously described in the 

methods section of this report.   
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Any stroke 

No statistically significant differences in the risk of any stroke following CAS compared with 

CEA were reported by one cohort study and one registry study.  Risks were 9.2% and 5.7%, 

respectively, at 4 years in the clinical study
189

 and 3.8% and 2.6% (Kaplan Meier rate 

estimates), respectively, at 1.5 years in the registry study.
33

  Similarly, in one large 

administrative study with 1 year of follow-up, no significant difference in the risk of any 

stroke was reported between groups (CAS 5.3%; CEA 4.1%).
176

  

 

Death 

Data from two studies (1 cohort, 1 registry) showed no statistically significant differences 

between treatment groups.  The risk of all-cause death at 4 years in the cohort study
189

 was 

22.2% following CAS compared with 19.7% after CEA and at 1.5 years in the registry study 

Kaplan Meier rate estimates were identical (7.4% for both groups).
33

  In a third study, a large 

administrative database analysis, a marginally significant statistical increase in death 

following CAS was seen at 1 year: 9.9% and 6.1%; adjusted HR = 1.30 (95% CI, 1.01–

1.69).
176

  

 

Any stroke or death 

No statistically significant differences in the risk of any stroke or death between CAS and 

CEA were reported by two studies.  In the cohort study, the risk at 4 years was 25.8% versus 

23.2%, respectively,
189

 and in the registry, Kaplan Meier rate estimates of any stroke 

(nonfatal) or death were 9.9% and 8.9%, respectively, at 1.5 years of follow-up.
33

  

 

Myocardial infarction (MI) 

Across one cohort and one registry study, the risk of MI did not differ significantly between 

groups.  At 4 years of follow-up, risks were 7.9% with CAS versus 10.1% with CEA in the 

cohort study
189

 and Kaplan Meier rate estimates were 3.2% and 4.8%, respectively, at 1.5 

years in the registry.
33

 By contrast, CAS resulted in a marginally significant increased rate of 

MI compared with CEA at 1 year as reported by one large administrative database study: 

4.8% and 2.5%; adjusted HR = 1.56 (95% CI, 1.07–2.27).
176

  

 

Any stroke or transient ischemic attack (TIA) 

Only one registry with 1.5 years of follow-up provided data for this outcome and reported 

similar Kaplan Meier rate estimates of any stroke (fatal or nonfatal) or TIA after CAS and 

CEA, respectively: 5.5% and 5.0%.
33

  

 

Any periprocedural stroke or death or post-procedural ipsilateral stroke 

Only one cohort with a mean follow-up of 2.8 years analyzed this outcome.  De Rango, et al. 

2011 reported 5-year Kaplan Meier estimates of any stroke or death up to 30 days or 
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ipsilateral stroke thereafter and found no significant difference between the CAS and the 

CEA group, respectively: 3.3% and 2.5%.
59

  

 

Cognitive outcomes 

Cognition was not included as an outcome in the AHRQ report.  Three, small studies 

evaluating cognitive outcomes are reported here.  

 

Mini-Mental State Examination (MMSE) 

 Two small studies reported changes in MMSE scores in asymptomatic patients who 

underwent CAS or CEA.  

 In one study, a significant decrease was seen in postoperative scores in CAS patients 

compared with CEA patients (change pre- to post-operative: -2.7 vs. -0.5; P = .03), 

with a decrease of greater than 5 points in seven (25%) versus one (3%) patient, 

respectively.   However, by both the 6 and 12 month follow-up, MMSE scores were 

similar between the two groups.
50

  

 Likewise, there were no significant differences between the CAS and CEA groups in 

MMSE change scores from baseline to follow-up at 3 months (-0.53 vs. -0.52) and 12 

months (0.13 vs. -0.03) as reported by the second study.
69

  

 

Trail-Making Test (TMT) 

 Two studies evaluated results of the TMT and reported no significant differences in 

pre- to post-operative change scores between the two groups at any time point 

studied. 

 One study reported the standardized change score of the combined TMT at a mean 

follow-up of 5.2 months: 0.63 (CAS) versus 0.74 (CEA).
113

  

 The second study reported change scores for TMT part A (selective attention) and 

TMT part B (divided attention) separately at the 3 month (30.7 ± 65.2 vs. 12.7 ± 57.5 

and -3.1 ± 122.0 vs. -3.2 ± 98.3) and 12 month follow-up visit (21.5 ± 59.1 vs. -0.1 ± 

28.2 and -56.7 ± 72.5 vs. -49.3 ± 88.6) in the CAS and CEA groups, respectively.
69

  

 

Controlled Oral Word Association (COWA) 

 Two studies reported scores for the COWA test and reported no significant 

differences in pre- to post-operative change scores between the two groups at any 

time point studied. 

 One study reported the standardized change score of the COWA at a mean follow-up 

of 5.2 months: 0.69 (CAS) versus 0.61 (CEA).
113

  

 The second study reported change scores in the CAS and CEA groups, respectively, 

at the 3 month (0.9 ± 8.5 vs. 1.9 ± 10.8) and 12 month follow-up visit (3.6 ± 8.8 vs. 

5.0 ± 8.1).
69
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Other cognitive outcomes 

 The outcomes of various other cognitive tests (Babcock story recall, Rey’s auditory 

verbal learning test immediate (Rey-IR) and delayed (Rey-DR) recall, category 

naming test, copy drawing test, Boston naming test, and Hopkins verbal learning test) 

were reported by one of two of the included studies with no significant differences 

between the two groups.
69,113

  

 In one of these studies with a mean follow-up of 5.2 months, scores on the Processing 

Speed Index were significantly decreased in the CAS group compared with the CEA 

group (-0.32 vs. 0.58; P = .001) while scores on the Working Memory Index were 

significantly improved compared with the CEA (0.46 vs. -0.41; P = .001); however, 

the composite score for all seven cognitive tests evaluated (including these two tests) 

was not significantly different between groups.
113

   

 

Activities of daily livings (ADLs) and Depression 

 ADLs and depression were not included as outcomes in the AHRQ report.  The 

following small study and these outcomes are unique to this report.  

 One of the small nonrandomized studies evaluating cognition also looked at the basic 

ADL and instrumental ADL questionnaires and the Geriatric Depression Scale (GDS) 

at 3 months and 12 months following CAS and CEA and found no significant 

difference in either function or mood between the two groups.
69

   

 At 3 months, basic ADL scores were -0.16 ± 0.51 and -0.15 ± 0.60 in the CAS and 

CEA groups respectively; at 12 months, -0.06 ± 0.5 versus -0.10 ± 0.47, respectively. 

 Instrumental ADLs were 0.38 ± 2.1 versus -0.15 ± 2.2 at 3 months and 0.06 ± 2.0 

versus 0.37 ± 2.0, respectively. 

 GDS scores in the CAS and CEA groups at 3 months and 12 months, respectively, 

were -1.0 ±2.1 versus -0.6 ± 2.0 and -0.2 ± 3.9 versus -0.8 ± 1.7. 
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Table 8.  Summary of cumulative rates of stroke, death, and MI by longest follow-up in asymptomatic 

patients from nonrandomized studies reported in the AHRQ and those not included in the AHRQ report. 

Study, N 
Outcome 

Time Frame 

(mean) 
Patients with outcome 

Effect Size* 

RD % (95% CI)† 

RR/HR (95% CI) 

  CAS % (n/N) CEA % (n/N)  

Any stroke 

Zarins 2009  

CaRESS cohort (Pro) 

N = 269 

Any stroke 4 years 9.2 (7/76)‡ 

 

5.7 (9/158)‡ 

 

 

RD = -3.5 (-12.5 to 3.2)‡ 

RR = 1.62 (0.63–4.18)‡ 

 

 

Bangalore 2010§ 

REACH registry (Pro) 

N = 1672 

 

Any stroke 1.5 years 3.8** (27/836) 2.6** (20/836) Adjusted HR = 1.41 (0.79-

2.51) 

Wang 2011 

Administrative data 

N = 10,958 

Any stroke 1 year 5.3 (39/737) 4.1 (277/6724) Unadjusted HR = 1.30 

(0.93-1.82) 

Adjusted HR = 1.26 (0.89-

1.78) 

Death 

Zarins 2009  

CaRESS cohort (Pro) 

N = 269 

All-cause 

death 

4 years 22.2 (19/86)‡ 

 

 

 

19.7 (24/122)‡ 

 

 

RD = -2.4 (-14.0 to 8.5)‡ 

RR = 1.12 (0.66–1.92)‡ 
 

Bangalore 2010§ 

REACH registry (Pro) 

N = 1672 

 

Death 1.5 years 7.4** (40/828) 7.4** (57/830) Adjusted HR = 0.73 

(0.49-1.09) 

Wang 2011  

Administrative data 

N = 10,958 

Death 1 year 9.9 (73/737) 6.1 (412/6724) Unadjusted HR = 1.65 

(1.29–2.12) 

Adjusted HR = 1.30 

(1.01–1.69) 

Stroke (any) or death 

Zarins 2009  

CaRESS cohort (Pro) 

N = 269 

 

Any stroke or 

death 

4 years 25.8 (22/85)‡ 

 

23.2 (30/129)‡ 

 

RD = -2.6 (-14.7 to 8.8)‡ 

RR = 1.11 (0.69–1.79)‡ 
 

Bangalore 2010§ 

REACH registry (Pro) 

N = 1672 

Stroke 

(nonfatal) or 

death 

1.5 years 9.9** (58/828) 8.9** (68/830) Adjusted HR = 0.89 

(0.63–1.27) 

Myocardial Infarction (MI) 

Zarins 2009  

CaRESS cohort (Pro) 

N = 269 

 

MI 4 years 7.9 (6/76)‡ 

 

10.1 (12/119)‡ 

 

RD = 2.2 (-7.1 to 10.1)‡ 

RR = 0.78 (0.31–2.00)‡ 

 

Bangalore 2010§ 

REACH registry (Pro) 

N = 1672 

MI 1.5 years 3.2** (23/836) 4.8** (37/836) Adjusted HR = 0.64 

(0.38–1.08) 

Wang 2011  

Administrative data 

N = 10,958 

MI 1 year 4.8 (35/737) 2.5 (165/6724) Unadjusted HR = 1.97 

(1.37–2.84) 

Adjusted HR = 1.56 

(1.07-2.27) 
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Study, N 
Outcome 

Time Frame 

(mean) 
Patients with outcome 

Effect Size* 

RD % (95% CI)† 

RR/HR (95% CI) 

  CAS % (n/N) CEA % (n/N)  

Any stroke or transient ischemic attack (TIA) 

Bangalore 2010§ 

REACH registry (Pro) 

N = 1672 

Any stroke (fatal 

or non-fatal) or 

TIA 

1.5 years 5.5** (40/836) 5.0** (38/836) Adjusted HR = 1.10 

(0.71–1.72) 

Any periprocedural stroke or death or post-procedural ipsilateral stroke 

De Rango 2011 

Cohort study (Pro) 

N = 1518 

Stroke or death 

up to 30 days or 

ipsilateral stroke 

thereafter 

2.8 years 

 

3.3†† 2.5†† RR = 0.83 (0.49–1.39)‡‡ 

CAS: carotid artery stenting; CEA: carotid endarterectomy; HR: hazard ratio; Pro: prospective study design; RD: 

risk difference; RR: relative risk. 

*As reported by authors unless otherwise stated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Given the percentages and counts (n’s) provided by the authors, we back-calculated to determine the total N after 

loss-to-follow-up.  A RR reflecting this change was also calculated as was a RD.  

§Propensity-score matched analysis. The model included the following baseline characteristics: age, sex, race, 

documented transient ischemic attack, prior CABG, documented ischemic stroke, MI, nitrates, beta blockers, 

calcium channel blockers, statins, angiotensin-converting enzyme (ACE)-inhibitors, diuretics, insulin, smoking, 

unstable/stable angina, diabetes, congestive heart failure, ACE/angiotensin receptor blocker, hypercholesterolemia, 

history of atrial fibrillation, and history of treated hypertension. 

**Kaplan Meier rate estimates and n/N as reported by the authors. 

††5-year Kaplan Meier rate estimates as reported by the authors. 

‡‡Calculated from raw data by the Agency for Healthcare Quality and Research (AHRQ). 

 

Table 9.  Summary of cognitive function, activities of daily living (ADLs) and depression 

outcomes in asymptomatic patients with carotid artery disease from three prospective cohort 

studies not included in the AHRQ report.  

Study, 

N 
Follow-up 

Mean pre-op scores Mean change scores (follow-up–preop) P-value 

CAS CEA CAS CAS  

Mini-Mental State Exam (MMSE) 

Feliziani 2010 

N = 46 

12 months 27.2 ± 1.9 27.8 ± 2.3 3 months: –0.53 ± 3.1 

12 months: 0.13 ± 2.7 

3 months: –0.52 ± 2.5 

12 months: –0.03 ± 2.5 

ns 

ns 

Capoccia 2012 

N = 60 

12 months 25.6 ± 4.5 26.1 ± 3.5 Post-op: –2.7* 

6 months: –1.9* 

12 months: –1.5*  

Post-op: –0.5* 

6 months: –0.2* 

12 months: –0.4* 

ns 

ns 

ns 

Trail Making Test (TMT) 

Feliziani 2010 

N = 46 

12 months Part A 

74.1 ± 37.7 
 

Part B 

135.4 ± 78.5 

Part A 

52.9 ± 24.4 
 

Part B 

162.5 ± 108.5 

 

3 months: 30.7 ± 65.2  

12 months: 21.5 ± 59.1  
 

3 months: –3.0 ± 122.0  

12 months: –56.7 ± 72.5 

 

3 months: 12.7 ± 57.5 

12 months: –0.1 ± 28.2 
 

3 months: –3.2 ± 98.3 

12 months: –49.3 ± 88.6 

 

ns 

ns 
 

ns 

ns 

Lal 2011 

N = 46 

5.2 months Parts A & B 

121 ± 22 

Parts A & B 

138 ± 26 

 

5 months: 0.63† 

 

5 months: 0.74† 

 

ns 

Controlled Oral Word Association (COWA) 

Feliziani 2010 

N = 46 

12 months 22.7 ± 7.8 22.4 ± 9.1 3 months: 0.9 ± 8.5  

12 months: 3.6 ± 8.8  

3 months: 1.9 ± 10.8 

12 months: 5.0 ± 8.1 

ns 

ns 

Lal 2011 

N = 46 

5.2 months 38 ± 9 39 ± 11 

 

5 months: 0.69†  5 months: 0.61† ns 
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Study, 

N 
Follow-up 

Mean pre-op scores Mean change scores (follow-up–preop) P-value 

CAS CEA CAS CAS  

Babcock story recall (Backcock-SR) 

Feliziani 2010 

N = 46 

12 months 9.0 ± 3.1 9.1 ± 3.1 

 

3 months: –0.2 ± 4.5  

12 months: –0.4 ± 3.3 

3 months: 1.4 ± 3.9 

12 months: 0.3 ± 5.0 

ns 

ns 

Rey’s auditory verbal learning test immediate recall (Rey-IR) 

Feliziani 2010 

N = 46 

12 months 35.5 ± 8.9 

 

33.5 ± 7.0 

 

3 months: –0.5 ± 12.0 

12 months: –1.5 ± 9.2  

3 months: –1.5 ± 6.3 

12 months: 1.6 ± 6.2 

ns 

ns 

Rey’s auditory verbal learning test delayed recall (Rey-DR) 

Feliziani 2010 

N = 46 

12 months 7.4 ± 4.0 8.7 ± 3.8 3 months: –0.1 ± 2.6  

12 months: –0.6 ± 2.4 

3 months:  –1.9 ± 4.8 

12 months: –0.9 ± 4.6 

ns 

ns 

Category naming test (CNT) 

Feliziani 2010 

N = 46 

12 months 14.3 ± 4.0 14.3 ± 4.7 

 

3 months: 0.8 ± 5.8  

12 months: –1.9 ± 3.5  

3 months: 1.2 ± 7.1 

12 months: –1.4 ± 4.5 

ns 

ns 

Copy drawing test (CD) 

Feliziani 2010 

N = 46 

12 months 12.5 ± 2.0 12.5 ± 1.7 3 months: 0.8 ± 2.0  

12 months: –0.7 ± 2.9  

3 months: –0.5 ± 1.7 

12 months: –1.3 ± 2.3 

ns 

ns 

Boston Naming Test 

Lal 2011 

N = 46 

5.2 months 52 ± 8 56 ± 10 

 

5 months: 0.59† 5 months: 0.66† ns 

Hopkins Verbal Learning Test 

Lal 2011 

N = 46 

5.2 months 7.9 ± 2.0 8.1 ± 1.7 5 months: 0.77† 5 months: 0.86† ns 

Processing Speed Index 

Lal 2011 

N = 46 

5.2 months 107 ± 16 

 

106 ± 13 5 months: –0.32† 5 months: 0.58† .001 

Working Memory Index 

Lal 2011 

N = 46 

5.2 months 100 ± 16 103 ± 15 5 months: 0.46† 5 months: –0.41† .001 

Basic activities of daily living (ADLs) 

Feliziani 2010 

N = 46 

12 months 5.7 ± 0.5 5.9 ± 0.4 

 

3 months: –0.16 ± 0.51  

12 months: –0.06 ± 0.5  

3 months: –0.15 ± 0.60 

12 months: –0.10 ± 0.47 

ns 

ns 

Instrumental activities of daily living (IADLs) 

Feliziani 2010 

N = 46 

12 months 5.9 ± 2.1 5.6 ± 1.7 3 months: 0.38 ± 2.1 

12 months: 0.06 ± 2.0  

3 months: –0.15 ± 2.2 

12 months: 0.37 ± 2.0 

ns 

ns 

Geriatric Depression Scale (GDS) 

Feliziani 2010 

N = 46 

12 months 4.4 ± 2.4 3.0 ± 1.5 3 months: –1.0 ± 2.1 

12 months: –0.2 ± 3.9 

3 months: –0.6 ± 2.0 

12 months: –0.8 ± 1.7 

ns 

ns 

 

CAS: carotid artery stenting; CEA: carotid endarterectomy; ns = not significant.  

*Change scores were calculated by Spectrum Research using the postoperative scores provided at each time point.   

†Standardized cognitive change score as reported by authors; a positive change score indicates improvement in 

cognitive function after procedure and a negative change score indicates deterioration. 

 

4.1.2. Symptomatic  

 

Summary regarding efficacy (RCT data) 

 

CAS versus medical therapy alone:  No RCT evaluating the efficacy of CAS and medical 

therapy versus medical therapy alone among patients with symptomatic carotid stenosis were 

found.  
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CAS compared with CEA:  Ten reports from seven RCTs evaluated the efficacy of CAS 

and medical therapy versus CEA and medical therapy among symptomatic 

patients.
26,27,29,45,48,63,65,93,129,170

  For the purposes of this HTA, short term outcomes were 

considered all outcomes occurring after 30 days and before 12 months, and longer-term 

outcomes were considered all outcomes occurring at or after 12 months.  All seven RCTs 

evaluated long-term outcomes, and two RCTs evaluated short term outcomes.
65,128

 One 

additional trial was conducted in high-risk patients (SAPPHIRE)
183

 and is described in Key 

Question 4 on special populations. 

CAS compared with CEA, Short term efficacy: 

 Any stroke (excluding periprocedural): There was no significant difference 

between treatments in risk of any stroke at 4 months in one large RCT. 

 Ipsilateral stroke (excluding periprocedural): There was no significant difference 

between treatments in risk of ipsilateral stroke at 4 months in one large RCT. 

 Death: One RCT reported a significant increase in risk of death at 4 months for CAS 

compared with CEA (RD = 1.4, 95% CI: 0.3, 2.6). 

 Any stroke or death (including periprocedural): Across two RCTs, there was a 

significant increase in risk at 4 months in one large RCT (RD: 3.32, 95% CI 1.13, 

5.52); however, no statistically significant difference between treatment arms was 

seen at 6 months. 

 Death or any periprocedural stroke or postprocedural ipsilateral stroke: In one 

large RCT there was a significant increase in risks for CAS compared with CEA 

(RD=5.36%, 95% CI: 1.28, 9.42). 

 Cognitive function, blood pressure:   Two RCTs reported on cognitive function and 

blood pressure at 4 months.  Overall, there were no statistical differences between 

treatment groups for change in measures of cognitive function or blood pressure. 

 

CAS compared with CEA, Long term efficacy: 

 Any stroke (excluding periprocedural): No statistical differences between treatment 

groups were seen at two years (2 RCTs) or four years (2 RCTs). Risks ranged from 

0% -3.8% in both treatment groups. 

 Ipsilateral stroke (excluding periprocedural): No statistical differences were seen 

at two years (2 RCTs), or four years (2 RCTs) or 5.4 years (1 RCT). In the largest 

trials (CREST, SPACE, EVA-3s),
48,63,129

 rates ranged from 1.5%-2.2% following 

CAS and 1.5% - 2.4%.  

 Death: No statistical differences were seen at two years (2 RCTs), four years (2 

RCTs) or 5.4 years (1 RCT).The pooled estimate across five studies failed to reach 

statistical significance.  
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 Any stroke or death (including periprocedural): Lack of estimate stability across 

two small studies precludes the ability to draw meaningful conclusions. 

 Death or any periprocedural stroke or postprocedural ipsilateral stroke: The 

pooled estimate across five studies reporting data for 2, 4 or 5.4 years failed to reach 

significance. Risks for this composite ranged from 0%-9.2% following CAS and 0%-

10% for CEA.  

 Restenosis:   The pooled estimate for risk of restenosis (≥70%) across three studies 

reporting data for 2, 4 or 5.4 years failed to reach significance. Risks for restenosis 

ranged from 0% – 18.8% following CAS, and 0% – 4.6% for CEA. 

 

Summary regarding effectiveness (nonrandomized comparative studies) 

CAS versus medical therapy alone:  No nonrandomized comparative studies evaluating the 

efficacy of CAS and medical therapy versus medical therapy alone among patients with 

symptomatic carotid stenosis were found.  

 

CAS compared with CEA:  Outcomes following CAS and medical therapy compared with 

CEA and medical therapy up to 4 years were reported by two nonrandomized prospective 

cohort studies included in this report.
59,189

  Only any stroke or death at 4 years showed a 

statistically significant difference between groups as reported by one study, with lower rates 

following CAS compared with CEA.
189

  All other outcomes (any stroke, all-cause death, MI, 

and any periprocedural stroke or death or post-procedural ipsilateral stroke), reported by one 

study each, did not differ statistically between treatment groups, although consistently lower 

rates were reported following CAS.  Both studies were considered to be at moderately high 

risk of bias. 

 

Detailed results: 

 

Efficacy in symptomatic patients  

 

CAS and medical therapy compared with medical therapy alone: No RCTs evaluated the 

efficacy of CAS and medical therapy versus medical therapy alone among patients with 

asymptomatic carotid stenosis.   

 

CAS with medical therapy versus CEA with medical therapy:  Ten reports from seven 

RCTs evaluated the efficacy of CAS and medical therapy versus CEA and medical therapy 

among symptomatic patients considered to be at “average” surgical 

risk.
26,27,29,45,48,63,65,93,129,170

 Of these studies, four were large (N>500) multicenter
29,48,129,165

 

and multinational trials,
26,27,63

 and three were smaller (N<150) single-center trials.
45,93,170

  

Four RCTs
26,27,65,128

 reported on short-term outcomes comparing CAS versus CEA in 
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symptomatic patients, and seven RCTs
29,45,48,63,93,129,170

 studies reported longer-term 

outcomes of CAS versus CEA in this population.  As noted elsewhere, three of these RCTs 

were terminated early secondary to concerns regarding safety or futility
128,141,153

 and two 

were stopped for other reasons.
93,170

  Three studies did not use embolic protection 

devices.
45,141,170

 In addition one RCT in patients who were considered high surgical risk was 

identified.
183

  It was terminated due to slow recruitment and is discussed primarily in Key 

Question four.  

For the purposes of this HTA, short-term outcomes were considered all outcomes occurring 

after 30 days and before 12 months, and longer-term outcomes were considered all outcomes 

occurring at or after 12 months.  All seven RCTs evaluated long-term outcomes; however, 

two RCTs evaluated short term outcomes.
65,128

  

 

Short-term efficacy in symptomatic patients:  

Two RCTs reported the 4- and 6-month efficacy of CAS versus CEA in symptomatic 

patients.
65,128

  There were statistically significant increases in risks of several short-term 

outcomes: death, periprocedural stroke or death or postprocedural stroke, and any 

periprocedural stroke or death or postprocedural ipsilateral stroke (Table 10).  Both RCTs 

reported an increased risk of “any stroke or death” for CAS compared to CEA; however, it 

was only significant for the largest trial (RD: 3.32, 95% CI: 1.13, 5.52) (Table X).  There 

were no differences in risks of any stroke, ipsilateral stroke, disabling stroke or death or MI 

between CAS and CEA treatment groups.  
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Table 10.  Summary of risks of short-term outcomes reported by RCTs comparing CAS 

and CEA among symptomatic patients 

Study  N Follow-up 
CAS CEA Effect Size 

% (n/N) % (n/N) RD%* (95% CI) RR (95% CI) 

Any stroke (excluding periprocedural)† 

   ICSS (2010) 1,710 4 months 0.8 % (7/853) 0.9% (8/857) -0.11 (-0.99, 0.77) 0.88 (0.32, 2.42) 

Death  

   ICSS (2010) 1,710 4 months 2.3% (19/853) 0.8% (7/857) 1.37 (0.23, 2.51) 2.69 (1.14, 6.36) 

Any stroke or death 

   EVA-3S (2006) 527 6 months 11.8% (31/262) 9.8% (26/265) 1.65 (-3.17, 6.46) 1.18 (0.72, 1.94) 

   ICSS (2010) 1,710 4 months 8.5% (72/853) 4.7% (40/857) 3.32 (1.13, 5.52) 1.75 (1.20, 2.54) 

Any periprocedural stroke or death or postprocedural stroke 

   EVA-3S (2006) 527 6 months 10.9% (29/262) 4.6% (12/265) 5.63 (1.44, 9.83) 2.30 (1.20, 4.42) 

Any periprocedural stroke or death or postprocedural ipsilateral stroke 

   EVA-3S (2006) 527 6 months 10.2% (27/262) 4.2% (11/265) 5.36 (1.28, 9.43) 2.34 (1.19, 4.63) 

Ipsilateral stroke (excluding periprocedural)† 

   ICSS (2010) 1,710 4 months 0.7% (6/853) 0.5% (5/857) 0.12 (-0.63, 0.87) 1.20 (0.37, 3.93) 

Disabling stroke or death 

   ICSS (2010) 1,710 4 months 4.0% (32/853) 3.2% (27/857) 0.56 (-1.11, 2.23) 1.18 (0.72, 1.96) 

MI 

   ICSS (2010) 1,710 4 months 0.4% (3/853) 0.5% (4/857) -0.11 (-0.72, 0.49) 0.75 (0.17, 3.36) 

 

*Risk difference presented as percentage for ease of interpretation 

†Data available to allow exclusion of periprocedural events 

 

Cognition 

One RCT evaluated 6-month change from baseline in cognition after CAS and CEA.
27

 

Changes in cognition scores (total or individual cognition subscores) were similar between 

CAS and CEA, and there were no statistically significant differences between treatment 

groups (Table 11). 
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Table 11.  Summary of 6-month change in cognition comparing CAS and CEA among symptomatic 

patients 

 
CAS CEA Effect Size 

Δ (sd) Δ (sd) MD% (95% CI) 
Change in cognition z scores 
   Total Sum -0.19  (0.38)   -0.02  (0.71) -0.17 (-0.38, 0.03) 
   Abstract reasoning -0.17  (0.48) .04  (0.45) -0.22 (-0.44, 0.00)  
   Attention -0.09  (1.05) -0.13  (1.60) 0.04 (-0.46, 0.53) 
   Executive functioning 0.13  (0.36) 0.17  (0.48) -0.05 (-0.21, 0.12) 
   Language -0.25  (0.68) -0.18  (0.70) -0.07 (-0.32, 0.18) 
   Verbal memory -0.16  (0.76) -0.09  (1.00) -0.07 (-0.39, 0.26) 
   Visual memory 0.24  (0.72)   0.24  (0.66) 0.00 (-0.27, 0.26 
   Visual perception -0.14  (0.54) -0.17  (0.73) -0.04 (-0.21, 0.28) 
   Neglect -1.75  (1.70) -0.61  (3.57) -1.13 (-2.27, 0.01) 
 

MD: mean difference 

 

Blood pressure 

One RCT evaluated 1-, 6-, and 12-month change from baseline in blood pressure after CAS 

and CEA.
26

 Mean changes in systolic and diastolic blood pressure from baseline were similar 

between CAS and CEA, and there were no statistically significant differences between 

treatment groups (Table 12).  In addition, mean differences in change in systolic and diastolic 

blood pressure between treatment groups were similar over time.  

 

Table 12.  Summary of 1-, 6-, and 12- month change in blood pressure comparing CAS and 

CEA among symptomatic patients 

 
CAS CEA Effect Size 

Δ (95% CI) Δ (95% CI) MD% (95% CI) 

Change in blood pressure:  1-month 

Systolic blood pressure -0.4  (-2.4, 1.7) -1.6 (-3.4, 0.2) -1.3 (-1.5, 4.0) 

Diastolic blood pressure -1.1  (0.0, 2.1) 0.8 (-0.2, 1.9) 0.2 (-1.3, 1.7) 

Change in blood pressure:  6-months 

Systolic blood pressure -2.5  (-4.7, -0.4) -3.0 (-5.0, -0.9) -0.4 (-2.5, 3.4) 

Diastolic blood pressure -0.9  (-2.1, 0.2) -0.3 (-1.4, 0.9) -0.7 (-2.3, 1.0) 

Change in blood pressure:  12-months 

Systolic blood pressure -2.1 (-4.3, 0.2) -4.4 (-6.5, 2.2) 2.3 (-0.8, 5.4) 

Diastolic blood pressure -0.5 (-1.7, 0.6) -0.7 (-1.9, 0.4) 0.2 (-1.4, 1.8) 

 

MD=Mean difference 
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Long-term efficacy in symptomatic patients:  

 

Any stroke (excluding periprocedural) 

Four out of seven RCTs examined long-term risk of any stroke.
48,63,93,129

 Of these studies, 

two reported no post-periprocedural stroke events; thus, only 2 RCTs contribute data for this 

endpoint.
63,129

  There were no differences in the risk of any stroke between CAS in CEA in 

any individual RCT (Table 13), nor when studies were combined in a pooled analysis (RD: -

0.08%, 95%CI: -1.82, 1.66) (Figure 3). 

Figure 3.  Comparison of any stroke at last follow-up* (excluding periprocedural) 

 

*Last follow-up: SPACE at 2 years, and EVA-3S at 4 years  

 

 

Table 13.  Summary of risks of any stroke reported by RCTs comparing CAS and CEA among 

symptomatic patients; by longest follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

% (n/N) % (n/N) RD%* (95% CI) RR (95% CI) 

Any stroke (excluding periprocedural) 

SPACE (2008) 1,196 2 years 3.3% (20/601)† 3.4% (20/584)† -0.10 (-2.15,1.96) 0.97 (0.53, 1.79) 

Kentucky (2001) 104 2 years 0% (0/53)† 0% (0/50)† NE NE 

EVA- 3S (2008) 527 4 years 3.8% (10/265) 3.8% (10/262) -0.04 (-3.31, 3.22) 0.99 (0.42, 2.34) 

BACASS (2008) 20 4 years 0% (0/10)‡ 0% (0/10)‡ NE NE 

Pooled estimates -0.08 (-1.82, 1.66) .98 (0.59, 1.61) 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation 

† N’s calculated by hand; periprocedural deaths were subtracted from total N  

‡ n’s calculated by hand 

 

Similar results in symptomatic patients were seen in the SAPPHIRE trial of high surgical risk 

patients.  Gurm et al (2008) No differences in three year stroke risk following treatment with 

either CAS or CEA, with a risk difference of -3% (95% CI, -13%, 8%) were found.
87

   See 

Key Question 4 for additional details. 

Study or Subgroup

EVA-3S (Mas 2008)

SPACE (Eckstein 2008)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.98); I² = 0%

Test for overall effect: Z = 0.09 (P = 0.93)

Events

10

20

30

Total

265

601

866

Events

10

20

30

Total

262

584

846

Weight

28.4%

71.6%

100.0%

M-H, Random, 95% CI

-0.0004 [-0.0331, 0.0322]

-0.0010 [-0.0215, 0.0196]

-0.0008 [-0.0182, 0.0166]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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Ipsilateral stroke (excluding periprocedural) 

A total of five RCTs evaluated long-term risk of ipsilateral stroke (excluding periprocedural 

stroke) for CAS and CEA.
45,48,63,129,170

  One small RCT reported no events in either treatment 

arm; therefore, only four RCTs contribute data for this endpoint.
48,63,129,170

  There were no 

differences in risk of ipsilateral stroke between CAS and CEA in any individual RCT (Table 

14), nor when studies were combined in the pooled analysis (RD: - 0.01%, 95%CI: -1.36, 

1.34) (Figure 4). Estimates from sensitivity analysis excluding older studies, those with ≤ 10 

patients per arm and those which did not use EPDdid not alter the conclusion. (RD: - 0.21%, 

95% CI: -1.2%, 0.75%, p = 0.67; RR 0.67. 95% CI 0.31, 1.44). 

 

Figure 4.  Comparison of ipsilateral stroke at last follow-up* (excluding periprocedural) 

 

Sensitivity analysis 

 

*Last follow-up: SPACE and Kentucky at 2 years, EVA-3S and CREST at 4  years, and Regensburg at 5.4 years  
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Table 14.  Summary of risks of ipsilateral stroke reported by RCTs comparing CAS and CEA 

among symptomatic patients; by longest follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

% (n/N) % (n/N) RD%* (95% CI) RR (95% CI) 

Ipsilateral stroke (excluding periprocedural) 

SPACE (2008) 1,196 2 years 2.2% (12/601)† 1.9% (10/584)† 0.28 (-01.25, 1.82) 1.17 (0.51, 2.68) 

Kentucky (2001) 104 2 years 0% (0/53)† 0% (0/50)† NE NE 

EVA- 3S (2008) 527 4 years 1.5% (4/265) ‡ 1.5% (4/262)‡ -0.02 (-2.11, 2.07) 0.99 (0.25, 3.91) 

CREST (2010) 1,321 4 years 1.6% (11/668)‡ 2.4% (16/653)‡ -0.80 (-2.33, 0.73) -0.00 (-0.01, 0.01) 

Regensburg (2008) 87 5.4 years 9.5% (4/43) § 0% (0/44)§ 9.30 (-0.16, 18.76) 9.20 (0.51, 165.96) 

Pooled estimates -0.01 (-1.36, 1.34) 0.97 (0.55, 1.73) 

 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation 

† N’s calculated by hand; periprocedural deaths were subtracted from total N  

‡ n’s calculated by hand 

§ N’s calculated by hand 

 

Death 

Five RCTs evaluated long-term risk of death (including periprocedural events) for CAS and 

CEA.
45,63,93,129,170

 were no differences in risk of death between CAS and CEA in any 

individual RCT (Table 15), nor when studies were combined in the pooled analysis (RD: -

0.10%, 95%CI: -2.17, 1.96) (Figure 5).  Three RCTs also provide data that allow the 

exclusion of periprocedural events to determine risk of post-procedural death.
45,93,129

  In a 

pooled analysis excluding periprocedural deaths, there was no difference in risk of post-

procedural death between CAS and CEA (RD: 0.38%, 95%CI: -1.87, 2.64). 
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Figure 5.  Comparison of death at last follow-up* (including periprocedural)  

Sensitivity analysis 

*Last follow-up: SPACE and Kentucky at 2 years, EVA-3S and BACASS at 4 years, and Regensburg at 5.4 years 

 
 

Table 15.  Summary of risks of death reported by RCTs comparing CAS and CEA among 

symptomatic patients; by longest follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

(n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

Death (including periprocedural) 

SPACE (2008) 1,196 2 years (32/607) 6.3% (28/589) 5.0% 0.52 (-1.95, 2.99) 1.11 (0.68, 1.82) 

Kentucky (2001) 104 2 years (0/53) 0.0% (1/51) 1.9% -1.96 (-7.18, 3.26) 0.32 (0.01, 7.70) 

EVA- 3S (2008) 527 4 years (34/262) 13.0% (36/265) 13.6% -0.61 (-6.40, 5.19) 0.96 (0.62, 1.48) 

Regensburg 

(2008) 
87 5.4 years (10/43) 23.3% (13/44) 29.5% -6.29 (-24.76, 12.18) 0.79 (0.39, 1.60) 

BACASS (2008) 20 4 years (1/10) 10.0% (1/10) 10.0% 0.0 (-26.30, 26.30) 1.00 (0.07, 13.87) 

Pooled estimates -0.10 (-2.17, 1.96) 0.97 (0.72, 1.30) 

Death (excluding periprocedural) 

SPACE (2008) 1,196 2 years (26/601)† 4.3% (23/584)† 3.9% 0.39 (-1.88, 2.65) 1.10 (0.63, 1.90) 

Kentucky (2001) 104 2 years (0/53)† 0.0% (0/50)† 0.0% 0.0 (-3.72, 3.72) NE 

BACASS (2008) 20 4 years (1/10)† 10.0% (1/10)† 10.0% 0.0 (-26.30, 26.30) 1.00 (0.07, 13.87) 

Pooled estimates 0.38 (-1.87, 2.64) 1.09 (0.64, 1.87) 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation 

† N’s calculated by hand; periprocedural deaths were subtracted from total N  
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Study or Subgroup

Kentucky (Brooks 2001)

BACASS (Hoffman)
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Test for overall effect: Z = 0.83 (P = 0.41)

Events

0

1

1

Total

53

10

63

Events

1

2

3

Total

51

10

61

Weight

97.2%

2.8%

100.0%

M-H, Random, 95% CI

-0.0196 [-0.0718, 0.0326]

-0.1000 [-0.4099, 0.2099]

-0.0218 [-0.0733, 0.0296]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA

Death or any stroke (includes periprocedural) 

Two small RCTs evaluated long-term risk of death or stroke (including periprocedural 

events) for CAS and CEA.
45,93

 Risk of death or stroke at 2 and 4 years was lower for CAS 

compared to CEA; however, differences in risk between CAS and CEA were not significant 

for any individual RCT (Table 16), nor when studies were combined in the pooled analysis 

(RD: -2.18%, 95%CI: -7.33, 2.96) (Figure 6).  It should be noted that these are small, older 

studies and embolic protection was not used.  

 

Figure 6.  Comparison of death or any stroke at last follow-up* (includes periprocedural) 

*Last follow-up: Kentucky at 2 years, and BACASS at 4 years 
 
 
 

Table 16.  Summary of risks of death or any stroke reported by RCTs comparing CAS and CEA 
among symptomatic patients; by longest follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

(n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

Death or any stroke (includes periprocedural) 

Kentucky (2001) 104 2 years 0% (0/53)†,‡ 2.0% (1/51)†,‡ -1.96 (-7.18, 3.25) 0.32 (0.01, 7.70) 

BACASS (2008) 20 4 years 12.5% (1/10)†,** 22.2% (2/10)†,** -10.00 (-40.99, 20.99) 0.50 (0.05, 4.67) 

Pooled estimates -2.18 (-7.33, 2.96) 0.43 (0.07, 2.69) 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation 

† n’s calculated by hand 

‡ N’s calculated by hand; periprocedural death data was not available 

§ N’s calculated by hand 

 

Death or any periprocedural stroke or postprocedural ipsilateral stroke 

A total of five RCTs evaluated long-term risk of death or any periprocedural stroke or 

postprocedural ipsilateral stroke for CAS and CEA.
45,48,63,93,170

  There were no differences in 

risk of death, periprocedural stroke or postprocedural ipsilateral stroke at 2, 4 and 5.4 years 

for CAS compared to CEA in any individual RCT (Table 17). In a pooled analysis of these 
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Study or Subgroup

CREST (Brott)

SPACE (Eckstein 2008)

Kentucky (Brooks 2001)

BACASS (Hoffman)

Regensburg (Steinbauer)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 6.68, df = 4 (P = 0.15); I² = 40%

Test for overall effect: Z = 0.86 (P = 0.39)

Events

51

56

0

0

5

112

Total

668

607

53

10

43

1381

Events

37

50

1

1

0

89

Total

653

589

51

10

44

1347

Weight

38.1%

33.3%

20.1%

1.5%

7.1%

100.0%

M-H, Random, 95% CI

0.0197 [-0.0071, 0.0465]

0.0074 [-0.0248, 0.0396]

-0.0196 [-0.0718, 0.0326]

-0.1000 [-0.3372, 0.1372]

0.1163 [0.0139, 0.2187]

0.0128 [-0.0164, 0.0419]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA

studies, risk of death or any periprocedural stroke or postprocedural ipsilateral stroke was 

similar for CAS and CEA treatment groups (Figure 7). Sensitivity analysis excluding older 

studies, those with ≤ 10 patients per arm and those which did not use EPD failed to reveal a 

statistically significant difference between groups. 

Figure 7.  Comparison of death or any periprocedural stroke or postprocedural ipsilateral stroke at 

last follow-up* 

Sensitivity analysis 

 

*Last follow-up: SPACE and Kentucky at 2 years, CREST and BACASS at 4 years, and Regensburg at 5.4 years  

  

Study or Subgroup

CREST (Brott)

SPACE (Eckstein 2008)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 0.34, df = 1 (P = 0.56); I² = 0%

Test for overall effect: Z = 1.39 (P = 0.16)

Events

51

56

107

Total

668

607

1275

Events

37

50

87

Total

653

589

1242

Weight

59.0%

41.0%

100.0%

M-H, Random, 95% CI

0.0197 [-0.0071, 0.0465]

0.0074 [-0.0248, 0.0396]

0.0146 [-0.0060, 0.0352]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 144 Page 144 

Table 17.  Summary of risks of death or any periprocedural stroke or postprocedural ipsilateral 

stroke reported by RCTs comparing CAS and CEA among symptomatic patients; by longest 

follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

(n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

Death or any periprocedural stroke or postprocedural ipsilateral stroke 

SPACE (2008) 1,196 2 years 9.2% (56/607)† 8.5% (50/589)† 0.01 (-2.48, 3.96) 1.09 (0.76, 1.56) 

Kentucky (2001) 104 2 years 0% (0/53)‡,§ 2.0% (1/51)‡** -0.02 (-7.18, 4.65) 0.32 (0.01, 7.70) 

CREST (2010) 1,321 4 years 8.0% (51/668)† 3.2%  (37/653)† 0.02 (-0.71, 4.65) 1.35 (0.89, 2.03) 

BACASS (2008) 20 4 years 0% (0/10)‡,† 10.0% (1/10)‡,† -0.10 (-33.72, 13.72) 0.33 (0.02, 7.32) 

Regensburg (2008) 87 5.4 years 11.6% (5/43)† 0% (0/44)† 0.12 (1.38, 21.87) 11.25 (0.64, 197.44) 

Pooled estimates 1.28 (-1.64, 4.19) 1.20 (0.89, 1.62) 

*Risk difference presented as percentage for ease of interpretation 

† N’s based on full sample 

‡ n’s calculated by hand 

§ N’s calculated by hand 

Similarly, in symptomatic patients in the SAPPHIRE trial of high surgical risk patients, 

Gurm et al (2008) found no differences in three year death or ipsilateral stroke risk following 

treatment with either CAS or CEA, with a risk difference of 10% (95% CI, -7%, 28%).
87

 See 

Key Question 4 for additional details. 

Restenosis 

Five RCTs evaluated long-term risk of severe restenosis (70% or greater) for CAS and CEA.  

One large RCT
48

 did not present data stratified by symptomatic status, and in one small 

RCT
93

 no events were reported in either treatment arm; therefore, only three RCTs contribute 

data for this endpoint.  In two out of three RCTs risk of severe restenosis was significantly 

greater for CAS compared with CEA
129,170

 however, in a pooled analysis of these studies, 

differences in risk between CAS and CEA were not statistically significant (Pooled RD: 5.51, 

95% CI: -2.12, 13.14).  (Figure 8, Table 18)  

Figure 8.  Comparison of risk of restenosis (≥ 70%) at last follow-up* 

 

 

*Last follow-up: SPACE at 2 years, CREST, EVA-3S at 4  years, Regensburg at 5.4 years 

Study or Subgroup

SPACE (Eckstein 2008)

EVA-3S (Mas 2008)

Regensburg (Steinbauer)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 19.72, df = 2 (P < 0.0001); I² = 90%

Test for overall effect: Z = 1.41 (P = 0.16)

Events

65

5

6

76

Total

607

242

32

881

Events

27

7

0

34

Total

589

265

29

883

Weight

41.1%

41.7%

17.2%

100.0%

M-H, Random, 95% CI

0.0612 [0.0314, 0.0911]

-0.0058 [-0.0321, 0.0206]

0.1875 [0.0443, 0.3307]

0.0551 [-0.0212, 0.1314]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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Table 18.  Summary of risk of restenosis reported by RCTs comparing CAS and CEA among 

symptomatic patients; by longest follow-up 

Study  N Follow-up 
CAS CEA Effect Size 

(n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

Restenosis ≥ 70% 

SPACE (2008)† 1,196 2 years ( 65/607) 10.7% (27/589) 4.6% 6.12 (3.14, 9.11) 2.34 (1.51, 3.61) 

EVA- 3S (2011) 527 3 years (5/242) 2.1% (7/265) 2.8% -0.58 (-3.21, 2.06) 0.78 (0.25, 2.43) 

BACASS (2008) ‡ 20 4 years (0/8) 0.0% (0/9) 0.0% 0.0 (-20.00, 20.00) NE 

Regensburg (2008)§ 87 5.4 years (6/32) 18.8% (0/29) 0.0% 18.75 (4.43, 33.07) 11.82 (0.69, 200.99) 

Pooled estimates 5.51 (-2.12, 13.14) 1.90 (0.69, 5.20) 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation 

†Total number of patients with ultrasound follow-up not available; totals are numbers of randomized patients 
‡Restenosis data was missing for 7.6% of patients  

§Reported as restenosis >70%  

 

Moderate stenosis (51%-69%) was described in three studies:  For EVA-3S
29

 an additional 

23 events were reported for CAS and 5 for CEA; for BACASS,
93

 0 additional events were 

reported for CAS and 1 for CEA; and for Regensburg,
170

 an additional 8 events were reported 

for CAS and 1 for CEA. 

Other outcomes 

TIA:  Four RCTs evaluated long-term risk of TIA for CAS and CEA
45,93,128,170

; however, 

two RCTs reported no events in either treatment arm, thus only two RCTs contribute data 

for this endpoint.
128,170

  There were no statistically significant differences in risk of TIA 

between CAS and CEA (Table 19). 

Disease progression: One small RCT reported on risk of disease progression to a high-

grade stenosis of the contralateral carotid artery.
170

  The risk for CAS was 15.6% and for 

CEA was 10.3%.  The difference in risk of disease progression between treatment arms 

was not statistically significant P > 0.05). 

Reintervention rate:  One small RCT reported a significant increase in risk of 

reintervention after CAS, compared with CEA
170

; however, no data were provided.   
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Table 19.  Summary of risk of TIA reported by RCTs comparing CAS and CEA among 

symptomatic patients; by longest follow-up 

Study  N 
Follow-

up 

CAS CEA Effect Size 

(n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

TIA 

Kentucky (2001) 104 2 years (1/53) 1.9% (0/51) 0.0% NE NE 

EVA-3S (2006) 520 3 years (6/261) 2.3% (2/259) 0.8% 1.48 (-0.59, 3.55) 2.93 (0.60, 14.40) 

BACASS (2008) 20 3 years (0/10) 0.0% (0/10) 0.0% NE NE 

Regensburg (2008) 87 5.4 years (3/43) 7.0% (2/44) 4.5% 2.17% (-7.1, 11.4) 1.5 (0.26, 8.56) 

 

NE = Not estimable 

*Risk difference presented as percentage for ease of interpretation  

 

Effectiveness in symptomatic patients  

 

CAS and medical therapy compared with medical therapy alone: 

No nonrandomized comparative studies evaluating the efficacy of CAS and medical therapy 

versus medical therapy alone among patients with symptomatic carotid stenosis were found. 

 

CAS and medical therapy compared with CEA and medical therapy: 

Data from two nonrandomized, comparative studies describing the primary outcomes (e.g. 

stroke) were available.  Both studies were prospective cohorts.  One reported the 4-year 

results from the CaRESS study and included 128 symptomatic patients.
189

 The second study 

analyzed results at a mean of 2.8 years from 684 symptomatic patients treated following a 

training phase.
59

 Demographics were not reported separately for the symptomatic 

populations; however overall mean patient ages were similar across studies (~71 years) and 

males comprised 62% and 71% of the total populations.  Both studies were considered to be 

at moderately high risk of bias. Data are summarized in Table 20. 

 

A positive risk difference (RD) favors CAS and negative RD favors CEA. 

 

Any stroke 

The CaRESS cohort evaluated the risk of any stroke at 4 years of follow-up and found no 

significant difference following CAS (7.2%) compared with CEA (17.8%).
189

  

 

Death 

No statistically significant difference in the risk of all-cause death was seen in the CAS 

compared with the CEA group at 4 years as reported by the CaRESS study: CAS (10.4%) 

versus CEA (24.9%).
189
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Any stroke or death 

The 4 year follow-up results of the CaRESS cohort showed a marginally significant 

decreased risk of any stroke or death following CAS compared with CEA: 12.4% versus 

33.5%; RD = 20.8% (95% CI, 4.0%–34.5%) and relative risk (RR) = 0.38 (95% CI, 0.15–

0.91).
189

  

 

Myocardial infarction (MI) 

No statistically significant difference in risk of MI was reported in the CAS compared with 

the CEA group at 4 years as reported by the CaRESS study: 7.1% versus 12.6%, 

respectively.
189

 

 

Any periprocedural stroke or death or post-procedural ipsilateral stroke 

A second clinical cohort study with a mean follow-up of 2.8 years reported 5-years Kaplan 

Meier estimates of stroke or death up to 30 days or ipsilateral stroke thereafter, with no 

statistically significant difference in risk between the CAS and the CEA group, although 

lower rates of this outcome were reported following CAS (4.9% vs. 8.7%, respectively).
59

 

 

Table 20.  Summary of cumulative rates of stroke, death, and MI by longest follow-up in patients 

with symptomatic carotid artery stenosis from clinical studies comparing CAS with CEA. 
Study, N Outcome Time Frame 

(mean) 
Patients with outcome Effect Size 

RD % (95% CI)* 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Any stroke 

Zarins 2009  

CaRESS cohort (Pro) 

N = 128 

Any stroke 4 years 7.2 (3/42)† 

 

17.8 (13/73)† 

 

RD = 10.7 (-3.2 to 22.0)† 

RR = 0.40 (0.12–1.33)†  

 

Death 

Zarins 2009  

CaRESS cohort (Pro) 

N = 128 

All-cause death 4 years 10.4 (4/38)† 

 

24.9 (15/60)† 

 

RD = 14.5 (-2.0 to 28.3)† 

RR = 0.42 (0.15–1.17)†  

 

Any stroke or death 

Zarins 2009  

CaRESS cohort (Pro) 

N = 128 

Any stroke or death 4 years 12.4 (5/40)† 

 

33.5 (23/69)† 

 

RD = 20.8 (4.0–34.5)† 

RR = 0.38 (0.15–0.91)†  

 

Myocardial infarction (MI) 

Zarins 2009  

CaRESS cohort (Pro) 

N = 128 

MI 4 years 7.1 (2/28)† 

 

12.6 (7/56)† 

 

RD = 5.4 (-11.4 to 17.6)† 

RR = 0.57 (0.13–2.57)†  

 

Any periprocedural stroke or death or post-procedural ipsilateral stroke 

De Rango 2011 

Cohort study (Pro) 

N = 684 

Stroke or death up 

to 30 days or 

ipsilateral stroke 

thereafter 

2.8 years 4.9‡ 8.7‡ NR, P = ns§ 

CAS: carotid artery stenting; CEA: carotid endarterectomy; NR: not reported; Pro: prospective study design; RD: 

risk difference; RR: relative risk. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

†Given the percentages and counts (n’s) provided by the authors, we back-calculated to determine the total N after 

loss-to-follow-up.  A RR reflecting this change was also calculated as was a RD.  
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‡Percentages are 5-year Kaplan Meier rate estimates as reported by the authors. 

§As reported by authors, rates were similar between groups (P = 0.7). 

 

 

4.2. Key question 2:  Stenting in Intracranial Atherosclerotic Disease 

Efficacy, Effectiveness and Safety 

In asymptomatic or symptomatic persons with atherosclerotic stenosis of the 

intracranial arteries, what is the evidence of short- and long-term comparative efficacy 

and effectiveness of intracranial artery stenting and medical therapy compared with 

medical therapy alone? 

 

Results for comparative efficacy, effectiveness and safety of intracranial artery stenting are 

provided in this section for cohesiveness.  For efficacy and effectiveness, outcomes beyond 

the 30 day periprocedural period are reported.  For safety, outcomes within the 

periprocedural period as well as adverse events or complications beyond this period are 

reported. 

4.2.1. Asymptomatic 

No studies in asymptomatic patients meeting our inclusion criteria were found. 

4.2.2. Symptomatic 

 

Summary of RCT data: The Stenting and Aggressive Medical Management for Preventing 

Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial was the only RCT identified.
51

  

 Efficacy: Based on Kaplan–Meier analysis, 1 year probabilities are summarized below: 

o Any stroke: Probabilities were  significantly higher in patients assigned to 

receive stents (22.3%) than in those assigned to intensive medical care (14.9%) 

o Death: The probabilities were not statistically different between groups 

o Any stroke or death: Probabilities at 1 year were 23.4% and 17.5% respectively 

for the stenting and medical therapy arms, a marginally insignificant result. 

o Stroke or death within 30 days or ischemic stroke in the territory of the 

qualifying artery beyond 30 days: This was the studies primary endpoint. 

Stenting was associated with a significantly higher probability of this composite 

outcome (20.0%) than medical therapy (12.2%), P = .009. 

o Myocardial infarction: The probabilities were not statistically different between 

treatment groups.  
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o Any major hemorrhage:  The probability of major hemorrhage was significantly 

greater in the stent group (9.0%) than in the medical treatment group (1.8%), p 

<0.001. 

 Safety: This RCT was terminated early based on significantly higher risk of 

periprocedural (30 day) stroke or death in the stenting group (14.7%) compared with the 

medical management group (5.8%) and a futility analysis which demonstrated that no 

benefit in the stenting group would be shown had the trial been run to completion. The 

probability of any stroke was 14.7% for stenting and 5.3 % for medical therapy, (p = 

0.03)  RD of 9.4% (NNH 11), while there were no statistical differences in death between 

the groups.  

 

Summary of nonrandomized studies: No nonrandomized comparative studies were found so 

no conclusions regarding comparative effectiveness or safety can be made. Five prospective 

case series met the inclusion criteria.
12,42,71,101,188

  The longest follow-up was an average of 22 

months.  

 Longer term effectiveness: The risks of stroke and for any stroke or death by longest 

follow-up were lower than those reported in the RCT. Risk of in-stent restenosis ranged 

from 7.5%-32.3% with the majority reported as being asymptomatic. 

 Safety: 

o For 30 day periprocedural safety outcomes, risks for stroke and any stroke or 

death were lower than those reported in the RCT and risk of death was similar. 

o Reported complications included access site complications (11.4%) stent 

thrombosis (0%-3.1%) and transient vasospasm (1.6% - 11.4%). Vessel 

dissection/perforation occurred in 0% -6.4% across four studies.  

 

Detailed results:  

Efficacy (RCT data)  

 

Only one RCT that compared angioplasty and stenting of intracranial arteries with standard 

medical care was identified.
51

  The Stenting and Aggressive Medical Management for 

Preventing Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial enrolled a total of 

451 patients from 50 sites in the United States; 224 were assigned to the angioplasty and 

stenting group and 227 to the medical-management group. The trial was terminated early as 

the 30-day risk of stroke or death was significantly higher in those who received stenting 

(14.7%) compared with the medical management group (5.8%) and a futility analysis 

demonstrated virtually no benefit in the stenting group would be shown had the trial been run 

to completion.  
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Eligible patients had a TIA or nondisabling stroke within 30 days before enrollment, 

attributed to angiographically verified stenosis of 70% to 99% of the diameter of a major 

intracranial artery (overall, mean stenosis 80% ± 7%).  The location of the symptomatic 

qualify artery was the middle cerebral (~44%), basilar (~22%), internal carotid (~21%), and 

vertebral (~13%).   

Kaplan-Meier analysis for cumulative probabilities was reported by the authors. Analysis 

curves were truncated at 15 months. Less than one half of the enrolled patients had been 

followed for longer than 1 year at the time of study publication and the maximum follow-up 

was 28.1 months in the stenting group and 28.9 months in the medical treatment group. 

Probabilities for the study’s primary outcome at 1 year are summarized in Table 21 

 

Stroke or death within 30 days or ischemic stroke in the territory of the qualifying 

artery beyond 30 days  

This was the study’s primary endpoint. By 1 year, the probability of the primary end point 

was 20.0% compared with 12.2%, respectively; P = .009.  A total of 46 patients in the 

stenting group and 26 in the medical group experienced an event.  The proportion of patients 

experiencing an ischemic stroke in the territory of the qualifying artery between day 31 and 

up to 1 year was identical between groups, 5.8% and 5.7% (n = 13 each), respectively; thus, 

the statistically significant increased risk of the primary end point at 1 year is driven by the 

30-day risk.  The authors also conducted an as-treated analysis that excluded 11 patients in 

the stenting group who did not undergo angioplasty or have a stent placed (3 of whom had a 

stroke) and nine patients in the medical therapy group who underwent stenting during the 

follow-up period (3 of whom had a stroke after stenting) which showed the same results for 

the primary outcome at 1 year (P = 0.009). 

 

Any stroke 

Over the course of follow-up, 50 (22.3%) patients who underwent stenting and 32 (14.1%), a 

risk difference of 8.2%, (NNH 12)  who received medical therapy only had a stroke.  The 

probability of any stroke (ischemic stroke in territory of the qualify lesion or in other territory 

and symptomatic brain hemorrhage) was statistically greater in the stenting compared with 

the medical therapy group at 1 year, respectively: 22.3% versus 14.9%; P = .03. The number 

of patients with an event occurring after 30 days and up to 1 year was 17 (stenting) and 20 

(medical only). 

Death 

No difference was seen in the probability of death by 1 year following stenting (3.4%) 

compared with the medical therapy only (4.1%).  A total of seven deaths were reported in 

both groups over the course of follow-up; two (both non-stroke-related) occurred after 30 

days in the stent group versus six (1 stroke-related/brain hemorrhage) in the medical group.   
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Any stroke or death 

The probability of any stroke or death in the stenting compared with the medical therapy 

group at 1 year was 23.4% versus 17.5%, respectively (P = .06).  A total of 52 stented 

patients and 37 medical patients had an event; after 30 days, any stroke or death was reported 

in 19 and 24 patients, respectively. 

 

Disabling or fatal stroke 

At 1 year, the probability of disabling or fatal stroke (ischemic stroke in territory of the 

qualify lesion or in other territory and symptomatic brain hemorrhage) was slightly higher 

following stenting compared with medical therapy: 9.0% versus 6.4% (P = ns).  In the stent 

group 19 patients experienced an event compared with 13 in the medical group.  The number 

of events was similar between groups for ischemic stroke (ipsilateral and contralateral) but 

was much higher following stenting for symptomatic brain hemorrhage following stenting (8 

versus. 1 patient). 

 

Myocardial infarction 

The probability of MI was non-significantly lower in the stenting compared with the medical 

therapy group at 1 year: 2.2% versus 4.0%. 

 

Major non-stroke-related hemorrhage 

No significant differences were seen in the probability of a major non-stroke-related 

hemorrhage (to include subdural, gastrointestinal, ocular, lingual hematoma, and angiogram 

access site) following stenting and medical therapy only at 1 year: 3.6% versus 1.4%, 

respectively.   

 

Any major hemorrhage 

A significantly higher probability of any major hemorrhage (symptomatic, asymptomatic, 

non-stroke-related) at 1 year was reported following stenting as compared with medical 

therapy only: 9.0% versus 1.8%; P < .001.  In total, 22 patients experienced a major 

hemorrhage in the stent group compared with only five patients in the medical therapy only 

group. 
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Table 21.  Probability (95% CI) of outcomes at 1 year from the SAMMPRIS trial. 

 

Outcome Patients with events (%)  Probability (%) at 1 year (95% CI) P-value* 

 Stent Medical  Stent Medical  

Stroke or death within 30 days or 

ischemic stroke in the territory of the 

qualifying artery beyond 30 days 

46 (20.5) 26 (11.5)  20.0 (15.2–26.0) 12.2 (8.4–17.6) .009 

Any stroke or death 52 (23.2) 37 (16.3)  23.4 (18.1–29.8) 17.5 (12.8–23.6) .06 

Any stroke 50 (22.3) 32 (14.1)  22.3 (17.2–28.7) 14.9 (10.6–20.7) .03 

Ipsilateral ischemic stroke 36 (16.1) 23 (10.1)     

Ischemic stroke in other territory 4 (1.8) 8 (3.5)     

Symptomatic brain hemorrhage 10 (4.5) 1 (0.4)     

Death 7 (3.1) 7 (3.1)  3.4 (1.6–7.2) 4.1 (2.0–8.5) .95 

Stroke-related death 5 (2.2) 1 (0.4)     

Disabling or fatal stroke 19 (8.5) 13 (5.7)  9.0 (5.7–13.9) 6.4 (3.7–11.1) .21 

Ipsilateral ischemic stroke 8 (3.6) 7 (3.1)     

Ischemic stroke in other territory 3 (1.3) 5 (2.2)     

Symptomatic brain hemorrhage 8 (3.6) 1 (0.4)     

Myocardial infarction 5 (2.2) 7 (3.1)  2.2 (0.8–5.8) 4.0 (1.9–8.4) .60 

Major non-stroke related hemorrhage 10 (4.5) 4 (1.8)  3.6 (1.8–7.1) 1.4 (0.4–4.2) .10 

Subdural 0 1 (0.4)     

Gastrointestinal 4 (1.8) 3 (1.3)     

Ocular 1 (0.4) 0     

Lingual hematoma 1 (0.4) 0     

Angiogram access site 4 (1.8) 0     

Any major hemorrhage 22 (9.8) 5 (2.2)  9.0 (5.9–13.5) 1.8 (0.7–4.8) < .001 

Symptomatic brain hemorrhage 10 (4.5) 1 (0.4)     

Asymptomatic brain hemorrhage 2 (0.9) 0     

Major non-stroke-related hemorrhage 10 (4.5) 4 (1.8)     

*The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two treatment groups for each 

of the specified adverse events. 
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Safety of intracranial stenting: RCT data 

Probabilities for the study’s primary outcome at 30 days are summarized in Table 22. 

Any stroke 

A significantly greater probability of any stroke (ischemic stroke in territory of the qualify 

lesion or in other territory and symptomatic brain hemorrhage) at 30 days was seen following 

stenting compared with medical therapy: 14.7% versus 5.3% a RD of 9.4% (NNH 11).  A 

total of 33 strokes occurred following stenting compared with only 12 in those undergoing 

medical treatment only.  In the stenting group, the types of stroke were as follows: ischemic 

stroke in the territory of the qualifying lesion (n = 23) and symptomatic brain hemorrhage (n 

= 10).  In comparison, there were 10 ischemic strokes in the territory of the qualifying lesion 

and two in another territory, and no symptomatic brain hemorrhages in the medical group.  

Of the strokes, the difference in the number of symptomatic brain hemorrhages between 

groups at 30 days was statistically significant: 30.3% (10/33) after CAS versus 0% (0/12) 

with medical therapy; P = .04.   

 

Death 

No significant difference was seen in the probability of death at 30 days in the stenting group 

(2.2%) compared with the medical group (0.4%).  There were five deaths in the stenting 

group, all as a result of stroke (1 ischemic stroke in the territory of the qualifying artery and 4 

symptomatic brain hemorrhages), compared with only one non-stroke-related death in the 

medical group.   

 

Any stroke or death within 30 days after enrollment 

The probability of the primary outcome (any stroke or death) occurring at 30 days was 

significantly greater in the stenting versus the medical group: 14.7% versus 5.8%; P = 

.002.There were a total of 33 events following stenting and 13 events following medical 

therapy. 

 

Disabling or fatal stroke 

A higher probability of disabling or fatal stroke (ischemic stroke in territory of the qualify 

lesion or in other territory and symptomatic brain hemorrhage) was seen at 30 days in the 

stenting compared with the medical therapy group: 7.0% versus 1.8%. Details of stroke 

events are described above No symptomatic brain hemorrhages were reported in the medical 

group during the perioperative period. 

MI 

The probability of MI was lower (non-significantly) in the stenting compared with the 

medical therapy group at 30 days: 0.5% versus 1.3%. 
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Major non-stroke-related hemorrhage 

No significant differences were seen in the probability of a major non-stroke-related 

hemorrhage (to include subdural, gastrointestinal, ocular, lingual hematoma, and angiogram 

access site) following stenting and medical therapy at 30 days, respectively: 2.7% versus 

0.9%. 

Any major hemorrhage 

A significantly higher probability of any major hemorrhage (symptomatic, asymptomatic, or 

non-stroke-related) at 30 days was reported following stenting as compared with medical 

therapy only: 8.0% versus 0.9%.   

 

Table 22.  Probability (95% CI) of outcomes at 30 days from the SAMMPRIS trial. 

Outcome Patients with events (%)*  Probability (%) at 30 days (95% CI) P-value† 

 Stent Medical  Stent Medical  

Any stroke or death 33 (14.7) 13 (5.7)  14.7 (10.7–20.1) 5.8 (3.4–9.7) .009 

Any stroke 33 (14.7) 12 (5.3)  14.7 (10.7–20.1) 5.3 (3.1–9.2) .03 

Ipsilateral ischemic stroke 23 (10.3) 10 (4.4)     

Ischemic stroke in other territory 0 2 (0.9)     

Symptomatic brain hemorrhage 10 (4.5) 0     

Death 5 (2.2) 1 (0.4)  2.2 (0.9–5.3) 0.4 (0.1–3.1) .95 

Stroke-related death 5 (2.2) 0     

Disabling or fatal stroke NR NR  7.0 (4.3–11.4) 1.8 (0.7–4.8) .21 

Myocardial infarction NR NR  0.5 (0.1–3.2) 1.3 (0.4–4.1) .60 

Major non-stroke related hemorrhage NR NR  2.7 (1.2–5.9) 0.9 (0.2–3.5) .10 

Any major hemorrhage NR NR  8.0 (5.1–12.5) 0.9 (0.2–3.5) <.001 

*The numbers of cases for the outcomes of any stroke or death, any stroke, and death at 30 days were calculated using the information provided under 

the primary end point in table 3 of the article.   

†The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two treatment groups for each of the specified 

adverse events. 

 

 

Data from nonrandomized studies  

 

No comparative nonrandomized studies were identified. Five prospective case series (4 

multicenter and 1 single-center) were found that reported outcomes following angioplasty 

and stenting for symptomatic intracranial atherosclerosis using FDA approved devices for 

this indication.  Four studies investigated the Wingspan stent system in their populations.  

Two were clinical studies,
42,101

 one of which was included in a FDA Summary of Safety and 

Probable Benefit report on the Wingspan stent system.
4,42

 We used the data presented in both 

the FDA Summary report and in the published article for this assessment.  The other two case 

series were from  registries, one of which compiled data from the NIH registry for Wingspan 

which was created as a phase I trial prior to the SAMMPRIS study.
188

  The other was a 

multicenter intention-to-treat registry (US Wingspan Registry) with one year follow-up data 

recently published.
71

  For the purposes of this report, we used the publication that provided 

the longest follow-up and the greatest number of patients as the primary publication; two 

subsequent, earlier publications were also used which provided more detailed information on 
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periprocedural complications not reported in the newer publication
70

 and restenosis.
25

  The 

final study, the Stenting of Symptomatic Atherosclerotic Lesions in the Vertebral or 

Intracranial Arteries (SSYLVIA), was a clinical study investigating the Neurolink stent 

system and included both intracranial and extracranial indications.
12

  This study was also 

used as the basis of the clinical information for a FDA Summary of Safety and Probable 

Benefit of the Neurolink stent system
3
; however all the data reported was for the combined 

extracranial and intracranial populations so we used only the intracranial data from the peer-

reviewed article for this review.   

Across these five series, sample sizes ranged from 43 to 158 patients.  The mean patient ages 

were similar across four of the studies (63-66 years) with one study enrolling much younger 

patients (mean age 53 years).
101

 The proportion of males varied from 55% to 87% across all 

studies.  Mean follow-up periods ranged from 6 to 21.6 months with patient follow-up as 

high as 100% and as low as 70% as reported by the authors.  Eligible patients had 

experienced a recent ischemic event (i.e. TIA or stroke) attributed to stenosis of 50% to 99% 

(4 studies) or 70% to 99% (phase I trial for SAMMPRIS) of the diameter of a major 

intracranial artery.  Lesion locations were most commonly the internal carotid artery, the 

middle cerebral artery, the vertebral artery and the basilar artery.  In all studies patients were 

treated with aspirin (81 to 325 mg) and clopidogrel (75 mg) for 2-3 days prior to the 

procedure (or given a therapeutic dose the day of the procedure) and were administered 

intravenous heparin during the procedure.  All patients were discharged on a dual antiplatelet 

regimen (aspirin and clopidogrel); the prescribed length of the continued drug regimen varied 

slightly across the studies.   

 

Data from these case series are presented in tables 23 and 24. 

 

Effectiveness 

 

Any stroke 

Across all five studies, the proportion of patients experiencing any stroke after 30 days and 

up to the longest follow-up (21.6 months) ranged from 3.1% to 11.8%.  In total, 23 ipsilateral 

strokes were reported after the periprocedural period. 

Death 

The incidence of death after 30 days and up 12 to 22 months of follow-up as reported by 

three studies ranged from 0% to 4.5%.
4,42,71,101

 Four of the reported deaths were due to 

ipsilateral stroke and two were due to non-neurological causes.   
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Any stroke or death 

Across three studies with follow-up ranging from 12 to 22 months, the proportion of patients 

experiencing any stroke or death after 30 days ranged from 4.0% to 13.6%.
4,42,71,101

   

Transient ischemic attack (TIA) 

The incidence of TIA after 30 days was 6.0% and 8.2% as reported by two studies with mean 

follow-up periods of 21.6 and 14.2 months, respectively.
71,101

  All reported TIAs were 

ipsilateral or occurring in the territory of the stented artery. 

Any stroke or death within 30 days or ipsilateral stroke thereafter 

Three studies reported this composite measure as their primary end point and found 

incidences ranging from 7.3% to 15.7% in their populations.
71,101,188

  Follow-up periods 

ranged from 6 months to 21.6 months.  

Restenosis  

All five studies reported the risk of in-stent restenosis which ranged from 7.5% to 32.3% 

across mean follow-up periods of 4.8 to 8.6 months.
4,12,25,42,101,188

  The majority of restenoses 

were asymptomatic.   

 
Safety – periprocedural/30 day outcomes (Table 23) 

 
Any stroke 

Across all five studies, the incidence of any stroke during the periprocedural period ranged 

from 4.5% to 9.3%.
4,12,42,71,101,188

  Of the four studies that further classified the strokes (22 

total cases), 11 were ipsilateral strokes and nine were intracranial or subarachnoid 

hemorrhages.  In some studies, patients had more than one of these subcategories of stroke 

(i.e. a stroke was ipsilateral and hemorrhagic in nature). Also of note, in one study, one of the 

three ischemic strokes and both intracranial hemorrhages were due to vessel 

perforation/dissection cause by delivery of the Wingspan stent system.
101

  

Death 

Death occurred in 0% to 3.1% of patients within 30 days across all five studies.  In total there 

were eight deaths due to stroke (including 3 that were hemorrhagic in nature) and one death 

due to unknown causes. 

Any stroke or death 

The risk of any stroke or death ranged from 4.5% to 9.6% across all five studies. 
4,12,42,71,101,188
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Transient ischemic attack (TIA) 

Only two studies reported TIAs during the periprocedural period with risks of 1.6% and 

7.0%.
101,188

 

Other complications (Table 24) 

A number of other periprocedural complications were reported by four of the 

studies,
4,42,70,101,188

 a few of which are briefly reported in this section.  Vessel 

dissection/perforation was reported in 11 (3.1%) of the 351 total patients treated across all 

four studies; three were flow limiting requiring stenting, three resulted in stroke/hemorrhage, 

and five were asymptomatic or did not result in any serious sequelae.  Among the individual 

studies, the risk of vessel dissection/perforation ranged from 0% to 6.4%.  Two studies 

reported the incidences of stent thrombosis (3.1% and 0%) and transient vasospasm (1.6% 

and 11.4%).
4,42,188

  In one study, seven access site complications occurred in five (11.4%) 

patients including three hematomas and one infection all requiring treatment.
4,42

  No 

incidence of stent migration was reported by this same study.  Transient visual symptoms 

completely resolving within 36 hours of procedure were reported in one (1.2%) patient in one 

study
70

 and somnolence for 3 days with no infarct on MRI was seen in one (0.8%) patient in 

another study.
188

 Other complications reported across the studies included hypertension, 

arrhythmia, fever, hypervolemia, hyperglycemia, nystagmus, emergency cerebral artery 

revascularization, and respiratory failure due to epiglottis edema.  

 

Table 23.  Periprocedural (30-day) outcomes 
Study (year) Demographics No. of cases (%) 

  Any stroke Death Any stroke/death TIA 

Prospective case-series 

Fiorella (2011) 

 

N = 158 

Mean age: 62.7 years 

Male: 60.1% 

9 (5.7) 4 (2.5)* 9 (5.7) NR 

Jiang (2011) N = 100 

Mean age: 53.2 years 

Male: 87% 

5 (5.0)† 0 (0) 5 (5.0) 7 (7.0) 

Zaidat (2008) N = 129 

Mean age: 64 years 

Male: 55% 

11 (8.5)‡ 4 (3.1)§ 12 (9.6) 2 (1.6) 

Bose (2007)/ 

FDA Summary 

(2004) 

N = 45 

Mean age: 66  years 

Male: 73.3% 

2 (4.5)** 1 (2.3) 2 (4.5) NR 

SSYLVIA 

Investigators (2004) 

N = 43 

Mean age: 63.6 years†† 

Male: 82%†† 

4 (9.3)‡‡ 0 (0) 4 (9.3) NR 

*All caused by stroke. 

†3 ischemic strokes (1 due to severe distal vessel dissection) and 2 intracranial hemorrhages (both due to vessel perforation/hyperperfusion). 

‡8 non-fatal (3 ischemic strokes in territory of the stented artery, 1 in and out of territory of the stented artery, 1 out of territory of the stented 
artery, 2 ischemic strokes in the territory and intracranial hemorrhage or subarachnoid hemorrhage, and 1 intracranial hemorrhage alone) and 3 

fatal (2 intracranial hemorrhages and 1 ischemic stroke). §Intracranial hemorrhage (n = 2), ischemic stroke (n = 1), and unknown (n =1). 

**Both were major ipsilateral strokes, one hemorrhagic in nature and resulted in death 10 days postop. 
††Representative of the entire study population, to include the extracranial arteries (n = 18). 

‡‡3 major ipsilateral strokes and 1 subarachnoid hemorrhage that resolved without residual deficits. 
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Table 24.  Other complications 

Study Other periprocedural complications* 
Prospective case-series 

Fiorella (2011)  

N = 158 
 Not reported 

Fiorella (2007)† 

N = 78 (82 lesions) 
 Extra-cranial parent vessel dissection related to guide catheter manipulation, n 

= 5 (6.1%)  

o flow-limiting and requiring stenting, n = 2  

 Flow-limiting intracranial dissection requiring stenting, n = 1 (1.2%) 

 Transient visual symptoms (completely resolved within 36 hours of 

procedure), n = 1 (1.2%) 

Jiang (2011) 

N = 100 
 Vessel dissection/perforation, n = 3 (3.0%) 

o Causing ischemic stroke (n = 1) and intracranial hemorrhage (n = 2) 

 Emergency cerebral artery revascularizations 

Zaidat (2008) 

N = 129 
 Asymptomatic vessel dissection, n = 2 (1.6%) 

 Stent thrombosis, n = 4 (3.1%) 

 Transient vasospasm, n = 2 (1.6%) 

 Cerebral infarct on MRI with neurological signs lasting < 24 hours, n = 2 

(1.6%) 

 Somnolence for 3 days with no infarct on MRI, n = 1 (0.8%) 

Bose (2007)/FDA Summary 

(2004) 

N = 44‡ 

 Access site complications, n = 5 (11.4%; 7 events) 

o requiring treatment, n = 4 (3 hematomas, 1 infection) 

 Parent vessel dissection/perforation, n = 0 

 In-stent thrombosis, n = 0 

 Stent migration, n = 0 

 Vasospasm, n = 5 (11.4%) 

 Hematoma, n = 3 (6.8%)§ 

 Hypertension, n = 3 (6.8%) 

 Asymptomatic frontal medial branch occlusion in a small territory of the 

middle cerebral artery, n = 1 (2.3%) 

 Arrhythmia, n = 1 (2.3%) 

 Fever, n = 1 (2.3%) 

 Hypervolemia, n = 1 (2.3%) 

 Hyperglycemia, n = 1 (2.3%) 

 Nystagmus, n = 1 (2.3%) 

 Respiratory failure due to epiglottis edema, n = 1 (2.3%) 

SSYLVIA investigators (2004) 

N = 43 
 Not reported 

*Unclear from the articles the extent to which patients could have more than one complication. 

†Fiorella 2007 study focuses on the periprocedural outcomes primarily. Since they reported important safety data, 

and Fiorella 2011 did not, we chose to report the data for this earlier subset of patients. 

‡ In total, 45 patients were enrolled; however, one patient was not treated due to tortuous anatomy so data are 

presented for the evaluable patient population through 30 days (n = 44). 

§Unable to determine if these are the same 3 hematomas included under access site complications requiring 

treatment. 
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4.3. Key Question 3:  Extracranial Carotid Artery Stenosis Stenting Safety 

What is the evidence regarding adverse events and complications, particularly during 

the periprocedural period and longer term, for stenting compared with alternative 

treatments? In persons with extracranial carotid artery stenosis, are rates of 

periprocedural death or stroke <3% for asymptomatic patients and <6% for 

symptomatic patients? 

Key Question 3 focuses periprocedural safety outcomes. The definition of the periprocedural 

period varied slightly across trials. In the majority of studies, the periprocedural period 

included events occurring within 30 days of treatment; however, in analyses, some studies 

included events that occurred between randomization and treatment,
48,65,153

 while others 

(EVA)
128

 excluded these events.  One RCT (ICSS)
65

 analyzed periprocedural events 

occurring up to 120 days after randomization for all patients (regardless of whether they were 

treated or not), and three RCTs
45,46,170

 provided no definition of periprocedural period. 

Adverse events outside of the periprocedural period are summarized.  

For the nonrandomized studies, all but one of the included cohort and registry studies 

reported events occurring within 30 days of treatment.  All administrative database studies 

and one large registry reported in-hospital outcomes only. 

Safety data relating to intracranial artery disease is included under Key Question 2 for 

consistency. 

 

4.3.1. Asymptomatic 

 

Safety in Asymptomatic Patients 

Summary of RCT data 

CAS versus medical therapy alone:  No RCTs evaluated adverse events and complications 

for CAS and medical therapy versus medical therapy alone among patients with 

asymptomatic carotid stenosis 

CAS compared with CEA:  Two RCTs provided data comparing CAS with medical therapy 

to CEA with medical therapy during the peri-procedural timeframe.
46,167

   

 Any periprocedural stroke: Across two RCTs, risk of periprocedural stroke was 

slightly higher, though not statistically significant, for CAS compared to CEA; 

however, in one RCT no stroke events were reported in either treatment group. 
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 Periprocedural death: In 2 RCTs no deaths were reported during the periprocedural 

period. 

 Periprocedural stroke or death:  The risk of stroke or death was 2.5% for CAS and 

1.4% for CEA based on the CREST study.
167

  The difference was not statistically 

significant.   

 Periprocedural myocardial infarction (MI):  In one RCT (CREST) there was a 

statistically non-significant lower risk of periprocedural MI for CAS compared with 

CEA. 

 Periprocedural cranial nerve palsy:  Across both RCTs, risk of periprocedural 

cranial nerve palsy was significantly lower for CAS compared to CEA; although one 

RCT reported no events in either treatment arm (RD = -3.9%). 

 Periprocedural bleeding Complications:  In one RCT (CREST), there were no 

significant difference in risks of periprocedural bleeding complications (bleeding 

event requiring transfusion, hematoma requiring treatment, retroperitoneal 

hemorrhage, moderate or minor bleeding) between CAS and CEA; however, there 

was a statistically significant decrease in risks of surgical wound complications 

(hematoma requiring treatment and other complications) among CAS compared to 

CEA (RD = -1.8% and -2.0%, respectively).   

 

Summary of nonrandomized comparative studies 

CAS versus medical therapy alone:  One small, retrospective, single-center cohort study, 

Bosiers et al. 2005,
43

 reported 30-day stroke or death rates.  No statistically significant 

difference was reported between those who received CAS versus medical therapy alone. This 

study was considered to be at a moderately high risk of bias. 

CAS compared with CEA:  Periprocedural outcomes following CAS and medical therapy 

compared with CEA and medical therapy were reported in a total of 21 nonrandomized 

comparative studies (7 cohorts,
43,49,59,96,108,125,189

  3 registries,
102,119,142

 and 11 

administrative
39,76,77,111,132,134,135,155,173,176,187

).  All cohort studies were considered to be at 

moderately high risk of bias.  For the registries, one was considered to be at a moderately low 

risk of bias and reported in-hospital data only,
142

 one a moderately high risk of bias,
102

 and 

the third at a high risk of bias.
119

 All administrative studies were considered to be at a high 

risk of bias. 

 Any periprocedural stroke:  Across five small cohort studies (1 prospective and 4 

retrospective), there were no statistical differences between treatment groups in the 

risk of periprocedural stroke. Confidence intervals were large and overlapped across 

studies. Across two large prospective registry studies, only one reported a statistically 
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significant difference favoring CEA at 30 days. Risks of stroke across 10 

administrative studies were consistently higher following CAS compared with CEA. 

 

 Periprocedural death: No statistical differences in risk of death were seen across 

four small cohort studies (1 prospective and 3 retrospective). One of the two included 

prospective registry studies reported a greater risk of death at 30 days following CAS 

compared with CEA while the second study, which reported in-hospital events, failed 

to reach statistical significance. Risk of death across 12 administrative studies 

provided mixed results; half of the studies reported a significantly increased risk 

following CAS compared with CEA and the other half did not reach statistical 

significance. 

 

 Periprocedural stroke or death: Across six cohort studies (3 prospective and 3 

retrospective), no statistical difference between groups was reported for this 

composite outcome. Wide confidence intervals suggest instability of estimates. One 

of two included registries reported an increased risk of periprocedural stroke or death 

at 30 days in persons receiving CAS compared with CEA (confidence intervals were 

large), while the other larger registry reported much lower in-hospital risks for both 

groups and failed find a statistical difference. The risk of periprocedural stroke or 

death following CAS was less than 3% in six of the eight studies.  Risk of stroke or 

death was consistently higher following CAS in four administrative studies. 

 

 Periprocedural myocardial infarction (MI): No statistical differences in MI risk 

were seen across five studies (1 prospective cohort, 2 retrospective cohorts and 2 

prospective registries). One of two administrative studies reported a small increase in 

MI risk for CAS compared with CEA. 

 

 Periprocedural ipsilateral stroke: No statistical difference between groups in the 

risk of in-hospital ipsilateral stroke was found as reported by one large prospective 

registry. 

 

 Periprocedural transient ischemic attack (TIA):  One small retrospective cohort 

study and one large prospective registry reported no significant differences in the risk 

of periprocedural TIA between CAS and CEA.  One administrative database study 

reported an identical low risk (0.3%) in both treatment groups.  

 

 Periprocedural cranial nerve palsy: Across two retrospective cohort studies and 

one large prospective registry (in-hospital data), no significant differences in the risk 

of cranial nerve palsy were reported following CAS compared with CEA.  A 
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marginally significant decreased risk following CAS was reported by one 

administrative study. 

 

 Periprocedural bleeding complications: The risk of hematoma was reported by two 

retrospective cohort studies with no significant differences between treatment groups; 

however, in the smaller of the two cohorts, the risk following CAS was twice that 

seen following CEA (RD = 4.1%).  One administrative database study reported 

unspecified bleeding as a perioperative complication with similar risks seen in both 

groups. 

 

 Intracranial hemorrhage (ICH):  As reported by two administrative database 

studies, the incidence of ICH was rare in both groups; however, the risk was six times 

greater following CAS compared with CEA.   

 

 Other complications: Unspecified cardiac complications were reported by three 

administrative database studies, two of which reported a marginally significant 

increased risk following CAS while the third administrative study found no difference 

between the treatment groups.  The risk of venous thromboembolism was reported by 

one administrative study with no statistically significant difference between groups. 

 

 

Detailed results: Asymptomatic patients 

 

Results from RCTs 

 

CAS and medical therapy versus medical therapy alone:  No RCTs evaluated adverse 

events and complications for CAS and medical therapy versus medical therapy alone among 

patients with asymptomatic carotid stenosis 

CAS and medical therapy versus CEA and medical therapy: Two RCTs provided data 

comparing CAS with medical therapy to CEA with medical therapy during the peri-

procedural timeframe.
46,167

  Results are summarized below and in Tables 25 and 26. 

 

Any periprocedural stroke 

Both RCTs (Kentucky, CREST)
46,167

 reported on risk of any periprocedural stroke. In 

CREST the risk following CAS was 2.5% compared with 1.4% following CEA but the 

difference was not statistically meaningful; RD = 1.2%, 95% CI = -0.4, 2.7).  In addition, the 

CREST
167

 reported risks of major and minor stroke, both of which were slightly greater 

among patients undergoing CAS as compared to CEA (major stroke: 0.5% vs. 0.3%; minor 
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stroke: 2.0% vs. 1.0%, respectively), although the difference in risks was not statistically) 

(Table X). No cerebrovascular (stroke or TIA) events occurred in the Kentucky trial.
46

  

 

Periprocedural death 

One RCT (KENTUCKY) reported no deaths during the periprocedural period in either 

treatment group.
46

   

 

Composite of periprocedural stroke or death 

Both RCTs (CREST, Kentucky)
46,167

 reported data for this composite endpoint; however one 

reported no events in either treatment group; therefore, only one RCT contributed data for 

this endpoint. In CREST there was a non-significant increase in the risk of stroke or death for 

CAS as compared to CEA (RD: 1.2%, 95% CI: -0.4, 2.7). The risk of any stroke or death was 

2.5% following CEA and 1.4% following CAS in this study.   

 

Periprocedural myocardial infarction (MI) 

One RCT (CREST)
167

 reported on risk of periprocedural MI.  In CREST, risk of MI was 

1.2% for the CAS group and 2.2% for the CEA group but there was no statistical difference 

between groups (RD: -1.0%, 95% CI: -2.5, 0.4) for asymptomatic patients.  It should be 

noted that definitions of MI changed during the course of the trial. The influence of different 

definitions on event rates on published data is not known based.
2
  

 

Cranial nerve palsy 

Both RCTs (Kentucky, CREST)
46,167

 reported on risk of periprocedural cranial nerve palsy.  

In CREST, CAS was associated with a significantly lower risk of cranial nerve palsies (RD:  

-3.9%, 95%CI: -2.2, -5.4) (Table 25).  The Kentucky trial also reported on periprocedural 

cervical nerve injury; however, no events were reported in either treatment arm. 

 

Table 25.  Summary of major periprocedural adverse events and complications reported in 

RCTs comparing CAS and CEA among asymptomatic patients. 

Study CAS CEA Effect Size 

 RCT n/N (%) n/N (%) RD% (95% CI) RR/HR (95% CI) 

Any Stroke 

  CREST 15/594 (2.5) 8/597 (1.4) 1.2% (-0.4,2.7) 1.88 (0.79,  4.42) 

  Kentucky 0/43 (0.0) 0/42 (0.0) NE NE 

Major stroke 

  CREST 3/594 (0.5) 2/597 (0.3) 0.2 (-0.6, 0.9) 1.50 (0.25, 9.95) 

Minor stroke 

  CREST 12/594 (2.0) 6/597 (1.0) 1.0 (-0.4, 2.4) 2.06 (0.77, 5.51) 

Death  

  Kentucky 0/43 (0.0) 0/43 (0.0) NE NE 

Any stroke or death 

  CREST 15/594 (2.5) 8/597 (1.4) 1.2% (-0.4,2.7) 1.88 (0.79,  4.42) 

  Kentucky 0/43 (0.0) 0/42 (0.0) NE NE 
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Study CAS CEA Effect Size 

Myocardial infarction 

  CREST 7/594 (1.2) 13/597 (2.2) -1.0% (-2.5, 0.4) 0.55 (0.22, 1.38) 

Cranial nerve palsy 

  CREST 1/594 (0.2) 25/597 (4.2) -3.9% (-2.2, -5.4)* 0.04 (0.01, 0.31)* 

  Kentucky 0/43 (0.0) 0/42 (0.0) NE NE 

RD = risk difference; RR = relative risk; NE = Not estimable  

*Calculated by SRI 

 

 

Periprocedural Bleeding Complications 

One RCT (CREST 2011)
167

 reported data for several periprocedural bleeding complications 

which are listed below.  Risks of surgical wound complications (hematoma requiring 

treatment, other complications) were significantly lower for CAS, compared to CEA (RD = -

1.8%, 95%CI: =0.7, -2.9; RD = -2.0%, 95%CI: -0.8%, -2.0%, respectively). There were no 

significant differences in the risks of any bleeding events (need for transfusion, hematoma 

requiring treatment, retroperitoneal hemorrhage, moderate or minor bleeding) between CAS 

and CEA.  

 

Table 26.  Periprocedural bleeding complications reported by RCTs comparing CAS and 

CEA among asymptomatic patients in CREST 
 CREST (Silver 2011) 

 

CAS (n=594) 

 

CEA (n=597) RD (95% CI) RR (95% CI) 

n (%) n (%) 

Surgical Wound Complications 

  Hematoma requiring treatment 0 (0) 11 (1.9) -1.8% (-0.7, -2.9)* NE 

  Other complications 0 (0) 12 (2.0) -2. 0% (-0.8, -2.0)* NE 

Bleeding Complications 

  Bleeding event requiring transfusion 8 (1.3) 7 (1.2) 0.2% (-1.1, 1.4)* 1.15 (0.42, 3.14)* 

  Hematoma requiring treatment 2 (0.3) 0 (0) -0.3% (-0.1, 0.7)* NE 

  Retroperitoneal hemorrhage 0 (0) 0 (0) NE NE 

  Moderate Bleeding 2 (0.3) 2 (0.3) 0.0 (-0.6, 0.6)* 1.01 (0.14, 7.11)* 

  Minor Bleeding 2 (0.3) 1 (0.2) 0.2% (-0.4, 0.7)* 2.01 (0.18, 22.1)* 

RD = risk difference; RR = relative risk; NE = Not estimable  

*Calculated by Spectrum Research, Inc. 

 

Results from nonrandomized comparative studies 

 

CAS and medical therapy versus medical therapy alone: Only one retrospective, single-

center cohort study, Bosiers et al. 2005, was found that compared CAS with medical therapy 

alone.
43

  A total of 75 asymptomatic patients were included (59 CAS, 16 Medical); mean 

ages and sex distributions were not reported.  This study was considered at high risk of bias 

due to various methodological shortcomings.  The only outcome reported was the combined 

30-day risk of stroke or death with no statistically significant difference seen between those 
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who received CAS and medical therapy compared with medical therapy alone: 1.7% versus 

0%, respectively; RD = 1.7% (95% CI -9.0% to 17.7%). 

 

CAS and medical therapy versus CEA and medical therapy: For the comparison of CAS 

and medical therapy with CEA and medical therapy in asymptomatic patients, data abstracted 

from the 2012 AHRQ report were combined with data from studies that were published after 

the AHRQ search or which appeared to have met the inclusion criteria but didn’t appear to 

have been summarized in that report.  Overall, this section includes data from seven 

comparative cohort studies,
43,49,59,96,108,125,189

 four of which were included in the AHRQ 

report,
43,59,125,189

 and three comparative registry studies,
102,119,142

 one of which was included 

in the AHRQ report
119

 and one which was a 2012 update to the Sideway et al. 2009 report on 

the SVS-VR registry included in the AHRQ report.
102

  The study published in 2012 analyzed 

SVS-VR registry data stratified by Medicare age and included 3600 more patients than the 

earlier report; data were able to be calculate for the total asymptomatic population within 

each treatment group.  These cohort and registry studies constitute the primary body of 

evidence for this section and report outcomes up to 30 days post-procedure, with the 

exception of one registry study that reported in-hospital data as stated previously.
142

  In 

addition, 11 administrative data studies,
39,76,77,111,132,134,135,155,173,176,187

  three of which were 

included in AHRQ,
76,134,135

 are briefly described. All report in-hospital outcomes.  Data are 

summarized in tables 27–32.  

 

All cohort studies were considered to be at moderately high risk of bias.  For the registries, 

one was considered to be at a moderately low risk of bias,
142

 one a moderately high risk of 

bias,
102

 and the third at a high risk of bias.
119

  The administrative studies were all considered 

to be at high risk of bias.  Concerns regarding such studies include questions of coding 

accuracy and variability of algorithms used to identify patients as previously described in the 

methods section of this report.   

 

For purposes of this section, a positive risk difference favors CAS and negative risk 

difference favors CEA. 

 

Any periprocedural stroke   

Data were available from five small cohort studies (N range 87–269), one prospective and 

four retrospective,
49,96,108,125,189

 and two prospective registry studies (N = 5268 and 

5316).
102,142

  In some studies, periprocedural stroke included fatal stroke. Across these 

studies, findings from the clinical cohorts showed no statistical differences between treatment 

groups.  Confidence intervals were large and overlapped across studies. The risk of any 

stroke ranged from 0%–8.5% for CAS and 1.8 %–2.1% following CEA; in two studies risks 

were higher after CAS, but higher after CEA in three other studies.  Of the two registry 

studies, one reached statistical significance favoring CEA with a risk of 1.7% versus 3.2% 
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with CAS (risk difference (RD) = -1.5%, 95% CI, -2.5% to -0.6% and relative risk (RR) = 

1.9, 95% CI, 1.3–2.7), while the other, which analyzed in-hospital outcomes, reported 

identical risks between groups (0.7%), including both major and minor strokes.   Data from 

10 administrative database studies with sample sizes ranging from 8706 to 

486,021,
39,76,77,111,134,135,155,173,176,187

 seven of which analyzed National Inpatient Sample (NIS) 

data,
77,111,134,135,155,173,187

 revealed consistently greater risks of any stroke following CAS, with 

eight of the studies reaching statistical significance. Risks ranged from 1.0%–2.1% for CAS 

and 0.6%–1.8% for CEA with a risk difference range of 0.3%–1.0%. 

 

Periprocedural death 

Four small cohort studies (N range 87–269), one prospective and three 

retrospective,
49,108,125,189

 and two prospective registry studies (N = 5268 and 5316)
102,142

 

provided data for this outcome.  Overall, the risk of perioperative death was relatively low 

for both treatment groups.  No statistical differences in risk of death were seen across the 

cohort studies with risks ranging from 0%–1.1% following CAS and 0%–2.0% after CEA. 

One of the two registry studies reported a significantly greater risk of death following CAS 

(1.6%) compared with CEA (0.7%) with a RD of -0.8% (95% CI, -1.6% to -0.2%) and a RR 

of 2.1 (95% CI, 1.3–3.7), while the second study, which reported on in-hospital outcomes, 

failed to reach statistical significance (0.4% vs. 0.2%, respectively). Data were available 

from 11 administrative studies (N range 8706–486,021),
39,76,77,111,132,134,135,155,173,176,187

  eight 

of which analyzed National Inpatient Sample (NIS) data.
77,111,132,134,135,155,173,187

  Risk of death 

ranged from 0.4%–0.9% for CAS and 0.3%–0.6% for CEA with RDs ranging from 0.1%–

0.4%.  Results were mixed with half of the studies finding a significantly increased risk 

following CAS compared with CEA and the other half not reaching statistical significance.   

 

Periprocedural stroke or death 

Data were available for this composite from six cohort studies (N range, 87–

1518),
43,49,59,108,125,189

 three prospective and three retrospective, and two large prospective 

registries (N = 1416 and 5316).
119,142

  Across the cohort studies, risks ranged from 0%–3.8% 

for CAS and 0%–4.0% for CEA, with no statistical difference between groups; in three of the 

studies risks were higher after CAS, but higher after CEA in the other three.  Wide 

confidence intervals suggest instability of estimates. One of the two registries reported a 

statistically significant increased risk of periprocedural stroke or death in persons receiving 

CAS (10.9%) compared with CEA (4.0%) with a RD of -6.9% (95% CI, -14.5% to -2.0%) 

and a RR of 2.7 (95% CI, 1.46–5.01), while the other larger registry reported much lower in-

hospital risks for both groups (0.7% and 0.9%, respectively) and failed to find a statistical 

difference. The risk of periprocedural stroke or death following CAS was < 3% in six of the 

eight studies.  Data available from four administrative studies (2 using NIS data) with sample 

sizes ranging from 8706 to 486,021 showed that the risk of stroke or death was consistently 
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higher following CAS compared with CEA
39,76,77,187

; ranges were from 1.6%–2.5% and 

0.9%–1.7%, respectively, with all but one study reporting a significant difference. 

 

Periprocedural myocardial infarction (MI) 

Three cohort studies (N range 87–269),
108,125,189

 one prospective and two retrospective, and 

two prospective registries (N = 5268 and 5316)
102,142

 reported data for this outcome.  No 

statistical differences in MI risk were seen across all five studies (to include one registry that 

reported in-hospital outcomes).  Risks ranged from 0%–1.1% following CAS and from 0%–

1.4% following CEA; the majority of studies reported lower risks after CAS.  The larger of 

two administrative studies (N = 238,389 and 52,588) reported a small increase in MI risk for 

CAS compared with CEA with a RD of 0.3% (95% CI, 0.1%–0.6%) and a RR of 1.2 (95% 

CI, 1.0%–1.4%).
134

 

 

Periprocedural ipsilateral stroke 

One large prospective registry study (N = 5316) which reported in-hospital data provided the 

only data for this outcome.
142

  The risk of periprocedural ipsilateral stroke was low in both 

the CAS and CEA group, 0.4% and 0.6%, respectively, with no statistical difference between 

treatments. 

 

Periprocedural transient ischemic attack (TIA) 

One small retrospective cohort study (N = 129)
49

 and one prospective registry (N = 5316)
142

 

reported no significant differences in the risk of TIA following CAS compared with CEA: 

2.5% versus 0% and 0.5% versus 0.3% (in-hospital), respectively.  One administrative 

database study (N = 8706)
76

 reported an identical risk in both treatment groups (0.3%) using 

a propensity score matched analysis.   

 

Periprocedural cranial nerve palsy 

Data were available from two retrospective cohort studies (N = 87 and 238)
108,125

 and one 

large prospective registry that reported in-hospital outcomes (N = 5316).
142

  Across these 

three studies, no cases of cranial nerve palsy were reported following CAS compared with 

risks ranging from 0.9%–12.0% with CEA; however, the differences between groups were 

not significant in any instance and confidence intervals were large and overlapped across 

studies.  A marginally significant decreased risk following CAS was reported by one 

administrative study (0.2% vs. 0.4%; RD = 0.3%, 95% CI, 0.0%–0.5%; Adjusted RR = 0.42, 

95% CI, 0.18–0.96).
76

 

 

Periprocedural bleeding complications 

The risk of hematoma was reported by two retrospective cohort studies (N = 87 and 238) 

with no significant differences found between treatment groups
108,125

; however, in the smaller 

of the two cohorts, the risk following CAS was twice that seen following CEA (8.1% vs. 
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4.0%).
108

 One administrative database study (N = 8706) reported unspecified bleeding as a 

perioperative complication with similar risks seen in both groups (3.4% and 3.8%, 

respectively).
76

  

 

Intracranial hemorrhage (ICH) 

Two administrative studies, both analyzing the NIS database (N = 136,077 and 217,596), 

provided data for this outcome.
132,173

  The incidence of acute ICH was rare in both groups: 

0.2% and 0.3% (CAS) versus 0.02% and 0.04% (CEA); however, a statistically significant, 

six-fold increased risk (adjusted odds ratios of 5.9 (95% CI, 3.1–11.1) and 6.1 (95% CI, 4.7–

7.8)) was seen following CAS compared with CEA. Corresponding RDs were -0.13 (95% CI, 

-0.2 to -0.1) and -0.4 (95% CI, -0.5 to -0.3), respectively.  One of the studies further reported 

on specific types of ICH and found significantly increased risks following CAS compared 

with CEA for subarachnoid hemorrhage (0.2% vs. 0.02%, respectively; RR = 9.7) and 

unspecified ICH (0.04% vs. 0.002%, respectively; RR = 12.2), although the confidence 

intervals were wide, but not for nontraumatic extradural hemorrhage.
132

  

 

Other complications 

Unspecified cardiac complications were reported by three administrative database studies (N 

range, 8706–495,331), two of which analyzed the NIS database and reported a marginally 

significant increased risk following CAS compared with CEA: 2.2% versus 1.9% (RD = -

0.3%, 95% CI, -0.5% to -0.1%; RR = 1.2, 95% CI, 1.1–1.3) and 2.3% versus 1.9% (RD = -

0.4%, 95% CI, -0.5% to -0.2%; RR = 1.2, 95% CI, 1.1–1.3).
111,187

  The third administrative 

study which found no difference in unspecified cardiac complications between groups (CAS 

4.9%; CEA 4.1%) conducted a propensity score matched analysis.
76

  This same study also 

reported the risk of venous thromboembolism with no statistically significant difference seen 

following CAS (0.07%) compared with CEA (0.14%). 
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Table 27.  Summary of periprocedural risks of any stroke from nonrandomized studies 

comparing CAS with CEA for asymptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 269 

Any stroke 1.0 (1/99) 1.8 (3/170) RD = 0.8 (-3.9 to 4.2) 

RR = 0.57 (0.06-5.42)‡ 

Iihara 2006 (Pro) 

N = 106 

Any stroke  8.5 (5/59)§ 2.1 (1/47)§ RD = -6.3 (-16.4 to 3.8) 

RR = 4.0 (0.48-32.94) 

Marine 2006 (Retro) 

N = 238 

Any stroke 1.1 (1/93) 2.1 (3/145) RD = 1.0 (-4.0 to 4.9) 

RR = 0.52 (0.05-4.92)‡ 

Brown 2008 (Retro) 

N = 129 

Any stroke 3.8 (3/79) 2.0 (1/50) RD = -1.8 (-8.8 to 7.1) 

RR = 1.9 (0.20-17.75) 

Kastrup 2003 (Retro) 

N = 87 

Any stroke 

(major or minor) 

0 (0/37) 2.0 (1/50)** RD = 2.0 (-7.5 to 10.5) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 5268 

Any stroke 3.2 (59/1850) 1.7 (58/3418) RD = -1.5 (-2.5 to -0.6) 

RR = 1.88 (1.31-2.69) 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(in-hospital data) 

Any stroke 0.7 (2/273) 0.7 (35/5043) RD = 0 (-1.9 to 0.6) 

RR = 1.06 (0.26-4.37) 

 Major stroke 0.4 (1/273) 0.3 (15/5043) RD = -0.1 (-1.8 to 0.3) 

RR = 1.23 (0.16-9.23) 

 Minor stroke 0.4 (1/273) 0.4 (20/5043) RD = 0 (-1.7 to 0.4) 

RR = 0.92 (0.12-6.9) 

Administrative studies (in-hospital) 

McPhee 2008 (NIS) 

N = 122,986 

Any stroke 1.6 (181/11,302) 0.9 (983/111,684) RD = -0.7 (-1.0 to -0.5) 

RR = 1.82 (1.55-2.13)‡ 

McPhee 2007 (NIS) 

N = 238,389 

Any stroke 1.8 (221/12,278) 0.9 (1945/226,111) RD = -0.9 (-1.2 to -0.7) 

RR = 2.09 (1.82-2.40)‡ 

Giacovelli 2010 (NY & CA) †† 

N = 8706 

Any stroke 2.0 (89/4353) 1.8 (76/4353) RD = -0.3 (-0.9 to 0.3) 

Adjusted RR = 1.17 

(0.86-1.58)‡ 

Giles 2010 (NIS) 

N = 486,021 

Any stroke 1.0 (490/49,126) 0.6 (2628/436,895) RD = -0.4 (-0.5 to -0.3) 

RR = 1.66 (1.51-1.83) 

Rockman 2011 (NIS) 

N = 51,030 

Any stroke 1.9 (52/2733) 0.9 (444/48,297) RD = -1.0 (-1.6 to -0.5) 

RR = 2.07 (1.56-2.75) 

Young 2011 (NIS) 

N = 249,592 

Any stroke 1.3 (409/31,197) 0.9 (1922/218,395) RD = -0.4 (-0.6 to -0.3) 

RR = 1.49 (1.34-1.66) 

Khatri 2012 (NIS) 

N = 495,331 

Any stroke 1.7 (989/57,626) 1.0 (4289/437,705) RD = -0.7 (-0.8 to -0.6) 

RR = 1.75 (1.64-1.88) 

Timaran 2009 (NIS) 

N = 125,350 

Any stroke 1.8 (213/11,836) 1.0 (1135/113,514) RD = -0.8 (-1.1 to -0.6) 

RR = 1.80 (1.56-2.08) 

Bisdas 2012 (NY State 

Department of Health)‡‡ 

N = 52,588 

Any stroke 2.1 (73/3546) 1.3 (622/49,042) RD = -0.8 (-1.3 to -0.4) 

Adjusted RR = 1.62 

(1.28-2.06) 

Wang 2011 (CMS provider 

analysis) 

N = 10,958 

Any stroke 1.9 (25/1323) 1.4 (132/9635) RD = -0.5 (-1.4 to 0.1) 

RR = 1.38 (0.90-2.11) 

CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: 

carotid endarterectomy; CMS: Centers for Medicare and Medicaid; NIS: National Inpatient Sample; NY & CA: 

New York and California discharge data; Pro: prospective study design; RD: risk difference; Retro: retrospective 
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study design; RR = relative risk; SVS-VR: Society for Vascular Surgery Vascular Registry; VSGNE: Vascular 

Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 

§All strokes were non-disabling. 

**Minor stroke. 

††Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, 

payer status, coronary artery disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, 

chronic lung disease, hypertension, renal failure, and obesity. 

‡‡Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and 

hospital annual volume in CAS and CEA. The primary focus of the article was on sex difference so the results were 

reported stratified by symptom status and sex (males + females matched by propensity score). We were able to 

calculate risk for each outcome for the total population of asymptomatic patients with the data provided.      
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Table 28.  Summary of periprocedural risks of death from nonrandomized studies comparing 

CAS with CEA for asymptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 269 

Death 0 (0/99) 0 (0/170) RD = 0 (-3.7 to 2.2) 

RR = not estimable 

Marine 2006 (Retro) 

N = 238 

Death 1.1 (1/93) 0.7 (1/145) RD = -0.4 (-5.2 to 2.9) 

RR = 1.56 (0.09-24.6)‡ 

Brown 2008 (Retro) 

N = 129 

Death 0 (0/79) 2.0 (1/50) RD = 2.0 (-2.9 to 10.5) 

RR = not estimable 

Kastrup 2003 (Retro) 

N = 87 

Death 0 (0/37) 0 (0/50) RD = 0 (-9.4 to 7.1) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 5268 

Death 1.6 (29/1850) 0.7 (25/3418) RD = -0.8 (-1.6 to -0.2) 

RR = 2.14 (1.26-3.65) 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(in-hospital data) 

Death 0.4 (1/273) 0.2 (10/5043) RD = -0.2 (-1.8 to 0.2) 

RR = 1.85 (0.24-14.38) 

Administrative studies (in-hospital) 

McPhee 2008 (NIS) 

N = 122,986 

Death 0.6 (64/11,302) 0.4 (424/111,684) RD = -0.2 (-0.3 to -0.1) 

RR = 1.49 (1.14-1.93)‡ 

McPhee 2007 (NIS) 

N = 238,389 

Death 0.4 (54/12,278) 0.3 (769/226,111) RD = -0.1 (-0.2 to 0.0) 

RR = 1.29 (0.98-1.70)‡ 

Giacovelli 2010 (NY & CA)§ 

N = 8706 

Death 0.6 (24/4353) 0.4 (17/4353) RD = -0.2 (-0.5 to 0.1) 

Adjusted RR = 1.41 

(0.75-2.62)‡  

Giles 2010 (NIS) 

N = 486,021 

Death 0.8 (398/49,126) 0.4 (1618/436,895) RD = -0.4 (-0.5 to -0.4) 

RR = 2.19 (1.96-2.44) 

Rockman 2011 (NIS) 

N = 51,030 

Death 0.5 (14/2733) 0.4 (200/48,297) RD = -0.1 (-0.4 to 0.1) 

RR = 1.24 (0.72-2.12) 

Young 2011 (NIS) 

N = 249,592 

Death 0.6 (178/31,197) 0.4 (852/218,395) RD = -0.2 (-0.3 to -0.1) 

RR = 1.46 (1.24-1.72) 

 

Khatri 2012 (NIS) 

N = 495,331 

Death 0.6 (354/57,626) 0.4 (1756/437,705) RD = -0.2 (-0.3 to -0.1) 

RR = 1.53 (1.37-1.72) 

Timaran 2009 (NIS) 

N = 125,350 

Death 0.7 (83/11,836) 0.5 (568/113,514) RD = -0.2 (-0.4 to -0.1) 

RR = 1.40 (1.11-1.76) 

McDonald 2011 (NIS) 

N = 217,596 

Death 0.6 (76/12,633) 0.5 (1025/204,963) RD = -0.1 (-0.3 to 0.0) 

RR = 1.20 (0.95-1.52) 

Bisdas 2012 (NY State 

Department of Health)** 

N = 52,588 

Death 0.8 (28/3546) 0.5 (233/49,042) RD = -0.3 (-0.7 to -0.1) 

Adjusted RR = 1.66 

(1.12-2.46) 

Wang 2011 (CMS provider 

analysis) 

N = 10,958 

Death 0.9 (12/1323) 0.6 (58/9635) RD = -0.3 (-1.0 to 0.1) 

RR = 1.51 (0.81-2.80) 

CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; CMS: 
Centers for Medicare and Medicaid; NIS: National Inpatient Sample; NY & CA: New York and California discharge data; Pro: prospective study design; 

RD: risk difference; Retro: retrospective study design; RR = relative risk; SVS-VR: Society for Vascular Surgery Vascular Registry; VSGNE: Vascular 

Study Group of New England. 
*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 
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§Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 
disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

**Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 

The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 
propensity score). We were able to calculate risk for each outcome for the total population of asymptomatic patients with the data provided.      

 

 

Table 29.   Summary of periprocedural risks of any stroke or death from nonrandomized studies 

comparing CAS with CEA for asymptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 269 

Any stroke or 

death 

1.0 (1/99) 1.8 (3/170) RD = 0.8 (-3.9 to 4.2) 

RR = 0.57 (0.06-5.42)‡ 

De Rango 2011 (Pro) 

N = 1518 

Any stroke or 

death 

2.3 (19/816) 1.6 (11/702) RD = -0.8 (-2.2 to 0.7) 

RR = 1.49 (0.71-3.10)  

Marine 2006 (Retro) 

N = 238 

Any stroke or 

death 

2.2 (2/93) 2.1 (3/145) RD = -0.1 (-5.6 to 4.1) 

RR = 1.04 (0.17-6.10)‡ 

Bosiers 2005 (Retro) 

N = 79 

Any stroke or 

death 

1.7 (1/59) 0 (0/20) RD =  -1.7 (-9.0 to 14.5) 

RR = 1.02 (0.04-23.9)‡ 

Brown 2008 (Retro) 

N = 129 

Any stroke or 

death 

3.8 (3/79) 4.0 (2/50) RD = 0.2 (-7.2 to 10.0) 

RR = 0.95 (0.16-5.48) 

Kastrup 2003 (Retro) 

N = 87 

Any stroke or 

death 

0 (0/37) 2.0 (1/50) RD = 2.0 (-7.5 to 10.5) 

RR = not estimable 

Registry studies 

Lindstrom 2012 (Swedvasc) (Pro) 

N = 1416 

Any stroke or 

death 

10.9 (11/101) 4.0 (53/1315) RD = -6.9 (-14.5 to -2.0) 

RR = 2.70 (1.46-5.01)‡ 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(in-hospital data) 

Any stroke or 

death 

0.7 (2/273) 0.9 (45/5043) RD = 0.2 (-1.8 to 0.8) 

RR = 0.82 (0.20-3.37) 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)§ 

N = 8706 

Any stroke or 

death 

2.4 (104/4353) 1.9 (83/4353) RD = -0.5 (-1.1 to 0.1) 

Adjusted RR = 1.25 

(0.94-1.67)‡ 

Giles 2010 (NIS) 

N = 486,021 

Any stroke or 

death 

1.6 (807/49,126) 0.9 (3973/436,895) RD = -0.7 (-0.9 to -0.6) 

RR = 1.81 (1.68-1.95) 

Bisdas 2012 (NY State 

Department of Health)** 

N = 52,588 

Any stroke or 

death 

2.5 (90/3546) 1.7 (810/49,042) RD = -0.9 (-1.5 to -0.4) 

Adjusted RR = 1.54 

(1.24-1.91) 

Young 2011 (NIS) 

N = 249,592 

Any stroke or 

death 

1.7 (527/31,197) 1.2 (2533/218,395) RD = -0.5 (-0.7 to -0.4) 

RR = 1.46 (1.33-1.60) 

Adjusted OR = 1.28 

(1.03–1.58)†† 
CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 

National Inpatient Sample; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk difference; Retro: retrospective 

study design; RR = relative risk; Swedvasc: Swedish Vascular Registry; VSGNE: Vascular Study Group of New England. 
*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 
§Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 

disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

**Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 
The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 

propensity score). We were able to calculate risk for each outcome for the total population of asymptomatic patients with the data provided. 

††Adjusted for comorbid conditions and demographics as reported by authors.  
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Table 30.  Summary of periprocedural risks of myocardial infarction (MI) from nonrandomized 

studies comparing CAS with CEA for asymptomatic carotid stenosis. 
Study (N) Outcome Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 269 

MI 0 (0/99) 1.2 (2/170) RD = 1.2 (-2.7 to 4.2) 

RR = 0.43 (0.01-9.42)‡ 

Marine 2006 (Retro) 

N = 238 

MI 1.1 (1/93) 1.4 (2/145) RD = 0.3 (-4.6 to 3.9) 

RR = 0.78 (0.07-8.47)‡ 

Kastrup 2003 (Retro) 

N = 87 

MI 0 (0/37) 0 (0/50) RD = 0 (-9.4 to 7.1) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 5268 

MI 1.1 (20/1850) 1.0 (35/3418) RD = -0.1 (-0.7 to 0.5) 

RR = 1.06 (0.61-1.82) 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(in-hospital data) 

MI 0.7 (2/273) 1.0 (50/5043) RD = 0.3 (-1.7 to 0.9) 

RR = 0.74 (0.18-3.02) 

Administrative studies (in-hospital) 

McPhee 2007 (NIS) 

N = 238,389 

MI 2.0 (246/12,278) 1.7 (3844/226,111) RD = -0.3 (-0.6 to -0.1) 

RR = 1.18 (1.04-1.35)‡ 

Bisdas 2012 (NY State 

Department of Health)§ 

N = 52,588 

MI 0.6 (22/3546) 0.6 (309/49,042) RD = 0 (-0.3 to 0.2) 

Adjusted RR = 0.98 

(0.64-1.52) 
CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 

National Inpatient Sample; Pro: prospective study design; RD: risk difference; Retro: retrospective study design; RR = relative risk; SVS-VR: Society for 
Vascular Surgery Vascular Registry; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
‡Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 

§Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 

The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 
propensity score). We were able to calculate risk for each outcome for the total population of asymptomatic patients with the data provided. 
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Table 31.  Summary of periprocedural risks of ipsilateral stroke and transient ischemic attack 

(TIA) from nonrandomized studies comparing CAS with CEA for asymptomatic carotid 

stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Ipsilateral stroke 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

Ipsilateral stroke 0.4 (1/273) 0.6 (30/5043) RD = 0.2 (-1.5 to 0.6) 

RR = 0.62 (0.08-4.50) 

Transient ischemic attack (TIA) 

Clinical studies 

Brown 2008 

N = 129 

TIA 2.5 (2/79) 0 (0/50) RD = -2.5 (-8.8 to 4.8) 

RR = not estimable 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(In-hospital data) 

TIA 0.5 (1/273) 0.3 (15/5043) RD = -0.1 (-1.8 to 0.3) 

RR = 1.23 (0.16-9.29) 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 8706  

TIA 0.3 (14/4353) 0.3 (13/4353) RD = 0.0 (-0.3 to 0.2) 

Adjusted RR = 1.08 

(0.51-2.29)§ 
CAS: carotid artery stenting; CEA: carotid endarterectomy; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk 

difference; Retro: retrospective study design; RR = relative risk; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 
†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 

disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 
§Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 
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Table 32.  Summary of periprocedural risks of other complications from nonrandomized studies 

comparing CAS with CEA for asymptomatic carotid stenosis. 
Study (N) Outcome Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Cranial nerve injury or palsy 

Clinical studies 

Marine 2006 (Retro) 

N = 238 

Cranial nerve palsy 0 (0/93) 2.8 (4/145) RD = 2.8 (-1.5 to 6.9) 

RR = 0.17 (0.00-3.18)‡ 

Kastrup 2003 (Retro) 

N = 87 

Cranial nerve injury 
(Mild and rapidly 

reversible) 

0 (0/37) 12.0 (6/50) RD = 12.0 (0.6-23.8) 

RR = not estimable 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 5316 

(In-hospital data) 

Cranial nerve injury 

 (Persistent) 

0 (0/273) 0.9 (45/5043) RD = 0.9 (-0.5 to 1.2) 

RR = not estimable 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)§ 

N = 8706 

Cranial nerve injury 0.2 (8/4353) 0.4 (19/4353) RD =  0.3 (0.0-0.5) 

Adjusted RR = 0.42 

(0.18-0.96)‡ 

Bleeding complications 

Clinical studies 

Marine 2006 (Retro) 

N = 238 

Hematoma 5.4 (5/93) 4.1 (6/145) RD = -1.2 (-8.2 to 4.3) 

RR = 1.30 (0.40-4.13)‡ 

Kastrup 2003 (Retro) 

N = 87 

Hematoma 8.1 (3/37) 4.0 (2/50) RD = -4.1 (-17.6 to 6.7) 

RR = 2.03 (0.36-11.53) 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)§ 

N = 8706 

Unspecified 

bleeding 

3.4 (148/4353) 3.8 (165/4353) RD = 0.4 (-0.4 to 1.2) 

Adjusted RR = 0.90 

(0.72-1.12)‡ 

Intracranial hemorrhage 

Administrative studies (in-hospital) 

Timaran 2009 (NIS) 

N = 136,077 

Acute ICH 0.15 (19/13,093) 0.02 (20/122,984) RD = -0.13 (-0.2 to -0.1) 

RR = 8.92 (4.76-16.72) 

Adjusted OR = 5.9 (3.1-

11.1)** 

McDonald 2011 (NIS) 

N = 217,596 

Any ICH 0.5 (59/12,633) 0.07 

(134/204,963) 

RD = -0.4 (-0.5 to -0.3) 

RR = 7.14 (5.26-9.70) 

 Acute ICH 0.3 (31/12,633) 0.04 (87/204,963) RD = -0.2 (-0.3 to 0.1) 

RR = 5.78 (3.84-8.70) 

 Subarachnoid 

hemorrhage 

0.2 (25/12,633) 0.02 (42/204,963) RD = -0.2 (-0.3 to -0.1) 

RR = 9.66 (5.89-15.84) 

 Nontraumatic 

extradural 

hemorrhage 

0 (0/12,633) 0.0005 (1/204,963) RD = 0 (0.0-0.0) 

RR = not estimable 

 Unspecified ICH 0.04 (3/12,633) 0.002 (4/204,963) RD = 0 (-0.1 to 0.0) 

RR = 12.17 (2.72-54.36) 

Other cardiac complications 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)§ 

N = 8706  

Cardiac 

complications, 

unspecified 

4.92 (214/4353) 4.14 (180/4353) RD = -0.8 (-1.7 to 0.1) 

Adjusted RR = 1.19 

(0.98-1.44) 

 Venous 

thromboembolism 

0.07 (3/4353) 0.14 (6/4353) RD = 0.1 (-0.1 to 0.2) 

Adjusted RR = 0.50 
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(0.13-2.00) 

Young 2011 (NIS) 

N = 249,592 

Cardiac 

complications, not 

elsewhere classified 

2.2 (671/31,197) 1.9 (4062/218,395) RD = -0.3 (-0.5 to -0.1) 

RR = 1.16 (1.07-1.25) 

 

Khatri 2012 (NIS) 

N = 495,331  

Cardiac 

complications, not 

elsewhere classified 

2.3 

(1303/57,626) 

1.9 (8268/437,705) RD = -0.4 (-0.5 to -0.2) 

RR = 1.20 (1.13-1.27) 

CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: National Inpatient Sample; NY & CA: New York and California discharge data; Pro: 

prospective study design; RD: risk difference; Retro: retrospective study design; RR = relative risk; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 
†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Calculated from raw data by the Agency for Healthcare Research and Quality (AHRQ). 

§Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 
disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

**Odds ratio reported by authors; adjusted for age, sex, symptomatic status, comorbidity index, admission, hospital type. 

 

 

4.3.2. Symptomatic 

 

 

Safety in Symptomatic Patients 

 

Summary of RCT data 

CAS versus medical therapy alone:  No RCTs comparing CAS and medical therapy with 

medical therapy alone in symptomatic patients were identified. 

CAS compared with CEA:  For the comparison of CAS and medical therapy with CEA and 

medical therapy, a total of ten studies from eight RCTs reported on various outcomes during 

the periprocedural period.
26,45,63,65,93,128,129,141,167,170

 

 Any periprocedural stroke: Across six RCTs, risk of periprocedural stroke was 

significantly greater for CAS compared to CEA (Pooled RD: 3.39%, 95% CI .15%, 

6.6%). This difference in risk suggests that for every 30 persons treated, there will be 

one additional stroke for CAS compared with CEA. Based on sensitivity analysis 

excluding older studies (which enrolled patients prior to 2000), studies with 10 or 

fewer patients per arm and studies that did not use embolic protection devices, pool 

risk difference remained significant favoring CEA (RD: 2.88%, 95% CI: 1.3, 4.44, 

NNH 35, 95% CI 23, 75) 

 

 Periprocedural death: Across four RCTs, the rates of periprocedural death ranged 

from 0% to 1.3% for CAS and 0.5% to 2.0% for CEA. There was no difference in 

risk of periprocedural death between CAS and CEA in any individual RCT, nor when 

studies were combined in a pooled analysis. 
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 Periprocedural stroke or death:  The risk of stroke or death was 7.1% for CAS and 

4.1% for CEA based on pooled data across seven RCTs reporting this composite, 

neither of which fell below 6%.  Three of the four largest RCTs reported significant 

increases in risk of stroke or death for CAS compared to CEA.  In meta-analysis of 

seven RCTs, the RD of 2.75%, 95% CI -0.39%, 5.88% was not statistically 

significant; however, there was considerable heterogeneity in this analysis.  To 

explore heterogeneity, older, small studies and those which did not use EPDs were 

excluded resulting in a pooled RD of  3.06%, 95% CI 1.43%, 4.69%); Number 

needed to harm was 33 (94% CI 21, 70).  

 

 Periprocedural myocardial infarction (MI):  Across four RCTs, periprocedural MI 

in individual studies ranged from 0.4% to 1.0% for CAS and 0.6% to 2.3% for CEA.  

There were no differences in risk between CAS and CEA in any individual study, nor 

when studies were combined in a pooled analysis. 

 

 Periprocedural ipsilateral stroke:  In pooled estimates across three studies, there 

was a suggestion of an increased risk of ipsilateral stroke for CAS compared to CEA 

(RD = 4.47% (`1.98%, 10.91%); however, it was not statistically significant and 

confidence intervals were wide. 

 

 Periprocedural fatal, major or disabling stroke:  Across five RCTs contributing 

data for this composite endpoint, the pooled risk difference between treatment groups 

and not statistically significant (RD: 0.88%, 95% CI -0.39%, 2.15%). 

 

 Periprocedural cranial nerve palsy: In five RCTs, risk of cranial nerve injury or 

palsy was lower for CAS (0% to 1.1%) compared to CEA (2.3% to 7.8%).  Three of 

the largest RCTs reported a significant reduction in risk for CAS compared with 

CEA. In pooled estimates risk of cranial nerve palsy was significantly lower among 

patients who received CAS compared with those having CEA (RD: -5.19%, 95% CI -

4.14, -6.24 ). 

 

 Periprocedural hematoma: In four RCTs, periprocedural rates of “severe hematoma 

requiring treatment” ranged from 0.4% to 5.7% for CAS, and from 0.8% to 2.0% for 

CEA treatment groups.  There was no difference in risk between CAS and CEA 

treatment groups. 

 

Summary of nonrandomized comparative studies 

CAS versus medical therapy alone:  No nonrandomized comparative studies evaluating 

periprocedural outcomes following CAS and medical therapy versus medical therapy alone 

among patients with symptomatic carotid stenosis were found.  
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CAS compared with CEA:  Periprocedural outcomes following CAS and medical therapy 

compared with CEA and medical therapy were reported in a total of 18 nonrandomized 

comparative studies (7 cohorts,
43,49,59,96,107,108,189

 3 registries,
102,119,142

 and 8 

administrative
39,76,77,132,134,135,155,173

).  All cohort studies were considered to be at moderately 

high risk of bias.  For the registries, one was considered to be at a moderately low risk of bias 

and reported in-hospital outcomes only,
142

 one a moderately high risk of bias,
102

 and the third 

at a high risk of bias.
119

 All administrative studies were considered to be at a high risk of 

bias. 

 Any periprocedural stroke: No significant differences in the risk of any stroke 

between groups were reported across five cohort studies (2 prospective and 3 

retrospective) whereas data from two large prospective registry studies (one reporting 

in-hospital events) consistently showed a statistical increased risk following CAS.  

Six of seven administrative studies reported that CAS was associated with an 

increased risk of any stroke compared with CEA. 

 

 Periprocedural death: No statistical differences in risk of death were seen across 

three small cohort studies (1 prospective and 2 retrospective). Both of the included 

prospective registry studies reported a higher risk of death following CAS compared 

with CEA at 30 days and during the in-hospital period (wide confidence interval in 

the latter study suggests instability of the estimate). Across all eight administrative 

studies, risk of death was significantly increased following CAS. 

 

 Periprocedural stroke or death: Across five cohort studies (2 prospective and 3 

retrospective), no statistical difference between groups was reported for this 

composite outcome. Wide confidence intervals suggest instability of estimates. One 

of two included prospective registries reported an increased in-hospital risk of 

periprocedural stroke or death in persons receiving CAS compared with CEA, while 

the other larger registry reported similar risks for both groups at 30 days. The risk of 

periprocedural stroke or death following CAS was less than 6% in six of the seven 

studies.  Risk of stroke or death was consistently significantly greater following CAS 

in three administrative studies. 

 

 Periprocedural myocardial infarction (MI): No statistical differences in MI risk 

were seen across two cohort studies (1 prospective and 1 retrospective), two 

prospective registries, and two administrative data studies. 

 

 Periprocedural ipsilateral stroke: CAS was associated with a three-fold greater risk 

of ipsilateral stroke compared with CEA during the in-hospital period as reported by 

one large prospective registry. 
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 Transient ischemic attack (TIA): No significant differences in the risk of TIA 

following CAS versus CEA were reported by one small retrospective cohort study 

and one large registry study. One administrative data study reported similar low risks 

(< 0.5%) in both treatment groups reporting in-hospital data only. 

 

 Periprocedural cranial nerve palsy: Across one retrospective cohort study and one 

large prospective registry (in-hospital data), no significant differences in the risk of 

cranial nerve palsy were reported following CAS compared with CEA. One 

administrative data study reported similar low risks (< 0.5%) in both treatment 

groups. 

 

 Periprocedural bleeding complications: The risk of hematoma was reported by one 

retrospective cohort study with no significant differences found in patients who 

undergone CAS compared with CEA.  One administrative database study reported 

unspecified bleeding as a perioperative complication with no risk difference seen 

between groups. 

 

 Intracranial hemorrhage (ICH): One administrative study analyzing the NIS 

database provided data for this outcome. The risk of any ICH was five and half times 

greater following CAS compared with CEA.  Risks following CAS were also greater 

for the subcategories of acute ICH and subarachnoid hemorrhage, but were not 

significantly different between groups when considering nontraumatic extradural 

hemorrhage and unspecified hemorrhage. 

 

 Other complications: Risk of unspecified cardiac complications and venous 

thromboembolism did not differ between CAS and CEA as reported by one 

administrative database study. 

 

Detailed results: Symptomatic patients 

 

Results from RCTs 

CAS and medical therapy versus medical therapy alone:  No RCTs comparing CAS and 

medical therapy with medical therapy alone in symptomatic patients were identified. 

 

CAS and medical therapy versus CEA and medical therapy:  A total of ten studies from 

eight RCTs comparing CAS with medical therapy to CEA with medical therapy reported on 

various outcomes during the periprocedural period.
26,45,63,65,93,128,129,141,167,170

 Of these RCTs, 

four were large (N>500) multicenter and multinational trials,
65,128,129,167

 and four were 
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smaller (N<150) single-center trials.
45,93,141,170

  In the majority of studies, the periprocedural 

period included events occurring within 30 days of treatment; however, in analyses, some 

studies included events that occurred between randomization and treatment (CREST, 

SPACE, ICSS),
63,65,167

  while others (EVA-3S)
124,128,129

 excluded these events.  One RCT 

(ICSS)
26,65

 analyzed periprocedural events occurring up to 120 days after randomization for 

all patients (regardless of whether they were treated or not), and two RCTs(Kentucky, 

Regensburg)
45,141

 provided no definition of periprocedural period. 

 

Not all studies reported data for all periprocedural outcomes; therefore, only data published 

for by these trials were available for this report. Results are summarized in the text and tables 

below. 

 

Any periprocedural stroke 

A total of seven RCTs reported data on risk of any periprocedural stroke for CAS and 

CEA.
45,63,65,93,129,141,167

  One RCT reported no periprocedural stroke events in either treatment 

arm
45

; therefore, only six RCTs contribute data for this endpoint.  A statistically significant 

increase in risk of periprocedural stroke following CAS was seen in four of six individual 

RCTs.  In pooled analysis of the six studies, the RD 3.39% (95% CI: 0.15, 6.64) was 

significant, favoring CEA.  This corresponds to a number need to harm (NNH of 30 patients 

(95% CI: 15, 667). Thus, for every 30 patients treated with CAS and CEA, there is one 

additional stroke for patients treated with CAS compared to CEA. (Figure 9, Table 33).  

 

The I
2
 of 76% suggested the presence of considerable heterogeneity (Figure 9).  To explore 

this, a sensitivity analysis was conducted excluding older studies (which enrolled patients 

prior to 2000), studies with 10 or fewer patients per arm and studies that did not use embolic 

protection devices. Studies included in sensitivity analysis were CREST , EVA -3S, ICSS 

and SPACE.
63,65,129,167

 The pool risk difference remained significant favoring CEA (RD: 

2.88%, 95% CI: 1.3, 4.44, NNH 35, 95% CI 23, 75) and heterogeneity was reduced (I
2
 = 

29%), Figure 10. 
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Table 33.  Any periprocedural stroke reported by RCTs comparing CAS and CEA among 

symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Any stroke N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011) 1,321 (37/668) 5.5% (21/653) 3.2% 2.32 (0.12, 4.52) 1.72 (1.02, 2.91) 

EVA- 3S (2008) 527 (24/265) 9.1% (9/262) 3.4% 5.62 (1.52, 9.72) 2.64 (1.25, 5.56) 

ICSS (2010) 1,649 (58/853)† 6.8% (27/857)† 3.1% 3.65 (1.59, 5,70) 2.16 (1.38, 3.37) 

SPACE (2008) 1,196 (44/607) 7.2% (37/589) 6.3% 0.97 (-1.87, 3.81) 1.15 (0.76, 1.76) 

Kentucky(2001) 104 (0/53) 0% (0/51) 0% NE NE 

BACASS (2008) 20 (0/10) 0% (1/10) 10% -10.00 (-33.72, 13.72) 0.33 (0.02, 7.32) 

Leicester (1998) 17 (5/7) 71.4% (0/10) 0% 71.43 (37.03, 105.83) 15.13 (0.97, 236.14) 

Pooled estimates 

NNH 

    3.39 (0.15, 6.64) 

30 (15, 667) 

1.78 (1.21, 2.64) 

 

NR = Not reported; NE = Not estimable; NNH = Number needed to harm 

*Risk difference presented as percentage for ease or interpretation 

† N based on the total population to estimate ITT analysis 

 

Figure 9.  Comparison of CAS versus CEA for periprocedural stroke 

 
 

Figure 10.  Sensitivity analysis: Comparison of CAS versus CEA for periprocedural stroke  

 
 

 

Periprocedural death 

A total of seven RCTs reported data on risk of periprocedural death for CAS and 
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determined from the data available.  Three smaller RCTs reported no deaths in either 

treatment arm; therefore, only four RCTs contribute data for this endpoint.  In individual 

RCTs, the rate of periprocedural death ranged from 0% to 1.3% for CAS and 0.5% to 2.0% 

for CEA.  There was no difference in risk of periprocedural death between CAS and CEA in 

any individual RCT, nor when studies were combined in the pooled analysis (RD: 0.38, 

95%CI: -0.25, 1.01) (Table 34, Figure 11).   Exclusion of the Kentucky study which did not 

use EPDs did not appreciably alter the estimates and didn’t affect the inference. 

 

 

Table 34.  Any periprocedural death reported by RCTs comparing CAS and CEA among 

symptomatic patients. 

Study   CAS CEA Effect Size 

Death N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

EVA- 3S (2008) 520 (2/261)† 0.8% (3/259)† 1.2% -0.39 (-2.07, 1.29) 0.66 (0.11, 3.93) 

ICSS (2010) 1,649 (11/853)‡ 1.3% (4/857)‡ 0.5% 0.82 (-0.06, 01.71) 2.76 (0.88, 8.64) 

SPACE (2008) 1,196 (6/607) 1.0% (5/589) 0.9% 0.14 (-0.94, 1.22) 1.16 (0.36, 3.79) 

Kentucky (2001) 104 (0/53) 0% (1/51) 2.0% -1.96 (-7.18, 3.26) 0.32 (0.01, 7.70) 

BACASS (2008) 20 (0/10) 0% (0/10) 0% NE NE 

Leicester (1998) 17 (0/7) 0% (0/10) 0% NE NE 

Regensburg (2008) 87 (0/43)§ 0% (0/44)§ 0% NE NE 

Pooled estimates     0.38 (-0.25, 1.01) 1.41 (0.68, 2.91) 

 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

† N based on Mas 2006; N’s reported in Mas 2006 differ from N’s reported in Mas 2008 

‡ N based on the total population to estimate ITT analysis 

§ n calculated by hand 
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Figure 11.  Comparison of CAS versus CEA for periprocedural death: Meta-analysis and 

sensitivity analysis 

 
Sensitivity Analysis 

 
 

 

Periprocedural stroke or death 

The composite of death or any stroke during the periprocedural period was reported in seven 

RCTs (Table 35).
45,63,65,93,129,141,167

  Given the small number of periprocedural deaths in these 

RCTs, the composite risk of any stroke or death is primarily influenced by the overall higher 

rates of stroke across studies. 
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CEA. Four individual RCTs reported a statistically significant increase in risk of death or any 

stroke following CAS.  Meta-analysis across all seven studies, tended to favor CEA, 

suggesting increased risk of periprocedural stroke or death for CAS compared to CEA (RD: 

2.75%, 95%CI: -0.39, 5.88); however, the confidence intervals are wide, and the result was 

not statistically significant (Figure 12). 

 

The I
2
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was done.  Studies included in sensitivity analysis were CREST,
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ICSS,
65

 and SPACE.
63

  This reduced the heterogeneity to moderate (I
2
 =32%) and the 

variability of the pooled RD estimate from the sensitivity analysis (RD: 3.06%, 95%CI: 1.43, 

4.69) improved. This difference in risk corresponds to a number need to harm (NNH) of 33 

patients (95% CI: 21, 70). Thus, for every 33 patients treated with CAS and CEA, there is 

one additional stroke for CAS compared with CEA. The risk of stroke or death remained 

stable, 7.1% (171/2393) for CAS and 4.1% (98/2361) for CEA based on pooled estimates in 

this sensitivity analysis (Figure 13). 

 

 

Table 35.  Any periprocedural stroke or death reported by RCTs comparing CAS and 

CEA among symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Stroke or Death N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011) 1,321 (40/668) 6.0% (21/653) 3.2% 2.77 (0.52, 5.02) 1.86 (1.11, 3.12) 

EVA- 3S (2008) 527 (25/265) 9.4% (10/262) 3.8% 5.62 (1.40, 9.83) 2.47 (1.21, 5.04) 

ICSS (2010) 1,649 (61/853)† 7.4% (28/857)† 3.4% 3.88 (1.78, 5.98) 2.19 (1.41, 3.39) 

SPACE (2008) 1,196 (45/607) 7.4% (39/589) 6.6% 0.79 (-2.10, 3.69) 1.12 (0.74, 1.69) 

Kentucky (2001) 104 (0/53) 0% (1/51) 2.0% -1.96 (-7.18, 3.26) 0.32 (0.01, 7.70) 

BACASS (2008) 20 (0/10)§ 0% (1/10)§ 10.0% -10.00 (-33.72, 13.72) 0.33 (0.02, 7.32) 

Leicester (1998) 17 (5/7)§ 71.4% (0/10)§ 0% 71.43 (37.03, 105.83) 15.13 (0.97, 236.14) 

Pooled estimates    2.75 (-0.39, 5.88) 1.75 (1.18, 2.60) 

 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

†  N based on the total population to estimate ITT analysis 

 

 

Figure 12.  Comparison of CAS versus CEA for any periprocedural stroke or death 
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Figure 13.  Sensitivity analysis: Comparison of CAS versus CEA for any periprocedural 

stroke or death  

 
 

 

Periprocedural myocardial infarction (MI) 

A total of five RCTs reported data on risk of periprocedural myocardial 

infarction.
45,65,93,129,167

   The three largest trials (CREST, EVA-3S and ICSS)
65,129,167

 used 

very similar definitions of myocardial infarction, which were based on a combination of 

symptoms, elevations in cardiac enzymes and electrocardiogram abnormalities; however, 

myocardial infarction was not defined in two smaller.
45,93

 The definition of MI changed 

during the course of the CREST trial.
2
   One of the smallest RCTs reported no MI events in 

either treatment arm
93

; therefore, only four studies contribute data to this endpoint in meta-

analysis. Rates of periprocedural MI in individual studies ranged from 0.4% to 1.0% for CAS 

and 0.6% to 2.3% for CEA.  There were no differences in risk of periprocedural myocardial 

infarction between CAS and CEA in any individual study, nor when studies were combined 

in the pooled analysis (Table 36, Figure 14).  Exclusion of the BACASS and Kentucky  

studies had no appreciable effect on the estimates and no influence on the inference. 

 

Table 36.  Periprocedural myocardial infarction (MI) reported by RCTs comparing CAS 

and CEA among symptomatic patients 

Study  
 

CAS CEA Effect Size 

MI N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011) 1,321 (7/668) 1.0% (15/653) 2.3% -1.25 (-2.63, 0.14) 0.46 (0.19, 1.11) 

EVA- 3S (2008) 527 (1/265)† 0.4% (2/262)† 0.8% -0.39 (-1.67, 0.90) 0.49 (0.05, 5.42) 

ICSS (2010) 1,649 (3/853)‡ 0.4% (5/857)‡ 0.6% -0.25 (-0.92, 0.42) 0.59 (0.14, 2.48) 

Kentucky (2001) 104 (0/53) 0% (1/51) 2.0% -1.96 (-7.20, 3.28) 0.48 (0.24, 0.97) 

BACASS (2008) 20 0/10 0% (0/10) 0% NE NE 

Pooled estimates    -0.44 (-0.99, 0.10) 0.49 (0.24, 1.01) 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

†  N based on Mas 2008; N’s reported in Mas 2006 differ from N’s reported in Mas 2008 

‡ N based on the total population to estimate ITT analysis 
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Figure 14.  Comparison of CAS versus CEA for periprocedural myocardial infarction: 

Meta-analysis and sensitivity analysis 

 
 

Sensitivity analysis 

 
 

Periprocedural ipsilateral stroke 

Three RCTs reported data on risk of periprocedural ipsilateral stroke (Table 37).
63,65,141

  In 

these studies, ipsilateral stroke was either reported separately or could be determined from 

the data available.  A statistically significant increase in risk of ipsilateral stroke following 

CAS was seen in two individual RCTs.
65,141

 Combining data from all three RCTs, the total 

event rate of periprocedural ipsilateral stroke was 6.5% (96/1,467) for CAS compared with 

4.2% (56/1,456) for CEA.  In a pooled meta-analysis of these studies, there was a suggestion 

of an increased risk of ipsilateral stroke for CAS compared to CEA; however, it failed to 

reach statistical significance (RD = 4.47, 95%CI -1.98, 10.91) The small sample size and 

result variability of the Leicester study
141

 is likely to strongly influences the heterogeneity 

(Figure 15) which was verified in the related sensitivity analysis below. This study did not 

use embolic protection whereas the others did.  The risk difference of 2.37% (95% CI 0.42%, 

4.3%) corresponds to a NNH of 42.   
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Table 37.  Periprocedural ipsilateral stroke reported by RCTs comparing CAS and CEA 

among symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Ipsilateral stroke N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

ICSS (2010) 1,649 (52/853)† 6.1% 25/857)† 2.9% 0.03 (0.01, 0.05) 2.09 (1.31, 3.34) 

SPACE (2008) 1,196 (39/607) 6.4% (31/589) 5.3% 0.01 (-0.01, 0.04) 1.22 (0.77, 1.93) 

Leicester (1998) 17 (5/7) 71.4% (0/10) 0% 0.71 (0.37, 1.06) 15.13 (0.97, 236.14) 

Pooled estimates    4.47 (-1.98, 10.91) 1.79 (0.94, 3.40) 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

†  N based on the total population to estimate ITT analysis 

 

 

Figure 15.  Comparison of CAS versus CEA for periprocedural ipsilateral stroke and 

related sensitivity analysis. 

 
Sensitivity analysis: 

 
 

Periprocedural fatal, major or disabling stroke 

A total of six RCTs reported data on risk of periprocedural fatal, major or disabling stroke 

(CREST, EVA-3S, ICSS, SPACE, Leicester, Kentucky).
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 Definitions of fatal, 

major or disabling stroke differed considerably across every study:  CREST
167
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Major stroke only, EVA-3S
128
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ICSS
65

 reported fatal or disabling stroke, SPACE
63

 reported any disabling stroke or death and 
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strokes in either treatment group
45

; therefore, only five RCTs contribute data for this 

composite endpoint in meta-analysis. 

Although all studies tended to show higher risk of fatal, major or disabling stroke following 

CAS, the difference in risk between treatment groups was statistically significant in only one 

small RCT.
141

  Combining data from these five RCTs, the total event rate of periprocedural 

fatal, major or disabling stroke was 3.0% (73/2,396) for CAS compared with 2.1% (49/2,368) 

for CEA.  Pooled estimates of the difference in risk of fatal, major or disabling stroke 

between CAS and CEA treatment groups was not statistically different (RD: 0.88, 95% CI: -

0.39, 2.15 (Figure 16);  the relative risk of this composite outcome was marginally significant 

for CAS compared to CEA (RR: 1.45, 95% CI: 1.01, 2.07), Table 38.   

 

A moderate amount of heterogeneity between studies (I
2
 = 47%) was noted for this analysis.  

Thus, sensitivity analysis excluding older studies (which enrolled patients prior to 2000), 

studies with 10 or fewer patients per arm, and studies that did not use embolic protection 

devices was done. Studies included in sensitivity analysis were CREST,
167

 EVA -3S,
128

  

ICSS
65

 and SPACE.
63

  In sensitivity analysis, heterogeneity was reduced (I
2
 = 0%) and the 

difference between groups was not significant, RD: 0.64%, 95%CI: -0.14, 1.41 (Figure 17).   

 

 

Table 38.  Periprocedural fatal, major or disabling stroke or death reported in RCTs 

comparing CAS and CEA among symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Fatal, major or 

disabling stroke 
N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011)† 1,321 (8/668) 1.2% (6/653) 0.9% 0.00 (-0.01, 0.01) 1.30 (0.45, 3.74) 

EVA- 3S (2006)‡  527 (9/261)§ 3.4% (4/259)§ 1.5% 0.02 (-0.01, 0.05) 2.23 (0.70, 7.16) 

ICSS (2010)** 1,649 (22/853)†† 2.6% (17/857)†† 2.0% 0.01 (-0.01, 0.02) 1.30 (0.70, 2.43) 

SPACE (2008)‡‡ 1,196 (31/607) 5.1% (22/589) 3.9% 0.01 (-0.01, 0.04) 1.37 (0.80, 2.33) 

Kentucky (2001) 104 (0/53) 0% (0/51) 0% NE NE 

Leicester (1998)§§ 27 (3/7) 42.9% (0/10) 0% 0.43 (0.06, 0.79) 9.63 (0.57, 161.44) 

Pooled estimates    0.88 (-0.39, 2.15) 1.45 (1.01, 2.07) 

 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

† Major stroke only 

‡ Any disabling stroke requiring treatment or death 

§ N’s based on Mas 2006, N’s reported in Mas 2006 differ from N’s reported in Mas 2008 

** Fatal or disabling stroke 

†† N based on the total population to estimate ITT analysis 

‡‡ Any disabling stroke or death 

§§ Disabling ipsilateral stroke 
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Figure 16.  Comparison of CAS versus CEA for periprocedural fatal, major or disabling 

stroke 

 
 

 

 

Figure 17.  Sensitivity analysis: Comparison of CAS versus CEA for periprocedural fatal, 

major or disabling stroke 

 
 

 

Periprocedural cranial nerve palsy 

A total of seven RCTs reported data on risk of periprocedural cranial nerve 

injuries.
45,65,93,128,141,167,170

  Definitions of cranial nerve injuries differed across studies:  two 

large trials (CREST, and EVA-3S)
128,167

 report cranial nerve palsy, one large ICSS
65

 and two 

smaller (Leicester and Regensburg)
141,170

 report cranial nerve injury, one small study reported 

cervical or cranial nerve injury (Kentucky),
45

 and one small study reported cranial nerve 

paralysis.  No studies mentioned data on duration of cranial nerve injuries. In addition, two of 

the smallest RCTs reported no cranial nerve injury events in either treatment arm
93,141

; 

therefore, only five studies contribute data to this endpoint.  

 

Across individual RCTs, risk of cranial nerve injury or palsy was significantly less common 

among persons receiving CAS (frequencies range from 0% to 1.1%) compared with those 

receiving CEA (frequencies range from 2.3% to 7.8%), with the three largest RCTs
65,128,167
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reporting a statistically significant reduction in risk for CAS. In a pooled meta-analysis of 

these studies, risk of cranial nerve palsy was a 5.19% lower among patients who received 

CAS compared with those having CEA (RD: -5.19%, 95%CI: -6.24, -4.14% and RR: 0.07, 

95%CI: 0.02, 0.24) (Table 39). 

 

 

Table 39.  Periprocedural cranial nerve injuries reported by RCTs comparing CAS and 

CEA among symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Cranial nerve 

injuries 
N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011)† 1,321 (0/668) 0.4% (33/653) 5.1% -0.05 (-0.07, -0.03) 0.01 (0.00, 0.24) 

EVA- 3S (2006)† 527 (3/261)‡ 1.1% 20/259)‡ 7.7% -0.07 (-0.10, -0.03) 0.15 (0.04, 0.49) 

ICSS (2010)† 1,649 (1/853) 0.1% (45/857) 5.3% -0.05 (-0.07, -0.04) 0.02 (0.00, 0.16) 

Kentucky (2001)§ 104 (0/53) 0% (4/51) 7.8% -0.08 (-0.16, 0.00) 0.11 (0.01, 1.94) 

BACASS (2008)** 20 (0/10) 0% (0/10) 0% NE NE 

Leicester (1998)†† 17 (0/7) 0% (0/10) 0% NE NE 

Regensburg (2008) 87 (0/43) 0% (1/44) 2.3% -0.02 (-0.08, 0.04) 0.34 (0.01, 8.14) 

Pooled estimates    -5.19 (-6.24, -4.14) 0.07 (0.02, 0.24) 

NR = Not reported; NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

† Cranial nerve palsy 

‡ N’s reported in Mas 2006 differ from N’s reported in Mas 2008 

§ Cranial or cervical nerve injury  

** Cranial nerve paralysis 

†† Cranial nerve injury 

 

Periprocedural Bleeding Complications 

Six RCTs reported data on risk of periprocedural bleeding complications.
45,65,93,128,167,170

  

Definitions of bleeding complications varied across studies: four studies report “any 

hematoma”, three studies report “severe hematoma requiring treatment”, and one RCT 

reports “severe cervical or groin hematoma requiring treatment”.   A total of four studies 

contribute data to the both the “any hematoma” and “severe hematoma requiring treatment” 

endpoints.  One small RCT reported data on both outcomes; however, no events occurred in 

either treatment arm so this study was excluded from pooled analyses.
93

   

 

Three RCTs reported statistically significant decreases in risk of “any hematoma” following 

CAS (frequencies range from 0% to 3.5%) compared to CEA (frequencies range from 1.2% 

to 13.6%).   In a pooled analysis of these studies, risk of “any” periprocedural hematoma was 

-2.13% (95% CI: -4.57, 0.31) lower for CAS compared to CEA; although this difference in 

risk was not statistically significant (Table 40).  
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In three RCTs, rates of “severe hematoma requiring treatment” ranged from 0.4% to 5.7% for 

CAS, and from 0.8% to 2.0% for CEA treatment groups.  Only one out of three RCTs 

reported a statistically significant decrease in risk of “severe” hematoma requiring treatment 

among patients who received CAS; however, when studies were combined in the pooled 

analysis, there was no difference in risk between CAS and CEA treatment groups (RD = -

0.99%, 95%CI: -3.08, 1.10 and RR = 0.56, 95%CI: 0.15, 2.13) The numbers of events were 

small and resulting in reduced the ability to detect significant associations (Table 40).   

 

Table 40.  Periprocedural bleeding complications reported in RCTs comparing CAS and 

CEA among symptomatic patients. 

Study  
 

CAS CEA Effect Size 

Any Hematoma N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

CREST (2011)  1,321 (0/668) 0% (8/653) 1.2% -0.01 (-0.02, -0.00) 0.06 (0.00, 0.99) 

ICSS (2010) 1,649 (30/853) 3.5% 50/857) 5.8% -0.02 (-0.04, -0.00) 0.60 (0.39, 0.94) 

BACASS (2008) 20 (0/10) 0% (0/10) 0% NE NE 

Regensburg (2008) 87 (1/43) 2.3% (6/44) 13.6% -0.11 (-0.22, -0.00) 0.17 (0.02, 1.36) 

Pooled estimates    -2.13 (-4.57, 0.31) 0.30 (0.08, 1.15) 

Severe Hematoma 

requiring treatment 
N (n/N) % (n/N) % RD%* (95% CI) RR (95% CI) 

EVA- 3S (2006)† 527 (1/261)† 0.4% (2/259)† 0.8% -0.00 (-0.02, 0.01) 0.50 (0.05, 5.44) 

ICSS (2010) 1,649 (8/853) 0.9% (28/857) 3.3% -0.02 (-0.04, -0.01) 0.29 (0.13, 0.63) 

Kentucky (2001) 104 (3/53) 5.7% (1/51) 2.0% 0.04 (-0.04, 0.11) 2.89 (0.31, 26.85) 

BACASS (2008) 20 (0/10)‡ 0% (0/10)‡ 0% NE NE 

Pooled estimates    -0.99 (-3.08, 1.10) 0.56 (0.15, 2.13) 

NE = Not estimable 

* Risk difference presented as percentage for ease or interpretation 

† Severe cervical or groin hematoma requiring treatment 

‡ Calculated by hand 

 

Other Outcomes 

Other periprocedural outcomes reported by various studies include hypertension, 

bradycardia, hypotension, treatment failure, length of hospital stay, pain, and cerebral events.  

Hypotension and brachycardia events occurred more frequently and hypertension occurred 

less frequently among persons treated by CAS as compared to CEA; however, for all other 

periprocedural outcomes reported, rates of events were similar for CAS and CEA (Table 41).  
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Table 41.  Other periprocedural outcomes reported on RCTs comparing CAS and CEA 

among symptomatic patients 

Outcome 

   Study 
N CAS CEA Effect Size 

Length of hospital stay  Mean ± SD (days) Mean ± SD (days)  

   BACASS (2008) 20 3.5 ± 1.8 7.8 ± 3.3 NR 

   Kentucky (2001) 104 5.2 ± 11/4 3.7 ± 3.1 NR 

Pain at 1 month  Mean  

 (range 0-10) 

Mean ± SD 

 (range 0-10) 

 

   Kentucky (2001) 104 <1.0 (0-4) <1.0 (0-4) NR 

Hypertension  (n/N) % (n/N) %  

   CREST (2011) 1,321 (8/668) 1.1% (32/653) 4.9% NR 

Hypotension       

   CREST (2011) 1,321 (30/668) 4.5% (13/653) 2.0% NR 

   Kentucky (2001) 104 (12/53) 22.6% (3/51) 5.9% NR 

Bradycardia       

   CREST (2011) 20 (20/668) 3.0% (4/653) 0.6% NR 

   Kentucky (2001) 104 (7/53) 13.2% (0/51) 0% NR 

   EVA-3S (2006 527 (11/261) 4.2% (0/259) 0% P<0.001 

Ipsilateral intracerebral bleeding       

   SPACE (2008) 1,196 (2/607) 0.3% (5/589) 0.9% HR: 0.39 (0.09, 1.73) 

Arterial thrombosis/amputation       

   Kentucky (2001) 104 (1/53) 1.9% (0/51) 0% NR 

Femoral Artery Complications       

   CREST (2011) 1,321 (6/668) 0.9% (2/653) 0.3% NR 

Infection requiring treatment       

EVA-3S (2006) 527 (1/261) 0.4% (1/259) 0.4% NR 

Procedural failure       

   SPACE (2008) 1,196 (21/607) 3.5% (15/589) 2.6% OR: 1.36 (0.72, 2.58) 

       

NR = Not reported 

 

 

Comparison to other meta-analyses 

Several other systematic reviews have evaluated rates of periprocedural events comparing 

CAS and medical therapy with CEA and medical therapy. The most recent and complete 

meta-analysis was conducted by Bonati et al.
41

 However, Bonati included RCTs that were 

either excluded from this review
11,24,67,120,191

 or were included only in the section on special 

populations. 
87,183

 (See key question 4).  In addition, Bonati had access to patient level data 

for multiple studies.  Thus, we could not directly compare the results of our meta-analysis 

with the results reported in Bonati et al.  In order to provide a more meaningful comparison 

of our results, we conducted a separate meta-analysis, which we call “Bonati Comparison” 

that omits the studies excluded in our review and uses the data reported by Bonati et al. for 

the studies included in our review (see Table 42).  For all major periprocedural outcomes, the 

results of our meta-analyses are similar to those for “Bonati Comparison”; however, there are 
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several instances (for example, periprocedural MI) where the results for “Bonati 

Comparison” are statistically significant, and ours are not.  This is most likely related to 

sample size, as Bonati had access to patient level data for several RCTs, and in many 

instances, had more cases reported for outcomes in these trials. 

 

Table 42.  Comparison of Spectrum meta-analysis of periprocedural endpoints to “Bonati-

lite” meta-analysis. 
 

Spectrum 

Meta-analysis 

Bonati Comparison* 

Meta-analysis 

 

Periprocedural endpoints    

 
RD% (95% CI) 

RR (95% CI) 

Studies 

included 

RD% (95% CI)† 

RR (95% CI)† 

Studies 

Included 
Comments 

Any Stroke RD: 3.39 (0.15, 6.64) 

RR: 1.78 (1.21, 2.62) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

 

RD: 3.46 (0.53, 6.39) 

RR: 1.73 (1.36, 2.20) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

Beijing 

Pooled RR’s for SRI and Bonati 

are comparable 

 

Discrepancies: 

SPACE:  Bonati uses N=689 

for CEA; however, all tables 

report N=589.  When the 

correct N is used, OR=1.69 

(1.24, 2.30) 

EVA-3S & ICSS:  Bonati 

reports slightly different n’s; 

he had patient level data for 

these studies 

Death RD: 0.38 (-0.25, 1.01) 

RR:  1.41 (0.68, 2.91) 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

Regensburg 

RD:0.35 (-0.06, 0.77) 

RR: 1.33 (0.66, 2.68) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

Regensburg 

TESCAS-C 

Beijing 

Pooled RR’s for SRI and OR’s 

for Bonati are comparable 

 

Discrepancies:   

CREST:  Bonati reported data 

for total study population 

(asymptomatic and 

symptomatic combined).  

CREST did not report n’s/N’s 

for symptomatic only. 

SPACE:  Bonati uses N=689 

for CEA; however, all tables 

report N=589.  When the 

correct N is used, OR=1.23 

(0.63, 2.42) 

Stroke (any)  

or death 

RD: 2.75 (-0.39, 5.88) 

RR: 1.75 (1.18, 2.59) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

RD: 2.74 (0.03 5.46) 

RR: 1.71 (1.26, 2.31) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

Wallstent 

TESCAS 

Beijing 

Pooled RR’s for SRI and Bonati 

are comparable 

 

Discrepancies: 

EVA-3S & ICSS:  Bonati uses 

slightly different n’s; he had 

patient level data for these 

studies 

Regensburg:  Bonati uses n’s 

reported as “Risk of stroke or 

death or other treatment-

related outcome 1 year after 

carotid artery stenting or 

carotid endarterectomy”.  

Since these events were not 

specified to be peri-
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Spectrum 

Meta-analysis 

Bonati Comparison* 

Meta-analysis 

 

Periprocedural endpoints    

procedural, we do not 

consider these events as 

periprocedural.  

MI RD:-0.44 (-0.99, 0.10) 

RR: 0.49 (0.24, 1.01) 

CREST 

EVA-3S 

ICSS 

SPACE 

BACASS 

RD: -0.43 (-0.96, 0.10) 

RR: 0.48 (0.24, 0.95) 

CREST 

EVA-3S 

ICSS 

SPACE 

BACASS 

Regensburg 

Beijing 

Pooled RR’s for SRI and Bonati 

are comparable; only significant 

for Bonati Lite 

 

Discrepancies:   

Regensburg:  Bonati uses n’s 

reported as “Risk of stroke or 

death or other treatment-

related outcome 1 year after 

carotid artery stenting or 

carotid endarterectomy”.  

Since MI events were not 

specified to be peri-

procedural, we do not 

consider this event as 

periprocedural. 

Fatal, Major 

or Disabling 

stroke 

RD: 0.88 (-0.39, 2.15) 

RR: 1.45 (1.01, 2.07) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

Leicester 

RD: 0.75 (-0.49, 1.95) 

RR: 1.37 (0.97, 1.94) 

CREST 

EVA-3S 

ICSS 

SPACE 

BACASS 

Leicester 

Kentucky 

Pooled  RR’s for SRI and Bonati 

are in the same direction; only 

significant for SRI 

 

Discrepancies: 

EVA-3S, ICSS, SPACE & 

BACASS:  Bonati reports 

slightly different n’s; he had 

patient level data for these 

studies study 

 

Ipsilateral  

stroke 

RD: 4.47 (-1.98, 

10.91) 

RR: 1.79 (0.94, 3.40) 

ICSS 

SPACE 

Leicester 

NR NR  

Cranial 

nerve  

injury or 

palsy 

RD: -5.19 (-6.24, -

4.14) 

RR: 0.07 (0.02, 0.24) 

CREST 

EVA-3S 

ICSS 

Kentucky 

BACASS 

Leicester 

Regensburg 

RD: -5.17 (-6.10, -4.25) 

RR: 0.47 (0.21, 1.08) 

CREST 

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Leicester 

Regensburg 

Pooled RR’s are larger and 

statistically significant for SRI, 

compared to Bonati 

 

Discrepancies: 

SPACE:  Bonati reports n’s 

which are not reported in the 

manuscript; he had patient 

level data for this study 

 

Hematoma 

(any) 

RD: -2.13 (-4.57, 0.31) 

RR: 0.30 (0.08, 1.15) 

CREST 

ICSS 

BACASS 

Regensburg 

NR  NR  

Hematoma  

requiring  

treatment 

RD:-0.99 (-3.08, 1.10) 

RR: 0.56 (0.15, 2.13) 

EVA-3S 

ICSS 

Kentucky 

BACASS 

RD: -1.03 (-3.07, 1.02) 

RR: 0.47 (0.21, 1.08)  

EVA-3S 

ICSS 

SPACE 

Kentucky 

BACASS 

Regensburg 

Beijing 

Pooled RR’s for SRI and Bonati 

are comparable 

 

Discrepancies: 

SPACE:  Bonati reports n’s 

which are not reported in the 

manuscript; he had patient 

level data for this study 

Regensburg:  Bonati used 
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Spectrum 

Meta-analysis 

Bonati Comparison* 

Meta-analysis 

 

Periprocedural endpoints    

data reported as “Any 

hematoma” by Regensburg 

for this outcome 

*For “Bonati Comparison”, we performed a met-analysis using a subset of the studies reported by Bonati, which were similar to those 

included in this HTA (excludes CAVATAS, and SAPPHIRE)   

 

Results from nonrandomized comparative studies 

 

CAS versus medical therapy alone:  No nonrandomized comparative studies evaluating 

periprocedural outcomes following CAS and medical therapy versus medical therapy alone 

among patients with symptomatic carotid stenosis were found.  

 

CAS and medical therapy versus CEA and medical therapy: 

Overall, this section includes data from seven comparative cohort studies
43,49,59,96,107,108,189

 

and three comparative registry studies.
102,119,142

  These studies constitute the primary body of 

evidence for this section and report outcomes up to 30 days post-procedure, with the 

exception of one registry study that reported in-hospital data as stated previously.
142

  In 

addition, eight administrative studies are briefly described.
39,76,77,132,134,135,155,173

  All report in-

hospital data.  Data are summarized in Tables 43–48. 

 

All cohort studies were considered to be at moderately high risk of bias.  For the registries, 

one was considered to be at a moderately low risk of bias,
142

 one a moderately high risk of 

bias,
102

 and the third at a high risk of bias.
119

 All administrative studies were considered to be 

at a high risk of bias. Concerns regarding such studies include questions of coding accuracy 

and variability of algorithms used to identify patients as previously described in the methods 

section of this report.   

 

For purposes of this section, a positive risk difference favors CAS and negative risk 

difference favors CEA. 

 

Any periprocedural stroke 

Data were available for this primary outcome from five cohort studies (N range, 75–

155),
49,96,107,108,189

 two prospective and three retrospective, and two large prospective 

registries (N = 2761 and 3645).
102,142

  In some studies, periprocedural stroke included fatal 

stroke. Across the cohort studies, no significant differences in the risk of any stroke 

following CAS versus CEA were reported. Risks ranged from 2.9%–10.0% and 2.4%–7.2%, 

respectively, and were higher after CAS in three studies, but higher after CEA in two other 

studies. (Of note, one of the studies was conducted in patients aged 75 years or older and 
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reported the highest rate of stroke in the CAS group, 10.0%, primarily driven by the risk of 

minor stroke.
107

)  Two studies further reported the risk of major and minor stroke, with no 

significant differences in either outcome between groups.
107,108

  Significantly increased risks 

following CAS were reported by the two registry studies; one reported outcomes through 30 

days (6.1% vs. 4.1%) and one reported in-hospital outcomes (5.1% vs. 1.4%).  Respective 

relative risks (RRs) were 1.5 (95% CI, 1.1–2.0) and 3.6 (95% CI, 1.7–7.6), with risk 

differences (RDs) of -2.1% (95% CI, -3.6% to -0.7%) and -3.7% (95% CI, -8.4% to -1.1%). 

The registry that analyzed in-hospital outcomes also reported the risk of major and minor 

stroke separately, both of which were significantly increased in the CAS group: 2.6% vs. 

0.6% and 2.6% vs. 0.8%, respectively.
142

  Across seven administrative database studies, six 

reported that CAS was associated with an increased risk of any stroke compared with CEA; 

ranges were 4.1%–8.1% for CAS and 1.1%–4.6% for CEA (range of RDs = -3.5% to -1.6%; 

range of RRs = 1.7–3.8) with only study controlling for confounding factors using a 

propensity score matched analysis.
39,77,134,135,155,173

  

 

Periprocedural death 

Three small cohort studies (N range 75–155), one prospective and two retrospective,
49,108,189

  

and two large prospective registry studies, (N = 2761 and 3645)
102,142

 provided data for this 

outcome.  Risk of death was similar across the cohort studies, with risks ranging from 0%–

1.6% following CAS and 0%–1.3% after CEA. Both of the included registry studies reported 

a higher risk of death following CAS: 2.0% vs. 1.1% at 30 days in one study (RD = -0.9%; 

RR = 1.8, 95% CI, 1.1–3.1) and 1.3% vs. 0.2% during the in-hospital period in the other (RD 

= -1.1%; RR = 6.7, 95% CI, 1.3–34.2).  The wide confidence intervals in the second study 

suggest instability of the estimate.  Data were available from eight administrative studies (N 

range 1086–52,937),
39,76,77,132,134,135,155,173

 six of which analyzed National Inpatient Sample 

(NIS) data.  Risk of death was significantly greater following CAS compared with CEA 

across all studies, ranging from 3.7%–7.5% and 0.9%–4.0%, respectively, with RDs ranging 

from -6.5% to -2.2% and RRs from 1.6–7.5. 

 

Periprocedural stroke or death 

Data were available for this composite from five cohort studies (N range, 75–

684),
43,49,59,108,189

 two prospective and three retrospective, and two large prospective registries 

(N = 2761 and 5149).
119,142

  Across the cohort studies, risks ranged from 2.6%–7.9% for CAS 

and 2.4%–7.2% for CEA, with no statistical difference between groups; in three studies risks 

were higher after CAS, but higher after CEA in two other studies. Wide confidence intervals 

suggest instability of estimates. One of the two registries reported an increased risk of 

periprocedural stroke or death during the in-hospital period in persons receiving CAS (5.1%) 

compared with CEA (1.6%) with a RD of -3.5% (95% CI, -8.2% to -0.9%), and a RR of 3.2 

(95% CI, 1.5–6.7), while the other larger registry reported similar risks for both groups (4.9% 
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and 4.4%, respectively). The risk of periprocedural stroke or death following CAS was < 6% 

in six of the seven studies.  Data available from three administrative studies with sample 

sizes ranging from 1086 to 52,937, showed that the risk of stroke or death was consistently 

higher following CAS compared with CEA; ranges were from 8.3%–13.1% and 4.3%–5.9%, 

respectively, with all reporting a significant difference.
39,76,77

 

 

Periprocedural myocardial infarction (MI) 

Two cohort studies (N = 128, 155),
108,189

 one prospective and one retrospective, and two 

prospective registries (N = 2761, 3645)
102,142

 reported data for this outcome.  No statistical 

differences in MI risk were seen across all four studies.  In the cohorts, no MIs were reported 

in either treatment group and risks were similar for both groups (~1.3%) in both registries (to 

include one that used in-hospital data). Similarly, no statistical differences in MI risk were 

reported in two administrative studies (N = 4834, 20,691); risks were 2.2% for both CAS 

groups and 1.1% and 2.0% for the CEA groups.
39,134

 

 

Periprocedural ipsilateral stroke 

One large prospective registry study (N = 2671) that analyzed in-hospital events provided the 

only data for this outcome.
142

  The risk of periprocedural ipsilateral stroke was 3-fold greater 

following CAS compared with CEA: 3.9% versus 1.2% (RD = -2.7%, 95% CI, -7.0% to -0.5; 

RR = 3.2, 95% CI, 1.4–7.6).  

 

Periprocedural transient ischemic attack (TIA) 

One small retrospective cohort study (N = 75)
49

 and one large prospective registry (N = 

2761)
142

 analyzing in-hospital outcomes reported no significant differences in the risk of TIA 

following CAS versus CEA (2.9% vs. 2.4% and 0.7% vs. 0.6%, respectively) One 

administrative database study (N = 1086) reported similar low risks in both treatment groups 

(CAS 0.4%; CEA 0.3%) using a propensity score matched analysis.
76

   

 

Periprocedural cranial nerve palsy 

Data were available from one retrospective cohort study (N = 155)
108

 and one large 

prospective registry that reported in-hospital events (N = 2761).
142

 In the cohort study, all 

palsies were defined as mild/rapidly reversible, whereas the registry study defined them as 

persistent in nature.  Across these two studies, no cases of cranial nerve palsy were reported 

following CAS compared with risks after CEA of 13.0% in the cohort and 1.1% in the 

registry; however, the differences between groups were not significant in any instance and 

confidence intervals were large.  Similarly, no significant differences were reported between 



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 198 Page 198 

groups in one administrative study analyzing 1086 patients (0.2% vs. 0%, respectively) using 

a propensity score matched analysis.
76

 

 

Periprocedural bleeding complications 

The risk of hematoma (requiring surgery) was reported by one retrospective cohort study (N 

= 155) with no significant differences found following CAS (0%) compared with CEA 

(1.1%).
108

  One administrative database study (N = 1086) reported unspecified bleeding as a 

perioperative complication with no significant difference seen between groups, 3.3% versus 

4.4%, respectively.
76

  

 

Intracranial hemorrhage (ICH)  

One administrative study analyzing the NIS database (N = 11,300) provided data for this 

outcome.
132

  The incidence of any ICH was five and half times greater following CAS (4.4%) 

compared with CEA (0.8%) (RD = -3.6%, 95% CI, -4.9% to -2.6%; RR = 5.5, 95% CI, 3.9–

7.6).  When considering subcategories of ICH, the risk of both acute ICH and subarachnoid 

hemorrhage remained statistically significant between groups, 1.7% versus 0.4% (RD = -

1.2%, 95% CI, -2.1% to -0.6%; RR = 3.8, 95% CI, 2.3–6.4) and 2.8% versus 0.3% (RD = -

2.5%, 95% CI, -3.5% to -1.7%; RR = 8.3; 95% CI, 5.2–13.2), respectively, while risks of 

non-traumatic extradural hemorrhage and unspecified hemorrhage did not differ between 

groups. 

 

Other complications 

Unspecified cardiac complications were reported by one administrative database study (N = 

1086) using a propensity score adjusted analysis and found no difference in risk between 

groups (CAS 5.5%; CEA 6.1%).
76

  This same study also reported the risk of venous 

thromboembolism with no statistically significant difference seen following CAS (0.4%) 

compared with CEA (0 %). 
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Table 43. Summary of periprocedural risks of any stroke from nonrandomized studies 

comparing CAS with CEA for symptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 128 

Any stroke 4.7 (2/44) 7.2 (6/84) RD = 2.6 (-8.7 to 10.9) 

RR = 0.64 (0.13-3.02) 

Iihara 2006 (Pro) 

N = 103 

Any stroke  6.7 (2/30)‡ 4.1 (3/73)‡ RD = -2.6 (-17.5 to 6.2) 

RR = 1.62 (0.29-9.22) 

Brown 2008 (Retro) 

N = 75 

Any stroke 2.9 (1/34) 2.4 (1/41) RD = -0.5 (-12.6 to 9.9) 

RR = 1.21 (0.08-18.57) 

Kastrup 2003 (Retro) 

N = 155 

Any stroke 6.3 (4/63) 6.5 (6/92) RD = 0.2 (-9.4 to 8.1) 

RR = 0.97 (0.29-3.31) 

 Major stroke 3.2 (2/63) 3.3 (3/92) RD = 0.1 (-7.9 to 6.4) 

RR = 0.97 (0.17-5.66) 

 Minor stroke 3.2 (2/63) 3.3 (3/92) RD = 0.1 (-7.9 to 6.4) 

RR = 0.97 (0.17-5.66) 

Kastrup 2004§ (Retro) 

N = 99 

Any stroke 10.0 (3/30) 2.9 (2/69) RD = -7.1 (-22.9 to 2.5) 

RR = 3.45 (0.61-19.60) 

 Major stroke 3.3 (1/30) 2.9 (2/69) RD = -0.4 (-13.9 to 7.1) 

RR = 1.15 (0.11-12.20) 

 Minor stroke 6.6 (2/30) 0 (0/69) RD = -6.7 (-21.3 to 0.5) 

RR = not estimable 

 Fatal stroke 0 (0/30) 0 (0/69) RD = 0 (-11.4 to 5.3) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 3645 

Any stroke 6.1 (95/1547) 4.1 (85/2098) RD = -2.1 (-3.6 to -0.7) 

RR = 1.52 (1.14-2.02) 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

Any stroke 5.1 (8/156) 1.4 (37/2605) RD = -3.7 (-8.4 to -1.1) 

RR = 3.61 (1.71-7.62) 

 Major stroke 2.6 (4/156) 0.6 (16/2605) RD = -1.9 (-5.8 to -0.3) 

RR = 4.17 (1.41-12.33) 

 Minor stroke 2.6 (4/156) 0.8 (21/2605) RD = -1.8 (-5.6 to -0.1) 

RR = 3.18 (1.11-9.15) 

Administrative data studies (in-hospital) 

McPhee 2008 (NIS) 

N = 10,496 

Any stroke 4.1 (46/1116) 2.5 (235/9380) RD = -1.6 (-3.0 to -0.5) 

RR = 1.65 (1.21-2.24) 

McPhee 2007 (NIS) 

N = 20,691 

Any stroke 4.2 (74/1757) 1.1 (208/18,934) RD = -3.1 (-4.2 to -2.3) 

RR = 3.83 (2.95-4.98) 

Giacovelli 2010 (NY & CA)** 

N = 1086  

 

Any stroke 5.7 (31/543) 4.1 (22/543) RD = -1.7 (-4.3 to 0.9) 

Adjusted RR = 1.41 

(0.83-2.40) 

Timaran 2009 (NIS) 

N = 10,727 

Any stroke 5.0 (63/1257) 2.6 (246/9470) RD = -2.4 (-3.8 to -1.3) 

RR = 1.93 (1.47-2.53) 

Giles 2010 (NIS) 

N = 52,937 

Any stroke 8.1 (603/7438) 4.6 (2099/45,499) RD = -3.5 (-4.2 to -2.9) 

RR = 1.76 (1.61-1.92) 

Rockman 2011 (NIS) 

N = 2844 

Any stroke 5.0 (18/358) 2.6 (65/2486) RD = -2.4 (-5.2 to -0.5) 

RR = 1.92 (1.15-3.20) 

Bisdas 2012 (NY Department of 

Health)†† 

N = 4834 

Any stroke 6.9 (32/466) 3.8 (167/4368) RD = -3.0 (-5.8 to -1.0) 

Adjusted RR = 1.79 

(1.25-2.59) 
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CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 
National Inpatient Sample; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk difference; Retro: retrospective 

study design; RR = relative risk; SVS-VR: Society for Vascular Surgery Vascular Registry; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 
†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡All were non-disabling strokes. 

§Study was in elderly patients aged ≥ 75 years.  
**Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 

disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

††Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 
The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 

propensity score). We were able to calculate risk for each outcome for the total population of symptomatic patients with the data provided. 

 

 

 

Table 44.  Summary of periprocedural risks of death from nonrandomized studies comparing 

CAS with CEA for symptomatic carotid stenosis. 
Study (N) Outcome Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 128 

All-cause death 0 (0/44) 1.3 (1/84) RD = 1.2 (-6.9 to 6.4) 

RR = not estimable 

Brown 2008 (Retro) 

N = 75 

Death 0 (0/34) 0 (0/41) RD = 0 (-10.2 to 8.6) 

RR = not estimable 

Kastrup 2003 (Retro) 

N = 155 

Death  1.6 (1/63) 0 (0/92) RD = -1.6 (-8.5 to 2.6) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 3645 

Death 2.0 (31/1547)  1.1 (23/2098) RD = -0.9 (-1.8 to -0.1) 

RR = 1.83 (1.07-3.12) 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

Death 1.3 (2/156) 0.2 (5/2605) RD = -1.1 (-4.4 to -0.1) 

RR = 6.68 (1.31-34.15) 

Administrative data studies (in-hospital) 

McPhee 2008 (NIS) 

N = 10,496 

Death 4.6 (51/1116) 1.4 (131/9380) RD = -3.2 (-4.6 to -2.1) 

RR = 3.27 (2.38-4.49) 

McPhee 2007 (NIS) 

N = 20,691 

Death 7.5 (132/1757) 1.0 (189/18,934) RD = -6.5 (-7.8 to -5.4) 

RR = 7.53 (6.06-9.35) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

Death 3.7 (20/543) 1.3 (7/543) RD = -2.4 (-4.4 to -0.5) 

Adjusted RR = 2.86 

(1.22-6.70) 

Timaran 2009 (NIS) 

N = 10,727 

Death  4.6 (58/1257)  1.4 (133/9470) RD = -3.2 (-4.5 to -2.2) 

RR = 3.29 (2.43-4.45) 

McDonald 2011 (NIS) 

N = 11,300 

Death 6.2 (78/1251) 4.0 (402/10,049) RD = -2.2 (-3.8 to -1.0) 

RR = 1.56 (1.23-1.97) 

Giles 2010 (NIS) 

N = 52,937 

Death 6.0 (448/7438) 1.8 (814/45,499) RD = -4.2 (-4.8 to -3.7) 

RR = 3.37 (3.01-3.77) 

Rockman 2011 (NIS) 

N = 2844 

Death 6.1 (22/358) 2.5 (61/2486) RD = -3.7 (-6.7 to -1.5) 

RR = 2.50 (1.56-4.03) 

Bisdas 2012 (NY Department of 

Health)§ 

N = 4834 

Death 4.1 (19/466) 0.89 (39/4368) RD = -3.2 (-5.4 to -1.7) 

Adjusted RR = 4.57 

(2.66-7.84) 
CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 

National Inpatient Sample; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk difference; Retro: retrospective 

study design; RR = relative risk; SVS-VR: Society for Vascular Surgery Vascular Registry; VSGNE: Vascular Study Group of New England. 
*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
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‡Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 
disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

§Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 

The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 
propensity score). We were able to calculate risk for each outcome for the total population of symptomatic patients with the data provided. 

 

 

 

Table 45.  Summary of periprocedural risks of any stroke or death from nonrandomized studies 

comparing CAS with CEA for symptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

Prospective 

N = 128 

Any stroke or 

death 

4.7 (2/44) 7.2 (6/84) RD = 2.6 (-8.7 to 10.9) 

RR = 0.64 (0.13-3.02) 

De Rango 2011 (Pro) 

N = 684 

Any stroke or 

death 

4.5 (12/268) 2.9 (12/416) RD = -1.6 (-5.0 to 1.2) 

RR =  1.55 (0.71-3.40) 

Bosiers 2005 (Retro) 

N = 213 

Any stroke or 

death 

2.6 (4/153) 3.3 (2/60) RD = 0.7 (-3.9 to 8.9) 

RR = 0.78 (0.15-4.17) 

Brown 2008 (Retro) 

N = 75 

Any stroke or 

death 

2.9 (1/34) 2.4 (1/41) RD = -0.5 (-12.6 to 9.9) 

RR = 1.21 (0.08-18.57) 

Kastrup 2003 (Retro) 

N = 155 

Any stroke or 

death 

7.9 (5/63) 6.5 (6/92) RD = -1.4 (-11.4 to 6.9) 

RR = 1.22 (0.39-3.82) 

Registry studies 

Lindstrom 2012 (Swedvasc) (Pro) 

N = 5149 

Any stroke or 

death 

4.9 (7/142) 4.4 (220/5007) RD = -0.5 (-5.5 to 2.1) 

RR = 1.12 (0.54-2.34) 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

Any stroke or 

death 

5.1 (8/156) 1.6 (42/2605) RD = -3.5 (-8.2 to-0.9) 

RR = 3.18 (1.52-6.66) 

Administrative data studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

 

Any stroke or 

death 

8.3 (45/543) 4.6 (25/543) RD = -3.7 (-6.7 to -0.8) 

Adjusted RR = 1.80 

(1.12-2.89) 

Giles 2010 (NIS) 

N = 52,937 

Any stroke or 

death 

13.1 (973/7438) 5.9 (2698/45,499) RD = -7.2 (-8.0 to -6.4) 

RR = 2.21 (2.06-2.36) 

Adjusted OR = 2.6 (2.1-

3.2)§ 

Bisdas 2012 (NY Department of 

Health)** 

N = 4834 

Any stroke or 

death 

9.7 (45/466) 4.3 (187/4368) RD = -5.4 (-8.4 to -2.9) 

Adjusted RR = 2.26 

(1.65-3.08) 
 
CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 

National Inpatient Sample; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk difference; Retro: retrospective 

study design; RR = relative risk; Swedvasc: Swedish Vascular Registry; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 

‡Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 
disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

§Adjusted for age and sex; odds ratio as reported by authors. 

**Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 
The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 

propensity score). We were able to calculate risk for each outcome for the total population of symptomatic patients with the data provided. 
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Table 46.  Summary of periprocedural risks of myocardial infarction (MI) from nonrandomized 

studies comparing CAS with CEA for symptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Clinical studies 

Zarins 2009 (CaRESS) (Pro) 

N = 128 

MI 0 (0/44) 0 (0/84) RD = 0 (-8.0 to 4.4) 

RR = not estimable 

Kastrup 2003 (Retro) 

N = 155 

MI 0 (0/63) 0 (0/92) RD = 0 (-5.7 to 4.0) 

RR = not estimable 

Registry studies 

Jim 2012 (SVS-VR) (Pro) 

N = 3645 

MI 1.4 (21/1547) 1.3 (27/2098) RD = -0.1 (-0.9 to 0.7) 

RR = 1.05 (0.60-1.86) 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

MI 1.3 (2/156) 1.3 (34/2605) RD = 0 (-3.3 to 1.1) 

RR = 0.98 (0.24-4.05) 

Administrative data studies (in-hospital) 

McPhee 2007 (NIS) 

N = 20,691 

MI 2.2 (39/1757) 2.0 (379/18,934) RD = -0.2 (-1.0 to 0.4) 

RR = 1.11 (0.80-1.54) 

Bisdas 2012 (NY Department of 

Health)‡ 

N = 4834 

MI 2.2 (10/466) 1.1 (49/4368) RD = -1.0 (-2.8 to 0.0) 

Adjusted RR = 1.91 

(0.98-3.75) 
CaRESS: Carotid Revascularization Using Endarterectomy or Stenting Systems; CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: 

National Inpatient Sample; Pro: prospective study design; RD: risk difference; Retro: retrospective study design; RR = relative risk; SVS-VR: Society for 
Vascular Surgery Vascular Registry; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
‡Propensity score matched analysis. Outcomes were adjusted for patients’ demographics, co-morbidities and hospital annual volume in CAS and CEA. 

The primary focus of the article was on sex difference so the results were reported stratified by symptom status and sex (males + females matched by 

propensity score). We were able to calculate risk for each outcome for the total population of symptomatic patients with the data provided. 

 

 

Table 47.  Summary of periprocedural risks of ipsilateral stroke and transient ischemic attack 

(TIA) from nonrandomized studies comparing CAS with CEA for symptomatic carotid stenosis. 

Study (N) Outcome 

Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Ipsilateral stroke 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

Ipsilateral 

stroke 

3.9 (6/156) 1.2 (31/2605) RD = -2.7 (-7.0 to -0.5) 

RR  = 3.23 (1.37-7.63) 

TIA     

Clinical studies 

Brown 2008 (Retro) 

N = 75 

TIA 2.9 (1/34) 2.4 (1/41) RD = -0.5 (-12.6 to 9.9) 

RR = 1.21 (0.08-18.57) 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital data) 

TIA 0.7 (1/156) 0.6 (16/2605) RD = 0 (-2.9 to 0.6) 

RR = 1.04 (0.14-7.82) 

Administrative data studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

 

TIA 0.41 (2/543) 0.26 (1/543) RD = -0.2 (-1.2 to 0.7) 

Adjusted RR = 2.00 

(0.18 to 21.99) 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; NY & CA: New York and California discharge data; Pro: prospective study design; RD: risk 
difference; Retro: retrospective study design; RR = relative risk; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
‡Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 

disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

 

 

Table 48.  Summary of periprocedural (30-day) risks of other complications from 

nonrandomized studies comparing CAS with CEA for symptomatic carotid stenosis. 
Study (N) Outcome Patients with outcome Effect Size* 

RD % (95% CI)† 

RR (95% CI) 
CAS % (n/N) CEA % (n/N) 

Cranial nerve injury or palsy 

Clinical studies 

Kastrup 2003 (Retro) 

N = 155 

Cranial nerve palsy 
(mild and rapidly 

reversible) 

0 (0/63) 13.0 (12/92) RD = 13.0 (5.1-21.4) 

RR = not estimable 

Registry studies 

Nolan 2012 (VSGNE) (Pro) 

N = 2761 

(in-hospital) 

Cranial nerve palsy 
(persistent) 

0 (0/156) 1.1 (29/2605) RD = 1.1 (-1.3 to 1.6) 

RR = not estimable 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

 

Cranial nerve palsy 0.18 (1/543) 0 (0/543) RD = -0.2 (-1.0 to 0.5) 

Adjusted RR = not 

estimable 

Bleeding complications 

Clinical studies 

Kastrup 2003 (Retro) 

N = 155 

Hematoma 

(requiring surgery) 

0 (0/63) 1.1 (1/92) RD = 1.1 (-4.7 to 5.9) 

RR = not estimable 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

 

Unspecified 

bleeding 

3.3 (18/543) 4.4 (24/543) RD = 1.1 (-1.2 to 3.5) 

Adjusted RR = 0.75 

(0.53-1.90) 

Intracranial hemorrhage 

Administrative studies (in-hospital) 

McDonald 2011 (NIS) 

N = 217,596 

Any ICH 4.4 (55/1251) 0.8 (81/10,049) RD = -3.6 (-4.9 to -2.6) 

RR = 5.45 (3.89-7.64) 

 Acute ICH 1.7 (21/1251) 0.4 (44/10,049) RD = -1.2 (-2.1 to -0.6) 

RR = 3.83 (2.29-6.43) 

 Subarachnoid 

hemorrhage 

2.8 (35/1251) 0.3 (34/10,049) RD = -2.5 (-3.5 to -1.7) 

RR = 8.27 (5.18-13.21) 

 Nontraumatic 

extradural 

hemorrhage 

0 (0/1251) 0 (0/10,049) RD = 0 (-0.3 to 0) 

RR = not estimable 

 Unspecified ICH 0.1 (1/1251) 0.03 (3/10,049) RD = -0.1 (-0.4 to 0) 

RR = 2.68 (0.28-25.72) 

Other cardiac complications 

Administrative studies (in-hospital) 

Giacovelli 2010 (NY & CA)‡ 

N = 1086 

 

Cardiac 

complication, not 

otherwise classified 

5.5 (30/543) 6.1 (33/543) RD = 0.6 (-2.3 to 3.4) 

Adjusted RR = 0.91 

(0.56-1.47) 

 Venous 

thromboembolism 

0.37 (2/543) 0 (0/543) RD = -0.4 (-1.3 to 0.4) 

Adjusted RR = not 

estimable 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; NIS: National Inpatient Sample; NY & CA: New York and California discharge data; Pro: 
prospective study design; RD: risk difference; Retro: retrospective study design; RR = relative risk; VSGNE: Vascular Study Group of New England. 

*Calculated from raw data by Spectrum Research unless otherwise indicated. 

†A positive risk difference favors CAS and negative risk difference favors CEA. 
‡Propensity score-matched analysis. Outcomes adjusted for age, sex, hospital teaching type, year of procedure, payer status, coronary artery 

disease/previous MI, congestive heart failure, valvular heart disease, diabetes mellitus, chronic lung disease, hypertension, renal failure, and obesity. 

 

 

4.4.  Key Question 4:  Differential Efficacy, Effectiveness and Safety in 

Special Populations  

Is there evidence of differential efficacy or safety for special populations, (including 

consideration of age, gender, race, diabetes, atrial fibrillation or other comorbidities, 

ethnicity, or disability)? 

4.4.1. Asymptomatic 

 

Summary results: Asymptomatic patients 

 

CAS versus medical therapy alone: No RCT data were available. Differential effectiveness 

was evaluated in one retrospective cohort study which explored the severity of ipsilateral 

stenosis as a potential factor.
163

 

 

 Severity of ipsilateral stenosis: One retrospective cohort study of 946 asymptomatic 

patients may suggest that stroke risk be (through a median of 25 months follow-up) 

increased with the degree of stenosis in the medical therapy group but remained 

stable in those treated with CAS, however no formal statistical evaluation was 

provided 

 

CAS compared with CEA:  Differential efficacy, effectiveness and safety were evaluated. 

One RCT (CREST) was available to evaluate differential safety outcomes.
94

 In addition, one 

prospective cohort study,
96

 one registry study
102

 and five administrative database 

studies
39,77,111,132,187

 are included in this report. Data from one trial (SAPPHIRE)
87,183

 of 

asymptomatic high surgical risk patients were also included, however, no direct comparison 

with standard surgical risk patients could be made. 

 

 Age:  No RCT data were available.  Data from one registry study of 5268 

asymptomatic patients suggested that age (< 65 versus ≥ 65) did not modify the 

treatment effect of CEA versus CAS in terms of periprocedural death, stroke, or MI, 

or the composite outcome of periprocedural death, stroke, or MI. Data from three 

administrative database studies are also provided for additional context, some of 

which find that age may modify treatment effect.  
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 Sex:  One RCT was available (CREST) and showed that patient sex did not modify 

treatment effect in terms of various periprocedural or four-year outcomes as evaluated 

in 1321 asymptomatic patients.  Data from administrative database studies suggested 

that sex did not modify the treatment effect of CEA versus CAS in terms of in-

hospital death, stroke, or MI, or the composite outcome of periprocedural death or 

stroke in asymptomatic patients.  

 

 Surgical risk:  Efficacy data from the SAPPHIRE trial of 237 asymptomatic high 

surgical patients undergoing CAS versus CEA suggested these patients had similar 

risks of stroke through 3 years or the composite outcome ipsilateral stroke or death 

through 3 years regardless of treatment received. Efficacy data from the same trial 

suggested that high surgical risk patients had lower rates of ipsilateral stroke or death 

through 1 year follow-up when they had been randomized to receive CAS. Safety 

data from the same trial suggested these patients had similar risks of the composite 

outcome of periprocedural death, stroke, or MI regardless of treatment received. Data 

from one prospective cohort study and one administrative database study are also 

provided. As this trial did not compare treatment outcomes between high surgical risk 

patients and standard/average risk patients, no conclusions regarding the extent to 

which surgical risk differentially influences outcomes can be made. 

 

 

Detailed results: Asymptomatic patients 

 

CAS versus medical therapy alone:  No RCT data were available. Differential 

effectiveness was evaluated in one retrospective cohort study.
163

 

 

Severity of ipsilateral stenosis  

Data from one retrospective cohort study of 946 asymptomatic patients may suggest that 

stroke risk through a median of 25 months follow-up increased with the degree of stenosis in 

the medical therapy group but remained stable in those treated with CAS. Sherif et al 

(2005)
163

 found (after adjusting for potentially confounding variables) that CAS patients had 

a similar stroke risk irrespective of the severity of ipsilateral stenosis (i.e., 70-79%, 80-89%, 

or 90-99%). In contrast, patients who received conservative medical therapy and had 80-89% 

or 90-99% stenosis were found to have a significantly higher risk of stroke than those with 

70-79% stenosis. The authors concluded that stroke risk increased with the degree of stenosis 

in the medical therapy group but remained stable in those treated with CAS. No formal 
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evaluation of statistical interaction was presented, however and raw data were not available.  

See Table 1 in Appendix G that summarizes findings from the study.  

 

CAS compared with CEA:  Differential efficacy, effectiveness and safety were evaluated. 

One RCT (CREST) was available to evaluate differential safety outcomes.
94

 In addition, one 

prospective cohort study,
96

 one registry study
102

 and five administrative database 

studies
39,77,111,132,187

 are included in this report. Data from one trial of asymptomatic high risk 

patients were also included, however, no direct comparison with average risk patients could 

be made.
87,183

 

 

Age:  No RCT data were available.  Data from one registry study of 5268 asymptomatic 

patients suggested that age (< 65 versus ≥ 65) did not modify the treatment effect of CEA 

versus CAS in terms of periprocedural death, stroke, or MI, or the composite outcome of 

periprocedural death, stroke, or MI. Data from three administrative database studies are also 

provided for additional context, some of which find that age does modify treatment effect. 

Tables 3-4 in the Appendix G summarize findings from individual studies.  

 

Registry studies (1 study). Analyses from one registry study for periprocedural 

outcomes were available.  Jim et al reported data from a registry study of 5268 

asymptomatic patients, and the test for interaction between subgroups showed that age 

(< 65 years versus ≥ 65 years) did not modify treatment effect for death, stroke, MI or 

the composite of death, stroke or MI.
102

 It is noted that for MI, effects for the groups 

tend toward the opposite directions and there is less overlap of confidence intervals. 

Small numbers of events in the <65 year old group may contribute to lack of statistical 

significance for tests of interaction. Detailed data are found in Appendix G, Table 3.  

 

30-day  

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 1.4% 

(6/428) 

0.8% 

(6/762) 

1.78 (0.58, 5.49) 

P=0.32 

NS 

P = 0.71 
≥ 65 years of age 1.6% 

(23/1422) 

0.7% 

(19/2656) 

2.26 (1.24, 4.14) 

P=0.008 

CEA 

 

30-day  

Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 2.3% 

(10/428) 

1.3% 

(10/762) 

1.78 (0.75, 4.24) 

P=0.19 

NS 

P = 0.89 
≥ 65 years of age 3.5% 

(49/1422) 

1.8% 

(48/2656) 

1.91 (1.29, 2.82) 

P=0.001 

CEA 
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30-day  

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 1.2% 

(5/428) 

0.4% 

(3/762) 

2.97 (0.71, 12.36) 

P=0.14 

NS 

P = 0.12 
≥ 65 years of age 1.1% 

(15/1422) 

1.2% 

(32/2656) 

0.88 (0.48, 1.61) 

P=0.67 

NS 

 

30-day  

Death, stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 4.4% 

(19/428) 

2.1% 

(16/762) 

2.11 (1.10, 4.07) 

P=0.02 

CEA 

P = 0.44 
≥ 65 years of age 5.3% 

(75/1422) 

3.3% 

(88/2656) 

1.59 (1.18, 2.15) 

P=0.002 

CEA 

 

Administrative database studies (3 studies). Two administrative database studies 

evaluated whether age modified the treatment effect for the individual outcomes of in-

hospital stroke or in-hospital death.
111,132

  One administrative database study assessed 

whether age modified the outcome of in-hospital cardiac complications.
111

 Three 

administrative database studies reported the effects of age on the composite outcome of 

in-hospital death, stroke, or cardiac complications.
111,187

 Detailed data are available in 

Appendix G, Table 4. 

o In-hospital death. Khatri et al (2012)
111

 reported that regarding in-hospital 

death, in patients aged less than 70 years CEA was favored and  those who were 

70 years or older had no difference in their risk of in-hospital death between 

treatment groups. In contrast, McDonald et al (2011)
132

 found that age (< 70 

years versus ≥ 70 years) did not modify treatment effect in terms of in-hospital 

death.  

o In-hospital stroke. Khatri et al (2012)
111

 reported that regarding in-hospital 

stroke, that both age subgroups (< 70 years versus ≥ 70 years) favored CEA, 

however, age was found to modify treatment effect in terms such that patients 

aged 70 years or older had a greater magnitude of benefit with CEA compared 

with those under 70 years of age. In contrast, McDonald et al (2011)
133

 found 

that age (< 70 years versus ≥ 70 years) did not modify treatment effect in terms 

of in-hospital stroke.  

o In-hospital cardiac complications. Khatri et al (2012)
111

 reported that regarding 

in-hospital cardiac complications, that both age subgroups (< 70 years versus ≥ 

70 years) favored CEA, however, age was found to modify treatment effect in 

terms such that patients aged 70 years or older had a greater magnitude of 

benefit with CEA compared with those under 70 years of age.  
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o In-hospital composite outcome. Neither Khatri et al (2012)
111

 nor Young et al 

(2011)
187

 found that age modified treatment effect in terms of in-hospital death, 

stroke, or cardiac complications (Khatri: < 70 years versus ≥ 70 years; Young: ≤ 

79 years versus ≥ 80 years). 

Sex:  One RCT was available (CREST)
94

 and showed that patient sex did not modify 

treatment effect in terms of various periprocedural or four-year outcomes as evaluated in 

1321 asymptomatic patients.  Data from administrative database studies suggested that sex 

did not modify the treatment effect of CEA versus CAS in terms of in-hospital death, stroke, 

or MI, or the composite outcome of periprocedural death or stroke in asymptomatic patients.  

 

Analyses from RCTs 

4-years (1 RCT). As part of the CREST trial, sex was prespecified for subgroup 

analyses to determine whether it modified the outcome of 4 year ipsilateral stroke or the 

composite outcome of 4-year stroke or death following CAS (n = 594) compared with 

CEA (n = 587) in asymptomatic patients. Raw data were not provided, however the 

study provided hazard ratios and interaction p-values. In all cases, the results suggested 

that sex did not modify treatment outcome.
94

 

4-year 

Ipsilateral Stroke* 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.08 (0.45, 2.62) NS 
P = 0.83 

Male NR NR 1.24 (0.65, 2.39) NS 

* includes any stroke, death, or MI during the periprocedural period 

4-year 

Ipsilateral Stroke* 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.59 (0.53, 4.75) NS 
P = 0.71 

Male NR NR 2.16 (0.91, 5.10) NS 

* includes any stroke during the periprocedural period 

4-year 

Any stroke or 

death 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.59 (0.53, 4.75) NS 
P = 0.71 

Male NR NR 2.16 (0.91, 5.10) NS 

* includes any stroke or death during the periprocedural period 

 

Periprocedural outcomes (1 RCT). As part of the CREST trial, sex was prespecified for 

subgroup analyses to determine whether it modified the following outcomes: 

periprocedural stroke; periprocedural MI; the composite outcome of stroke or death; or 

the composite outcome of periprocedural stroke, death, or MI following CAS (n = 594) 

compared with CEA (n = 587) in asymptomatic patients. Raw data were not provided, 
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however the study provided hazard ratios and interaction p-values. In all cases, the 

results suggested that sex did not modify treatment outcome.
94

 

Periprocedural 

Any Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 2.11 (0.55, 8.15) NS 
P = 0.82 

Male NR NR 1.75 (0.57, 5.37) NS 

 

Periprocedural 

Any Stroke or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 2.11 (0.55, 8.15) NS 
P = 0.82 

Male NR NR 1.75 (0.57, 5.37) NS 

 

Periprocedural 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 0.67 (0.15, 3.01) NS 
P = 0.74 

Male NR NR 0.48 (0.15, 1.56) NS 

 

Periprocedural 

Any Stroke, Death, 

or MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.18 (0.44, 3.16) NS 
P = 0.72 

Male NR NR 0.93 (0.43, 2.01) NS 

 

Analyses from nonrandomized studies 

Administrative database studies (2 studies). Two administrative database studies 

evaluated whether sex modified the treatment effect for the individual outcomes of in-

hospital death or in-hospital stroke. 
39,187

  One administrative database study assessed 

whether sex modified the outcome of in-hospital cardiac complications or the 

composite outcome of in-hospital death or stroke.
39

  In no case did sex significantly 

modify treatment effect. Further details are available in Appendix G, Table 4. 

 

Surgical risk:  Efficacy data from the SAPPHIRE trial of 237 asymptomatic high surgical 

patients undergoing CAS versus CEA suggested these patients had similar risks of stroke 

through 3 years or the composite outcome ipsilateral stroke or death through 3 years 

regardless of treatment received. Efficacy data from the same trial suggested that high 

surgical risk patients had lower rates of ipsilateral stroke or death through 1 year follow-up 

when they had been randomized to receive CAS. Safety data from the same trial suggested 

these patients had similar risks of the composite outcome of periprocedural death, stroke, or 

MI regardless of treatment received. Data from one prospective cohort study and one 
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administrative database study are also provided. Detailed data are available in Appendix G, 

Tables 5-7. 

 

Analyses from RCTs  

The SAPPHIRE trial
87,183

 evaluated CAS versus CEA for 237 asymptomatic high 

surgical risk patients, which included at least one of the following characteristics: 

clinically significant cardiac disease (congestive heart failure, abnormal stress test, or 

need for open-heart surgery); severe pulmonary disease; contralateral carotid occlusion; 

contralateral laryngeal-nerve palsy; previous radical neck surgery or radiation therapy 

to the neck; recurrent stenosis after endarterectomy; or age > 80 years. The study did 

not include any patients considered to be at average surgical risk, thus we cannot 

directly compare outcomes for high- versus average surgical risk within this study. 

However, the results will be placed in context with those from KQ1 and KQ3, as 

appropriate. Details are available in Appendix G, Table 7. 

3-year stroke. Grum et al (2008) found that asymptomatic high surgical risk patients 

had no differences in three year stroke risk following treatment with either CAS or 

CEA.
87

 

3-year 

Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 10.3% 

(12/117) 

9.2% 

(11/120) 

-2% (-9%, 4%) 

0.74 (0.34, 1.62) 
NS 

 

Regarding similar results found in studies of asymptomatic average risk patients, two 

RCTs (CREST and Kentucky) reported stroke at 4 years follow-up. The CREST trial
48

 

reported no difference in the risk of ipsilateral stroke through four years for CAS versus 

CEA, with a risk difference of 1.9% (95% CI, -0.5%, 4.3%). The Kentucky RCT 

reported zero events for both treatment groups.
46

 See Key Question 1 for additional 

details. 

3-year ipsilateral stroke or death. Grum et al (2008) also reported that asymptomatic 

high surgical risk patients treated with CAS versus CEA had similar risks of the 

composite outcome of ipsilateral stroke or death at three years.
87

 

3-year 

Ipsilateral stroke or 

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 21.4% 

(25/117) 

29.2% 

(35/120) 

-8% (-19%, 3%) 

0.73 (0.47, 1.14) 
NS 
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Regarding similar results found in studies of asymptomatic average risk patients, one 

RCT (CREST) evaluated stroke or death through 4 years following CAS versus CEA 

and found no difference between treatment groups in this outcome, with a risk 

difference of 1.9% (95% CI, -0.5%, 4.3%).
48

 See Key Question 1 for additional details. 

1-year ipsilateral stroke or death. Data from the Yadav et al (2004) study of the 

SAPPHIRE trial suggest that asymptomatic patients treated with CAS had a 

significantly lower risk of ipsilateral stroke or death at one year follow-up compared 

with patients who received CEA.
183

 

1-year 

Ipsilateral stroke or 

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 9.9% 

(12/117) 

21.5% 

(26/120) 

-11% (-21%, -2%) 

0.47 (0.25, 0.89) 
CAS 

 

No 1-year efficacy data were found for asymptomatic average surgical risk patients. 

See Key Question 1 for additional details. 

 

Periprocedural (1 RCT). Yadav et al found similar rates of periprocedural death, stroke, 

or MI following CAS and CEA in asymptomatic patients.
183

 

Periprocedural 

Death, Stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 5.4% 

(6/117) 

10.2% 

(12/120) 

-5% (-12%, 2%) 

0.51 (0.20, 1.32) 
NS 

 

No safety data for periprocedural death, stroke, or MI were found for asymptomatic 

average surgical risk patients. See Key Question 3 for additional details. 

 

Analyses from nonrandomized studies  

Cohort studies (1 study). Iihara et al. (2006)
96

 conducted a prospective cohort study and 

found that CEA risk grades (I, II, or III) did not significantly modify treatment effect 

following CAS versus CEA in terms of periprocedural non-disabling stroke in 106 

asymptomatic patients. (Appendix G, Table 5) 

Administrative database studies (1 study). One administrative database suggested that 

surgical risk modified the treatment effect for in-hospital stroke, in-hospital death, or 

the composite outcome of in-hospital death or stroke in 486,021 asymptomatic patients. 
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Giles et al (2010)
77

 In terms of in-hospital death, patients at low surgical risk had a 

statistically lower rate of in-hospital death following CEA while those at high surgical 

risk didn’t favor either treatment group. For in-hospital stroke or the composite 

outcome of in-hospital death or stroke, the study found that both treatment groups 

favored CEA, though patients in the low surgical risk group favored CEA to a greater 

magnitude than high surgical risk patients. Further details are available in Appendix G, 

Table 6. 

4.4.2. Symptomatic 

 

Summary: Symptomatic patients 

 

CAS versus medical therapy only: No studies found. 

 

CAS compared with CEA:  Differential efficacy, effectiveness and safety were evaluated. 

Patient-level data were available for age and sex for six trials (Leicester, EVA-3S, SPACE, 

BACASS, ICSS, and CREST) as reported in the Bonati systematic review.
41

  Otherwise, four 

trials were included (EVA-3S, SPACE, ICSS, and CREST).
63,65,91,94,129,171

  In addition, one 

prospective cohort study,
96

 one registry study
102

 and four administrative database 

studies
39,77,132,155

 were included in this report. Data from one trial of symptomatic high risk 

patients were also included, however, no direct comparison with average risk patients could 

be made.
87,183

 

 

 Age:  A meta-analysis of patient-level safety data from five RCTs suggested that age 

(< 70 versus ≥ 70 years) may modify treatment outcome in terms of the composite 

outcome of periprocedural stroke or death such that patients 70 years of age and older 

favor CEA while those under 70 years of age had similar results regardless of 

treatment group. Pooled estimates and test for subgroup differences from sensitivity 

analysis (which excluded older studies, those with ≤ 10 per treatment arm and those 

that did not use EPDs as previously described, leaving EVA-3S, SPACE and ICSS in 

the analysis), indicate that age modifies the effect of treatment. With regard to risk of 

periprocedural death or stroke, CEA is favored in those age ≥ 70 years old. Efficacy 

data from the three trials above were also available. While data from two trials 

suggested that age (< 70 versus ≥ 70 years) did not modify treatment outcome in 

terms of the composite outcome of death, stroke, or MI through 120 days (ICSS) or in 

terms of ipsilateral stroke through four years (EVA-3S), data from one trial suggested 

that age (< 68 versus ≥ 68 years) significantly modified treatment outcome in terms of 

the composite outcome of ipsilateral stroke or death through 2 years (SPACE) such 

that patients 68 years of age and older had significantly better outcomes following 
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CEA, while those under 68 years of age had similar outcomes regardless of treatment 

received.  Safety data from one registry study reported that age did not modify 

treatment effect in terms of periprocedural death, stroke, MI, or in terms of the 

composite outcome of periprocedural death, stroke, or MI. Data from one 

administrative database study are included to provide additional context. 

 

 Sex: A meta-analysis of patient-level safety data from six RCTs suggested that sex 

did not significantly modify treatment outcome in terms of the composite outcome of 

periprocedural stroke or death. Pooled estimates and test for subgroup differences 

from sensitivity analysis reaffirms that there is no modification of treatment effect by 

sex for the outcome of periprocedural death or stroke. One RCT reported similar 

outcomes for periprocedural stroke or periprocedural MI but found that sex did 

modify treatment outcome in terms of the composite outcome of periprocedural 

stroke, death, or MI such that females had significantly better results following CEA 

while males had similar results regardless of treatment received.  Efficacy data from 

four trials were also available. Results suggested that sex did not modify treatment 

outcome in terms of the composite outcome of death, stroke, or MI through 120 days 

(ICSS) or for the composite outcome of death or ipsilateral stroke through two years 

(SPACE).  Similarly, combined efficacy data from two trials suggested that sex did 

not modify treatment outcome in terms of ipsilateral stroke through 4 years (EVA-3S, 

CREST).   Data from the CREST trial also suggested that sex did not modify 

treatment outcome in terms of the composite outcome of 4-year stroke or death. Data 

from two administrative database studies are included to provide additional context. 

 

 Diabetes: Efficacy data from two trials were available, and both suggested that 

diabetes status did not modify treatment outcome in terms of ipsilateral stroke 

through 4 years (EVA-3S) or for the composite outcome of death, stroke, or MI 

through 120 days (ICSS). 

 

 Type of symptomatic qualifying event: Efficacy data from two trials were available 

and suggested that type of symptomatic qualifying event (i.e., stroke, transient 

ischemic attack, ocular, or multiple events) did not modify treatment outcome in 

terms of ipsilateral stroke through four years (EVA-3S) or for the composite outcome 

of death or ipsilateral stroke through two years (SPACE). Safety data from one trial 

suggested that type of symptomatic qualifying event not modify treatment outcome in 

terms of periprocedural stroke or the composite outcome of periprocedural ipsilateral 

stroke or death (CREST). 

 

 Severity of ipsilateral stenosis: Efficacy data from three trials were available, and 

results suggested that severity of stenosis in the ipsilateral artery did not modify 
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treatment outcome in terms of the composite outcome of death, stroke, or MI through 

120 days (ipsilateral stenosis of 50-69% versus 70-99%), the composite outcome of 

death or ipsilateral stroke through two years (ipsilateral stenosis of < 70% versus ≥ 

70%) (SPACE), ipsilateral stroke through 4 years (ipsilateral stenosis of < 90% 

versus ≥ 90%) (EVA-3S). 

 

 Severity of contralateral stenosis: Safety data from one trial suggested severity of 

stenosis in the contralateral artery did not modify treatment outcome in terms of the 

composite outcome of periprocedural ipsilateral stroke or death (SPACE). Efficacy 

data from three trials were available, and results suggested that severity of stenosis in 

the contralateral artery did not modify treatment outcome in terms of the composite 

outcome of death, stroke, or MI through 120 days (ICSS), the composite outcome of 

death or ipsilateral stroke through two years (ipsilateral stenosis of < 70% versus 70-

99% versus 100%) (SPACE), or for ipsilateral stroke through 4 years (contralateral 

stenosis of < 70% versus 70-100%) (EVA-3S). 

 

 Time to treatment: Efficacy data from two trials were available, and results 

suggested that time to treatment (< 14 days versus ≥ 14 days) did not modify 

treatment outcome in terms of ipsilateral stroke through 4 years (EVA-3S) or for the 

composite outcome of death, stroke, or MI through 120 days (ICSS). 

 

 Hypertension: Efficacy data from two trials were available. Data from the ICSS trial 

suggested that hypertensive status at baseline does modify the treatment effect in 

terms of the composite outcome of 120 day death, stroke or MI, such that patients 

without treated hypertension favor CEA while those without treated hypertension 

have similar outcomes regardless of treatment group.  Data from the EVA-3S trial 

suggested that baseline hypertensive status did not modify treatment outcome in 

terms of ipsilateral stroke through 4 years (EVA-3S). 

 

 Smoking status: Efficacy data from one trial were available, and results suggested 

baseline smoking status did not modify treatment outcome in terms of ipsilateral 

stroke through 4 years (EVA-3S). 

 

 Surgical risk: Efficacy data from the SAPPHIRE trial of 96 symptomatic high 

surgical risk patients undergoing CAS versus CEA suggested these patients had 

similar risks of stroke through 3 years, the composite outcome ipsilateral stroke or 

death through 3 years, and ipsilateral stroke or death through 1 year regardless of 

treatment received. Safety data from the same trial suggested these patients had 

similar risks of the composite outcome of periprocedural death, stroke, or MI 

regardless of treatment received. As stated previously, since this trial did not include 
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and compare treatment outcomes from standard/average risk patients, direct 

comparisons cannot be made. Safety data from one prospective cohort study and one 

administrative database study are provided in the detailed results, and in general 

demonstrated that surgical risk did not modify treatment outcomes. Data from one 

cohort study also suggested that CEA risk grades did not modify outcome in terms of 

periprocedural non-disabling stroke. 

 

 

Detailed results: Symptomatic patients 

Differential efficacy, effectiveness and safety were evaluated. Patient-level data were 

available for age and sex for six trials (Leicester, EVA-3S, SPACE, BACASS, ICSS, and 

CREST) as reported in the Bonati systematic review.
41

  Otherwise, four trials were included 

(EVA-3S, SPACE, ICSS, and CREST).
63,65,91,94,129,171

  In addition, one prospective cohort 

study,
96

 one registry study
102

 and four administrative database studies
39,77,132,155

 were 

included in this report. Data from one trial of symptomatic high risk patients were also 

included, however, no direct comparison with average risk patients could be made.
87,183

 

 

CAS versus CEA 

 

Age:  A meta-analysis of patient-level safety data from 5 RCTs suggested that age (< 70 

versus ≥ 70 years) may modify treatment outcome in terms of the composite outcome of 

periprocedural stroke or death such that patients 70 years of age and older favor CEA while 

those under 70 years of age had similar results regardless of treatment group. To explore 

heterogeneity, sensitivity analyses which excluded studies older studies that enrolled patients 

prior to 2000, those with ≤ 10 patients per arm and/or did not use embolic protection devices 

was done, leaving trials in the analysis (EVA-3S, SPACE and ICSS). Pooled estimates and 

test for subgroup differences from sensitivity analysis (which excluded older studies, those 

with ≤ 10 per treatment arm and those that did not use EPDs as previously described), 

indicate that age modifies the effect of treatment. With regard to risk of periprocedural death 

or stroke, CEA is favored in those age ≥ 70 years old.  Efficacy data from the three trials as 

published were also available. While data from two trials suggested that age (< 70 versus ≥ 

70 years) did not modify treatment outcome in terms of the composite outcome of death, 

stroke, or MI through 120 days (ICSS) or in terms of ipsilateral stroke through four years 

(EVA-3S), data from one trial suggested that age (< 68 versus ≥ 68 years) significantly 

modified treatment outcome in terms of the composite outcome of ipsilateral stroke or death 

through 2 years (SPACE) such that patients 68 years of age and older had significantly better 

outcomes following CEA, while those under 68 years of age had similar outcomes regardless 

of treatment received. Safety data from one registry study reported that age did not modify 

treatment effect in terms of periprocedural death, stroke, MI, or in terms of the composite 
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outcome of periprocedural death, stroke, or MI. Data from one administrative database study 

are included to provide additional context. 

 

Analyses from RCTs.  

Periprocedural (meta-analysis of 5 RCTs and sensitivity analysis of 3): For the 

composite outcome of periprocedural stroke or death, age may modify the treatment 

effect such that patients 70 years of age and older favor CEA while those under 70 

years of age had similar results regardless of treatment group. The Cochrane systematic 

review provided patient level data for periprocedural death or any stroke according to 

age for four trials (EVA-3S 2006, SPACE 2006, BACASS 2008, and ICSS 2010) and 

also included published data on the Leicester trial.
41

 Overall, the test for subgroup 

differences suggests that age may significantly modify treatment outcomes in terms of 

30 day death or stroke rates. Although there was no difference in treatment outcomes 

for patients under the age of 70, patients 70 years of age and older tended towards a 

higher 30 day death or stroke risk when treated with CAS, although there was some 

overlap in the 95% confidence intervals between treatment groups regardless of 

whether risk difference (test for subgroup differences: P = 0.07) or risk ratio risk 

difference (test for subgroup differences: P = 0.04) was calculated (Figure 18). No data 

were available from RCTs to evaluate whether there was differential efficacy based on 

age for other periprocedural (e.g. death or stroke separately) outcomes.  

 

Periprocedural 

Death or Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Age: < 70 years 5.5% 

(48/876) 

4.9% 

(42/852) 

0.56% (-1.55%, 2.6%) 

1.14 (0.70, 1.84) 

NS 

NS P = 0.07 (RD) 

P = 0.04 (RR) Age: ≥70 years 10.9% 

(94/866) 

4.9% 

(43/876) 

8.28% (0.14%, 16.4%) 

2.14 (1.47, 3.10) 

CEA 

CEA 
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Figure 18.  Results of meta-analysis and sensitivity analysis of CAS versus CEA for 

symptomatic carotid stenosis: periprocedural death or any stroke according to age. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or Subgroup

5.1.1 Age < 70

Leicester (1998)

EVA-3S (2006)

SPACE (Stingele)

BACASS (2008)

ICSS (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 4.02, df = 4 (P = 0.40); I² = 1%

Test for overall effect: Z = 0.53 (P = 0.60)

5.1.2 Age ≥ 70

Leicester (1998)

EVA-3S (2006)

SPACE (Stingele)

BACASS (2008)

ICSS (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.01; Chi² = 22.54, df = 4 (P = 0.0002); I² = 82%

Test for overall effect: Z = 1.99 (P = 0.05)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 37.37, df = 9 (P < 0.0001); I² = 76%

Test for overall effect: Z = 1.92 (P = 0.06)

Test for subgroup differences: Chi² = 3.24, df = 1 (P = 0.07), I² = 69.2%

Events

1

10

17

0

20

48

4

17

28

0

45

94

142

Total

3

127

347

4

395

876

4

138

260

6

458

866

1742

Events

0

6

22

0

14

42

0

5

17

1

20

43

85

Total

7

106

333

2

404

852

3

156

256

8

453

876

1728

Weight

0.7%

13.5%

17.3%

0.7%

18.1%

50.3%

1.0%

13.9%

15.6%

1.7%

17.5%

49.7%

100.0%

M-H, Random, 95% CI

0.3333 [-0.1699, 0.8365]

0.0221 [-0.0421, 0.0864]

-0.0171 [-0.0521, 0.0180]

0.0000 [-0.4970, 0.4970]

0.0160 [-0.0120, 0.0440]

0.0056 [-0.0153, 0.0264]

1.0000 [0.5826, 1.4174]

0.0911 [0.0297, 0.1525]

0.0413 [-0.0072, 0.0898]

-0.1250 [-0.4343, 0.1843]

0.0541 [0.0209, 0.0873]

0.0828 [0.0014, 0.1642]

0.0415 [-0.0010, 0.0839]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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Figure 18 cont. 

Sensitivity analysis 

 

 

120 days (1 RCT): As part of the ICSS trial of 1713 symptomatic patients, age was 

predefined as a subgroup for which exploratory analysis would be conducted.
65

  

Overall, Ederle et al. (2010) found that age (< 70 versus ≥ 70 years) does not modify 

the treatment effect in terms of 120 day death, stroke, or MI. Additional details are 

available in Appendix G, Table 10. 

120-day 

Death, Stroke, or MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) 

 

Favors Interaction  

p-value 

Age: < 70 years NR NR 1.46 (0.75, 2.84) NS P = 0.62 

 Age: ≥70 years NR NR 1.79 (1.14, 2.83) NS 

 

2-years (1 RCT). The SPACE trial of 1214 symptomatic patients prespecified a few 

subgroup analyses, and a follow-up paper reported subgroup analyses of 2-year 

ipsilateral stroke or death.
63

  Overall, the subgroup analysis reported by Eckstein et al. 

(2008) suggested that age may significantly modify the treatment effect (P ≤ .006) such 

that patients 68 years of age and older had significantly better outcomes following 

CEA, while those under 68 years of age had similar outcomes regardless of treatment 

received.  

Study or Subgroup

7.1.1 Age < 70

EVA-3S (2006)

SPACE (Stingele)

ICSS (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 2.40, df = 2 (P = 0.30); I² = 17%

Test for overall effect: Z = 0.39 (P = 0.69)

7.1.2 Age ≥ 70

EVA-3S (2006)

SPACE (Stingele)

ICSS (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 1.62, df = 2 (P = 0.44); I² = 0%

Test for overall effect: Z = 4.45 (P < 0.00001)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 14.02, df = 5 (P = 0.02); I² = 64%

Test for overall effect: Z = 2.12 (P = 0.03)

Test for subgroup differences: Chi² = 8.82, df = 1 (P = 0.003), I² = 88.7%

Events

10

17

20

47

17

28

45

90

137

Total

127

347

395

869

138

260

458

856

1725

Events

6

22

14

42

5

17

20

42

84

Total

106

333

404

843

156

256

453

865

1708

Weight

11.5%

19.4%

21.7%

52.6%

12.1%

15.3%

20.0%

47.4%

100.0%

M-H, Random, 95% CI

0.0221 [-0.0421, 0.0864]

-0.0171 [-0.0521, 0.0180]

0.0160 [-0.0120, 0.0440]

0.0047 [-0.0189, 0.0283]

0.0911 [0.0297, 0.1525]

0.0413 [-0.0072, 0.0898]

0.0541 [0.0209, 0.0873]

0.0568 [0.0318, 0.0818]

0.0308 [0.0024, 0.0593]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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2-year 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Age: < 68 years 5.0% 

(14/293) 

9.0% 

(25/284) 
-4% (-8%, 0%) 

0.54 (0.29, 1.02) 

NS 

P = 0.005 (RD) 

P = 0.006 (RR) Age: ≥68 years 13.7% 

(42/314) 

8.6% 

(25/305) 
5% (0%, 1%) 

1.63 (1.02, 2.61) 

CEA* 

* P = .04 for both RD and RR 

4-years (1 RCT). As part of the EVA-3S trial age was evaluated using post-hoc 

subgroup analyses to determine whether it modified the outcome of 4 year ipsilateral 

stroke rates following CAS (n = 265) compared with CEA (n = 262) symptomatic 

patients.
129

  Mas et al (2008) found that age (< 70 versus ≥ 70 years) was not a 

significant modifier of the treatment effect in terms of 120 day death, stroke, or MI. 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Age: < 70 years NR NR ~1.10 (0.45, 2.70)* NS 
P = 0.08 

Age: ≥70 years NR NR ~3.40 (1.40, 8.10)* CEA 

* data estimated from Forest plot. 

 

Analyses from nonrandomized studies  

Registry studies (1 study). Analyses from one registry study for periprocedural 

outcomes were available.  Jim et al reported data from a registry study of 3655 

symptomatic patients, and the test for interaction between subgroups showed that age 

(< 65 years versus ≥ 65 years) did not modify treatment effect for death, stroke, MI or 

the composite of death, stroke or MI.
102

  It is noted that for MI, effects for the groups 

tend toward the opposite directions and there is less overlap of confidence intervals. 

Small numbers of events and sample size in the <65 year old group may contribute to 

lack of statistical significance for tests of interaction. Detailed data are found in 

Appendix G, Table 8.  

30-day  

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 0.9% 

(4/443) 

0.7% 

(4/585) 

1.32 (0.33,5.25) 

P=0.69 

NS 

P = 0.62 
≥ 65 years of age 2.4% 

(27/1114) 

1.3% 

(19/1513) 

1.93 (1.08,3.45) 

P=0.03 

CEA 

 

30-day  

Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 4.6% 

(20/443) 

4.8% 

(28/585) 

0.94 (0.54, 1.65) 

P=0.84 

NS 

P = 0.06 
≥ 65 years of age 6.7% 

(75/1114) 

3.8% 

(57/1513) 

0.94 (0.54, 1.65) 

P=0.001 

CEA 
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30-day  

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 0.7% 

(3/443) 

0.2% 

(1/585) 

3.96 (0.41, 37.96) 

0.23 

NS 

P = 0.23 
≥ 65 years of age 1.6% 

(18/1114) 

1.7% 

(26/1513) 

0.94 (0.52, 1.71) 

P=0.84 

NS 

 

30-day  

Death, stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RR (95% CI) Favors Interaction  

p-values 

< 65 years of age 6.0% 

(26/443) 

5.5% 

(32/585) 

1.07 (0.65, 1.77) 

P=0.78 

NS 

P = 0.17 
≥ 65 years of age 9.5% 

(106/1114) 

6.0% 

(90/1513) 

1.60 (1.22, 2.10) 

P=0.0007 

CEA 

 

Administrative database studies (1 study). In a study of 11,300 symptomatic patients, 

McDonald et al (2011) reported that age (< 70 years versus ≥ 70 years) did not modify 

treatment effect for in hospital death.
132

 However, results suggested that for in-hospital 

death, patients under the age of 70 favored CEA to a greater extent than did those aged 

70 or older. Detailed data are found in Appendix G, Table 9. 

 

Sex:  Efficacy data from three trials were available. Results suggested that sex did not 

modify treatment outcome in terms of the composite outcome of death or ipsilateral 

stroke through two years (SPACE) or for the composite outcome of death, stroke, or MI 

through 120 days (ICSS). Similarly, combined efficacy data from two trials suggested 

that sex did not modify treatment outcome in terms of ipsilateral stroke through 4 years 

(EVA-3S, CREST).  A meta-analysis of patient-level safety data from 6 RCTs 

suggested that sex did not significantly modify treatment outcome in terms of the 

composite outcome of periprocedural stroke or death.  In terms of periprocedural 

outcomes, one follow-up study to the CREST trial found that while sex did not 

significantly modify periprocedural stroke or MI, that it did have an effect on the 

composite outcome of periprocedural stroke, death or MI such that females had a 

significantly lower risk of this outcome following CEA, while males had similar 

outcomes regardless of treatment group.  

Safety data from two administrative database studies were also included in the detailed 

results, and provided similar conclusions. 

 

Analyses from RCTs.  

Periprocedural safety outcomes (meta-analysis of 6 RCTs and sensitivity analysis of 4 

RCTs ): For the composite outcome of periprocedural stroke or death, sex did not 
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modify the treatment effect. The Cochrane systematic review provided patient level 

data for periprocedural death or any stroke according to age for four trials (EVA-3S 

2006, SPACE 2006, BACASS 2008, and ICSS 2010); similar data were also included 

from two published trials (Leicester and CREST).
41

 Overall, the test for subgroup 

differences suggests that sex did not significantly modify treatment outcomes in terms 

of periprocedural death or stroke rates (P ≥ .51). As described for age, sensitivity 

analysis was done. Pooled estimates and test for subgroup differences from this 

sensitivity analysis reaffirms that there is no modification of treatment effect by sex for 

the outcome of periprocedural death or stroke (Figure 19). 

Periprocedural 

Death or Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Sex: Female 7.8% 

(58/739) 

5.1% 

(36/709) 

2.6% (-2.1%, 7.2%) 

1.5 (1.0, 2.3) 

NS 

P = 0.66 (RD) 

P = 0.51 (RR) Sex: Male 7.5% 

(124/1663) 

4.1% 

(69/1663) 

4.0% (-0.1%, 8.1%) 

1.9 (1.1, 3.1) 

CEA* 

* p-values hover around statistical significance (RD: 0.06; RR; 0.04). 
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Figure 19.  Results of meta-analysis and sensitivity analysis of CAS versus CEA for 

symptomatic carotid stenosis: periprocedural death or any stroke according to sex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or Subgroup

5.3.1 Male

Leicester (1998)

EVA-3S (2006)

SPACE (Stingele)

BACASS (2008)

ICSS (2010)

CREST (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 20.23, df = 4 (P = 0.0005); I² = 80%

Test for overall effect: Z = 1.91 (P = 0.06)

5.3.2 Female

Leicester (1998)

EVA-3S (2006)

SPACE (Stingele)

BACASS (2008)

ICSS (2010)

CREST (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 11.43, df = 5 (P = 0.04); I² = 56%

Test for overall effect: Z = 1.08 (P = 0.28)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 31.62, df = 10 (P = 0.0005); I² = 68%

Test for overall effect: Z = 2.29 (P = 0.02)

Test for subgroup differences: Chi² = 0.20, df = 1 (P = 0.66), I² = 0%

Events

4

21

31

0

46

22

124

1

6

14

0

19

18

58

182

Total

5

193

436

8

601

428

1663

2

72

171

2

252

240

739

2402

Events

0

7

29

0

18

15

69

0

4

10

1

15

6

36

105

Total

4

204

422

9

606

427

1663

6

58

167

1

251

226

709

2372

Weight

0.4%

11.4%

14.2%

15.6%

15.3%

56.9%

0.2%

6.3%

10.7%

0.1%

12.5%

13.3%

43.1%

100.0%

M-H, Random, 95% CI

0.8000 [0.3650, 1.2350]

0.0745 [0.0240, 0.1250]

0.0024 [-0.0317, 0.0365]

Not estimable

0.0468 [0.0216, 0.0720]

0.0163 [-0.0110, 0.0435]

0.0398 [-0.0010, 0.0806]

0.5000 [-0.0971, 1.0971]

0.0144 [-0.0769, 0.1056]

0.0220 [-0.0326, 0.0766]

-1.0000 [-1.7335, -0.2665]

0.0156 [-0.0282, 0.0595]

0.0485 [0.0091, 0.0878]

0.0257 [-0.0209, 0.0724]

0.0332 [0.0048, 0.0616]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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Figure 19 cont. 

Sensitivity analysis 

 

In addition, a follow-up study of the CREST trial evaluated whether patient sex 

modified treatment outcome.
94

  This subgroup analysis was prespecified.  

In terms of periprocedural outcomes, Howard et al (2011) found that while sex did not 

significantly modify periprocedural stroke or MI, that it did have an effect on the 

composite outcome of periprocedural stroke, death or MI such that females had a 

significantly lower risk of this outcome following CEA, while males had similar 

outcomes regardless of treatment group.
94

  

Periprocedural 

Any Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 2.80 (1.11, 7.07) CEA 
P = 0.17 

Male NR NR 1.28 (0.65, 2.52) NS 

 

Periprocedural 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.26 (0.28, 5.63) NS 
P = 0.11 

Male NR NR 0.25 (0.07, 0.88) CAS 

 

Study or Subgroup

7.3.1 Male

EVA-3S (2006)

SPACE (Stingele)

ICSS (2010)

CREST (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 8.18, df = 3 (P = 0.04); I² = 63%

Test for overall effect: Z = 2.32 (P = 0.02)

7.3.2 Female

EVA-3S (2006)

SPACE (Stingele)

ICSS (2010)

CREST (2010)

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 1.48, df = 3 (P = 0.69); I² = 0%

Test for overall effect: Z = 2.36 (P = 0.02)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 9.64, df = 7 (P = 0.21); I² = 27%

Test for overall effect: Z = 3.64 (P = 0.0003)

Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.92), I² = 0%

Events

21

31

46

22

120

6

14

19

18

57

177

Total

193

436

601

428

1658

72

171

252

240

735

2393

Events

7

29

18

15

69

4

10

15

6

35

104

Total

204

422

606

427

1659

58

167

251

226

702

2361

Weight

8.5%

15.4%

22.2%

20.3%

66.4%

3.0%

7.5%

10.7%

12.5%

33.6%

100.0%

M-H, Random, 95% CI

0.0745 [0.0240, 0.1250]

0.0024 [-0.0317, 0.0365]

0.0468 [0.0216, 0.0720]

0.0163 [-0.0110, 0.0435]

0.0317 [0.0049, 0.0586]

0.0144 [-0.0769, 0.1056]

0.0220 [-0.0326, 0.0766]

0.0156 [-0.0282, 0.0595]

0.0485 [0.0091, 0.0878]

0.0299 [0.0051, 0.0548]

0.0302 [0.0140, 0.0464]

CAS CEA Risk Difference Risk Difference

M-H, Random, 95% CI

-0.1 -0.05 0 0.05 0.1

Favors CAS Favors CEA
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Periprocedural 

Any Stroke, Death, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 2.33 (1.07, 5.07) CEA 
P = 0.04 

Male NR NR 0.88 (0.50, 1.55) NS 

 

120 days (1 RCT): As part of the ICSS trial of 1713 symptomatic patients, sex was 

predefined as a subgroup for which exploratory analysis would be conducted.
65

  

Overall, Ederle et al. (2010) found that the differences between females and males in 

treatment outcome of 120 day death, stroke, or MI was not statistically significant (P ≥ 

.07), therefore sex does not modify the treatment effect. Additional details are available 

in Appendix G, Table 10. 

120-day 

Death, Stroke, or MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) 

 

Favors Interaction  

p-value 

Sex: Female NR NR 2.17 (1.35, 3.50) NS 
P = .071 

Sex: Male NR NR 1.05 (0.56, 1.97) NS 

 

2-years (1 RCT). The SPACE trial of 1214 symptomatic patients prespecified a few 

subgroup analyses, and a follow-up paper reported subgroup analyses of 2-year 

ipsilateral stroke or death.
63

  Overall, the subgroup analysis reported by Eckstein et al. 

(2008) suggested that sex does not significantly modify the treatment effect (P ≥ .69). 

2-year 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Sex: Female 8.3% 

(14/171) 

6.7% 

(11/167) 
2% (-4%, 7%) 

1.24 (0.58, 2.66) 

NS 

P = 0.73 (RD) 

P = 0.69 (RR) Sex: Male 9.9% 

(42/436) 

9.6% 

(39/422) 
0% (-4%, 4%) 

1.04 (0.69, 1.58) 

NS 

 

4-years (2 RCTs). Analysis of differential efficacy based on sex for longer term 

effectiveness was done in two RCTs (EVA-3S and CREST).  

Regarding four-year ipsilateral stroke, overall, combined data from the EVA-3S and 

CREST studies suggest that sex does not modify treatment effect. 

The EVA 3S evaluated whether patient sex modified treatment outcome using post-hoc 

subgroup analyses.
129

 The interaction p-values calculated from hazard ratios suggested 

that sex significantly modified treatment outcome (P = .03), although there was some 

overlap in the 95% confidence intervals between treatment groups. The results suggest 

that males are at greater risk of periprocedural death or stroke following CAS versus 

CEA, while females had similar outcomes regardless of treatment group. The authors 
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noted that because the number of events was low, the confidence intervals were 

relatively large. 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Sex: Female NR NR ~0.65 (0.25, 2.10)* NS 
P = 0.03 

Sex: Male NR NR ~3.30 (1.50, 7.40)* CEA 

* data estimated from a Forest plot. 

 

As part of a follow-up study of the CREST trial, Howard et al (2011) evaluated whether 

patient sex modified treatment outcome.
94

  This subgroup analysis was prespecified. In 

terms of 4-year outcomes, the authors found that sex did not significantly modify any 

outcome evaluated: ipsilateral stroke or any stroke or death.  

4-year 

Ipsilateral Stroke* 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.49 (0.81, 2.74) NS 
P = 0.19 

Male NR NR 0.87 (0.53, 1.44) NS 

* includes any stroke, death, or MI during the periprocedural period 

4-year 

Ipsilateral Stroke* 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.58 (0.81, 3.08) NS 
P = 0.41 

Male NR NR 1.10 (0.62, 1.94) NS 

* includes any stroke during the periprocedural period 

4-year 

Any stroke or death 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Female NR NR 1.58 (0.81, 3.08) NS 
P = 0.56 

Male NR NR 1.23 (0.71, 2.14) NS 

* includes any stroke or death during the periprocedural period 

 

Analyses from nonrandomized studies  

Administrative database studies (2 studies). Two administrative database studies 

evaluated whether sex modified the treatment effect for in-hospital stroke and in-

hospital death.
39,155

  

o In-hospital death. Bisdas et al (2011)
39

 reported that sex modified treatment 

effect in terms of in-hospital death such that while females had a statistically 

lower rate of in-hospital death following CAS, males had a statistically lower 

rate of in-hospital death following CEA. In contrast, Rockman et al (2011)
155

 

reported that sex did not modify treatment effect in terms of in-hospital death. 

See Appendix G, Table 9 for additional details. 
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o In-hospital stroke. Bisdas et al (2011)
39

 reported that sex modified treatment 

effect in terms of in-hospital stroke; both groups had significantly lower rates of 

in-hospital stroke following CEA versus CAS though the magnitude of effect 

was greater in males than females. In contrast, Rockman et al (2011)
155

 reported 

that sex did not modify treatment effect in terms of in-hospital death. See 

Appendix G, Table 9 for additional details.  

o In-hospital MI; composite outcome. One administrative study found that sex did 

not modify the treatment effect of either in-hospital MI or the composite of 

stroke or death.
39

 See Appendix G, Table 9 for additional details. 

 

Diabetes:  Efficacy data from two RCTs were available, and both suggested that diabetes 

status did not modify treatment outcome in terms of ipsilateral stroke through 4 years (EVA-

3S) or for the composite outcome of death, stroke, or MI through 120 days (ICSS). 

 

120-days (1 RCT): As part of the ICSS trial of 1713 symptomatic patients, diabetes 

status was predefined as a subgroup for which exploratory analysis would be 

conducted.
65

 Overall, Ederle et al. (2010) found that the presence of diabetes does not 

modify the treatment effect. Additional details are available in Appendix G, Table 10. 

120-day 

Death, Stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) 

 

Favors Interaction  

p-value 

Diabetes: Yes NR NR 1.67 (0.81, 3.43) NS 
P = 0.97 

Diabetes: No NR NR 1.64 (1.05, 2.55) CEA 

 

4-years (1 RCT): Analysis of differential efficacy based on diabetes status for longer 

term effectiveness was done in one RCT (EVA-3S), in which diabetes status was 

evaluated using post-hoc subgroup analyses to determine whether it modified the 

outcome of 4 year ipsilateral stroke rates following CAS (n = 265) compared with CEA 

(n = 262) symptomatic patients. Diabetes status did not modify treatment effect in 

terms of 4 year ipsilateral stroke rates (P = .27).
129

 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Diabetes: Yes NR NR ~1.20 (0.30, 3.75)* NS 
P = 0.27 

Diabetes: No NR NR ~2.60 (1.20, 5.60)* CEA 

* data estimated from a Forest plot. 
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Type of symptomatic qualifying event:  Safety data from one RCT suggested that type of 

symptomatic qualifying event not modify treatment outcome in terms of periprocedural 

stroke or the composite outcome of periprocedural ipsilateral stroke or death (CREST). 

Efficacy data from two RCTs were available and suggested that type of symptomatic 

qualifying event (i.e., stroke, transient ischemic attack, ocular, or multiple events) did not 

modify treatment outcome in terms of ipsilateral stroke through four years (EVA-3S) or for 

the composite outcome of death or ipsilateral stroke through two years (SPACE).  

 

Periprocedural stroke (1 RCT): As part of the CREST trial, Hill et al. conducted post 

hoc subgroup analysis as to whether the type of indicating event in symptomatic 

patients affected outcomes following CAS versus CEA. Tests for interaction suggested 

that the type of qualifying event (i.e., stroke, transient ischemic attack, or Amaurosis 

Fugax/ocular) did not modify the treatment effect (P ≥ . 46).
91

 

Periprocedural 

Stroke (any) 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 
Qualifying event: 

Stroke  
6.2% 

(16/257) 

1.9% 

(5/262) 

4% (1%, 8%) 

3.26 (1.21, 8.77) 
CEA 

P = 0.46 (RD) 

P = 0.53 (RR) 
Qualifying event: 

TIA  
6.0% 

(15/252) 

2.8% 

(7/250) 

3% (0%, 7%) 

2.13 (0.88, 5.12) 
NS 

Qualifying event: 

Ocular 
3% 

(3/87) 

3.0% 

(3/100) 

0% (-5%, 6%) 

1.15 (0.24, 5.55) 
NS 

 

Periprocedural ipsilateral stroke or death (1 RCT): The SPACE trial prespecified type 

of symptomatic indicating event for subgroup analyses of 30 day ipsilateral stroke or 

death. Stingele et al (2008) found that the type of qualifying event (i.e., stroke, transient 

ischemic attack, Amaurosis Fugax/ocular, multiple events, or other) did not modify the 

treatment effect (P ≥ . 48).
171

 

Periprocedural 

Ipsilateral stroke or 

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Qualifying event: 

Stroke  
7.0% 

(19/270) 

8.3% 

(21/252) 

-1% (-6%, 3%) 

0.84 (0.47, 1.53) 

NS 

P = 0.48 (RD) 

P = 0.55 (RR) 

Qualifying event: 

TIA  
8.3% 

(15/180) 

6.6% 

(12/183) 

2% (-4%, 7%) 

1.27 (0.61, 2.64) 

NS 

Qualifying event: 

Ocular 
3% 

(3/95) 

4% 

(4/90) 

-1% (-7%, 4%) 

0.71 (0.16, 3.09) 

NS 

Qualifying event: 

Multiple events  
9% 

(4/47) 

2% 

(1/56) 

7% (-2%, 15%) 

4.77 (0.55, 41.19) 

NS 

Qualifying event: 

Other 
7% 

(1/15) 

0% 

(0/8) 

7% (-14%, 27%) 
1.69 (0.08, 37.26) 

NS 
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2-years (1 RCT): The SPACE trial prespecified a few subgroup analyses, and a 2-year 

follow-up paper reported subgroup analyses of 2-year ipsilateral stroke or death.
63

  

Overall, the subgroup analysis reported by Eckstein et al. (2008) suggested that the type 

of qualifying event (i.e., stroke, transient ischemic attack, Amaurosis Fugax/ocular, or 

multiple events) did not modify the treatment effect (P ≥ .13). 

2-year 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Qualifying event: 

Stroke  
8.7% 

(23/270) 

11.0% 

(27/252) 

4% (-2%, 9%) 

1.56 (0.84, 2.93) 

NS 

P = 0.13 (RD) 

P = 0.25 (RR) 

Qualifying event: 

TIA  
9.6% 

(19/180) 

10.8% 

(17/183) 

1% (-5%, 7%) 

1.14 (0.61, 2.11) 

NS 

Qualifying event: 

Ocular OR Other 
5.5% 

(6/110) 

5% 

(5/98) 

0% (-6%, 6%) 

1.07 (0.34, 3.39) 

NS 

Qualifying event: 

Multiple events  
19% 

(8/47) 

2% 

(1/56) 

15% (4%, 27%) 

9.53 (1.24, 73.48) 

CEA 

 

4-years (1 RCT): Analysis of differential efficacy based on type of symptomatic 

qualifying event for longer term effectiveness was done in one RCT (EVA 3S), in 

which diabetes status was evaluated using post-hoc subgroup analyses to determine 

whether it modified the outcome of 4 year ipsilateral stroke rates following CAS (n = 

265) compared with CEA (n = 262) symptomatic patients.
129

  Mas et al. 2008 found 

that type of symptomatic qualifying event (i.e., stroke, transient ischemic attack (TIA), 

or Amaurosis Fugax/ocular symptoms) did not significantly modify treatment effect (P 

≥ 0.16). 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 
Qualifying event: 

Stroke  
NR NR ~3.00 (1.60, 6.80)* CEA 

P ≥ 0.16 
Qualifying event: 

TIA  
NR NR ~1.50 (0.45, 5.15)* NS 

Qualifying event: 

Ocular 
NR NR ~2.00 (0.10, 4.30)* NS 

* data estimated from a graph. 

 

Severity of ipsilateral stenosis:  Efficacy data from three RCTs were available, and results 

suggested that severity of stenosis in the ipsilateral artery did not modify treatment outcome 

in terms of the composite outcome of death, stroke, or MI through 120 days (ipsilateral 

stenosis of 50-69% versus 70-99%), the composite outcome of death or ipsilateral stroke 

through two years (ipsilateral stenosis of < 70% versus ≥ 70%) (SPACE), ipsilateral stroke 

through 4 years (ipsilateral stenosis of < 90% versus ≥ 90%) (EVA-3S). 
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120-days (1 RCT): As part of the ICSS trial of 1713 symptomatic patients, severity of 

stenosis in the ipsilateral artery was predefined as a subgroup for which exploratory 

analysis would be conducted.
65

  Overall, Ederle et al. (2010) found that stenosis 

severity (50-69% versus 70-99%) does not modify the treatment effect. Additional 

details are available in Appendix G, Table 10. 

120-day 

Death, Stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) 

 

Favors Interaction  

p-value 

Ipsilateral stenosis 

50-69% 

NR NR 1.13 (0.25, 5.04) NS 

P = 0.584 
Ipsilateral stenosis 

70-99% 

NR NR 1.75 (1.19, 2.58) CEA 

 

2-years (1 RCT): The SPACE trial prespecified a few subgroup analyses, and a 2-year 

follow-up paper reported subgroup analyses of 2-year ipsilateral stroke or death.
63

  

Overall, the subgroup analysis reported by Eckstein et al. (2008) suggested that the 

severity of ipsilateral stenosis (i.e., <70% versus 70 – 99%) did not modify treatment 

effect in terms of 2 year ipsilateral stroke or death (P ≥ .49) 

2-year 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Ipsilateral stenosis 

< 70% 

8.2% 

(18/225) 

6.3% 

(14/230) 

2% (-3%, 7%) 

1.31 (0.67, 2.58) 

NS  

P = 0.54 (RD) 

P = 0.49 (RR) Ipsilateral stenosis 

≥ 70% 

10.2% 

(38/382) 

10.3% 

(36/359) 

0% (-4%, 4%) 

0.99 (0.64, 1.52) 

NS 

 

4-years (1 RCT): Analysis of differential efficacy based on type of symptomatic 

qualifying event for longer term effectiveness was done in one RCT (EVA 3S), in 

which diabetes status was evaluated using post-hoc subgroup analyses to determine 

whether it modified the outcome of 4 year ipsilateral stroke rates following CAS (n = 

265) compared with CEA (n = 262) symptomatic patients.
129

  Mas et al. 2008 reported 

that ipsilateral stenosis severity (i.e., < 90% versus ≥ 90%) did not modify treatment 

effect in terms of 4 year ipsilateral stroke rates (P = .61). 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Ipsilateral stenosis 

< 90% 

NR NR ~2.30 (1.00, 5.40)* NS  

P = 0.61 

Ipsilateral stenosis 

≥ 90% 

NR NR ~1.65 (0.60, 4.30)* NS 

* data estimated from a Forest plot. 
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Severity of contralateral stenosis:  Safety data from one RCT suggested severity of stenosis 

in the contralateral artery did not modify treatment outcome in terms of the composite 

outcome of periprocedural ipsilateral stroke or death (SPACE). Efficacy data from three 

RCTs were available, and results suggested that severity of stenosis in the contralateral artery 

did not modify treatment outcome in terms of the composite outcome of death, stroke, or MI 

through 120 days (ICSS), the composite outcome of death or ipsilateral stroke through two 

years (ipsilateral stenosis of < 70% versus 70-99% versus 100%) (SPACE), or for ipsilateral 

stroke through 4 years (contralateral stenosis of < 70% versus 70-100%) (EVA-3S). 

 

Periprocedural (1 RCT): The SPACE trial prespecified severity of contralateral 

stenosis for subgroup analyses of 30 day ipsilateral stroke or death. Stingele et al. 2008 

found that the severity of contralateral stenosis at baseline did not modify the effect of 

treatment in terms of 30 day ipsilateral stroke or death.
171

 

Periprocedural 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Contralateral 

stenosis < 70% 

7.1% 

(40/567) 

5.9% 

(32/543) 

1% (-2%, 4%) 

1.20 (0.76, 1.88) 

NS  

P = 0.14 (RD) 

P = 0.16 (RR) Contralateral 

stenosis 70-99% 

5% 

(2/40) 

13% 

(6/46) 

-8% (-20%, 4%) 

0.38 (0.08, 1.79) 

NS 

 

120 days (1 RCT): As part of the ICSS trial of symptomatic patients, severity of 

contralateral stenosis was predefined as a subgroup for which exploratory analysis 

would be conducted. Ederle et al. (2010) reported that severity of contralateral stenosis 

at baseline (i.e., 0-49%, 50-69%, 70 – 99%, or 100%) did not modify the effect of 

treatment in terms of 120 death, stroke, or MI risk following CAS versus CEA.
65

 

120-day 

Death, stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Contralateral 

stenosis 0-49% 

NR NR 1.70 (1.05, 2.73) CEA  

P = 0.741 

Contralateral 

stenosis 50-69% 

NR NR 2.04 (0.85, 4.85) NS 

Contralateral 

stenosis 70-99% 

NR NR 1.37 (0.51, 3.68) NS 

Contralateral 

stenosis 100% 

NR NR 1.51 (0.14, 16.61) NS 

 

2-years (1 RCT): The SPACE trial prespecified a few subgroup analyses, and a 2-year 

follow-up paper reported subgroup analyses of 2-year ipsilateral stroke or death. The 

severity of contralateral stenosis (i.e., <70%, 70 – 99%, or 100%) did not modify 

treatment effect regarding 2 year ipsilateral stroke or death.
63

 



WA – Health Technology Assessment   August 13, 2013 

 
 

 

Carotid Artery Stenting: Final Evidence Report Page 231 Page 231 

2-year 

Ipsilateral Stroke 

or Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors Interaction  

p-values 

Contralateral 

stenosis < 70% 

9.4% 

(52/567) 

16.2% 

(41/253) 

-7% (-12%, -2%) 

0.57 (0.39, 0.83) 

CAS  

 

P = 0.82 (RD) 

P = 0.89 (RR) 
Contralateral 

stenosis 70-99% 

9% 

(2/22) 

22% 

(6/27) 

-13% (-33%, 7%) 

0.41 (0.09, 1.83) 

NS 

Contralateral 

stenosis 100% 

11% 

(2/18) 

16% 

(3/19) 

-5% (-27%, 17%) 

0.70 (0.13, 3.73) 

NS 

 

 

4-years (1 RCT): As part of the EVA-3S trial (Mas 2008), severity of stenosis of the 

contralateral artery was evaluated using post-hoc subgroup analyses to determine 

whether it modified the outcome of 4 year ipsilateral stroke rates following CAS (n = 

265) compared with CEA (n = 262) symptomatic patients. Contralateral stenosis 

severity (i.e., < 70% versus 70 – 100%) did not modify treatment effect in terms of 4 

year ipsilateral stroke rates.
129

 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Contralateral 

stenosis < 70% 

NR NR ~2.20 (1.10, 4.30)* CEA  

P = 0.65 

Contralateral 

stenosis 70-100% 

NR NR ~1.45 (0.30, 6.50)* NS 

* data estimated from a Forest plot. 

 

Time to treatment:  Efficacy data from two RCTs were available, and results suggested that 

time to treatment (< 14 days versus ≥ 14 days) did not modify treatment outcome in terms of 

ipsilateral stroke through 4 years (EVA-3S) or for the composite outcome of death, stroke, or 

MI through 120 days (ICSS). 

 

120 days (1 RCT): As part of the ICSS trial of symptomatic patients, time to treatment 

was predefined as a subgroup for which exploratory analysis would be conducted. 

Overall, time from the most recent ipsilateral event (prior to randomization) to 

treatment did not modify the treatment effect in terms of 120 day risk of stroke, death, 

or MI following CAS versus CEA.
65

 

120-day 

Death, stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Time to treatment: 

< 14 days 

NR NR 2.21 (0.82, 5.95) NS  

P = 0.68 

Time to treatment: 

≥ 14 days 

NR NR 1.76 (1.12, 2.78) CEA 
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4 years (1 RCT): As part of the EVA-3S trial (Mas 2008), time to treatment was 

evaluated using post-hoc subgroup analyses to determine whether it modified the 

outcome of 4 year ipsilateral stroke rates following CAS (n = 265) compared with CEA 

(n = 262) symptomatic patients. Time to treatment (i.e., < 14 days versus ≥ 14 days) did 

not modify treatment effect in terms of 4 year ipsilateral stroke rates.
129

 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Time to treatment: 

< 14 days 

NR NR ~6.75 (0.80, ≥8)* NS  

P = 0.40 

Time to treatment: 

≥ 14 days 

NR NR ~1.70 (0.80, 3.45)* NS 

* data estimated from a Forest plot. 

 

Hypertension:  Efficacy data from two RCTs were available. Data from the ICSS trial 

suggested that hypertensive status at baseline does modify the treatment effect in terms of the 

composite outcome of 120 day death, stroke or MI, such that patients without treated 

hypertension favor CEA while those without treated hypertension have similar outcomes 

regardless of treatment group.  Data from the EVA-3S trial suggested that baseline 

hypertensive status did not modify treatment outcome in terms of ipsilateral stroke through 4 

years (EVA-3S). 

 

120 days (1 RCT): As part of the ICSS trial of symptomatic patients, treated 

hypertension status at baseline was predefined as a subgroup for which exploratory 

analysis would be conducted. Overall, the results suggest that hypertensive status at 

baseline does modify the treatment effect, such that patients without treated 

hypertension favor CEA while those without treated hypertension have similar 

outcomes regardless of treatment group.
65

 

120-day 

Death, stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Treated 

hypertension:  

Yes 

NR NR 1.29 (0.83, 2.00) NS  

P = 0.039 

 

Treated 

hypertension:  

No 

NR NR 3.25 (1.46, 7.20) CEA 

 

4-years (1 RCT): As part of the EVA-3S trial (Mas 2008), hypertension status was 

evaluated using post-hoc subgroup analyses to determine whether it modified the 

outcome of 4 year ipsilateral stroke rates following CAS (n = 265) compared with CEA 
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(n = 262) symptomatic patients. Hypertensive status at baseline did not modify 

treatment effect in terms of 4 year ipsilateral stroke rates (P = .62).
129

 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Hypertension:  

Yes 

NR NR ~1.80 (0.85, 3.65)* NS  

P = 0.62 

Hypertension:  

No 

NR NR ~2.90 (0.75,  ≥8)* NS 

* data estimated from a Forest plot. 

 

Smoking status:  Efficacy data from one RCT were available, and results suggested baseline 

smoking status did not modify treatment outcome in terms of ipsilateral stroke through 4 

years (EVA-3S). 

 

4-years (1 RCT): As part of the EVA-3S trial (Mas 2008), baseline smoking status was 

evaluated using post-hoc subgroup analyses to determine whether it modified the 

outcome of 4 year ipsilateral stroke rates following CAS (n = 265) compared with CEA 

(n = 262) symptomatic patients. Smoking status at baseline did not modify treatment 

effect in terms of 4 year ipsilateral stroke rates.
129

 

4-year 

Ipsilateral Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

HR (95% CI) Favors Interaction  

p-values 

Smoking:  

Yes 

NR NR ~1.75 (0.5, 6.1)* NS  

P = 0.81 

Smoking:  

No 

NR NR ~2.10 (1.00, 4.40)* NS 

* data estimated from a Forest plot. 

 

Surgical risk: Efficacy data from the SAPPHIRE trial of 96 symptomatic high surgical 

patients undergoing CAS versus CEA suggested these patients had similar risks of stroke 

through 3 years, the composite outcome ipsilateral stroke or death through 3 years, and 

ipsilateral stroke or death through 1 year regardless of treatment received. Safety data from 

the same trial suggested these patients had similar risks of the composite outcome of 

periprocedural death, stroke, or MI regardless of treatment received. Safety data from one 

prospective cohort study and one administrative database study are provided in the detailed 

results, and in general demonstrated that surgical risk did not modify treatment outcomes. 

Data from one cohort study also suggested that CEA risk grades did not modify outcome in 

terms of periprocedural non-disabling stroke. 
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Analyses from RCTs.  

The SAPPHIRE trial
87,183

 evaluated CAS versus CEA in 96 symptomatic high surgical 

risk patients, which included at least one of the following characteristics: clinically 

significant cardiac disease (congestive heart failure, abnormal stress test, or need for 

open-heart surgery); severe pulmonary disease; contralateral carotid occlusion; 

contralateral laryngeal-nerve palsy; previous radical neck surgery or radiation therapy 

to the neck; recurrent stenosis after endarterectomy; or age > 80 years. The study did 

not include any patients considered to be at average surgical risk, thus we cannot 

directly compare outcomes for high- versus average surgical risk within this study. 

However, the results will be placed in context with those from KQ1 and KQ3, as 

appropriate. 

3-year stroke: Grum et al (2008) found that symptomatic high surgical risk patients had 

no differences in three year stroke risk following treatment with either CAS or CEA.
87

 

3-year 

Stroke 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 6% 

(3/50) 

9% 

(4/46) 

-3% (-13%, 8%) 

0.69 (0.16, 2.92) 
NS 

 

Regarding similar results found in studies of symptomatic average risk patients, two 

RCTs (SPACE and EVA-3S) reported stroke at 2 and 4 years follow-up, 

respectively.
63,129

  There was no difference in the cumulative 2- or 4-year stroke risk 

(excluding periprocedural) between CAS and CEA treatment groups, with a pooled risk 

difference of -0.1% (95% CI, -1.8%, 1.7%). See Key Question 1 for additional details. 

3-year ipsilateral stroke or death. Grum et al (2008) also reported that symptomatic 

high surgical risk patients treated with CAS versus CEA had similar risks of the 

composite outcome of ipsilateral stroke or death at three years.
87

 

3-year 

Ipsilateral stroke or 

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 32% 

(16/50) 

22% 

(10/46) 

10% (-7%, 28%) 

1.47 (0.74, 2.91) 
NS 

 

Regarding similar results found in studies of symptomatic average risk patients, five 

RCTs (SPACE & Kentucky (2 years), CREST and BACASS (4 years), and Regensburg 

(5.4 years)) reported death or ipsilateral stroke at 2, 4, or 5.4 years follow-up, as 

noted.
45,48,63,93,170

 There was no difference in this outcome between CAS and CEA 

treatment groups, with a pooled risk difference of 1.3% (95% CI, -1.6%, 4.2%). See 

Key Question 1 for additional details. 
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1-year ipsilateral stroke or death. Data from the Yadav et al (2004) study of the 

SAPPHIRE trial suggest that symptomatic patients treated with CAS had a similar risk 

of ipsilateral stroke or death at one year follow-up compared with patients who received 

CEA.
183

 

1-year 

Ipsilateral stroke or 

Death 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 16.8% 

(8/50) 

16.5% 

(8/46) 

-1% (-16%, 14%) 

0.92 (0.38, 2.25) 
NS 

 

Regarding similar results found in studies of symptomatic average risk patients, no 

RCTs reported this outcome between 6 months and 2 years. See Key Question 1 for 

additional details. 

Periprocedural safety outcomes. Yadav et al found similar rates of periprocedural 

death, stroke, or MI following CAS and CEA in symptomatic patients.
183

 

Periprocedural 

Death, Stroke, or 

MI 

CAS % 

(n/N) 

CEA % 

(n/N) 

RD (95% CI) 

RR (95% CI) 

Favors 

High surgical risk 2.1% 

(1/50) 

9.3% 

(4/46) 

-7% (-16%, 2%) 

0.23 (0.03, 1.98) 
NS 

 

Regarding similar results found in studies of symptomatic average risk patients, no 

RCTs reported this periprocedural outcome. See Key Question 3 for additional details. 

 

Analyses from nonrandomized studies  

Cohort study (1 study). Iihara et al. (2006)
96

 conducted a prospective cohort study and 

found that CEA risk grades (I, II, or III) did not significantly modify treatment effect 

following CAS versus CEA in terms of periprocedural non-disabling stroke as 

evaluated in 103 symptomatic patients. See Appendix G, Table 12 for additional 

details. 

Administrative database studies (1 study). One administrative database study evaluated 

whether surgical risk modified the treatment effect for in-hospital stroke, in-hospital 

death, or the composite outcome of in-hospital death or stroke in 52,937 symptomatic 

patients.
77

 See Appendix G, Table 13 for additional details, including how high surgical 

risk was defined. 
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o In-hospital death: Giles et al (2010)
77

 found that surgical risk may modify 

treatment effect in terms of in-hospital death. Although both high and surgical 

risk patients had significantly better outcomes following CEA, the magnitude of 

this effect was significantly greater in low surgical risk patients. See Appendix 

G, Table 13 for additional details.  

o In-hospital stroke or composite outcome: Giles et al (2010) found that surgical 

risk did not modify treatment effect in terms of in-hospital stroke or in terms of 

the composite outcome of in-hospital death or stroke. Both high surgical risk 

and average surgical risk patients favored CEA.  

 

4.4.3. Intracranial 

No studies were found that evaluated differential efficacy or safety for special populations 

undergoing treatment for intracranial artery stenosis.  

 

 

4.5. Key question 5: Economic Evaluation 

What is the evidence of cost-effectiveness of CAS compared with other treatment 

options (medical therapy, CEA) in the short-term and the long term? 

 

No full economic studies comparing the cost effectiveness of CAS with medical therapy 

versus medical therapy alone were found.   

To investigate the cost-effectiveness of carotid angioplasty and stenting (CAS) and carotid 

endarterectomy (CEA), full economic analyses were considered for inclusion. Searches 

yielded 34 potentially relevant citations. Review at the title and abstract level identified 11 

studies for full text appraisal. Five cost-utility studies meeting the inclusion criteria were 

identified.
99,124,130,175,186

  Quality of Health Economic Studies (QHES)
144

 scores ranged from 

84-100, which primarily reflects the quality of reporting on specific factors that are important 

in economic analyses.  It does not provide for evaluation of quality with respect to modeling 

assumptions or extensive consideration of data quality and included outcomes measures 

relevant to a specific topic. In general, the quality of the individual studies was considered 

moderate to high. One study considered only asymptomatic patients,
130

 two studies 

concentrated on symptomatic patients
99,186

 and two studies provided a subgroup analysis for 

both symptomatic statuses.
124,175

 Based on studies included in key questions 1 and 4, the 

longest-term follow- up was 4 years.  
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No full economic studies evaluating the cost effectiveness of intracranial vessel stenting and 

alternative treatments were found. 

Table 49 summarizes characteristics and findings from included economic studies.  

 

4.5.1. Asymptomatic 

 

Summary of full economic analysis studies for asymptomatic patients (overall strength of 

evidence, low) 

CAS compared with CEA:  Of the five included cost-utility studies comparing CAS with 

CEA, three provided data for asymptomatic patients (one study that considered only 

asymptomatic patients
130

 and two that provided a subgroup analysis stratified by symptom 

status
124,175

). 

 Across two cost utility studies, the evidence suggested CAS to be a plausible, but not 

verifiably superior treatment for high surgical risk patients. Over 1-year time horizon 

studies reported ICERs of $49,514 and $67,891. Primary limitations of these studies 

should, however, be considered and relate to methods for parameter estimation and 

concerns regarding the reliability extrapolating beyond the last follow-up of the 

SAPPHIRE trial should be noted. Variation in methodology for determining patient 

utility levels across studies contributed to potential discrepancy in the results between 

the studies and validity of the utilities used. 

 When focusing on patients with standard surgical risk, CEA was found to be slightly 

less expensive and provided slightly more quality-adjusted life years (QALYs) in one 

study. In that sense, it CEA was the preferred treatment given commonly assumed 

cost-effectiveness thresholds. 

 

Detailed results: full economic analysis studies of asymptomatic patients 

CAS compared with CEA:  Three cost-utility studies provided information on 

asymptomatic patients and the results were varied. Two used outcomes data from the 

SAPPHIRE trial of patients considered being at high risk for CEA based on anatomical 

characteristics or comorbid conditions that increased surgical risks.
124,130

 Different cost data 

and time horizons were assumed in each. Sub-analysis of asymptomatic patients was done in 

a third study based on outcomes from the CREST trial among patients considered to be at 

average surgical risk.
175
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Maud (2010)
130

 and Mahoney (2011)
124

 performed a cost-utility analysis of CAS versus CEA 

for asymptomatic patients using the SAPPHIRE trial data. Both studies applied simulation 

methods to estimate ICERs for the two treatments. Outcomes were measured for a 1-year 

post-procedure window. At the 1-year follow-up, Maud and colleagues estimated the cost per 

QALY to be $67,891/QALY and interpreted their results to indicate a non-inferiority of CAS 

when considering 1-year outcomes. However, the 95% confidence interval was very 

dispersed around the mean ICER and ranged from -$129,327/QALY to $379,661/QALY. 

Mahoney et al. relied on prospectively collected individual patient resource use and 

forecasted estimates over the remaining lifetime of a hypothetical cohort of 72-year-olds. In 

their analysis, Mahoney and colleagues reported an economically more attractive ICER of 

$49,514 over the same time horizon of 1-year. When projected over the patients’ lifetime, the 

ICER decreased further to $2,667/QALY for asymptomatic patients. Overall, authors caution 

against generalizing the results beyond the population described by the SAPPHIRE trial. It 

should be noted that this trial was terminated early for slow recruitment and the length of 

follow up was 3 years.  

Vilain (2012)
175

 considered patients of both symptomatic statuses separately. The study was 

designed to be an economic evaluation conducted alongside the CREST trial. The CREST 

trial was different from the SAPPHIRE trial both in patient population (specifically surgical 

risk attributes) and in corresponding clinical outcomes. CREST had more closely correlated 

outcomes across treatment groups and very little difference in survival rates. Due to a lack of 

notable outcome differences and a sensitivity analysis suggestive of equal likelihood of cost-

effectiveness for each treatment, the authors concluded that the preferred procedure should 

be determined according to factors other than a cost-effectiveness measure alone such as 

individual patient characteristics. As a point of comparison, another economic analysis using 

CREST data was conducted by Khan et al.
109

  This study was not eligible for formal 

inclusion, as results for asymptomatic and symptomatic patients were not analyzed 

separately. In this study, patients of both symptomatic statuses were pooled together and the 

resulting ICER was $229,429/QALY. Khan and colleagues argue that although CAS is 

similar in effectiveness to CEA for patients at average surgical risk suffering from severe 

carotid artery stenosis, the higher cost of CAS makes it a less attractive alternative. 

The overall strength of evidence was considered low. Many of the results had a high degree 

of variability and were unstable when evaluated through sensitivity analyses even though 

QHES scores ranged from 84-99. Concern about the reliability of the SAPPHIRE follow-up 

data was a notable limitation of the two studies that relied on it. The short follow up time was 

especially problematic considering the role long-term outcomes play in determining cost-

effectiveness. Overall, for asymptomatic patients the evidence suggested CAS to be a 

plausible, but not verifiably superior treatment for high surgical risk patients. The higher 

upfront procedural cost of CAS was consistently an influential factor driving the cost-

effectiveness. When focusing on average risk patients CEA was found to be slightly less 
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expensive and provided slightly more quality-adjusted life years (QALYs). In that sense, it 

CEA dominated CAS as the cost-effective alternative. 

 

 

Study Synopsis: Maud et al. 2010 

Overview: 

Maud et al.
130

 performed a cost-utility analysis of CAS and CEA based on data from the 

SAPPHIRE trial in high surgical risk asymptomatic patients. The cost-effectiveness of the 

treatments was then expressed as an ICER. 

Costs were considered from a US Healthcare perspective. Expenses and quality of life 

measures were adjusted to 2006 units using yearly inflation increments taken from the 

Medical Care component of the Consumer Price Index (CPI). Monte Carlo methods were 

used to simulate the results. The model iterated 10,000 data points using specified 

distributions for different clinical outcome rates. ICERs were calculated for a 1-year post-

procedure period. 

Assumptions: 

The sample population used was that of SAPPHIRE trial. The trial consisted of 70% 

asymptomatic patients with an average age of 72 years (range: 46-91) considered to be at a 

high risk for CEA. SAPPHIRE outcome rates served as approximations for treatment 

effectiveness. Cost information was acquired from the Healthcare Cost and Utilization 

Project (H-CUP). Utility estimates were obtained from published literature. To approximate 

QALYs, the authors consulted a study done by Nyman,
143

 which relied on self-reported 

health statuses.  Good health, with no adverse events, was assigned 0.815 out of 1 QALYs. 

MI was given a weight of 0.744, and strokes a weight of 0.718. See below for discussion of 

potential limitations. 

The total cost for each intervention was taken to be the sum of procedural costs, potential 

cost of MI, the annual cost of moderate disability after stroke, and the cost of death. Hospital 

expenses for CAS were $11,220 and $6,802 for CEA. The cost of care for minor MI, major 

MI, and all strokes was $8,404, $5,890, and $6,876 respectively. Costs were measured for a 

1-year post-procedure period. Disability costs for minor stroke, major stroke, and all MI were 

estimated to be $2,808, $10,400 and $4,200. Death was assumed to cost $5,000. 

Referencing the SAPPHIRE trial data, 1-year clinical outcome rates were used. CAS had a 

mortality rate of 7% while CEA was nearly double at 13%. Minor and major strokes occurred 

at a rate of 4% and 1% respectively in the CAS treatment arm, and 2% and 4% in the CEA 

patients. Non-Q-wave MI was assumed to be 2% for CAS and 5% for CEA.  
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Results: 

Maud and colleagues found CAS had a cost of $12,782 and a QALY of 0.753. CEA was less 

expensive, costing an estimated $8,916 with a QALY of 0.701. Taking the ratio of the 

differences yielded an ICER of $67,891/QALY for the first year post-procedure. 

There was however, a large degree of uncertainty associated with these estimates. The 95% 

confidence interval was very dispersed around the mean ICER and ranged from minus (-) 

$129,327/QALY to $379,661/QALY. Despite such variability, closer analysis of the 

simulation revealed that all trials had an incremental cost greater than zero. This indicated 

that the marginal benefit produced by CAS was insufficient to offset its higher cost. 

Assuming a willingness to pay  equal to $67,891 (the median ICER), the probability of CAS 

being cost-effective was less than 40%, which suggests that approximately 60% of the time 

the estimated cost of producing an additional quality-adjusted year to the patient’s life using 

CAS would exceed $67,891. 

Conclusions and limitations: 

Maud et al.
130

 estimated CAS to be more costly than CEA and only slightly more effective- 

finding an incremental cost of $3,867 and incremental QALY of 0.052. The authors propose 

that in order for CAS to become more reasonably cost-effective the procedural cost should be 

no more than those associated with CEA. 

 

There are several potential limitations. First, the SAPPHIRE trial was prematurely terminated 

due to slow recruitment. The authors argue that the relatively small sample size possibly 

worked against the ICER for CAS. Maud and colleagues provided little discussion 

concerning how the utilities used were derived. The study cited in the text by Nyman et al.
143

 

relied on EQ-5D in the Medical Expenditure Panel Survey with no distinction between 

varying stroke severity. Furthermore, the utility level for healthy patients was selected for 

patient’s age 65-74-years-old. However, the condition utility value in the study was for the 

whole population in all health-states. Also of concern, was the short follow-up time of 1-

year, which may not capture the long-term effects associated with the two interventions 

(specifically the durability of CAS). While uncertainty was partially addressed, a more 

detailed sensitivity analysis would help to enrich the overall conclusions. Lastly, no 

secondary outcomes were considered such as cranial nerve palsy or complications at the 

surgical site.  

Funding and disclosures: 

No funding information was provided. The authors stated that there exists no commercial, 

proprietary or financial interest in any of the products or companies described in the study. 
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Study Synopsis: Mahoney et al. 2011 

 

Overview: 

Mahoney et al.
124

 conducted an economic analysis considering the cost-effectiveness of CAS 

and CEA for high surgical risk patients. The study used the SAPPHIRE trial results and 

looked primarily at asymptomatic individuals; subgroup results were also presented for 

symptomatic patients. Base case ICERs were computed and were followed by a detailed 

sensitivity analysis. 

Bootstrap approximation methods were used to model the results. Estimates were resampled 

5,000 times to build a statistical sense of their distributions. The model forecasted costs and 

utility values over the expected lifetime of the patients. Events during the trial year were used 

to determine outcome rates, to which the authors applied a life expectancy, calculated using 

the Saskatchewan data. To that life expectancy Mahoney and colleagues then applied the 

associated annual costs. 

Cost-effectiveness was examined from the perspective of the healthcare system, including 

nursing home costs and patient reported costs. Future costs and quality of life measures were 

discounted to 2002 levels at an annual rate of 3%. 

Assumptions: 

The principal data source for outcomes of the study was the SAPPHIRE trial results. The trial 

included 70% asymptomatic patients, however, separate results were computed for 

symptomatic patients. The average age was 72 years and ranged from 46 to 91. All patients 

were considered to be at a high risk for CEA due to comorbid conditions or anatomical 

characteristics. Cost estimates were obtained from a combination of hospital billing data and 

resource-based costs. Utility estimates were acquired using societal weights taken from the 

EQ-5D. 

The initial procedural cost of CAS was $7,084 and $3,003 for CEA. Annualized costs 

incorporated post-procedural hospital care, and recurrent hospitalizations. Baseline costs 

were assumed to be $5,817 per year. MI incurred a cost of $10,176 per year and major 

strokes cost $18,515 per year. 

Relying on the SAPPHIRE trial data, 1-year clinical outcome rates were given. CAS had a 

mortality rate of 7% while CEA was nearly double at 13%. Minor and major strokes occurred 

at a rate of 4% and 1% in the CAS treatment arm, and 2% and 4% in the CEA patients. MI 

was assumed to 2.5% and 7.9% for CAS and CEA respectively. Life expectancy was 

estimated by applying the occurrence of adverse outcomes to life expectancy approximations 

derived from the Saskatchewan Health Database (consisting of 31,006 similarly high-risk 

patients). With no adverse events, males were expected to live 8.22 years and females 9.34 

years. 
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Using EQ-5D no adverse events received a utility level of 0.841. MI was given a weight of 

0.737, major strokes a weight of 0.436 and minor strokes a weight of 0.729. 

Results: 

Mahoney and colleagues found that for asymptomatic patients CAS had a post-procedure 

remaining lifetime cost of $60,700. CEA was estimated to cost $58,798. CAS yielded 0.71 

more QALYs implying an ICER of $2,667/QALY based on the lifetime horizon. However, if 

the scope of the model is reduced to a 1-year time horizon, the cost-effectiveness the ICER 

became $49,514/QALY.  

The authors followed their base case results with a sensitivity analysis that varied several of 

the assumptions made in the model. Considering both symptomatic and asymptomatic 

patients, if the cost of stents and embolic protection devices were reduced by a half, the ICER 

for stenting would fall to $2,373/QALY, suggesting that CAS would be cost effective based 

on this time horizon. If loss of life expectancy related to death, MI and stroke were reduced 

by 50% (resulting in longer lives), the ICER increased to $10,623 

Conclusions and limitations: 

Mahoney et al.
124

 interpreted their findings to suggest that for patients at a high risk of 

adverse outcomes from CEA, CAS is a potentially cost-effective alternative treatment from 

the perspective of the US healthcare system. The authors caution that these results are not 

necessarily generalizable to populations outside of those described by the SAPPHIRE trial 

(specifically patients at low surgical risk). Further limitations relating to using SAPPHIRE as 

a data source are described above for the Maud et al. study. Regarding the estimation of 

patient utilities, the values used were derived from EQ-5D for all times within the trial. 

However, when forecasting beyond 1-year Beaver Dam based utilizes were assigned, which 

have a tendency to underestimated differences in utilities when compared to EQ-5D. The 

Beaver Dam study relies on SF-36 to predict utilities, whereas EQ-5D uses time trade-off 

estimated and references a British study by Dolan et al.
61

 Given the impact of different 

methodologies in determining utility weights, it can be problematic to use multiple 

approaches and ultimately may confound the end results. Attention was also drawn to 

difficulties approximating life expectancy parameters. The impact of this variability was 

addressed in the sensitivity analysis where the loss of life expectance was cut in half and 

CEA still failed to dominate CAS. Compared with the Maud study, different rates of stroke, 

types of stroke and weights were used, contributing in the differences in findings between the 

two studies.  

Funding and disclosures  

The funding source was not disclosed, however, the funding agreement mentioned in the 

study stipulated that the authors reserved the right to publish regardless of their findings. 

Disclosed potential conflicts of interest were described. The authors state, “The SAPPHIRE 

Trial and the economic analyses were supported by a grant from Cordis, Inc. Dr. Yadav is the 
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inventor of the Angioguard emboli-protection device used in the SAPPHIRE trial and was a 

shareholder in Angioguard, Inc. at the time of its purchase by Johnson & Johnson in 1999. 

He receives recurring payments from Johnson & Johnson as a former shareholder of 

Angioguard, Inc. He does not own any shares of stock in Johnson & Johnson. Dr. Cohen has 

received research support from and serves as a consultant to Cordis, Inc. Dr. Wholey was a 

shareholder in Angioguard at the time of its purchase by Johnson & Johnson in 1999. He 

receives recurrent payments by Johnson & Johnson as a former shareholder of Angioguard, 

Inc. He was also on the advisory board for Cordis at that time. Dr. Gray has served as a 

consultant to Cordis/Johnson & Johnson.” 

 

Study Synopsis: Vilain et al. 2012 

 

Overview: 

Vilain et al.
175

 compared the cost-utility of CAS and CEA. The study was designed as a 

compliment to the CREST trial, which included both symptomatic and asymptomatic 

subgroups. ICERs were computed for both groups. 

 

A Markov disease-simulation model was implemented to evaluate the costs and patient 

outcomes over time. 10-year forecasts were projected and the model’s calibration was 

confirmed through back-testing (i.e. using the model to predict observable outcomes to verify 

its performance). 

The US healthcare system was the assumed perspective of the analysis. All future values 

were discounted by 3% annually to 2008 levels. 

Assumptions: 

The model was calibrated to the CREST results, which consisted of 2,502 patients, 53% of 

which were classified as symptomatic. Resource use for each procedure was multiplied with 

unit costs to estimate procedural cost where acquisition costs were approximated from a 

sample of study centers. Hospital billing records were used to estimate costs over the first 

year.  SF-36 scores were used to estimate utility levels. From the 1-year observed outcomes, 

the model forecasted 10-year estimates. 

The index hospitalization cost of a CAS procedure was estimated to be $15,055, while CEA 

was $14,816. At the one-year follow up, taking into consideration adverse events and their 

associated costs, the cumulative costs were $16,375 and $16,108 for CAS and CEA 

respectively (not statistically significant different, p-value=0.223). 

From CREST, there was assumed to be death rate and major stroke rate of 0.3% and 0.5% 

respectively for CAS patients. The corresponding CEA rates were 0.2% and 0.3% (both with 

p-values testing for difference across treatments greater than 0.5). Minor strokes and MI had 
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an incidence rate of 2.5% and 1.5% in CAS and 1.0% and 2.9% in CEA (both p-values less 

than 0.05 for comparison between treatments). 

Utility weights were derived from SF-36. First raw SF-36 scores were converted to utility 

weights based on the methodology used by Brazier and colleagues and appear to reflect the 

British population.
44

  Linear regression was then used to estimate the influence of adverse 

outcomes on patient utility levels. Major stroke was shown to have the largest impact on the 

utility level of surviving patients, and was given a disutility weight of 0.10 for the first 

month, and 0.06 after 12-months. Minors strokes weighted the patients’ utility by a factor of 

0.02 after 1-month, and 0.03 after 12-months. Neither MI nor cranial nerve injury influenced 

utility levels differently across treatment types. 

Results: 

Separate results were presented depending on symptom status. For asymptomatic patients, 

the expected costs were $80,314 and $79,705 while the expected QALYs were 4.862 and 

4.859. Computing the ratio of the differences yields an ICER of $277,249/QALY. Similar 

results were found for symptomatic patients as well. 

To test the robustness of the results, the uncertainty of parameters was assessed using a 

probabilistic sensitivity analysis, which sampled all of the estimates from their specified 

distributions. This was iterated 1,000 times and performed for each subgroup. Assuming a 

willingness to pay of $50,000/QALY, the simulation found CEA to be preferred 54% of the 

time for asymptomatic patients. Therefore, if society is only willing to pay $50,000 for each 

quality-adjusted year of the patient’s life approximately 54% of the time CEA will be 

preferred. 

Conclusions and limitations: 

Vilain and colleagues found CAS to be slightly more expensive both in with respect to initial 

procedural costs and over a 10-year projected time horizon. Comparing the quality-of-life 

effects of the two treatments revealed insignificant long-term differences. The sensitivity 

analysis suggested that there was approximately a 50% chance of each treatment being 

economically preferred. The authors concluded that for populations similar to that used in 

this study, there was insufficient evidence to recommend one procedure over the other. 

The authors caution generalizing the results outside of the assumptions made explicit in the 

analysis. They also note that both fixed and variable costs were used to estimate resource use 

when in the short-term pure variable costs might be more accurate (though more difficult to 

approximate). The results using estimates for utility weights taken from Brazier et al.
44

 tend 

to yield more conservative estimates than studies referencing EQ-5D and the approach used 

by Post and colleagues.
148

  A more detailed sensitivity analysis would be helpful to show the 

dynamics of the cost-effectiveness relationship between the two treatments. Lastly, the 
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authors discuss a potential bias in site and operators used in the CREST data, which may not 

be representative of typical clinical practice due to extensive training and adequate volumes. 

Funding and disclosures:  

Funding was provided by the National Institute of Neurological Disorders and Stroke and the 

National Institutes of Health, with supplemental funding from Abbott Vascular, Inc. 

Disclosed potential conflicting of interest include the following: E. Magnuson received 

research grants from Eli Lilly, Daiichi Sankyo, Sanofi-Aventis, and Bristol-Myers Squibb. 

Dr. Cohen received research grants from Boston Scientific, Medtronic, Abbott Vascular, and 

Edwards Lifesciences and consulting fees from Medtronic, Cordis, and Abbott Vascular. 

 

4.5.2. Symptomatic 

 

Summary of full economic analysis studies for symptomatic patients (overall strength of 

evidence, low) 

CAS compared with CEA:  Of the five included cost-utility studies comparing CAS with 

CEA, four provided data for symptomatic patients (two studies that considered only 

symptomatic patients
99,186

 and two that provided a subgroup analysis stratified by symptom 

status
124,175

). 

 Evidence across four cost-utility studies indicated that CEA tended to be more cost-

effective than CAS in symptomatic patients. Two out of the four studies examining 

symptomatic patients found there to be insufficient evidence to strongly favor one 

treatment method over the other.  

 In two studies focused on symptomatic patients, one concluded that CAS was at best 

non-inferior in terms of clinical outcomes, however, its long-run cost savings failed to 

compensate for the greater upfront procedural costs. The second study found CEA to 

be both more effective and less costly for symptomatic patients (CEA dominated 

CAS). The first study authors chose not to report a specific ICER due to variability in 

models when different data sources were used.  

 In the two studies that presented sub-group results for symptomatic patients, CAS 

was not found to be an economically attractive alternative. CEA dominated CAS in 

one and was preferred in the other.  

 

Detailed results: full economic analysis studies of symptomatic patients 

CAS compared with CEA:  Evidence across four full economic, cost-utility studies 

indicated that CEA tended to outperform CAS in symptomatic patients as well.
99,124,175,186
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The results were even less favorable for CAS in this population. Studies done by Janssen 

(2008)
99

 and Young (2010)
186

 examined the cost-effectiveness of CAS and CEA in 

symptomatic patients. When compared to the studies that considered high-risk patients 

described by the SAPPHIRE trial data, these studies produced less economically attractive 

results for CAS. The two symptomatic patient focused studies both implemented long-term 

Markov disease-simulation models one considered 10-year outcomes and the project the 

patients remaining lifetime outcomes. Young and colleagues found CAS to be dominated by 

CEA (i.e. more expensive and fewer QALYs). Janssen and colleagues concluded that CAS is 

at best, a non-inferior treatment to CEA; however, because of a wide range in variability, an 

accurate ICER was unavailable. Both studies indicated a strong positive correlation between 

the incidence rate of major peri-procedural stroke and the cost-effectiveness of CAS. The 

death rate after CAS was also a major contributor to the difference in costs and effects. 

Janssen goes on to note that the reduction in the length of hospital stay is offset by the higher 

initial procedural costs of CAS. 

 

Vilain (2012)
175

 and Mahoney (2011)
124

 considered patients of both symptomatic statuses 

separately. The Vilain study was designed to be an economic evaluation conducted alongside 

the CREST trial. The CREST trial was different from the SAPPHIRE trial both in patient 

population and in corresponding clinical outcomes. CREST had more similar outcomes 

across treatments and very little difference in survival rates. Due to a lack of notable outcome 

differences and a sensitivity analysis suggestive of equal likelihood of cost-effectiveness for 

each treatment, the authors conclude that the preferred procedure should be determined 

according to factors other than a cost-effectiveness measure alone such as individual patient 

characteristics. Lastly, Mahoney (2011)
124

 considered a sub-group of symptomatic patients at 

high surgical risk found the SAPPHIRE trial. The study found CAS to be the more expensive 

treatment option with negligible QALY improvement, which produced an extreme ICER of 

$204,229/QALY. 

 

The overall strength of evidence was again considered low. Two out of the four studies 

examining symptomatic patients found there to be insufficient evidence to strongly favor one 

treatment method over the other. However, results were consistently less favorable for CAS. 

QHES scores ranged from 94-100. Primary limitations across studies were similar for both 

symptomatic statuses- notably there was insufficient follow-up evidence.   
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Study Synopsis: Janssen et al. 2008 

 

Overview: 

Janssen et al.
99

 evaluated the cost-effectiveness of CAS compared to CEA in symptomatic 

patients. Their results and subsequent discussion explored key factors determining cost-

effectiveness through a comparison of ICERs across different data sources and outcome 

rates. 

A multi-state Markov decision model was implemented for the analysis. Hypothetical 

patients moved between mutually exclusive health states allowing estimates of relevant costs 

and treatment effectiveness to be determined over a ten-year time horizon. Health states 

included healthy, minor stroke, major stroke, and death. Different scenarios were considered 

to test the models’ robustness and provide insight to significant variables. 

The study was carried out in the Netherlands. Costs were considered from the hospital’s 

perspective. Expenses and quality of life measures were adjusted to 2003 levels using a 

discount rate of 4% and appropriate purchase power parities. 

Assumptions: 

A hypothetical cohort was designed to reflect a target population of symptomatic patients 

suffering from carotid artery stenosis. All treatment costs were based on procedures 

performed successfully, while the costs of complications were derived from published 

literature. Effectiveness for CEA was modeled using peri-operative survival rates from the 

European Carotid Stenosis Trial (ECST)
10

 trial with greater than 70% stenosis. A review by 

Wholey was referenced for CAS effectiveness, which surveyed data from the Global Artery 

Stent Registry.
179

 Further comparisons were made using data from a 2007 Cochrane Review 

by Ederle.
66

 

Procedural costs were found to be €5,500 and €4,012 ($6,510 and $4,749) for CAS and CEA 

respectively. The cost of MI was estimated to be €15,000 ($17,575) and the cost of an acute 

major stroke was €25,769/event ($30,505). The projected expenditure for a major stroke 

within six-months of treatment was €18,789/6 months and €5,556/6 months ($22,242 and 

$6,577) for minor strokes. After a six-month window, the associated costs were reduced to 

€8,017 and €4,146 ($9,490 and $4,908). Procedural costs were derived from hospital records. 

The costs of adverse outcomes were obtained from published literature.  

The likelihood of complications was given as annual percentages. Re-operations rates were 

0.68% and 0.09% for CAS and CEA respectively. Minor and major strokes occurred at a rate 

of 0.66% and 0.43% per year. MI was assumed to affect patients at a rate of 1.59% annually. 

The probability of technical failure during CAS was 1.11%, where technical success was 
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defined as less than 30% residual stenosis that covers an area smaller than the original lesion 

without any decreased or abnormal intracranial arterial anatomy. 

To approximate QALYs, the authors consulted published literature to find utility parameters. 

Healthy individuals were assigned a QALY of 1 per year. Patients experiencing from MI, 

minor strokes, major strokes and death received a QALY per year of 0.88, 0.65, 0.15 and 

0.00 for their respective health state. 

 

Results: 

Due to the wide variability induced by certain model parameters, specifically the peri-

operative major stroke rate, the authors concluded that there was insufficient evidence to 

estimate an ICER.  

This variability was explored with sensitivity analysis. Simulations showed that when using 

the Cochrane data, CEA was the preferred treatment 99.7% of the time (assuming a cost-

effectiveness threshold of €25,000/QALY ($29,595/QALY). However, modeling with the 

Wholey data, which reported significantly lower complication rates, CAS was the preferred 

treatment 93.3% of the time. To better explain this discrepancy Janssen et al.
99

 provided the 

change in costs and effects per percentage increase in complications. Most notably, they 

found increasing the risk of peri-operative major stroke resulted in increased costs of €1,051 

($1,244). The length of hospital stay was another influential parameter, which if reduced by 

3-days caused an additional €740 ($876) in savings for CEA. Overall, if the complication 

rates for CAS, especially for peri-operative major stroke, were shown to be as low as 

reported by Wholey and colleagues then CAS would be a cost-effective alternative. 

Conclusions and limitations: 

Janssen and colleagues
99

 found CAS to be at best a non-inferior alternative to CEA in terms 

of clinical outcome. They go on to conclude that the cost savings due to shorter hospital stays 

are offset by more expensive procedural costs. Furthermore, the authors stress that their 

analysis relied solely on short-term outcomes and that additional evidence is needed to yield 

insights into long-term cost-effectiveness. Similarly, inherent in any modeling study is 

estimation error, which the authors highlight in their sensitivity analysis, however the 

sensitivity analysis was limited (restricted to model parameters) and not well reported. Given 

the impact complication rates had in determining the cost-effectiveness, verifying these 

parameters across the multiple studies would be essential to arrive at an accurate ICER. 

Overall, the presentation of the results was limited in scope. Lastly, the economic analysis 

was designed and conducted in the Netherlands with cost associated with Dutch healthcare. 

Therefore, consideration should be taken when generalizing the results outside of that 

context. 
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Funding and disclosures: 

Funding was provided by the Netherlands Organization for Health Research and 

Development.  Disclosed potential conflicting of interest included two authors have served 

advisory roles for industry companies and have received research grants for other work  

 

 

Study Synopsis: Young et al. 2010 

 

Overview: 

Young et al.
186

 investigated the cost-effectiveness of CAS compared to CEA in symptomatic 

patients. Through a modeling approach, incremental costs and QALYs were compared. 

 

The authors designed a Markov model to evaluate the treatments over time. Hypothetical 

patients transitioned between states of being well, suffering a major stroke, minor stroke, or 

death at specified probabilities. The model used one-month cycles over the remaining 

lifetime of the patients, based on a cohort of 70 year olds. 

The analysis assumes a perspective that includes US Medicare costs. 2007 is used as the base 

year and costs and future utilities were discounted at a rate of 3%. 

Assumptions: 

The target population consisted of symptomatic 70-year-old patients suffering from carotid 

artery stenosis who were medically suitable for either intervention. Probability data beyond 

30-days was obtained as a weighted average of the 2-year SPACE, 3-year SAPPHIRE and 4-

year EVA-3S studies (weighted by trial size). Short-term outcomes were derived from a 

meta-analysis of 30-day outcomes.  

The cost of a CAS procedure was estimated to be $10,400, while CEA was $9,170. The cost 

of care for each adverse health states was assumed to be equivalent for both treatment arms. 

The cost per year of MI, minor stroke and major stroke was $4,500, $7,500, and 33,900 with 

initial hospitalization cost of $9,100, $9,800, and $10,500 respectively. 

Transition rates for short-term outcomes with CAS were 0.64%, 3.81%, 3.21% and 0.62% 

for MI, minor stroke, major stroke and death. CEA was assumed to have associated rates of 

1.31%, 2.66%, 2.02% and 1.26% for the same events. Over a long-term time horizon death 

rates of CAS exceeded those so CEA averaging 1.5% per year compared to 0.96%. The risk 

of stroke for CAS patients was nearly double that of CEA patients at 4% versus 2.1% (with 

30% being major strokes). 

The baseline quality of life for being well was 1, and 0 for death. MI was weighted by a 

factor of 0.88, minor strokes received a weight of 0.65, and major strokes a weight of 0.15. 
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Quality of life measures were derived from the EQ-5D database with stroke risks matched 

according to Rankin scores. 

Results: 

Applying their model, Young et al.
186

 found CAS had lifetime costs of $52,900 and a QALY 

gain of 8.97. CEA was estimated to cost $35,200 with total QALYs of 9.64. Therefore, CAS 

was dominated by CEA because it was provided fewer QALYs and was more expensive. 

One one-way deterministic sensitivity analyses was used to investigate the model’s 

assumptions. Increasing the long-term stroke rate of CEA from 2.1% per year to 6.3% per 

year resulted in CAS dominating CEA. Varying post-30-day mortality rates for CEA or CAS 

shows it to be a highly influential parameter and driver of cost-effectiveness. Varying the 

proportion of those starting in the “well” or “minor stroke” branches and the 30-day peri-

procedural risks did not affect the dominance of CEA. None of the procedural costs, or utility 

parameters altered the conclusions of the base case analysis. 

 

The authors also performed a two-way sensitivity analysis to explore the influence of stroke 

rates after 30-days. Assuming equivalent rates of stroke, CEA remained more cost-effective.  

A probabilistic sensitivity analysis found CEA to be the preferred treatment 59% of the time 

over a wide range of economic values for each QALY and a willingness to pay of more than 

$200,000. This suggests that supposing society was willing to pay more than $200,000, CEA 

would remain the optimal treatment 59% of the time when allowing for variations in the 

model’s parameters. 

Conclusions and limitations: 

Given the assumptions of their model, Young and colleagues determined CEA dominates 

CAS. From the study’s sensitivity analysis, the authors note the importance of long-term 

strokes and risk of mortality in determining the cost effective treatment. When equal rates of 

stroke were assumed beyond the first 30-days CEA was still the preferred treatment at a 

willingness to pay of $100,000. 

When performing the meta-analysis to estimate outcome rates, the authors note both high-

risk and standard-risk patients for CEA were pooled together. The data used only consisted 

of 2 to 4 years of follow-up observations. Lastly, only major adverse outcomes were 

considered, for a more complete understanding of the cost effectiveness of the CAS 

compared to CEA a more detailed analysis is needed. 

Funding and disclosures: 

Funding was provided by The National Center for Research and Resources, and the NIC 

Roadmap for Medical Research. A portion of author’s salary is from the NIH and has also 

received a clinical research grant for ACT-1 and CREST. 
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Study Synopsis: Vilain et al. 2012
175

 (symptomatic patients only) 

(See asymptomatic section above for further details concerning study design, limitations and 

disclosures) 

 

Results for symptomatic patients: 

For symptomatic patients CAS was dominated by CEA with expected costs of $79,988 and 

$79,540 and expected QALYs of 4.823 and 4.840. In the asymptomatic subgroup, the results 

were similar, however, CAS slightly increased the number of QALYs.  

Assuming a willingness to pay of $50,000/QALY, the simulation found CEA to be preferred 

57% for symptomatic patients. Therefore, if society is only willing to pay $50,000 for each 

quality-adjusted year of the patient’s life approximately 57% of the time CEA will be 

preferred. 

 

 

Study Synopsis: Mahoney et al. 2011
124

 (symptomatic patients only) 

(See asymptomatic section above for further details concerning study design, limitations and 

disclosures) 

 

Results for symptomatic patients: 

Restricting the analysis to symptomatic patients resulted in a lifetime cost of $60,131 and 

$53,141 for CAS and CEA respectively. With a much smaller incremental difference in 

QALYs of only 0.03 favoring CAS. The resulting ICER was found to be $204,229/QALY. 

 

Mahoney et al.
124

 discussed the results according to symptomatic status and reported that 

after one year there was a significant clinical benefit for asymptomatic patients treated with 

CAS (9.9 vs. 21.5%, p=0.02). However, the symptomatic patients did not experience the 

same benefit (16.8 vs. 16.5%, p=0.95). This lack of effectiveness in symptomatic patients 

was the cause of the small incremental change in QALY, which ultimately produced the high 

ICER. 
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Table 49.  Summary of Included Economic Studies    
Study (year) 

QHES  

Funding 

Design  

Perspective  

Population 

Primary Findings 

(ICER; dominance, range of 

ICERs) 

Limitations Comments 

Asymptomatic      

Maud (2010) 

 

QHES = 84 
NR 

 Monte Carlo simulation 

using SAPPHIRE trial data 

with one-year follow up. 

 Health system perspective 

 Asymptomatic patients at 
high surgical risk, average 

age of 72 

Results: 

 CAS cost = $12,782  

 CEA cost = $8,916 

 CAS QALY = 0.712 

 CEA QALY = 0.753 

 CAS vs. CEA ICER: $67,891 
 

Notes: 

 1- year results 
 

 

 The SAPPHIRE 

trial was 

prematurely 
terminated due to 

slow recruitment. 

 Short follow-up 
time of 1-year 

 No secondary 
outcomes were 

considered 

 Broad assumptions 

made in gathering 

utility weights, no 

sensitivity analysis 

on QoL.given 
 

 Authors suggest 

that the procedural 

costs of CAS needs 
to be reduced to 

that of CEA to 

make it C/E 

 The target 

population of the 
SAPPHIRE trial is 

patients are high 

surgical risk 

Mahoney (2011) 

 

QHES = 99 
 

Funding source not 

disclosed, though 
funding agreement 

stipulated that the 

authors reserved the 
right to publish 

regardless of their 

findings. 

 Bootstrap approximation 

methods using SAPPHIRE 
trial data with lifetime 

horizon. 

 US Healthcare perspective 

 Primarily asymptomatic 

patients with sub-group 
results for symptomatic 

patients (See below for 

results) 

 High surgical risk patients 

Results: 

 1-year ICER: $49,514/QALY 

 CAS: lifetime cost = $60,700 

 CEA: lifetime cost = $58,798 

 Incremental QALY (CAS-CEA): 0.71 

 Lifetime CAS vs. CEA ICER: 
$2,667/QALY 

 

Notes: 

 Remaining lifetime results (expected 

life: male = 8.22 yrs, female = 9.34 
yrs) 

 

 Uses SAPPHIRE 

trial results. Similar 
limitations to Maud 

et al. above 

 Concern due to the 
variability in life 

expectancy 
estimates. 

 Multiple 

methodologies used 
to estimate utility 

weights. Possible 

confounding. 
 

 Though modeled 

over a lifetime 
horizon, only had 

access to 1-year 

follow up 
outcomes, resource 

use, costs and QoL. 

  

Vilain (2012) 

 
QHES = 94 

National Institute of 

Neurological Disorders 
and Stroke and the 

National Institutes of 

Health 

 Markov model 

 US Healthcare system 
perspective 

 Provides results for both 
asymptomatic and 

symptomatic patients (see 
below) 

 

Results: 

 CAS: cost = $80,314  

 CEA: cost = $79,705  

 CAS: QALY = 4.862 

 CEA: QALY = 4.859  

 ICER: $277,249/QALY 
 

Notes: 

 10-year time horizon 

 Used both variable 

and fixed costs for 
resource use when 

strictly variably 
may have been 

more accurate 

 Potential bias in site 
and operators used 

in sample  

Conclude that for 

populations similar to 
that used in this 

study, there is 

insufficient evidence 
to recommend one 

procedure over the 

other. 

Symptomatic     

Janssen (2008) 
 

QHES = 96 

 
Netherlands 

Organization for Health 

Research and 
Development 

 Markov model 

 Hospital specific cost in the 

Netherlands 

 Symptomatic patients 

Results: 

 CAS procedural costs: €5,500 ($6,510)  

 CEA procedural costs: €4,012 ($4,749)  

 Inconclusive ICER (due to data 

variability)  
Notes: 

 10-year time horizon 

 Only short-term 
data 

 Dutch specific costs 
 

 Found major 
stroke rate to be a 

key factor in 
determining CE  

 Reducing hospital 

stay time causes 
CEA to become 

more cost effective 

Young (2010) 

 

QHES = 100 

The National Center for 
Research and Resources 

 Markov model 

 Medicare costs perspective 

 70-year-old symptomatic 
patients suitable for either 

procedure 

Results: 

 CAS: Cost = $52,900  

 CEA: Cost = $35,200  

 CAS QALY = 8.97 

 CEA QALY = 9.64 

 CAS dominated by CEA 

 Simulation showed CEA to remain 
optimal treatment 59% of the time 

 
Notes: 

 Remaining lifetime results  

 Follow-up data 

limited to 4-years 

 Pooled all risk-level 
patients for CEA in 

meta-analysis for 

event probability 
 

 Found long-term 

stroke rate and 

mortality to be a 
key factor in 

determining CE  

 Tripling the risk of 
stroke after CEA 

from 2.1% to 6.3 

caused CAS to 
dominate 
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Study (year) 

QHES  

Funding 

Design  

Perspective  

Population 

Primary Findings 

(ICER; dominance, range of 

ICERs) 

Limitations Comments 

Mahoney (2011) 
 

(See above) 

 (See above) Results: 

 CAS: cost = $60,131 

 CEA: cost = $58,798 

 Incremental QALY (CAS-CEA): 0.03 

 CAS vs. CEA ICER: $204,229/QALY 
 

Notes: 

 Remaining lifetime results (expected 

life: male = 8.22 years, female = 9.34 
years) 

 (See above)  (See above) 

 The high ICER is 
driven primarily by 

the small 

difference in 
QALYs between 

treatments. 

Vilain (2012) 

 

(See above) 

 (See above) Results: 

 CAS: cost = $79,988  

 CEA: cost = $79,540  

 CAS: QALY = 4.823 

 CEA: QALY = 4.840 

 CAS is dominated by CEA 
 

Notes: 

 10-year time horizon 

 (See above)   See above) 

 
 
Glossary of Economic Terminology  

Term/Abbreviation  Definition 

CAS Carotid Angioplasty and Stenting 

CEA Carotid Endarterectomy 

CREST Carotid Revascularization Endarterectomy versus 

Stenting Trial 

HR Hazard Ratio 

ICER Incremental Cost Effectiveness Ratio defined to be the 

difference in cost divided by the difference in QALY. A 

generalized measure of cost per unit of improvement. 

MI Myocardial Infarction  

QALY Quality Adjusted Life Years. A utility weighted measure 

of patients’ duration and quality of life. 

QHES Quality of Health Economics Score 

QoL Quality of Life 

SAPPHIRE Stenting and Angioplasty with Protection in Patients at 

High Risk for Endarterectomy  

 

 

4.5.3. Intracranial 

 

No formal economic evaluations were found analyzing the cost-effectiveness of CAS 

compared with medical therapy for stenting of intracranial atherosclerotic disease.
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5. Summary by Key Question – Strength of Evidence  

 

The overall quality (strength) of the body of evidence for the primary outcomes for each key question is provided in the tables below. The 

summaries below are based on the highest quality evidence available. Additional information on other outcomes and lower quality studies 

is available in the report. Strength of evidence (SoE) considers study design, elements that may influence the risk of bias in a study and 

factors that increase or decrease the confidence in the effect estimates when looking across a body of evidence. (See appendices for 

additional detail). Interpretation of the strength of evidence categories, based on the AHRQ Methods Guide
22

 are as follows:   

 

 

High – Very confident that effect size estimates lie close to the true effect for this outcome; there are few or no deficiencies in the body of 

evidence; we believe the findings are stable. 

Moderate – Moderately confident that effect size estimates lie close to the true effect for this outcome; some deficiencies in the body of 

evidence; we believe the findings are likely to be stable but some doubt remains. 

Low – Limited confidence that effect size estimates lie close to the true effect for this outcome; major or numerous deficiencies in the body 

of evidence; we believe that additional evidence is needed before concluding that findings are stable or the estimate is close to the 

true effect. 

Insufficient – We have no evidence, are unable to estimate an effect or have no confidence in the effect estimate for this outcome; No 

available evidence or the body of evidence has unacceptable deficiencies precluding judgment. 

 

Key Question 1: What is the evidence for efficacy and effectiveness? 

Asymptomatic 

Randomized controlled trials 
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Quality of evidence summary for Key Question 1: In asymptomatic persons with atherosclerotic carotid artery stenosis what is the 

evidence of short- and long-term comparative efficacy of extracranial CAS and medical therapy compared with CEA and medical 

therapy. 

KQ1: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)** 

RR (95% CI) 

 

Favors 

Any stroke 4 years 

1 RCT 

N = 85 

Serious risk 

of bias* 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected Low 0.0% 

(0/43) 

0/0% 

(0/42) 

Not estimable NA 

Ipsilateral 

stroke 

4 years 

2 RCTs 

N = 1181 

N = 85 

Serious risk 

of bias* 

 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Low 1.5% 

(9/584) 

 

0.0% 

(0/43) 

0.9% 

(5/582) 

 

0.0% 

(0/43) 

RD = 0.7 (-0.57, 1.9) 

RR = 1.78 (0.60, 5.28) 

 

Not estimable 

NS 

 

 

NA 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

4 years 

1 RCTs 

N = 1181 

 

Serious risk 

of bias* 

 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 4.5% 

(24/594) 

 

 

 

2.7% 

(13/587) 

 

 

RD = 1.9 (-0.5, 4.3) 

HR = 1.9 (0.95, 3.7) 

 

NS 

 

 

 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; NS: not statistically significant; RD: risk difference; RR: risk ratio. 

NOTE: A total of 2 RCTs are represented in the table. 

** A negative risk difference favors CAS and positive risk difference favors CEA 

 

Reasons for downgrading quality of evidence: 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  
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Nonrandomized comparative studies 

Quality of evidence summary for Key Question 1: In asymptomatic persons with atherosclerotic carotid artery stenosis what is the 

evidence of short- and long-term comparative effectiveness of extracranial CAS and medical therapy compared with medical therapy 

alone. 

KQ1:CAS vs. medical therapy only  Treatment groups 

 

Effect size 

 Outcome Studies 

N 

Follow-up (median) 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%)* Medical (%)* Adjusted HR  

(95% CI)* 

Favors 

Any stroke 1 retrospective registry 

N = 946 

2.1 years 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 9 11 0.5 (0.2, 0.9) 

 

 

CAS 

Death 1 retrospective registry 

N = 946 

2.1 years 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 20 32 0.7 (0.5, 0.9) CAS 

Any stroke 

or death 

1 retrospective registry 

N = 946 

2.1 years 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 29 38 0.7 (0.5, 0.9) CAS 

CAS: carotid artery stenting; CI: confidence interval; HR: hazard ratio. 

NOTE: A total of 1 nonrandomized study is represented in the table. 

*Kaplan-Meier estimates for projected 5 years of follow-up.  Authors conducted a propensity-score adjusted analysis with the following baseline clinical characteristics were entered into 

a multivariate probit model to define a propensity score: age, gender, body mass index, degree of carotid stenosis, diabetes, hypertension, hyperlipidemia, smoking, congestive heart 

failure, coronary artery disease, history of myocardial infarction, peripheral artery disease, concomitant malignancy, American Society of Anesthesiologists classification (I to IV), 

Asymptomatic Carotid Atherosclerosis Study eligibility, and the date of CAS to account for temporal trends during the study period. 

 
Reasons for downgrading quality of evidence: 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  
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Quality of evidence summary for Key Question 1: In asymptomatic persons with atherosclerotic carotid artery stenosis what is the 

evidence of short- and long-term comparative effectiveness of extracranial CAS and medical therapy compared with CEA and medical 

therapy. 

KQ1: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)* 

RR/HR (95% CI) 

 

Favors 

Any stroke 1 prospective 

cohort 

N = 269 

4 years 

Serious risk 

of bias†† 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 9.2 5.7 RD = -3.5 (-12.5, 3.2) 

RR = 1.6 (0.6, 4.2) 

 

NS 

 1 prospective 

registry† 

N = 1672 

1.5 years 

No serious risk 

of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 3.8‡ 2.6‡ Adjusted HR = 1.4 (0.8, 2.5) NS 

Death 1 prospective 

cohort 

N = 269 

4 years 

Serious risk 

of bias†† 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 22.2 19.7 RD = -2.4 (-14.0, 8.5) 

RR = 1.1 (0.7, 1.9) 

 

NS 

 1 prospective 

registry† 

N = 1672 

1.5 years 

No serious risk 

of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 7.4‡ 7.4‡ Adjusted HR = 0.7 (0.5, 1.1) NS 

Any stroke or 

death 

1 prospective 

cohort 

N = 269 

4 years 

Serious risk 

of bias†† 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 25.8 23.2 RD = -2.6 (-14.7, 8.8) 

RR = 1.1 (0.7, 1.8) 

 

NS 

 1 prospective 

registry† 

N = 1672 

1.5 years 

No serious risk 

of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 9.9‡ 8.9‡ Adjusted HR = 0.9 (0.6, 1.3) NS 



WA – Health Technology Assessment       August 12, 2013 
 

 

Carotid and Intracranial Artery Stenting  Page 258 

 

KQ1: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)* 

RR/HR (95% CI) 

 

Favors 

MI 1 prospective 

cohort 

N = 269 

4 years 

Serious risk 

of bias†† 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 7.9 10.1 RD = 2.2 (-7.1, 10.1) 

RR = 0.8 (0.3, 2.0) 

NS 

 1 prospective 

registry† 

N = 1672 

1.5 years 

No serious risk 

of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 3.2‡ 4.8‡ Adjusted HR = 0.6 (0.4, 1.1) NS 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

1 prospective 

cohort 

N = 1518 

2.8 years 

Serious risk 

of bias†† 

 

Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 3.3§ 2.5§ RR = 0.8 (0.5, 1.4)** NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; HR: hazard ratio; MI: myocardial infarction; NS: not statistically significant; RD: risk difference; RR: risk 

ratio. 

NOTE: A total of 3 nonrandomized studies are represented in the table. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

†Propensity score-matched analysis. The model included the following baseline characteristics: age, sex, race, documented transient ischemic attack, prior coronary artery bypass grafting, 

documented ischemic stroke, myocardial infarction, nitrates, beta blockers, calcium channel blockers, statins, angiotensin-converting enzyme (ACE)-inhibitors, diuretics, insulin, smoking, 

unstable/stable angina, diabetes, congestive heart failure, ACE/angiotensin receptor blocker, hypercholesterolemia, history of atrial fibrillation, and history of treated hypertension. 

‡Kaplan Meier rate estimates as reported by the authors. 

§5 year Kaplan Meier rate estimates as reported by the authors. 

**Calculated from raw data by the Agency for Healthcare Quality and Research (AHRQ). 

 

 

Reasons for downgrading quality of evidence: 

††  Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡‡Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§§Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  
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Symptomatic 

Randomized controlled trials 

Quality of evidence summary for Key Question 1: In symptomatic persons with atherosclerotic carotid artery stenosis what is the 

evidence of short- and long-term comparative efficacy of extracranial CAS and medical therapy compared with CEA and medical 

therapy. 

KQ1: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)** 

RR (95% CI) 

 

Favors 

Any stroke 

(excluding 

periprocedural 

4 months 

1 RCT 

N = 1710 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 0.8% 

(7/853) 

0.9% 

(8/857) 

RD = -0.11 (-0.99, 0.77) 

RR = 0.88 (0.32, 2.42) 

NS 

2-4 years 

2 RCTs 

Serious risk 

of bias* 

No serious 

inconsistency. 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 3.5% 

(30/866) 

3.5% 

(30/846) 

RD†† = -0.08 (-1.82, 1.66) 

RR†† = 0.98 (0.59, 1.61) 

NS 

Ipsilateral 

stroke 

(excluding 

periprocedural) 

4 months 

1 RCT 

N = 1710 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 0.7% 

(6/853) 

0.5% 

(5/857) 

RD = 0.12 (-0.63, 0.87) 

RR = 1.20 (0.37, 3.93) 

NS 

2-5.4 years 

4 RCTs 

Serious risk 

of bias¶ 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 2.0% 

(31/1577) 

1.9% 

(30/1543) 

RD†† = -0.01 (-1.36, 1.34) 

RR†† = 0.97 (0.55, 1.73) 

NS 

Death 4 months 

1 RCT 

N = 1710 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 2.3% 

(19/853) 

0.8% 

(7/857) 

RD = 1.37 (0.23, 2.51) 

RR = 2.69 (1.14, 6.36) 

CEA 
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KQ1: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)** 

RR (95% CI) 

 

Favors 

2-5.4 years 

5 RCTs 

(including 

periprocedur

al) 

 

2-5.4 years 

2 RCTs 

(excluding 

periprocedur

al) 

Serious risk 

of bias* 

 

 

 
Serious risk 

of bias* 

 

 
 

No serious 

inconsistency 

 

 

 

 

No serious 

inconsistency 

 

No serious 

indirectness 

 

 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

 

 

No serious 

imprecision 

Undetected 

 

 

 

 

 

Undetected 

Moderate 

 

 

 

 

 

Moderate 

7.9% 

(77/975) 

 

 

 

4.1% 

(27/664) 

8.2% 

(79/959) 

 

 

 

3.7% 

(24/644) 

RD†† = -0.10 (-2.17, 1.96) 

RR†† = 0.97 (0.72, 1.30) 

 

 

 

RR†† = 0.38 (-1.87, 2.64) 

RR†† = 1.09 (0.64, 1.87) 

NS 

 

 

 

 

NS 

Any stroke or 

death 

(including 

periprocedural) 

4-6 months 

2 RCTs 

N = 527 

 

N =1710 

Serious risk 

of bias¶ 

No serious 

inconsistency 

 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 11.8% 

(31/262) 

 

8.5% 

(72/853) 

9.8% 

(26/265) 

 

4.7% 

(40/857) 

RD = 1.65 (-3.17, 6.46) 

RR = 1.18 (0.72, 1.94) 

 

RD = 3.32 (1.13, 5.52) 

RR = 1.75 (1.20, 2.54) 

NS 

 

 

CEA 

2-4 years 

2 RCTs 

Serious risk 

of bias* 

 

No serious 

inconsistency 

 

No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected Low 1.6% 

(1/63) 

4.9% 

(3/61) 

RD††= -2.18 (-7.33, 2.96) 

RR†† = 0.43 (0.07, 2.69) 

NS 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

6 months 

1 RCT 

N = 527 

Serious risk 

of bias¶ 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 10.2% 

(27//262) 

4.2% 

(11/265) 

RD = 5.36 (1.28, 9.43) 

RR = 2.34 (1.19, 4.63) 

CEA 

2-5.4 years 

5 RCTs 

Serious risk 

of bias¶* 

Serious 

inconsistency  

No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected Low 8.1% 

(112/1381) 

6.6% 

(89/1347) 

RD†† = 1.28 (-1.64, 4.19) 

RR†† = 1.20 (0.89, 1.62) 

NS 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NR: not reported; NS: not statistically significant; RD: risk difference; RR: risk 

ratio. 

NOTE: A total of 7 RCTs are represented in the table. 

** A negative risk difference favors CAS and positive risk difference favors CEA 

†† Effect size estimates from pooled meta-analysis with weighting based on sample size; data for n/N are numbers of total events/total number of patients 

¶ CAS and CEA patients received different anti-platelet interventions in two trials (EVA, SPACE)  

 

Reasons for downgrading quality of evidence (general): 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals) 
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Nonrandomized comparative studies 

Quality of evidence summary for Key Question 1: In symptomatic persons with atherosclerotic carotid artery stenosis what is the 

evidence of short- and long-term comparative effectiveness of extracranial CAS and medical therapy compared with CEA and medical 

therapy. 

KQ1: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) CEA (%) RD % (95% CI)* 

RR (95% CI) 

 

Favors 

Any stroke 1 prospective 

cohort 

N = 128 

4 years 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 7.2 17.8 RD = 10.7 (-3.2, 22.0) 

RR = 0.4 (0.1, 1.3) 

NS 

Death 1 prospective 

cohort 

N = 128 

4 years 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 10.4 24.9 RD = 14.5 (-2.0, 28.3) 

RR = 0.4 (0.2, 1.2)  

 

NS 

Any stroke or 

death 

1 prospective 

cohort 

N = 128 

4 years 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 12.4 

 

33.5 RD = 20.8 (4.0, 34.5) 

RR = 0.4 (0.2, 0.9) 

CAS 

MI 1 prospective 

cohort 

N = 128 

4 years 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 7.1 12.6 RD = 5.4 (-11.4, 17.6) 

RR = 0.6 (0.1, 2.6)  

 

NS 

Any 

periprocedural 

stroke or death 

or post-

procedural 

ipsilateral 

stroke 

1 prospective 

cohort 

N = 684 

2.8 years 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Precision 

Unknown  

Undetected Low 4.9† 8.7† NR NS‡ 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NR: not reported; NS: not statistically significant; RD: risk difference; RR: risk 

ratio. 
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NOTE: A total of 2 nonrandomized studies are represented in the table. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

†5 year Kaplan Meier rate estimates as reported by the authors. 

‡As reported by the authors, “rates were similar between groups” (P = .07). 

 

Reasons for downgrading quality of evidence: 

††  Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡‡Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§§Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  

 

Key Question 2:  What is the evidence of short- and long-term comparative efficacy and of safety (peri-procedural, 30-day outcomes) 

in persons with atherosclerotic intracranial artery stenosis? 

 

Asymptomatic 

No studies were found. 

Symptomatic 

Efficacy 

Quality of evidence summary for Key Question 2: In persons with atherosclerotic intracranial artery stenosis what is the evidence of 

short- and long-term comparative efficacy of CAS and aggressive medical therapy compared with medical therapy alone. 

KQ2: Efficacy of intracranial artery stenting versus medical therapy   

 Treatment groups 

Probability (%) 1 year  

(95% CI) 

Patient Events (n/N) 

Effect size** 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS 

 

Medical 

 

P-value† Favors 

Any stroke 1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 22.3 (17.2–28.7) 

 

(50/224) 

14.9 (10.6–20.7) 

  

(32/227) 

.03 Medical 

 

RD 7.4% 

NNH 13  
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KQ2: Efficacy of intracranial artery stenting versus medical therapy   

 Treatment groups 

Probability (%) 1 year  

(95% CI) 

Patient Events (n/N) 

Effect size** 

 Outcome Studies  

N range 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS 

 

Medical 

 

P-value† Favors 

Death 1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 3.4 (1.6–7.2)  

 

(7/224) 

4.1 (2.0–8.5)  

 

(7/227) 

.95 NS 

Any stroke or 

death 

1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 23.4 (18.1–29.8)  

 

(52/224) 

17.5 (12.8–23.6)  

 

(37/227) 

.06 NS 

Study’s 

Primary 

Outcome: 

Stroke or death 

within 30 days 

or ischemic 

stroke in the 

territory of the 

qualifying 

artery beyond 

30 days 

1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low  20.0 (15.2–26.0)  

 

(46/224) 

12.2 (8.4–17.6)  

 

(26/227) 

.009 Medical 

 

RD 7.8% 

NNH 13 

Myocardial 

infarction 

1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected 

 

Low 2.2 (0.8–5.8)  

 

(5/224) 

4.0 (1.9–8.4)  

 

(7/227) 

.60 NS 

Any major 

hemorrhage   

1 RCT 

N = 451 

1 year 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected 

 

Low 9.0 (5.9–13.5)  

 

(22/224) 

1.8 (0.7–4.8) 

 

(5/227) 

< .001 Medical 

 

RD 7.2% 

NNH 14 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant. 

NOTE: Only 1 RCT (SAMMPRIS trial) is represented in the table. 
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**Authors do not report effect size; probabilities and p-values are provided. 

†The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two treatment groups for each of the specified adverse events. 

 

Reasons for downgrading quality of evidence (general): 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

‡Consistency across multiple studies cannot be evaluated 
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Safety 

Table X. Quality of evidence summary for Key Question 2: In persons with atherosclerotic intracranial artery stenosis what is the 

evidence of the safety (peri-procedural, 30 day outcomes) of CAS and aggressive medical therapy compared with medical therapy 

alone. 

KQ1: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

Probability (%) 1 year  

(95% CI) 

Patient Events (n/N) 

Effect size** 

 Outcome Studies  

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  Medical  P-value† Favors 

Any stroke 1 RCT 

N = 451 

 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 14.7 (10.7–20.1) 

 

(33/224) 

5.3 (3.1–9.2) 

 

(12/227) 

.03 Medical 

 

RD 9.4% 

NNH 11 

Death 1 RCT 

N = 451 

 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 2.2 (0.9–5.3) 

 

(5/224) 

0.4 (0.1–3.1) 

 

(1/227) 

.95 NS 

Any stroke or 

death 

1 RCT 

N = 451 

 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 14.7 (10.7–20.1) 

 

(33/224) 

5.8 (3.4–9.7) 

 

(13/227) 

.009 Medical 

 

RD 8.9% 

NNH 11 

Myocardial 

infarction 

1 RCT 

N = 451 

 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected Low 0.5 (0.1–3.2) 

 

(NR) 

1.3 (0.4–4.1) 

 

(NR) 

.60 NS 

 

Any major 

hemorrhage   

1 RCT 

N = 451 

 

Serious risk 

of bias* 

 

Unknown‡ No serious 

indirectness 

No serious 

imprecision 

Undetected 

 

Low 8.0 (5.1–12.5) 

 

(NR) 

0.9 (0.2–3.5) 

 

(NR) 

< .001 Medical 

 

RD 7.9% 

NNH 13 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant. 

NOTE: Only 1 RCT (SAMMPRIS trial) is represented in the table. 

**Authors do not report effect size; probabilities and p-values are provided. 
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†The p-value is for the comparison, with the use of the log-rank test, of the time-to-event curves for the two treatment groups for each of the specified adverse events. 

 

Reasons for downgrading quality of evidence (general): 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

‡Consistency across multiple studies cannot be evaluated 

 

 

Key Question 3:  What is the evidence for safety (peri-procedural, 30-day outcomes)?  

Asymptomatic 

Randomized controlled trials 

Quality of evidence summary for Key Question 3: In asymptomatic patients with atherosclerotic carotid artery stenosis, what is the 

evidence regarding adverse events and complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Asymptomatic 

CAS vs. CEA 

 
Treatment groups Effect size 

 Outcome 
Studies 

N range 
Risk of bias Inconsistency Indirectness Imprecision 

Publication 

bias 

Overall 

quality of 

evidence 

CAS 

(% range) 

CEA 

(% range) 

RD range, % (95% CI)** 

RR range (95% CI) 
Favors 

Any stroke  2 RCTs 

N = 1191  

 

N = 85 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 2.5% 

(15/594) 

 

0.0% 

(0/43) 

1.4% 

(8/597) 

 

0.0% 

(0.42) 

RD = 1.2 (-0.4,2.7) 

RR = 1.9 (0.8, 4.4) 

 

Not estimable 

NS 

Death 1 RCT 

N = 85 

Serious risk 

of bias* 

 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected Low 0.0% 

(0/43) 

0.0% 

(0/42) 

Not estimable NA 

Any stroke 

or death 

2 RCTs 

N = 1191 

 

N = 85 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 2.5% 

(15/594) 

 

0.0% 

(0/43) 

1.4% 

(8/597) 

 

0.0% 

(0/42) 

RD = 1.2 (-0.4,2.7) 

RR = 1.9 (0.8, 4.4) 

 

Not estimable 

NS 

 

 

NA 

MI 1 RCT 

N = 1191 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 1.2% 

(7/594) 

2.2% 

(13/597) 

RD = -1.0 (-2.5, 0.4) 

RR = 0.6 (0.2, 1.4) 

NS 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: not statistically significant; RD: risk difference; RR: 

risk ratio. 

NOTE: A total of 2 RCTs are represented in the table. 

**A negative risk difference favors CAS and positive risk difference favors CEA. 

  

Reasons for downgrading quality of evidence (general): 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals) 

 

Nonrandomized comparative studies 

Quality of evidence summary for Key Question 3: In asymptomatic patients with atherosclerotic carotid artery stenosis, what is the 

evidence regarding adverse events and complications, particularly during the periprocedural period, and longer term for CAS 

compared with medical therapy alone. 

KQ3: Asymptomatic 

CAS vs. medical therapy only 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS (%) Medical (%) RD % (95% CI)* 

RR (95% CI) 

Favors 

Any stroke 

or death 

1 retrospective 

cohort 

N = 75 

Serious risk 

of bias†† 

Unknown No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 1.7 0 RD = 1.7 (-9.0, 17.7) 

RR = not estimable 

NS 

CAS: carotid artery stenting; CI: confidence interval; NS: not statistically significant; RD: risk difference; RR: risk ratio. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 
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Quality of evidence summary for Key Question 3: In asymptomatic patients with atherosclerotic carotid artery stenosis , what is the 

evidence regarding adverse events and complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

Any stroke  5 cohorts (2 

pro, 3 retro) 

N, 87–269 

Serious risk 

of bias†† 

Serious 

inconsistency  

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0–8.5 1.8–2.1 RD = -6.3 to 2.0 

CI low range (-16.4, -3.9) 

CI high range (3.8, 10.5) 

 

4 studies 

RR = 0.5–4.0 

CI low range (0.1, 0.5) 

CI high range (4.9, 32.9) 

1 study 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 5268,  30 

Day) 

 

N = 5316 (in 

hospital) 

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 3.2 (59/1850) 

 

 

 

0.7 (2/273) 

1.7 (58/3418) 

 

 

 

0.7 (35/5043) 

 

 

RD = -1.5 (-2.5 to -0.6) 

RR = 1.88 (1.31-2.69 

 

 

RD = 0 (-1.9 to 0.6) 

RR = 1.06 (0.26-4.37) 

1 CEA 

 

 

 

1 NS (in 

hospital) 

      

 Unknown No serious 

indirectness 

No serious 

imprecision 

 

Undetected Low 

Death 4 cohorts  

(1 pro, 3 retro) 

N, 87–269 

Serious risk 

of bias†† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0–1.1 0–2.0 RD = -0.4 to 2.0 

CI low range (-9.4, -2.9) 

CI high range (2.2, 10.5) 

 

1 study 

RR = 1.6 (0.1, 24.6)  

3 studies 

RR = not estimable  

NS 
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KQ3: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

 2 prospective 

registries 

N = 5268 

(30 day) 

 

N = 5316 (in 

hospital)  

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Low 

 

 

 

Low 

1.6 (29/1850) 

 

 

 

0.4 (1/273) 

 

0.7 (25/3418) 

 

 

 

0.2 (10/5043) 

RD = -0.8 (-1.6 to -0.2) 

RR = 2.14 (1.26-3.65) 

 

 

RD = -0.2 (-1.8 to 0.2) 

RR = 1.85 (0.24-14.38) 

1 CEA 

 

 

 

1 NS (in 

hospital 

Any stroke 

or death 

6 cohorts (3 

pro, 3 retro) 

N, 87–1518 

Serious risk 

of bias†† 

Serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0–3.8 0–4.0 RD = -1.7 to 2.0  

CI low range (-9.0, -2.2) 

CI high range (0.7, 14.5) 

 

5 studies 

RR = 0.6–1.5 

CI low range (0.04, 0.71) 

CI high range (3.1, 23.9) 

1 study 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 1416 (30 

days) 

 

N = 5316 (in 

hospital 

Serious risk of 

bias†† 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Insufficient 

 

 

 

Low 

10.9 (11/101) 

 

 

 

0.7 (2/273) 

4.0 (53/1315) 

 

 

 

0.9 (45/5043) 

RD = -6.9 (-14.5 to -2.0) 

RR = 2.70 (1.46-5.01) 

 

 

RD = 0.2 (-1.8 to 0.8) 

RR = 0.82 (0.20-3.37) 

1 CEA 

 

 

 

 

1 NS (in 

hospital) 

Ipsilateral 

stroke 

1 prospective 

registry 

N = 5316 (in 

hospital) 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 0.4 0.6 RD = 0.2 (-1.5 to 0.6) 

RR = 0.6 (0.1-4.5) 

NS 

MI 3 cohorts (1 

pro, 2 retro) 

N, 87–269 

Serious risk of 

bias†† 

 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0–1.1 0–1.4 RD = 0 to 1.2  

CI low range (-9.4, -2.7) 

CI high range (3.9, 7.1) 

 

2 studies 

NS 
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KQ3: Asymptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

RR = 0.3–1.2 

CI low range (0.01, 0.07) 

CI high range (8.5, 9.4) 

1 study 

RR = not estimable 

 2 prospective 

registries 

N = 5268 

(30 day) 

 

N = 5316 (in 

hospital)  

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Low 

 

 

 

Low 

1.1 (20/1850) 

 

 

0.7 (2/273) 

1.0 (35/3418) 

 

 

1.0 (50/5043) 

RD = -0.1 (-0.7 to 0.5) 

RR = 1.06 (0.61-1.82) 

 

 

RD = 0.3 (-1.7 to 0.9) 

RR = 0.74 (0.18-3.02) 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: not statistically significant; Pro: prospective study 

design; RD: risk difference; Retro: retrospective study design; RR: risk ratio. 

NOTE: A total of 9 nonrandomized studies are represented in the table. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

 

Reasons for downgrading quality of evidence: 

††  Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort or registry (see Appendix for details) 

‡‡Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§§Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals) 

  



WA – Health Technology Assessment       August 12, 2013 
 

 

Carotid and Intracranial Artery Stenting  Page 272 

 

Symptomatic 

Randomized controlled trials 

Quality of evidence summary for Key Question 3: In symptomatic patients with atherosclerotic carotid artery stenosis, what is the 

evidence regarding adverse events and complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS † 

(% range) 

CEA†  

(% range) 

RD range, % (95% CI)** 

RR range (95% CI) 

Favors 

Any stroke  4 RCTs‡‡ 

N = 4754 

Serious risk 

of bias¶ 

No serious 

inconsistency 

 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 6.8% 

(163/2393) 

4.0% 

(94/2361) 

RD = 2.9 (1.3, 4.4) 

NNH = 35 (22, 75) 

RR = 1.7 (1.2, 2.5) 

CEA 

Death 4 RCTs 

N = 3530 

Serious risk 

of bias¶* 

Serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Low 1.1% 

(19/1774) 

0.7% 

(13/1756) 

RD = 0.4 (-0.3, 1.0) 

RR = 1.4 (0.7, 2.9) 

NS 

Any stroke 

or death 

4 RCTs‡‡ 

N = 4754 

Serious risk 

of bias¶ 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 7.1% 

(171/2393) 

4.1% 

(98/2361) 

RD = 3.1 (1.4, 4.7) 

NNH = 33 (2, 70) 

RR = 1.8 (1.2, 2.6) 

CEA 

Ipsilateral 

stroke 

3 RCTs 

N = 2923 

Serious risk 

of bias¶* 

Serious 

inconsistency 

No serious 

indirectness 

Serious 

imprecision 

Undetected Moderate 6.5% 

(96/1467) 

3.8% 

(56/1456) 

RD = 4.5 (-1.9, 10.9) 

RR = 1.8 (0.9, 3.4) 

NS 

Fatal, major 

or disabling 

stroke 

5 RCTs 

N = 4764 

Serious risk 

of bias¶* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 3.0% 

(73/2396) 

2.1% 

(49/2368) 

RD = 0.9 (-0.4, 2.2) 

RR = 1.5 (1.0, 2.1) 

NS 

MI 4 RCTs 

N = 3600 

Serious risk 

of bias¶* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Moderate 0.6% 

(11/1813) 

1.3% 

(23/1787) 

RD = -0.4 (-1.0, 0.1) 

RR = 0.5 (0.2, 1.0) 

NS 

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: not statistically significant; RD: risk difference; RR: 

risk ratio. 

NOTE: A total of 6 RCTs are represented in the table. 

**A negative risk difference favors CAS and positive risk difference favors CEA. Significance based on evaluation of risk difference 

† Effect size estimates from pooled meta-analysis with weighting based on sample size; data for n/N are numbers of total events/total number of patients 
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‡‡ Based on sensitivity analysis which excluded older, small studies and those which did not use embolic protection 

¶ CAS and CEA patients received different anti-platelet interventions in two trials (EVA, SPACE 

Reasons for downgrading quality of evidence (general): 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals) 
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Nonrandomized comparative studies 

Quality of evidence summary for Key Question 3: In symptomatic patients with atherosclerotic carotid artery stenosis, what is the 

evidence regarding adverse events and complications, particularly during the periprocedural period, and longer term for CAS and 

medical therapy compared with CEA medical therapy. 

KQ3: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

Any stroke  5 cohorts (2 pro, 

3 retro) 

N, 75–155 

Serious risk of 

bias†† 

 

Serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 2.9–10.0 2.4–7.2 RD = -7.1 to 2.6 

CI low range (-22.9, -8.7) 

CI high range (2.5, 10.9) 

 

RR = 0.6–3.5 

CI low range (0.1, 0.6) 

CI high range (3.0, 19.6) 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

hospital)  

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 6.1 

(95/1547) 

 

 

 

5.1 

(8/156) 

4.1 

(85/2098) 

 

 

 

1.4 

(37/2605) 

RD = -2.1 (-3.6 to -0.7) 

RR = 1.52 (1.14-2.02) 

 

 

 

RD = -3.7 (-8.4 to -1.1) 

RR = 3.61 (1.71-7.62) 

CEA 

      

 Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 

Death 3 cohorts (1 pro, 

2 retro) 

N, 75–155 

Serious risk of 

bias†† 

 

Serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0–1.6 0–1.3 RD = -1.6 to 0 

CI low range (-10.2, -6.9) 

CI high range (6.4, 8.6) 

 

RR = not estimable for all studies 

 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Low 

 

 

 

Low 

2.0 

(31/1547) 

 

1.3 

(2/156) 

 1.1 

(23/2098) 

 

0.2 

(5/2605) 

RD = -0.9 (-1.8 to -0.1) 

RR = 1.83 (1.07-3.12) 

 

RD = -1.1 (-4.4 to -0.1) 

RR = 6.68 (1.31-34.15) 

CEA 
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KQ3: Symptomatic 

CAS vs. CEA 

 Treatment groups 

 

Effect size 

 Outcome Studies 

N range 

 

Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Overall  

quality of 

evidence 

CAS  

(% range) 

CEA  

(% range) 

RD range, % (95% CI)* 

RR range (95% CI) 

Favors 

hospital) 

Any stroke 

or death 

5 cohorts (2 pro, 

3 retro) 

N, 75–684 

Serious risk of 

bias†† 

 

Serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 2.6–7.9 2.4–7.2 RD = -1.6 to 2.6 

CI low range (-12.6, -3.9) 

CI high range (1.2, 10.9) 

 

RR = 0.6–1.6 

CI low range (0.1, 0.7) 

CI high range (3.0, 18.6) 

NS 

2 prospective 

registries 

N = 5149 (30 

day) 

 

N = 2761 (in 

hospital) 

Serious risk of 

bias†† 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Insufficient 

 

 

 

Low 

4.9 

(7/142) 

 

5.1 

(8/156) 

 

4.4 

(220/5007) 

 

1.6 

(42/2605) 

RD = -0.5 (-5.5 to 2.1) 

RR = 1.12 (0.54-2.34) 

 

RD = -3.5 (-8.2 to-0.9) 

RR = 3.18 (1.52-6.66) 

1 NS 

 

 

  1 CEA  

(in hospital) 

Ipsilateral 

stroke 

1 prospective 

registry 

N = 2761 

No serious 

risk of bias 

Unknown No serious 

indirectness 

No serious 

imprecision 

Undetected Low 3.9 1.2 RD = -2.7 (-7.0 to -0.5) 

RR = 3.2 (1.4, 7.6) 

CEA 

MI 2 cohorts (1 pro, 

1 retro) 

N = 128, 155 

Serious risk of 

bias†† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡‡ 

Undetected Insufficient 0 0 RD = 0  

CI low range (-8.0, -5.7) 

CI high range (4.0, 4.4) 

 

RR = not estimable 

NS 

 2 prospective 

registries 

N = 3645 (30 

day) 

 

N = 2761 (in 

hospital) 

No serious 

risk of bias 

 

 

No serious 

risk of bias 

Unknown 

 

 

 

 

Unknown 

No serious 

indirectness 

 

 

No serious 

indirectness 

No serious 

imprecision 

 

 

No serious 

imprecision 

Undetected 

 

 

 

Undetected 

Low 

 

 

 

Low 

1.4 

(21/1547) 

 

1.3 

(2/156) 

1.3 

(27/2098) 

 

1.3 

(34/2605) 

 

RD = -0.1 (-0.9 to 0.7) 

RR = 1.05 (0.60-1.86) 

 

RD = 0 (-3.3 to 1.1) 

RR = 0.98 (0.24-4.05) 

NS 
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CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence interval; MI: myocardial infarction; NS: not statistically significant; Pro: prospective study 

design; RD: risk difference; Retro: retrospective study design; RR: risk ratio. 

NOTE: A total of 9 nonrandomized studies are represented in the table. 

*A positive risk difference favors CAS and negative risk difference favors CEA. 

 

Reasons for downgrading quality of evidence: 

†† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort or registry (see Appendix for details) 

‡‡Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§§Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals) 
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Key Question 4:  What is the evidence on of differential efficacy or safety for special populations? 

 

Asymptomatic 

Table X.  Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy or safety for special populations?  

KQ4: Asymptomatic 

CAS vs. Medical Therapy 

 

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication  

bias 

a priori 

subgroup 

analysis 

Overall  

quality of 

evidence 

Subgroup CAS* 

HR  

(95% CI) 

Medical 

Therapy** 

HR  

(95% CI) 

Interaction 

p-values 

Subgroup: Ipsilateral stenosis (IS) 

Stroke 

 

1 retro cohort 

study 

N = 946 

25 mos. 

(median) 

Serious 

risk 

of bias† 

 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected No Insufficient IS: 70-79% 

(n = 307) 

aHR: 

1.32 (0.43) 

aHR: 

1.0 

NR 

         IS: 80-89% 

(n = 366) 

aHR: 

0.91 (0.33, 

2.49) 

aHR: 

2.36 (1.02, 

5.44) 

 

         IS: 90-99% 

(n = 273) 

aHR: 

0.98 (0.27, 

3.61) 

aHR: 

3.17 (1.15, 

4.11) 

 

aHR: adjusted hazard ratios; n/a: not applicable; NR: not reported; NS: not statistically significant 

NOTE. A positive risk difference favors CAS and negative risk difference favors CEA; a HR > 1 favors CEA and a HR < 1 favors CAS. 

**n/N for each outcome not reported 

 

Reasons for downgrading quality of evidence: 

* Serious risk of bias: the majority of studies did not meet one or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  

  Subgroup analysis not done a priori 
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Table X.  Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy or safety for special populations?  

KQ4: Asymptomatic 

CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication  

bias 

a priori 

subgroup 

analysis 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Subgroup: Age 

Death 

 

1 registry 

N = 5268 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Insufficient Age:  

< 65 yrs 

RR: 

1.78 (0.58, 5.49) 

NS P = 0.71 

         Age:  

≥65 yrs 

RR: 

2.26 (1.24, 4.14) 

CEA  

Stroke 

 

1 registry 

N = 5268 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Insufficient Age:  

< 65 yrs 

RR:  

1.78 (0.75, 4.24) 

NS P = 0.89 

         Age:  

≥65 yrs 

RR: 

1.91 (1.29, 2.82) 

CEA  

MI 

 

1 registry 

N = 5268 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Insufficient Age:  

< 65 yrs 

RR: 

2.97 (0.71, 12.36) 

NS P = 0.12 

         Age:  

≥65 yrs 

RR: 

0.88 (0.48, 1.61) 

NS  

Subgroup: Sex 

Ipsi-

lateral 

stroke 

1 RCT 

N = 1181 

4 yrs. 

Serious 

risk 

of bias* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Low Female HR: 

1.59 (0.53, 4.75) 

NS P = 0.71 

         Male HR: 

2.16 (0.91, 5.10) 

NS  

Stroke 

or  

Death 

1 RCT 

N = 1181 

4 yrs. 

Serious 

risk 

of bias* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 

1.59 (0.53, 4.75) 

NS P = 0.71 
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KQ4: Asymptomatic 

CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication  

bias 

a priori 

subgroup 

analysis 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

         Male HR: 

2.16 (0.91, 5.10) 

NS  

Stroke 1 RCT 

N = 1181 

Periprocedural 

Serious 

risk 

of bias* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 
2.11 (0.55, 8.15) 

NS P = 0.82 

         Male HR: 
1.75 (0.57, 5.37) 

NS  

Stroke 

or 

Death 

1 RCT 

N = 1181 

Periprocedural 

Serious 

risk 

of bias* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 
2.11 (0.55, 8.15) 

NS P = 0.82 

         Male HR: 
1.75 (0.57, 5.37) 

NS  

MI 1 RCT 

N = 1181 

Periprocedural 

Serious 

risk 

of bias* 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 
0.67 (0.15, 3.01) 

NS P = 0.74 

         Male HR: 
0.48 (0.15, 1.56) 

NS  

Subgroup: Surgical risk 

Stroke 

(non-

dis-

abling) 

1 prosp. cohort 

study 

N = 106 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Insufficient CEA Risk 

Grade I 

** 

RR: 

3.68 (0.16, 85.98) 

 

NS P < 0.72 

         CEA Risk 

Grade II 

** 

RR: 

1.88 (0.09, 37.63) 

NS  

         CEA Risk RR: NS  
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KQ4: Asymptomatic 

CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication  

bias 

a priori 

subgroup 

analysis 

Overall  

quality of 

evidence 

Subgroup RD (95% CI) 

RR (95% CI) 

 

Favors Interaction 

p-values 

Grade III 

** 

1.65 (0.19, 14.62) 

 

n/a: not applicable; HR: hazard ratio; NR: not reported; NS: not statistically significant; RR: risk ratio 

NOTE. A positive risk difference favors CAS and negative risk difference favors CEA; a HR > 1 favors CEA and a HR < 1 favors CAS. 

NOTE: A total of 3 studies are represented in this table. 

 

Reasons for downgrading quality of evidence: 

* Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality RCT (see Appendix for details) 

† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  

  Subgroup analysis not done a priori 

 

 

** CEA Risk Grades: I, neurologically stable patients with no major medical or angiographically defined risks but with unilateral or bilateral ulcerative/stenotic CA disease; 

II, neurologically stable patients with no major medical risks but with significant angiographically defined risks; III, neurologically stable patients with no major medical 

risks and with or without significant angiographically defined risks. 
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Symptomatic 

Table X.  Quality of evidence summary for Key Question 4: Is there evidence of differential efficacy or safety for special populations?  

 

KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

Subgroup: Age 

Stroke 

or Death 

 

Meta-analysis 

5 RCTs 

N = 3470 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Age:  

< 70 yrs 

0.56% (-1.55%, 2.6%) 

1.14 (0.70, 1.84) 

NS P = 0.07 

(RD) 

P = 0.04 

(RR) 

         Age:  

≥ 70 yrs 

8.28% (0.14%, 16.4%) 

2.14 (1.47, 3.10) 

CEA  

 Meta-analysis- 

Sensitivity 

analysis: 3 of the 

5 RCTs 

N = 3433 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Age:  

< 70 yrs 

0.47% (-1.89%, 2.83%) 

1.08 (0.68, 1.72) 

NS P = 0.003 

(RD) 

P = 0.03 

(RR) Age:  

≥ 70 yrs 

5.68% (3.18%, 8.18%) 

2.14 (1.45, 3.17) 

 

CEA 

Ipsi-

lateral 

Stroke 

or Death 

1 RCT 

N = 1214 

2 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Age:  

< 68 yrs 

-4% (-8%, 0%) 

0.54 (0.29, 1.02) 

NS P = 0.005 

(RD) 

P = 0.006 

(RR) 

         Age:  

≥ 68 yrs 

5% (0%, 1%) 

1.63 (1.02, 2.61) 

CEA  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Low Age:  

< 68 yrs 

HR: 

~1.10 (0.45, 2.70) 

NS P = 0.08 

         Age:  

≥ 68 yrs 

HR: 

~3.40 (1.40, 8.10) 

CEA  
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

Subgroup: Sex 

Stroke 

or Death 

 

Meta-analysis 

6 RCTs 

N = 4774 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female 2.6% (-2.1%, 7.2%) 

1.5 (1.0, 2.3) 

NS P = 0.66 

(RD) 

P = 0.51 

(RR) 

         Male 4.0% (-0.1%, 8.1%) 

1.9 (1.1, 3.1) 

CEA  

Stroke 1 RCT 

N = 1321 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 

2.80 (1.11, 7.07) 

CEA P = 0.17 

         Male HR: 

1.28 (0.65, 2.52) 

NS  

MI 1 RCT 

N = 1321 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 

1.26 (0.28, 5.63) 

NS P = 0.11 

         Male HR: 

0.25 (0.07, 0.88) 

CAS  

Ipsi-

lateral 

Stroke 

or Death 

1 RCT 

N = 1214 

2 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female 2% (-4%, 7%) 

1.24 (0.58, 2.66) 

NS P = 0.73 

(RD) 

P = 0.69 

(RR) 

         Male 0% (-4%, 4%) 

1.04 (0.69, 1.58) 

NS  

Ipsi-

lateral 

stroke 

 

2 RCTs 

N = 1848 

4 yrs. 

Serious 

risk 

of bias† 

Serious 

inconsistency*

* 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes  

(1 RCT) 

No 

 (1 RCT) 

Low Female HR: 

~0.65-1.58 (0.25, 3.08) 

NS P ≥ 0.05 
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

         Male HR: 

~1.10-3.30 (0.62, 7.40) 

NS  

Stroke 

or  

Death 

1 RCT 

N = 1321 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Female HR: 

1.58 (0.81, 3.08) 

NS P = 0.56 

         Male HR: 

1.23 (0.71, 2.14) 

NS  

Subgroup: Diabetes 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Low Diabetes: 

Yes 

HR: 

~1.20 (0.30, 3.75) 

NS P = 0.27 

         Diabetes: 

No 

HR: 

~2.60 (1.20, 5.60) 

CEA  

Subgroup: Type of symptomatic qualifying event 

Stroke 1 RCT 

N = 1208 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected No Insufficient Qualifying 

event: 

Stroke  

4% (1%, 8%) 

3.26 (1.21, 8.77) 

CEA P = 0.46 

(RD) 

P = 0.53 

(RR) 

         Qualifying 

event: 

TIA  

3% (0%, 7%) 

2.13 (0.88, 5.12) 

NS  

         Qualifying 

event: 

Ocular 

0% (-5%, 6%) 

1.15 (0.24, 5.55) 

NS  

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Low Qualifying 

event: 

Stroke  

-1% (-6%, 3%) 

0.84 (0.47, 1.53) 

NS P = 0.48 

(RD) 

P = 0.55 

(RR) 
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

         Qualifying 

event: 

TIA  

2% (-4%, 7%) 

1.27 (0.61, 2.64) 

NS  

         Qualifying 

event: 

Ocular 

-1% (-7%, 4%) 

0.71 (0.16, 3.09) 

NS  

         Qualifying 

event: 

Multiple 

events  

7% (-2%, 15%) 

4.77 (0.55, 41.19) 

NS  

         Qualifying 

event: 

Other 

7% (-14%, 27%) 

1.69 (0.08, 37.26) 

NS  

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yr. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Low Qualifying 

event: 

Stroke  

4% (-2%, 9%) 

1.56 (0.84, 2.93) 

NS P = 0.13 

(RD) 

P = 0.25 

(RR) 

         Qualifying 

event: 

TIA  

1% (-5%, 7%) 

1.14 (0.61, 2.11) 

NS  

         Qualifying 

event: 

Ocular OR 

Other 

0% (-6%, 6%) 

1.07 (0.34, 3.39) 

NS  

         Qualifying 

event: 

Multiple 

events  

15% (4%, 27%) 

9.53 (1.24, 73.48) 

CEA  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡ 

Undetected No Insufficient Qualifying 

event: 

Stroke  

HR: 

~3.00 (1.60, 6.80) 

CEA P ≥ 0.16 
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

         Qualifying 

event: 

TIA  

HR: 

~1.50 (0.45, 5.15) 

NS  

         Qualifying 

event: 

Ocular 

HR: 

~2.00 (0.10, 4.30) 

NS  

Subgroup: Severity of Ipsilateral Stenosis 

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected Yes Moderate Ipsilateral 

stenosis < 

70% 

2% (-3%, 7%) 

1.31 (0.67, 2.58) 

NS P = 0.54 

(RD) 

P = 0.49 

(RR) 

         Ipsilateral 

stenosis ≥ 

70% 

0% (-4%, 4%) 

0.99 (0.64, 1.52) 

NS  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Low Ipsilateral 

stenosis < 

90% 

HR: 

~2.30 (1.00, 5.40) 

NS P = 0.61 

         Ipsilateral 

stenosis ≥ 

90% 

HR: 

~1.65 (0.60, 4.30) 

NS  

Subgroup: Severity of Contralateral Stenosis 

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Low Contra-

lateral 

stenosis  

< 70% 

1% (-2%, 4%) 

1.20 (0.76, 1.88) 

NS P = 0.14 

(RD) 

P = 0.16 

(RR) 

         Contra-

lateral 

stenosis  

70-99% 

-8% (-20%, 4%) 

0.38 (0.08, 1.79) 

NS  
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

Ipsi-

lateral 

stroke or 

Death 

1 RCT 

N = 1196 

2 yr. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Low Contra-

lateral 

stenosis  

< 70% 

-7% (-12%, -2%) 

0.57 (0.39, 0.83) 

CAS P = 0.82 

(RD) 

P = 0.89 

(RR) 

         Contra-

lateral 

stenosis  

70-99% 

-13% (-33%, 7%) 

0.41 (0.09, 1.83) 

NS  

         Contra-

lateral 

stenosis 

100% 

-5% (-27%, 17%) 

0.70 (0.13, 3.73) 

NS  

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Low Contra-

lateral 

stenosis  

< 70% 

HR: 

~2.20 (1.10, 4.30) 

CEA P = 0.65 

         Contra-

lateral 

stenosis  

70-100% 

HR: 

~1.45 (0.30, 6.50) 

NS  

Subgroup: Time to Treatment 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

§ 

Undetected No Insufficient Time to 

treatment: 

< 14 days 

HR: 

~6.75 (0.80, ≥8) 

NS P = 0.40 

         Time to 

treatment: 

≥ 14 days 

HR: 

~1.70 (0.80, 3.45) 

NS  

Subgroup: Hypertension 

Ipsi-

lateral 

1 RCT 

N = 527 

Serious 

risk 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

Undetected No Insufficient Hyper-

tension:  

HR: 

~1.80 (0.85, 3.65) 

NS P = 0.62 
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KQ4: Symptomatic 

            CAS vs. CEA 

   

Outcome 

 

Studies  

N range 

Follow-up 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Publication 

bias 

a priori 

subgroup 

analysis 

Overall 

quality of 

evidence 

Subgroup 
RD (95% CI)* 

RR (95% CI) 
Favors 

Interaction 

p-values 

Stroke  4 yrs. of bias† § Yes 

         Hyper-

tension:  

No 

HR: 

~2.90 (0.75,  ≥8) 

NS  

Subgroup: Smoking Status 

Ipsi-

lateral 

Stroke  

1 RCT 

N = 527 

4 yrs. 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Low Smoking:  

Yes 

HR: 

~1.75 (0.5, 6.1)* 

NS P = 0.81 

         Smoking:  

No 

HR: 

~2.10 (1.00, 4.40)* 

NS  

Subgroup: Surgical Risk 

Stroke 

(non-dis-

abling) 

1 prosp. cohort 

study 

N = 106 

Periprocedural 

Serious 

risk 

of bias† 

No serious 

inconsistency 

No serious 

indirectness 

Serious risk  

of imprecision 

‡§ 

Undetected Yes Insufficient CEA Risk 

Grade I 

†† 

RR: 

Not Estimable 

n/a Not 

Estimable 

         CEA Risk 

Grade II 

†† 

RR: 

Not Estimable 

NS  

         CEA Risk 

Grade III 

†† 

RR: 

3.43 (0.28, 41.32) 

 

NS  

n/a: not applicable; HR: hazard ratio; NR: not reported; NS: not statistically significant; RD: risk difference; RR: risk ratio 

NOTE. A positive risk difference favors CAS and negative risk difference favors CEA; a HR > 1 favors CEA and a HR < 1 favors CAS. 

NOTE: A total of 7 studies are represented in this table. 

 

Reasons for downgrading quality of evidence: 

* Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality RCT (see Appendix for details) 
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† Serious risk of bias: the majority of studies did not meet two or more criteria of a good quality cohort (see Appendix for details) 

‡ Serious risk of imprecision: confidence in the estimate is low (rare event, relatively small sample size)  

§ Serious risk of imprecision: confidence in the estimate is low (wide confidence intervals)  

  Subgroup analysis not done a priori 

** Serious risk of inconsistency: one RCT showed that sex modified the interaction in terms of ipsilateral stroke through four years (N = 527), while the other RCT (N = 

1321) showed that sex did not modify the interaction. 

 

†† CEA Risk Grades: I, neurologically stable patients with no major medical or angiographically defined risks but with unilateral or bilateral ulcerative/stenotic CA disease; 

II, neurologically stable patients with no major medical risks but with significant angiographically defined risks; III, neurologically stable patients with no major medical 

risks and with or without significant angiographically defined risks. 
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Key Question 5:  What is the evidence of cost-effectiveness? 

Note:  GRADE has not been developed to evaluate the quality of cost-effectiveness evidence. 

 

KQ5: Stenting compared with other treatment options (medical therapy, CEA) 

Population Studies 

 

Countries QHES  

Range* 

Overall  

quality of 

evidence 

Conclusions 

Asymptomatic 

Atherosclerotic 

Stenosis 

3 cost-utility 

analyses 

 

USA 

 

84-99  Low   Two studies based on data from the SAPPHIRE trial in high surgical risk patients reported ICERs of 

$49,514 and $67,891 for a 1-year time horizon, suggesting that CAS may be plausible but not verifiably 

superior treatment. One study reported that over a life-time horizon CAS may be more cost-effective, 

however, methodological concerns regarding extrapolation of data for life-time time horizon and 

determination of utilities were noted 

 In one evaluation in patients with standard surgical risk, CEA was the preferred treatment given 

commonly assumed cost-effectiveness thresholds 

Symptomatic 

Atherosclerotic 

Stenosis 

4 cost-utility  

analyses 

USA 

Sweden 

 

94-100 Low  Evidence across four cost-utility studies indicated that CEA tended to be more cost-effective than CAS 

in symptomatic patients. Two out of the four studies examining symptomatic patients found there to be 

insufficient evidence to strongly favor one treatment method over the other.  

 Subanalysis of patients from the SAPPHIRE trial of high surgical risk patients found CAS to be the 

more expensive treatment option with negligible QALY improvement leading to extremely high ICERs. 

Intracranial 

Atherosclerotic 

Stenosis 

No studies 

identified 

  No Evidence N/A 

CAS: carotid artery stenting; CEA: carotid endarterectomy; ICER: incremental cost-effectiveness ratio; N/A: not applicable; QALY: quality-adjusted life years; 

SAPPHIRE: Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy. 

NOTE: A total of 5 studies are represented in the table. 

*Quality of Health Economic Studies (QHES) scores ranged from 84-100, which primarily reflects the quality of reporting on specific factors that are important in 

economic analyses.  It does not provide for evaluation of quality with respect to modeling assumptions or extensive consideration of data quality and included outcomes 

measures relevant to a specific topic. 
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6. Synopsis and remaining questions  

Synopsis of highest evidence for primary outcomes: Asymptomatic patients with 

extracranial carotid atherosclerotic stenosis 

  CAS versus current best medical therapy: Efficacy cannot be assessed as no RCTs 

were found. Evidence from one retrospective registry study suggests that CAS was 

favored over medical therapy and was graded as insufficient. 

 Short- and long-term efficacy CAS versus. CEA: The overall strength (quality) of 

evidence was considered low regarding short and long-term efficacy data from two RCTs 

(CREST and Kentucky 2004) comparing CAS with CEA for outcomes past the 

periprocedural period. Event rates were similar and no statistical differences between 

treatments were seen for stroke, ipsilateral stroke and vessel patency up to 4 years. The 

rate of the composite of any periprocedural stroke or death or post-procedural ipsilateral 

stroke was 4.5% for CAS and 2.7% for CEA at 4 years. The difference was not 

statistically significant.  Small sample sizes likely contributed to lack of statistical 

significance for some outcomes. 

 Safety CAS versus CEA: The overall strength (quality) of evidence was moderate that 

there were no statistical differences between treatment groups for safety outcomes (30-

day peri-procedural period) including stroke, the composite of death or stroke and 

myocardial infarction, primarily based on analysis of asymptomatic patients in the 

CREST trial.  The risk of stroke and for the composite of death or stroke was 2.5% for 

CAS and 1.4% for CEA, but the difference (1.2%) failed to reach statistical difference. 

 No differential treatment or safety effects in special populations were identified, 

however,  the data were limited and the overall strength of evidence grades were as 

follows: 

o  Insufficient with respect to percent of ipsilateral stenosis for the comparison of 

CAS with medical therapy (cohort data only);  

o Insufficient with respect to age and surgical risk for the comparison of CAS with 

CEA (registry data) 

o Moderate with respect to sex (1 RCT). 

 Full economic evaluations: One study suggests that CAS may be plausible but not 

verifiably superior for a one year time horizon in high risk patients; another reported CAS 

may be more cost effective given a life-time horizon and a third CEA as preferred.  The 

overall strength of evidence was low. 

Synopsis of highest evidence for primary outcomes: Symptomatic patients with 

extracranial carotid atherosclerotic stenosis 

 CAS with best medical therapy: No comparative studies were found.  

 Short- and long-term efficacy CAS versus CEA: The overall strength (quality) of 

evidence was considered moderate to low regarding short and long-term efficacy.  

o Short term: There is moderate evidence for the following: 
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 When periprocedural strokes were excluded, risk of any stroke and risk of 

ipsilateral stroke were similar between treatment groups at 4 months 

(1RCT);  

 Risk of any stroke or death was significantly higher in patients receiving 

CAS at 4-6 months across two RCTs when periprocedural events were 

included.  Risk of any periprocedural stroke or death or postprocedural 

ipsilateral stroke was significantly higher up to 6 months (1RCT) 

 Risk of death at 4 months was signigicantly higher following CAS 

(1RCT).  

o Longer term: Length of follow-up ranged from 2-5.4 years across 5 RCTs, 3 of 

which used embolic protection. Longest follow-up in these 3 RCTs was 4 years. 

 There is moderate evidence that risk of death was similar between 

treatment groups regardless of whether periprocedural death was included 

across 5 RCTs at up to 5.4 years follow-up. 

 There is low evidence that there were no signicant differences between 

treatments for he composite of death or any stroke (including 

periprocedural) or the composite of any periprocedural stroke or death or 

postprocedural ipsilateral stroke at follow-up to 5.4 years across 5 RCTs. 

 Safety of CAS versus CEA: 

o Based on meta-analyses of the four more recent RCTs which employed embolic 

protection, there is moderate evidence that the risk of stroke and the composite of 

any stroke or death are significantly higher in symptomatic persons who received 

CAS compared with CEA. The risk of any stroke or death was 7.1% for CAS and 

4.1% for CEA, RD 3.1% (1.4%, 4.7%), NNH = 35. These risks are primarily 

influenced by stroke risk. 

o There is moderate evidence that no significant risk differences between treatments 

for the following outcomes: death, ipsilateral stroke, fatal, major or disabling 

stroke or MI.  

 Differential treatment efficacy or safety effects for special populations  

o Age: There is moderate evidence from meta-analysis of more RCTs (using 

embolic protection) that age modifies the effect of treatment. In symptomatic 

persons with regard to risk of periprocedural death or stroke, CEA is favored in 

those age ≥ 70 years old while those under 70 years of age had similar results 

regardless of treatment group. 

o Sex: there is moderate evidence from meta-analysis of RCTs that sex does not 

modify treatment effect or safety.  

o Surgical risk: There is insufficient evidence from RCTs. Efficacy data from the 

SAPPHIRE trial of 96 symptomatic high surgical patients undergoing CAS versus 

CEA suggested these patients had similar risks for efficacy and safety outcomes.  
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o There is moderate evidence from 1 RCT and low evidence from another RCT that 

severity of ipsilateral stenosis does not modify treatment or safety effects. This 

trial did not include and compare treatment outcomes from standard/average risk 

patients thus direct comparisons and conclusions cannot be made. 

o There is insufficient to low evidence from individual RCTs that treatment or 

safety effects are not modified by diabetes, type of symptomatic qualifying event, 

severity of contralateral stenosis, time to treatment, hypertension or smoking.  

 Full economic evaluations: Low evidence across four cost-utility studies indicated that 

CEA tended to be cost effective than CAS. Subanalysis of the SAPPIRE trial found CAS 

to be more expensive with negligible improvement in QALY.  

Synopsis of highest evidence primary outcomes: Intracranial stenting for atherosclerotic 

disease 

 No studies in asymptomatic persons were found. 

 The overall strength of evidence is low for efficacy and safety based on one study in 

symptomatic persons. The one available RCT was terminated because of safety concerns. 

Stenting was associated with a significantly higher probability (20.0%) of stroke or death 

within 30 days or ischemic stroke in the territory of the qualifying artery beyond 30 days 

compared with medical therapy (12.2%). 

 No studies evaluating differential effectiveness in special populations were found. 

 No economic studies were found.  

Limitations of the literature and remaining questions 

This report synthesizes studies comparing stenting with other treatment options for the treatment 

of atherosclerotic disease in the carotid arteries and intracranial arteries, with a focus on the 

highest quality, least biased evidence available in the peer reviewed literature. There are a 

number of questions that remain. 

 In order to weigh whether or not to recommend an invasive procedure with serious risks 

in a healthy asymptomatic person, there should be clear evidence that benefits outweigh 

the risks. Benefits of CAS compared with current medical therapy have not been shown. 

There are no high quality data comparing stenting with current best medical practices in 

asymptomatic patients and limited data from randomized controlled trials in 

asymptomatic, low-risk patients comparing CAS with CEA. Although statistical 

significance was not reached, risk of stroke or death was lower following CEA in 

asymptomatic patients, but trials lacked a medical treatment comparator. 

 Do any long-term benefits (>5 years) of CAS outweigh risks associated with 

periprocedural events (e.g. stroke)?  The longest follow-up reported in more 

contemporary studies using embolic protection devices was 4 years. The number of 

individuals with available data at longer follow-up times was not uniformly reported 

across studies and in some studies although statistical projection of longer term outcomes 

was reported, actual data are needed. Long-term data for implanted devices is essential. 
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 It is important to study the impact of improvements in stent technology and techniques 

(e.g. different embolic protection mechanisms), operator experience, surgical technique 

and medical therapy (including more active lifestyle counseling) on the bigger context of 

comparative effectiveness of CAS, medical therapy and CEA for the treatment of 

atherosclerotic carotid stenosis in not known. Although there is potential for 

improvements in devices to decrease risk of stroke and death with CAS, no published 

studies have included treatment arms for CAS, medical therapy and CEA in the same 

underlying population to allow for direct comparisons of current best treatments. For 

asymptomatic patients in particular, this is an important question. In addition, data on the 

risks and benefits of CAS and CEA from methodologically rigorous studies outside of 

high volume centers participating in RCTs is essential to understand what the risks and 

benefits would be in actual use. 

 Based on available evidence, intracranial artery stenting in the treatment of intracranial 

atherosclerotic disease has substantial risk of harm. The only comparative study available 

was terminated early based on due to increased risk of stroke or death within 30 days or 

ischemic stroke in the territory of the qualifying artery. The extent to which intracranial 

stenting is an effective treatment for primary treatment or in patients failed medical 

therapy, thrombectomy or PTA is not clear. 

 Is CAS efficacious and safe in “high risk” patients? There does not appear to be a 

standard definition of “high risk” and many factors are considered when determining a 

patient’s surgical risk. Although one RCT (SAPPHIRE) explicitly sought to evaluate the 

efficacy of CAS in “high risk” patients compared with CEA, because there was no direct 

comparison with a group of “standard” risk patients, firm conclusions cannot be drawn.  

 The extent to which there is differential efficacy and safety in some special populations is 

not clear. Overall, studies were underpowered to detect modification of treatment. 

 The cost-effectiveness of CAS is not established based on published studies. Although 

full economic analyses were available and based on data from RCTs, methodological 

concerns and potential for bias limit the usefulness of these analyses firm conclusions. 
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Number and Coverage Topic: 

20130920B – Carotid Artery Stenting 

HTCC Coverage Determination: 

Carotid Artery Stenting is a covered benefit with conditions consistent with the criteria identified in the 
reimbursement determination. 

HTCC Reimbursement Determination: 

Limitations of Coverage: 

Concurrent with the placement of a Food and Drug Administration (FDA) -approved carotid stent and 
an FDA-approved or -cleared embolic protection device; and in accredited facilities as determined by 
the state agencies, the following additional criteria apply: 

 For patients who are at high risk for carotid endarterectomy (CEA) and who also have 
symptomatic carotid artery stenosis >50%.  

 Patients who are at high risk for CEA and have asymptomatic carotid artery stenosis ≥80%. 

Non-Covered Indicators 

Carotid Artery Stenting of intracranial arteries is not covered.  

Definition of high risk includes: 

Patients at high risk for CEA are defined as having significant comorbidities and/or anatomic risk 
factors (i.e., recurrent stenosis and/or previous radical neck dissection), and would be poor candidates 
for CEA.  Significant comorbid conditions include, but are not limited to: 

 Congestive heart failure (CHF) class III/IV; 

 Left ventricular ejection fraction (LVEF) < 30 %; 

 Unstable angina; 

 Contralateral carotid occlusion; 

 Recent myocardial infarction (MI); 
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 Previous CEA with recurrent stenosis; 

 Prior radiation treatment to the neck; and 

 Other conditions that were used to determine patients at high risk for CEA in the prior carotid 
artery stenting trials and studies, such as ARCHER, CABERNET, SAPPHIRE, BEACH, and 
MAVERIC II. 

 

Definition of symptoms of carotid artery stenosis include: carotid transient ischemic attack (distinct 
focal neurological dysfunction persisting less than 24 hours), focal cerebral ischemia producing a non-
disabling stroke (modified Rankin scale < 3 with symptoms for 24 hours or more), and transient 
monocular blindness (amaurosis fugax). Patients who have had a disabling stroke (modified Rankin 
scale ≥ 3) shall be excluded from coverage. 

 

Agency Contact Information: 

Agency Phone Number 

Labor and Industries 1-800-547-8367 
Public Employees Health Plan 1-800-200-1004 
Washington State Medicaid 1-800-562-3022 
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HTCC Coverage Vote and Formal Action 

Committee Decision 

Based on the deliberations of key health outcomes, the committee decided that it had the most 
complete information: a comprehensive and current evidence report, public comments, and agency 
and state utilization information.  The committee concluded that the current evidence on Carotid 
Artery Stenting demonstrates that there is sufficient evidence to cover with conditions.   The 
committee considered all the evidence and gave greatest weight to the evidence it determined, based 
on objective factors, to be the most valid and reliable.  Based on these findings, the committee voted 
to cover with conditions Carotid Artery Stenting. 
 

Carotid Artery Stenting 

HTCC Committee Coverage Determination Vote 

  
Not 

Covered 
Covered 

Unconditionally 
Covered Under 

Certain Conditions 

Carotid Artery Stenting 0 0 11 

 

Discussion 

The Chair called for discussion of conditions of coverage for Carotid Artery Stenting following the 
majority voting for coverage under certain conditions.  The following conditions were discussed and 
approved by a majority of the clinical committee: 

Limitations of Coverage: 

Concurrent with the placement of a Food and Drug Administration (FDA) -approved carotid stent and 
an FDA-approved or -cleared embolic protection device; and in accredited facilities as determined by 
the state agencies, the following additional criteria apply: 

 For patients who are at high risk for carotid endarterectomy (CEA) and who also have 
symptomatic carotid artery stenosis >50%.  

 Patients who are at high risk for CEA and have asymptomatic carotid artery stenosis ≥80%. 

Non-Covered Indicators 

Carotid Artery Stenting of intracranial arteries is not covered.  

Definition of high risk includes: 

Patients at high risk for CEA are defined as having significant comorbidities and/or anatomic risk 
factors (i.e., recurrent stenosis and/or previous radical neck dissection), and would be poor candidates 
for CEA.  Significant comorbid conditions include, but are not limited to: 

 Congestive heart failure (CHF) class III/IV; 

 Left ventricular ejection fraction (LVEF) < 30 %; 

 Unstable angina; 

 Contralateral carotid occlusion; 
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 Recent myocardial infarction (MI); 

 Previous CEA with recurrent stenosis; 

 Prior radiation treatment to the neck; and 

 Other conditions that were used to determine patients at high risk for CEA in the prior carotid 
artery stenting trials and studies, such as ARCHER, CABERNET, SAPPHIRE, BEACH, and 
MAVERIC II. 

 

Definition of symptoms of carotid artery stenosis include: carotid transient ischemic attack (distinct 
focal neurological dysfunction persisting less than 24 hours), focal cerebral ischemia producing a non-
disabling stroke (modified Rankin scale < 3 with symptoms for 24 hours or more), and transient 
monocular blindness (amaurosis fugax). Patients who have had a disabling stroke (modified Rankin 
scale ≥ 3) shall be excluded from coverage. 

 

Action   

The committee checked for availability of a Medicare coverage decision.  There is a national coverage 
determination (NCD) for Carotid Artery Stenting (CAS).  The committee reviewed the NCD and determined 
that based the availability of more recent study evidence to:  cover extracranial CAS without a 
requirement of study participation for patient at high risk for CEA with stenosis of 50 to 70%; to cover 
without a requirement of study participation for asymptomatic patients at high risk of surgery for CEA 
with >=80% stenosis.  These criteria provide access to coverage similar to the NCD without study 
participation as a requirement. 
 
The committee determined noncoverage for intracranial stents based on evidence indicating serious 
safety concerns, and recognizing that state agency programs may provide coverage in the context  

The committee Chair directed HTA staff to prepare a Findings and Decision document on Carotid Artery 
Stenting reflective of the majority vote for final approval at the next public meeting. 

 

Health Technology Clinical Committee Authority: 

Washington State’s legislature believes it is important to use a science-based, clinician-centered approach 
for difficult and important health care benefit decisions.  Pursuant to chapter 70.14 RCW, the legislature 
has directed the Washington State Health Care Authority (HCA), through its Health Technology 
Assessment (HTA) program, to engage in an evaluation process that gathers and assesses the quality of 
the latest medical evidence using a scientific research company and that takes public input at all stages.   

Pursuant to RCW 70.14.110 a Health Technology Clinical Committee (HTCC) composed of eleven 
independent health care professionals reviews all the information and renders a decision at an open 
public meeting.  The Washington State HTCC determines how selected health technologies are covered by 
several state agencies (RCW 70.14.080-140).  These technologies may include medical or surgical devices 
and procedures, medical equipment, and diagnostic tests.  HTCC bases its decisions on evidence of the 
technology’s safety, efficacy, and cost effectiveness.  Participating state agencies are required to comply 
with the decisions of the HTCC.  HTCC decisions may be re-reviewed at the determination of the HCA 
Administrator.   



Carotid artery stent placement for symptomatic
extracranial carotid stenosis

1 Guidance
1.1 Current evidence on the safety and efficacy of

carotid artery stent placement for symptomatic
extracranial carotid stenosis is adequate to support
the use of this procedure provided that normal
arrangements are in place for clinical governance
and audit or research.

1.2 During the consent process, clinicians should
ensure that patients understand the risk of stroke
and other complications associated with this
procedure. Clinicians should also ensure that
patients understand the reasons for advising
carotid artery stent placement rather than
endarterectomy in their particular case.

1.3 Patient selection should be carried out by a
multidisciplinary team, which should include an
interventional radiologist or a neuroradiologist, a
vascular surgeon and a physician with a specialist
interest in stroke.

1.4 This procedure should only be carried out by
clinicians with specific training and expertise in the
technique who regularly perform complex
endovascular interventions. The Royal College of
Radiologists has produced training standards.

2 The procedure
2.1 Indications and current treatments
2.1.1 Stenosis of the extracranial carotid arteries due to

atherosclerosis can cause transient ischaemic
attacks (TIAs) or stroke. Patients with symptomatic
carotid stenosis are at increased risk of stroke.

2.1.2 Good medical control of cardiovascular risk factors
is essential. Prompt treatment of the carotid
stenosis is carried out in selected patients: carotid
endarterectomy is the standard treatment.

2.2 Outline of the procedure
2.2.1 Carotid stenting is usually carried out with the

patient under local anaesthesia using a
percutaneous transfemoral approach. A guidewire
is passed into the carotid artery, commonly with a
cerebral protection device at its tip, which is
designed to prevent any debris from passing into
the cerebral circulation during the procedure. The
carotid stenosis is then usually pre-dilated using a
balloon catheter. A metal mesh (stent) is inserted
to treat the stenosis, with the aim of preventing
both embolism and restenosis.

2.2.2 Carotid stenting is a less invasive percutaneous
procedure than carotid endarterectomy which
aims to avoid wound complications associated
with that procedure.

2.3 Efficacy
2.3.1 The efficacy outcomes described below include

stroke or death that occurred more than 30 days
after the procedure (unless specified otherwise).
Stroke or death occurring on or before 30 days
were considered to represent safety outcomes.

Interventional procedure guidance 389
This guidance makes recommendations on the safety and efficacy of the procedure. It does not cover
whether or not the NHS should fund a procedure. Funding decisions are taken by local NHS bodies
after considering the clinical effectiveness of the procedure and whether it represents value for
money for the NHS.

This guidance is for healthcare professionals and people using the NHS in England, Wales, Scotland
and Northern Ireland, and is endorsed by NHS QIS for implementation by NHSScotland.
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2.3.2 A meta-analysis of 3433 symptomatic patients
reported no significant difference in mortality
between patients treated by stenting
(2% [32/1725]) and endarterectomy
(1% [22/1708]) (relative risk [RR] 1.44,
95% confidence interval [CI] 0.84 to 2.47;
p = 0.18) at 120-day follow-up. A randomised
controlled trial (RCT) of 2522 patients reported no
significant difference in mortality between patients
treated by stenting (11%) and those treated by
endarterectomy (13%) (hazard ratio [HR] 1.12,
95% CI 0.83 to 1.51; p = 0.45) at median
2.5-year follow-up (absolute figures not stated).

2.3.3 A UK national register of 953 symptomatic
patients treated by stenting reported a 5-year rate
of mortality, disabling stroke or mortality, and
stroke of 19%, 21% and 7% respectively (data on
173, 167 and 156 patients respectively were
available for analysis).

2.3.4 An RCT of 1713 symptomatic patients reported
no significant difference in the rate of disabling
stroke or death between the stenting group
(5% [43/853]) and the endarterectomy group
(3% [27/857]) (HR 1.28, 95% CI 0.77 to 2.11) at
120-day follow-up.

2.3.5 The RCT of 2522 patients reported that among
symptomatic patients there was no significant
difference in the rate of stroke or death following
stenting (8%) and endarterectomy (6%) (HR 1.37,
95% CI 0.90 to 2.00; p = 0.14) at 2.5-year
follow-up (absolute figures not stated). A
non-randomised controlled study including
1086 symptomatic patients reported a significant
difference in the rate of stroke or death following
carotid stenting (8%) and endarterectomy (5%) in
symptomatic patients (p = 0.01) (absolute figures
and follow-up not stated).

2.3.6 An RCT of 1214 symptomatic patients treated by
stenting or endarterectomy reported that both
groups had a 2% rate of ipsilateral stroke during
31-day to 2-year follow-up (HR 1.17, 95% CI 0.51
to 2.70; p = not significant).

2.3.7 The Specialist Advisers listed a key efficacy
outcome as long-term stroke prevention.

2.4 Safety
2.4.1 The meta-analysis of 3433 symptomatic patients

reported no significant difference in mortality at
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30-day follow-up between patients treated by
stenting (1% [19/1679]) and those treated by
endarterectomy (< 1% [10/1645]) (RR 1.86,
95% CI 0.87 to 4.00; p = 0.10). In the UK
national register of 953 symptomatic patients
treated by stenting, 30-day post-procedural
mortality was 2%.

2.4.2 The meta-analysis of 3433 symptomatic patients
reported that the rate of stroke at 30-day follow-
up was significantly higher following stenting
(7% [125/1679]) than following endarterectomy
(4% [70/1645]) (RR 1.74, 95% CI 1.31 to 2.32;
p = 0.0001): this excess was attributable largely to
patients older than 70 years. The UK national
register of 953 symptomatic patients treated by
stenting reported disabling stroke in 1% (8/829) of
patients, non-disabling stroke in 3% (26/829) and
TIA in 4% (32/829) at 30-day follow-up.

2.4.3 An RCT of 2252 patients reported that there was
a significantly lower incidence of perioperative
myocardial infarction following carotid stenting
(1% [14/1262]) than following endarterectomy
(2% [28/1240]) (HR 0.50, 95% CI 0.26 to
0.94, p = 0.03).

2.4.4 The Specialist Advisers listed known adverse events
as access site complications, peripheral emboli,
carotid artery rupture, femoral catheter access site
damage and reactions to contrast material. They
considered radiation-induced neoplasia to be a
theoretical adverse event.

2.5 Committee comments
2.5.1 The Committee noted recent observational studies

were from the US where case mix is different from
the UK.

3 Further information
3.1 For related NICE guidance see www.nice.org.uk

Information for patients
NICE has produced information on this procedure for
patients and carers (‘Understanding NICE guidance’). It
explains the nature of the procedure and the guidance
issued by NICE, and has been written with patient
consent in mind. See
www.nice.org.uk/guidance/IPG389/publicinfo



Carotid artery stent placement for
asymptomatic extracranial carotid stenosis

1 Guidance
1.1 Current evidence on the safety of carotid artery stent

placement for asymptomatic extracranial carotid
stenosis shows well-documented risks, in particular
the risk of stroke. The evidence on efficacy is
inadequate in quantity. Therefore this procedure
should only be used with special arrangements for
clinical governance, consent and audit or research.

1.2 Clinicians wishing to undertake carotid artery stent
placement for asymptomatic extracranial carotid
stenosis should take the following actions.

• Ensure that patients and their carers understand
the uncertainty about the procedure’s efficacy,
the risk of stroke and other complications, and
the reasons for advising stenting rather than
endarterectomy or best medical treatment
alone in their particular case. Patients should be
provided with clear written information. In
addition, the use of NICE’s information for
patients (‘Understanding NICE guidance’) is
recommended (available from
www.nice.org.uk/guidance/IPG388/publicinfo).

1.3 Patient selection should be carried out by a
multidisciplinary team, which should include an
interventional radiologist or a neuroradiologist, a
vascular surgeon and a physician with specialist
interest in stroke. Cardiac surgeons and
cardiologists should liaise with the multidisciplinary
team in relation to patients being considered for
this procedure as a prelude to cardiac surgery.

1.4 This procedure should only be carried out by
clinicians with specific training and expertise in the
technique who regularly perform complex
endovascular interventions. The Royal College of
Radiologists has produced training standards.

1.5 NICE encourages clinicians either to enter patients
into the ACST-2 trial (Asymptomatic Carotid
Artery Surgery Trial 2; www.nds.ox.ac.uk/acst)
or to submit data to the Endovascular Carotid
Register, run by the British Society of
Interventional Radiology and the Vascular Society
of Great Britain and Ireland (www.bsir.org and
www.vascularsociety.org.uk). NICE may review
this procedure on publication of further evidence.

2 The procedure
2.1 Indications and current treatments
2.1.1 Asymptomatic stenosis of the extracranial carotid

arteries may be identified incidentally through
imaging – for example, before cardiac surgery.
Patients with carotid stenosis are at an increased
risk of transient ischaemic attack (TIA) or stroke;
but the risk is lower compared with patients with
symptomatic stenosis.

2.1.2 Good medical control of cardiovascular risk factors
is essential. Severe asymptomatic stenoses are
sometimes treated by carotid endarterectomy.

2.2 Outline of the procedure
2.2.1 Carotid stenting is carried out with the patient

under local anaesthesia using a percutaneous
transfemoral approach. A guidewire is passed into
the carotid artery, commonly with a cerebral
protection device at its tip, which is designed to
prevent any debris from passing into the cerebral
circulation during the procedure. The carotid
stenosis is then usually pre-dilated using a balloon
catheter. A metal mesh (stent) is inserted to treat
the stenosis, with the aim of preventing both
embolism and restenosis.
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2.2.2 Carotid stenting is a less invasive percutaneous
procedure than carotid endarterectomy which
aims to avoid wound complications associated
with that procedure.

2.3 Efficacy
2.3.1 The efficacy outcomes described below include

stroke or death that occurred more than 30 days
after the procedure (unless specified otherwise).
Stroke or death occurring on or before 30 days
were considered to represent safety outcomes.

2.3.2 A randomised controlled trial (RCT) of
2522 patients reported that among asymptomatic
patients there was no significant difference in the
rate of stroke or death following stenting or
endarterectomy (5% vs 3%; hazard ratio [HR]
1.86, 95% confidence interval [CI] 0.95 to 3.66;
p = 0.07) at a median 2.5-year follow-up
(absolute figures not stated). A non-randomised
controlled study including 8706 asymptomatic
patients reported no significant difference in
stroke or death rate following carotid stenting (2%)
and endarterectomy (2%) in asymptomatic
patients (p = 0.16) (absolute figures and follow-up
not stated).

2.3.3 A UK national register of 291 asymptomatic
patients reported 5-year event rates as follows:
stroke 4%; stroke or TIA 8%; mortality or
disabling stroke 19%; and mortality 18%.

2.3.4 The Specialist Advisers listed key efficacy
outcomes as long-term patency and freedom from
stroke or death.

2.4 Safety
2.4.1 The UK national register of 291 asymptomatic

patients reported a mortality rate of < 1% (1/181)
at 30-day follow-up.
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2.4.2 A meta-analysis of 2 studies including
140 asymptomatic patients reported no significant
difference in stroke or death rate at 30-day
follow-up between the stenting group (4% [3/73])
and the endarterectomy group (3% [2/63]) (odds
ratio 1.06, 95% CI 0.16 to 6.94; p = 0.96). The
UK national register of 291 asymptomatic
patients reported death or disabling stroke rate of
1% (2/181) by 30-day follow-up.

2.4.3 The UK national register of 291 asymptomatic
patients reported the following event rates: disabling
stroke < 1% (1/181), non-disabling stroke
1% (2/181), TIA 2% (4/181) and myocardial
infarction < 1% (1/181) at 30-day follow-up. The
RCT of 85 asymptomatic patients reported no
perioperative strokes or TIAs in either the stenting
group or the endarterectomy group.

2.4.4 The RCT of 2252 patients with either symptomatic
or asymptomatic stenosis reported that there was
a significantly lower incidence of perioperative
myocardial infarction following carotid stenting
(1% [14/1262]) than following endarterectomy
(2% [28/1240]) (HR 0.50, 95% CI 0.26 to
0.94; p = 0.03).

2.4.5 The Specialist Advisers listed anecdotal or reported
adverse events related to this procedure as femoral
artery damage and renal failure. They considered
theoretical adverse events to be dissection,
restenosis or contrast allergy/nephrotoxicity.

2.5 Committee comments
2.5.1 The Committee noted that the case mix in recent

observational studies from the US is substantially
different to that in the UK.

2.5.2 The Committee noted uncertainties about the
benefits of carotid stenting before cardiac surgery.

3 Further information
3.1 For related NICE guidance see www.nice.org.uk

Information for patients
NICE has produced information on this procedure for
patients and carers (‘Understanding NICE guidance’). It
explains the nature of the procedure and the guidance
issued by NICE, and has been written with patient
consent in mind. See
www.nice.org.uk/guidance/IPG388/publicinfo

Sections 2.3 and 2.4 describe efficacy and safety
outcomes from the published literature that the
Committee considered as part of the evidence
about this procedure. For more detailed
information on the evidence, see the overview,
available at
www.nice.org.uk/guidance/IP/881/overview
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Question: Should intravascular stenting be covered for non-coronary, non-carotid, non-
intracranial, and non-lower extremity vessels? 
 
Question source: 2014 CPT code review 
 
Issue: CPT codes  37236-37239 (Transcatheter placement of an intravascular stent) 
were reviewed at the October, 2013 VBBS meeting.  Additional information regarding 
the efficacy and evidence for use of such intravascular stents was requested.  
 
2014 CPT codes included in this review 
37236 Transcatheter placement of an intravascular stent(s) (except lower extremity, 
cervical carotid, extracranial vertebral or intrathoracic carotid, intracranial, or coronary), 
open or percutaneous, including radiological supervision and interpretation and 
including all angioplasty within the same vessel, when performed; initial artery 
37237 each additional artery 
37238 Transcatheter placement of an intravascular stent(s), open or percutaneous, 
including radiological supervision and interpretation and including angioplasty within the 
same vessel, when performed; initial vein 
37239 each additional vein 
 
These new codes replaced 37205-37208 which were located on the following lines: 
37205 lines 35,270,278,303,308,331,350,378,472 
37206 lines 35,270,278,303,308,331,350,378,472 
37207 lines 303,308,350,378,472 
37208 lines 303,308,350,378,472 
 
These procedure codes are used mainly for stenting of the aorta or renal arteries.  
 
Evidence review for use of aortic stents 

1) NICE 2005, endovascular stents for use in thoracic aortic aneurysms and 
dissections 

a. Current evidence on the safety and efficacy of endovascular stent–graft 
placement in thoracic aortic aneurysms and dissections indicates that it is 
a suitable alternative to surgery in appropriately selected patients 

2) NICE 2012, endovascular stents for use in abdominal aortic aneurysms 
a. Endovascular stent–grafts are recommended as a treatment option for 

patients with unruptured infra-renal abdominal aortic aneurysms, for whom 
surgical intervention (open surgical repair or endovascular aneurysm 
repair) is considered appropriate. 

b. Endovascular aortic stent–grafts are not recommended for patients with 
ruptured aneurysms except in the context of research 

3) Coady 2010, AHA guidance on treatment of thoracic aortic aneurysms 
a. For high-risk groups, stent grafting offers the potential for lower morbidity 

and mortality than with open repair. 



Intravascular Stents 
 

2 
 

b. there have been no prospective randomized trials to compare these 
treatment strategies on a head-tohead basis. In addition, although 
endovascular stenting offers a minimally invasive method of treatment, its 
long-term durability is still largely unknown 

 
Evidence for use for venous stents 

1) NICE 2004, stents for vena caval obstruction 
a. Current evidence on the safety and efficacy of stent placement for vena 

caval obstruction appears adequate to support the use of this procedure 
 
Summary: the evidence supports the use of endovascular stents for thoracic and 
abdominal aortic aneurysms and dissections and vena caval obstruction. 
 
 
HERC staff recommendations: 

1) Place 37236 and 37237 (arterial stenting) on lines 
a. 270 ARTERIAL EMBOLISM/THROMBOSIS: ABDOMINAL AORTA, 

THORACIC AORTA  
b. 307 DISSECTING OR RUPTURED AORTIC ANEURYSM 
c. 349 NON-DISSECTING ANEURYSM WITHOUT RUPTURE 
d. 472 ATHEROSCLEROSIS, AORTIC AND RENAL    

2) Place 38238 and 37239 (venous stenting) on lines 
a. 303 BUDD-CHIARI SYNDROME, AND OTHER VENOUS EMBOLISM 

AND THROMBOSIS   



Endovascular stent–graft placement in
thoracic aortic aneurysms and dissections 

1 Guidance
1.1 Current evidence on the safety and efficacy of

endovascular stent–graft placement in thoracic
aortic aneurysms and dissections indicates that it
is a suitable alternative to surgery in appropriately
selected patients, provided that the normal
arrangements are in place for consent, audit and
clinical governance. 

1.2 Clinicians should enter all patients having
endovascular stent–graft placement in thoracic
aortic aneurysms and dissections into the thoracic
stent–graft registry supported by the Vascular
Society of Great Britain and Ireland and the British
Society of Interventional Radiology (www.bsir.org).

1.3 The procedure should be performed by a
multidisciplinary team with access to facilities for
cardiothoracic surgery and cardiopulmonary
bypass.

2 The procedure
2.1 Indications
2.1.1 A thoracic aortic aneurysm is a condition in which

weakening of the wall of the aorta leads to a
localised dilatation of the vessel. In an aortic
dissection, there is leakage of blood between the
layers of the vessel wall. Aneurysms and
dissections may rupture, causing massive internal
bleeding. Rupture of the thoracic aorta has high
mortality, even with treatment.

2.1.2 Conventional surgery for aneurysms of the
thoracic aorta involves replacing the affected part
of the aorta with a synthetic graft. Aortic
dissections may be managed medically or
surgically, depending on the site involved and
whether there are complicating features.

2.2 Outline of the procedure
2.2.1 Endovascular stent–graft placement involves

inserting a metallic stent covered with graft
material inside the aorta. This is usually achieved
by catheterising the femoral arteries. The
stent–graft is positioned and deployed using X-ray
guidance.

2.3 Efficacy
2.3.1 A systematic review of the published evidence on

this procedure was commissioned by the Institute.
A total of 29 studies were identified for inclusion
(27 case series and two comparative 
observational studies). 

2.3.2 In one comparative study, the technical success
rate was 100% (67/67 patients). The overall
technical success rate was 93% across 18 studies
(16 case series and two comparative studies). 

2.3.3 The rate of conversion to open repair varied from
0% (0/26 patients) to 7% (1/14 patients). The
proportion of patients who experienced an
increase in aneurysm size varied from 0% (0/18)
to 7% (2/29) of patients. In the study with the
largest number of patients, the aneurysm
increased in size (by ≥ 5 mm) in 5% (4/84) of
patients. The proportion of patients who
experienced a decrease in aneurysm size varied
from 100% (18/18) to 17% (5/29) of patients. For
more details, refer to the Sources of evidence 
(see below). 
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2.4 Safety
2.4.1 The 30-day mortality rate varied from 0% (in

several studies with a combined population of 
94 patients) to 14% (2/14 patients). The overall
mortality ranged from 3% (1/37 patients) to 24%
(11/46 patients) across 17 studies with a mean
follow-up of 14 months. 

2.4.2 The most commonly reported complication
following endovascular stent–graft placement was
endoleak (incomplete sealing of the aneurysm).
Nineteen studies reported at least one patient
with an endoleak, with a mean incidence of 13%
over 12 months (the total number of patients in
these studies was 752; follow-up ranged from 
3 to 25 months). Five studies with a total of 
83 patients reported that there were no cases of
endoleak during a mean follow-up period of 
12 months.

2.4.3 Injuries to the access artery were reported in nine
case series, and included iliac artery dissection in
4% (1/26) of patients, perforation of the iliac
artery in 4% (1/27) and dissection/rupture of the
femoral artery in 6% (2/34) of patients. One case
series reported stent fracture in 13% (11/84) of
patients, and six cases of stent migration were
reported across 15 case series. 

2.4.4 Other reported complications included wound
complications in 25% (8/32) of patients, stroke in
19% (8/43), renal failure requiring dialysis in 11%
(2/19) and paraplegia in 7% (3/43) of patients.
For more details, refer to the Sources of evidence. 

2.5 Other comments 
2.5.1 It was noted that there was a lack of long-term

data on the durability of stent–grafts. 

Andrew Dillon
Chief Executive
June 2005

Information for the public
NICE has produced information describing its guidance on
this procedure for patients, carers and those with a wider
interest in healthcare. It explains the nature of the
procedure and the decision made, and has been written
with patient consent in mind. This information is available
from www.nice.org.uk/IPG127publicinfo

Sources of evidence 
The evidence considered by the Interventional Procedures
Advisory Committee is described in the following
document.

A systematic review of the recent evidence for the efficacy
and safety relating to the use of endovascular stent–graft
(ESG) placement in the treatment of thoracic aortic
disease, April 2005

Available from www.nice.org.uk/ip001review

National Institute for Health and Clinical Excellence
MidCity Place, 71 High Holborn, London WC1V 6NA; www.nice.org.uk N0876 1P 10k Jun 05

Published by the National Institute for Health and Clinical Excellence, June 2005; ISBN 1-84629-038-4

© National Institute for Health and Clinical Excellence, June 2005. All rights reserved. This material may be freely
reproduced for educational and not-for-profit purposes within the NHS. No reproduction by or for commercial
organisations is permitted without the express written permission of the Institute.
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1 Guidance 

This guidance refers to the use of endovascular stent–grafts or open surgical 

repair only for the treatment of infra-renal abdominal aortic aneurysms. This 

guidance should be read in conjunction with ‘Stent–graft placement in 

abdominal aortic aneurysm’ (NICE interventional procedure guidance 163). 

1.1 Endovascular stent–grafts are recommended as a treatment option 

for patients with unruptured infra-renal abdominal aortic 

aneurysms, for whom surgical intervention (open surgical repair or 

endovascular aneurysm repair) is considered appropriate.  

1.2 The decision on whether endovascular aneurysm repair is 

preferred over open surgical repair should be made jointly by the 

patient and their clinician after assessment of a number of factors 

including:  

• aneurysm size and morphology 

• patient age, general life expectancy and fitness for open surgery 

• the short- and long-term benefits and risks of the procedures 

including aneurysm-related mortality and operative mortality.  

1.3 Endovascular aneurysm repair should only be performed in 

specialist centres by clinical teams experienced in the management 

of abdominal aortic aneurysms. The teams should have appropriate 

expertise in all aspects of patient assessment and the use of 

endovascular aortic stent–grafts.  

1.4 Endovascular aortic stent–grafts are not recommended for patients 

with ruptured aneurysms except in the context of research. Given 

the difficulties of conducting randomised controlled trials, it is 

recommended that data should be collected through existing 

registries to enable further research.  
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2 Clinical need and practice 

2.1 Aortic aneurysms develop when the wall of the aorta weakens, 

causing it to bulge and form a balloon-like projection. This leads to 

further stretching of the wall of the aorta and an increase in tension. 

Eventually the wall may rupture, leading to massive internal 

bleeding. Aneurysms are often a result of atherosclerosis and most 

occur in the abdominal section of the aorta. An abdominal aortic 

aneurysm (AAA) is defined as an enlargement of the aorta of at 

least 1.5 times its normal diameter or greater than 3 cm diameter in 

total. Most AAAs occur in the lower part of the abdominal aorta, 

below the kidney (infra-renal). The main risk factors for AAA include 

increasing age, high blood pressure, smoking and family history of 

AAA. AAAs are about three times more common in men than in 

women. 

2.2 Most AAAs are detected by chance during clinical investigation (for 

example, ultrasound or X-ray) for other conditions. Because most 

AAAs are asymptomatic, it is difficult to estimate their prevalence, 

but screening studies in the UK have estimated a prevalence of 

1.3–12.7% depending on the age group studied and the definition 

of AAA. The incidence of symptomatic AAA in men is 

approximately 25 per 100,000 at age 50, increasing to 78 per 

100,000 in those older than 70 years. The implementation of a 

national screening programme for AAA is under way with the first 

centres expected to start screening by March 2009. The remaining 

centres will be managed in a phased roll-out over the next 5 years. 

2.3 Symptoms that can occur as an aneurysm enlarges include a 

pulsating sensation in the abdomen, back pain and abdominal pain 

that may spread to the back. Patients with a symptomatic AAA 

need rapid medical attention. Among patients with a ruptured AAA 

the mortality rate is about 80%; even when they undergo 

emergency surgery, only about half survive beyond 30 days. The 

risk of rupture increases with the size of the aneurysm, and those 
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aneurysms larger than 6 cm in diameter have an annual risk of 

rupture of 25%. Several studies indicate that without surgery the 

5-year survival rate for patients with aneurysms larger than 5 cm is 

about 20%. 

2.4 Patients with an AAA can be treated by surgical repair to prevent 

rupture. Conventional (open) surgical repair (OSR) involves making 

a large incision in the abdomen and inserting a prosthetic graft to 

replace the damaged section of the aorta. OSR can also be 

performed laparoscopically, either by hand-assisted laparoscopic 

surgery or totally laparoscopic surgery. Endovascular aneurysm 

repair (EVAR) is a minimally invasive technique that involves a 

stent–graft being inserted through a small incision in the femoral 

artery in the groin. It is carried to the site of the aneurysm using 

catheters and guide wires and placed in position under X-ray 

guidance. Once in position, the stent–graft is anchored to the wall 

of the aorta using a variety of fixing mechanisms.  

2.5 Potential advantages of EVAR over OSR include reduced time 

under general anaesthesia, elimination of the pain and trauma 

associated with major abdominal surgery, reduced length of stay in 

the hospital and intensive care unit (ICU), and reduced blood loss. 

Potential disadvantages include the development of endovascular 

leaks (endoleaks), which occur when blood continues to flow 

through the aneurysm because the graft does not seal completely 

(type I endoleak) or because of backfilling of the aneurysm from 

other small vessels in the aneurysm wall (type II endoleak). 

Patients who have had OSR do not require any special follow-up, 

but patients who have undergone EVAR may require computed 

tomography (CT) or ultrasound scans to check for the presence of 

late-occurring endoleaks. In addition, if EVAR is unsuccessful or 

complications arise during the procedure, conversion to OSR may 

be necessary even in patients initially considered unfit for open 

surgery. 
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2.6 In current UK clinical practice, elective surgery is generally 

recommended for patients with aneurysms larger than 5.5 cm in 

diameter and with aneurysms larger than 4.5 cm in diameter that 

have increased by more than 0.5 cm in the past 6 months. Current 

guidelines from the Vascular Society and the National Screening 

Committee recommend that patients with symptomatic aneurysms 

of less than 4.5 cm in diameter should be followed up with 

ultrasonography every 6 months, and aneurysms of 4.5–5.5 cm in 

diameter should be followed up every 3 or 6 months. 

3 The technologies  

3.1 The stent–graft typically comprises a self-expanding nickel–titanium 

(nitinol) stent attached to a woven polyester fabric graft. Bifurcated 

grafts are modular with multiple segments: a proximal tube, a flow 

divider, a full-length ipsilateral iliac limb and a short contralateral 

stump for attachment of the second iliac limb. The stent–grafts are 

attached to the aortic wall by metallic wires, hooks and anchors. 

Additional modular components include aortic and iliac extender 

cuffs, which are used for the treatment of type I endoleaks. The 

main types of endovascular stent–grafts are: aortic tube grafts (no 

longer used in the UK), aorto-uni-iliac grafts and aorto-bi-iliac 

(bifurcated) grafts (the latter are most commonly used in the UK). 

3.2 Five stent–grafts have been included in this appraisal. These are 

the Talent stent–graft (Medtronic), Excluder AAA endoprosthesis 

(WL Gore), Aorfix AAA stent–graft (Lombard Medical), Zenith AAA 

endovascular graft (Cook Medical) and Endologix Powerlink 

Systems (Le Maitre). All have been granted Conformité Européene 

(CE) marking for use within European Union (EU) countries. The 

indications for use for each of the stent–grafts vary; these are given 

in the instructions for each device. 

3.3 The individual endovascular stent–grafts made by different 

companies each have a different cost. Costs are further 
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complicated by the fact that patients who are fitted with the same 

manufacturer’s device may require different numbers of 

components. The manufacturers who produce the devices also 

offer different pricing structures; for example, some charge a price 

per patient regardless of the number of components needed, 

whereas others base their price on the number of parts required.  

3.4 Four of the manufacturers stated that their list prices were 

commercial-in-confidence. Lombard Medical stated that the price of 

their Aorfix AAA stent–graft was £5000, which was a fixed price per 

patient irrespective of the number of components used. A price to 

the NHS of £5000 was supported by limited sample data for 

2007/08 collected by the NHS Purchasing and Supply Agency from 

some NHS organisations in England. These data confirmed that the 

average price of an endovascular stent–graft, irrespective of the 

number of components used, was £5000. 

4 Evidence and interpretation 

The Appraisal Committee (appendix A) considered evidence from a 

number of sources (appendix B). 

4.1 Clinical effectiveness 

4.1.1 The Assessment Group identified studies of adult patients with 

asymptomatic or symptomatic, ruptured or unruptured infra-renal 

AAAs that compared EVAR using stent–grafts with conventional 

OSR and/or with non-surgical treatment (sometimes referred to as 

watchful waiting). In their systematic review, the Assessment Group 

included randomised controlled trials (RCTs) and large registries 

relevant to UK practice. The registries included were the National 

Vascular Database (NVD) for open surgery, the Registry of 

Endovascular Treatment of Abdominal Aortic Aneurysms (RETA) 

and the European Collaborators on Stent–Graft Techniques for 

Abdominal Aortic Repair (EUROSTAR). Where appropriate, the 

Assessment Group used meta-analysis to estimate a summary 
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measure of treatment effect on relevant outcomes based on 

intention-to-treat (ITT) analyses. 

4.1.2 To identify criteria for selecting patients appropriate for EVAR, the 

Assessment Group also reviewed studies that modelled a large 

range of risk factors. Risk-modelling studies were specific to AAA, 

focused on risk of mortality following EVAR, and used appropriate 

statistical modelling techniques. Studies were required to be based 

on a trial, registry or a series of at least 500 patients from 

developed countries of relevance to UK practice. 

EVAR versus OSR in patients with unruptured aneurysms 

4.1.3 Four RCTs compared EVAR with OSR in patients with unruptured 

AAA (EVAR 1, n = 1082; DREAM, n = 351; Cuypers and co-

workers, n = 76; and Soulez and co-workers, n = 40). Most patients 

in the RCTs were men, reflecting the disease profile, and the 

average age of patients ranged from late 60s to mid-70s. The four 

RCTs were relatively homogeneous in terms of average aneurysm 

diameter (6.5 cm, 6.0 cm, 5.4 cm and 5.2 cm, respectively).  

4.1.4 All four RCTs reported 30-day mortality. The pooled estimate of 

effect suggested a significantly lower rate of 30-day mortality in the 

EVAR group: pooled odds ratio (OR) 0.35 (95% confidence interval 

[CI] 0.19 to 0.63). The 30-day mortality rate of 2.3% in the 

EUROSTAR registry was comparable with the 1.7% in the EVAR 

arm of EVAR 1. In the UK NVD crude operative mortality following 

OSR of unruptured aneurysms was 6.8%, compared with 4.7% in 

the OSR arm of EVAR 1. 

4.1.5 EVAR 1 and DREAM provided information on all-cause mortality at 

follow-up (at 4 years and 2 years, respectively). Both RCTs 

reported no significant difference in medium-term mortality (at 42 

and 35 months, respectively) in patients treated with EVAR 

compared with OSR. A pooled analysis of the two trials confirmed 
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that there was no statistically significant difference between EVAR 

and OSR for all-cause mortality at medium-term follow-up. 

4.1.6 The four RCTs provided limited information on rupture as a 

separate outcome. The limited data available suggest that rupture 

may be more of an issue following EVAR than following OSR. The 

cumulative rate of rupture in patients from EUROSTAR was 3.1% 

over 7 years. 

4.1.7 Only the EVAR 1 and Soulez and co-workers trials reported 

endoleak as an outcome. Across these RCTs, some form of 

endoleak occurred at varying frequencies (up to approximately 

20%) following EVAR. Type II endoleaks were most common, 

followed by type I. The cumulative rate of endoleaks in patients 

from the EUROSTAR registry was higher (32.5%). 

4.1.8 Only EVAR 1 reported on device migration following EVAR. In the 

trial, 12 of 529 (2.3%) patients experienced device migration during 

follow-up, of whom seven (1%) required re-intervention. 

4.1.9 The EVAR 1 and DREAM trials compared overall re-intervention 

rates between patients treated with EVAR and OSR. In DREAM, 

the risk of re-intervention was significantly higher in the EVAR 

group for the first 9 months (hazard ratio 2.9; 95% CI 1.1 to 6.2, 

p = 0.03) but the groups were not significantly different thereafter 

(hazard ratio 1.1; 95% CI 0.1 to 9.3, p = 0.95). At the medium-term 

follow-up in EVAR 1, the hazard ratio for re-intervention was 2.7 

(95% CI 1.8 to 4.1) indicating a higher risk in the EVAR group. The 

4-year point estimates for re-intervention in this trial were 20% for 

the EVAR group compared with 6% for the OSR group. The 

cumulative rate of re-intervention in the EUROSTAR registry was 

similar to the 4-year point estimate for the EVAR group in EVAR 1. 

4.1.10 Only the trial by Cuypers and co-workers reported cardiac events: 

three (5%) in the EVAR group and two (11%) in the OSR group. 
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4.1.11 All four RCTs reported some details of health-related quality of life 

(HRQoL). All used the Medical Outcomes Study short form 36 (SF-

36) questionnaire, but different components were reported, making 

it difficult to compare results across studies. Overall, data from 

these trials suggested that there may be a short-term quality-of-life 

advantage for EVAR patients compared with those who have OSR. 

Longer-term quality-of-life data tended to favour OSR. 

EVAR versus non-surgical management (patients with unruptured 

aneurysms considered unfit for OSR) 

4.1.12 The Assessment Group identified one published RCT (EVAR 2, 

n = 338) that compared EVAR and non-surgical management in 

patients judged to be unfit for OSR. The Assessment Group 

considered the trial to be of high quality. The primary endpoint was 

all-cause mortality and secondary endpoints were aneurysm-

related mortality, HRQoL, postoperative complications and hospital 

costs. The trial found no differences in AAA-related and all-cause 

mortality outcomes between groups at medium term. However, this 

finding cannot be taken as definitive because substantial numbers 

of patients randomised to non-surgical management crossed over 

to receive surgical repair of their aneurysm. 

Assessment of risk factors for adverse outcomes following EVAR 

4.1.13 The Assessment Group identified 32 studies investigating specific 

risk factors for adverse outcomes after EVAR. The Assessment 

Group stated that the studies did not provide definitive evidence but 

age, gender, renal impairment, fitness, American Society of 

Anesthesiologists (ASA) score and aneurysm size may be 

predictive of lower 30-day survival. There may be an association 

between fitness for the open procedure, aneurysm size and device 

type and aneurysm-related mortality. Pulmonary status, renal 

impairment, ASA score and aneurysm size might adversely affect 

all-cause mortality. The Assessment Group did not find any 

consistent risk factors for re-intervention. 
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Summary 

4.1.14 Compared with OSR, EVAR reduced operative mortality (OR 0.35; 

95% CI 0.19 to 0.73) and aneurysm-related mortality over the 

medium term (OR 0.49; 95% CI 0.29 to 0.83) but offered no 

significant difference in all-cause mortality at medium term. EVAR 

was associated with an increased rate of complications and re-

interventions. There was limited RCT evidence comparing EVAR 

with non-surgical management in patients unfit for OSR. Although 

the EVAR 2 trial found no differences in mortality outcomes 

between groups this finding should not be taken as definitive. 

4.2 Cost effectiveness 

Published literature 

4.2.1 The Assessment Group identified five economic evaluations that 

considered EVAR for patients with unruptured aneurysms, who 

needed surgery and were considered fit for open surgery. All five 

were cost–utility analyses. Two were based on EVAR programmes 

in the USA (Patel and co-workers and Bosch and co-workers), two 

were based on EVAR programmes in the UK (Epstein and co-

workers and Michaels and co-workers) and one was based on an 

EVAR programme in the Netherlands (Prinssen and co-workers). 

These economic evaluations showed conflicting results. Patel and 

co-workers estimated $9905 per quality-adjusted life year (QALY) 

gained and Bosch and co-workers estimated $22,836 per QALY 

gained, whereas others (Epstein and co-workers and Prinssen and 

co-workers) estimated £110,000 per QALY gained. Michaels and 

co-workers found that EVAR was dominated by OSR. 

4.2.2 The economic evaluation by Michaels and co-workers also 

considered EVAR for patients with unruptured aneurysms who 

were considered unfit for OSR. This was based on effectiveness 

and resource data taken from EVAR 1, DREAM and a systematic 

review of the literature. This evaluation resulted in an ICER of 



 

NICE technology appraisal guidance 167 10 

£8579 per QALY gained for EVAR in patients who were unfit for 

OSR.  

4.2.3 The EVAR 2 trial investigated whether EVAR improved survival 

compared with no intervention in patients who were considered 

unfit for OSR. The Assessment Group stated that, although it was 

not explicitly a cost-effectiveness study, it had been included in 

their cost-effectiveness review because the study reported life 

expectancy and costs, and there have been no other cost-

effectiveness analyses published in the light of the results of this 

trial. The study found that EVAR did not improve HRQoL over the 

period, had a high 30-day operative mortality rate, had no 4-year 

survival benefit, and had considerably higher costs than the no-

intervention arm. Therefore, in the patient group considered 

(approximately 76 years of age with AAA of roughly 6.5 cm in 

diameter), it appeared that EVAR may be dominated by the no-

intervention arm (that is, EVAR has higher costs and worse 

outcomes). 

Manufacturer’s economic model 

4.2.4 Medtronic conducted a cost–utility analysis comparing EVAR with 

OSR in patients with an unruptured infra-renal AAA of at least 

5.5 cm in diameter who were considered fit for open surgery. The 

average age of the population was 70 years and 90% of the 

patients were men. 

4.2.5 Medtronic developed a two-stage model to estimate the lifetime 

costs and QALYs for EVAR and OSR in this patient population. The 

model comprised a decision tree for the first 30 days after surgery 

and then a Markov model from 30 days after surgery until death. At 

the end of the first 30 days, patients in the EVAR arm entered one 

of four states: successful EVAR with no complications; EVAR with 

complications; conversion to open surgery; or death. Patients in the 

OSR arm entered one of three states: OSR with no complications; 

OSR with complications; or death. 
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4.2.6 The effectiveness data used in the model, utility scores for health 

states and resource use data, were largely drawn from EVAR 1 for 

OSR and supplemented with additional commercial-in-confidence 

data. Utility scores for health states were taken directly from 

EVAR 1. These indicated that in the first 3 months after surgery, 

patients in the OSR arm had a slightly lower utility (0.67) than 

patients in the EVAR arm (0.73). From 24 months onwards it was 

assumed that utility was equal in both arms (although it was age 

dependent). Disutility scores for the systemic complications were 

drawn from several sources. 

4.2.7 Data on mortality were obtained from a re-analysis of data from the 

EVAR 1 trial stratified by Customised Probability Index score for a 

4-year time period and split by AAA-related mortality and all-cause 

mortality. AAA-related mortality was defined as deaths within 

30 days of surgery for AAA as well as deaths for which the 

underlying cause was attributable to ICD codes I713–19, ‘all-cause 

mortality’. This term captured all causes of death and, if 

randomisation had been properly conducted, any difference should 

only have occurred with respect to mortality associated with the 

procedure. 

4.2.8 For the base-case analysis from the Medtronic model, the ICER at 

30 years for this patient group, applying all-cause mortality rates, 

was £15,681 per QALY gained. The ICER was lower when the 

AAA-related mortality rate was applied with an ICER of £11,339 per 

QALY gained. Secondary analysis demonstrated that, when 

extreme data points on length of stay were removed, the base-case 

ICER was £12,526 per QALY gained when applying all-cause 

mortality rates. 

4.2.9 Medtronic conducted univariate sensitivity analyses for all the 

parameters in the model, using the values for the lower and upper 

confidence limits of each parameter. The manufacturer found that 
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the ICER was most sensitive to the short-term relative risk of 

operative mortality.  

Assessment Group model 

4.2.10 The Assessment Group’s economic evaluation was divided into two 

parts. The first part compared the cost effectiveness of EVAR with 

OSR in patients with large unruptured aneurysms (at least 5.5 cm 

in diameter) considered fit for OSR. This analysis assumed that the 

decision to operate had already been taken. The second part of the 

Assessment Group’s economic evaluation estimated the cost 

effectiveness of treatment strategies that differed in when and how 

the aneurysm repair for unruptured aneurysms should be carried 

out. In this second part, the Assessment Group compared surgery 

(EVAR or OSR) with no surgery or watchful waiting as alternative 

treatment strategies. 

4.2.11 In the analyses for both parts of their economic evaluation, the 

Assessment Group initially stratified their results according to three 

key patient characteristics: age, fitness (risk of operative mortality) 

and aneurysm size. Fitness in the model was represented by pre-

existing conditions such as cardiac, pulmonary or renal 

insufficiency, which might predict operative mortality. The 

Assessment Group considered that because of the large number of 

combinations of potential risk factors and levels it would be more 

convenient to express fitness according to a single scale. In their 

analysis, the Assessment Group defined four levels of fitness: good 

fitness or no pre-existing conditions affecting operative mortality; 

moderate fitness, with twice the odds of operative mortality 

compared with a person of the same age and aneurysm size with 

good fitness; poor fitness, with four times the odds of operative 

mortality compared with a person of the same age and aneurysm 

size with good fitness; and very poor fitness, with eight times the 

odds of operative mortality compared with a person of the same 

age and aneurysm size with good fitness. 
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EVAR compared with OSR: methods 

4.2.12 The model compared OSR with EVAR in patients with a diagnosed 

AAA of at least 5.5 cm in diameter who were considered fit for 

OSR. The perspective of the model was that of the NHS. The time 

horizon of the model was for the patient’s lifetime. All costs used 

2007 prices. Costs and health benefits in future years were 

discounted at a rate of 3.5% per year. The base-case model 

assumed that patients’ age, fitness levels and aneurysm sizes at 

the time of the decision to undertake surgery influenced baseline 

risks, but that the effect of treatment on operative mortality (odds 

ratio) of EVAR versus OSR was constant for all patient groups. 

4.2.13 Patients entered the model after the decision to operate had been 

made, and had a primary aneurysm repair procedure (that is, either 

EVAR or OSR). Following this, patients could die, convert from 

EVAR to OSR, or survive the procedure. Survivors passed into a 

Markov cohort model to estimate lifetime costs and QALYs. It was 

assumed that patients who converted from EVAR to OSR during 

the primary admission had the same long-term prognosis as those 

who had undergone OSR initially. 

4.2.14 For the analyses, the results were stratified by patient fitness, age 

and aneurysm diameter. Each variable affected the parameter 

estimates, which were calculated using risk equations for operative 

mortality after EVAR and OSR, the rate of non-aneurysm deaths 

more than 30 days after aneurysm repair, the rate of late 

aneurysm-related death and the rate of late readmission for 

complications. 

4.2.15 Costs were incurred in the model during the primary admission, in 

surveillance after surgery and if the patient was readmitted to 

hospital for an aneurysm-related complication. The costs and 

resources used during the primary procedures were estimated from 

the ITT analysis of EVAR 1. Resource use and costs for intensive 

care during the primary procedure were based on the actual use of 
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ICUs and high-dependency units (HDUs) as recorded in EVAR 1. 

All patients undergoing EVAR, whether they experienced adverse 

events or not, were assumed to require regular specialist hospital 

outpatient attendances and CT scans to monitor their aneurysm 

repair. In the base case, based on the results of a survey of UK 

hospitals participating in the EVAR trials, the Assessment Group 

assumed that patients required two surveillance visits during the 

first year and one visit per year thereafter. Based on the findings of 

EVAR 1, the Assessment Group assumed that HRQoL declined by 

0.077 in the 6-month period following open surgery, by 0.027 

following EVAR and by 0.077 after readmission. Patients without 

the need for re-intervention were assumed to recover to age- and 

sex-specific average population values of HRQoL 6 months after 

the procedure. The utility values more than 6 months after 

successful surgery were 0.78 for patients aged 75 years or younger 

and 0.75 for patients older than 75 years. 

EVAR compared with OSR: results 

4.2.16 The cost-effectiveness results for EVAR compared with OSR were 

stratified by age, aneurysm size and fitness at baseline. For 

patients of moderate fitness, with aneurysms larger than 7.5 cm in 

diameter and aged older than 80 years, the cost-effectiveness 

estimate for EVAR was lower than £20,000 per QALY gained. For 

patients of poor fitness, with aneurysms of 5.5–6.0 cm in diameter 

and aged 75 years and older, the cost-effectiveness estimates for 

EVAR were also lower than £20,000 per QALY gained. The ICERs 

for EVAR for patients of good fitness, with any size of aneurysm 

and of any age, were estimated to be either higher than £30,000 

per QALY gained or EVAR was dominated by OSR. 

Immediate elective surgery (EVAR or OSR) compared with watchful 

waiting and no intervention: methods 

4.2.17 An exploratory analysis considered when surgery (with EVAR or 

OSR) might be cost effective, compared with no surgery or 
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delaying the decision for patients at each age and aneurysm size. 

The Assessment Group assumed that the patient was evaluated 

every 6 months in the watchful waiting policy. The Assessment 

Group also assumed that surveillance was stopped if a decision 

was made to rule out surgery and there were no subsequent 

monetary costs to the healthcare system. The costs of deferral 

were the monitoring costs of CT scans and outpatient attendance, 

deaths while waiting and a time preference for current benefits 

rather than future benefits. The Assessment Group assumed 

patients had normal HRQoL for their age while under surveillance, 

although it was recognised that evidence suggested that patients 

with diagnosed untreated aneurysm suffer anxiety. 

4.2.18 A dynamic programme was constructed for this exploratory 

analysis to evaluate EVAR versus OSR and an option of no 

surgery. This estimated the net benefit of a watchful waiting 

strategy, and calculated the optimum policy (EVAR, OSR, no 

surgery or watchful waiting) for each aneurysm size and age. 

Immediate elective surgery (EVAR or OSR) compared with watchful 

waiting and no intervention: results 

4.2.19 The base-case model (where EVAR was compared with OSR) 

estimated the ICERs for EVAR for patients of good fitness, with any 

size of aneurysm and of any age, to be either over £30,000 per 

QALY gained or EVAR was dominated by OSR. Including a 

watchful waiting or no-surgery strategy did not alter these results. 

4.2.20 The following management strategies for patients of poor fitness 

were predicted to have an ICER of less than £20,000 per QALY 

gained: EVAR for aneurysm diameters of 5.5–7.4 cm and patients 

aged 74–78 years; OSR for aneurysm diameters of 5.5–7.4 cm and 

patients younger than 74 years; no surgery or watchful waiting for 

aneurysm diameters of 5.5–7.4 cm and patients older than 

78 years; and EVAR for aneurysm diameters of 7.5 cm or greater 

and patients aged 83 years or younger. 
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4.2.21 The following management strategies for patients of very poor 

fitness were predicted to have an ICER of less than £20,000 per 

QALY gained: EVAR for aneurysms of 5.5–7.4 cm in diameter and 

patients aged 74 years or younger; no surgery or watchful waiting 

for aneurysms of 5.5–7.4 cm in diameter and patients older than 

74 years; and EVAR for aneurysm sizes of 7.5 cm or greater and 

aged 78 years or younger. 

4.2.22 The Assessment Group identified the following uncertainties within 

the model. The model comparing surgery with watchful waiting did 

not use treatment effects from RCTs. This was because the 

crossovers, delays and absence of a watchful waiting protocol in 

EVAR 2 made the results difficult to use directly to identify the most 

cost-effective form of management. Therefore, the Assessment 

Group could not use treatment effects from this trial to inform the 

model. Instead, the natural history of patients with untreated infra-

renal aneurysms was estimated using rupture rates and growth 

rates obtained from a review of the literature, and compared with 

outcomes estimated by the model of EVAR and OSR for patients 

with the same baseline characteristics. Given the uncertainties in 

the data, and the potential for bias in this non-randomised 

comparison, the Assessment Group intended their decision model 

and dynamic programme for watchful waiting to be exploratory. 

Assessment Group’s additional analyses: methods 

4.2.23 The Assessment Group undertook further analyses at the request 

of the Appraisal Committee. These analyses included a revised 

base case in which fitness scores, age and gender were 

aggregated to represent, as near as possible, an ‘average’ UK 

population that would be considered suitable for EVAR, and a 

hazard ratio for late AAA-related deaths with EVAR compared with 

OSR of 1.5. The Appraisal Committee also requested further 

sensitivity analyses including the following scenarios: a hazard ratio 

of late AAA-related deaths of 1.2; reduced rates of convergence of 
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the survival curves after EVAR and OSR; the current range of 

prices of endovascular stents paid by the NHS in England and 

Wales; and the relative cost of the procedures. 

4.2.24 In order to construct the revised base case based on an average 

UK population, the Assessment Group compared the mean age 

and aneurysm size and mortality of the patients in the EVAR 1 trial, 

RETA and EUROSTAR. On the basis of these sources and clinical 

opinion, it was thought that an operative mortality for EVAR of 

approximately 2% would be fairly representative of average UK 

clinical practice. The Assessment Group used the risk equation for 

calculating operative mortality to indicate which population had an 

operative mortality similar to the estimate of the expected operative 

mortality of 2% after EVAR. The risk equation indicated that 

patients aged 75 years, with moderate fitness and an aneurysm of 

6.5 cm in diameter were predicted to have an operative mortality of 

2.1%. 

4.2.25 The original base case used a hazard ratio for late AAA-related 

deaths of 2.46 (95% CI 0.48 to 12.7). The revised base case used 

a hazard ratio of 1.5 over the entire model time horizon. Sensitivity 

analyses explored the effect of a lower hazard ratio of 1.2, and a 

declining parameter value where the hazard ratio was 2.46 for the 

first 4 years and 1.0 thereafter.  

4.2.26 The original model assumed an initial non-aneurysm mortality after 

EVAR until the cumulative rates of all-cause mortality were equal. 

The original hazard ratio for excess mortality was 1.072, based on 

EVAR 1 trial data. In the additional analyses, the Assessment 

Group varied the rate of excess late non-aneurysm mortality in a 

sensitivity analysis from 1 (no excess late mortality after EVAR) to 

1.144. 

4.2.27 The original base case used a hazard ratio of 6.7 for late re-

interventions for aneurysm-related complications for EVAR 
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compared with OSR. In the revised analyses, the Assessment 

Group undertook a sensitivity analysis using a lower hazard ratio of 

re-intervention of 1.5. 

4.2.28 The original base case used a cost for the EVAR procedure 

(including the cost of the device) of £10,416 and for the open 

procedure of £9893, a difference of £523. For the revised analyses, 

sample data were obtained from the NHS Purchasing and Supply 

Agency for NHS organisations in England for the mean price of an 

endovascular stent–graft. The price of endovascular stent–grafts 

used in the additional analyses was based on an average of £5000 

(irrespective of the number of components required). The 

Assessment Group also undertook sensitivity analyses where the 

cost of the EVAR procedure was £1150 lower than in the original 

base case (that is, EVAR and OSR had the same initial procedure 

cost). 

4.2.29 On the basis of a survey of hospitals, the original Assessment 

Group model included two CT scans in the first year and one each 

year thereafter. Because practice varied between centres, the 

Assessment Group undertook sensitivity analyses that considered 

lower annual costs, representing the use of cheaper technology 

such as duplex ultrasound and/or less frequent attendance. 

4.2.30 As in their original model, the Assessment Group also considered 

patients of good fitness and patients of moderate and poor fitness 

separately. The Assessment Group defined good fitness here as 

the absence of renal disease, an ASA score of I or II, and the 

surgeon’s assessment that the patient was suitable for open 

surgery. 

Assessment Group’s additional analyses: results 

4.2.31 The revised base case used patient characteristics set to the 

average population, that is, age 75 years, moderate fitness, and an 

aneurysm 6.5 cm in diameter. The ICER for the revised base case, 
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with a hazard ratio for late AAA-related deaths with EVAR relative 

to OSR of 2.46, was £121,725 per QALY gained. The ICER for the 

revised base case, with a hazard ratio of late aneurysm deaths of 

1.5 for the lifetime of the patient, was approximately £49,000 per 

QALY gained.  

4.2.32 The model includes an initial excess hazard of late non-aneurysm 

death after EVAR until the survival curves converge at 3 years. In 

the revised base case, if the excess hazard was set such that the 

survival curves converged at 8 years (with other parameters as the 

revised base case), then the ICER was approximately £22,000 per 

QALY gained. If the excess hazard was twice that of the base case, 

the survival curves converged at 2 years and the ICER was 

approximately £96,000 per QALY gained. 

4.2.33 The revised base case assumed that the hazard of late aneurysm 

death was 1.5 times greater after EVAR than after OSR, for the 

lifetime of the patient. If there was no difference between 

treatments (hazard ratio 1.0) and all other parameters in the 

revised base case remained the same, then the ICER was 

approximately £29,000 per QALY gained. If the hazard ratio of late 

aneurysm death was 1.2, the ICER was approximately £37,000 per 

QALY gained.  

4.2.34 The original base case in the assessment report assumed that the 

hazard ratio of late re-intervention was 6.7 for the lifetime of the 

patient, although the absolute rate of re-intervention declined over 

time and was low (about 2% per year) 4 years after EVAR. In the 

revised base case, if there was no difference between treatments 

(hazard ratio 1.0), the ICER was approximately £27,000 per QALY 

gained. If the hazard ratio of late re-intervention was 1.5 (the same 

as that of late aneurysm death) the ICER was £29,000 per QALY 

gained.  
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4.2.35 The revised base case assumed that one follow-up with CT per 

year was required after EVAR. If the cost per year was half that 

used in the revised base case (£54 per annum compared with 

£108), then the ICER was £44,000 per QALY gained. If there were 

no follow-up visits in the revised base case (while re-interventions 

and aneurysm deaths were unchanged), the ICER was 

approximately £39,000 per QALY gained. 

4.2.36 The revised base case assumed that the EVAR procedure cost 

£523 more than OSR. If it was assumed that the EVAR procedure 

cost £623 less than OSR, the ICER was approximately £21,000 per 

QALY gained. Alternatively, if it was assumed that the EVAR 

procedure cost the same as OSR, the ICER was approximately 

£36,000 per QALY gained.  

4.2.37 In a multivariate sensitivity analysis the values in the revised base 

case were changed as follows: 1.5 for the hazard ratio of late re-

intervention; the initial EVAR procedure cost the same as OSR; 

and the procedure costs of intervention and follow-up were £54 per 

annum. The resulting ICER was approximately £12,000 per QALY 

gained for all patients, £71,000 per QALY gained for patients of 

good fitness and £9000 per QALY gained for patients of moderate 

and poor fitness.  

4.3 Consideration of the evidence 

4.3.1 The Appraisal Committee reviewed the data available on the 

clinical and cost effectiveness of endovascular stent–grafts for 

AAAs, having considered evidence on the nature of the condition 

and the value placed on the benefits of endovascular stent–grafts 

by people with AAAs, those who represent them, and clinical 

specialists. It was also mindful of the need to take account of the 

effective use of NHS resources. 

4.3.2 The Committee considered the care pathway for people with infra-

renal AAAs and the potential place of endovascular stent–grafts in 
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such a pathway. The Committee heard from clinical specialists that 

EVAR is now routinely considered as part of the management of 

infra-renal AAAs. The Committee recognised that to identify 

patients for whom EVAR was appropriate it is necessary to take 

account not only of the size of the aneurysm but also of other 

factors such as physiological measures of the person’s fitness for 

surgery and aneurysm morphology, and patient choice. The 

Committee heard from the clinical specialists that these factors are 

assessed on a case-by-case basis by a specialist clinician 

experienced in the management of AAAs. The Committee 

concluded that it was essential to determine the appropriateness of 

EVAR through assessment by a specialist clinician experienced in 

the management of aortic aneurysms. 

4.3.3 The Committee examined the clinical-effectiveness evidence for 

EVAR for patients with unruptured infra-renal aneurysms for whom 

elective surgical repair was considered appropriate. The Committee 

noted that the four RCTs and three registries identified showed that 

EVAR had benefits in terms of reduced rates of operative and 

aneurysm-related mortality over the medium term. The Committee 

also noted that EVAR offered no significant difference in all-cause 

mortality at medium term and was associated with increased rates 

of complications and re-interventions compared with OSR. The 

Committee heard from the clinical specialists that the rates reported 

in the trials for long-term aneurysm-related death, complications 

and re-intervention following EVAR were higher than those seen 

currently in UK clinical practice. The Committee heard that these 

trials used older stent–grafts, and that the technology has 

significantly improved since the RCTs were carried out. In addition, 

clinical expertise both in assessing patients’ suitability for EVAR 

and in undertaking the procedure has improved with more 

widespread use of the technology. The Committee was persuaded 

that the benefits of EVAR compared with OSR in current UK clinical 

practice were likely to be greater than those seen in the RCTs. 
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4.3.4 The Committee next considered whether there was any evidence of 

differences in the clinical effectiveness of the various types of 

endovascular stent–grafts available. It noted that only two of the 

five endovascular stent–grafts had been compared head-to-head in 

RCTs and that these studies showed no statistically significant 

differences between the outcomes. The Committee heard from the 

clinical specialists that the different endovascular stent–grafts are 

clinically comparable and that, in practice, any of the endovascular 

stent–grafts would be used with the choice of device depending on 

factors such as a patient’s anatomy and aneurysm morphology.  

4.3.5 The Committee examined the economic modelling that had been 

carried out for the appraisal. The Committee noted that in the 

Assessment Group’s original base-case analyses estimates of cost 

effectiveness were stratified by age, aneurysm size and fitness. 

The clinical specialists agreed that the selection of a patient for 

EVAR depended on a number of factors such as age, aneurysm 

morphology and fitness for surgery, but stated that there was no 

accepted definition of fitness for surgery and that this was usually a 

subjective decision made by the surgeon. The Committee accepted 

that because there were no universally accepted criteria for 

assessing operative risk for aneurysm surgery, the fitness and age 

criteria used in the original Assessment Group’s economic model 

could not be routinely reproduced in clinical practice. The 

Committee concluded that it was not appropriate for the subgroups 

to be stratified as done in the original Assessment Group’s 

economic model and therefore the estimates should be merged to 

take account of the average UK population characteristics that 

would be considered for EVAR.  

4.3.6 The Committee considered the revised base case presented by the 

Assessment Group in which fitness scores and age were 

aggregated to represent, as closely as possible, the average UK 

population that would be considered for EVAR. The Committee 
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noted that following the revised base case the ICER for EVAR 

compared with OSR was £122,000 per QALY gained. 

4.3.7 The Committee then discussed the key parameters in the 

Assessment Group’s economic model. The Committee considered 

the different approaches used for modelling the rate of 

convergence of the survival curves after EVAR and OSR. The 

Committee was aware that the rate of convergence of the survival 

curves depended on the balance between operative mortality and 

excess late non-aneurysm-related deaths. The Committee noted 

that the Assessment Group’s model included input values for 

excess late non-aneurysm mortality after EVAR in contrast to the 

model submitted by the manufacturer. The Committee heard from 

the clinical specialists that most of the long-term non-aneurysm 

mortality seen in clinical practice was related to cardiovascular 

disease. The Committee was aware that the value of 1.072 used by 

the Assessment Group for long-term non-aneurysm mortality in 

their original base case had been obtained from the EVAR 1 trial. 

The Committee was also aware that the Assessment Group had 

varied the rate of excess late non-aneurysm mortality in their 

revised sensitivity analyses from 1.0 to 1.144. The Committee 

noted the effect of changing the values for excess non-aneurysm 

mortality after EVAR on the predicted convergence of the survival 

curves. The Committee was persuaded that, although there was 

uncertainty about the value for excess non-aneurysm mortality after 

EVAR, the value of 1.072 used by the Assessment Group in both 

their original and revised base-case analyses was plausible and 

appropriate given the empirical data available.  

4.3.8 The Committee considered the values used by the Assessment 

Group and the manufacturer for the hazard ratio for late aneurysm-

related deaths. The Committee noted that the hazard ratio used by 

the Assessment Group in their original base case (hazard 

ratio 2.46) was higher than that used by the manufacturer (hazard 
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ratio 1.0). The Committee noted that the hazard ratio used by the 

Assessment Group was not statistically significant and was based 

on a very small number of deaths. The clinical specialists agreed 

that the rate of late aneurysm-related deaths seen in UK clinical 

practice was higher for those patients receiving EVAR compared 

with OSR, but that the hazard ratio would be much lower than that 

presented by the Assessment Group. The Committee discussed 

the range of possible values for the hazard ratio of late aneurysm-

related deaths and their relevance to UK practice and concluded 

that a hazard ratio of 1.5 was most appropriate. 

4.3.9 The Committee considered the hazard ratio used in the model for 

re-intervention after EVAR (6.7) and noted that the ratio used by 

the Assessment Group had been obtained from the EVAR 1 trial. 

The Committee heard from the clinical specialists that clinicians are 

less inclined to re-intervene in current UK clinical practice than was 

the case during the RCTs. This was particularly true for type II 

endoleaks, which comprised the majority of re-interventions in the 

trials. The Committee concluded that it was appropriate to use a 

hazard ratio for re-interventions of 1.5 in the revised cost-

effectiveness analysis.  

4.3.10 The Committee then considered the differential costs of the initial 

procedures, either OSR or EVAR, which included operating theatre 

time, intensive care and ward stay as well as the cost of the stent–

graft. The Committee noted that the resource use and costs for 

operating theatre time, intensive care and ward stay for EVAR used 

in the Assessment Group’s model were higher than those used in 

the manufacturer’s model and that this difference in resource use 

was due to slight differences in the estimates for length of stay in 

operating theatres, HDUs and ICUs. The Committee understood 

that these differences were because the input costs in the 

Assessment Group’s economic model were based on the actual 

costs and resources used in the EVAR 1 trial, whereas those in the 
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manufacturer’s model had been derived from a number of other 

sources. The Committee was aware of the effect of the differing 

relative costs on the cost-effectiveness estimates for EVAR from 

the sensitivity analyses undertaken by the Assessment Group in 

their original and revised base cases. The Committee heard from 

the clinical specialists that the length of stay in ICU and on the ward 

following EVAR had reduced since the trials were undertaken. The 

Committee was persuaded that the Assessment Group’s original 

and revised base cases may have overestimated length of stay in 

hospital following EVAR. The Committee concluded that there was 

uncertainty around the exact costs for theatre time and length of 

stay in HDU and ICU, and that this would have a large effect on the 

cost-effectiveness estimates for EVAR.  

4.3.11 The Committee then considered the cost of the stent–grafts and 

heard from the clinical specialists that there were different 

procurement arrangements available for purchasing endovascular 

stent–grafts and, as with many devices, no nationally agreed price 

currently exists. However, the Committee noted from additional 

information obtained from sample data that the current 

procurement price for endovascular stent–grafts was on average 

£5000, irrespective of the number of components used. The 

Committee therefore concluded, taking into account the total 

procedural costs as discussed in section 4.3.10, that if the price of 

the stent–graft was on average no more than £5000 it was 

plausible to assume that there would be no difference in the initial 

procedure cost between EVAR and OSR. 

4.3.12 The Committee also considered the costs of follow-up after EVAR. 

The Committee noted that in their original base case the 

Assessment Group had included follow-up by CT scan whereas the 

manufacturer had assumed that 50% of patients would receive 

follow-up monitoring by CT and the remaining 50% would receive 

follow-up monitoring by duplex ultrasound scan, to reflect changing 
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clinical practice in the UK. The Committee heard testimony from the 

clinical specialists that for patients undergoing EVAR, duplex 

ultrasound scanning had largely replaced the need for CT. The 

Committee was therefore persuaded that the cost of follow-up after 

EVAR may have been overestimated in the Assessment Group’s 

original and revised base cases. The Committee was persuaded 

that although there was uncertainty about the costs of follow-up 

after EVAR, the reduced costs (£54) used by the Assessment 

Group in their sensitivity analyses on their revised base case 

represented a plausible estimate to use for the cost-effectiveness 

analysis. 

4.3.13 The Committee agreed to use the following parameter values as 

the basis for their discussions: 

• a hazard ratio for late aneurysm deaths of 1.5 

• an excess non-aneurysm mortality after EVAR of 1.072 

• a hazard ratio for late re-intervention of 1.5 

• an annual cost of follow-up for EVAR of £54 

• no cost differential for EVAR and OSR for the initial procedure 

(where the average device cost is no greater than £5000). 

The Committee noted that the ICER for the treatment of an average 

patient (defined as a 75-year-old patient of moderate fitness with an 

aneurysm of 6.5 cm diameter) with EVAR was £12,000 per QALY 

gained. The Committee concluded, therefore, that endovascular 

stent–grafts are an appropriate use of NHS resources.  

4.3.14 The Committee noted that the Assessment Group had undertaken 

further sensitivity analyses on the scenario described in 4.3.13 

where ‘moderate and poor fitness’ and ‘good fitness’ rather than 

‘the average patient’ were used in the revised economic analyses. 

The Committee noted that the ICERs for these two additional 

scenarios were £9000 and £71,000 per QALY gained based on 

QALY gains of 0.070 and 0.008 respectively for moderate and poor 



 

NICE technology appraisal guidance 167 27 

fitness and good fitness. The Committee noted that the ICER 

presented by the Assessment Group for patients of good fitness 

suggested that EVAR was not what would be usually agreed as a 

good use of NHS resources in these patients. The Committee 

considered that the difference in QALYs between the different 

subgroups was due to the absolute differences in operative 

mortality between EVAR and OSR for these patient groups. For the 

moderate and poor fitness patients the operative mortality rate for 

EVAR and OSR was assumed in the model to be 4% and 11% 

respectively. For the good fitness patients the operative mortality 

for EVAR and OSR was assumed in the model to be 1% and 3% 

respectively. The Committee was mindful that the relative 

differences in operative mortality were three times higher for OSR 

compared to EVAR for both the good fitness and moderate and 

poor fitness patients. The Committee acknowledged that this lack 

of a difference in relative operative mortality between the fitness 

subgroups would be part of the discussion between the clinician 

and patient during initial assessment of the appropriate choice of 

intervention. 

4.3.15 The Committee next considered how fitness for surgical 

intervention (EVAR or OSR) should be assessed. It heard from the 

clinical specialists and consultees that assessment of a patient’s 

fitness for surgical intervention for AAA involved assessment of the 

following factors: pre-operative investigations, clinical opinion on 

the suitability of OSR for an individual patient, overall life 

expectancy, age, and aneurysm size and morphology. Comments 

received during consultation suggested that fitness for surgery 

could be readily defined and therefore could form the basis for an 

appropriate distinction to be made between subgroups of patients 

which would be important to ensure a cost-effective use of 

resources. The Committee therefore reconsidered the Assessment 

Group’s definitions of fitness as used in the economic model in 

relation to whether they were clinically meaningful and could be 
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implemented nationally. The Committee was also mindful that local 

protocols existed between clinicians and commissioners on how to 

assess patients’ fitness for surgery and that these assessments 

were based on objective measures as well as clinical opinion. The 

Committee agreed that clinicians’ assessment of the 

appropriateness of open surgery would be decided on a case-by-

case basis. This would be reassessed at regular intervals based on 

a number of factors, including general overall fitness for surgery as 

well as aneurysm size and morphology. These factors could 

change over time. The Committee was persuaded that, as there 

were no nationally agreed definitions of fitness for surgery and no 

relative difference in the risk of operative mortality for ‘good fitness’ 

and ‘moderate and poor fitness’ patients, it would be inappropriate 

to exclude a specific subgroup of patients because there was no 

clear distinction between the patient subgroups based on differing 

levels of fitness. On this basis the Committee concluded that, 

although the cost-effectiveness estimate presented by the 

Assessment Group for patients of good fitness was higher than that 

normally considered to be a good use of NHS resources, 

endovascular stent–grafts could be considered a cost-effective 

treatment option for patients with unruptured infra-renal abdominal 

aortic aneurysms, for whom surgical intervention (OSR or EVAR) is 

considered appropriate. The Committee agreed however, that the 

decision on whether EVAR is preferred over OSR should be made 

jointly between the patient and their clinician after assessment of a 

number of factors including aneurysm size and morphology, patient 

age, general life expectancy, fitness for open surgery, the short- 

and long-term benefits and risks of the procedures including 

aneurysm-related mortality and operative mortality.  

4.3.16 The Committee considered the treatment options for people who 

were considered unfit for OSR, but could receive EVAR. It was 

aware that the evidence base for EVAR in this situation was limited. 

The Committee noted that the economic model submitted by the 
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Assessment Group explored the cost effectiveness of EVAR versus 

OSR including strategies of no intervention and watchful waiting. 

The Committee was mindful of the limitations of the model 

highlighted by the Assessment Group in the original assessment 

report and their intention that the analysis was exploratory. The 

Committee was also mindful that the cost-effectiveness estimates 

produced by the Assessment Group in their revised analyses 

applied only to patients who were considered suitable for EVAR or 

OSR. The Committee noted that there were no revised cost-

effectiveness estimates available for patients who were not suitable 

for OSR (primarily patients with very high operative risk) that might 

still be considered for EVAR. The Committee considered that given 

their conclusion that EVAR was a cost-effective treatment for 

patients of moderate and poor fitness based on the assumptions 

described in sections 4.3.13 and 4.3.14, then it was plausible that 

the cost-effectiveness estimate for EVAR for patients of very poor 

fitness would be similar. The Committee therefore concluded that 

EVAR would be an acceptable use of NHS resources in patients 

considered unfit for OSR in whom EVAR was considered 

appropriate.  

4.3.17 The Committee was mindful that the data on the clinical 

effectiveness of EVAR came from trials and registries in which 

patients were treated predominantly by specialist clinicians working 

in units with significant annual throughput in terms of numbers of 

patients treated. The Committee considered whether such 

outcomes could be achieved in units with only developing expertise 

and lower annual patient numbers. The Committee heard from the 

clinical specialists that, in the UK, EVAR was undertaken in both 

specialist and non-specialist units. The clinical specialists stated 

that outcomes following EVAR were better for those patients 

undergoing the procedure in specialist units because of the higher 

numbers of cases treated and therefore the increased clinical 

expertise. The Committee reached the view that it was essential 
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that EVAR be performed by clinicians experienced in the procedure 

and in the management of AAAs. The Committee therefore 

concluded that EVAR using endovascular stent–grafts should only 

be performed in specialist centres by clinical teams experienced in 

the management of AAAs. The teams should have appropriate 

expertise in all aspects of patient assessment and the use of 

endovascular aortic stent–grafts. 

4.3.18 The Committee examined the clinical effectiveness of EVAR for 

ruptured aneurysms and was mindful of the limited published data. 

The Committee noted that no estimate of cost effectiveness had 

been provided by the Assessment Group or the manufacturers. The 

Committee heard from the clinical specialists that EVAR was used 

in UK clinical practice as a treatment option for patients with 

ruptured aneurysms. The Committee considered that the collection 

of more data on the clinical effectiveness of EVAR for ruptured 

aneurysms would enable a more precise estimate of the clinical 

and cost effectiveness of EVAR compared with OSR. Given the 

difficulties of conducting RCTs, the Committee considered that data 

should be collected through existing established registries and that 

all clinicians undertaking EVAR as a treatment for patients with 

ruptured aneurysms should (with their patient’s consent) register 

the patient with an existing registry in the UK. The Committee 

concluded that given the possible benefits of EVAR for ruptured 

aneurysms, and the feasibility of further registry data being 

collected, a recommendation for use only in research would be 

appropriate where patients are enrolled into existing registries.  

5 Implementation  

5.1 The Healthcare Commission assesses the performance of NHS 

organisations in meeting core and developmental standards set by 

the Department of Health in ‘Standards for better health’ issued in 

July 2004. The Secretary of State has directed that the NHS 

provides funding and resources for medicines and treatments that 
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have been recommended by NICE technology appraisals normally 

within 3 months from the date that NICE publishes the guidance. 

Core standard C5 states that healthcare organisations should 

ensure they conform to NICE technology appraisals. 

5.2 'Healthcare standards for Wales’ was issued by the Welsh 

Assembly Government in May 2005 and provides a framework both 

for self-assessment by healthcare organisations and for external 

review and investigation by Healthcare Inspectorate Wales. 

Standard 12a requires healthcare organisations to ensure that 

patients and service users are provided with effective treatment 

and care that conforms to NICE technology appraisal guidance. 

The Assembly Minister for Health and Social Services issued a 

Direction in October 2003 that requires local health boards and 

NHS trusts to make funding available to enable the implementation 

of NICE technology appraisal guidance, normally within 3 months. 

5.3 NICE has developed tools to help organisations implement this 

guidance (listed below). These are available on our website 

(www.nice.org.uk/TA167).  

• A costing statement explaining the resource impact of this 

guidance. 

• Audit support for monitoring local practice. 

6 Recommendations for further research 

6.1 The following trials are currently ongoing. 

• The Elective Abdominal Aortic Aneurysm trial ACE is a French 

RCT comparing EVAR and OSR in patients aged 50 years and 

older with an AAA measuring 5 cm or more in diameter (4 cm or 

more if rapidly growing). The trial started in January 2003 with 

an expected completion date of January 2006. The date of 

publication has not been confirmed at present.  

http://www.nice.org.uk/TA167�
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• The Amsterdam acute aneurysm trial is an RCT comparing 

EVAR and OSR in patients with a ruptured AAA. The trial was 

expected to end in August 2008. 

• OVER (open surgery versus endovascular repair) is a large USA 

RCT comparing EVAR and OSR in patients aged 50 years and 

older with an AAA measuring 5 cm or more in diameter (4.5 cm 

or more if rapidly growing). The expected completion date is 

October 2011. 

• CAESAR (comparison of surveillance versus aortic endografting 

for small aneurysm repair) is an RCT in Italy to compare EVAR 

with surveillance (and eventual treatment) in patients with AAAs 

of diameter 4.1–5.4 cm who are suitable for EVAR. Results are 

expected at the end of 2011. 

6.2 Further research is needed on the management of ruptured 

aneurysms. Given the difficulties of conducting RCTs on the 

management of ruptured aneurysms, the collection of data through 

existing, established registries, particularly RETA (for EVAR) and 

NVD (for OSR) in the UK should be continued. 

6.3 Research is required to measure the extent to which the relative 

treatment effect of EVAR on operative mortality can be assumed 

constant across subgroups of patients. 

6.4 Research is required into how to incorporate the best available risk-

scoring systems for the management of AAA into decision-making 

in routine clinical practice. 
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7 Related NICE guidance 

Published 

Laparoscopic repair of abdominal aortic aneurysms. NICE 

interventional procedure guidance 229 (2007). Available from 

www.nice.org.uk/IPG229. 

 

Stent–graft placement in abdominal aortic aneurysm. NICE 

interventional procedure guidance 163 (2006). Available from 

www.nice.org.uk/IPG163 

8 Review of guidance 

8.1 The review date for a technology appraisal refers to the month and 

year in which the Guidance Executive will consider whether the 

technology should be reviewed. This decision will be taken in the 

light of information gathered by the Institute, and in consultation 

with consultees and commentators.  

8.2 The guidance on this technology will be considered for review in 

January 2012. 

Andrew Dillon 

Chief Executive 

February 2009 

http://www.nice.org.uk/IPG229�
http://www.nice.org.uk/IPG163�
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Appendix A: Appraisal Committee members and NICE 

project team 

A Appraisal Committee members 

The Appraisal Committee is a standing advisory committee of the Institute. Its 

members are appointed for a 3-year term. A list of the Committee members 

who took part in the discussions for this appraisal appears below. The 

Appraisal Committee meets three times a month except in December, when 

there are no meetings. The Committee membership is split into three 

branches, each with a chair and vice-chair. Each branch considers its own list 

of technologies and ongoing topics are not moved between the branches.  

Committee members are asked to declare any interests in the technology to 

be appraised. If it is considered there is a conflict of interest, the member is 

excluded from participating further in that appraisal.  

The minutes of each Appraisal Committee meeting, which include the names 

of the members who attended and their declarations of interests, are posted 

on the NICE website. 

Professor Keith Abrams 

Professor of Medical Statistics, University of Leicester 

Dr Ray Armstrong  

Consultant Rheumatologist, Southampton General Hospital 

Dr Jeff Aronson 

Reader in Clinical Pharmacology, University Department of Primary Health 
Care, University of Oxford 

Dr Darren Ashcroft 

Reader in Medicines Usage and Safety, School of Pharmacy and 
Pharmaceutical Sciences, University of Manchester 

Professor David Barnett (Chair) 

Professor of Clinical Pharmacology, University of Leicester  

Dr Peter Barry 

Consultant in Paediatric Intensive Care, Leicester Royal Infirmary  
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Professor Stirling Bryan 

Head, Department of Health Economics, University of Birmingham 

Professor John Cairns 

Public Health and Policy, London School of Hygiene and Tropical Medicine  

Dr Mark Charkravarty 

Director, External Relations, Procter and Gamble Health Care, Europe 

Professor Jack Dowie 

Health Economist, London School of Hygiene and Tropical Medicine  

Ms Lynn Field 

Nurse Director, Pan Birmingham Cancer Network 

Professor Christopher Fowler 

Professor of Surgical Education, Barts and The London School of Medicine 
and Dentistry, Queen Mary, University of London 

Dr Fergus Gleeson 

Consultant Radiologist, Churchill Hospital, Oxford 

Ms Sally Gooch  

Independent Nursing and Healthcare Consultant 

Mrs Barbara Greggains 

Lay Member 

Mrs Eleanor Grey 

Lay Member 

Mr Sanjay Gupta 

Former Service Manager in Stroke, Gastroenterology, Diabetes and 
Endocrinology, Basildon and Thurrock University Hospitals Foundation NHS 
Trust 

Mr Terence Lewis 

Lay Member 

Professor Gary McVeigh 

Professor of Cardiovascular Medicine, Queens University, Belfast 

Dr Ruairidh Milne 

Senior Lecturer in Public Health, National Coordinating Centre for Health 
Technology, University of Southampton 
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Dr Rubin Minhas 

General Practitioner, CHD Clinical Lead, Medway PCT 

Dr John Pounsford 

Consultant Physician, Frenchay Hospital, Bristol 

Dr Rosalind Ramsay 

Consultant Psychiatrist, Adult Mental Health Services, Maudsley Hospital, 
London 

Dr Stephen Saltissi 

Consultant Cardiologist, Royal Liverpool University Hospital 

Dr Lindsay Smith 

General Practitioner, East Somerset Research Consortium 

Mr Roderick Smith 

Finance Director, West Kent PCT  

Mr Cliff Snelling 

Lay Member 

Professor Ken Stein (Vice Chair) 

Professor of Public Health, Peninsula College of Medicine and Dentistry, 
University of Exeter 

Professor Andrew Stevens 

Professor of Public Health, Department of Public Health and Epidemiology, 
University of Birmingham 

Ms Nathalie Verin 

Health Economics Manager, Boston Scientific UK & Ireland 

Dr Colin Watts 

Consultant Neurosurgeon, Addenbrookes Hospital 

Mr Thomas Wilson 

Director of Contracts and IM&T, Milton Keynes PCT 
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B NICE project team 

Each technology appraisal is assigned to a team consisting of one or more 

health technology analysts (who act as technical leads for the appraisal), a 

technical adviser and a project manager.  

Nicola Hay and Fay McCracken 

Technical Leads 

Joanna Richardson 

Technical Adviser 

Natalie Bemrose and Shaun Minehan 

Project Managers 
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Appendix B: Sources of evidence considered by the 

Committee 

A The assessment report for this appraisal was prepared by the NHS 

Centre for Reviews and Dissemination and the Centre for Health 

Economics – University of York. 

• Chambers D, Epstein D, Walker S et al. Endovascular stents for 
abdominal aortic aneurysms: a systematic review and economic 
model, April 2008. 

B The following organisations accepted the invitation to participate in this 

appraisal. They were invited to comment on the draft scope, 

assessment report and the appraisal consultation document (ACD). 

Organisations listed in I and II were also invited to make written 

submissions and have the opportunity to appeal against the final 

appraisal determination.  

I Manufacturers/sponsors: 

• Cook (UK) Limited (The Zenith AAA Endovascular Graft with 

H&L-B One-Shot Introduction System)  

• Le Maitre Ltd (UniFit Aorto-uni-iliac Endoluminal Stent Graft, 

POWERLINK) (UK Distributor Le Maitre Ltd, manufactured by 

Endologix)  

• Lombard Medical Cardiovascular Devices Division (The Aorfix 

AAA Stent–graft)  

• Medtronic Ltd (The TALENT Endoluminal Occluder System and 

the TALENT AUI Stent Graft with the Xcelerant Delivery System)  

• Vascutek (Anaconda AAA Stent Graft System) (declined to 

participate)  

• WL Gore and Associates (UK) Ltd (The EXCLUDER 

Endoprosthesis) 
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II Professional/specialist and patient/carer groups: 

• Association of Anaesthetists of Great Britain and Ireland  

• British Cardiac Patients Association 

• British Heart Foundation 

• British Society for Endovascular Therapy 

• British Society of Interventional Radiology 

• HEART UK 

• Royal College of Nursing 

• Royal College of Physicians (Cardiology Committee) 

• The Vascular Society 

III Other consultees 

• Department of Health 

• North West Specialised Commissioning Group 

• Welsh Assembly Government 

IV Commentator organisations (did not provide written evidence and 

without the right of appeal) 

• NHS Quality Improvement Scotland 

• NHS Supply Chain 

• WL Gore (BIFURCATED GORE-TEX® STRETCH Vascular 

Grafts, GORE-TEX® STRETCH Vascular Grafts – Standard-

Walled Large Diameter) 

C The following individuals were selected from clinical specialist and 

patient advocate nominations from the non-manufacturer/sponsor 

consultees and commentators. They participated in the Appraisal 

Committee discussions and provided evidence to inform the 

Appraisal Committee’s deliberations. They gave their expert personal 

view on endovascular stent–grafts for abdominal aortic aneurysms by 

attending the initial Committee discussion and/or providing written 
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evidence to the Committee. They were invited to comment on the 

ACD. 

• Professor Roger Greenhalgh, Head of the Department of 

Vascular Surgery, Imperial College London (clinical specialist) 

• Mr Peter Taylor, Consultant Vascular and Endovascular 

Surgeon, Guy's and St Thomas' NHS Foundation Trust (clinical 

specialist) 

• Professor Matt Thompson, British Society for Endovascular 

Therapy (clinical specialist) 

• Mrs Anne Cheetham – nominated by the Vascular 

Society/Circulation Foundation (patient expert) 

 



AHA Scientific Statement

Surgical Management of Descending Thoracic
Aortic Disease: Open and Endovascular Approaches

A Scientific Statement From the American Heart Association

Michael A. Coady, MD, MPH, Chair; John S. Ikonomidis, MD, PhD, FAHA; Albert T. Cheung, MD;
Alan H. Matsumoto, MD, FAHA; Michael D. Dake, MD; Elliot L. Chaikof, MD; Richard P. Cambria, MD;
Christina T. Mora-Mangano, MD; Thoralf M. Sundt, MD; Frank W. Sellke, MD, FAHA; on behalf of the
American Heart Association Council on Cardiovascular Surgery and Anesthesia and Council on Peripheral

Vascular Disease

Recent years have witnessed the emergence of novel
technologies that enable less invasive endovascular

treatment of descending thoracic aortic disease (TAD). This
has occurred against a backdrop of improved identification of
various disease processes and better results with open surgi-
cal repair. The natural history of the specific acute aortic
syndromes that affect the descending thoracic aorta has also
been described with more clarity and has become more
commonly recognized. This is in part secondary to the
widespread availability and application of advanced imaging
technologies that permit precise diagnoses. As data are
accumulating, these pathological processes involving the
descending thoracic aorta are no longer thought of as simply
variants of one another but as distinct entities with well-
defined clinical behavior. As the technology for endovascular
repair continues to mature and its utilization increases, there
is a need for a careful assessment of the current state of
medical management, traditional open therapy, and evolving
endovascular treatment of distinct thoracic aortic pathologies.

The purpose of this scientific statement is to present a
contemporary review of the various pathological processes
that affect the descending thoracic aorta: Aneurysms, dissec-
tions, intramural hematomas (IMHs), penetrating atheroscle-
rotic ulcers (PAUs), and aortic transections. These disorders
will be considered in detail, with an exploration of the natural
history, available treatment options, and controversies regarding
management. Current intervention criteria will be reviewed with
respect to both open surgical repair and endovascular treatment.

Our goal is to provide the healthcare professional with a better
understanding of the pathophysiology of the various disease
processes that involve the descending thoracic aorta and to
review current outcomes and technical pitfalls associated with
these therapies to facilitate strong, evidence-based decision
making in the care of these patients.

General Considerations for Stent Grafting
Versus Open Repair for TAD

Treatment of descending TAD involves complex, exigent
decision making in an era of evolving technology. Survival
data for nonoperative management are often dismal for the
majority of the descending TADs discussed in this docu-
ment.1,2 For many patients, the gold standard (open surgical
repair) provides long-lasting results; however, earlier reports
for TAD indicate a perioperative mortality rate that ranges
between 12% and 44%, depending on the extent of comor-
bidity and urgency of the surgical repair.3,4

Recent literature suggests a significant improvement in the
mortality rate (4% to 9%) and incidence of paraplegia (3%)
for descending thoracic aortic resections for thoracic aortic
aneurysms (TAAs) at high-volume aortic centers.5,6 Despite
these improvements in outcomes with open repair, a less
invasive approach is quite appealing, especially in older
patients and in patients with significant concomitant comor-
bid diseases, many of whom would be unsuitable candidates
for conventional open repair.
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list” link (No. KB-0040). To purchase additional reprints, call 843-216-2533 or e-mail kelle.ramsay@wolterskluwer.com.
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Chaikof EL, Cambria RP, Mora-Mangano CT, Sundt TM, Sellke FW; on behalf of the American Heart Association Council on Cardiovascular Surgery
and Anesthesia and Council on Peripheral Vascular Disease. Surgical management of descending thoracic aortic disease: open and endovascular
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Stent placement for vena caval obstruction

1 Guidance
1.1 Current evidence on the safety and efficacy

of stent placement for vena caval obstruction
appears adequate to support the use of this
procedure, provided that the normal
arrangements are in place for consent, audit
and clinical governance. 

2 The procedure

2.1 Indications

2.1.1 Vena caval obstruction is narrowing or
occlusion of the caval veins (the inferior vena
cava or the superior vena cava), which return
blood from the body to the heart. It is most
commonly caused by cancer, especially lung
cancer. Patients with malignant vena caval
obstruction are very ill and have a short life
expectancy.

2.1.2 Standard treatments for malignant caval
obstruction include radiotherapy and
chemotherapy. These can cause severe
adverse events and response to treatment
may take several weeks. Stent placement can
replace or supplement these treatments. 

2.2 Outline of the procedure

2.2.1 Stent placement for vena caval obstruction is
a minimally invasive procedure that involves
inserting a catheter into a large vein, usually
in the groin, and passing it into the
narrowed area under radiological guidance.

Issue date: July 2004

Interventional Procedure Guidance 79
This guidance is written in the following context:
This guidance represents the view of the Institute which was arrived at after careful consideration of the available evidence.
Health professionals are expected to take it fully into account when exercising their clinical judgement. This guidance does
not, however, override the individual responsibility of health professionals to make appropriate decisions in the
circumstances of the individual patient, in consultation with the patient and/or guardian or carer.

Interventional procedures guidance is for health professionals and people using the NHS in England, Wales and Scotland.

A stent, which may be self-expanding or
balloon-dilated, is then positioned across the
narrowed area to relieve the obstruction. 

2.3 Efficacy

2.3.1 A systematic review on the treatment of
superior vena caval obstruction in lung cancer
identified 23 non-randomised studies (159
patients) examining the use of stents. The
review reported 95% (151/159) relief from
obstruction and although recurrence
occurred in 11% (17/159) of patients during
follow-up (up to 8 months), long-term
patency was achieved in 92% (146/159). This
compared with a complete relief rate of 77%
(377/487) for patients treated with any
combination of chemotherapy and/or
radiotherapy. Median survival ranged from
1.5 to 6.5 months in the 13 studies that
reported survival outcomes. For more details,
refer to the Sources of evidence (see overleaf).

2.3.2 The evidence showed that the response to
treatment was more rapid for patients
receiving stents than for patients receiving
radiotherapy or chemotherapy. One study
with historical controls reported relief of
obstruction immediately or within 48 hours in
patients receiving stents, compared with no
change before 2 weeks in patients receiving
radiotherapy. For more details, refer to the
Sources of evidence (see overleaf).

2.3.3 The Specialist Advisors considered stenting to
be highly effective. The only concern they
raised was the possible inappropriate use of
stents in some young patients with a
mediastinal mass on chest X-ray that may
disappear quickly with chemotherapy.



Ordering information
Copies of this guidance can be obtained from the NHS Response Line by telephoning 0870 1555 455 and quoting
reference number N0655. Information for the Public can be obtained by quoting reference number N0656 for the
English version and N0657 for a version in English and Welsh.

The distribution list for this guidance is available on the NICE website at URL www.nice.org.uk/IPG079distributionlist

Published by the National Institute for Clinical Excellence, July 2004 ISBN: 1-84257-722-0

© National Institute for Clinical Excellence, July 2004. All rights reserved. This material may be freely reproduced for
educational and not for profit purposes within the NHS. No reproduction by or for commercial organisations is
permitted without the express written permission of the Institute.

National Institute for Clinical Excellence
MidCity Place, 71 High Holborn, London WC1V 6NA, website: www.nice.org.uk

Information for the Public
The Institute has produced information describing
its guidance on this procedure for patients, carers
and those with a wider interest in healthcare. 
It explains the nature of the procedure and the
decision made, and has been written with patient
consent in mind. This information is available, 
in English and Welsh, from
www.nice.org.uk/IPG079publicinfo

Sources of evidence 
The evidence considered by the Interventional
Procedures Advisory Committee is described in the
following document.

Interventional procedure overview of stent placement
for vena caval obstruction, April 2003

Available from: www.nice.org.uk/ip152overview

N0655 1P 20k July 04 (OAK)

2.4 Safety

2.4.1 Few adverse events were reported. In the
largest study reporting complications: 3%
(2/76 patients) had misplaced stents; 1%
(1/76) required anticoagulation; 1% (1/76)
experienced transient chest pain; and 1%
(1/76) required blood transfusion. Adverse
events in another study included stent
obstruction, 12% (6/52), and stent migration,
2% (1/52). For more details, refer to the
Sources of evidence (see right).

2.4.2 The Specialist Advisors had few concerns
about the safety of this procedure. They
considered the main potential adverse
events to be perforation or rupture of the
vena cava, migration of the stent, and
embolisation.

2.5 Other comments

2.5.1 Most evidence relates to superior vena caval
obstruction in adults with carcinoma of the
lung.

2.5.2 It was noted that there was less evidence in
children, and that the procedure would
normally be undertaken in specialist
paediatric cardiology units.

Andrew Dillon
Chief Executive
July 2004



2014 HCPCS

code long_code_description Placement 4-14 Placement 10-14

G0459 Inpatient telehealth pharmacologic management, including prescription, use, and 

review of medication with no more than minimal medical psychotherapy

Mental health lines Mental health lines

G0460 Autologous platelet rich plasma for chronic wounds/ulcers, incuding phlebotomy, 

centrifugation, and all other preparatory procedures, administration and dressings, 

per treatment

Excluded List Excluded List

G0461 Immunohistochemistry or immunocytochemistry, per specimen; first single or 

multiplex antibody stain

Diagnostic List Diagnostic List

G0462 Immunohistochemistry or immunocytochemistry, per specimen; each additional 

single or multiplex antibody stain (list separately in addition to code for primary 

procedure)

Diagnostic List Diagnostic List

G0463 Hospital outpatient clinic visit for assessment and management of a patient Outpatient E&M lines Outpatient E&M lines

S9960 Ambulance service, conventional air services, nonemergency transport, one way 

(fixed wing)

Ancillary Ancillary

S9961 Ambulance service, conventional air service, nonemergency transport, one way 

(rotary wing)

Ancillary Ancillary



2014 HCPCS Code Issues 
 

 
Autologous Platelet Rich Plasma for Chronic Wounds/Ulcers (HCPCS G0460) 

1) Definition: a treatment that contains fibrin and high concentrations of growth 
factors and has the potential to aid wound healing. 

2) Evidence: 
a. Martinez-Zepata 2011, Cochrane review 

i. N=9 RCTs (325 patients)  
1. Various types of chronic wounds 
2. The proportion of completely healed chronic wounds was 

reported in seven RCTs that compared PRP with standard 
treatment or placebo, with no statistically significant 
difference between the groups, in diabetic foot ulcers (RR 
1.16; 95% CI 0.57 to 2.35), in venous leg ulcers (pooled RR 
1.02; 95% CI 0.81 to 1.27; I2=0% ) and in mixed chronic 
wounds (pooled RR 1.85; 95% CI 0.76 to 4.51; I2= 42%).  

3. The total area epithelialised at the end of the intervention 
was reported in three RCTs of mixed chronic wounds, there 
was no statistically significant difference between the groups 
(pooled MD -1.94 cm2; 95% CI -4.74 to 0.86; I2=47%).  

4. The percentage of wound area healed was reported in two 
RCTs of mixed chronic wounds, and results were statistically 
significant in favour of the PRPgroup (RR 51.78%; 95% CI 
32.70 to 70.86; I2= 0%).  

5. Wound complications like infection or necrosis were reported 
by three RCTs, and there was no statistically significant 
difference between groups (RR 1.08; 95% CI 0.31 to 3.73).  

6. Authors’ conclusions: There is currently no evidence to 
suggest that autologous PRP is of value for treating chronic 
wounds.  

b. NICE 2011 
i. Do not offer the following treatments for the inpatient management 

of diabetic foot problems, unless as part of a clinical trial:  
autologous platelet-rich plasma gel 

3) HERC staff recommendation: 
a. Place HCPCS G0460 on the Excluded List 
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A B S T R A C T

Background

Autologous platelet-rich plasma (PRP) is a treatment that contains fibrin and high concentrations of growth factors and has the potential

to aid wound healing.

Objectives

To determine whether autologous PRP promotes the healing of chronic wounds.

Search methods

We searched the Cochrane Wounds Group Specialised Register (searched 15 August 2012); The Cochrane Central Register of Controlled

Trials (CENTRAL) (The Cochrane Library 2012, Issue 8); Ovid MEDLINE (1950 to August Week 1 2012); Ovid MEDLINE (In-

Process & Other Non-Indexed Citations, August 14, 2012); Ovid EMBASE (1980 to 2012 Week 32); EBSCO CINAHL (1982 to 10

August 2012) and International Clinical Trials Registry Platform (ICTRP)(accessed 22 August 2012). No date or language restrictions

were applied.

Selection criteria

We included randomised controlled trials (RCTs) that compared autologous PRP with placebo or alternative treatments for any type

of chronic wound in adults.

Data collection and analysis

Two review authors independently assessed each study against the inclusion criteria, extracted data and assessed risk of bias for all

included trials. We calculated the risk ratio (RR) or the mean difference (MD) and time to wound healing was analysed as survival data

using the hazard ratio (HR). We considered heterogeneity as significant when I2 was >75%.

1Autologous platelet-rich plasma for treating chronic wounds (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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MINUTES 
 

Health Evidence Review Commission’s 
Oral Health Advisory Panel (OHAP) 

 
Meridian Park Hospital  

Community Health Education Center, Room 213 
December 4, 2013 
9:00am – 11:00 am 

 
 
Members Present: James Tyack, DMD, Chair; Mike Shirtcliff, DMD; Eli Schwarz, DDS, 
MPH; Michael Plunkett, DDS, MPH; Cedric Hayden, DMD; Lynn Ironside; Dee Weston; 
Deborah Loy; Patricia Parker, DMD; Fred Bremner, Member-alternant.  
 
Members Absent: Beryl Fletcher. 
 
Staff Present: Darren Coffman; Jason Gingerich; Cat Livingston. 
  
Also Attending:  Larry Burnett, DDS; Denise Taray DMAP.  
 
 
Roll Call/Staff Report  
 
The meeting was called to order at 9:01 am and roll was called. Livingston reviewed the 
purpose of the meeting.  Additional business to be added to the meeting agenda 
included fluoride varnish application in children and adolescents. 
 

 Topic:  Review of New CDT Codes for 2014 
 

Discussion: Livingston presented a table of CDT 2014 codes with proposed 
placements. 
 
Staff recommendations per the meeting materials were accepted except as 
indicated below. 
 
D1999 was recommended for the ancillary file with manual review. No specific 
unlisted preventive services were identified, so members felt this should be 
consistent with other similar unlisted codes and be excluded. 
 
D3355, D3356 and D3357 were placed on line 676 as they are deemed 
experimental. 
 
D3431 and D3432 was recommended for line 676. 
 
D4921 was recommended for the excluded file. 
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D5994 was recommended for placement on line 676 as few patients with 
xerostomia may benefit.  
 
D8694 was recommended for lines 49, 325 and 647.   
 
It was determined that no changes in line placement were necessary for those 
existing codes that are experiencing a change in their description (D3351, 
D3352, D3410, D3421, D3425, D3426, D5991). 
 
The subcommittee skipped discussion of the oral risk assessment codes, as they 
were to be covered later. 
 
Actions: Approved recommended placements for new CDT codes as 
shown in Appendix A for the April 1, 2014 Prioritized List. 

 
 

 Topic:  Interim Therapeutic Restorations 
 

Discussion: The subcommittee clarified that interim therapeutic restorations are 
in longstanding use, albeit under a different name and there is good evidence to 
support them.  They recommended placing this on Line 372 without a guideline. 

  
Actions: Recommend placing D2941 on Line 372 without a guideline. 

 
 

 Topic: Materials for Posterior Restorations 
 

Discussion: The committee discussed concerns that some dentists no longer 
perform amalgam restorations, and so requiring that posterior restorations be 
done with amalgam will limit access to dental services. However, evidence 
shows that amalgam fillings are more durable. After discussion, the committee 
recommended coverage for composite restorations on posterior teeth, with the 
following guideline note: 
 
GUIDELINE NOTE XX DENTAL FILLINGS FOR POSTERIOR TEETH 
For dental fillings in posterior teeth, amalgam is preferred for extensive 
restorations. If amalgam is unavailable or contraindicated, composite is 
acceptable. 

 
Actions: Recommend adding the guideline note shown above to line 372. 
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 Topic:  Oral Health Risk Assessment Codes 
 

Discussion: Livingston presented an issue summary. The subcommittee 
discussed adding codes D0601-D0603 to line 58. They discussed the benefits of 
these screening tools, and the concern that many children who are Medicaid 
recipients do not regularly get to a dentist, so it may be advantageous for these 
services to be provided in a primary care home. While there was discussion that 
many primary care homes may not use these CDT codes for reimbursement 
given use of evaluation and management codes for billing, it was decided that 
these codes should be placed on a medical line as well to emphasize the 
importance of these services in both medical and dental settings, enable billing, 
and allow CCOs to track utilization. 
 
Actions: Recommend placement of codes D0601, D0602 and D0603 on lines 3 
and 58. Adopt a guideline note stating that on line 3 these codes should be 
restricted to pregnant patients and children under the age of 6. On line 58 these 
should be restricted to patients under age 21. 

 

 Public Testimony: 
 
Larry Burnett, retired dentist, testified in favor of early screening starting at age 1. He 
said that early screening starts with the medical profession and that stopping early 
decay can prevent future decay throughout life. He asked the subcommittee to consider 
putting D0145 on medical lines to encourage its use in the medical office.  
 
The subcommittee discussed adding D0145 to line 3 so that it could be billed by primary 
care providers, but there was a lack of clarity on the code definition as to whether it can 
only be billed by dentists. 
 
The meeting was adjourned at 11:20 a.m. 
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Code Code Description (short) Code Description (long) Recommendation 

    

D0393 
Treatment simulation using 
3D image volume  

Treatment simulation using 3D 
image volume (the use of 3D 
image volumes for simulation of 
treatment including but not 
limited to, dental implat 
placement, orthognathic surgery 
and orthodontic tooth 
movement) 

Line 648 (Implants) 
    

D0394 

Digital subtraction of two or 
more images or image 
volumes of the same 
modality 

Digital subtraction of two or 
more images or image volumes 
of the same modality to 
demonstrate changes that have 
occurred over time     

D0395 
fusion of two or more 3D 
image volumes of one or 
more modalities 

fusion of two or more 3D image 
volumes of one or more 
modalities     

D0601 
Caries risk assessment and 
documentation with a finding 
of low risk 

Caries risk assessment and 
documentation with a finding of 
low risk--Using recognized 
assessment tools 

Prevention Lines 3 
(Pregnant women & 
children < 6) and 58  

(Children < 21) 

    

D0602 
Caries risk assessment and 
documentation with a finding 
of moderate risk 

Caries risk assessment and 
documentation with a finding of 
moderate risk--Using recognized 
assessment tools 

    

D0603 
Caries risk assessment and 
documentation with a finding 
of high risk 

Caries risk assessment and 
documentation with a finding of 
high risk--Using recognized 
assessment tools 

  

  

D1999 
Unspecified preventive 
procedure, by report 

Unspecified preventive 
procedure, by report 

Excluded File 
    

D2921 
reattachment of tooth 
fragment, incisal edge or 
cusp 

reattachment of tooth fragment, 
incisal edge or cusp 

Line 283 (Urgent 
care) 
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Code Code Description (short) Code Description (long) Recommendation 

    

D2941 
interim therapeutic 
restoration-primary dentition 

interim therapeutic restoration-
primary dentition--Placement of 
an adhesive restorative material 
following caries debridement by 
hand or other method for the 
management of early childhood 
caries. Not considered a 
definitive restoration 

Line 372 (Basic 
restorative) 

    

D2949 
restorative foundation for an 
indirect restoration 

restorative foundation for an 
indirect restoration--placement 
of restorative material to yield a 
more ideal form, including 
elimination of undercuts 

Line 621 (Advanced 
Restorative-elective) 

    

D3355 
pulpal regeneration -initial 
visit 

pulpal regeneration -initial visit. 
Includes opening tooth, 
preparation of canal spaces, 
placement of medication 

Line 676 (Elective) 

    

D3356 
pulpal regeneration - interim 
medication replacement 

pulpal regeneration - interim 
medication replacement 

    

D3357 
pulpal regeneration -- 
completion of treatement.  

pulpal regeneration -- completion 
of treatement. Does not include 
final restoration 

    

D3427 periradicular surgery w/o 
apicoectomy 

  
Lines 480, 533 and 
558 (Advanced 
Endodontics)     

D3428 
Bone graft in conjunction 
with periradicular surgery -- 
per tooth, single site 

Bone graft in conjunction with 
periradicular surgery -- per tooth, 
single site--includes non-
autogenous graft material 

Lines 480, 533 and 
558 (Advanced 
Endodontics) 
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Code Code Description (short) Code Description (long) Recommendation 

    

D3429 

Bone graft in conjunction 
with periradicular surgery -- 
each additional continguous 
tooth in the same surgical 
site 

Bone graft in conjunction with 
periradicular surgery -- each 
additional continguous tooth in 
the same surgical site--includes 
non-autogenous graft material 

Lines 480, 533 and 
558 (Advanced 
Endodontics) 

    

D3431 

biologic materials to aid in 
soft and osseous tissue 
regeneration in conjunction 
with periradicular surgery 

biologic materials to aid in soft 
and osseous tissue regeneration 
in conjunction with periradicular 
surgery 

Line 676 (Elective) 

    

D3432  

Guided tissue regeneration, 
resorbable barrier, per site, 
in conjunction with 
periradicular surgery 

Guided tissue regeneration, 
resorbable barrier, per site, in 
conjunction with periradicular 
surgery 

Line 676 (Elective) 

    

D4921 

gingival irrigation-per 
quadrant. Irrigation of 
gingival pockets with 
medicinal agent. Not to be 
used to report use of mouth 
rinses or non-invasive 
chemical debridement 

gingival irrigation-per quadrant. 
Irrigation of gingival pockets with 
medicinal agent. Not to be used 
to report use of mouth rinses or 
non-invasive chemical 
debridement 

Exclude File 

    

D5863 
overdenture--complete 
maxillary 

overdenture--complete maxillary 
Line 631 (Complex 
prosthodontics)     

D5864 
overdenture -- partial 
maxillary 

overdenture -- partial maxillary 
Line 631 (Complex 
prosthodontics)     

D5865 
overdenture-complete 
mandibular 

overdenture-complete 
mandibular 

Line 631 (Complex 
prosthodontics)     

D5866 
overdenture -- partial 
mandibular 

overdenture -- partial mandibular 
Line 631 (Complex 
prosthodontics)     

D5994 
peridontal medicament 
carrier with peripheral seal--
laboratory processed 

peridontal medicament carrier 
with peripheral seal--laboratory 
processed. A custom fabricated, 
laboratory processed carrier that 
covers the teeth and alveolar 
mucosa. Used as a vehicle to 
deliver prescribed medicamenets 
for sustained contact with the 
gingiva, alveolar mucosa and into 
the periodontal sulcus or pocket 

Line 676 (Elective) 

    

D6011 Second stage implant surgery 

Second stage implant surgery--
surgical access to an implat body 
for placement of a healing cap or 
to enable placement of an 

Line 648 (Implants) 
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Code Code Description (short) Code Description (long) Recommendation 

    

abutment 

D6013 
surgical placement of mini 
implant 

surgical placement of mini 
implant 

Line 648 (Implants) 
    

D6052 

semi-precision attachment 
abutment-includes 
placement of keeper 
assembly 

semi-precision attachment 
abutment-includes placement of 
keeper assembly 

Line 648 (Implants) 

    

D8694 
repair of fixed retainers, 
includes reattachment 

repair of fixed retainers, includes 
reattachment 

Lines 49, 325 (cleft 
palate lines) and 647 
(Orthodontics) 

    

D9985 Sales tax Sales tax Excluded File     
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2013  
Line 

2014 
Line 

 
Condition Treatment Lay Descriptions 

58 57 PREVENTIVE DENTAL SERVICES 
CLEANING, FLUORIDE AND 
SEALANTS 

Preventive Dental--CLEANING, 
FLUORIDE AND SEALANTS 

60 58 
DENTAL CONDITIONS (EG. INFECTION, 
PAIN, TRAUMA) 

EMERGENCY DENTAL 
SERVICES Emergency dental services 

232 222 
DENTAL CONDITIONS (EG. 
PERIODONTAL DISEASE) BASIC PERIODONTICS Basic treatment for diseased gums 

283 270 
DENTAL CONDITIONS (TIME 
SENSITIVE EVENTS) URGENT DENTAL SERVICES 

Dental conditions needing urgent 
attention 

372 347 
DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

BASIC RESTORATIVE (E.G. 
COMPOSITE RESTORATIONS 
FOR ANTERIOR TEETH, 
AMALGAM RESTORATIONS 
FOR POSTERIOR TEETH) Dental fillings (composite or amalgam) 

373 348 
DENTAL CONDITIONS (EG. SEVERE 
CARIES, INFECTION) 

ORAL SURGERY (I.E. 
EXTRACTIONS AND OTHER 
INTRAORAL SURGICAL 
PROCEDURES) Oral surgery 

414 388 

DENTAL CONDITIONS (E.G. PULPAL 
PATHOLOGY, PERMANENT ANTERIOR 
TOOTH) 

BASIC ENDODONTICS (I.E. 
ROOT CANAL THERAPY) Root canal for diseased front teeth 

436 415 

DENTAL CONDITIONS (EG. PULPAL 
PATHOLOGY, PERMANENT 
BICUSPID/PREMOLAR TOOTH) 

BASIC ENDODONTICS (I.E. 
ROOT CANAL THERAPY) 

Root canal for diseased 
bicuspid/premolar teeth 

468 448 

DENTAL CONDITIONS (EG. PULPAL 
PATHOLOGY, PERMANENT MOLAR 
TOOTH) 

BASIC ENDODONTICS (I.E. 
ROOT CANAL THERAPY) Root canal for diseased molar teeth 

477 457 
DENTAL CONDITIONS (EG. MISSING 
TEETH, PROSTHESIS FAILURE) 

REMOVABLE 
PROSTHODONTICS (E.G. FULL 
AND PARTIAL DENTURES, 
RELINES) Dentures for missing teeth 
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2013  
Line 

2014 
Line 

 
Condition Treatment Lay Descriptions 

480 461 

DENTAL CONDITIONS (E.G. PULPAL 
PATHOLOGY, PERMANENT ANTERIOR 
TOOTH) 

ADVANCED ENDODONTICS 
(E.G. RETREATMENT OF 
PREVIOUS ROOT CANAL 
THERAPY) 

Advanced dental treatments for 
severely diseased front teeth (e.g. 
retreatment of root canal) 

494 473 
DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

ADVANCED RESTORATIVE (I.E. 
BASIC CROWNS) 

Crowns for teeth that are fractured or 
have severe dental decay 

522 499 
DENTAL CONDITIONS (EG. 
PERIODONTAL DISEASE) 

ADVANCED PERIODONTICS 
(E.G. SURGICAL 
PROCEDURES AND 
SPLINTING) Surgery/splinting for diseased gums 

533 513 

DENTAL CONDITIONS (E.G. PULPAL 
PATHOLOGY, PERMANENT 
BICUSPID/PREMOLAR TOOTH) 

ADVANCED ENDODONTICS 
(E.G. RETREATMENT OF 
PREVIOUS ROOT CANAL 
THERAPY) 

Advanced dental treatments for 
severely diseased bicuspid/premolar 
teeth (e.g. retreatment of root canal) 

558 542 

DENTAL CONDITIONS (E.G. PULPAL 
PATHOLOGY, PERMANENT MOLAR 
TOOTH) 

ADVANCED ENDODONTICS 
(E.G. RETREATMENT OF 
PREVIOUS ROOT CANAL 
THERAPY) 

Advanced dental treatments for 
severely diseased molar teeth (e.g. 
retreatment of root canal) 

572 555 TMJ DISORDER    TMJ SPLINTS    Splints for TMJ disorder 

621 599 
DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

ADVANCED RESTORATIVE-
ELECTIVE 
(INLAYS,ONLAYS,GOLD FOIL 
AND HIGH NOBLE METAL 
RESTORATIONS) 

Advanced restoration for teeth with 
severe decay 
(INLAYS,ONLAYS,GOLD FOIL AND 
HIGH NOBLE METAL 
RESTORATIONS) 

631 609 
DENTAL CONDITIONS (EG. MISSING 
TEETH) 

COMPLEX PROSTHODONTICS 
(I.E. FIXED BRIDGES, 
OVERDENTURES) 

Complex treatments for missing teeth 
(fixed bridges or overdentures) 

647 626 
DENTAL CONDITIONS (EG. 
MALOCCLUSION) 

ORTHODONTIA (I.E. FIXED 
AND REMOVABLE 
APPLIANCES AND 
ASSOCIATED SURGICAL 
PROCEDURES) 

Orthodontic treatment for misaligned 
teeth 
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2013  
Line 

2014 
Line 

 
Condition Treatment Lay Descriptions 

648 627 
DENTAL CONDITIONS (EG. MISSING 
TEETH) 

IMPLANTS (I.E. IMPLANT 
PLACEMENT AND 
ASSOCIATED CROWN OR 
PROSTHESIS) Dental implants 

675 654 

DENTAL CONDITIONS WHERE 
TREATMENT IS CHOSEN PRIMARILY 
FOR AESTHETIC CONSIDERATIONS COSMETIC DENTAL SERVICES 

Cosmetic dental services (such as 
tooth whitening) 

676 655 

DENTAL CONDITIONS WHERE 
TREATMENT RESULTS IN MARGINAL 
IMPROVEMENT ELECTIVE DENTAL SERVICES Elective dental services 
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Question: Should colonoscopy with endoscopic ultrasound be a covered service for evaluation 
of rectal cancer? 
 
Question source: Don Thieman, OHP Medical Director 
 
Issue: Currently, 45341 (Sigmoidoscopy with endoscopic ultrasound) is on the Diagnostic List, 
while  45391 and 45392 are Excluded.  Dr. Thieman has received requests for 45391 for 
evaluation of rectal cancer. 
 
From Dr. Thieman 

45391 colonoscopy with ultrasound exclusion.  Had request for this code for staging a 

member’s rectal cancer before treatment.  Given the age of the literature I found (ten years 

plus or minus) and commercial coverage, I don’t understand its showing as excluded for 

OHP.  Individual case was approved, but do want to understand if there is a strong 

evidence base for its exclusion that is not obvious to me. 

Current List Status: 
Diagnostic: 

45341 Sigmoidoscopy, flexible; with endoscopic ultrasound examination 
45342 Sigmoidoscopy, flexible; with transendoscopic ultrasound guided intramural or 
transmural fine needle aspiration/biopsy(s) 

 
Excluded: 

45391 Colonoscopy, flexible, proximal to splenic flexure; with endoscopic ultrasound 
examination 
45392 Colonoscopy, flexible, proximal to splenic flexure; with transendoscopic ultrasound 
guided intramural or transmural fine needle aspiration/biopsy(s) 

 
 
Previous discussion: 

January 2005 HOSC minutes 
45391 colonoscopy with US/45392 colonoscopy with US and bx: Email from Dr. 
Faigel (VA) states this is well established for follow up of rectal cancer, but this would be 
sigmoidoscopy with U/S (separate code, 45341-currently only on Line 78). 
Literaturereferred to by him regarding colonoscopy not very convincing. 
 
Decision: Add 45341 to Line 273, Cancer of colon and rectum. Add 45391/2 to non-OHP 
services list. 
 
 

Evidence: 
1) NICE 2011, guidance for colorectal cancer  

a. Offer endorectal ultrasound to patients with rectal cancer if MRI shows disease 
amenable to local excision or if MRI is contraindicated  

b. From two systematic reviews (Kwok et al., 2000; Bipat et al., 2004) it appears 
that endorectal sonography/endorectal ultrasound had the highest sensitivity, 
specificity and accuracy of the modalities investigated (CT, endorectal 
sonography/endorectal ultrasound and MRI). 

2) Puli 2009, meta-analysis of endoscopic ultrasound for staging of rectal cancer 
a. N=42 studies (5,039 patients ) 
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b. The pooled sensitivity and specificity of EUS to determine T1 stage was 87.8% 
[95% confidence interval (CI) 85.3–90.0%] and 98.3% (95% CI 97.8–98.7%), 
respectively. For T2 stage, EUS had a pooled sensitivity and specificity of 80.5% 
(95% CI 77.9–82.9%) and 95.6% (95% CI 94.9–96.3%), respectively. To stage 
T3 stage, EUS had a pooled sensitivity and specificity of 96.4% (95% CI 95.4–
97.2%) and 90.6% (95% CI 89.5– 91.7%), respectively. In determining the T4 
stage, EUS had a pooled sensitivity of 95.4% (95% CI 92.4–97.5%) and 
specificity of 98.3% (95% CI 97.8–98.7%).  

c. We conclude that, as a result of the demonstrated sensitivity and specificity, EUS 
should be the investigation of choice to T stage rectal cancers.  

 
 
Other policies:  

1) Aetna 2013 
a. Covers endoscopic ultrasound for  

i. Sampling tissue of lesions within, or adjacent to, the wall of the 
gastrointestinal tract; 

ii. Staging tumors of the gastrointestinal tract  

 
 
HERC staff recommendations: 

1) Add  45341, 45342, 45391, and 45392 to line 165 CANCER OF COLON, RECTUM, 
SMALL INTESTINE AND ANUS   

a. Appear to mainly be used for work up and management of rectal cancer and 
therefore can pair with rectal cancer diagnoses on the Prioritized List 

2) Advise DMAP to remove these codes from the Diagnostic/Excluded Lists 
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Key priorities for implementation 
 
Diagnostic investigations 
1. Offer colonoscopy to patients without major comorbidity, to confirm a diagnosis of 

colorectal cancer. If a lesion suspicious of cancer is detected, perform a biopsy to obtain 
histological proof of diagnosis, unless it is contraindicated (for example, patients with a 
blood clotting disorder).  
 

Staging of colorectal cancer 
2. Offer contrast-enhanced computed tomography (CT) of the chest, abdomen and pelvis, 

to estimate the stage of disease, to all patients diagnosed with colorectal cancer unless 
it is contraindicated. No further routine imaging is needed for patients with colon cancer. 
 

3. Offer magnetic resonance imaging (MRI) to assess the risk of local recurrence, 
determined by anticipated resection margin, tumour and lymph node staging, to all 
patients with rectal cancer unless it is contraindicated.  

 
Preoperative management of the primary tumour 
4. Do not offer short-course preoperative radiotherapy (SCPRT) or chemoradiotherapy to 

patients with low-risk operable rectal cancer, unless as part of a clinical trial.  
 
Colonic stents in acute large bowel obstruction 
5. If considering the use of a colonic stent in patients presenting with acute large bowel 

obstruction, offer a CT of the chest, abdomen and pelvis to confirm the diagnosis of 
mechanical obstruction, and to determine whether the patient has metastatic disease or 
colonic perforation.  

 
Stage I colorectal cancer 
6. The colorectal multidisciplinary team (MDT) should consider further treatment for 

patients with locally excised, pathologically confirmed stage I cancer, taking into account 
pathological characteristics of the lesion, imaging results and any previous treatments.  

 
Imaging hepatic metastases 
7. If the CT scan shows metastatic disease only in the liver and the patient has no 

contraindications to further treatment, a specialist hepatobiliary MDT should decide if 
further imaging to confirm surgery is suitable for the patient - or potentially suitable after 
further treatment - is needed.  

 
Chemotherapy for advanced and metastatic colorectal cancer 
8. When offering multiple chemotherapy drugs to patients with advanced and metastatic 

colorectal cancer, consider one of the following sequences of chemotherapy unless they 
are contraindicated: 

 FOLFOX (folinic acid plus fluorouracil plus oxaliplatin) as first-line treatment then 
single agent irinotecan as second-line treatment or 

 FOLFOX as first-line treatment then FOLFIRI (folinic acid plus fluorouracil plus 
irinotecan1) as second-line treatment or 

 XELOX (capecitabine plus oxaliplatin) as first-line treatment then FOLFIRI (folinic 
acid plus fluorouracil plus irinotecan1) as second-line treatment.  

 

                                                           
1
 At the time of publication (November 2011), irinotecan did not have UK marketing authorisation for second-line combination 

therapy. Informed consent should be obtained and documented. 
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Follow-up after apparently curative resection 
9. Offer patients regular surveillance with: 

 a minimum of two CTs of the chest, abdomen and pelvis in the first 3 years and 

 regular serum carcinoembryonic antigen tests (at least every 6 months in the first 3 
years). 

 
Information about bowel function 
10. Before starting treatment, offer all patients information on all treatment options available 

to them (including no treatment) and the potential benefits and risks of these treatments, 
including the effect on bowel function.  
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Key research recommendations 
 

 The effectiveness of preoperative chemotherapy should be compared with 
short-course preoperative radiotherapy (SCPRT), chemoradiotherapy or surgery 
alone in patients with moderate-risk locally advanced rectal cancer. Outcomes 
of interest are local control, toxicity, overall survival, quality of life and cost 
effectiveness. 
 
Variation exists as to whether or not patients with moderate-risk locally advanced 
rectal cancer are offered a preoperative treatment or not. If they are offered treatment 
variation also exists as to whether it is with SCPRT or chemoradiotherapy. At present, 
preoperative chemotherapy, without radiotherapy, is limited to use in clinical trials. 
Patients with moderate-risk locally advanced rectal cancer are at risk of both local 
recurrence and systemic relapse, but the use of either form of radiotherapy carries the 
risk of significant morbidity, which may affect quality of life.  It is therefore important to 
establish whether better outcomes can be achieved with preoperative chemotherapy 
or surgery alone, and whether there are groups of patients whose benefit from either 
SCPRT or chemoradiotherapy is greater than the risk of late effects.   
 

 An observational study should be conducted, incorporating standardised 
assessment of pathological prognostic factors, to assess the value of the 
proposed prognostic factors in guiding optimal management in patients with 
locally excised, pathological stage I cancer. Outcomes of interest are disease-
free survival, overall survival, local and regional control, toxicity, cost-
effectiveness and quality of life. 
 
The NHS bowel cancer screening programme is detecting increasing numbers of 
stage I cancers, but the optimum management for these very early tumours is far from 
clear. The available studies looking at pathological risk factors have not used 
standardised features, either in terms of the factors included or the methods of 
assessment. Furthermore, although some consensus can be reached on the 
pathological risk factors that lead to poorer outcomes, there is no evidence about how 
these risk factors might be used to guide subsequent clinical management, particularly 
when the resection margins are considered to be clear. The therapeutic options are 
varied and there is no realistic prospect for a successful randomised control trial. 
Therefore, careful follow-up of patients whose tumours have been analysed in a 
standardised way to define specified pathological risk factors and who have been 
treated with one of the possible options, could form the basis of an observational 
study.   
 

 A prospective trial should be conducted to investigate the most clinically 
effective and cost-effective sequence in which to perform MRI and PET-CT, after 
an initial CT scan, in patients with colorectal cancer that has metastasised to the 
liver, to determine whether the metastasis is resectable. The outcomes of 
interest are reduction in inappropriate laparotomies and improvement in overall 
survival. 
 
Nearly 7% of all patients with liver metastases from colorectal cancer are now being 
considered for liver resection with curative intent. These operations are costly and 
have their own inherent risks, including futile laparotomy which can be psychologically 
devastating for patients and carers. After the initial diagnosis of suspected liver 
metastases on diagnostic or follow up CT scan, it is clear that PET-CT (which is 
patient-specific to detect incurable extra-hepatic disease) and MRI (which is liver-
specific to accurately characterise detected liver lesions) both play roles in the decision 
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algorithm when considering surgery. Both of these investigations are expensive and 
can lead to delays in starting appropriate treatment. Research is needed to determine 
the correct sequence of these investigations to reduce the rate of futile laparotomy, 
improve cost effectiveness of treatment, and ultimately improve overall survival. 
 

 Strategies to integrate oncological surveillance with optimising quality of life, 
reducing late effects, and detecting second cancers in survivors of colorectal 
cancer should be developed and explored. 
 
Traditionally, oncological surveillance has focused on the early detection of either local 
recurrence or distant metastases. Although there is increasing evidence that the early 
detection of such recurrences is worthwhile in terms of subsequent oncological 
outcomes there are other issues, which are particularly important to patients, that can 
be detected and managed by appropriate follow-up. The detection of late effects and 
impact on quality of life are particularly important and research into reducing the 
likelihood and managing the consequences of such effects makes this all the more 
relevant to patients. There are numerous different models of surveillance and research 
should aim to establish strategies that address patient concerns.   

 Colorectal cancer-specific patient-reported outcome measures (PROMs) should 
be developed for use in disease management and to inform outcome measures 
in future clinical trials. 
 
Quality of life and PROMs are now frequently being used as secondary end-points in 
clinical trials of cancer management. However, some investigators continue to use 
non-disease-specific generic methodology for this purpose. The treatment of colorectal 
cancer leads to very specific side effects relating to bowel function and activities of 
daily living. The Guideline Development Group (GDG) therefore believes that 
colorectal cancer-specific patient-reported outcome measures should be developed to 
standardise the interpretation of quality-of-life reporting as a secondary end-point in 
future clinical trials in colorectal cancer. 
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List of all recommendations 
 
 

Chapter 2 Investigation, diagnosis and staging 
 
Diagnostic investigations 
 Advise the patient that more than one investigation may be necessary to confirm or 

exclude a diagnosis of colorectal cancer. 

 Offer colonoscopy to patients without major comorbidity, to confirm a diagnosis of 
colorectal cancer. If a lesion suspicious of cancer is detected, perform a biopsy to 
obtain histological proof of diagnosis, unless it is contraindicated (for example, patients 
with a blood clotting disorder). 

 Offer flexible sigmoidoscopy then barium enema for patients with major comorbidity. If 
a lesion suspicious of cancer is detected perform a biopsy unless it is contraindicated. 

 Consider computed tomographic (CT) colonography as an alternative to colonoscopy 
or flexible sigmoidoscopy then barium enema, if the local radiology service can 
demonstrate competency in this technique. If a lesion suspicious of cancer is detected 
on CT colonography, offer a colonoscopy with biopsy to confirm the diagnosis, unless 
it is contraindicated. 

 Offer patients who have had an incomplete colonoscopy: 
o repeat colonoscopy or 
o CT colonography, if the local radiology service can demonstrate competency in 

this technique or  
o barium enema.  

 

Staging of colorectal cancer 
 Offer contrast-enhanced CT of the chest, abdomen and pelvis, to estimate the stage of 

disease, to all patients diagnosed with colorectal cancer unless it is contraindicated. 
No further routine imaging is needed for patients with colon cancer. 

 Offer magnetic resonance imaging (MRI) to assess the risk of local recurrence, as 
determined by anticipated resection margin, tumour and lymph node staging, to all 
patients with rectal cancer unless it is contraindicated. 

 Offer endorectal ultrasound to patients with rectal cancer if MRI shows disease 
amenable to local excision or if MRI is contraindicated. 

 Do not use the findings of a digital rectal examination as part of the staging 
assessment. 

 

Chapter 3 Management of local disease 
 
Preoperative management of the primary tumour 
Patients whose primary rectal tumour appears resectable at presentation  

 Discuss the risk of local recurrence, short-term and long-term morbidity and late 
effects with the patient after discussion in the multidisciplinary team (MDT). 

 Do not offer short-course preoperative radiotherapy (SCPRT) or chemoradiotherapy to 
patients with low-risk operable rectal cancer (see table 3.1 for risk groups), unless as 
part of a clinical trial. 

 Consider SCPRT then immediate surgery for patients with moderate-risk operable 
rectal cancer (see table 3.1 for risk groups). Consider preoperative chemoradiotherapy 
with an interval to allow tumour response and shrinkage before surgery for patients 
with tumours that are borderline between moderate and high risk. 
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 Offer preoperative chemoradiotherapy with an interval before surgery to allow tumour 
response and shrinkage (rather than SCPRT), to patients with high-risk operable rectal 
cancer (see table 3.1 for risk groups). 

 
Patients whose primary colon or rectal tumour appears unresectable or borderline resectable  

 Discuss the risk of local recurrence and late toxicity with patients with rectal cancer 
after discussion in the MDT. 

 Offer preoperative chemoradiotherapy with an interval before surgery, to allow tumour 
response and shrinkage, to patients with high-risk locally advanced rectal cancer. 

 Do not offer preoperative chemoradiotherapy solely to facilitate sphincter-sparing 
surgery to patients with rectal cancer. 

 Do not routinely offer preoperative chemotherapy alone for patients with locally 
advanced colon or rectal cancer unless as part of a clinical trial. 

 

Colonic stents in acute large bowel obstruction 
 If considering the use of a colonic stent in patients presenting with acute large bowel 

obstruction, offer CT of the chest, abdomen and pelvis to confirm the diagnosis of 
mechanical obstruction, and to determine whether the patient has metastatic disease 
or colonic perforation. 

 Do not use contrast enema studies as the only imaging modality in patients presenting 
with acute large bowel obstruction. 

 A consultant colorectal surgeon should consider inserting a colonic stent in patients 
presenting with acute large bowel obstruction. They should do this together with an 
endoscopist or a radiologist (or both) who is experienced in using colonic stents. 

 Resuscitate patients with acute large bowel obstruction, then consider placing a self-
expanding metallic stent to initially manage a left-sided complete or near-complete 
colonic obstruction. 

 Do not place self-expanding metallic stents: 
o in low rectal lesions or 
o to relieve right-sided colonic obstruction or  
o if there is clinical or radiological evidence of colonic perforation or peritonitis. 

 Do not dilate the tumour before inserting the self-expanding metallic stent. 

 Only a healthcare professional experienced in placing colonic stents who has access 
to fluoroscopic equipment and trained support staff should insert colonic stents. 

 If a self-expanding metallic stent is suitable, attempt insertion urgently and no longer 
than 24 hours after patients present with colonic obstruction. 

 

Stage I colorectal cancer 
 The colorectal MDT should consider further treatment for patients with locally excised, 

pathologically confirmed stage I cancer, taking into account pathological 
characteristics of the lesion, imaging results and previous treatments. 

 Offer further treatment to patients whose tumour had involved resection margins (less 
than 1 mm). 

 Discuss the risks and benefits of all treatment options with the patient after discussion 
in the MDT. 

 An early rectal cancer MDT2 should decide which treatment to offer to patients with 
stage I rectal cancer, taking into account previous treatments, such as radiotherapy. 

 

                                                           
2
 Improving outcomes in colorectal cancer (2004). NICE cancer service guidance CSGCC. Available from 

www.nice.org.uk/CSGCC 
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Laparoscopic surgery3 
 Laparoscopic (including laparoscopically assisted) resection is recommended as an 

alternative to open resection for individuals with colorectal cancer in whom both 
laparoscopic and open surgery are considered suitable. 

 Laparoscopic colorectal surgery should be performed only by surgeons who have 
completed appropriate training in the technique and who perform this procedure often 
enough to maintain competence. The exact criteria to be used should be determined 
by the relevant national professional bodies. Cancer networks and constituent trusts 
should ensure that any local laparoscopic colorectal surgical practice meets these 
criteria as part of their clinical governance arrangements. 

 The decision about which of the procedures (open or laparoscopic) is undertaken 
should be made after informed discussion between the patient and the surgeon. In 
particular, they should consider:  
o the suitability of the lesion for laparoscopic resection  
o the risks and benefits of the two procedures 
o the experience of the surgeon in both procedures. 

 

Adjuvant chemotherapy in rectal cancer 
 Assess pathological staging after surgery, before deciding whether to offer adjuvant 

chemotherapy. 

 Consider adjuvant chemotherapy for patients with high-risk stage II and all stage III 
rectal cancer to reduce the risk of local and systemic recurrence. 

 

Adjuvant chemotherapy for high-risk stage II colon cancer  
 Consider adjuvant chemotherapy after surgery for patients with high-risk stage II colon 

cancer. Fully discuss the risks and benefits with the patient. 
 

Adjuvant chemotherapy for stage III colon cancer4 
 The following are recommended as options for the adjuvant treatment of patients with 

stage III (Dukes‟ C) colon cancer following surgery for the condition: 
o capecitabine as monotherapy 
o oxaliplatin in combination with 5-fluorouracil and folinic acid. 

 The choice of adjuvant treatment should be made jointly by the individual and the 
clinicians responsible for treatment. The decision should be made after an informed 
discussion between the clinicians and the patient; this discussion should take into 
account contraindications and the side-effect profile of the agent(s) and the method of 
administration as well as the clinical condition and preferences of the individual. 

 

Chapter 4 Management of metastatic disease 
 
Patients presenting with stage IV colorectal cancer 
 Prioritise treatment to control symptoms if at any point the patient has symptoms from 

the primary tumour. 

 If both primary and metastatic tumours are considered resectable, anatomical site-
specific MDTs should consider initial systemic treatment followed by surgery, after full 
discussion with the patient. The decision on whether the operations are done at the 
same time or separately should be made by the anatomical site-specific MDTs in 
consultation with the patient. 

                                                           
3
 The recommendations in this section are from 'Laparoscopic surgery for colorectal cancer' (NICE technology appraisal 

guidance 105). 
4
 The recommendations in this section are from „Capecitabine and oxaliplatin in the adjuvant treatment of stage III (Dukes‟ C) 

colon cancer.‟ NICE technology appraisal guidance 100. 
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Imaging hepatic metastases  
 If the CT scan shows metastatic disease only in the liver and the patient has no 

contraindications to further treatment, a specialist hepatobiliary MDT should decide if 
further imaging to confirm surgery is suitable for the patient - or potentially suitable 
after further treatment – is needed. 
 

Imaging extra-hepatic metastases 
 Offer contrast-enhanced CT of the chest, abdomen and pelvis to patients being 

assessed for metastatic colorectal cancer.  

 If intracranial disease is suspected, offer contrast-enhanced MRI of the brain. Do not 
offer imaging of the head, neck and limbs unless involvement of these sites is 
suspected clinically. 

 Discuss all imaging with the patient following review by the appropriate anatomical 
site-specific MDT.  

 If the CT scan shows the patient may have extra-hepatic metastases that could be 
amenable to further radical surgery, an anatomical site-specific MDT should decide 
whether a positron emission tomography-CT (PET-CT) scan of the whole body is 
appropriate. 

 If contrast-enhanced CT suggests disease in the pelvis, offer an MRI of the pelvis and 
discuss in the colorectal cancer MDT.  

 If the diagnosis of extra-hepatic recurrence remains uncertain, keep the patient under 
clinical review and offer repeat imaging at intervals agreed between the healthcare 
professional and the patient. 
 

Chemotherapy for advanced and metastatic colorectal cancer 
Oxaliplatin and irinotecan in combination with fluoropyrimidines 

 When offering multiple chemotherapy drugs to patients with advanced and metastatic 
colorectal cancer, consider one of the following sequences of chemotherapy unless 
they are contraindicated: 
o FOLFOX (folinic acid plus fluorouracil plus oxaliplatin) as first-line treatment then 

single agent irinotecan as second-line treatment or 
o FOLFOX as first-line treatment then FOLFIRI (folinic acid plus fluorouracil plus 

irinotecan5) as second-line treatment or 
o XELOX (capecitabine plus oxaliplatin) as first-line treatment then FOLFIRI (folinic 

acid plus fluorouracil plus irinotecan5) as second-line treatment. 

 Decide which combination and sequence of chemotherapy to use after full discussion 
of the side effects and the patient‟s preferences. 
 

Raltitrexed 

 Consider raltitrexed only for patients with advanced colorectal cancer who are 
intolerant to 5-fluorouracil and folinic acid, or for whom these drugs are not suitable (for 
example, patients who develop cardiotoxicity). Fully discuss the risks and benefits of 
raltitrexed with the patient. 

 Prospectively collect data on quality of life, toxicity, response rate, progression-free 
survival, and overall survival for all patients taking raltitrexed. 

 
Capecitabine and tegafur with uracil6 

                                                           
5
 At the time of publication (November 2011), irinotecan did not have UK marketing authorisation for second-line combination 

therapy. Informed consent should be obtained and documented. 
6 The recommendations in this section are from „Guidance on the use of capecitabine and tegafur uracil for metastatic 

colorectal cancer.‟ NICE technology appraisal guidance 61. 
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 Oral therapy with either capecitabine or tegafur with uracil (in combination with folinic 
acid) is recommended as an option for the first-line treatment of metastatic colorectal 
cancer. 

 The choice of regimen (intravenous 5-fluorouracil and folinic acid or one of the oral 
therapies) should be made jointly by the individual and the clinician(s) responsible for 
treatment. The decision should be made after an informed discussion between the 
clinician(s) and the patient; this discussion should take into account contraindications 
and the side-effect profile of the agents as well as the clinical condition and 
preferences of the individual. 

 The use of capecitabine or tegafur with uracil to treat metastatic colorectal cancer 
should be supervised by oncologists who specialise in colorectal cancer. 
 

Biological agents in metastatic colorectal cancer 

 Refer to „Bevacizumab in combination with oxaliplatin and either fluorouracil plus folinic 
acid or capecitabine for the treatment of metastatic colorectal cancer‟. NICE 
technology appraisal guidance 212 (2010). Available from 
www.nice.org.uk/guidance/TA212. 

 Refer to „Cetuximab for the first-line treatment of metastatic colorectal cancer‟. NICE 
technology appraisal guidance 176 (2009). Available from 
www.nice.org.uk/guidance/TA176 

 Refer to „Cetuximab for the treatment of metastatic colorectal cancer following failure 
of oxaliplatin-containing chemotherapy (terminated appraisal)‟. NICE technology 
appraisal 150 (2008). Available from www.nice.org.uk/guidance/TA150 

 Refer to „Bevacizumab and cetuximab for the treatment of metastatic colorectal 
cancer‟. NICE technology appraisal guidance 118 (2007). Available from 
www.nice.org.uk/guidance/TA118 

 

Chapter 5 Ongoing care and support 
 
Follow-up after apparently curative resection 
 Offer follow-up to all patients with primary colorectal cancer undergoing treatment with 

curative intent. Start follow-up at a clinic visit 4–6 weeks after potentially curative 
treatment. 

 Offer patients regular surveillance with: 
o a minimum of two CTs of the chest, abdomen, and pelvis in the first 3 years and 
o regular serum carcinoembryonic antigen tests (at least every 6 months in the first 

3 years). 

 Offer a surveillance colonoscopy at 1 year after initial treatment. If this investigation is 
normal consider further colonoscopic follow-up after 5 years, and thereafter as 
determined by cancer networks. The timing of surveillance for patients with 
subsequent adenomas should be determined by the risk status of the adenoma. 

 Start reinvestigation if there is any clinical, radiological or biochemical suspicion of 
recurrent disease. 

 Stop regular follow-up: 
o when the patient and the healthcare professional have discussed and agreed that 

the likely benefits no longer outweigh the risks of further tests or  
o when the patient cannot tolerate further treatments. 

 

Information about bowel function  
 Before starting treatment, offer all patients information on all treatment options 

available to them (including no treatment) and the potential benefits and risks of these 
treatments, including the effect on bowel function. 
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 Before surgery, offer all patients information about the likelihood of having a stoma, 
why it might be necessary, and how long it might be needed for. 

 Ensure a trained stoma professional gives specific information on the care and 
management of stomas to all patients considering surgery that might result in a stoma. 

 After any treatment, offer all patients specific information on managing the effects of 
the treatment on their bowel function. This could include information on incontinence, 
diarrhoea, difficulty emptying bowels, bloating, excess flatus and diet, and where to go 
for help in the event of symptoms. 

 Offer verbal and written information in a way that is clearly understood by patients and 
free from jargon. Include information about support organisations or internet resources 
recommended by the clinical team. 
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Methodology 
Introduction 

What is a Clinical Guideline? 

Guidelines are recommendations for the care of individuals in specific clinical conditions or 
circumstances – from prevention and self-care through to primary and secondary care and 
on to more specialised services. NICE clinical guidelines are based on the best available 
evidence of clinical and cost effectiveness, and are produced to help healthcare 
professionals and patients make informed choices about appropriate healthcare. While 
guidelines assist the practice of healthcare professionals, they do not replace their 
knowledge and skills. 
 
Clinical guidelines for the NHS in England, Wales and Northern Ireland are produced as a 
response to a request from the Department of Health (DH). They approve topics for 
guideline development. Before deciding whether to refer a particular topic to the National 
Institute for Health and Clinical Excellence (NICE) they consult with the relevant patient 
bodies, professional organisations and companies. Once a topic is referred, NICE then 
commissions one of four National Collaborating Centres (NCCs) to produce a guideline. The 
Collaborating Centres are independent of government and comprise partnerships between a 
variety of academic institutions, health profession bodies and patient groups. The National 
Collaborating Centre for Cancer (NCC-C) was referred the topic of the diagnosis and 
management of colorectal cancer in October 2007 as part of NICE‟s sixteenth wave work 
programme. However, the guideline development process began officially in February 2009 
when sufficient capacity became available at the NCC-C. 
 

Who is the Guideline Intended For? 

This guideline does not include recommendations covering every detail of the diagnosis and 
management of colorectal cancer. Instead this guideline has tried to focus on those areas of 
clinical practice (i) that are known to be controversial or uncertain; (ii) where there is 
identifiable practice variation; (iii) where there is a lack of high quality evidence; or (iv) where 
NICE guidelines are likely to have most impact. More detail on how this was achieved is 
presented later in the section on „Developing Clinical Evidence Based Questions‟. 
 
This guideline is relevant to all healthcare professionals who come into contact with patients 
with colorectal cancer or suspected of having colorectal cancer, as well as to the patients 
themselves and their carers. It is also expected that the guideline will be of value to those 
involved in clinical governance in both primary and secondary care to help ensure that 
arrangements are in place to deliver appropriate care for the population covered by this 
guideline. 
 

The Remit of the Guideline 

Guideline topics selected by the DH identify the main areas to be covered by the guideline in 
a specific remit. The following remit for this guideline was received as part of NICE‟s 
sixteenth wave programme of work: 

‘To prepare a clinical guideline on the diagnosis and management of patients with all 
stages of primary colorectal cancer. This excludes any population screening and 
surveillance of high-risk groups, including patients with a family history and patients 
with inflammatory bowel disease.’ 

 

Involvement of Stakeholders 

Key to the development of all NICE guidance is the involvement of relevant professional and 
patient/carer organisations that register as stakeholders. Details of this process can be found 
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on the NICE website or in the „NICE guidelines manual‟ (NICE 2009). In brief, their 
contribution involves commenting on the draft scope, submitting relevant evidence and 
commenting on the draft version of the guideline during the end consultation period. A full list 
of all stakeholder organisations who registered for the diagnosis and management of 
colorectal cancer guideline can be found in Appendix 6.2. 
 

The Process of Guideline Development – Who Develops the 
Guideline? 

Overview 

The development of this guideline was based upon methods outlined in the „NICE guidelines 
manual‟ (NICE 2009). A team of health professionals, lay representatives and technical 
experts known as the Guideline Development Group (GDG) (see Appendix 6.1), with support 
from the NCC-C staff, undertook the development of this clinical guideline. The basic steps 
in the process of developing a guideline are listed and discussed below: 

 using the remit, define the scope which sets the inclusion/exclusion criteria of the 
guideline 

 forming the GDG 

 developing clinical questions 

 developing the review protocol 

 systematically searching for the evidence 

 critically appraising the evidence 

 incorporating health economic evidence 

 distilling and synthesising the evidence and writing recommendations 

 agreeing the recommendations 

 structuring and writing the guideline 

 updating the guideline. 
 

The Scope 

The remit was translated into a scope document by the Guideline Development Group 
(GDG) Chair and Lead Clinician and staff at the NCC-C in accordance with processes 
established by NICE (NICE 2009). The purpose of the scope was to: 

 set the boundaries of the development work and provide a clear framework to enable 
work to stay within the priorities agreed by NICE and the NCC-C and the remit set by 
the DH 

 inform professionals and the public about the expected content of the guideline. 

 provide an overview of the population and healthcare settings the guideline would 
include and exclude 

 specify the key clinical issues that will be covered by the guideline 

 inform the development of the clinical questions and search strategy 
 

Before the guideline development process started, the draft scope was presented and 
discussed at a stakeholder workshop. The list of key clinical issues were discussed and 
revised before the formal consultation process. Further details of the discussion at the 
stakeholder workshop can be found on the NICE website (www.nice.org.uk). 
 

The scope was subject to a four week stakeholder consultation in accordance with 
processes established by NICE in the „NICE guidelines manual‟ (NICE 2009). The full scope 
is shown in Appendix 5. During the consultation period, the scope was posted on the NICE 
website (www.nice.org.uk). Comments were invited from registered stakeholder 
organisations and the NICE Guideline Review Panel (GRP). Further information about the 
GRP can also be found on the NICE website. The NCC-C and NICE reviewed the scope in 
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light of comments received, and the revised scope was reviewed by the GRP, signed off by 
NICE and posted on the NICE website. 
 

The Guideline Development Group (GDG) 

The colorectal cancer GDG was recruited in line with the „NICE guidelines manual‟ (NICE 
2009). The first step was to appoint a Chair and a Lead Clinician. Advertisements were 
placed for both posts and candidates were interviewed before being offered the role. The 
NCC-C Director, GDG Chair and Lead Clinician identified a list of specialties that needed to 
be represented on the GDG. Details of the adverts were sent to the main stakeholder 
organisations, cancer networks and patient organisations/charities (see Appendix 6.2). 
Individual GDG members were selected by the NCC-C Director, GDG Chair and Lead 
Clinician, based on their application forms. The guideline development process was 
supported by staff from the NCC-C, who undertook the clinical and health economics 
literature searches, reviewed and presented the evidence to the GDG, managed the process 
and contributed to drafting the guideline. At the start of the guideline development process 
all GDG members‟ interests were recorded on a standard declaration form that covered 
consultancies, fee-paid work, share-holdings, fellowships and support from the healthcare 
industry. At all subsequent GDG meetings, members declared new, arising conflicts of 
interest which were always recorded (see Appendix 6.1). 
 

Guideline Development Group Meetings 

Twelve GDG meetings were held between 19 May April 2009 and 2 February 2011. During 
each GDG meeting (either held over one or two days) clinical questions and clinical and 
economic evidence were reviewed, assessed and recommendations formulated. At each 
meeting patient/carer and service-user concerns were routinely discussed as part of a 
standing agenda item. 
 
NCC-C project managers divided the GDG workload by allocating specific clinical questions, 
relevant to their area of clinical practice, to small sub-groups of the GDG in order to simplify 
and speed up the guideline development process. These groups considered the evidence, 
as reviewed by the researcher, and synthesised it into draft recommendations before 
presenting it to the GDG as a whole. Each clinical question was led by a GDG member with 
expert knowledge of the clinical area (usually one of the healthcare professionals). The GDG 
subgroups often helped refine the clinical questions and the clinical definitions of treatments. 
They also assisted the NCC-C team in drafting the section of the guideline relevant to their 
specific topic. 
 

Patient/Carer Members 

Individuals with direct experience of colorectal cancer gave an important user focus to the 
GDG and the guideline development process. The GDG included three patient/carer 
members. They contributed as full GDG members to writing the clinical questions, helping to 
ensure that the evidence addressed their views and preferences, highlighting sensitive 
issues and terminology relevant to the guideline and bringing service-user research to the 
attention of the GDG. 
 

Developing Clinical Evidence-Based Questions 

Background 

Clinical guidelines should be aimed at improving clinical practice and should avoid ending up 
as „evidence-based textbooks‟ or making recommendations on topics where there is already 
agreed clinical practice. Therefore the list of key clinical issues listed in the scope were 
developed in areas that were known to be controversial or uncertain, where there was 
identifiable practice variation, or where NICE guidelines were likely to have most impact. 
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Method 

From each of the key clinical issues identified in the scope the GDG formulated a clinical 
question. For clinical questions about interventions, the PICO framework was used. This 
structured approach divides each question into four components: the population (the 
population under study – P), the interventions (what is being done - I), the comparisons 
(other main treatment options – C) and the outcomes (the measures of how effective the 
interventions have been – O). Where appropriate, the clinical questions were refined once 
the evidence had been searched and, where necessary, sub-questions were generated. 
 
The final list of clinical questions can be found in the scope (see Appendix 5). 
 

Review of Clinical Literature 

Scoping search 
An initial scoping search for published guidelines, systematic reviews, economic evaluations 
and ongoing research was carried out on the following  databases or websites: National 
Library for Health (NLH) Guidelines Finder (now NHS Evidence), National Guidelines 
Clearinghouse, Cochrane Database of Systematic Reviews (CDSR), Heath  Technology 
Assessment Database (HTA), NHS Economic Evaluations Database (NHSEED), DH Data, 
Medline and Embase. 
 
At the beginning of the development phase, initial scoping searches were carried out to 
identify any relevant guidelines (local, national or international) produced by other groups or 
institutions.  
 
Developing the review protocol 
For each clinical question, the information specialist and researcher (with input from other 
technical team and GDG members) prepared a review protocol. This protocol explains how 
the review was to be carried out (see Table A) in order to develop a plan of how to review 
the evidence, limit the introduction of bias and for the purposes of reproducibility. All review 
protocols can be found in the full evidence review. 

 
Table A Components of the review protocol 

Component Description 

Clinical question The clinical question as agreed by the GDG. 

Objectives Short description; for example ‘To estimate the effects 
and cost effectiveness of…’ or ‘To estimate the 
diagnostic accuracy of…’.  
 

Criteria for considering studies for the review Using the PICO (population, intervention, comparison 
and outcome) framework. Including the study designs 
selected.  
 

How the information will be searched The sources to be searched and any limits that will be 
applied to the search strategies; for example, 
publication date, study design, language. (Searches 
should not necessarily be restricted to RCTs.) 

The review strategy The methods that will be used to review the evidence, 
outlining exceptions and subgroups. Indicate if meta-
analysis will be used. 

 
Searching for the evidence 
In order to answer each question the NCC-C information specialist developed a search 
strategy to identify relevant published evidence for both clinical and cost effectiveness. Key 
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words and terms for the search were agreed in collaboration with the GDG. When required, 
the health economist searched for supplementary papers to inform detailed health economic 
work (see section on „Incorporating Health Economic Evidence‟). 
 
Search filters, such as those to identify systematic reviews (SRs) and randomised controlled 
trials (RCTs) were applied to the search strategies when there was a wealth of these types 
of studies. No language restrictions were applied to the search; however, foreign language 
papers were not requested or reviewed (unless of particular importance to that question). 
 
The following databases were included in the literature search: 

 The Cochrane Library 

 Medline and Premedline 1950 onwards 

 Excerpta Medica (Embase) 1980 onwards 

 Cumulative Index to Nursing and Allied Health Literature (Cinahl) 1982 onwards 

 Allied & Complementary Medicine (AMED) 1985 onwards 

 British Nursing Index (BNI) 1985 onwards 

 Psychinfo 1806 onwards 

 Web of Science [specifically Science Citation Index Expanded] 

 (SCI-EXPANDED) 1899 onwards and Social Sciences Citation Index (SSCI) 1956 
onwards] 

 Biomed Central 1997 onwards 
 
From this list the information specialist sifted and removed any irrelevant material based on 
the title or abstract before passing to the researcher. All the remaining articles were then 
stored in a Reference Manager electronic library. 
 
Searches were updated and re-run 6–8 weeks before the stakeholder consultation, thereby 
ensuring that the latest relevant published evidence was included in the database. Any 
evidence published after this date was not included. For the purposes of updating this 
guideline, 25 February 2011 should be considered the starting point for searching for new 
evidence. 
 
Further details of the search strategies, including the methodological filters used, are 
provided in the evidence review. 
 
Critical Appraisal  
From the literature search results database, one researcher scanned the titles and abstracts 
of every article for each question and full publications were ordered for any studies 
considered relevant or if there was insufficient information from the title and abstract to 
inform a decision. When the papers were obtained the researcher applied 
inclusion/exclusion criteria to select appropriate studies, which were then critically appraised. 
For each question, data on the type of population, intervention, comparator and outcomes 
(PICO) were extracted and recorded in evidence tables and an accompanying evidence 
summary prepared for the GDG (see evidence review). All evidence was considered 
carefully by the GDG for accuracy and completeness. 
 
GRADE (Grading of Recommendations, Assessment, Development and Evaluation) 
For interventional questions, studies which matched the inclusion criteria were evaluated 
and presented using a modification of GRADE (NICE 2009; http://gradeworking group.org/). 
Where possible this included meta-analysis and synthesis of data into a GRADE „evidence 
profile‟. The evidence profile shows, for each outcome, an overall assessment of both the 
quality of the evidence as a whole (low, moderate or high) as well as an estimate of the size 
of effect. A narrative summary (evidence statement) was also prepared.  
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Each topic outcome was examined for the quality elements defined in table B and 
subsequently graded using the quality levels listed in table C. The reasons for downgrading 
or upgrading specific outcomes were explained in footnotes.  
 
Table B Descriptions of quality elements of GRADE 

Quality element   
 

Description 

Limitations Limitations in the study design and implementation may bias the estimates of the 
treatment effect. Major limitations in studies decrease the confidence in the 
estimate of the effect. 

Inconsistency Inconsistency refers to an unexplained heterogeneity of results. 

Indirectness Indirectness refers to differences in study population, intervention, comparator 
or outcomes between the available evidence and the clinical question. 

Imprecision Results are imprecise when studies include relatively few patients and few events 
and thus have wide confidence intervals around the estimate of the effect 
relative to the minimal important difference.  

Publication bias Publication bias is a systematic underestimate or overestimate of the underlying 
beneficial or harmful effect due to the selective publication of studies.  

 

Table C Overall quality of outcome evidence in GRADE 

Quality element   
 

Description 

High Further research is very unlikely to change our confidence in the estimate of 
effect.  

Moderate Further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.  

Low Further research is very likely to have an important impact on our confidence in 
the estimate of effect and is likely to change the estimate.  

Very low Any estimate of effect is very uncertain. 

 
All procedures were fully compliant with NICE methodology as detailed in the „NICE 
guidelines manual‟ (NICE 2009). In general, no formal contact was made with authors; 
however, there were ad hoc occasions when this was required in order to clarify specific 
details. 
 

Needs Assessment 

As part of the guideline development process the NCC-C invited a specialist registrar, with 
the support of the GDG, to undertake a needs assessment (see Appendix 6.3). The needs 
assessment aims to describe the burden of disease and current service provision for 
patients with colorectal cancer in England and Wales, which informed the development of 
the guideline.  
 
Assessment of the effectiveness of interventions is not included in the needs assessment, 
and was undertaken separately by researchers in the NCC-C as part of the guideline 
development process. 
 
The information included in the needs assessment document was presented to the GDG. 
Most of the information was presented in the early stages of guideline development, and 
other information was included to meet the evolving information needs of the GDG during 
the course of guideline development. 
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Incorporating Health Economics Evidence 

The aim of providing economic input into the development of the guideline was to inform the 
GDG of potential economic issues relating to the diagnosis and management of colorectal 
cancer. Health economics is about improving the health of the population through the 
efficient use of resources. In addition to assessing clinical effectiveness, it is important to 
investigate whether health services are being used in a cost effective manner in order to 
maximise health gain from available resources. 
 

Prioritising topics for economic analysis 

After the clinical questions had been defined, and with the help of the health economist, the 
GDG discussed and agreed which of the clinical questions were potential priorities for 
economic analysis. These economic priorities were chosen on the basis of the following 
criteria, in broad accordance with the NICE guidelines manual (NICE 2009):  
 

 The overall importance of the recommendation, which may be a function of the number 
of patients affected and the potential impact on costs and health outcomes per patient 

 The current extent of uncertainty over cost effectiveness, and the likelihood that 
economic analysis will reduce this uncertainty 

 
In addition, for clinical questions in the guideline that related to updates of technology 
appraisals, an evaluation of cost effectiveness was required if significant new clinical 
evidence had become available or if costs had changed since the original technology 
appraisal was published. 
 
For each topic that was considered a high priority for economic analysis, a review of the 
economic literature was conducted. Where published economic evaluation studies were 
identified that addressed the economic issues for a clinical question, these are presented 
alongside the clinical evidence wherever possible. For those clinical areas reviewed, the 
information specialists used a similar search strategy as used for the review of clinical 
evidence but with the inclusion of a health economics filter.  
 
For systematic searches of published economic evidence, the following databases were 
included:  

 Medline 

 Embase 

 Cochrane 

 NHS Economic Evaluation Database (NHS EED) 
 

Methods for reviewing and appraising economic evidence 

The aim of reviewing and appraising the existing economic literature is to identify relevant 
economic evaluations that compare both costs and health consequences of alternative 
interventions and that are applicable to NHS practice. Thus studies that only report costs, 
non-comparative studies or „cost of illness‟ studies are generally excluded from the reviews 
(NICE, 2009). 
 
Economic studies identified through a systematic search of the literature are appraised using 
a methodology checklist designed for economic evaluations (NICE, 2009, Appendix H). This 
checklist is not intended to judge the quality of a study per se, but to determine whether an 
existing economic evaluation is useful to inform the decision-making of the GDG for a 
specific topic within the Guideline. There are two parts to the appraisal process; the first step 
is to assess applicability (i.e. the relevance of the study to the specific guideline topic and the 
NICE reference case) (Table D). 
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Table D: Applicability criteria 

Directly applicable The study meets all applicability criteria, or fails to meet one or more 
applicability criteria but this is unlikely to change the conclusions 
about cost effectiveness. 

Partially applicable The study fails to meet one or more applicability criteria, and this 
could change the conclusions about cost effectiveness. 

Not applicable The study fails to meet one or more applicability criteria, and this is 
likely to change the conclusions about cost effectiveness. These 
studies are excluded from further consideration. 

 

In the second step, only those studies deemed directly or partially applicable are further 
assessed for limitations (i.e. the methodological quality, Table D). 

Table E: Methodological quality 

Minor limitations  Meets all quality criteria, or fails to meet one or more quality criteria 
but this is unlikely to change the conclusions about cost effectiveness.  

Potentially serious limitations  Fails to meet one or more quality criteria and this could change the 
conclusions about cost effectiveness.  

Very serious limitations  Fails to meet one or more quality criteria and this is highly likely to 
change the conclusions about cost effectiveness. Such studies should 
usually be excluded from further consideration.  

 
Where relevant, a summary of the main findings from the systematic search, review and 
appraisal of economic evidence is presented in an economic evidence profile alongside the 
GRADE table for clinical evidence. 
 
For priority topics, if high-quality published economic evidence relevant to current NHS 
practice was identified through the search, the existing literature was reviewed and 
appraised as described above. However, it is often the case that published economic studies 
may not be directly relevant to the specific clinical question as defined in the guideline or 
may not be comprehensive or conclusive enough to inform UK practice. In such cases, 
consideration was given to undertaking a new economic analysis as part of this guideline. 

 

Economic modelling 

 
Once the need for a new economic analysis for high priority topics had been agreed by the 
GDG, the health economist investigated the feasibility of developing an economic model. 
Following this assessment, a decision was made to develop an integrated mixed treatment 
comparison and economic model to address the topic oxaliplatin and irinotecan-based 
chemotherapy in metastatic colorectal cancer. Full details of this analysis are presented in 
Appendix 2. In the development of the analysis, the following general principles were 
adhered to: 
 

 the GDG subgroup was consulted during the construction and interpretation of the 
analysis 

 the analysis was based on the best available clinical evidence from the systematic 
review 

 assumptions were reported fully and transparently 

 uncertainty was explored through sensitivity analysis  
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 costs were calculated from a health services perspective 

 outcomes were reported in terms of quality-adjusted life years 
 

Linking to NICE technology appraisals 

There are several published technology appraisals (TA) which are relevant to this guideline 
(TA61, TA105, TA100, TA118, TA150, TA176 and TA212 - see 
www.nice.org.uk/TA/published). In line with NICE methodology, the recommendations from 
these TAs have either been reproduced verbatim in the colorectal cancer guideline or cross 
referenced. 
 
Published TAs are periodically reviewed to determine if they need to be updated, particularly 
if any new evidence becomes available since the publication of the appraisal which means 
the original recommendations needed to be changed. In 2008, NICE consulted with 
stakeholders to assess whether TA93 should be updated within the guideline. The outcome 
was that TA93 should be updated within the colorectal cancer guideline. 
 

Agreeing the Recommendations 

For each clinical question the GDG were presented with a summary of the clinical evidence, 
and, where appropriate, economic evidence, derived from the studies reviewed and 
appraised. From this information the GDG were able to derive the guideline 
recommendations. The link between the evidence and the view of the GDG in making each 
recommendation is made explicit in the accompanying LETR statement. 
 

LETR (Linking Evidence to Recommendations) statements 

As clinical guidelines were previously formatted, there was limited scope for expressing how 
and why a GDG made a particular recommendation from the evidence of clinical and cost 
effectiveness. To make this process more transparent to the reader, NICE have introduced 
an explicit, easily understood and consistent way of expressing the reasons for making each 
recommendation. This is known as the „LETR statement‟ and will usually cover the following 
key points: 

 the relative value placed on the outcomes considered 

 the strength of evidence about benefits and harms for the intervention being 
considered 

 the costs and cost-effectiveness of an intervention (if formally assessed by the health 
economics team) 

 the quality of the evidence (see GRADE) 

 the degree of consensus within the GDG 

 other considerations – for example equalities issues 
 
Where evidence was weak or lacking the GDG agreed the final recommendations through 
informal consensus. Shortly before the consultation period, ten key priorities and five key 
research recommendations were selected by the GDG for implementation and the patient 
algorithms were agreed. To avoid giving the impression that higher grade recommendations 
are of higher priority for implementation, NICE no longer assigns grades to 
recommendations. 
 

Consultation and Validation of the Guideline 

The draft of the guideline was prepared by NCC-C staff in partnership with the GDG Chair 
and Lead Clinician. This was then discussed and agreed with the GDG and subsequently 
forwarded to NICE for consultation with stakeholders. 
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Registered stakeholders (see Appendix 6.2) had one opportunity to comment on the draft 
guideline which was posted on the NICE website between 29 March 2011 and 24 May 2011 
in line with NICE methodology (NICE 2009). The Guideline Review Panel also reviewed the 
guideline and checked that stakeholder comments had been addressed. 
 

The pre-publication check process 

Following stakeholder consultation and subsequent revision, the draft guideline was then 
subject to a pre-publication check (NICE 2009). The pre-publication check provides 
registered stakeholders with the opportunity to raise any concerns about factual errors and 
inaccuracies that may exist in the revised guideline after consultation. 
 
During the pre-publication check the full guideline was posted on the NICE website for 15 
working days, together with the guideline consultation table that listed comments received 
during consultation from stakeholders and responses from the NCC-C and GDG. 
 
All stakeholders were invited to report factual errors using a standard proforma. NICE, the 
NCC and the GDG Chair and Lead Clinician considered the reported errors and responded 
only to those related to factual errors. A list of all corrected errors and the revised guideline 
were submitted to NICE, and the revised guideline was then signed off by Guidance 
Executive. The list of reported errors from the pre-publication check and the responses from 
the NCC-C were subsequently published on the NICE website. 
 
The final document was then submitted to NICE for publication on their website. The other 
versions of the guideline (see below) were also discussed and approved by the GDG and 
published at the same time. 
 

Other Versions of the Guideline 

This full version of the guideline is available to download free of charge from the NICE 
website (www.nice.org.uk) and the NCC-C website (www.wales.nhs.uk/nccc). 
 
NICE also produces two other versions of the colorectal cancer guideline which are available 
from the NICE website: 

 the NICE guideline, which is a shorter version of this guideline, containing the key 
priorities, key research recommendations and all other recommendations 

 „Understanding NICE Guidance‟ („UNG‟), which describes the guideline using non-
technical language. It is written chiefly for people suspected of, or diagnosed with, 
colorectal cancer but may also be useful for family members, advocates or those who 
care for patients with colorectal cancer. For printed copies, phone NICE publications 
on 0845 003 7783 or email publications@nice.org.uk 

The recommendations from this guideline have been incorporated into a NICE pathway, 
which is available from http://pathways.nice.org.uk/ 
 

Updating the Guideline 

Literature searches were repeated for all of the clinical questions at the end of the GDG 
development process, allowing any relevant papers published before 25 February 2011 to 
be considered. Future guideline updates will consider evidence published after this cut-off 
date. 
 
Three years after publication of the guideline, NICE will commission a review to determine 
whether the evidence base has progressed significantly to alter the guideline 
recommendations and warrant an early update.  
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The National Collaborating Centre for Cancer was commissioned by NICE to develop this 
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Hygiene and Tropical Medicine and funded by the National Collaborating Centre for Cancer. 
 

Disclaimer 

The GDG assumes that healthcare professionals will use clinical judgment, knowledge and 
expertise when deciding whether it is appropriate to apply these guidelines. The 
recommendations cited here are a guide and may not be appropriate for use in all situations. 
The decision to adopt any of the recommendations cited here must be made by the 
practitioner in light of individual patient circumstances, the wishes of the patient and clinical 
expertise. 
 
The NCC-C disclaims any responsibility for damages arising out of the use or non-use of 
these guidelines and the literature used in support of these guidelines. 
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Algorithms 
 
Overview of pathway 

Patient with suspected colorectal cancer

Patient diagnosed with colorectal cancer

Contrast enhanced CT of chest, abdomen and pelvis to 

estimate stage of disease

Patient with rectal 

cancer

Patient with 

colon cancer

No further routine imaging required

MRI to assess local recurrence 

determined by anticipated resection 

margin, tumour and lymph node 

staging, unless contraindicated

Offer endorectal ultrasound if MRI 

shows disease amenable to local 

excision or is contraindicated

Patient with 

operable rectal 

cancer

Patient with locally 

advanced rectal 

cancer

Patient with 

operable colon 

cancer

Patient with locally 

advanced colon 

cancer

Patient presenting with acute large bowel 

obstruction

CT of chest, abdomen and pelvis

Left sided 

obstruction

Insert SEMS if 

appropriate

Other sites of 

obstruction

Operate
2
. Do not 

insert SEMS

NON-EMERGENCY PRESENTATION EMERGENCY PRESENTATION

P
a
ti
e
n
t 
in

fo
rm

a
ti
o
n

 a
n

d
 s

u
p
p
o
rt

Metastases?

Patient with major 

co-morbidity?

Colonoscopy (with biopsy 

if needed)

or

CT colonography
1

Flexible sigmoidoscopy 

(with biopsy if needed) then 

barium enema 

or 

CT colonography
1

No Yes

See “Management 

of metastatic 

disease” algorithm

Yes

No

Appropriate treatment (see algorithms on “Management of local disease” and “Post-

operative care”)

Regular surveillance:
a minimum of 2 CT scans of chest, abdomen and pelvis within the first 3 years
regular serum CEA tests (at least every 6 months in the first 3 years)
surveillance colonoscopy at 1 year after initial treatment

 
 
1
 If the local radiology service can demonstrate competency in this technique 

2
 This guideline does not make recommendations on what surgery is appropriate for this group of patients or when it is 

appropriate 
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Management of local disease – patients with rectal cancer 
 

Patient with 

rectal cancer

Low risk Moderate risk
High risk (locally 

advanced)
1

Surgery

Chemoradio-

therapy
2

SCPRT

Consider

Proceed immediately to

Interval before surgery to allow 

shrinkage and response

Consider

P
a

ti
e

n
t 

in
fo

rm
a

ti
o

n
 a

n
d

 s
u

p
p

o
rt Risk of local recurrence

MRI to assess local recurrence 

determined by anticipated resection 

margin, tumour and lymph node staging, 

unless contraindicated

See algorithm on “Post-operative care”

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 Do not routinely offer preoperative chemotherapy alone to patients with locally advanced rectal cancer unless as part of a 

clinical trial 
2
 Do not offer preoperative chemoradiotherapy solely to facilitate sphincter sparing surgery  
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Post-operative care 
 

 

Patient with 

colon cancer

Patient with 

rectal cancer

Stage I 
High risk stage 

II
1 Stage III

Consider adjuvant 

chemotherapy after full 

discussion of risks and 

benefits with the patient

Stage I 

High risk stage 

II
1
 and all stage 

III

Consider adjuvant 

chemotherapy to reduce 

the risk of systemic 

recurrence

Follow up/surveillance

P
a

ti
e

n
t 

in
fo

rm
a

ti
o

n
 a

n
d

 s
u

p
p

o
rt

Surgery

Assess post 

operative 

pathological 

staging

Assess post 

operative 

pathological 

staging

Further 

treatment as 

agreed by the 

colorectal MDT

Further treatment 

as agreed by the 

early rectal cancer 

MDT

See 

recommendations 

in TA100

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 Postoperative care of patients with stage II colorectal cancer was not included in the scope of this guideline, therefore no 

recommendations have been made in this area.  
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Management of metastatic disease1 
 

 

P
a

ti
e

n
t 

in
fo

rm
a

ti
o

n
 a

n
d

 s
u

p
p

o
rt

Patient with 

suspected 

metastases

Contrast enhanced 

CT scan of chest, 

abdomen and pelvis

Extra hepatic 

metastases

Hepatic 

metastases

Hepatobiliary 

MDT to decide on 

further imaging 

Refer to anatomical 

site-specific MDT to 

consider preoperative 

systemic treatment

Consider one of the following 

sequences unless clinically 

contraindicated:

- FOLFOX followed by single 

agent irinotecan or

- FOLFOX followed by FOLFIRI
2
 

or

- XELOX followed by FOLFIRI
2

Offer raltitrexed only if 5FU/FA is 

contraindicated

Imaging 

reviewed by 

appropriate 

anatomical site 

specific MDT

Is metastatic disease 

operable/potentially operable after 

appropriate treatment?
Yes No

 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 Recommendations from TA61, TA118, TA176 and TA212 are also relevant to this group of patients 

2
 At the time of publication (November 2011), irinotecan did not have UK marketing authorisation for second-line combination 

therapy. Informed consent should be obtained and documented. 
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1 Epidemiology 
 

1.1 Introduction 
 
The following chapter provides a summary of the full needs assessment that was carried out 
as part of the evidence review for this guideline.  It includes information regarding the 
epidemiology of colorectal cancer regionally, nationally and internationally.  This guideline is 
not a comprehensive review of all aspects of colorectal cancer management but is limited to 
priority areas that were identified before and during the scoping exercise that were thought 
to be key topics that might help improve the overall standard and equity of care provided 
geographically.  The purpose of this chapter therefore is to provide the context for the 
guideline, to describe the burden of disease and to assess whether variation exists in the 
treatment and outcome for individuals with colorectal cancer in England and Wales. 
 
Health needs assessment is a systematic method for reviewing the health issues facing a 
population, leading to agreed priorities and resource allocation that will improve health and 
reduce inequalities. It is recommended in various policy documents to inform and aid their 
better development as well as aid future strategic planning and implementation (Hooper and 
Longworth, 2006). 
 
A baseline need assessment should include information on: 1) the epidemiology of the 
disease and 2) current UK practice. The aim is to identify any concerning variability that 
exists in the management of the disease in order to help the guideline development group 
(GDG) members shape the guidance and identify recommendations that are likely to have 
the greatest impact on clinical outcomes (NICE, 2009). 
 

1.2 Risk factors for colorectal cancer 
 
Cancer is a major cause of morbidity in the UK. One in three people will develop some form 
of cancer during their lifetime. It can develop at any age but is most common in older people. 
Around three-quarters of cases occur in people aged 60 and over (74%) and more than a 
third of cases in people aged 75 and over.  Life expectancy in the UK is increasing, with 
more elderly people alive today than ever before. In 2002, a woman aged 65 could expect to 
live to the age of 84, while a man could expect to live to 82 (Office for National Statistics 
(ONS), 2005; Welsh Cancer Intelligence and Surveillance Unit (WCISU), 2002; Information 
and Statistics Division (ISD) online, 2008a; Fitzpatrick, 2004; Quinn, 2000). 
 
Colorectal cancer includes cancerous growths in the colon, rectum and appendix. Most 
colorectal cancers arise from adenomatous polyps. These neoplasms are usually benign, 
but some develop into cancer over time. The occurrence of large bowel cancer is strongly 
related to age, with 83% of cases arising in people who are 60 years or older. It is a common 
form of malignancy in developed countries but occurs much less frequently in the developing 
world (ONS, 2008a; WCISU, 2008; Northern Ireland Cancer Registry, 2008). 
 
An individual‟s risk of developing cancer depends on many factors, including smoking, diet 
and genetic inheritance. It is also dependent on increasing age (ONS, 2005; WCISU, 2002; 
ISD online, 2008a; Fitzpatrick, 2004; Quinn, 2000; ONS, 2004). A diet with a high intake of 
red and processed meat, inactivity, as well as a high alcohol intake increases the chances of 
developing colorectal cancer. Other known risk factors are obesity with at least 10% of colon 
cancers in the UK related to obesity. In addition people with a first degree relative with bowel 
cancer are at twice the average risk of developing it themselves. In contrast, high fibre 
content in the diet has been shown to reduce the risk of colorectal cancer and a protective 
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effect is also seen with regular use of non-steroidal anti-inflammatory drugs where more than 
10 years regular use reduces the risk of colorectal cancer (Boyle and Langham 2000). 
 

1.3 Incidence 
 
The incidence of cancer for the UK population refers to the number of new cancer cases 
arising in a specified period of time. Each year around 289,000 people are newly diagnosed 
with cancer and breast, lung, colorectal and prostate cancer account for over half of all the 
new cases (Figure 1.1) (ONS, 2008a; ISD online, 2008a, WCISU, 2008; Northern Ireland 
Cancer Registry, 2008). The ten most common cancers in males and females diagnosed in 
the UK in 2005 are presented in Figures 1.2 and 1.3. If current cancer incidence rates 
remain the same, by 2025 there will be an additional 100,000 cases of cancer diagnosed 
each year as a result of the ageing population (Cancer Research UK Statistical Information, 
2008). 
 
Figure 1.1 The 20 most commonly diagnosed cancers (ex non melanoma skin cancer) 
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(ex NMSC), UK, 2005



 

The diagnosis and management of colorectal cancer: full guideline (November 2011) 
Page 31 of 186 

 
Figure 1.2 The ten most common cancers, females, UK, 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 The ten most common cancers, males, UK, 2005 
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Colorectal cancer is the third most common cancer in the UK after breast and lung. Around 
100 new cases of colorectal cancer are diagnosed each day in the UK. In 2005 there were 
36,766 new cases of large bowel cancer registered in the UK; around two-thirds (22,748) in 
the colon and one-third (14,018) in the rectum. The left side of the bowel is affected by 
cancer more often than the right. Tumours in the sigmoid colon, rectosigmoid junction and in 
the rectum (Figure 1.4) together account for over half of all cases (ONS, 2008a; WCISU, 
2008; Northern Ireland Cancer Registry, 2008). 
 
 
Figure 1.4 Percentage distribution of cases by site within the large bowel, England, 1997-2000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Colorectal cancer is the second most common cancer in women after breast cancer (see 
Figure 1.2), with around 16,500 new cases diagnosed each year. More than 20,000 men are 
diagnosed with bowel cancer in the UK each year making it the third most common cancer in 
men after prostate and lung cancer (see Figure 1.3).  
 
Almost three-quarters of colorectal cancer cases occur in people aged 65 and over (Figure 
1.5).  Until age 50, men and women have similar rates for colorectal cancer, but in later life 
male rates predominate. In numerical terms, there are more male cases of bowel cancer up 
to the age of 80, after which female cases are in the majority, even though their rates are 
lower, as women make up a larger proportion of the elderly population. Overall the male: 
female ratio is 1.2:1.0.  
 
Using England and Wales data, the lifetime risk for men of being diagnosed with colorectal 
cancer is estimated to be 1 in 18 and for women 1 in 20.6  

Figure 1.1: Percentage distribution of cases by site within 

the large bowel, England 1997-2000

15% unspecified
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Figure 1.5 Number of new cases and age-specific incidence rates by sex, colorectal cancer, 
UK, 2005 

 

 

 

 

 

 

 

 

 

 

 

 
Colorectal cancer incidence rates have remained relatively stable for over a decade. A 
recent geographical analysis of cancer incidence in the UK and Ireland (Figure 1.6), showed 
that the geographical distribution was similar for colon and rectal cancer and that on the 
whole the variation was relatively small (National Statistics Online, 2004). The comparison 
across England, Wales, Scotland and Northern Ireland shows no obvious difference in 
incidence for colorectal cancer (ONS, 2008a; WCISU, 2008; Northern Ireland Cancer 
Registry, 2008). 
 
 
Figure 1.6 Age standardised incidence rates by sex, colorectal cancer, regions of England, 
Wales, Scotland, Northern Ireland and Ireland, 1991-1999 

 

 

 

 

 

 

 

 

 

 

 

 

 

Worldwide there were around 11 million new cases of cancer in 2002 and a quarter of these 
were in Europe. Over a million of all new cases were colorectal cancers (9% of all new 
cancer cases). The lowest incidence rates of colorectal cancer are seen in South Central 
Asia, and Eastern, Western, Northern and Middle African countries. The highest rates are in 
Europe, North America and Australasia (International Agency for Research on Cancer, 
2002). 
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In general there are no strong socio-economic deprivation gradients reported for colorectal 
cancer incidence. However, data for England and Wales patients diagnosed in 1992 and 
1993 did show a deprivation gradient for male rectal cancer patients with incidence rates 
25% higher in the most deprived groups than in the affluent groups (Quinn et al., 2001). 
 

1.4 Mortality 
 
In the UK in 2006, there were 154,162 deaths from cancer which represented approximately 
one in four (27%) of all deaths in the UK (Figure 1.7). Deaths from cancers of the lung, 
bowel, breast and prostate together account for 47% of all cancer deaths (ONS, 2006; 
General Register Office for Scorland, 2007; Northern Ireland Cancer Registry, 2008). The 
ten most common causes of cancer deaths in males and females in the UK in 2006 are 
presented in Figures 1.8 and 1.9. 
 
Figure 1.7 The 20 most common causes of death from cancer, UK, 2006 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.8 The 10 most common causes of cancer death, males, UK, 2006 
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Figure 1.9 The 10 most common causes of cancer death, females, UK, 2006 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Colorectal cancer was the second most common cause of cancer death (10%) after lung 
cancer in the UK in 2006 (see Figure 1.7). In total there were 15,957 deaths from colorectal 
cancer comprising 10,119 from colon and 5,838 from rectal cancer. Colorectal cancer 
caused 8,511 deaths in men in 2006, accounting for 11% of all male cancer mortality. 
Colorectal cancer was responsible for 7,446 deaths and 10% of all cancer deaths in females 
(ONS 2008b; Northern Ireland Cancer Registry, 2008; ISD online, 2008) (see Figure 1.8 and 
1.9). 
 
The majority of deaths from cancer occur in the elderly. More than three quarters of cancer 
deaths (76%) occur in people aged 65 years and over.  
 
The cancer death rates rise with increasing age. Although there is a higher number of cancer 
deaths in the over 65s, cancer causes a greater proportion of deaths in younger people. 
Cancer caused a quarter of deaths in the over 65s in the UK in 2006, whereas cancer was 
responsible for more than a third (36%) of all deaths in the under 65s. In females under the 
age of 65 cancer causes 45% of deaths, while in males it is only 30%. 
 
In people under the age of 75 years in the UK in 2006, deaths from cancer continued to 
outnumber deaths from diseases of the circulatory system (which includes heart disease and 
stroke) and diseases of the respiratory system. The overall cancer death rate has fallen by 
10% over the last decade around 12% for men and 9% for women (ONS, 2006; General 
Register Office for Scotland, 2007; Northern Ireland Cancer Registry, 2008). 
 
Similar to the overall cancer trend, 80% of colorectal cancer deaths occurred in people aged 
65 and over and almost two-fifths in the over 80s (Figure 1.10). In contrast to incidence 
trends, colorectal cancer mortality has been falling fairly continuously since the early 1990s 
(Figure 1.11).  
 
Colorectal cancer mortality rates are substantially higher in men than in women – 23 per 
100,000 males compared with 14 per 100,000 females in 2006.  
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Figure 1.10 Number of deaths and age-specific mortality rates, colorectal cancer, by sex, UK, 
2006 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.11 Age standardised incidence and mortality rates by sex, colorectal cancer, UK, 
1975-2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the ten years between 1997 and 2006 (Figure 1.12), the colorectal cancer age-
standardised mortality rates in the UK fell by 17%. This fall in mortality affected all age 
groups with the largest fall in the 40–69 age groups for men and the 55-79 age groups for 
women. Colorectal cancer mortality rates started to decrease in 1988 and since then the 
male rate has fallen by 30% and the female rate by more than a third (36%) (ONS, 2008b; 
Northern Ireland Cancer Registry, 2008; ISD online, 2008a). 
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Figure 1.12 percentage decrease in mortality rates, colorectal cancer, by age and sex, UK, 
1997-2006 

 

 

 

 

 

 

 

 

 

 

Within England, bowel cancer mortality rates are generally higher in the north of the country 
(Quinn et al., 2005). 
  
Worldwide colorectal cancer kills around half a million people each year. Two-thirds of these 
deaths are in the more developed regions. Colorectal mortality rates have been declining in 
most European countries from the 1990s onwards and further falls are expected (Fernandez 
et al., 2005). 
 

1.5 Survival 
 
Survival is stage dependant (Table 1.1) and has improved for most cancers in both sexes 
during the1990s (ONS, 2003; ISD, 2008; WCISU, 2003; Northern Ireland Cancer Registry, 
2008). There have been similar and significant improvements in survival for both colon and 
rectal cancer over the last 25 years (Coleman et al., 2004). The five-year relative survival 
rates (Figure 1.13) for both male and female colon and rectal cancer have doubled between 
the early 1970s and early 2000 (Coleman et al., 1999; Coleman et al., 2000; Cancer 
Research UK, 2009). 
 
Table 1.1 Approximate frequency and five year relative survival (%) by TNM stage (5

th
 Edition) 

TNM Stage  
Approximate frequency at 

diagnosis 
Approximate five-year survival 

I 11% 83% 
II 35% 64% 
III 26% 38% 
IV 28% 3% 
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Figure 1.13 Five year survival (%) of patients diagnosed with colorectal cancer, 1996-1999, 
England and Wales. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Five-year relative survival for male colon cancer rose from 22% in the early 1970s to 52% in 
early 2000 (Figure 1.14) for females it rose from 23% to 53% (Figure 1.15). Five-year 
survival rates for male rectal cancer rose from 25% in the early 1970s to 50% in early 2000 
(Figure 1.16) and from 27% to 52% for female rectal cancer (Figure 1.17). On average, 
increases in five-year survival of around 4% every five years for colon cancer and around 5-
6% for cancer of the rectum occurred in both men and women. Ten-year survival rates are 
only a little lower than those at five-years indicating that most patients who survive for five 
years are cured from this disease (Cancer Research UK, 2009). These improvements are a 
result of earlier diagnosis and better treatment but there is still much scope for further 
progress. Younger bowel cancer patients have a better prognosis than older patients 
(Coleman et al., 1999; Coleman et al., 2000; Cancer Research UK, 2009). 
 

 
Figure 1.14 Age standardised relative survival in men diagnosed with colon cancer, England 
and Wales, 1986-1999 

 

 

 

 

Figure 4.3: Age standardised relative survival in men diagnosed with colon cancer, England and Wales, 1986-1999
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Figure 1.15 Age standardised relative survival in women diagnosed with colon cancer, 
England and Wales, 1986-1999 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1.16 Age standardised relative survival in men diagnosed with rectal cancer, England 
and Wales, 1986-1999 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 4.4: Age standardised relative survival in women diagnosed with colon cancer, England and Wales, 1986-1999
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Figure 4.5: Age standardised relative survival in men diagnosed with rectal cancer, England and Wales, 1986-1999
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Figure 1.17 Age standardised relative survival in women diagnosed with rectal cancer, 
England and Wales, 1986-1999 

 
 

 

 

 

 

 

 
 

 

 

 

 
There is also an advantage of between 5% and 9% in five-year relative survival for the most 
affluent patients compared with the most deprived groups (Coleman et al., 2004). If this 
deprivation difference was removed so that all groups had the highest survival, then over 
2,000 deaths would be avoided in the five years following diagnosis (Coleman et al., 1999)  
 
 

1.6 Prevalence 
 
Cancer prevalence refers to the total number of people in the population who have 
previously received a diagnosis of cancer and who are still alive at a given time point. Some 
of these patients will have been cured and others will not. Therefore prevalence reflects both 
the incidence of cancer and its associated survival pattern. 
 
Overall, it is estimated that there are now 2 million cancer survivors in the UK, or 
approximately 3.3% of the population of the UK (Table 1.2) (Maddams et al., 2008). This 
figure is rising at an estimated 3.2% per year. Overall, 10% of the total UK population over 
the age of 65 years is now a cancer survivor. 
 
These latest estimates are much higher than previous forecasts of cancer prevalence 
(Forman et al., 2003). This is mainly because incidence has been rising whilst better survival 
rates have contributed to falling death rates. This trend is expected to continue over the 
coming years as a result of a number of factors, including an ageing population, earlier 
detection of cancer and continued improvements in treatment. 
 

Figure 4.6: Age standardised relative survival in women diagnosed with rectal cancer, England and Wales, 1986-1999
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Table 1.2 UK estimates of total cancer prevalence 

 UK 2008 estimates 
(based on diagnoses 1971-2004 

applied to 2008 population; 
Thames Cancer Registry, 2008) 

Breast (female) 550,000 

Large bowel 250,000 

Prostate 215,000 

Lung 65,000 

Other 920,000 

  

All cancers 2,000,000 

 

As the incidence of bowel cancer is high and survival rates have doubled over the last 30 
years there are many people alive today who have been diagnosed with bowel cancer. An 
estimated 250,000 people are alive in the UK having received a diagnosis of bowel cancer. 
The NHS Bowel Screening Programme which has now been rolled out nationally will 
dramatically influence the epidemiology of the disease and it will increase prevalence with 
more patients being diagnosed earlier and at an earlier stage giving them better prognosis 
and therefore increasing the prevalence of the disease. There could be up to 20,000 fewer 
deaths from bowel cancer over the next 20 years if just 60% of those eligible take up the 
invitation for bowel screening (Maddams et al., 2008). 
 
All graphs were produced by the Cancer Research UK statistical information team with data 
from the Office of National Statistics‟ 
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2 Investigation, diagnosis and staging 
 
The objectives of this chapter were to determine: 

 the most effective diagnostic intervention(s) for patients with suspected colorectal 
cancer to establish a diagnosis 

 the most effective technique(s) to accurately stage disease in patients diagnosed 
with primary colorectal cancer. 

 

2.1 Diagnostic investigations 
 
Fewer than 10% of patients referred to NHS out-patient clinics on suspicion of symptomatic 
colorectal cancer are diagnosed with the condition. Patients are typically aged >55 years, 
with a high prevalence of co-morbidities which may increase the risk of complications and 
influence patients‟ and clinicians‟ choice of diagnostic intervention. 
 
This section deals with patients whose condition is being managed in secondary care. It 
does not deal with triage systems for referrals directly from primary care that may include 
flexible sigmoidoscopy as the first test. Some of the patients discussed below may already 
have undergone investigations initiated by their general practitioner. Recommendations for 
urgent referral from primary care for patients with suspected colorectal cancer can be found 
in „Referral guidelines for suspected cancer‟ NICE clinical guideline 277.  
 
The aim of investigation is to achieve adequate examination of the entire colon and rectum. 
Effective diagnostic interventions in symptomatic patients suspected of having colorectal 
cancer need to have very high sensitivity (Box 2.1) for the detection of cancers and 
acceptable sensitivity for detection of adenomas with significant potential for malignant 
transformation. They must also have high specificity, be as safe as possible and be 
acceptable to patients, as all these investigations are unpleasant and invasive.  
 
Box 2.1 Definitions of sensitivity and specificity 

Sensitivity: a diagnostic intervention with very high sensitivity will detect the vast majority of patients 
with colorectal cancer and very few patients with the disease will be missed. 
 
Specificity: a diagnostic intervention with very high specificity will identify only those patients who 
truly have colorectal cancer and it will not falsely identify as positive, those patients who do not have 
the disease. 

 
Historically, a number of different diagnostic interventions have been used to detect 
colorectal cancer, often guided by local expertise and preference. These interventions are 
colonoscopy, barium enema/flexible sigmoidoscopy and CT colonography. However the 
optimum diagnostic strategy for colorectal cancer has not yet been defined. 
 
All initial diagnostic investigations require rigorous bowel cleansing preparation. 
Colonoscopy has for many years been regarded as the reference standard for diagnosing 
colonic pathology. Colonoscopy is known to have high sensitivity and specificity for detection 
of cancer, pre-malignant adenomas and other symptomatic colonic diseases. Colonoscopy 
also has the facility to take a biopsy from any suspected lesion (thereby increasing 
diagnostic accuracy and also permits complete removal of most benign lesions during the 
same procedure. However, it may not be possible to perform complete colonoscopy in a 
proportion of patients due to inadequate bowel preparation, poor tolerance of the procedure, 
inter-operator variation in terms of completion rate or the presence of an obstructing lesion in 

                                                           
7
 www.nice.org.uk/guidance/CG27 



 

The diagnosis and management of colorectal cancer: full guideline (November 2011) 
Page 45 of 186 

the distal colon. Patients with serious cardiorespiratory or neurological co-morbidity may be 
at high risk from potential complications of colonoscopy (for example colonic perforation, 
effects of sedation). Such patients might be better served by alternative investigations. 
 
Barium enema is a long-established radiological investigation of the colon and rectum 
offering completion rates higher than those historically recorded for colonoscopy, without the 
need for patient sedation and with a lower incidence of serious complications. However, 
there is limited published evidence of the diagnostic accuracy of barium enema and there is 
concern that it is less sensitive than colonoscopy. This has led many centres to offer patients 
a combined investigative pathway of flexible sigmoidoscopy (endoscopic examination of the 
distal large bowel) followed by barium enema. There is a perception that this combination 
has comparable sensitivity to colonoscopy for detection of cancer. This investigative route 
also allows biopsy of lesions detected during flexible sigmoidoscopy. 
 
Computerised tomography colonography (CT colonography) is a more recent radiological 
investigation in which cross-sectional images of the abdomen and pelvis are obtained 
following laxative preparation and insufflation of the large bowel with air or carbon dioxide. 
The images are then analysed using 2-D and 3-D image reconstruction techniques. 
Colonoscopy can be performed at a later date to obtain biopsy confirmation of suspected 
tumours. It is thought that CT colonography may approach the sensitivity of colonoscopy for 
detection of larger polyps (>1cm). By inference, CT colonography may therefore have high 
sensitivity for cancer detection, but no study of sufficient statistical power has been 
published that supports this inference. Some studies of CT colonography suggest large 
variations in performance between individual operators and different centres. Reported 
complication and completion rates for CT colonography compare favourably with those for 
colonoscopy. The technique is substantially less invasive than colonoscopy and does not 
require patient sedation. In addition to allowing interrogation of the large bowel, CT 
colonography produces images of all the abdominal and pelvic organs, and this can result in 
clinically important chance findings of abnormalities at other sites.  
 
When a patient is referred for investigation of symptoms suspicious of colorectal cancer, to 
maximise the benefit of the diagnostic intervention it is essential that the initial clinical 
consultation includes: 

 accurate recording of the nature and duration of symptoms 

 with the patient‟s consent, thorough digital examination of the rectum and palpation 
of the abdomen 

 accurate recording of significant comorbidities which may increase the risks arising 
from investigative procedures  

 explanation of the investigations which may be offered, including the morbidity, risks 
and benefits 

 discussion of the patient‟s preferences. 
 

Clinical question: What is the most effective diagnostic intervention(s) for patients 
with suspected colorectal cancer to establish a diagnosis? 

 
Clinical evidence 
The volume of evidence was variable across the interventions of interest with a large volume 
of evidence available investigating CT colonography but little to no evidence for other 
interventions of interest. 
 
There were some concerns relating to the applicability of the evidence to the population of 
interest as there was a degree of inconsistency in the types of patients included in studies. 
There was some degree of consistency in the results reported in systematic reviews, though 
as there was a high degree of overlap in the included studies, this was not surprising.  
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The quality of evidence available varied according to the intervention with high quality 
evidence available for CT colonography and very low quality evidence available for flexible 
sigmoidoscopy plus barium enema. No evidence was available for flexible sigmoidoscopy 
plus colonoscopy.  
 
From two systematic reviews and meta-analysis (Chaparro et al., 2009; Halligan et al., 
2005), per polyp sensitivity of CT colonography was similar and both reviews reported higher 
sensitivities for larger polyps.   
 
CT colonography versus conventional colonoscopy 
Chaparro et al. (2009) reported sensitivities which ranged from 28-100% for all polyps >6mm 
with an overall pooled sensitivity of 66% [95% CI: 64-68%]. From one systematic review 
(Chaparro et al., 2009), the per patient sensitivity for CT colonography ranged from 24-100% 
across the individual studies and the overall pooled sensitivity was 69% [95% CI: 66-72%].  
 
Mulhall et al., 2005 reported that per patient sensitivity ranged from 21% to 96% with an 
overall pooled sensitivity of 70% [95% CI: 53-87%]. The overall specificity of CT 
colonography was reported to be 83% [95% CI: 81-84%, I2=89%[ (Chaparro et al., 2009). 
 
Sensitivity and specificity of CT colonography were reported to increase with larger polyp 
size in all three systematic reviews (Chaparro et al., 2009; Halligan et al., 2005; Mulhall et 
al., 2005). 
 
Flexible sigmoidoscopy plus air contrast barium enema versus conventional colonoscopy 
Two randomised trials (Rex et al., 1990; Rex et al., 1995) provide poor quality evidence 
comparing flexible sigmoidoscopy plus air contrast barium enema with conventional 
colonoscopy. 
 
Rex et al. (1990) reported that air contrast barium enema was sufficient to rule out major 
pathology in 157 patients and reasons for unsuccessful flexible sigmoidoscopy plus air 
contrast barium enema included; inability to distend or fill the right colon adequately in 5 
patients, repeatedly inadequate preparation to rule out mass lesions (n=4) and inability to 
retain the enema adequately in 2 patients. Flexible sigmoidoscopy plus air contrast barium 
enema findings were normal in 48/168 patients and abnormalities identified included 
haemorrhoids (n=1), diverticulosis (n=82), any polyp (n=43), stricture (n=3) and cancer 
(n=4). 
 
Colonoscopy was successful in 151 patients (insertion to the cecum) and reasons for 
unsuccessful colonoscopy included; obstructing cancers in 6 patients and technical factors in 
7 patients. Colonoscopy findings were normal in 18/162 patients (Rex et al., 1990).  
 
From one randomised trial (Rex et al., 1990) there was a significant difference between the 
arms in relation to the proportion of patient‟s recommended alternative lower GI procedures 
(p≤0.0001). 53/168 (32%) patients in the flexible sigmoidoscopy group were referred for 
subsequent colonoscopy due to inadequate study (n=11), for polypectomy (n=38) and for 
biopsies on lesions outside the reach of flexible sigmoidoscopy. 13/164 (8%) patients in the 
colonoscopy arm were referred for flexible sigmoidoscopy plus air contrast barium enema 
because of difficulty advancing the colonoscope to the cecum (Rex et al., 1990).  
 
In the second trial (Rex et al., 1995) patients undergoing flexible sigmoidoscopy were more 
likely to require an alternative intervention such as colonoscopy than were patients 
undergoing colonoscopy to require air contrast barium enema (OR=2.07 [95% CI: 1.47-
16.4]). 
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Recommendations 

 Advise the patient that more than one investigation may be necessary to confirm or 
exclude a diagnosis of colorectal cancer. 

 Offer colonoscopy to patients without major comorbidity, to confirm a diagnosis of 
colorectal cancer. If a lesion suspicious of cancer is detected, perform a biopsy to obtain 
histological proof of diagnosis, unless it is contraindicated (for example, patients with a 
blood clotting disorder). 

 Offer flexible sigmoidoscopy then barium enema for patients with major comorbidity. If a 
lesion suspicious of cancer is detected, perform a biopsy unless it is contraindicated. 

 Consider computed tomographic (CT) colonography as an alternative to colonoscopy or 
flexible sigmoidoscopy then barium enema, if the local radiology service can 
demonstrate competency in this technique. If a lesion suspicious of cancer is detected 
on CT colonography, offer a colonoscopy with biopsy to confirm the diagnosis, unless it 
is contraindicated. 

 Offer patients who have had an incomplete colonoscopy: 
o repeat colonoscopy or 
o CT colonography, if the local radiology service can demonstrate competency in this 

technique or 
o barium enema.  

 
Linking evidence to recommendations 
The GDG considered true positive or true negative diagnoses of colorectal cancer to be the 
most important outcomes for this question. True negative results were also considered 
important because the large majority of patients referred will not have colorectal cancer. 
Avoidance of false negative results was also important, but in a population with low 
incidence of colorectal cancer, the absolute risk of a false-negative diagnosis of colorectal 
cancer will be small. 
 
The GDG noted that investigation (particularly with CT colonography) may result in 
diagnoses of conditions other than colorectal cancer. The GDG was unable to find sufficient 
evidence of benefit or harm to attach a relative significance to this outcome. 
 
There were few studies of high quality that directly compared two or more of the 
investigations of interest. Many of the studies of CT colonography were performed on 
asymptomatic patients or used detection of polyps, rather than colorectal cancer, as the 
primary end-point.  
 
The GDG concluded that colonoscopy has the highest clinical efficacy for diagnosis of 
colorectal tumours, but is generally considered more invasive and has higher morbidity than 
CT colonography or barium enema. Completion rates may vary considerably due to patient 
factors and operator expertise. Colonoscopy permits immediate biopsy confirmation of 
colorectal cancer; adenomas may also be removed during the same procedure. Therefore 
the GDG recommended colonoscopy as the first investigation for the diagnosis of colorectal 
tumours.  The GDG recognised that diagnostic colonoscopy might fail because of a variety 
of reasons for example poor bowel preparation and felt that in certain circumstances a 
repeat procedure might be appropriate. 
 
The GDG noted that several studies suggest that CT colonography is as sensitive as 
colonoscopy for detection of polyps >9mm in diameter. However they noted that there was 
no evidence of equivalent sensitivity between CT colonography and colonoscopy for the 
detection of colorectal cancer. The GDG was also concerned by variability in diagnostic 
performance between operators and institutions. The GDG were aware that CT 
colonography appears at face value to carry a higher risk of colonic perforation than 
colonoscopy, however the GDG considered that this observation may be explained by its 
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superior ability to detect small, clinically inconsequential perforations which cannot be seen 
on colonoscopy. The GDG therefore recommended CT colonography as an alternative to 
colonoscopy. 
 
The GDG recognised that published studies indicate that flexible sigmoidoscopy combined 
with barium enema is almost as sensitive as colonoscopy for detection of colorectal cancer. 
However the GDG noted that this combination has much poorer specificity. Morbidity is 
lower than for colonoscopy but involves multiple investigations in sequence. Both barium 
enema and CT colonography entail exposure to ionising radiation. This is potentially harmful, 
particularly to young patients. However, as the majority of patients undergoing investigation 
are aged over 55 and ongoing technical developments are enabling substantial reduction in 
dose, the GDG saw this as a relatively minor concern.  
 
The GDG agreed that colonoscopy and the package of flexible sigmoidoscopy then barium 
enema were widely available, and that CT colonography was becoming increasingly 
available as more practitioners gain expertise in its use. They therefore decided that 
availability was not a significant factor in what modality should be recommended. 
 
No existing published economic studies that included all the interventions and comparators 
of interest were identified. The GDG considered undertaking a cost-effectiveness modelling 
exercise for this topic but agreed that it would be difficult to construct a model structure that 
appropriately took into account all downstream events beyond test accuracy. In addition it 
was noted that results of a prospective trial conducted in the UK (SIGGAR1) were 
anticipated. This study was designed to compare colonography vs barium enema and CT 
colonography versus colonoscopy. The protocol for the SIGGAR1 study includes collection 
of data on subsequent tests and healthcare resource use as well as a planned cost-utility 
analysis. Given the overlap in timing and objectives of the planned economic analysis that is 
part of the SIGGAR1 study with any potential modelling efforts for this topic within the 
guideline, it was agreed that resources for economic modelling should be directed towards 
other higher priority topics.  
 

2.2 Staging of colorectal cancer 
 
Initial staging of newly diagnosed colorectal cancer involves an assessment of local spread 
and detection of the presence or absence of distant metastases. Historically, staging relied 
on contrast-enhanced CT, with the addition of digital rectal examination (DRE) for low rectal 
tumours. The introduction of new imaging modalities (particularly endorectal ultrasound 
(EUS), MRI and PET-CT) and variation in their uptake, quality and availability has meant 
there is no standard approach to staging colorectal cancer.  
 
For the purpose of this guideline the GDG has adopted TNM5 to be in line with the Royal 
College of Pathologists (see Appendix 1). 
 
In patients diagnosed with rectal cancer, local recurrence is a particular problem. Accurate 
pre-treatment staging for rectal cancer can both identify characteristics that predict for local 
recurrence and determine the appropriate treatment strategy to minimise local recurrence. 
The most important characteristic in determining the likelihood of local recurrence is the 
circumferential resection margin, which can be predicted by imaging. EUS and MRI have 
been used pre-treatment to assess encroachment on the circumferential resection margin 
(CRM) but there is uncertainty over which imaging modality is most effective and it is 
possible that the optimal modality may vary with the clinical situation.  
 
Therefore the issues to be addressed are: 

 which modality(s) demonstrates distant metastases most accurately  
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 which modality is best for assessing T stage in rectal cancer 

 which modality best defines the mesorectal fascia and predicts its anatomical 
relationship to the invading tumour in rectal cancer i.e. the CRM.  

 

Clinical question: For patients diagnosed with primary colorectal cancer, what is the 
most effective technique(s) in order to accurately stage the disease (excluding 
pathology)? 

 
Clinical evidence 
There were three systematic reviews of case series studies (Kwok et al., 2000; Bipat et al., 
2004; Dighe et al., 2010) and a large volume of low quality case series studies with which to 
address this topic (Akin et al., 2004; Beets-Tan et al., 2001; Beynon et al., 1986; Bianchi et 
al., 2005; Brown et al., 2004; Brown et al., 2003; Brown et al., 1999; Chun et al., 2006; 
Dirisamer et al., 2010; Fillipone et al., 2004; Fuchsjager et al., 2003; Halefoglu et al., 2008; 
Kantorova et al., 2003; Kim et al., 2007; Kim et al., 2006; Kulinna et al., 2004a; Kulinna et 
al., 2004b; Llamas-Elvira et al., 2007; Low et al., 2003; Mainenti et al., 2006; Mercury Study 
Group, 2007; Mercury Study Group, 2006; Nicholls et al., 1982; Rafaelsen et al., 1994; Rao 
et al., 2007; Salerno et al., 2009; Tatli et al., 2006; Tateishi et al., 2007). 
 
The evidence body relating specifically to colon cancer was poor, with only a single 
systematic review available (Dighe et al., 2010). The remainder of included studies related 
either to rectal cancer only or to colorectal cancer where it was not possible to separate the 
colon patients from the rectal patients. There appears to be a large degree of variation 
across the body of evidence in relation to interventions, outcomes reported, inclusion and 
exclusion criteria, the standard to which the interventions were compared and 
names/terminology used across studies.  
 
Colon cancer 
Dighe et al. (2010) investigated the accuracy and limitations of CT in identifying poor 
prognostic features in colon cancer and reported (from 8 studies) that sensitivity was 92% 
[95% CI: 87-95%] and specificity was 81% [95% CI: 70-89%] for distinguishing between T3 
and T4 tumours and for the distinction between T1/T2 and T3/T4 tumours sensitivity was 
86% [95% CI: 78-92%[ and for lymph node involvement, sensitivity was 70% [95% CI: 59-
80%] and specificity was 78% [95% CI: 66-86%].  
 
Rectal cancer 
For digital rectal exam, a total of 4 studies reported results (Beynon et al., 1986; Mercury 
Study Group, 2006; Brown et al., 2004; Rafaelson et al., 1994). Reported sensitivities and 
specificities ranged from 38-68% and 74-83% respectively.  
 
From two systematic reviews (Kwok et al., 2000; Bipat et al., 2004) it appears that 
endorectal sonography/endorectal ultrasound had the highest sensitivity, specificity and 
accuracy of the modalities investigated (CT, endorectal sonography/endorectal ultrasound 
and MRI). Kwok et al. (2000) reported a pooled sensitivity, specificity and accuracy for 
endorectal sonography of 93%, 78% and 87% respectively for wall penetration and 71%, 
76% and 74% respectively for nodal involvement. Bipat et al. (2004) reported summary 
estimates of sensitivity and specificity for endorectal ultrasound of 94% and 86% 
respectively for muscularispropria invasion, 90% and 75% respectively for peri-rectal tissue 
invasion and 67% and 78% respectively for lymph node involvement compared with 
sensitivity and specificity for MRI of 90% and 69% respectively for muscularispropria 
invasion, 82% and 76% respectively for peri-rectal tissue invasion and 66% and 76% 
respectively for lymph node involvement. For muscularispropria invasion, endorectal 
sonography specificity was significantly higher than that of MRI (p=0.02); for peri-rectal 
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tissue invasion, endorectal ultrasound sensitivity was significantly higher than that of CT 
(p<0.001) and MRI (p=0.003).  
 
Specific UK evidence was provided from the Mercury Study group (2006, 2007) investigating 
MRI in the staging of rectal cancer. The accuracy of MRI for predicting the status of 
circumferential resection margin (presence/absence of tumour) by initial imaging or imaging 
after preoperative treatment was 88% [95% CI: 85-91%], sensitivity was 59% [95% CI: 46-
72%] and specificity was 92% [95% CI: 90-95%[. For patients undergoing primary surgery 
with no preoperative treatment (n=311), accuracy of prediction of a clear margin was 91% 
[95% CI: 88-94%], sensitivity of 42% and specificity of 98%. For patients undergoing 
preoperative chemoradiotherapy or long-course radiotherapy the accuracy of prediction of 
clear margins on MRI was 77% [95% CI: 69-86%], sensitivity was 94% and specificity was 
73%. 
 
Two studies investigated the use of FDG-PET (Kantorova et al., 2003; Llamas-Elvira et al., 
2007). For lymph node involvement the reported sensitivity ranged from 21-29%, specificity 
ranged from 88-95% and accuracy ranged from 56-75% and for liver involvement sensitivity 
was 78%, specificity was 96% and accuracy was 91%. 
 
Interobserver agreement was not addressed in all studies, though the studies which did 
evaluate interobserver agreement (Fillipone et al., 2004; Tatli et al., 2006; Kim et al., 2006) 
reported good to excellent agreement for interventions being investigated. 
 

Recommendations 

 Offer contrast enhanced CT of the chest, abdomen and pelvis, to estimate the stage of 
disease, to all patients diagnosed with colorectal cancer unless it is contraindicated. No 
further routine imaging is needed for patients with colon cancer. 

 Offer magnetic resonance imaging (MRI) to assess the risk of local recurrence, 
determined by anticipated resection margin, tumour and lymph node staging, to all 
patients with rectal cancer unless it is contraindicated. 

 Offer endorectal ultrasound to patients with rectal cancer if MRI shows disease amenable 
to local excision or if MRI is contraindicated. 

 Do not use the findings of a digital rectal examination as part of the staging assessment.  

 

Linking evidence to recommendations 

The GDG placed a high value on accurate staging at presentation because this information 
informs the optimum treatment strategy for patients with colorectal cancer. The evidence 
consisted of two good quality systematic reviews and several low-quality case series studies. 
The GDG noted that no study specifically addressed patients with colon cancer. 
 
The GDG considered the imaging interventions themselves to have minimal side effects. 
However, they were aware that there were potential harms for patients who were incorrectly 
staged and therefore received sub-optimal treatment, possibly resulting in a higher risk of 
subsequent local recurrence or future morbidity associated with inappropriate treatment.  
 
The GDG noted that there was no evidence that any of the imaging modalities investigated 
was superior at local staging for patients with colon cancer. The GDG decided not to make a 
specific recommendation regarding further imaging, as they agreed that all the relevant 
staging information would be provided by the initial CT scan  
 
In patients with rectal cancer, the GDG were aware that the available evidence had shown 
EUS to have higher sensitivity, specificity and accuracy compared to MRI or CT for 
identifying those patients whose tumours are suitable for local resection. The GDG noted 
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that EUS is not appropriate in bulky, obstructing tumours and does not visualise the total 
extent of nodal disease in the pelvis. It was also noted that the evidence may reflect non-UK 
practice because EUS is not widely used in the UK. There was also significant inter-observer 
variation in the performance of EUS. The GDG therefore recommended MRI be used for the 
initial assessment of patients with rectal cancer and that EUS be considered if the MRI 
suggested disease which was amenable to local resection. 
 
The GDG recognised that although DRE has a role in diagnosis and assessment of rectal 
cancer, evidence showed it is less sensitive and specific than the other modalities for staging 
rectal cancer. Therefore they recommended it was not used for staging. 
 
This clinical question was considered a low priority for economic analysis because of the 
complexity that would be involved in downstream decisions which could vary according to 
the diagnostic interventions of interest (i.e. different interventions may provide different kinds 
of information to inform treatment decisions) and also because of the poor quality of 
available data to inform an economic analysis. 
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3 Management of local disease 
 
The objectives of this chapter were to determine: 

 the effectiveness of short course preoperative radiotherapy or chemoradiotherapy in 
patients with operable rectal cancer 

 whether preoperative chemotherapy followed by surgery was more effective than 
immediate surgery in patients presenting with non-metastatic locally advanced colon 
cancer  

 whether preoperative radiotherapy, preoperative chemotherapy or preoperative 
chemoradiotherapy was more effective than immediate surgery in patients presenting 
with locally advanced rectal cancer  

 whether all patients presenting with obstruction as a first symptom of colorectal 
cancer should have a CT scan to confirm diagnosis and provide evidence of 
metastases and to identify the indications for stenting these patients and the optimal 
timing for stenting to occur 

 whether the use of prognostic factors can determine the most effective curative 
treatment in patients who have undergone local excision (with/without neoadjuvant 
treatment for low rectal tumours) and been diagnosed with stage I colorectal cancer 
(including/or polyp cancer) 

 the effectiveness of adjuvant chemotherapy following surgery in patients with clinical 
or pathological stage II and III rectal cancer 

 the effectiveness of adjuvant chemotherapy after surgery on patients with high risk 
stage II colon cancer. 

 

3.1 Preoperative management of the patient’s primary tumour 
 
3.1.1 Patients whose primary rectal tumour appears resectable at presentation 
The National Bowel Cancer Audit Programme (NBOCAP, 2005)8 report recognised that the 
positive circumferential resection margin rates for anterior resection by total mesorectal 
excision (TME) and abdomino-perineal resection (APR) were 6.5% and 15.6%, respectively 
(assuming all missing values were negative). The inference from these results is that many 
patients with rectal cancer are understaged prior to surgery and/or the chosen treatment 
strategy was either inappropriate or suboptimal.  
 
The effectiveness of any form of preoperative therapy is dependent on the subsequent 
quality of surgery. TME is the accepted standard resection for most rectal cancers. Low 
rectal tumours may require an APR. The value of neoadjuvant therapy for low rectal tumours 
is debatable at present and requires further evaluation.  
 
The gains in local control from preoperative radiotherapy are well established but they need 
to be balanced against the significant late effects in terms of sexual, urinary and bowel 
dysfunction and the potential risk of second malignancies. Although preoperative 
chemoradiotherapy and short-course preoperative radiotherapy (SCPRT) are widely used to 
reduce the risks of local recurrence over surgery alone, and have similar biological 
equivalent radiation dose, there is uncertainty over which schedule to use in which particular 
clinical setting. SCPRT is a brief (typically 5 days) treatment with high dose per fraction 
radiotherapy. Short term side effects are minimal though there is some risk from long-term 
morbidity. Chemoradiotherapy involves a protracted (minimum of 5 weeks) course of 
radiotherapy with concomitant chemotherapy. Short term side effects are more marked and 
although long-term effects do occur there are less published data to establish their extent. 
 

                                                           
8
 www.nbocap.org.uk 
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Since this topic only addressed preoperative and not postoperative therapy, the results of 
the large MRC CR07/NCIC-CTG C016 trial of preoperative radiotherapy versus selective 
postoperative chemoradiotherapy in patients with rectal cancer were not considered in the 
evidence review. 
 
The findings of the initial pelvic imaging are key determinants of the rationale and type of 
preoperative radiotherapy or chemoradiotherapy administered. This is particularly important 
for low rectal cancers where T-staging may not be clear even with high-quality imaging. 
These details inform both the type of surgery and the type of preoperative strategy. 
 
For the purposes of this guideline we have defined three different risk groups of patients with 
rectal cancer, according to the risk of local recurrence. These groups are defined in Table 
3.1. 
 
Table 3.1 Risk of local recurrence for rectal tumours as predicted by MRI 

Risk of local 
recurrence 

Characteristics of rectal tumours predicted by MRI 

High  a threatened (<1 mm) or breached resection margin or 

 low tumours encroaching onto the inter-sphincteric plane or with levator 
involvement 

Moderate  any cT3b or greater, in which the potential surgical margin is not threatened or 

 any suspicious lymph node not threatening the surgical resection margin or 

 the presence of extramural vascular invasion* 

Low  cT1 or cT2 or cT3a and  

 no lymph node involvement 
* This feature is also associated with high risk of systemic recurrence 

 

Clinical question: For patients with operable rectal cancer, what is the effectiveness 
of short course preoperative radiotherapy or chemoradiotherapy? 

 
Clinical evidence 
Short-course preoperative radiotherapy versus surgery alone 
The evidence for this comparison comprised a systematic review (Wong et al., 2007) and 
data from long term follow-up of two randomised trials (Peeters et al., 2007; Birgisson et al., 
2005). In addition there was a systematic review (Birgisson et al., 2007) which addressed 
the late adverse effects of preoperative (and postoperative) radiotherapy in patients treated 
for rectal cancer. The evidence was considered to be moderate to high quality on GRADE 
assessment (Table 3.2). 
 
Wong et al. (2007) calculated a pooled hazards ratio for overall survival from fourteen 
studies of HR: 0.93 [95%CI: 0.87-1.0] (p=0.04) in favour of short-course preoperative 
radiotherapy versus surgery only, but this could not be replicated using individual patient 
data. Long term data from the Dutch TME trial also found no significant difference in the rate 
of overall survival between patients who had short course preoperative radiotherapy 
compared with those patients who had surgery only (64.2% versus 63.5%) (Peeters et al., 
2007). 
 
Pooled data for disease-specific survival indicated an advantage of short-course 
preoperative radiotherapy in improving disease-free survival (HR: 0.87 [95%CI: 0.78-0.98] 
(p=0.02)) but there was high heterogeneity between studies so the results may not be 
reliable. The data for local recurrence were highly heterogeneous and were not appropriate 
for pooling. However, good data showed an overall reduction in the rate of second 
malignancies in favour of short course preoperative radiotherapy (HR: 0.89 [95%CI: 0.82-
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0.97] (p<0.001)). The most common side effect of short-course preoperative radiotherapy 
was diarrhoea.  Patients in the surgery only group experienced less post-surgical toxicity. 
 
Peeters et al. (2007) analysed long term data from the Dutch TME trial and found no 
significant difference in the rate of overall survival between patients who had short-course 
preoperative radiotherapy compared with those patients who had surgery only (64.2% 
versus 63.5%). They also found no significant difference in 5-year cancer-specific survival in 
irradiated versus non-irradiated patients (75.4% versus 72.4%). However, there was a 49% 
reduction in local disease recurrence (p<0.001) for irradiated patients but no significant 
difference in the rate of distant recurrence after 5 years of follow-up.  
 
Quality of life comparisons showed a non-significant trend towards worse outcomes in 
irradiated patients. There was more scarring of the anal sphincters in this group (33%) when 
compared with the non-irradiated group (13%) and most also suffered some degree of 
incontinence.  The maximum resting and squeezing pressures were significantly lower in the 
irradiated group (Wong et al., 2007). Birgisson et al. (2005) observed an increased risk of 
infections among irradiated patients during the first 6 months after treatment (RR: 7.67 
(95%CI: 1.76-33.39)) and similarly in gastrointestinal diagnoses (RR: 2.57 [95%CI: 1.55-
4.26]). There was an increase in the risk of non-specific infections (n=10; RR: 8.06 [95%CI: 
1.02-63.69]) in the irradiated group although the risk of cardiac arrhythmia was reduced (RR: 
0.57 [95%CI: 0.36-0.91]). In relation to gastrointestinal diagnoses, increased relative risks 
were observed in irradiated patients for bowel obstruction, nausea and non-specific 
abdominal pain whereas the risk for inguinal hernia was lower. 
 
Stephens et al. (2010) conducted a quality of life study within a randomised controlled trial 
that had compared short-course preoperative radiotherapy then surgery with surgery and 
postoperative chemotherapy (if tumour was within 1mm of resection margin).  Study 
participants completed two questionnaires (MOS SF-36 and QLQ-CR38) at baseline 
(n=1,208), every 3 months for the first year and every 6 months to 3 years (n=563 at 2 
years).  The main, irreversible treatment effect that reduced quality of life was sexual 
dysfunction (p<0.001 for men, regardless of group, between baseline and 3 months) caused 
primarily by surgery but exacerbated by radiotherapy (p<0.001 at 6 months between 
groups).  There were insufficient responses from females to measure this outcome.  Bowel 
function in patients without a stoma (or in those who had a stoma reversal) was not 
significantly different between treatment arms. However, sub group analysis suggested that 
patients in the short-course preoperative radiotherapy then surgery group may have 
experienced an increase in the „unintentional release of stools‟ even at 2 years post-
treatment (p=0.007).  Generally, there were no significant differences in treatment groups in 
overall general health or quality of life.  Although the quality of the trial from which these data 
were derived may have been good, the lack of sensitivity of quality of life instruments in the 
questionnaires applied may have rendered them less sensitive to detecting differences in 
outcomes.  
 
Preoperative chemoradiotherapy versus short course preoperative radiotherapy 
The evidence for this comparison comprised four papers (Pietrzak et al., 2007, Bujko et al., 
2004, Bujko et al., 2005 and Bujko et al., 2006) reporting different outcomes from the same 
trial comparing conventionally fractionated preoperative chemoradiotherapy with short 
course preoperative radiotherapy. The evidence was considered to be high quality on 
GRADE assessment (Table 3.3).  
 
Bujko et al. (2006) reported no significant difference in the rate of 4 year survival (HR: 1.01 
[95%CI: 0.69-1.48]) or 4 year disease free survival (HR: 0.96 [95%CI: 0.69-1.35]) between 
patients having received preoperative chemoradiotherapy compared with short course 
preoperative radiotherapy. There was also no significant difference in the 4 year incidence of 
local recurrence (HR: 0.65 [95%CI: 0.32-1.28]), the crude incidence of distant metastases, 
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late toxicity (RR: 1.05 [95%CI: 0.72-1.53]) or late severe toxicity (RR: 1.43 [95%CI: 0.67-
3.07]).  Bujko et al. (2004) found no significant difference in the rate of sphincter preservation 
between patients having had short-course preoperative radiotherapy and those having had 
preoperative chemoradiotherapy (61% versus 58%).  Bujko et al. (2006) found no significant 
difference in the rate of postoperative complications or severe complications, including 
death, between comparators but, unfortunately, as this was not the primary outcome of the 
trial, the study was underpowered to have detected a difference between the interventions 
had one existed. 
 
Pietrzak et al., 2007 specifically addressed quality of life and observed no significant 
difference in the mean scores for the global health/quality of life status (p=0.22) or for 
anorectal and sexual function in patients having had preoperative chemoradiotherapy or 
short-course preoperative radiotherapy.  Approximately two thirds of patients complained of 
faecal and gas incontinence, urgency and inability to differentiate between stool and gas. 
Approximately two-thirds of respondents stated that the disturbances in anorectal function 
had a negative impact on their quality of life, with approximately 20% stating the impact was 
considerable.  Anorectal function was estimated as being „good‟ or „very good‟ by 41% of 
patients in the short-course preoperative radiotherapy group and by 37% of patients in the 
preoperative chemoradiotherapy group (p=0.52).  Two percent (n=2) of patients scored 
anorectal function as being „unacceptable‟ and regretted that a stoma had not been 
performed. There was no significant difference between the two groups in relation to the 
impact on sexual function (p=0.56 for males; p=0.1 for females). 
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Table 3.2 GRADE profile: For patients with operable rectal cancer is short-course preoperative radiotherapy more effective than surgery 

Quality Assessment 
Summary of Findings 

No. of patients Effect 

Quality 
No of 

studies 
Design Limitations Inconsistency Indirectness Imprecision 

Preoperative 
radiotherapy 

no. of patients 

Surgery alone 
no. of patients 

Relative Effect 
(95% CI) 

Absolute Effect 

Overall survival (Wong et al., 2007) (p=0.15) 

14 
randomised 

trials 
no serious 
limitations 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

2027/3997 (50.7%) 
1880/4635 

(40.6%) 
HR 0.93 (0.87 to 

1)
1
 

22 fewer per 1000  
(from 42 fewer to 0 

more) 
HIGH 

5 year overall survival rate (Peeters et al., 2007) (p=0.39) 

1 
randomised  

trial     
serious

2
 N/A N/A N/A 64.2% 63.5% N/A N/A MODERATE 

Cause specific mortality (Wong et al., 2007) (p=0.016) 

4 
randomised 

trials 
no serious 
limitations 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

467/1119 (41.7%) 
508/1136 
(44.7%) 

HR 0.87 (0.78 to 
0.98)

1
 

44 fewer per 1000  
(from 7 fewer to 77 

fewer) 
HIGH 

5 year cancer-specific survival  rate (Peeters et al., 2007) (p=0.26) 

1 
randomised  

trial 
serious

2
 N/A N/A N/A 75.4% 72.4% N/A N/A MODERATE 

Any recurrence (Wong et al., 2007) (p=0.0056) 

8 
randomised 

trials 
no serious 
limitations 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

955/2576 (37.1%) 
1091/2601 

(41.9%) 
HR 0.89 (0.82 to 

0.97)
1
 

36 fewer per 1000  
(from 10 fewer to 60 

fewer) 
HIGH 

5 year distant disease recurrence rate (Peeters et al., 2007) (p=0.39) 

1 
randomised  

trial     
serious

2
 N/A N/A N/A 25.8% 28.3% N/A N/A MODERATE 

Local recurrence (Wong et al., 2007) (p<0.00001) 

13 
randomised 

trials 
no serious 
limitations 

serious
3
 

no serious 
indirectness 

no serious 
imprecision 

681/3709 (18.4%) 
1034/3758 

(27.5%) 
HR 0.71 (0.64 to 

0.78)
1
 

71 fewer per 1000  
(from 53 fewer to 89 

fewer) 
MODERATE 

5 year local recurrence  rate (Peeters et al., 2007) (p<0.001) 
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Quality Assessment 
Summary of Findings 

No. of patients Effect 

Quality 
No of 

studies 
Design Limitations Inconsistency Indirectness Imprecision 

Preoperative 
radiotherapy 

no. of patients 

Surgery alone 
no. of patients 

Relative Effect 
(95% CI) 

Absolute Effect 

1 
randomised  

trial     
serious

2
 N/A N/A N/A 5.6% 10.9% N/A N/A MODERATE 

Curative resectability (Wong et al., 2007) (p=0.059) 

15 
randomised 

trials 
no serious 
limitations 

serious 
no serious 

indirectness 
no serious 
imprecision 

3290/4228 (77.8%) 
3203/4254 

(75.3%) 
RR 1.02 (1 to 

1.05) 

15 more per 1000  
(from 0 fewer to 38 

fewer) 
HIGH 

Sphincter sparing surgery (Wong et al., 2007) 

15 
randomised 

trials 
no serious 
limitations 

serious
4
 

no serious 
indirectness 

no serious 
imprecision 

1592/3950 (40.3%) 
1657/3967 

(41.8%) 
RR 0.96 (0.88 to 

1.04) 

17 fewer per 1000  
(from 50 fewer to 17 

more) 
MODERATE 

Acute post surgery toxicity (Wong et al., 2007) (p=0.00015) 

6 
randomised 

trials 
no serious 
limitations 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

962/1836 (52.4%) 
1128/1879 

(60%) 
RR 0.88 (0.82 to 

0.94) 

72 fewer per 1000  
(from 36 fewer to 108 

fewer) 
HIGH 

Adverse events – risk of infection within 6 months of surgery (Birgisson et al., 2005) (p<0.01) 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A - - 
RR 7.67 (1.76 to 

33.39) 
- HIGH 

Adverse events – risk of gastrointestinal diagnosis (Birgisson et al., 2005) (p<0.01) 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A - - 
RR 2.57 (1.55 to 

4.26) 
- HIGH 

Adverse events – risk of hospital admission, all admissions (Birgisson et al., 2005) (NSD) 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A - - 
RR 1.07 (0.91 to 

1.26)  
- HIGH 

Adverse events – risk of hospital admission, early admissions (Birgisson et al., 2005) (p<0.05) 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A - - 
RR 1.64 (1.21 to 

2.22)  
- HIGH 
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Footnotes 
1
 The Cochrane Review (Wong et al., 2007) states that hazards ratios were calculated with RevMan software however it was unclear what data were used in the analyses. 

 2
 Central randomisation was adequate, blinding was not feasible and allocation was unclear. 

3
 Differences in recurrence rates ranged from 11% to 54% (I

2
 = 84%) i.e. the studies were highly heterogeneous and hence results should be interpreted with caution. 

4
 Data were heterogeneous (I

2
 = 40%) across the studies for sphincter sparing surgery. 

 
Table 3.3 GRADE profile: For patients with operable rectal cancer is preoperative chemoradiotherapy more effective than short course preoperative 
radiotherapy 

Quality Assessment 
Summary of Findings 

No. of patients Effect 

Quality 
No of 

studies 
Design Limitations Inconsistency Indirectness Imprecision 

Preoperative chemoRT 
no. of patients 

Preoperative 
radiotherapy 

no. of patients 

Relative effect 
(95% CI) 

Absolute Effect 

Sphincter preservation rate (Bujko et al., 2004) (p=0.57)
1
 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A 91/157 (58.0%) 95/155 (61.2%) 
OR 0.93 (0.59 to 

1.47) 
1 fewer per 1000 (from 

5 fewer to 6 more) 
HIGH 

Acute post RT grade III-IV toxicity (Bujko et al., 2004) (p<0.001)
1
 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A 29/157 (18.5%) 5/155 (3.2%) 
OR 6.8 (2.56 to 

18.07) 
70 more per 1000 (from 
20 more to 180 more) 

HIGH 

Post-operative morbidity (Bujko et al., 2005) (p=0.27)
1
 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A 31/157 (21%) 39/155 (27%) 
OR 0.73 (0.43 to 

1.25) 
61 fewer per 1000 (from 
134 fewer to 52 more) 

HIGH 

4 year risk of death (Bujko et al., 2006) (NSD) 

1 
randomised  

trial 
no serious 
limitations 

N/A N/A N/A 53/157 (33.8%)   52/155 (33.5%) 
HR 1.01 (0.69 to 

1.48) 
0 fewer per 1000 (from 

4 fewer to 6 more) 
HIGH 

4 year risk of death or relapse (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 44.4% 41.6% 
HR 1.12 (0.64 to 

1.96)
2
 

4 more per 1000 (from 
91 fewer to 202 more) 

HIGH 

4 year risk of local recurrence (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 15.6% 10.6% 
HR 1.56 (0.68 to 

3.60)
2
 

53 more per 1000 (from 
32 fewer to 221 more) 

HIGH 
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Quality Assessment 
Summary of Findings 

No. of patients Effect 

Quality 
No of 

studies 
Design Limitations Inconsistency Indirectness Imprecision 

Preoperative chemoRT 
no. of patients 

Preoperative 
radiotherapy 

no. of patients 

Relative effect 
(95% CI) 

Absolute Effect 

Rate of distant metastases (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 34.6% 31.4% - - HIGH 

Rate of late toxicity (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 27% 28.3% 
RR 0.94 (0.66 to 

1.35)
2
 

17 fewer per 1000 (from 
97 fewer to 99 more) 

HIGH 

Rate of severe late toxicity (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 7.1% 10.1% 
RR 0.68 (0.33 to 

1.41)
2
 

33 fewer (from 69 fewer 
to 42 more) 

HIGH 

Risk of permanent stoma (Bujko et al., 2006) (NSD) 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A 51.6% 56.9% 
RR 0.91 (0.74 to 

1.12)
2
 

52 fewer (from 149 
fewer to 69 more) 

HIGH 

QOL, anorectal and sexual function (Pietrzak et al., 2007) (NSD)
3
 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A - - - - HIGH 

QOL, male sexual dysfunction, bowel function etc (Stephens et al., 2010)
4
 

1 
randomised 

trial 
no serious 
limitations 

N/A N/A N/A - - - - HIGH 

 
Footnotes 
 
1
 Odds ratios reported by Ceelen et al., 2009  

2 
Ratios were calculated from the data reported in order to provide consistency by comparing chemoradiotherapy with radiotherapy, rather than the reverse.

 

3 
No data suitable to put into GRADE. All included studies are from a single RCT of high quality. 

4 
No data suitable to put into GRADE.  
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Recommendations 

 Discuss the risk of local recurrence, short-term and long-term morbidity and late effects 
with the patient after discussion in the multidisciplinary team (MDT). 

 Do not offer short-course preoperative radiotherapy (SCPRT) or chemoradiotherapy to 
patients with low-risk operable rectal cancer (see Table 3.1 for risk groups), unless as 
part of a clinical trial. 

 Consider SCPRT then immediate surgery for patients with moderate-risk operable rectal 
cancer (see Table 3.1 for risk groups). Consider preoperative chemoradiotherapy with 
an interval to allow tumour response and shrinkage before surgery for patients with 
tumours that are borderline between moderate and high risk. 

 Offer preoperative chemoradiotherapy with an interval before surgery to allow tumour 
response and shrinkage, (rather than SCPRT) to patients with high-risk operable rectal 
cancer (see Table 3.1 for risk groups). 

 
Linking evidence to recommendations 
The GDG considered the outcomes of local control and both short and long term toxicity to 
be the most important as these are clearly defined outcomes and have the highest impact on 
patients‟ quality of life. The GDG agreed that the potential development of a second 
malignancy was important but there were insufficient data to inform the recommendations. 
 
The overall quality of the evidence was moderate to high, as assessed by GRADE. The 
evidence looked at historical use of radiotherapy, surgery and imaging.  
 
The GDG were aware that pelvic radiotherapy is associated with significant long-term 
morbidity and the likelihood of morbidity is independent of a patient‟s risk of local recurrence. 
However the potential benefits of radiotherapy do depend on a patient‟s risk of local 
recurrence and therefore the clinical benefits and harms need to be considered for each of 
the three risk groups in making recommendations. 
 
The GDG noted that for patients at low-risk for local recurrence, the incidence of long term 
morbidity from radiotherapy outweighs the potential benefit. Therefore they decided not to 
recommend radiotherapy for this group of patients. 
 
For those patients at moderate-risk for local recurrence, the GDG concluded from the 
evidence that both types of radiotherapy treatment offer equivalent benefit in reduction in 
local recurrence and similar risks of morbidity. The GDG noted that whilst SCPRT was less 
expensive and more convenient for patients, there will be individuals whose tumour 
characteristics on MRI (for example cT3d in a narrow male pelvis, concern about extent of 
lymph node involvement) raise concern that the tumour may be borderline between 
moderate and high risk of local recurrence. The opinion of the GDG based on clinical 
experience was that these patients would be better treated by chemoradiotherapy followed 
by delayed surgery. Therefore they agreed it was inappropriate to only recommend SCPRT 
for this group of patients. The GDG also acknowledged that there may be patients in the 
moderate risk group who may choose, following discussion of risks, not to have preoperative 
treatment but proceed directly to surgery. They therefore recommended that both treatment 
options be considered. 
 
For patients at high-risk for local recurrence, the GDG noted that there were no direct data 
on the effectiveness of SCPRT. They were also aware that the reduction in the risk of a 
positive margin would be facilitated by tumour shrinkage during an appropriate interval 
before surgery. Since there was evidence for the effectiveness of chemoradiotherapy in this 
setting, and a lack of evidence for the use of SCPRT, the GDG decided to recommend the 
use of chemoradiotherapy. 
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The size of the population of patients eligible for preoperative interventions for rectal cancer 
is small compared with other topics in the guideline and hence this topic was considered a 
lower priority for economic modelling. 
 
3.1.2 Patients whose primary colon or rectal tumour appears unresectable or borderline 

resectable at presentation 
In contrast to rectal cancer, colon cancer occurs at several different sites along the 
remainder of the large bowel with variation in the anatomy affected. However, for most of 
these sites, the main risk is peritoneal involvement which when it occurs is usually wide-
spread. Any strategy to reduce the risk of recurrence needs to have a systemic approach. 
However it is not known whether preoperative chemotherapy is able to reduce the risk of this 
type of recurrence. 
 
Preoperative chemoradiotherapy is given to patients with locally advanced rectal cancer, 
with the intention of reducing tumour size to facilitate potentially curative surgery. There is 
concern that for a small proportion of patients their tumour may progress while on such 
therapy, thereby losing the window of opportunity for surgical resection. There is also 
concern that preoperative chemoradiotherapy is being used for the treatment of very low 
rectal tumours to facilitate sphincter saving surgery. 
 

Clinical question: For patients presenting with a) non metastatic locally advanced 
colon cancer is preoperative chemotherapy followed by surgery more effective than 
immediate surgery and for patients presenting with b) locally advanced rectal cancer 
is preoperative radiotherapy, preoperative chemotherapy or preoperative 
chemoradiotherapy more effective than immediate surgery? 

 
Clinical evidence 
There was no evidence with which to address the issue of preoperative chemotherapy 
versus surgery alone in patients with locally advanced colon cancer.  There was a large 
volume of evidence of a variety of quality with which to address the issue of preoperative 
treatment in patients with locally advanced rectal cancer (radiotherapy, chemoradiotherapy 
or chemotherapy) versus immediate surgery, though the volume and quality of evidence was 
dependent on the particular comparison under investigation (Tables 3.4 – 3.6).  
 
In relation to preoperative chemoradiotherapy versus preoperative radiotherapy alone, a 
Cochrane review (Ceelen et al., 2009) was available along with a number of randomised 
trials. In relation to preoperative chemoradiotherapy versus surgery alone there were a 
number of case series studies available. One Cochrane review (Wong et al., 2007) was 
available to provide evidence for preoperative radiotherapy versus surgery alone.  
 
There was no evidence available to address the issue of preoperative chemotherapy versus 
surgery alone in patients with locally advanced rectal cancer. Nor were there any studies 
comparing preoperative chemotherapy with preoperative radiotherapy for patients with 
locally advanced rectal cancer. 
 
Preoperative chemotherapy versus surgery alone in patients with non-metastatic locally 
advanced colon cancer 
There was no evidence with which to determine the benefits, if any, of preoperative 
chemotherapy versus surgery alone in patients with locally advanced colon cancer. 
 
Preoperative chemoradiotherapy versus preoperative radiotherapy alone in patients with 
locally advanced rectal cancer (see Table 3.4) 
No significant difference was observed between the treatment groups in terms of overall 
survival (pooled odds ratio, 1.00; [95% CI: 0.74-1.36]). A significant difference in the rates of 
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local recurrence at 5 years was observed for patients in the radiotherapy group compared to 
patients in the chemoradiotherapy group OR 0.53 ([95% CI: 0.39-0.72], p<0.001). From 
Broendengen et al. (2008), a significant difference in cancer specific survival in favour of the 
chemoradiotherapy group; OR 2.15 ([95% CI: 1.2-3.84], p=0.01). Using data from 2 studies, 
Ceelen et al., 2009 reported no significant difference in 5-year disease-free survival between 
the radiotherapy and chemoradiotherapy groups OR 1.11 ([95% CI: 0.92-1.34], p=0.27). 
 

Pooled analysis showed a significant difference in pathologic complete response in favour of 
chemoradiotherapy: OR 3.46 ([95% CI: 2.46-4.86], p<0.00001). Pooled analysis showed 
significantly higher rates of grade III/IV toxicity in the chemoradiotherapy group; OR 4.51 
([95% CI: 2.15-9.49], p<0.005) although there was significant heterogeneity on pooling 
(I2=77%).   
 
Preoperative chemoradiotherapy versus immediate surgery in patients with locally advanced 
rectal cancer (see Table 3.5) 
There was little evidence available and all evidence was drawn from a small number of case 
series studies, both prospective and retrospective. Numbers included in the studies were 
small for the most part and reporting of aims and outcomes was not clear or detailed in many 
cases. The evidence for this section should be interpreted and used with caution. No 
significant difference in either overall survival (p=0.09) or relapse free survival (p=0.1) 
between patients experiencing major complications and those with no major complications 
was observed. No numbers were given for the groups, therefore overall survival for the 
whole population cannot be calculated (Chessin et al., 2005).  
 
From a second case series study (Coco et al., 2006), the actuarial overall survival at 5 years 
was 75.5%, at 7 years was 67.8% and at 10 years was 60.4%; actuarial cancer-related 
survival at 5 years was 77.9%, at 7 years was 70% and at 10 years was 65.8%. 
Mermershtain et al. (2005) reported a 5-year overall survival of 70% and 8-year overall 
survival of 58% in a retrospective case series of 30 people. One retrospective case series 
(Twu et al., 2009) compared patients that responded to chemoradiotherapy with patients that 
did not respond and found no significant difference between the two groups in relation to 
overall survival, though a significant difference in local recurrence rate was observed in 
favour of the patients responding to chemoradiotherapy (p=0.002).  
 

Chessin et al. (2005) did not report a significant difference in relapse free survival between 
patients experiencing major postoperative complications and patients not experiencing major 
postoperative complications. 
 
In a retrospective case series of 43 patients (Twu et al., 2009), disease free survival was 
higher in the group of patients responding to chemoradiotherapy compared with those 
patients not responding to chemoradiotherapy (p=0.06). 
 

In a retrospective review (Klos et al., 2010) patients (n=390) treated for rectal cancer 
presenting with T3 or T4 disease and/or involved lymph nodes received neoadjuvant 
chemoradiotherapy (5‟-FU) before total mesorectal excision (TME) whereas patients with T1 
and T2 disease and no suspicion of involved nodes received TME directly. The time to 
death, local or distant recurrence was not significantly different between groups but the 
prognosis was more unfavourable for those patients who had positive nodes regardless of 
group (Klos et al., 2010).  
 

Preoperative radiotherapy versus surgery alone in patients with locally advanced rectal 
cancer (see Table 3.6) 
Wong et al. (2007) reported a pooled hazards ratio (from 14 studies) for overall mortality of 
0.93 [95% CI:0.87-1- in favour of preoperative radiotherapy. The magnitude of survival 
benefit was modest at 2% survival improvement at 5 years and 2% improvement at 8 years. 
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Subgroup analysis suggested that non TME studies, higher biological effective dose and 
treatment fields focused to the posterior pelvis showed significant benefit. 
 
Recurrence rates ranged from 11% to 54%. All but one study included in the Cochrane 
review (Wong et al., 2007) reported a benefit in favour of preoperative radiotherapy though 
again significant heterogeneity was observed between studies (p<0.05). The pooled hazards 
ratio was 0.71 [95% CI: 0.64-0.78].  
 
From 15 studies, Wong et al. (2007) reported a pooled risk ratio (RR) for curative 
resectability of 1.02 [95% CI: 1-1.05] in favour of preoperative treatment (homogeneity 
Χ2=14.94; p=0.38; I2=6%). The data for overall resectability could not be pooled due to 
heterogeneity (Homogeneity Χ2=39.59; p=0.00004; I2=72%).  
 
The proportion of patients experiencing no toxicities ranged from 20% to 84% with the most 
common reported side effect being diarrhoea (20%) (Wong et al., 2007).  
 
The proportion of patients with no toxicities postoperatively favoured the surgery alone 
group; from 6 studies the risk ratio was 0.88 [95% CI: 0.82-0.94] (Wong et al., 2007). 
 
Stephens et al. (2010) conducted a quality of life study within a randomised controlled trial 
that had compared short-course preoperative radiotherapy then surgery with surgery and 
post-operative chemotherapy (if tumour was within 1mm of resection margin).  Study 
participants completed two questionnaires (MOS SF-36 and QLQ-CR38) at baseline 
(n=1,208), every 3 months for the first year and every 6 months to 3 years (n=563 at 2 
years).  The main, irreversible treatment effect that reduced QoL was sexual dysfunction 
(p<0.001 for men, regardless of group, between baseline and 3 months) caused primarily by 
surgery but exacerbated by radiotherapy (p<0.001 at 6 months between groups). Bowel 
function in those patients without a stoma (or in those who had a stoma reversal) was not 
significantly different between treatment arms. However, sub group analysis suggested that 
patients in the short-course preoperative radiotherapy then surgery group may have 
experienced an increase in the „unintentional release of stools‟ even at 2 years post-
treatment (p=0.007).  Generally, there were no significant differences in treatment groups in 
overall general health or QoL. 
 
Chemoradiotherapy with capecitabine 
9 phase II trials with a total of 470 patients, all with similar inclusion/exclusion criteria, were 
available to address this section (Elwanis et al., 2009; DeBruin et al., 2008; De Paoli et al., 
2006; Desai et al., 2007; Kim et al., 2005; Koeberle et al., 2008, Machiels et al., 2005; Rodel 
et al., 2003; Velenik et al., 2006).  
 
From 8 studies grade III/IV toxicity was reported in 13.2% (62/470) of patients (range 1-43%) 
(Elwanis et al., 2009; DeBruin et al., 2008; Desai et al., 2007; Kim et al., 2005; Koeberle et 
al., 2008; Machiels et al., 2005; Rodel et al., 2003; Velenik et al., 2006). One study (De Paoli 
et al., 2006) reported no grade III/IV toxicity. The most commonly reported toxicity was 
diarrhoea; other reported toxicities included anaemia, radiation dermatitis and 
leucocytopenia. 
 
Sphincter preservation rate was reported in 4 studies and ranged from 36% to 74%, though 
in the study reporting 74% it is unclear whether this is the rate of sphincter sparing surgery 
or the success rate of sphincter sparing surgery (Elwanis et al., 2009; Kim et al., 2005; Rodel 
et al., 2003; Velenik et al., 2006). 
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Table 3.4 GRADE profile: For patients presenting with locally advanced rectal cancer is preoperative chemoradiotherapy more effective than 
preoperative radiotherapy alone 

Quality assessment 
Summary of findings 

No of patients Effect 

Quality No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 

preoperative 
chemotherapy, 

radiotherapy and 
chemoradiotherapy 

immediate 
surgery 

Relative 
(95% CI) 

Absolute 

Chemoradiotherapy versus Radiotherapy) (follow-up 5-7 years
1
) 

4 randomised trials serious
2
 no serious 

inconsistency
3
 

no serious 
indirectness 

no serious 
imprecision

4
 

none 

717/1118 (64.1%) 

699/1091 
(64.1%) OR 1.01 

(0.85 to 
1.2)

5
 

5 more per 1000 (from 72 
fewer to 87 more) 

MODERATE 

64.1% 
5 more per 1000 (from 72 

fewer to 87 more) 

Local Recurrence (follow-up 5-7 years) 

4 randomised trials Serious
6
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision

7
 

none 

76/839 (9.1%) 

130/821 
(15.8%) OR 0.53 

(0.39 to 
0.72)

8
 

69 fewer per 1000 (from 40 
fewer to 92 fewer) 

MODERATE 

15.8% 
69 fewer per 1000 (from 40 

fewer to 92 fewer) 

Cancer Specific Survival at 5 years (follow-up median 61 months) 

1 randomised trials Serious
9
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 

71/98 (72.4%) 

60/109 
(55%) OR 2.15 

(1.20 to 
3.84)

10, 11
 

359 more per 1000 (from 77 
more to 661 more) 

MODERATE 

55% 
359 more per 1000 (from 77 

more to 661 more) 

Disease Free Survival at 5 years (follow-up 5-7 years) 

2 randomised trials serious
12

 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 

507/881 (57.5%) 

479/872 
(54.9%) OR 1.11 

(0.92 to 
1.34) 

43 more per 1000 (from 33 
fewer to 127 more) 

MODERATE 

54.9% 
43 more per 1000 (from 33 

fewer to 127 more) 

Pathologic Complete Response (follow-up 5-7 years) 

4 randomised trials serious
13

 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision

14
 

none 

145/1194 (12.1%) 

47/1214 
(3.9%) OR 3.46 

(2.46 to 
4.86)

15
 

84 more per 1000 (from 52 
more to 127 more) 

MODERATE 

3.9% 
85 more per 1000 (from 52 

more to 127 more) 

Toxicity (Grade III/IV (follow-up 5-7 years) 

4 randomised trials serious
16

 Serious
17

 no serious 
indirectness 

no serious 
imprecision

18
 

none 

178/1113 (16%) 

58/1126 
(5.2%) RR 4.51 

(2.15 to 
9.49)

19
 

181 more per 1000 (from 59 
more to 437 more) 

LOW 

5.2% 
183 more per 1000 (from 60 

more to 441 more) 
1
 Boulis-Wassif et al., 1984 follow-up: available up to 7 years; Gerard et al., 2006 follow-up: median of 81 months and Bosset et al, 2006 follow-up: median of 5.4 years, Braendengen et al., 2008 

follow-up: median of 61 months. 
2
 None of the studies were described as being double blinded or using blinded outcome assessment. 

3
 The I

2
 value was 60% which suggests that these studies should not be pooled as the degree of heterogeneity is quite high, though not significant (p=0.06), Two studies, with similar numbers both 

found similar results, whereas the second two trials (one older and both with much smaller numbers) found a benefit for radiotherapy (Boulis-Wassif et al., 1984) and a benefit for chemoradiotherapy 
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(Braendengen et al., 2008) though the results were not significant. One possible reason for the difference in results, is that newer trial (Braendengen et al, 2008) looked at non-resectable patients 
whereas both Bosset et al 2006 and Gerard et al, 2006 excluded non-resectable patients.  
4
 Although the pooled estimates confidence interval crosses the line of no effect there were more than 300 events recorded.  

5
 p=0.95 

6
 None of the studies were described as being double blinded or using blinded outcome assessment. 

7
 Pooled Estimate: 95% CI do not cross the line of no effect 

8
 p<0.0001 

9
 None of the studies were described as being double blinded or using blinded outcome assessment. 

10
 Braendengen et al (2008) did not report odds ratios, however to remain consistent with the results for the rest of this section, the odds ratio was calculated using RevMan.  

11
 p=0.01 

12
 None of the studies were described as being double blinded or using blinded outcome assessment. 

13
 None of the studies were described as being double blinded or using blinded outcome assessment. 

14
 Pooled Estimate: 95% CI do not cross the line of no effect 

15
 p<0.00001 

16
 None of the studies were described as being double blinded or using blinded outcome assessment. 

17
 Significant Heterogeneity between studies (p=0.005) 

18
 Pooled Estimate: 95% CI do not cross the line of no effect 

19
 p<0.0001 
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Table 3.5 GRADE profile: For patients presenting with locally advanced rectal cancer is preoperative chemoradiotherapy more effective than 
immediate surgery 

Quality assessment 

Other considerations 
Quality 

 No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 

Overall Survival (Chessin et al., 2005) (follow-up median 43.9 months
1
) 

1 observational studies very serious
2
 no serious inconsistency no serious indirectness serious

3
 none VERY LOW 

Overall Survival (Coco et al., 2006) (follow-up median 108 months) 

1 observational studies very serious
2
 no serious inconsistency no serious indirectness serious

3
 none VERY LOW 

Overall Survival (Memershtain et al., 2005) 

1 observational studies very serious
2
 no serious inconsistency no serious indirectness serious

3
 none VERY LOW 

Overall Survival (Twu et al., 2009) (follow-up median 1.5 years
10

) 

1 observational studies very serious
7
 no serious inconsistency no serious indirectness Serious

8
 none VERY LOW 

Relapse and Disease Free Survival (Chessin et al., 2005) (follow-up median 43.9 months) 

1 observational studies very serious
6
 no serious inconsistency no serious indirectness Serious

7
 none VERY LOW 

Relapse and Disease Free Survival (Twu et al., 2009) (follow-up median 1.5 years
9
) 

1 observational studies very serious
6
 no serious inconsistency no serious indirectness Serious

7
 none VERY LOW 

 
1
 Median follow-up was given under the results of post-operative morbidity. No other mention of follow-up duration was made for other outcomes, therefore it is assumed that this was the median 

follow up for all outcomes.  
2
 Not a randomised trial 

3
 Imprecision cannot be assessed 

4
 no significant difference between patients with serious post-operative morbidity and patients without (p=0.09) 

5
 Median follow-up time was longer than 1.5 years, but the study does not report actual median follow-up time. 

6
 Not a randomised trial 

7
 Imprecision cannot be assessed 

8
 Relapse free survival did not differ significantly between patients with major postoperative complications and those without (p=0.1) 

9
 Median follow-up time was longer than 1.5 years, but the study does not report actual median follow-up time.  

10
 Disease free survival was higher in the patients responding to preoperative chemoradiotherapy than in patients not responding (p=0.06) 
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Table 3.6 GRADE profile: For patients presenting with locally advanced rectal cancer is preoperative radiotherapy more effective than surgery 
alone 

Quality assessment 
Summary of findings 

No of patients Effect 

Quality No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
preoperative 
radiotherapy 

Surgery 
alone 

Relative 
(95% CI) 

Absolute 

Overall Mortality 

14 randomised trials no serious limitations no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 

2027/3997 (50.7%) 

1880/4635 
(40.6%) HR 0.93 

(0.87 to 1)
1
 

22 fewer per 1000 (from 42 
fewer to 0 more) 

HIGH 

40.6% 
22 fewer per 1000 (from 42 

fewer to 0 more) 

Local Recurrence 

13 randomised 
trials 

no serious 
limitations 

Serious
2
 no serious 

indirectness 
no serious 
imprecision 

none 

681/3709 (18.4%) 

1034/3758 
(27.5%) HR 0.71 

(0.64 to 
0.78) 

71 fewer per 1000 (from 53 
fewer to 89 fewer) 

MODERATE 

27.5% 
71 fewer per 1000 (from 53 

fewer to 89 fewer) 

Curative and Overall Resectability 

15 randomised 
trials 

no serious 
limitations 

Serious
3
 no serious 

indirectness 
no serious 
imprecision 

none 

3290/4228 (77.8%) 

3203/4254 
(75.3%) RR 1.02 

(1.00 to 
1.05) 

15 more per 1000 (from 0 
more to 38 more) 

MODERATE 

75.3% 
15 more per 1000 (from 0 

more to 38 more) 

Acute Post Surgery Toxicity 

6 randomised 
trials 

no serious 
limitations 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 

962/1836 (52.4%) 

1128/1879 
(60%) RR 0.88 

(0.82 to 
0.94) 

72 fewer per 1000 (from 36 
fewer to 108 fewer) 

HIGH 

60% 
72 fewer per 1000 (from 36 

fewer to 108 fewer) 

1
 The Cochrane Review states that hazards ratios were calculated in RevMan, however the results cannot be replicated as the analysis appears to use an older version of RevMan which labels HR 

as Peto odds ratio. In addition, the data provided in the review is not enough to allow replication of results in the newer version of RevMan. It is unclear what data were used in the analysis. 
2
 Differences in recurrence rates ranged from 11% to 54% 

3
 Data were heterogeneous across the studies for overall resectability which precluded pooling. 
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Recommendations 

 Discuss the risk of local recurrence and late toxicity with patients with rectal cancer after 
discussion in the MDT.  

 Offer preoperative chemoradiotherapy with an interval before surgery, to allow tumour 
response and shrinkage, to patients with high-risk locally advanced rectal cancer. 

 Do not offer preoperative chemoradiotherapy solely to facilitate sphincter-sparing surgery 
to patients with rectal cancer.  

 Do not routinely offer preoperative chemotherapy alone for patients with locally advanced 
colon or rectal cancer unless as part of a clinical trial. 

 
Linking evidence to recommendations 

The GDG considered local recurrence and toxicity to be important outcomes due to the long 
term impact on patient wellbeing. There is evidence that small improvements in local control 
are gained at the expense of significant late morbidity. The gains in local control from 
radiotherapy are proportional to the risk of local recurrence and should be balanced against 
the significant late effects in terms of sexual, urinary and bowel dysfunction. The GDG 
therefore agreed it was important for these issues to be discussed with the patient prior to 
treatment. 
 
There was no evidence that chemoradiotherapy facilitates an increased opportunity for 
sphincter sparing surgery, therefore the GDG agreed to recommend that preoperative 
chemoradiotherapy was not given for this intention. 
 
Data on preoperative chemotherapy alone in patients with either colon cancer or rectal 
cancer were not robust and the GDG did not feel able to make a recommendation regarding 
the value of preoperative chemotherapy alone separate from preoperative chemotherapy 
concurrent with radiotherapy. However, in view of the high risk of metastatic disease in 
patients with locally advanced colon and rectal cancer, the GDG recommended that 
research should be undertaken to address this problem for both colon and rectal cancer in 
the preoperative setting.  
 
This clinical question was considered a low priority for economic analysis because it focused 
on identifying evidence that specifically addressed the issue of sequencing / combinations of 
treatment modalities. Identification of treatment combinations or specific regimens were not 
planned. It was anticipated that the evidence base may be clinically heterogeneous. This 
would limit the appropriateness of combining or comparing data across studies using 
quantitative methods and therefore impact on the feasibility of undertaking de novo 
economic modelling that would help inform this topic in a comprehensive and meaningful 
manner. 
 

Research recommendations 

 The effectiveness of preoperative chemotherapy should be compared with short-course 
preoperative radiotherapy (SCPRT), chemoradiotherapy or surgery alone in patients with 
moderate-risk locally advanced rectal cancer. Outcomes of interest are local control, 
toxicity, overall survival, quality of life and cost effectiveness. 

 Consider patients with rectal cancer for entry into current and upcoming NCRN trials of 
chemoradiotherapy, timing of surgery and deferment of surgery (in patients with a 
complete clinical response). 

 

3.2 Colonic stents in acute large bowel obstruction 
In the absence of population screening, up to 30% of colorectal cancer cases initially present 
in the emergency setting. Emergency surgery performed for obstructing lesions is associated 
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with a high morbidity and cited peri-operative mortalities ranging from 10-20%, compared 
with rates less than 5% in cases of elective surgery. In addition, emergency surgery results 
in a high rate of stoma formation, high utilisation of intensive care and prolonged hospital 
stays.  
 
The introduction of self-expanding metal stents (SEMS) has provided the opportunity for 
endoscopic decompression of these patients in an attempt to reduce the risks of surgery. 
Following decompression there is an opportunity to correct electrolyte imbalance, evaluate 
the extent of disease, determine the presence of synchronous lesions and evaluate 
comorbidities, thus enabling the planning of the most appropriate elective surgery. The 
placement of SEMS, however, is not without adverse effects including colonic perforation, 
stent migration, malposition or if the procedure is unsuccessful a delay in emergency 
surgery. The incidence of stent-related complications significantly increases the longer the 
stent remains in situ. 
 
It has been suggested that the success rate for stent insertion is lower for tumours proximal 
to the sigmoid colon, but with the advent of newer devices, able to pass through the 
endoscopic therapy channel, the success of stent placement in the right colon is likely to 
increase. The potential hazards of SEMS placement in this context, however, must be 
balanced against the lower surgical mortality in cases of emergency surgery for right-sided 
colonic obstruction, when compared with left-sided lesions. 
 
There are currently ongoing trials evaluating the efficacy of SEMS placement as a bridge to 
surgery, which in turn will assess long term oncological outcome.  
 

Clinical question: For patients presenting with acute large bowel obstruction as a first 
presentation of colorectal cancer, what are the indications for stenting as a bridge to 
elective surgery? a) Should all patients presenting with obstruction as a symptom of 
colorectal cancer have a CT scan to confirm diagnosis and provide evidence of 
metastases? b) What are the indications for stenting patients and the optimal timing 
for stenting to occur? 

 
Clinical evidence 
There is very little evidence of any type with which to address this topic. There are no 
directly applicable studies and so in assessing the body of evidence, consideration was 
given to the possibility that relevant evidence may not be directly available and so studies 
which compared stenting as a bridge to surgery, stenting for palliative purposes or 
immediate emergency surgery were also reviewed to check whether these studies contained 
information relevant to the topic. Despite this consideration, very little evidence of relevance 
was found from these studies and what was available was of very poor quality.  
 
In relation to the use of CT for the diagnosis of colorectal cancer in the emergency setting, 2 
studies (Beattie et al., 2007; Maras-Simunic et al., 2009) comprised the body of evidence. 
Beattie et al. (2007) reported a sensitivity, specificity, positive predictive value and negative 
predictive value of 91% for the use of CT in the diagnosis of large bowel obstruction. The 
positive likelihood ratio was 10.1 and the negative likelihood ratio was 0.10. There were 4 
reported CT errors for the presence of mechanical obstruction, 2 false positive and 2 false 
negative. 
 
Maras-Simunic et al. (2009) reported that the use of multi-detector CT colonography 
correctly identified all obstructions resulting from colorectal cancer (41/47). Multi-detector CT 
colonography gave 1 false positive result in a population of 44 patients with obstruction. 
Overall multi-detector CT colonography correctly established diagnosis in 97.9% of patients 
and located all obstructive cancers correctly (46/47). 
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The evidence body for the indications and timing for stenting consisted of one pooled 
analysis of case series studies (Sebastian et al., 2004) and 2 case series (Song et al., 2007; 
Repici et al., 2008).  
 
Technical Failure 
From one pooled analysis with a total of 1,198 patients (Sebastian et al., 2004) there was a 
5.8% failure rate on attempted placement of rectosigmoid stents, 14.5% failure rate for 
descending colon placement and 15.38% failure rate for more proximal colon stent 
placement.  
 
Clinical Failure 
Pooled analysis (Sebastian et al., 2004) showed that clinical success was achieved in 
88.56% (1,061/1,198) of patients with 52 failures in the left colon and 4/5 patients with stent 
placement in the right colon not achieving clinical success. Causes of clinical failure included 
malposition, migration, proximal obstruction, stool impaction, perforation and persistent 
obstructive symptoms. 
 
Perforation 
From one pooled analysis (Sebastian et al., 2004) there were 45 perforations related to stent 
placement (3.76%) with all but one occurring at the rectosigmoid junction. Predilation was 
significantly associated with perforation and thought to be responsible in 16 instances. 
64.4% (29/45) required emergency surgical intervention while 10 patients were treated with 
intravenous antibiotics and one patient had a new stent placed. 
 
Migration 
Migration occurred in 11.81% (n=132) of cases of successfully inserted stents; occurring 
within a week in 7.25% (n=81) patients and more than a week after insertion in the 
remaining 41 patients (Sebastian et al., 2004). Stents inserted as a palliative measure 
migrated more often (116/791) than those inserted as a bridge to surgery (16/407) (p=0.01).  
 
Mortality 
The cumulative mortality rate was 0.58% (n=7 deaths), three of which had documented 
colonic perforations. Six of the deaths occurred in patients stented for palliative purposes 
(Sebastian et al., 2004). 
 
Bridging to Surgery 
The rate of successful bridging to surgery was 100% [95% CI: 85-100%]. Median time from 
SEMS placement to surgery was 5 days [95% CI: 5.4-5.6 days]. In all patients, stents were 
removed en bloc with the tumour without any surgical complications. 2 patients experienced 
postoperative complication; 1 pulmonary embolism and 1 wound infection (Repici et al., 
2008). 
 
On update searches, a further two studies were found to be relevant to the current topic 
(Iverson et al., 2011; Vemulapalli et al., 2010). 
 
Comparing SEMS insertion with emergency surgery, no difference in technical success of 
relieving colonic obstruction was observed between the two modalities (94% versus 100%, 
p=0.07). Patients in the SEMS group had a significantly shorter median hospital stay (2 
days, range 1-24 days) compared with patients in the surgery group (8 days, range 2-43 
days) (p<0.001). Patients with SEMS had significantly fewer acute complications compared 
with the surgery group (8% versus 30%, p=0.03) (Vemulapalli et al., 2010). 
 
Hospital mortality for the SEMS group was 0% versus 8.5% in patients that underwent 
surgical decompression (p=0.04). The number of patients with SEMS who presented with 
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late complications (22%) was higher than in the surgery group (9%) though this difference 
was not statistically significant (p=0.06). Overall survival did not differ significantly between 
the groups; median survival time in the SEMS group was 24 weeks (range: 2-196) compared 
with 23 weeks (range: 1-124) in the surgery group (p=0.76) (Vemulapalli et al., 2010). 
 
From Iverson et al. (2011) SEMS insertion was successful in all 34 patients for a technical 
success rate of 100%. 31/34 attempted SEMS insertions were performed or supervised by a 
colorectal surgeon. Four patients had events which classified the procedure as a clinical 
failure resulting in a clinical success rate of 88%. Clinical failure occurred equally in patients 
with tumours located in the transverse colon or splenic flexure (1/11) and 
descending/sigmoid colon (3/23). Overall perforation rate was 12% (4/34) and was 
comparable for tumours located in the transverse colon or splenic flexure (1/11) and 
descending/sigmoid colon (3/23).  
 
Median follow-up was 33.7 months independent of oncological outcome and timing of 
surgery; 2 year survival for the 34 patients with potentially curable disease was 85% (68-
94%) and 3 year survival was 74% (53-86%). Median survival was 4.5 years (range 3.1 to 
6.0 years). Curative outcome was achieved in 88% of patients (30/34); 2 and 3 year survival 
rates after surgery with curative outcome were 90% (range 72-97%) and 77% (range 54-
89%). 
 

Recommendations 

 If considering the use of a colonic stent in patients presenting with acute large bowel 
obstruction offer CT of the chest, abdomen and pelvis to confirm the diagnosis of 
mechanical obstruction, and to determine whether the patient has metastatic disease or 
colonic perforation.  

 Do not use contrast enema studies as the only imaging modality, in patients presenting 
with acute large bowel obstruction. 

 A consultant colorectal surgeon should consider inserting a colonic stent in patients 
presenting with acute large bowel obstruction. They should do this together with an 
endoscopist or a radiologist (or both) who is experienced in using colonic stents.  

 Resuscitate patients with acute large bowel obstruction, then consider placing a self-
expanding metallic stent to initially manage a left-sided complete or near-complete 
colonic obstruction.  

 Do not place self-expanding metallic stents: 
o in low rectal lesions or 
o to relieve right-sided colonic obstruction or  
o if there is clinical or radiological evidence of colonic perforation or peritonitis. 

 Do not dilate the tumour before inserting the self-expanding metallic stent. 

 Only a healthcare professional experienced in placing colonic stents who has access to 
fluoroscopic equipment and trained support staff should insert colonic stents.  

 If a self-expanding metallic is suitable, attempt insertion urgently and no longer than 24 
hours after patients present with colonic obstruction. 

 
Linking evidence to recommendations 
The GDG noted that there were no studies which were directly applicable to this topic and so 
consideration was given to studies which compared stenting as a bridge to surgery, stenting 
for palliative purposes or immediate emergency surgery. Despite the paucity of evidence, the 
GDG agreed that recommendations on stenting were required because of the high mortality 
associated with emergency surgery.  
 
The GDG placed a high value on the outcomes of sensitivity and specificity of CT scanning 
in the emergency presentation of large bowel obstruction. The GDG noted that a CT scan is 
the most sensitive way of confirming that the obstruction is due to colonic tumour, identifying 
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colonic perforation and imaging the extent of disease that may impact on future 
management. They therefore decided to recommend its use.  
 
The GDG agreed that contrast enema studies, used on their own, do not demonstrate the 
longitudinal and radial extent of the tumour, are less sensitive than CT for identifying bowel 
perforation and give no information on metastatic status. The GDG therefore decided to 
recommend that they are not used in isolation but may be used to facilitate stent placement. 
 
The GDG recognised the significant mortality/morbidity associated with operating on patients 
in the emergency setting. Relieving large bowel obstruction by stenting could allow patient 
stabilisation leading to planned elective surgery by the appropriate surgeon. Such a 
treatment strategy could also reduce the incidence of stomas. The GDG were interested 
whether stenting affected quality of subsequent surgery but no evidence was found. 
 
The GDG believed that the decision to stent should involve a consultant colorectal surgeon 
in consultation with an endoscopist/radiologist experienced in the management of these 
cases since this decision must balance the risks between stent insertion and emergency 
surgery. 
 
The GDG concluded that SEMS were most effective in left-sided complete colonic 
obstruction because they have a lower complication rate and higher success rate. The GDG 
agreed that SEMS were not appropriate in patients with low rectal lesions (because of 
intractable symptoms of tenesmus) or right-sided colonic obstructions (because of high 
complication rates, low success rate and more complicated stent insertion). Lastly, the GDG 
decided that SEMS are contraindicated where there is evidence of perforation or peritonitis 
because these patients need immediate surgery. 
 
The GDG concluded that tumours should not be pre-dilated prior to SEMS insertion because 
of the high risk of tumour perforation. While there is no evidence with which to recommend a 
maximum delay between diagnosis of large bowel obstruction and SEMS insertion, the GDG 
believe strongly that delaying more than 24 hours is potentially harmful to the patient (for 
example increased risk of perforation and metabolic deterioration). 
 
This topic was considered a low priority for economic analysis because high quality data on 
the many possible downstream outcomes of a CT scan in this setting and patient population 
were unlikely to be available. In addition, the second part of the topic focuses on the clinical 
indications and timing of stenting. Since this did not involve a comparison of costs and 
consequences, it did not lend itself to economic modelling.  
 

3.3 Stage I colorectal cancer 
 
Stage I colorectal cancer encompasses tumours which have extended either into the 
submucosa (T1) or into, but not beyond, the muscularis propria (T2) and in which there is no 
evidence of spread into the lymph nodes (N0). In patients found to have stage I colorectal 
cancer a five year cancer specific survival of >95% can be expected following segmental 
resection with clear surgical margins (where there is removal of a segment of large bowel 
including its associated mesentery) and in these cases, surgery is essentially a curative 
procedure. Stage I colorectal cancer may be identified following histopathological 
assessment of an endoscopically resected polyp (malignant polyp), usually unsuspected at 
the time of polypectomy. Alternatively, and less commonly, it may be suspected in a polypoid 
lesion (usually laterally spreading) that appears amenable to local resection. In these cases, 
specialised techniques such as endoscopic submucosal dissection (ESD) or transanal 
endoscopic micro surgery (TEMS) may be used to perform complete 'en bloc' resection of 
the lesion, particularly if it is situated in the left colon or rectum.  
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Following the introduction of the NHS bowel cancer screening programme in England and 
Wales, malignant colonic polyps are being detected with increasing frequency. Almost all 
locally removed malignant polyps are stage I cancers and would therefore be expected to 
have a very good prognosis. Endoscopic resection of malignant polyps may be sufficient as 
the only management but there is a risk of local recurrence or metastatic spread, particularly 
to local lymph nodes, since the mesentery, which contains the local lymph nodes, is not 
resected. It is uncertain, therefore, whether the same prognostic outcome can be expected 
as that seen in stage I tumours following segmental resection. These risks may be reduced 
by subsequent surgery, but the associated potential complications such as bleeding, 
infection or peri-operative death, and the effects on quality of life, need to be balanced 
against the potential benefits.  
 
A number of retrospective studies have attempted to identify risk factors associated with 
recurrent malignancy in local resections, although none of these data have proven 
conclusive. The completeness of the endoscopic excision appears to be the most reliable 
predictor of tumour recurrence and, although publications vary, it can be assumed that a 
distance of less than 1mm from the tumour to the margin of excision is associated with a 
high risk of cancer recurrence. Studies have tried to refine further the prognostic features in 
polyp cancers that have clear margins and are thus deemed to have been completely 
excised. The risk of recurrence appears to correlate with degree of local advancement. 
Thus, in the Haggitt classification (applicable only to polyp cancers with long stalks), it is only 
the most advanced lesions, where there is extension of the tumour beyond the polyp stalk, 
(Haggitt level 4), which is suggested to be associated with a poor outcome. The Kikuchi 
classification (for sessile polyps) suggests that lesions extending into the lower third of the 
submucosa are of the highest risk (Kikuchi level SM 3). The Ueno classification suggests 
that the tumour volume is directly correlated with risk of recurrence. These systems are, 
however, not easy to apply due to the nature of the polypectomy specimens, making 
assessment and subsequent decision-making problematic. Furthermore, the depth of 
invasion, or proximity of the tumour to the resection margin, may not be possible to assess 
when the lesion has been resected piecemeal and thus these lesion are best regarded as 
high risk.  Other factors that have been suggested to predict poor outcome include tumour 
differentiation, (with poorly differentiated tumours conferring the highest risk), the presence 
of venous or lymphatic invasion and tumour budding. Uncertainty exists about the benefit to 
patient outcome of using these prognostic factors to guide subsequent management. 
 

Clinical question: For patients who have undergone local excision and diagnosed 
stage I colorectal cancer, including/or polyp cancer and with/without neoadjuvant 
treatment for low rectal tumours, can the use of prognostic factors determine the 
most effective curative treatment? 

 
Clinical evidence 
The purpose of this topic was to try to identify which treatment was the next best treatment 
for patients that had undergone local excision of stage I colorectal cancer (including polyps) 
and subsequently found to have unfavourable prognostic features. If possible, the topic 
aimed to identify whether treatment efficacy was impacted by specific prognostic features. 
 
There was no evidence with which to answer this question as much of the literature 
concentrated on identifying the unfavourable prognostic features rather than focusing on the 
long term outcomes related to such features or which type of treatment is best for patients 
with specific unfavourable characteristics.  
 
A small number of studies examining the outcomes of further treatment in patients with poor 
prognostic features following local excision were identified. These were however, non-
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comparative, case series of a poor quality and did not provide any insight to the best 
treatment option for patients.  
 

Recommendations 

 The colorectal MDT should consider further treatment for patients with locally excised, 
pathologically confirmed stage I cancer taking into account pathological characteristics of 
the lesion, imaging results and any previous treatments. 

 Offer further treatment to patients whose tumour had involved resection margins (less 
than 1 mm). 

 Discuss the risks and benefits of all treatment options with the patient after discussion in 
the MDT. 

 An early rectal cancer MDT9 should decide which treatment to offer to patients with stage 

I rectal cancer, taking into account previous treatments, such as radiotherapy. 

 
Linking evidence to recommendations 
The GDG acknowledged that there was no evidence that specifically addressed this 
question. As a consequence of the impact of the NHS bowel cancer screening programme, 
there has been a significant increase in the number of patients with stage I cancers being 
detected. Furthermore the GDG is aware of wide variation in practice and patient 
experiences. Therefore the GDG considered it to be extremely important for this question to 
be addressed. 
 
The GDG strongly believed that when patients had an involved resection margin 
(incompletely excised cancer) then further treatment was important. However, given the lack 
of evidence, the GDG did not feel able to make specific recommendations for the type of 
treatment that should be given. 
 
The GDG also agreed that it was important for all patients with locally excised, pathological 
stage I cancer to be discussed at the appropriate MDT, where specialist pathological 
expertise is available, in order to determine future management. The GDG also agreed that 
it was important that full discussion of the risks and benefits of all treatment options should 
take place with the patient. 
 
The GDG acknowledged that patients whose rectal cancer has been downstaged to stage I 
by prior treatment, are a specific group in whom treatment may/may not have altered the 
biology of the tumour and the information provided by the prognostic factors may not be 
relevant. 
 

Research recommendation 

 An observational study should be conducted, incorporating standardised assessment of 
pathological prognostic factors, to assess the value of the proposed prognostic factors in 
guiding optimal management in patients with locally excised, pathological stage I cancer. 
Outcomes of interest are disease-free survival, overall survival, local and regional control, 
toxicity, cost-effectiveness and quality of life. 

 

                                                           
9
 Improving outcomes in colorectal cancer (2004). NICE cancer service guidance CSGCC. Available from 

www.nice.org.uk/CSGCC 
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3.4 Laparoscopic surgery 
The recommendations in this section are from „Laparoscopic surgery for colorectal cancer‟, 
NICE technology appraisal guidance 105 (NICE 2006). 
 

Recommendations 

 Laparoscopic (including laparoscopically assisted) resection is recommended as an 
alternative to open resection for individuals with colorectal cancer in whom both 
laparoscopic and open surgery are considered suitable. 

 Laparoscopic colorectal surgery should be performed only by surgeons who have 
completed appropriate training in the technique and who perform this procedure often 
enough to maintain competence. The exact criteria to be used should be determined by 
the relevant national professional bodies. Cancer networks and constituent trusts should 
ensure that any local laparoscopic colorectal surgical practice meets these criteria as part 
of their clinical governance arrangements. 

 The decision about which of the procedures (open or laparoscopic) is undertaken should 
be made after informed discussion between the patient and the surgeon. In particular, 
they should consider:  
o the suitability of the lesion for laparoscopic resection  
o the risks and benefits of the two procedures 
o the experience of the surgeon in both procedures. 

 
Linking evidence to recommendations 
These recommendations are from „Laparoscopic surgery for colorectal cancer‟, NICE 
technology appraisal guidance 105 (NICE 2006). They were formulated by the technology 
appraisal and not by the guideline developers. They have been incorporated into this 
guideline in line with NICE procedures for developing clinical guidelines, and the evidence to 
support these recommendations can be found at www.nice.org.uk/TA105.  
 

3.5 Adjuvant chemotherapy in rectal cancer 
 
Colonic and rectal tumours occur anatomically in continuity, and have similar 
histopathological features. They might therefore be expected to respond similarly to 
chemotherapy.  

 
Although it is established that patients with stage III (and possibly high-risk stage II) colon 
cancer will benefit from adjuvant chemotherapy, uncertainty remains around the benefits of 
such chemotherapy for patients with stage II and III rectal cancer. 
 

Clinical question: In patients with clinical or pathological stage II and III rectal cancer 
what is the effectiveness of adjuvant chemotherapy following surgery? 

 
Clinical evidence 
There was a moderate volume of evidence with which to address this topic consisting 
primarily of randomised trials and pooled analysis of trials (QUASAR Collaborative Group, 
2007; Bosset et al., 2006; Cionini et al., 2001; Fisher et al., 1988; Akasu et al., 2006; 
Sakamoto et al., 2004; Sakamoto et al., 1999; Glimelius et al., 2005). 
 
There was one systematic review (Germond et al., 1998) which was conducted as part of a 
Canadian guideline programme, available for this topic, though the results from this review 
should be considered to be indirect as not all studies included in the analysis were directly 
relevant to the current topic. For this reason, the relevant studies were extracted and 
appraised individually and where possible included in a pooled analysis. A Cochrane review 
protocol (Kirkeby et al., 2002), and a second trial protocol (Glynne-Jones et al., 2007) which 
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although do not add to the body of evidence, would suggest that there is a need to address 
the issue of adjuvant chemotherapy specifically in patients with rectal cancer.  
 
The evidence included in the review was directly applicable to the topic in terms of the 
comparisons in each study and the population of interest, however the treatments evaluated 
in some of the older trials are not currently clinically relevant. Although there were a number 
of studies investigating adjuvant chemotherapy in colorectal cancer patients, the topic 
relates specifically to rectal cancer patients and therefore if the results for rectal cancer 
patients alone were not presented, these studies were excluded from the review. 
 
One systematic review identified three randomised trials comparing adjuvant chemotherapy 
to surgery alone reporting an odds ratio (OR) of 0.64 [95% CI: 0.48-0.85] in favour of 
adjuvant chemotherapy, representing an absolute increase in 5-year survival of 9% 
(Germond et al., 1998). An update of the systematic review (1998-2001) identified 4 meta-
analysis and 3 randomised trials however no further updates were done on the meta-
analysis. Despite evaluating the effect of adjuvant chemotherapy, no recommendations were 
made in the guideline relating to the use of adjuvant chemotherapy in patients with resected 
rectal cancer. 
 
A total of three trials provided data which allowed a pooled analysis to be conducted for 
overall survival and disease/recurrence free survival (Bosset et al, 2006; Fisher et al., 1988 
and QUASAR Collaborative Group, 2007). The quality of the studies included in the pooled 
analysis was considered to be moderate according to GRADE assessment (Table 3.7) with 
the only area of concern relating to the reporting of factors such as concealment and bias in 
the individual studies. 
  
Pooled analysis of trial data gave a hazards ratio (HR) of 0.8 [95% CI: 0.69–0.92] for overall 
survival in favour of adjuvant chemotherapy although none of the individual trials showed a 
statistically significant benefit of adjuvant chemotherapy. Using the 5-year overall survival for 
the control arm (63.2%) from Bosset et al. (2006), this translates to an absolute reduction in 
the risk of death within 5 years of 4.3% [95% CI: 2.4-9.7%] for patients receiving adjuvant 
chemotherapy. The number needed to treat was 23 [95% CI: 10.3-42] to prevent one 
additional death within 5 years.  
 
For disease/recurrence free survival, pooled analysis resulted in a hazards ratio (HR) of 0.77 
[95% CI: 0.68-0.88] which translates into an absolute reduction in risk of recurrence within 5 
years of 8.4% [95% CI: 4.2-12%]; using the reported 5-year disease free survival of 52.2% 
for the control arm of Bosset et al. (2006) and the pooled analysis hazard ratio. The number 
needed to treat was 12 [95% CI: 9-24] to prevent one additional recurrence within 5 years.  
 
One trial reported quality of life as a study outcome, though this was reported for the whole 
population (colon and rectal); quality of life measurements directly related to expected 
toxicity (for example diarrhoea, nausea, vomiting, mouth pain, fatigue, appetite loss and 
social functioning) were worse in the chemotherapy group than in the observation group 
(p<0.01) though only during the course of chemotherapy treatment. 
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Table 3.7 GRADE profile: In patients with clinical or pathological stage II and III rectal cancer, what is the effectiveness of adjuvant chemotherapy 
following surgery 

Quality assessment 
Summary of findings 

No of patients Effect 

Quality No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
Adjuvant 

Chemotherapy 
control 

Relative 
(95% CI) 

Absolute 

Mortality (follow-up median 5.5 years
1
) 

3 randomised 
trials 

serious
2
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 

181/1167 (15.5%) 

224/1095 
(20.5%) HR 0.8 (0.69 

to 0.92) 

37 fewer per 1000 (from 
15 fewer to 58 fewer) 

MODERATE 

31.6% 
54 fewer per 1000 (from 

21 fewer to 85 fewer) 

Recurrence (follow-up median 5 years
1
) 

3 randomised 
trials 

serious
2
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 

195/1167 (16.7%)
3
 

245/1163 
(21.1%)

3
 

HR 0.77 (0.68 
to 0.88) 

44 fewer per 1000 (from 
23 fewer to 62 fewer) 

MODERATE 0% 
0 fewer per 1000 (from 

0 fewer to 0 fewer) 

39.4% 
74 fewer per 1000 (from 
38 fewer to 105 fewer) 

1
 The median follow-up from three studies was at least five years but ranged from 0-10.9 years. 

2
 Lack of clarity in the individual trials regarding factors such as concealment and bias 

3
 The total events for one study were not reported, however as the HR was not calculated using this missing data does not impact the overall results. 
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Recommendations 

 Assess pathological staging after surgery before deciding whether to offer adjuvant 
chemotherapy. 

 Consider adjuvant chemotherapy for patients with high-risk stage II and all stage III rectal 
cancer to reduce the risk of systemic recurrence.  

 
Linking evidence to recommendations 
The GDG were aware that preoperative treatment is widely used in current practice and may 
affect post-operative pathological staging. However, the evidence did not include studies 
where patients had received preoperative chemoradiotherapy and therefore the role of 
clinical staging in the decision around adjuvant chemotherapy is not known. The GDG 
decided that post-operative pathological staging took precedence over preoperative clinical 
staging when considering the benefit of adjuvant treatment. 
 
The GDG placed a high value on the outcomes of survival, local recurrence, metastatic 
disease, complication rates and quality of life. They noted that there were limitations to the 
evidence. Few studies had examined 5FU alone as adjuvant treatment outside the 
combination with radiotherapy, and there were no completed studies that had been 
specifically designed to look at the effectiveness of oxaliplatin containing regimens in 
patients with rectal cancer. Recent randomised studies designed to evaluate the benefit of 
adjuvant chemotherapy, where preoperative chemoradiotherapy had been delivered, failed 
to recruit. The published randomised studies were underpowered; the compliance to post-
operative treatment was poor; the clinical staging was variable, making classification of 
rectal cancer difficult; the treatments given were poorly documented; and quality of life was 
either doctor reported or not reported at all. 
 
The GDG were aware of the established benefits of adjuvant chemotherapy in colon cancer. 
The GDG also noted that the evidence showed a survival benefit from post-operative 
adjuvant chemotherapy for patients with involved lymph nodes on surgical histopathology 
who had not received preoperative treatment. They were also aware that there were 
additional considerations regarding toxicity for patients who have had short course 
preoperative radiotherapy or chemoradiotherapy. 
 
The GDG agreed that the gains in local control and survival from adjuvant chemotherapy 
were proportional to the risk of local and distant recurrence and balanced against the 
temporary deterioration in quality of life resulting from acute side-effects of chemotherapy, 
and the small risk of dying (as a result of toxicity from chemotherapy).  
 
The GDG therefore recommended adjuvant chemotherapy should be offered to patients who 
had received either surgery with no preoperative treatment or short course preoperative 
radiotherapy followed by immediate surgery. For patients who had received preoperative 
chemoradiotherapy, the GDG were unable to make a recommendation. 

 
The GDG noted that the evidence for the effectiveness of adjuvant chemotherapy in patients 
with rectal cancer only related to 5FU-based chemotherapy. Because of the lack of data 
from completed phase III trials, the GDG was unable to recommend which specific 
combination chemotherapy regimen should be used (oxaliplatin or irinotecan). 

 
This clinical question was considered a medium priority for economic analysis because the 
estimated impact in terms of the size of the target patient population and the level of 
uncertainty and controversy regarding current practice were considered to be lower than for 
other questions.  



 

The diagnosis and management of colorectal cancer: full guideline (November 2011) 
Page 81 of 186 

 

Research recommendations  

 A meta-analysis using individual patients‟ data should be performed to evaluate whether 
adjuvant fluoropyrimidine-based chemotherapy produces worthwhile benefit in terms of 
reduction of local recurrence and improvement in survival (outweighing toxicity, cost and 
inconvenience) in patients with rectal cancer receiving preoperative radiotherapy or 
chemoradiotherapy treatment. 

 A meta-analysis using individual patients‟ data should be performed to evaluate the 
effect of post-operative adjuvant 5FU-based chemotherapy on quality of life in patients 
with rectal cancer. 

 

3.6 Adjuvant chemotherapy for high-risk stage II colon cancer 
 
A benefit from adjuvant chemotherapy in colorectal cancer was first demonstrated in 1990 in 
patients with stage III disease. The benefit for stage III patients has been confirmed and 
treatment schedules refined in the intervening years.  
 
Some of these studies of stage III disease included a proportion of patients with stage II 
disease. As the risk of recurrence is less with stage II disease the absolute benefit of 
adjuvant chemotherapy will be less than for stage III disease (assuming the relative risk 
reduction is the same for adjuvant chemotherapy in both stage II and stage III disease). 
 
It is recognised that overall patients with stage II disease have a better prognosis than those 
with stage III disease, but that outcomes for patients within stage II vary and that there is a 
spectrum of risk for recurrence.  
 
There are several pathological features which have been shown to be associated with poor 
prognosis in stage II disease such as extramural vascular invasion, pT4 disease (serosal 
breach or perforation), poorly differentiated tumours, obstructed tumours, perineural invasion 
and low lymph node recovery from the resection specimen. These features have been used 
to identify “high-risk” patients and have become, de-facto, criteria for adjuvant chemotherapy 
in stage II disease but their value to predict for treatment outcome has not been established.  
 
Other tumour features, such as microsatellite instability may have both prognostic and 
predictive characteristics, but their exact role in the selection for adjuvant chemotherapy in 
patients with colon cancer is not clear. 
 

Clinical question: In patients with high-risk stage II colon cancer what is the 
effectiveness of adjuvant chemotherapy after surgery? 

 
Clinical evidence 
There was very little evidence with which to address this topic and what was available 
consisted primarily of poor quality, indirect evidence. There were three pooled analyses 
(non-systematic pooling of specific trial data) which provided some indirect evidence 
(Erlichman et al., 1999; Labianca et al., 1995; Mamounas et al., 1999), a single randomised 
trial (O‟Connell et al., 1997) and two case-series studies (one prospective and one 
retrospective) which added limited, poor quality and indirect evidence (Lin et al., 2009; 
Yoshimatsu et al., 2006). All of the available evidence was considered to be low to moderate 
quality for all outcomes on GRADE assessment (Table 3.8), primarily due to the indirect 
nature of the evidence and the small number of patients in each of the relevant studies.  
 
The lack of evidence available to address this question may partly be a result of the fact that 
there is no standard definition for „high-risk‟ patients thus making it difficult to identify these 
patients. There is however a list of prognostic factors which are used to identify potentially 
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high-risk patients including extramural vascular invasion, grade 3/poor differentiation, T4 
stage/perforation, peri-neural invasion, obstructive tumours, mucinous tumours, micro-
satellite instability and tumour budding. The available evidence does not specifically address 
high-risk patients, rather in most cases the studies present some data which is possibly 
relevant to high-risk patients as a secondary analysis to the main purpose of the study.  
 
From one prospective study (Lin et al., 2009), there was no significant difference in survival 
for stage II patients receiving adjuvant chemotherapy compared with patients that did not 
receive adjuvant chemotherapy. However in the subgroup of patients with high-risk factors, 
there was a significant 3-year disease free survival benefit (96.4% versus 84.7%, p=0.045) 
and 5-year overall survival benefit (100% versus 86.4%, p=0.015) in favour of adjuvant 
chemotherapy. 
 
Considering patients with tumour exposed at the serosa or invasion of other organ as high-
risk and patients with tumour invasion under the serosa as low risk, one retrospective case 
series observed that for patients in the high-risk group there was a significant difference in 5-
year survival for patients receiving adjuvant chemotherapy (75.8%) and patients not  
receiving chemotherapy (44%) (p=0.0008) (Yoshimatsu et al., 2006). 
 
The American Society for Clinical Oncology (ASCO) recommended that the optimal 
approach is to encourage patients with high-risk stage II disease to participate in randomised 
trials as there is no direct evidence that adjuvant chemotherapy confers a survival benefit in 
high-risk patients (Benson et al., 2004).  
 
The toxic effects of chemotherapy were gastrointestinal and consisted primarily of nausea, 
stomatitis and diarrhoea (Erlichman et al., 1999; Labianca et al., 1995; O‟Connell et al., 
1997). There were no treatment related deaths in any of the included studies and most of the 
symptoms of toxicity were manageable.
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Table 3.8 GRADE profile: In patients with high-risk stage II colon cancer what is the effectiveness of adjuvant chemotherapy after surgery? 

Quality assessment 
Summary of findings 

No of patients Effect 

Quality No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
Adjuvant 

Chemotherapy 
Surgery 
Alone 

Relative 
(95% CI) 

Overall Survival (Erlichman et al., 1999) (follow-up median 5.75 years) 

5 randomised 
trials 

no serious 
limitations1 

no serious 
inconsistency

2
 

serious
3
 serious

4
 none 

98/507 (19.3%) 

120/509 
(23.6%) HR 0.81 (0.64 to 

1.01)5 
LOW 

23.6% 

Overall Survival (Mamounas et al., 1999) 

1 randomised 
trials 

no serious 
limitations1 

serious
6
 serious

3
 serious

4
 none 

116/351 (33%) 

150/375 
(40%)

7
 not pooled VERY LOW 

40% 

Overall Survival (Mamounas et al., 1999) 

1 randomised 
trials 

no serious 
limitations1 

serious
6
 serious

3
 serious

4
 none 

89/340 (26.2%) 

113/343 
(32.9%)8 not pooled VERY LOW 

32.9% 

Overall Survival (Labianca et al., 1995) (follow-up median 37 months
9
) 

3 randomised 
trials 

no serious 
limitations1 

no serious 
inconsistency

10
 

serious
3
 very serious

4
 none 

0/0 (0%) 
0/0 (0%) HR 0.91 (0.63 to 

1.34)
11

 
VERY LOW 

0% 

Event Free Survival (Erlichman et al., 1999) (follow-up median 5.75 years) 

5 randomised 
trials 

no serious 
limitations1 

no serious 
inconsistency

2
 

serious
3
 serious

4
 none 

101/507 (19.9%) 

110/509 
(21.6%) HR 0.83 (0.68 to 

1.01) 
LOW 

21.6% 

Event Free Survival (Labianca et al., 1995) (follow-up median 37 months
9
) 

3 randomised 
trials 

no serious 
limitations1 

no serious 
inconsistency

10
 

serious
3
 no serious 

imprecision 
none 

193/754 (25.6%) 

262/736 
(35.6%) HR 0.84 (0.62 to 

1.12)
12

 
MODERATE 

 
35.6% 

1
 Details from the individual trial methodologies were not given in the paper.  

2
 It appears to be an updated version of Labianca et al., 1995 with more trials added and using individual patient data for analysis. 

3
 The study did not look at the high-risk population specifically 

4
 Less than 300 events 

5
 The HR presented is the unadjusted HR; the adjusted HR was 0.86, 90% CI; 0.68-1.07 (adjusted for age and tumour grade). 

6
 Individual trials included had different treatment regimens and comparators. No other information is given. 

7
 p=0.07 

8
 p=0.08 

9
 Median follow-up for the treatment group was 40 months and for the intervention group was 37 months. 

10
 It appears from the study that individual patient data were used from a central database of three trials with representatives of each of the trial groups writing a protocol for the pooled collaborative 

analysis. 
11

 HR is the unstratified HR for overall survival. The HR stratified by country was 0.93, 95% CI; 0.63-1.37. The HR relates to the Dukes B population only. 
12

 The HR presented is the unstratified HR and relates to the stage B population only, the HR stratified for by country was 0.93 95% CI; 0.63-1.37 
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Recommendations 

 Consider adjuvant chemotherapy after surgery for patients with high-risk stage II colon 
cancer. Fully discuss the risks and benefits with the patient. 

 
Linking evidence to recommendations 
The GDG considered overall survival was the most important outcome, as this was the 
primary endpoint of adjuvant studies comparing treatment to no treatment. 
 
The overall quality of the evidence was poor. No prospective randomised studies have been 
performed comparing adjuvant chemotherapy to no treatment in patients deemed to have 
high-risk stage II colon cancer. 
 
Despite the poor evidence, the GDG believed it was likely that patients with high-risk stage II 
colon cancer would benefit from chemotherapy.  
 
The GDG was concerned that a large number of patients with (all) stage II colon cancer 
would need to be treated with adjuvant chemotherapy to confer a survival benefit for the few 
patients with high-risk stage II disease. Adjuvant chemotherapy carries significant toxicities 
and a small mortality rate, so a large number of patients would be treated without benefit and 
be exposed to potential harms, with significant costs to the health service. Therefore the 
GDG recommended that adjuvant chemotherapy should be considered for patients with 
high-risk stage II colon cancer, but only after full discussion of the risks and benefits with the 
patient. 
 
The GDG considered making a research recommendation in this area but concluded that it 
would not be practical to conduct a randomised study as it would not be possible to recruit 
the large number of patients needed to show a statistically significant benefit. 
 

3.7 Adjuvant chemotherapy for stage III colon cancer 
 
The recommendations in this section are from „Capecitabine and oxaliplatin in the adjuvant 
treatment of stage III (Dukes‟ C) colon cancer‟, NICE technology appraisal guidance 100 
(NICE 2006). 
 

Recommendations 

 The following are recommended as options for the adjuvant treatment of patients with 
stage III (Dukes‟ C) colon cancer following surgery for the condition: 
o capecitabine10 as monotherapy 
o oxaliplatin in combination with 5-fluorouracil and folinic acid. 

 The choice of adjuvant treatment should be made jointly by the individual and the 
clinicians responsible for treatment. The decision should be made after an informed 
discussion between the clinicians and the patient; this discussion should take into 
account contraindications and the side-effect profile of the agent(s) and the method of 
administration as well as the clinical condition and preferences of the individual. 

 
Linking evidence to recommendations 
These recommendations are from „Capecitabine and oxaliplatin in the adjuvant treatment of 
stage III (Dukes‟ C) colon cancer‟, NICE technology appraisal guidance 100 (NICE 2006). 
They were formulated by the technology appraisal and not by the guideline developers. They 
have been incorporated into this guideline in line with NICE procedures for developing 

                                                           
10

 Since TA100 was published, the licence for capecitabine has been extended to include combination therapy 
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clinical guidelines, and the evidence to support these recommendations can be found at 
www.nice.org.uk/TA100.  
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4 Management of metastatic disease 
 
The objectives of this chapter were to determine: 

 which imaging modality most accurately determines the extent of metastases in 
patients with colorectal cancer and extrahepatic metastases (e.g. lung, brain, 
peritoneum) 

 which imaging modality(s) most accurately determines the number and extent of 
metastases preoperatively in patients with colorectal cancer metastasised to the liver 

 the effectiveness of treating metastatic disease before, after or at the same time as 
treating the primary tumour in patients with colorectal cancer presenting with overt 
synchronous metastatic disease 

 the effectiveness of chemotherapy in patients with advanced and metastatic 
colorectal cancer 

 the most effective additional treatment to systemic chemotherapy to achieve cure or 
long term survival in patients with apparently unresectable metastatic disease. 
 

4.1 Management of patients presenting in stage IV  
 
Approximately 25% of patients with colorectal cancer have metastatic disease at the time of 
initial presentation and it is thought that their outcome is often worse than for those patients 
who develop metachronous metastatic disease following apparently curative resection of 
their primary tumour.  
 
The first question in managing this group of patients is whether the primary tumour needs 
immediate treatment because of established or impending obstructive symptoms, even in 
the presence of unresectable metastatic disease (see section 3.2). 
 
The second question is whether or not both the primary tumour and the metastases are 
surgically resectable with curative intent. If the disease sites are considered resectable then 
the next questions are whether there should be preoperative or post-operative adjuvant 
treatments (or a combination of both) and whether the surgery should be a staged or 
combined procedure? Current practice varies widely including synchronous resections, 
staged resections with or without initial systemic treatment. 
 
Where metastases are unresectable, currently patients fall into 2 groups: 

 the extent of metastatic disease is such that although inoperable at presentation, 
patients might become resectable with curative intent if they have a good response to 
chemotherapy 

 the extent of metastatic disease is such that patients are highly unlikely to be suitable 
for potentially curative surgery, even with a good response to chemotherapy 

 
Advances in systemic therapy over the last 10 years have increased the potential for long-
term survival and possible cure. However there remains uncertainty as to the best sequence 
of treatments to achieve optimal outcome.  
 

Clinical question: In patients with colorectal cancer presenting with overt 
synchronous metastatic disease, what is the effectiveness of treating metastatic 
disease before, after or at the same time as treating the primary tumour? 

 
Clinical evidence 
There was very little evidence with which to address this topic and what was available 
consisted primarily of retrospective studies. There were 2 systematic reviews of 
retrospective studies (Hillingso and Jorgensen, 2009; Scheer et al., 2008), one randomised 
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trial (Nordlinger et al., 2008) and 3 retrospective case series studies, two case matched 
(Moug et al., 2010; Benoist et al., 2005) and one non-matched case series (Mentha et al., 
2008).  
 
Synchronous resection versus staged resection 
A well conducted systematic review which included 16 studies (Hillingso and Jorgensen, 
2009) and a more recent case series study (Moug et al., 2010) compared outcomes in 
patients undergoing synchronous resection and patients undergoing staged resection of 
primary tumour and liver metastases. The available evidence was considered to be very low 
quality for all outcomes on GRADE assessment (Table 4.1). 
 
A pooled estimate was possible from 8/11 studies reporting on length of hospital stay. The 
mean difference reported was -3.10 days [95% CI: -6.76-0.56] for patients undergoing 
synchronous resection indicating no significant difference between the two procedures in 
relation to the length of hospital stay. There was however significant statistical heterogeneity 
when pooling the studies (I2=92%; Χ2=82.85, p<0.00001) indicating that it may not be 
appropriate to conduct pooled analysis. 
 
The results of the pooled analysis show synchronous resection to be significantly better than 
staged resection in relation to postoperative morbidity (OR=0.68, [95% CI: 0.49-0.81]). On 
calculating the risk difference, there was no significant difference in the risk of mortality 
between the two groups (RD, 0.01, [95% CI: -0.01-0.04]). There was no significant difference 
in 5 year survival for patients undergoing synchronous resection versus patients undergoing 
staged resection.  
 
Table 4.1 GRADE profile: Quality assessment of studies reporting length of hospital stay 
(days); postoperative morbidity; postoperative mortality and 5 year survival 

Quality assessment 

No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
Quality 

Length of Hospital Stay 

8
1
 observational 

studies 
serious

2
 serious

3 
no serious 
indirectness 

no serious 
imprecision 

none 

VERY LOW 
4

1 
observational 
studies 

serious
2
 serious

4
 no serious 

indirectness 
no serious 
imprecision 

none 

Morbidity 

13
5
 observational 

studies 
serious

2
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 
VERY LOW 

Mortality 

14
6
 observational 

studies 
serious

2
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 
VERY LOW 

5-year survival 

12
7
 observational 

studies 
serious

2
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 
VERY LOW 

Footnotes: 
1
 A total of 11 studies included in the systematic review reported on length of hospital stay. 8/11 reported mean length of 

hospital stay with standard deviations, while 3 studies reported median length of hospital stay (Hillingo and Jorgensen, 2009). A 
single retrospective case matched study which was not included in the systematic review as it was published later, also 
reported median length of hospital stay (Moug et al, 2010). 
2
All studies included in the systematic review (Hillingso and Jorgensen, 2009) were retrospective controlled studies with 2 

studies based on prospective databases and the remainder on retrospective analysis of patient data. The methodological 
quality of the studies included in the systematic review was evaluated using the Newcastle-Ottawa scale and only studies with 
a score of 8 or more were included in the review; despite this as observational studies rather than randomised trials it is 
considered that there are serious limitations in study design.  
3
There was significant statistical heterogeneity on pooled analysis, which may have been explained by the differences in 

populations undergoing each treatment. For example, the review reports that the majority of included studies reported 
differences between the two patient groups in relation to surgery, primary cancer and metastatic disease. 
In patients undergoing resection of primary colonic tumour, all included studies reported that right-sided cancer or minor 
curative liver resections (wedge or segmentectomies) due to fewer, smaller and uni-lobar metastases, more often resulted in a 
combined procedure while in patients undergoing staged resections, metastases were more often larger and more numerous. 
The review also reports that from the included studies, there appeared to be a tendency towards extending the criteria for 
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synchronous resections over time and newer studies reported a greater number of major hepatectomies in more recent years 
(i.e. more than three segments).  
4
There is inconsistency between the 4 studies reporting median length of hospital stay with 3/4 studies reporting that the 

median length of hospital stay was lower in the synchronous resection group while 1 study (Hillingso and Jorgensen, 2009) 
reported a shorter median length of hospital stay in the staged resection group, though in this study, median length of hospital 
stay was similar for both groups; 15 days in the staged resection group and 18 days in the synchronous resection group.  
5
A total of 12 studies in the systematic review reported on postoperative morbidity and an additional study (Moug et al, 2010) 

published after the systematic review also reported post-operative morbidity and was included in the evidence assessment and 
forest plot. 
6
A total of 13 studies in the systematic review reported on mortality and an additional study (Moug et al, 2010) published after 

the systematic review also reported mortality and was included in the evidence assessment and forest plot. 
7
A total of 11 studies in the systematic review reported on 5 year survival and an additional study (Moug et al, 2010) published 

after the systematic review also reported 5 year survival and was included in the evidence assessment and forest plot. 
 
 

Preoperative chemotherapy followed by surgery versus surgery alone 
For chemotherapy followed by surgery versus immediate surgery, a single systematic review 
included only 7 studies (Scheer et al., 2008) deemed to be relevant and not all included 
studies were case matched meaning there was no comparison within the individual study.  
This, together with a non-matched case series study (Mentha et al., 2008) and a randomised 
trial investigating only progression free survival (Nordlinger et al., 2008) comprised the 
evidence base examining chemotherapy versus immediate surgery for patients with 
colorectal cancer and liver metastases. 
 
Outcome data were available for length of hospital stay, tumour related  complications in 
patients treated initially with chemotherapy, overall survival and progression free survival. 
The available evidence was considered to be very low to low quality for all outcomes on 
GRADE assessment (Table 4.2). 
 
One retrospective case series (Benoist et al., 2005) aimed at determining the best treatment 
strategy for patients with asymptomatic primary tumour and irresectable metastases, 
reported mean hospital stay in the chemotherapy group was 11 days (SD=10 days, range=2-
52 days) versus 22 days (SD=15 days, range=5-75 days) in the resection group (p=0.003). 
 
The rate of intestinal obstruction reported in the included studies ranged from 5.6-29%; the 
pooled proportion of patients developing bowel obstruction was 13.9% [95% CI: 9.6-18.8%] 
(Scheer et al., 2008).  
 
Haemorrhage due to primary tumour was reported in 4/7 studies included in the systematic 
review and ranged from 0-3.7%; the pooled proportion of patients experiencing bleeding due 
to primary tumour was 3% [95% CI: 0.95-6%] (Scheer et al., 2008). 
 
Postoperative mortality ranged from 0% to 4.6%; meta-analysis of the four studies showed a 
mortality of 2.7% [95% CI: 1.1-5%] (Scheer et al., 2008). 
 
Scheer et al. (2008) reported that for patients that underwent resection of the primary tumour 
median survival ranged from 14-23 months versus 8.2-22 months for patients treated with 
chemotherapy as first treatment.  
 
Hazard ratio for progression free survival was 0.79 ([95.66% CI: 0.62-1.02], p=0.058) which 
corresponds to a 7.3% increase in the rate of progression free survival at 3 years from 
28.1% (range 21.3-35.3) to 35.4% (range 28.1-42.7) with chemotherapy and an increase in 
median progression free survival from 11.7 months to 18.7 months (Nordlinger et al., 2008).  



 

The diagnosis and management of colorectal cancer: full guideline (November 2011) 
Page 92 of 186 

 
Table 4.2 GRADE profile: Quality assessment of studies reporting length of hospital stay 
(days); tumour related complications; overall survival; progression-free survival 

Quality assessment 

No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
Quality 

Length of hospital stay 

1 observational 
studies 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 
VERY LOW 

Tumour related complications 

6 observational 
studies 

serious
2
 no serious 

inconsistency 
serious

3
 no serious 

imprecision 
none 

VERY LOW 

Haemorrhage 

4 observational 
studies 

serious
2
 no serious 

inconsistency 
serious

3
 no serious 

imprecision 
none 

VERY LOW 

Overall survival 

6 observational 
studies 

serious
2
 no serious 

inconsistency 
serious

3
 no serious 

imprecision 
none 

VERY LOW 

1 observational 
study 

very serious
4
 no serious 

inconsistency 
no serious 
indirectness  

no serious 
imprecision 

none 
VERY LOW 

Progression free survival 

1 randomised trials serious
5
 no serious 

inconsistency 
no serious 
indirectness 

serious
6
 none 

LOW 

Footnotes 
1
Benoist et al. 2005 is a single retrospective, case matched study with a total population of 59 patients and similarly to the 

previous studies it is considered that a retrospective study design results in serious limitations in study design. This study is 
included in a systematic review (Scheer et al, 2008) however length of hospital stay for patients undergoing surgery of primary 
tumour was not an outcome of interest for the systematic review hence the study is evaluated independently of the systematic 
review for the purpose of this outcome.  
2
 Studies included in the systematic review were retrospective studies and consisted of both comparative and non-comparative 

studies 
3
 with some studies describing only the results of initial chemotherapy included in the systematic review, no information on 

treatment sequence was provided by these studies. 
4
This was a small (n=35) retrospective case series study with very little information provided in the publication as it was an 

update of an initial series. 
5
The intervention under investigation meant that the study was subject to lead time bias, though steps were taken to address 

this. 
6
 The number of events did not accumulate at the expected rate resulting in an under-powered study. 

 

Recommendations 

 Prioritise treatment to control symptoms if at any point the patient has symptoms from 
the primary tumour. 

 If both primary and metastatic tumours are considered resectable, anatomical site-
specific MDTs should consider initial systemic treatment followed by surgery, after full 
discussion with the patient. The decision on whether the operations are done at the 
same time or separately should be made by the anatomical site-specific MDTs in 
consultation with the patient. 

 
Linking evidence to recommendations 
The GDG considered that although overall survival is important to patients, quality of life is 
held in equal importance. The outcome of operative mortality was also considered important 
because the recommendations are aiming to prevent untimely deaths and morbidity because 
of the impact of this endpoint on the patient’s ability to have other treatment. Length of 
hospital stay was not considered a useful outcome because it was determined by local 
procedures and not controlled for across the studies, therefore there was the potential for 
bias. 
 
The GDG noted that the evidence as assessed by GRADE methodology as very low. 
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Despite a lack of evidence for the specific situation of an obstructing tumour, there was GDG 
agreement that treatment should be given for symptom control. Due to the lack of evidence 
the GDG believes that at present treatment decisions of this type should be left to the MDTs 
in consultation with the patient. 
 
The data on initial systemic treatment, suggested that patients presenting in stage IV with 
non-obstructing primary tumours might benefit in terms of quality of life and overall survival 
from receiving this. Therefore the GDG decided to recommend that initial systemic treatment 
be considered. 
 
The GDG noted that outcomes of surgery, such as peri-operative morbidity/mortality, were 
similar whether the surgery was synchronous or staged. However the GDG agreed that at 
the individual patient level, if either procedure were high risk, it would be preferable to 
separate the operations even though the evidence had shown no difference in outcomes 
between these groups of patients 
 
The topic was not considered a priority for health economic evaluation because there was no 
appropriate comparator to enable cost-effectiveness analysis to be undertaken. 
 

4.2 Imaging hepatic metastases 
 
Colorectal cancer that has metastasised to the liver may be amenable to surgical resection 
with long-term survival improvement or curative intent. The expected 5 year survival after 
such liver surgery now approaches 60%, with 10 year survival close to 30%. Currently, 
>20% of patients with hepatic colorectal cancer metastases can be considered candidates 
for hepatectomy with curative intent. However, hepatic resection is a costly procedure with 
significant morbidity; careful patient selection is crucial to achieve the best clinical outcomes.  
 
Imaging plays three roles in patient selection:  

 to detect as many liver metastases as possible and their location, in order to 
maximise the chance of achieving complete clearance of disease at the time of 
surgery 

 to accurately characterise any benign liver lesions which may be present, so as to 
avoid unnecessary surgical procedures 

 to detect other sites of metastatic disease which may themselves be amenable to 
treatment, or may render liver resection inappropriate (see section 4.1) 

 
The key question is which imaging modality most accurately determines the number and 
extent of liver metastases preoperatively, to decide which patients are suitable for radical 
surgery with curative intent. 
 

Clinical question: In a patient with colorectal cancer metastasised to the liver which 
imaging modality(s) most accurately determine the number and extent of metastases 
preoperatively? 

 
Clinical evidence 
There were two meta-analyses available comparing PET to MRI and CT (Bipat et al., 2005) 
and PET to CT (Wiering et al., 2005). In both studies, per patient analysis showed that PET 
has higher sensitivity than MRI and CT but this was not the case on a per lesion basis with 
sensitivities for all modalities being comparable. Gadolinium contrast-enhanced MRI and 
SPIO-contrast enhanced MRI were better than non-enhanced MRI and CT and this was 
more manifest in the subgroup analysis that looked at specific sizes of lesions which showed 
that  MRI had a better sensitivity in detecting micrometastases of <1cm. 
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Since 2005 a number of studies have been carried out continuing to test the ever-developing 
technologies of MRI and CT against each other. In the last 5 years PET has been fused with 
CT and there are now studies looking at the performance of PET/CT and comparing it to 
MRI, PET and CT.  
 
It appears that in a per-patient analysis PET-CT has consistently higher sensitivity in all the 
studies compared to MRI and CT and pooled analysis supports this with a summary 
sensitivity and accuracy for PET/CT of 94% for both compared with MRI (80% and 91% 
respectively) and CT (87% for both). 
 
On per lesion analysis MRI appeared to be the modality showing higher sensitivities across 
individual studies compared to CT and pooled data shows comparable results with MRI 
having a combined sensitivity of 88% and accuracy of 87%, CT a sensitivity of 74% and 
accuracy of 78% and PET/CT a sensitivity of 79% and accuracy of 97%. 
 
A number of studies carried out subgroup analyses looking at how the modalities diagnose 
lesions of particular sizes. Bartolozzi et al. (2004), Bhattarajha et al. (2004) and Wiering et 
al. (2005) all found MRI has better sensitivity at picking up the smaller lesions <1cm 
compared to PET/CT and CT. The majority of lesions missed by PET/CT were 
micrometastases of <1cm. 
 
Chua et al. (2007) and Liu et al. (2007) reported change in management as an outcome 
however both studies include the diagnosis of extrahepatic metastases in their analysis. It 
was not possible to extract data for this relating to hepatic metastases only.  
 
A systematic review and meta-analysis of data comparing the diagnostic accuracy of 
different imaging modalities for the diagnosis of colorectal liver metastases was available 
(Floriani et al., 2010). Pairwise comparisons suggested that MRI performed significantly 
better than CT for the detection of metastatic lesions (sensitivity OR: 0.66 [95%CI: 0.55-0.80] 
p<0.0001) but the data were highly heterogeneous. The superiority of MRI differed between 
the various CT techniques in per lesion analysis which probably accounts for the observed 
heterogeneity. MRI was also better than CT in a per patient analysis (sensitivity OR: 0.69 
[95%CI: 0.47-0.99] p=0.05) which is a more reliable indicator. FDG-PET and ultrasound 
performed similarly to CT, although significant between studies heterogeneity may well have 
confounded these results. 
 
From a prospective case series of 34 patients (Mainenti et al., 2010) comparing MRI, 
PET/CT and CT, ROC analysis showed no significant difference between Gadolinium- and 
SPIO-enhanced MRI and showed that both forms of MRI performed significantly better than 
all other modalities (p<0.05). For lesions ≥10mm, the performance of PET/CT was 
significantly better than contrast enhanced CT (p<0.05). No significant difference was 
observed between the modalities when considering the groups of lesion <10mm. 
 

Recommendation 

 If the CT scan shows metastatic disease only in the liver and the patient has no 
contraindications to further treatment, a specialist hepatobiliary MDT should decide if 
further imaging to confirm surgery is suitable for the patient - or potentially suitable after 
further treatment - is needed. 

 
Linking evidence to recommendations 
The GDG considered sensitivity and specificity of the investigations to be the most important 
outcomes. They noted that the overall quality of the diagnostic studies was poor because 
there was poor reporting of study design parameters, varied study design and possible risk 
of bias. 
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The GDG acknowledged that the diagnosis of liver metastases is derived from a CT scan 
performed as part of the original staging or during follow-up after potentially curative surgery 
for the primary cancer. The question is : what imaging and what sequence should then be 
done to confirm the patient is suitable for surgery and to determine the surgical strategy? 
 
The GDG acknowledged that evidence showed CT and MRI are comparable at detecting 
liver metastases, with sensitivities over 75%. They also noted that from the evidence PET-
CT reported consistently higher sensitivity (90%) than the other modalities. However they 
were aware that PET-CT is more expensive and less widely available than the other 
modalities and that not all tumours are FDG avid. 
 
The available evidence is unclear whether MRI or PET-CT should be used after a CT scan 
to confirm the patient with liver metastases suitable for surgery. Therefore the GDG 
recommended that the opinion of a hepatobiliary MDT is sought. This would then allow a 
specialist to make the decision on what additional imaging to use, striking a balance 
between missing patients with resectable disease and excessive inappropriate laparotomies. 
 
Because of this uncertainty, the GDG decided to recommend further research in this area. 
The focus of this question was on the use of imaging modalities (CT, PET-CT, MRI or 
ultrasound) for the detection of liver metastases to inform a decision about resectability. An 
economic analysis of this topic would need to take into account not only accuracy of the 
imaging modality in detecting metastases, but also downstream consequences on treatment 
decisions and patient outcomes. An initial search of the clinical literature revealed that most 
of the relevant studies identified do not report information on resectability or change in 
patient management in relation to the information obtained by the imaging test. As the 
decision to resect is based on a number of different considerations, there is insufficient 
information to model the link between the imaging results and the treatment decision. 
Therefore the feasibility of conducting a comprehensive cost-effectiveness analysis based 
on currently available data is limited and the GDG agreed not to pursue development of an 
economic model for this topic. 
 

Research recommendation 

 A prospective trial should be conducted to investigate the most clinically effective and 
cost-effective sequence in which to perform MRI and PET-CT, after an initial CT scan, in 
patients with colorectal cancer that has metastasised to the liver, to determine whether 
the metastasis is resectable. The outcomes of interest are reduction in inappropriate 
laparotomies and improvement in overall survival. 

 

4.3 Imaging extra-hepatic metastases 
 
Historically, patients with extra-hepatic metastatic colorectal cancer were considered 
incurable, treatment was either with palliative intent or best supportive care, and life 
expectancy was short (typically a few months). Modern chemotherapy, combined with newer 
interventions in surgery and radiology offer improvements in survival that can be measured 
in years, and occasionally the possibility of cure. 
 
Extra-hepatic metastases can be suspected at first diagnosis of colorectal cancer, either in 
the elective or emergency setting (patients presenting with stage IV disease). Alternatively, 
following apparently curative surgery for primary colorectal cancer, extra-hepatic metastases 
can be diagnosed during either routine follow-up or between follow-up appointments during 
investigation of new symptoms. 
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The issues that determine appropriate treatment for patients with extra-hepatic metastases 
are: 

 patient specific (age, fitness, mode of presentation with colorectal cancer) 

 lesion specific: whether or not the detected abnormality represents metastatic cancer 
or is a benign co-incidental finding 

 disease specific (anatomic site(s) of disease, extent of tumour burden) 

 the ability to determine the extent and location of their tumour burden. 
 
The common sites of extra-hepatic metastases are distant lymph nodes, peritoneum and 
lungs. Rare sites of metastases include adrenal glands, central nervous system and bones. 
Previously, following apparently curative surgery for primary colorectal cancer, extra-hepatic 
metastases have been detected during follow-up using a combination of clinical examination, 
blood CEA estimations, endoscopic surveillance and liver ultrasound scans with occasional 
chest X-ray examinations. Over the past decade and a half there has been a move towards 
contrast-enhanced CT scanning of chest, abdomen and pelvis. Further information has also 
been obtained using MRI and PET-CT, both in lesion characterisation and also evaluation of 
extent and site of extra-hepatic tumour burden. 
 
Having detected extra-hepatic disease, it is important to determine the extent of disease to 
offer the appropriate treatment strategy. There is uncertainty about the role of 
metastasectomy for the treatment of resectable lung metastases and this is being 
investigated in the PulMiCC trial. However, little is known as to which is the most useful 
investigation or the correct sequence of investigations to accurately determine the extent of 
tumour burden in patients with extra-hepatic metastatic colorectal cancer. 
 

Clinical question: In a patient with colorectal cancer and extrahepatic metastases (e.g. 
lung, brain, peritoneum), which imaging modality most accurately determines the 
extent of metastases? 

 
Clinical evidence 
The evidence base for this question comprises one systematic review of observational 
studies (Wiering et al., 2005) and nine retrospective case series (Desai et al., 2003; Imdahl 
et al., 2000; Potter et al., 2009; Schmidt et al., 2009; Selzner et al., 2004; Squillaci et al., 
2008; Tanaka et al., 2002; Valk et al., 1999; Votrubova et al., 2006). None of the studies 
were designed to directly compare the effectiveness of the imaging techniques in detecting 
extrahepatic metastases.  
 
FDG-PET versus CT  
Wiering et al. (2005) found that FDG-PET had a higher sensitivity and specificity (91.5% and 
95.4%) than CT scan (60.9% and 91.1%) in detecting extrahepatic metastases. Using only 
the highest weighted studies from the meta-analysis, the pooled sensitivity and specificity for 
FDG-PET were 91.2% and 98.4% respectively and for CT the sensitivity and specificity were 
55.3% and 95.6%. Tanaka et al. (2002) reported that FDG-PET also had higher accuracy 
and sensitivity (78% and 88%) than CT (44% and 38%) in diagnosing peritoneal metastases, 
but the study numbers were very low (n=23). Valk et al. (1999) reported sensitivity and 
specificity for detecting extrahepatic metastases of 92% and 99% for FDG-PET compared 
with 61% and 96% for CT.  The authors also added that FDG-PET had a significantly higher 
specificity than CT in detecting lung metastases.  
 
Potter et al. (2009) found no significant difference in diagnostic accuracy between FDG-PET 
and CT/MRI but the study provided some information with regard to the role of the reader, 
since a significant difference in accuracy and sensitivity was found between the three 
individuals who interpreted the CT/MRI scans.  
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PET/CT versus MRI 
Schmidt et al. (2009) found that PET/CT had higher sensitivity than whole body MRI in the 
detection of distant metastasis (80% versus 78%) but there was no difference in specificity 
(95%) and accuracy was similar (PET/CT: 87%, whole body MRI: 86%). Squillaci et al. 
(2008) did not report sensitivity or specificity but suggested that both modalities were 
equivalent in detecting extrahepatic metastases. Both studies concluded that PET/CT 
detected more lung metastases than whole body MRI. 
 
PET/CT versus CT 
Selzner et al. 2004 found no difference in the ability of PET/CT or contrast enhanced CT to 
detect the presence of extrahepatic metastases but PET/CT was more sensitive than CT in 
the detection of lung metastases (100% versus 78%). PET/CT was also more sensitive than 
CT for portal and para-aortic lymph node metastasis (77% versus 46%) although these 
differences were not statistically significant.  
 
Others 
Votrubova et al. (2006) showed PET/CT was superior (sensitivity 95%, specificity 100%, 
accuracy 100%) to FDG uptake (sensitivity 74%, specificity 88%, diagnostic accuracy 88%) 
for the diagnosis of extra abdominal and/or hepatic recurrence of colorectal cancer and in 
the diagnosis of any form of colorectal cancer recurrence (p<0.05). 
 
Desai et al. (2003) presented no data on the effect of PET on surgical decision making in 
patients with metastatic or recurrent colorectal cancer but observed that the information 
provided by PET complemented that provided by the CT scan.  Imdahl et al. (2000) reported 
a higher sensitivity and specificity for PET (94% and 100%) compared with chest X-ray (64% 
and 98%) for the detection of pulmonary metastases.  
 
Two studies (Metser et al., 2010; Choi et al., 2010) were identified during updates as 
providing evidence for the topic though both studies were case series studies and neither 
were specifically designed to answer the question of which modality is best for identifying 
number and extent of extrahepatic metastases.  
 
Choi et al. (2010) evaluated the role of chest CT on preoperative staging of rectal cancer to 
assess the impact on treatment strategy though the study was of a low quality and it was 
difficult to draw any conclusions as to the effectiveness of chest CT on the preoperative 
staging of pulmonary metastases when compared with standard chest X-ray. 
 
Metser et al. (2010) compared the detection of tumour recurrence and metastases with 
FDG-PET/CT with contrast enhanced multi-detector CT in patients with colorectal cancer 
and elevated CEA levels and reported that on event based analysis (number of lesions) 
PET/CT was significantly more sensitive that multi-detector CT (p=0.002) but there was no 
difference in specificity (p=1.0) of the two modalities for detection or recurrence or 
metastases. Tumour based analysis showed that PET/CT was significantly better than multi-
detector CT for the detection of recurrence and metastases (p<0.0001) though again there 
was no difference in specificity (p=0.56). 
 

Recommendations 

 Offer contrast-enhanced CT of the chest, abdomen and pelvis to patients being 
assessed for metastatic colorectal cancer.  

 If intracranial disease is suspected, offer contrast-enhanced MRI scan of the brain. Do 
not offer imaging of the head, neck and limbs unless involvement of these sites is 
suspected clinically.  

 Discuss all imaging with the patient following review by the appropriate anatomical site-
specific MDT.  
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 If the CT scan shows the patient may have extra-hepatic metastases that could be 
amenable to further radical surgery, an anatomical site-specific MDT should decide 
whether a positron emission tomography-CT (PET-CT) scan of the whole body is 
appropriate. 

 If contrast-enhanced CT suggests disease in the pelvis, offer an MRI of the pelvis and 
discuss in the colorectal cancer MDT.  

 If the diagnosis of extra-hepatic recurrence remains uncertain, keep the patient under 
clinical review and offer repeat imaging at intervals agreed between the healthcare 
professional and patient. 

 
Linking evidence to recommendations 
The GDG considered sensitivity and specificity of the investigations to be the most important 
outcomes. They noted that there was limited, poor-quality evidence to address this topic. 
The GDG also observed that imaging technology is improving all the time and it can 
sometimes be unclear whether results from older imaging studies are generalisable to 
modern clinical practice. 
 
The GDG noted that CT of the thorax, abdomen and pelvis has high specificity and modest 
sensitivity for the detection of extra-hepatic metastases, as it covers the organs and viscera 
at greatest risk for recurrence or metastases from colorectal cancer. The GDG were also 
aware that CT is widely available throughout the NHS, inexpensive relative to the other 
modalities and applicable to almost all patients. Therefore the GDG recommended that CT 
be used initially to determine the extent of extrahepatic metastases. 
 
The GDG considered that isolated asymptomatic metastasis from colorectal cancer to the 
head, neck or limbs was unusual and therefore did not warrant routine imaging. However, 
when there is suspicion of intracranial disease, a contrast-enhanced MRI provides greatest 
sensitivity and specificity and is the investigation of choice. 
 
Because of the relative high cost and limited availability of PET-CT, the GDG considered this 
was an inappropriate first investigation for detecting extra-hepatic metastases. However, for 
patients with extra-hepatic metastases thought to be amenable to radical surgery, the GDG 
considered the increased sensitivity provided by PET-CT could be useful in the avoidance of 
non-beneficial surgery. Given the lack of studies directly addressing this issue, the GDG 
agreed it was more appropriate for the decision on whether or not to perform a PET-CT to be 
left to the site-specialist MDT. 
 
The limited evidence published to date is insufficient to fully define the benefits and 
limitations of PET-CT in this specialized area of practice. PET-CT is considerably more 
costly than the other imaging modalities, and in the UK, is available only at a small number 
of specialist centres. It has increased sensitivity for detecting extra-hepatic metastases 
beyond that of MRI and CT, but it is unclear whether this benefit has a sufficient impact on 
patient management to justify the cost. Therefore the GDG decided to recommend further 
research in this area. 
 
The GDG acknowledged that the pelvis is a common site for recurrence of colorectal cancer. 
When pelvic recurrence is suspected on CT scan, they agreed that MRI has increased 
specificity to discriminate between recurrent tumour and complications of treatment. 
Furthermore it better demonstrates the anatomic relationships of recurrent tumour to pelvic 
viscera, major blood vessels and bony structures, and thus facilitates the selection for radical 
surgery with curative intent.  
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The GDG acknowledged that the use of MRI in addition to CT scanning for pelvic disease 
was likely to incur substantially higher costs. However the GDG agreed that this balanced 
against improved patient selection for radical surgery. 
 
The additional use of PET-CT incurs a further substantial increase in cost, but the trade-off is 
further improved patient selection when radical surgery is being considered, in particular the 
avoidance of non-beneficial surgery and the costs and complications associated with this.  
 

Research recommendation 

 A prospective, multi-centre observational study of the quality, sensitivity, specificity and 
cost-effectiveness of using PET-CT in the management of patients with colorectal 
cancer should be conducted. 

 

4.4 Chemotherapy for advanced and metastatic colorectal cancer 
 
The management of locally advanced and metastatic adenocarcinoma of the colon and 
rectum has advanced markedly over the past 10 years. The introduction of a number of new 
chemotherapeutic and biological agents has led to significant increases in progression free 
and overall survival. The clinical efficacy of these agents has been the subject of a number 
of previous NICE technology appraisals (TA). It is recognised that management of advanced 
colorectal cancer encompasses a spectrum of no treatment, monotherapy (see section 
4.4.3) and combination therapy. This section is specifically focused on combination 
chemotherapy. 
 
Both oxaliplatin and irinotecan have developed important roles in the management of 
colorectal cancer – both in combination with fluoropyrimidines and also, for irinotecan, as a 
single agent.  
 
Over 50,000 patients have now been treated in trials looking at optimal combinations of 
oxaliplatin and a fluoropyrimidines (5-flourouracil or capecitabine). These data confirm the 
value of this combination in terms of trial endpoints when compared against single agent 
fluoropyrimidines. When combinations of oxaliplatin and a fluoropyrimidine are compared 
against irinotecan combinations then generally the results are equal, albeit with differing 
toxicities. 
 
Irinotecan appears to have activity both in combination with a fluoropyrimidine and as a 
single agent. The combination regimens seem to have less toxicity, and a trend to better 
outcomes than when used as a single agent. 
 
Currently, for patients with advanced metastatic disease, both oxaliplatin and irinotecan can 
be used to extend disease-free and overall survival. There are a number of less frequent 
circumstances (for example liver-limited metastatic disease) (see sections 4.1-4.3) where 
alternative strategies are used but these are with the intention of long-term disease control, 
rather than palliation. Defining the optimal strategy for sequencing of these agents remains a 
difficult trial endpoint. 
 
Recommendations on the use of oxaliplatin, irinotecan and raltitrexed were made in NICE 
TA9311. However, since the publication of TA93 in 2005 there has been an expansion in the 
amount of published trial data and therefore TA93 is being updated within this guideline. The 
GDG accepted the recommendations of TA93 for the use of irinotecan and oxaliplatin but 
also wished to address the following issues:  

 The value of combining irinotecan with an oral fluoropyrimidine.   

                                                           
11

 http://guidance.nice.org.uk/TA93 
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 The optimal sequencing of oxaliplatin and irinotecan combinations.  

 The value of raltitrexed in patients who cannot tolerate 5FU/FA based regimens of for 
whom these are inappropriate.  

Due to a lack of trial data on direct comparisons between all relevant drug sequences a 
Mixed Treatment Comparison (MTC) was chosen to address the optimal sequencing 
question. This technique allows data from indirect comparisons to be used as evidence (see 
Figure 4.1). 
 
This update of TA93 does not cover the value of biological agents since recommendations 
have already been made on their use in TA17612 and TA21213. 
 
4.4.1 Oxaliplatin and irinotecan in combination with fluoropyrimidines 
 

Clinical question: What is the effectiveness of oxaliplatin and irinotecan-based 
chemotherapy regimens for patients with advanced and metastatic colorectal cancer? 

 
This clinical question includes both an update to identify new evidence that has become 
available after TA9314 was issued (August 2005) and an expansion to the guideline scope to 
address the following issues that were deemed by the GDG to be relevant to recent 
developments in clinical practice: 
 

 the use of irinotecan or oxaliplatin in combination with the oral fluoropyrimidine 
capecitabine 

 sequencing of combination chemotherapy (first and second line) 
 
Although there are data on the choice of chemotherapy regimens to treat patients with 
advanced and metastatic colorectal cancer, none of the studies identified by the systematic 
review provided a comprehensive analysis with which to directly answer the review question.  
 
In the absence of direct, comparative evidence an indirect modelling exercise known as a 
Mixed Treatment Comparison was conducted to address these issues and make use of all 
available data. The outcome of this exercise was to inform decision-making regarding 
optimal combinations and sequences of chemotherapy for the management of advanced 
colorectal cancer. Full details of this analysis can be found in Appendix 2. Mixed Treatment 
Comparisons that draw on both direct and indirect evidence have become an important 
method to address decision problems that, often for feasibility reasons, cannot be practically 
answered by conducting further randomised controlled trials. 
 
Clinical evidence (see also Appendix 2) 
After a review of the available evidence for this topic and consultation with the GDG, the 
following chemotherapy regimens were considered relevant to include within this clinical 
question: 

1. FOLFOX (oxaliplatin in combination with 5-flourouracil and folinic acid) 
2. FOLFIRI (irinotecan in combination with 5-flourouracil and folinic acid) 
3. XELOX (oxaliplatin in combination with capecitabine) 
4. XELIRI (irinotecan in combination with capecitabine) 
5. irinotecan as a single agent 

 

                                                           
12

http://guidance.nice.org.uk/TA176 
13

 http://guidance.nice.org.uk/TA212 
14

 http://guidance.nice.org.uk/TA93 
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The GDG identified ten sequences based on these chemotherapy regimens that were 
considered relevant to current clinical practice (Table 4.3). Sequences were limited to two 
lines of treatment. 

 

Table 4.3: Summary of ten chemotherapy treatment sequences of interest 

Strategy First line Second line 

1 FOLFOX FOLFIRI 

2 FOLFOX XELIRI 

3 FOLFOX irinotecan 

4 XELOX FOLFIRI 

5 XELOX XELIRI 

6 XELOX irinotecan 

7 FOLFIRI FOLFOX 

8 FOLFIRI XELOX 

9 XELIRI FOLFOX 

10 XELIRI XELOX 

 
The search for evidence included randomised controlled trials (RCTs) that reported on 
response, progression-free survival and overall survival for one or more of the chemotherapy 
regimens of interest as first-line treatment, second-line treatment or as part of a 
prospectively sequenced trial. Head-to-head RCTs were not available to inform all 
comparisons of interest. In addition, overall survival is likely to be influenced by the 
sequence of chemotherapy treatments; data on overall survival that was reported from 
studies conducted only in first line (with limited information about subsequent treatment) or 
only in second line (with limited information about prior treatment) was regarded with 
caution, thus further limiting the number of head-to-head comparisons available to inform 
this endpoint.  
 
In order to facilitate a comparative analysis of all ten chemotherapy sequences, it was 
necessary to consider evidence that enabled indirect comparison of the treatments of 
interest. For example, if an RCT existed comparing two treatments A vs B, and another RCT 
existed comparing B vs C, however no RCT was identified comparing A vs C, then the 
evidence from the RCTs comparing A vs B and B vs C can be used to produce an indirect 
estimate of the relative effectiveness of A vs C. For the analysis of first-line treatment effects, 
both head-to-head trials (direct comparisons) as well as indirect comparisons were 
simultaneously considered as part of the evidence base to inform the estimate of effect size 
between 2 or more treatments of interest, therefore the analysis for first line is referred to as 
a Mixed Treatment Comparison (MTC).  
 
A total of twenty-three studies formed the evidence network for the analysis of response rate 
and progress-free survival for first-line treatment (Colucci et al., 2005; Comella et al., 2005; 
Comella et al., 2009; Cunningham et al., 2009; Diaz-Rubio et al., 2007; Douillard et al., 
2000; Ducreux et al., 2010; Falcone et al., 2007; Gennatas et al., 2006; Giachetti et al., 
2000; Goldberg et al., 2004; Goldberg et al., 2006; de Gramont et al., 2000; Hochster et al., 
2008; Kohne et al., 2005; Kohne et al., 2008; Koopman et al., 2007; Martoni et al., 2006; 
Porschen et al., 2007, Saltz et al., 2000; Seymour et al., 2007; Souglakos et al., 2006; 
Tournigand et al., 2004). The evidence network is shown in Figure 4.1.  

 
Figure 4.1: MTC network of evidence used to inform response rate and progression-free 
survival for first-line treatments. Treatments in bold text are of primary interest to the analysis. 
A line between two treatments indicates a head-to-head comparison (RCT) exists; the numbers 
represent the number of trials comparing two treatments. 
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For the analysis of effectiveness of second-line treatment, the search for RCTs identified 
four studies in which two treatments of interest had been compared specifically as second-
line chemotherapy (Haller et al., 2008; Kim et al., 2009; Rothenberg et al., 2008; Rougier et 
al., 1998). However upon examination of the inclusion criteria for these studies, it was noted 
that all patients in these trials had received either single agent irinotecan or singe agent 5-
fluorouracil as first-line treatment for advanced colorectal cancer. Therefore, these studies 
did not reflect the specific treatment sequences of interest to the current review and were 
excluded from the analysis. 
 
The only other source of data on second-line response rates, PFS and overall survival for 
the treatment sequences of interest was from prospectively sequenced studies. Three 
prospectively sequenced trials were available (Tournigand et al., 2004; Koopman et al., 
2007; Seymour et al., 2007) and reported data on response rate and PFS after first and 
second line.  However, Seymour et al. 2007 did not compare any sequences of interest or 
any sequences common to the other two trials, and was therefore excluded from the 
evidence space. The remaining trials provide evidence on only three of the ten sequences of 
interest and do not form a connected evidence network. In order to facilitate the analysis, 
two important assumptions were explored: 

1. the oral and iv fluoropyrimidine formulations (capecitabine and 5-FU) are equally 
effective when used as part of a combination treatment 

2. the first-line study by Cunningham et al. 2009 could be considered a quasi-sequenced 
study  because the protocol pre-specified that patients who progressed on first-line 
treatment should be offered irinotecan as second-line treatment 
 

The validity of these two assumptions was explored using statistical methods and through 
discussion with GDG members. Using these key assumptions for the analysis, a network of 
evidence was constructed for the relevant sequences of treatment as shown in Figure 4.2. 
Each comparison was informed by using either direct evidence from a head-to-head trial or 
indirect evidence via a common comparator, but not by both types of evidence 
simultaneously. Therefore the second-line analysis is more accurately referred to as an 
indirect (rather than mixed) treatment comparison. 
  
Figure 4.2: Network of sequenced studies to inform second-line response rate, progression-
free survival and overall survival (assuming equivalent effect of capecitabine and 5-FU). 
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Quality of the evidence 
All studies that were identified for inclusion in the mixed or indirect treatment comparison 
were RCTs and were assessed using the NICE methodology checklist for randomised trials 
All studies included were considered to be methodologically sound. The quality assessment 
for this topic cannot be produced in GRADE as the software cannot yet accommodate the 
issues surrounding indirect treatment comparisons. GRADE has been designed to assess 
the quality of the total body of evidence for a given outcome rather that the methodological 
quality of individual studies included in the analysis. While this is certainly a more informative 
and useful way in which to assess the quality of evidence, an indirect treatment comparison 
presents a particular problem in that the information used to inform the model includes, 
where possible, direct evidence, but in many cases will also include data from studies which 
do not directly assess the interventions of interest against each other and is so considered 
indirect evidence. Using a MTC method however, will allow for inbuilt considerations in the 
model in order to account for the indirectness of the data.   
 
First-line treatment response rate and progression-free survival 
The results of the MTC analysis for first-line treatments are shown in Table 4.3. 
 

Table 4.3: Summary of response rates and PFS for first-line treatments 

Treatment 
Response rate  

(OR with 95% CrI) 
PFS 

 (HR with 95% CrI) 

FOLFOX (reference) 1 1 
XELOX 0.79 (0.63, 0.98) 1.07 (0.92, 1.25) 
FOLFIRI 0.74 (0.61, 0.91) 1.09 (0.94, 1.26) 
XELIRI 0.80 (0.23, 2.89) 1.43 (0.82, 2.48) 

Note; For response rate, OR < 1 favours the reference treatment. For PFS, HR > 1 favours the reference treatment. 



 

The diagnosis and management of colorectal cancer: full guideline (November 2011) 
Page 104 of 186 

 
Second-line treatment response rates, progression-free survival and overall survival 
The results of the indirect treatment comparison for sequences are shown in Table 4.4.  
 
Table 4.4: Summary of response rates and PFS for second-line treatments (given as part of a 
sequence) and overall survival for sequences of treatment 

Treatment sequences Response rate for second-
line treatment 

(OR with 95% CrI) 

PFS for second-line 
treatment 

(HR with 95% CrI) 

Overall survival for 
sequence of treatment 

(HR with 95% CrI) 

FOLFOX/XELOX 
then 

FOLFIRI/XELIRI 
(reference) 

1 1 1 

FOLFOX/XELOX 
then 

irinotecan 
4.80 (0.75, 18.28) 1.45 (0.94, 2.23) 0.96 (0.68, 1.37) 

FOLFIRI/XELIRI 
then 

FOLFOX/XELOX 
5.72 (1.21, 19.67) 1.68 (1.26, 2.23) 0.96 (0.74, 1.24) 

Note: For response rate, OR < 1 favours the reference treatment. For PFS and overall survival, HR > 1 favours the reference 
treatment. 

 
In first-line treatment, the results of the mixed treatment comparison suggest that FOLFOX 
was associated with a higher probability of being the most effective regimen with respect to 
both response rate and PFS. The small benefit in favour of FOLFOX was also evident when 
comparing second-line response rates, however was not the case with respect to second-
line PFS.  
 
For the endpoint overall survival, the indirect treatment comparison suggests no differences 
between the treatment sequences of interest.  

 
Toxicity 
 
Toxicity data was reported in a number of studies, though the consistency of reporting was 
variable. Commonly reported toxicities included nausea and vomiting, diarrhoea, 
neutropenia, febrile neutropenia, anaemia, palmar-plantar erythrodysesthesia (PPE), 
peripheral neuropathy and toxic death. MTC methods were not applied to toxicity data as 
there was insufficient data to inform the analysis. 
 
For first-line regimens, the grade 3/4 toxicities that were most commonly reported across all 
treatments included diarrhoea (from 15.6% for FOLFOX to 30.3% for XELIRI), neutropenia 
(from 7.6% for XELOX to 28.7% for FOLFOX) and peripheral neuropathy (from 16.3% for 
FOLFOX to 18.3% for XELOX).  
 
In second-line treatment, grade 3/4 neutropenia was one of the most commonly reported 
toxicities (from 22% for irinotecan to 33% for FOLFOX). It was also noted that single agent 
irinotecan was associated with a higher rate of grade 3/4 diarrhoea (22%) than the other 
treatments. Data should be interpreted with caution as only a small number of studies were 
available to inform regimen-specific toxicity rates in most cases.  
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Quality of Life 
 

Quality of life was included as an outcome in a total of seven studies; four were first-line 
studies (Comella et al., 2009; Falcone et al., 2007; Douillard et al., 2000; DeGramont et al., 
2000); two were second-line studies (Cunningham et al, 1999; Rougier et al, 1998) and one 
was a sequenced study (Koopman et al., 2007).  
 
Only one trial compared two treatments of interest (FOLFOX and XELOX) and only in first 
line (Comella at al., 2009). To compare quality of life between arms, baseline questionnaires 
were filled in by a total of 312 patients (97% of total patient population) and again at 8 
weeks, 16 weeks and 24 weeks following treatment (EORTC-QLQ-C30 version 3). The 
baseline single item and global health status/quality of life scores did not differ significantly 
between the two arms. No significant differences in the change of single scores were 
observed between the two arms apart from constipation (p=0.001) and financial item score 
(p=0.004). At the predetermined time point for the comparison, a preservation of the quality 
of life was observed in 47% of patients in either arm. A higher proportion of patients in the 
XELOX arm showed a deterioration of the global health status/quality of life score after 16 
weeks and 24 weeks though the differences were not statistically significant.  
 
Economic evaluation (see also Appendix 2) 
A decision tree was constructed to reflect key events in the treatment pathway for advanced 
colorectal cancer patients in order to compare costs and health effects for the ten sequences 
of chemotherapy. In first line, patients receive one of four possible irinotecan or oxaliplatin-
based combination chemotherapy regimens. Following first-line treatment, the model allows 
for a proportion of patients to discontinue treatment. The remaining proportion of patients go 
on to receive one of five possible second-line treatments (Figure 4.3). 
 
Figure 4.3: Basic structure of the cost-effectiveness model. The same structure was applied to 
all ten treatment sequences in the analysis. 

 

 

 
The main effectiveness outcome in the model is quality-adjusted life years (QALYs). The 
model assumes a lifetime time horizon. Survival time is partitioned in the model using the 
progression-free survival and overall survival results of the MTC analysis. While receiving 
chemotherapy and prior to the onset of progressive disease, patients are assumed to be in a 
stable disease state. Following the point of progression in the model, patients are assumed 
to be in a progressive disease state with a lower overall quality of life. The model does not 
explore survival conditional on best response to treatment. This is because there was 
insufficient detail reported in the clinical literature to facilitate survival analysis dependent on 
tumour response.  
 
The impact of chemotherapy-related toxicities was taken into account in the model both in 
terms of disutility to the patient as well as cost associated with management. Toxicities in the 
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cost-effectiveness model were limited to those with most clinical relevance as well as data to 
support estimates of both the impact on patient well-being and cost. This included febrile 
neutropenia and grade 3 and 4 diarrhoea and vomiting. 
 
The sources of data inputs for key parameters in the model are summarised briefly in Table 
4.5. The model was made probabilistic to take into account the impact of parameter 
uncertainty on results.  
 
Table 4.5: Key parameters and sources of data inputs for the cost-effectiveness model 

Parameter Source Parameter uncertainty 

PFS and overall survival 
Mixed and indirect treatment 
comparison 

Simulations from MTC 

Proportion of patients discontinuing 
after first-line treatment 

Review of clinical trials  Fixed  

Health state utilities  
Published literature (Best et al. 
2010) 

Beta distribution 

Health state disutilities for toxicity 
Published literature (using proxy 
estimates from metastatic breast 
cancer Lloyd et al. 2006) 

Beta distribution 

Toxicity rates Review of clinical trials  Beta distribution 

Toxicity management costs 
National PbR tariff, NHS Reference 
Costs 

Fixed 

Drug cycles Review of clinical trials  
Gamma / uniform 
distribution 

Drug unit costs 
British National Formulary/NHS 
Commercial Medicines Unit 

Fixed 

Other healthcare resource use 
Published literature (Guest et al. 
2006) 

Fixed 

Other healthcare unit costs 
National PbR tariff, NHS Reference 
Costs, PSSRU 

Fixed 

 
The results of the mixed and indirect treatment comparisons were used as inputs to conduct 
a cost-effectiveness analysis. This allowed the sequences to be ranked in order of cost-
effectiveness. The total costs and total QALYs in the base case analysis for each of the ten 
sequences of chemotherapy are summarised in Table 4.6. Costs ranged from £16,285 for 
FOLFOX - irinotecan up to £18,568 for FOLFOX – XELIRI. Total QALYs ranged from 0.819 
for XELIRI – XELOX up to 0.941 for FOLFOX – FOLFIRI.  
 
Taking FOLFOX – irinotecan as the reference (least expensive) strategy, all other strategies 
were shown to be less effective and also more costly (i.e. dominated) except the sequence 
FOLFOX – FOLFIRI. Compared to the reference strategy, the sequence FOLFOX – 
FOLFIRI produces 0.019 more QALYs and incurs £2,051 in additional costs. This yields an 
incremental cost-effectiveness ratio (ICER) of £109,604/QALY. 
 
Table 4.6: Total costs and effectiveness by treatment strategy 

Strategy Cost 
Incremental 

cost 
Effectiveness 

(QALYs) 

Incremental 
effectiveness 

(QALYs) 
ICER 

FOLFOX-irinotecan £   16,285 - 0.922 - - 

XELOX-FOLFIRI £   16,662 £       377 0.919 -0.004 Dominated 

XELIRI-XELOX £  16,798 £       513 0.819 -0.104 Dominated 
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XELOX-XELIRI £   16,894 £       609 0.895 -0.027 Dominated 

XELOX-irinotecan £   17,328 £     1,043 0.900 -0.022 Dominated 

XELIRI-FOLFOX £   17,334 £    1,048 0.826 -0.096 Dominated 

FOLFIRI-XELOX £   17,400 £   1,115 0.903 -0.020 Dominated 

FOLFIRI-FOLFOX £   17,935 £   1,650 0.910 -0.012 Dominated 

FOLFOX-FOLFIRI £   18,336 £   2,051 0.941 0.019 £109,604/QALY 

FOLFOX-XELIRI £   18,568 £   2,283 0.917 -0.005 Dominated 

 
Results presented above reflect the expected costs and effectiveness estimates for the 
treatment sequences of interest, however given uncertainty associated with many 
parameters in the model, we are also interested in the distribution over incremental costs, 
incremental effectiveness and the joint cost-effectiveness distribution. This is particularly 
relevant in the present analysis given that the differences in total QALYs between several 
strategies are very small. Taking into account parameter uncertainty, probabilistic sensitivity 
analysis showed there is a non-negligible probability that some sequences other than 
FOLFOX – FOLFIRI may also be equivalent or even more effective than the reference 
strategy. Cost-effectiveness acceptability curves (CEAC) can be used to show the probability 
of the various treatment options being cost effective over a range of willingness to pay 
(WTP) thresholds. The CEACs (see Appendix 2) show that FOLFOX – irinotecan is 
consistently the strategy with the highest probability of being cost-effective, however as the 
WTP threshold increases, so does the probability that the sequences FOLFOX-FOLFIRI and 
XELOX-FOLFIRI are cost-effective.  
 
Sensitivity analysis – drug discounts 
Currently available data on the impact of price discounts for generic pharmaceutical products 
across the NHS were applied to the economic analysis (see Table A2.24 in Appendix 2) and 
these results are presented in Table 4.7. 
 
Table 4.7: Cost-effectiveness results for non-dominated strategies taking into account price 
discounts for generic pharmaceutical products 

Strategy Cost 
Incremental 

cost 
Effectiveness 

(QALYs) 

Incremental 
effectiveness 

(QALYs) 
ICER 

FOLFOX-
irinotecan 

£ 11,136 - 0.925 - - 

FOLFOX-
FOLFIRI 

£ 12,029 £  893 0.944 0.019 QALY £47,801/QALY 

 
Subsequent probabilistic sensitivity analysis using these discounted drug prices showed 
there is greater uncertainty about which strategy has the highest probability of being cost 
effective. This is shown by the intersecting cost-effectiveness acceptability curves for 
FOLFOX-irinotecan, FOLFOX-FOLFIRI and XELOX-FOLFIRI over the range of WTP 
thresholds between approximately £20,000 and £50,000/QALY (Figure 4.4). 
 
Figure 4.4 Cost-effectiveness acceptability curves using discounted drug prices 
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In this sensitivity analysis, when discounted prices for non-proprietary drugs were taken into 
account, the ICER for FOLFOX – FOLIRI vs FOLFOX-irinotecan fell to £47,800/QALY. 
Therefore taking parameter uncertainty and drug discounts into account, the treatment 
strategies FOLFOX-irinotecan, FOLFOX-FOLFIRI and XELOX-FOLFIRI were associated 
with the highest probability of being cost effective. 
 
Conclusion 
The results of the mixed and indirect treatment comparisons were used as inputs to conduct 
a cost-effectiveness analysis. The cost-effectiveness analysis showed that when survival 
was quality-adjusted (taking into account both disease status and toxicities), the difference in 
total QALYs between the various sequential treatment strategies was in most cases modest. 
Taking FOLFOX-irinotecan as the reference (least costly) strategy, all other treatment 
sequences were found to be less effective (in terms of QALYs) and more costly except the 
sequence FOLFOX-FOLFIRI. The ICER comparing FOLFOX-FOLFIRI to FOLFOX-
irinotecan was of £110K/QALY. When drug discounts were taken into account, the ICER for 
FOLFOX – FOLIRI vs FOLFOX-irinotecan fell to approximately £48K/QALY. Because of the 
small differences in total QALYs between strategies, it was important to consider how 
uncertainty may impact the results of the cost-effectiveness analysis. Taking parameter 
uncertainty and drug discounts into account, three strategies (FOLFOX-irinotecan, FOLFOX-
FOLFIRI and XELOX-FOLFIRI) were associated with the highest probability of being cost 
effective. 
 
Full details of the methods and results for the mixed treatment comparison and economic 
evaluation for this topic can be found in Appendix 2. 
 

Recommendations 

 When offering multiple chemotherapy drugs to patients with advanced and metastatic 
colorectal cancer consider one of the following sequences of chemotherapy unless they 
are contraindicated: 
o FOLFOX (folinic acid plus fluorouracil plus oxaliplatin) as first-line treatment then 

single agent irinotecan as second-line treatment or 
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o FOLFOX as first-line treatment then FOLFIRI (folinic acid plus fluorouracil plus 
irinotecan15) as second-line treatment or 

o XELOX (capecitabine plus oxaliplatin) as first-line treatment then FOLFIRI (folinic 
acid plus fluorouracil plus irinotecan15) as second-line treatment. 

 Decide which combination and sequence of chemotherapy to use after full discussion of 
the side effects and the patient‟s preferences. 

 
Linking evidence to recommendations 
The GDG considered the outcomes of progression-free survival, and overall survival to be 
particularly important. The GDG also considered response rate, toxicity and quality of life to 
be informative. However they noted that data on quality of life were limited. Cost-
effectiveness was also considered to be important. 
 
The GDG noted that there was little difference in clinical effectiveness between the 
sequences of interest. The GDG used Mixed Treatment Comparison (MTC) techniques to 
inform the clinical and economic analysis for this topic. The rationale for this type of analysis 
is detailed in Appendix 2. 
 
The quality assessment of the individual trials included in the mixed treatment comparison 
showed that they were all of high methodological quality. The quality assessment for this 
MTC cannot be produced in GRADE as the software cannot yet accommodate the issues 
surrounding indirect treatment comparisons. GRADE has been designed to assess the 
quality of the total body of evidence for a given outcome rather that the methodological 
quality of individual studies included in the analysis. While this is certainly a more informative 
and useful way in which to assess the quality of evidence, an indirect treatment comparison 
presents a particular problem in that the information used to inform the model includes, 
where possible, direct evidence, but in many cases will also include data from studies which 
do not directly assess the interventions of interest against each other and is so considered 
indirect evidence. Using a MTC method however, will allow for inbuilt considerations in the 
model in order to account for the indirectness of the data.   
 
The GDG also noted from the base case health economic analysis that FOLFOX – 
irinotecan emerged as the least costly treatment of the 10 sequences investigated. All other 
strategies were dominated except FOLFOX – FOLFIRI. However the GDG recognised that 
because the difference in QALYs between sequences was small, even small changes to the 
difference in costs had a substantial impact on the ICER. The mean ICER for each 
sequence within the model was considered by the GDG.  However given the uncertainty 
around these estimates the GDG considered the probability of each sequence being cost 
effective as the more significant determinant when making their recommendations. 
 
Probabilistic sensitivity analysis using discounted drug prices showed that there is 
uncertainty about which sequence has the highest probability of being cost effective around 
a willingness to pay threshold of £20,000 - £30,000/QALY. The GDG also recognised that 
these discounted drug prices were based on currently available estimates which may 
change. 
 
Given this uncertainty the GDG could not be sure that the reference strategy (FOLFOX – 
irinotecan) was the most cost effective at a willingness to pay threshold of £30,000 per 
QALY gained. They therefore decided to recommend that the three sequences shown by the 
probabilistic sensitivity analysis to have the highest probability of being cost effective 
(FOLFOX – irinotecan, FOLFOX – FOLFIRI and XELOX – FOLFIRI) be considered for the 

                                                           
15

 At the time of publication (November 2011), irinotecan did not have UK marketing authorisation for second-line combination 
therapy. Informed consent should be obtained and documented. 
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treatment of patients with advanced and metastatic colorectal cancer, unless clinically 
contraindicated. 
 
4.4.2 Raltitrexed 
 

Clinical question: What is the most effective treatment for advanced colorectal cancer 
patients when 5-FU/FA based regimens are not tolerated or inappropriate 

 
Clinical evidence 
There is no good quality evidence with which to address this question with the body of 
evidence comprising one randomised trial comparing raltitrexed to 5FU/LV from which the 
results of the raltitrexed arm will provide indirect evidence (Popov et al., 2008), one 
randomised phase II trial (Feliu et al., 2005) comparing raltitrexed + oxaliplatin with 
raltitrexed + irinotecan and a small number of non-randomised phase II trials (Aparicio et al., 
2005; Chiara et al., 2005; Cortinovis et al., 2004; Feliu et al., 2004; Laudani et al., 2004; 
Maroun et al., 2006; Santini et al., 2004; Vyzula et al., 2006). 
 
For patients receiving treatment with raltitrexed, serious adverse events were reported in 
16.3% of patients, deaths related to treatment were reported for 2.2% (n=20). Of 20 deaths 
considered related to raltitrexed, 11 were associated with a major protocol deviation. The 5-
year recurrence free survival rate was 47.8% [95% CI: 42.3–53%] for patients receiving 
raltitrexed. In the intention to treat population, the 5-year survival rate was 61.9% [95% CI: 
55.4–66.1%] (Popov et al., 2008).  
 

Recommendations 

 Consider raltitrexed only for patients with advanced colorectal cancer who are intolerant 
to 5-fluorouracil and folinic acid or for whom these drugs are not suitable (for example, 
patients who develop cardiotoxicity). Fully discuss the risks and benefits of raltitrexed 
with the patient.  

 Prospectively collect data on quality of life, toxicity, response rate, progression free 
survival and overall survival for all patients taking raltitrexed. 

 
Linking evidence to recommendations 
The GDG recognised that the population for this question must be “patients who are not able 
to tolerate 5FU/FA based regimens, or for whom 5FU/FA based regimens are inappropriate”, 
to match the population used in TA93. Whilst this is the licensed indication for raltitrexed and 
therefore the population of interest, the GDG noted that it is currently not possible to identify 
those patients who are intolerant to 5FU/FA before they actually receive the drug. Therefore 
it is also not possible to randomise 5FU/FA intolerant patients to the interventions of interest. 
Consequently, there will never be any directly relevant evidence with which to answer this 
question. 
 
Since the GDG agreed the efficacy of raltitrexed was likely to be the same for both 5FU/FA 
tolerant and intolerant patients, and TA93 had used „indirect‟ evidence (from raltitrexed arms 
of trials comparing raltitrexed with 5FU/FA), a similar „indirect‟ approach was used to update 
the raltitrexed part of TA93. 
 
The GDG acknowledged that the review of the evidence had highlighted that the evidence 
base for raltitrexed has not changed significantly since TA93 and there was no good quality 
evidence to address the question being investigated. This lack of good quality evidence also 
meant it was not possible to conduct robust cost-effectiveness analysis for the use of 
raltitrexed. 
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The GDG highlighted that if patients who are intolerant to 5FU/FA are not able to receive 
raltitrexed, this will severely limit the potential treatment options for this group of patients. 
Both TA33 and TA93 have recommended that the use of raltitrexed is confined to 
appropriately designed clinical studies. However trials of raltitrexed in 5FU/FA intolerant 
patients have not happened so far and are unlikely to happen. The GDG were therefore 
concerned that the use of raltitrexed is being denied to a specific subgroup in which it is 
impossible to obtain direct evidence of effectiveness. Consequently they agreed to 
recommend that raltitrexed can be considered for the subgroup of patients with advanced 
colorectal cancer who are intolerant to 5FU/FA, so long as the risks and benefits are 
discussed with the patient and audit data are collected. 
 
4.4.3 Capecitabine and tegafur with uracil 
The recommendations in this section are from „Guidance on the use of capecitabine and 
tegafur with uracil for metastatic colorectal cancer‟, NICE technology appraisal guidance 61 
(NICE, 2003) 
 

Recommendations 

 Oral therapy with either capecitabine or tegafur with uracil (in combination with folinic 
acid) is recommended as an option for the first-line treatment of metastatic colorectal 
cancer. 

 The choice of regimen (intravenous 5-fluorouracil and folinic acid or one of the oral 
therapies) should be made jointly by the individual and the clinician(s) responsible for 
treatment. The decision should be made after an informed discussion between the 
clinician(s) and the patient; this discussion should take into account contraindications and 
the side-effect profile of the agents as well as the clinical condition and preferences of the 
individual. 

 The use of capecitabine or tegafur with uracil to treat metastatic colorectal cancer should 
be supervised by oncologists who specialise in colorectal cancer. 

 
Linking evidence to recommendations 
These recommendations are from „Guidance on the use of capecitabine and tegafur uracil 
for metastatic colorectal cancer‟, NICE technology appraisal guidance 61 (NICE, 2003). 
They were formulated by the technology appraisal and not by the guideline developers. They 
have been incorporated into this guideline in line with NICE procedures for developing 
clinical guidelines, and the evidence to support these recommendations can be found at 
www.nice.org.uk/TA61.  
 

4.5 Biological agents in metastatic colorectal cancer 
Recommendations on „Bevacizumab in combination with oxaliplatin and either fluorouracil 
plus folinic acid or capecitabine for the treatment of monastic colorectal cancer‟ can be found 
in NICE technology appraisal guidance 21216. 
 
Recommendations on the use of „Cetuximab for the first-line treatment of metastatic 
colorectal cancer‟ can be found in NICE technology appraisal guidance 17617. 
 
NICE‟s advice on the use of „Cetuximab for the treatment of metastatic colorectal cancer 
following failure of oxaliplatin-containing chemotherapy (terminated appraisal)‟ can be found 
at http://guidance.nice.org.uk/TA150. 
 
Recommendations on the use of „Bevacizumab and cetuximab for the treatment of 
metastatic colorectal cancer‟ can be found in NICE technology appraisal guidance 11818.  

                                                           
16

 www.guidance.nice.org.uk/TA212 
17

 www.guidance.nice.org.uk/TA176 
18

 www.guidance.nice.org.uk/TA118 

http://www.nice.org.uk/TA
http://guidance.nice.org.uk/TA150
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4.6 Adjuncts to chemotherapy in unresectable metastatic disease 
 
Up to 50% of patients with colorectal cancer will develop liver and/or lung metastases at 
some time during the course of their disease. Metastases can also arise at other sites in the 
body. The peritoneum may be the predominant or only route of spread in 10-15% of patients 
with colorectal cancer. Surgery for metastases is not always possible and, for example, only 
10-20% of patients with liver metastases will have disease suitable for liver resection. Where 
metastatic disease is considered unresectable, systemic combination chemotherapy, with or 
without biological agents, is the standard of care. Systemic therapy alone can prolong 
median survival to approximately 2 years, but long term cure is unlikely.  
 
Provided a good response is seen in patients with unresectable liver, lung or peritoneal 
disease following chemotherapy, then local procedures can be attempted to try to prolong 
the disease-free interval. These local procedures have been most applied to the liver where 
radiofrequency ablation (RFA) is the most commonly used local treatment, although 
conclusive data on the benefits have not yet been published. There are even less data on 
alternative local procedures such as microwave, laser, cryotherapy, radio-embolisation or 
stereotactic body radiotherapy (SBRT). Some of these local procedures can also be applied 
to lung metastases, depending on the size and position of individual lesions. Therefore, for 
those patients whose metastatic disease is considered unresectable but who have chemo-
sensitive disease, the question remains what benefit is there to adding local treatment to 
consolidate chemotherapy response. 
 

Clinical question: What is the most effective additional treatment to systemic 
chemotherapy to achieve cure or long term survival in patients with apparently 
unresectable metastatic disease? 

 
Clinical evidence 
This topic aimed to determine whether patients originally identified as being incurable and 
with poor long term prognosis due to the presence of unresectable metastatic disease can 
achieve cure or long-term survival through treatment with systemic chemotherapy with or 
without additional treatments. There was no comparative evidence with which to address this 
topic.  
 
A systematic review of the literature identified no studies comparing any combination of the 
interventions of interest for this topic and although a small number of non-comparative 
studies, investigating individual interventions were identified, it was considered that the 
evidentiary benefits of including such studies was low and would not inform any 
recommendations regarding the best form of treatment for this patient group. 
 

Research Recommendations 

 Prospective studies should investigate and compare the effectiveness of techniques for 
refining local ablation (radiofrequency ablation, radioembolisation, microwave, 
cryotherapy, laser and stereotactic radiotherapy) in patients with metastatic colorectal 
cancer. Outcomes of interest are technical feasibility, local control, disease-free survival, 
overall survival, toxicity and quality of life. 

 Consider patients for entry into NCRN approved studies on local ablative therapies.  

 Novel techniques for the treatment of metastatic disease, including peritoneal 
carcinomatosis, should be carefully audited so that case-mix adjusted outcome data may 
be collected and evaluated. 
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Linking evidence to recommendations 
The GDG acknowledged that there is currently no evidence available to answer this 
question. Therefore, the GDG could not recommend a particular treatment to achieve cure or 
long-term survival in patients with apparently unresectable metastatic disease. 
 
The GDG noted that currently these treatments are being widely used without evidence of 
valid outcomes and an increasing number of patients are being considered for these 
interventions. Ongoing trials in this area have had difficulties in recruiting sufficient numbers 
of patients but with modern practice and increasing availability of these techniques (in a 
standardised form), the GDG believed there is value in recommending further research 
because trial recruitment is more likely to be successful. 
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5 Ongoing care and support 
 
The objectives of this chapter were to determine: 

 the optimal method(s), frequency and duration of follow-up in asymptomatic patients 
who have undergone treatment with curative intent for colorectal cancer 

 the information needs associated with bowel function for patients with colorectal 
cancer 

 

5.1 Follow-up after apparently curative resection 
 
Conventionally, the rationale for follow-up after curative resection for colorectal cancer 
recognized that local recurrence and/or metastatic rates were high and that early detection 
of metachronous disease offered a “second chance” at cure. However, it is increasingly 
recognized that follow-up may have several additional benefits beyond this conventional 
model, which include: facilitation of audit; characterisation of late-effects of treatment; and 
health-related opportunities such as early detection of co-morbidities, screening, and 
delivery of lifestyle advice. The optimal method of follow-up for each of these endpoints may 
be different. For the purpose of these guidelines, the optimal method will focus on 
conventional oncological endpoints. However, what should constitute good clinical practice 
in terms of follow-up has not been established and there is enormous variation in terms of 
frequency, duration, clinical setting and interventions employed. It is also not clear to what 
extent follow-up can be tailored to the risk of recurrence as defined by pathological stage. 
 
Many UK centres use a policy of CT scanning, at variable intervals, with or without serial 
serum CEA to detect liver and/or lung metastases during the first few years after initial 
curative resection. This practice has arisen largely as a result of cumulative data at 
institutional and population levels that patients with resectable liver disease have an 
approximate 40% to 60% 5-year survival compared with a very low survival prospect at 5-
years in those patients left untreated or unsuitable for liver resection. It is clear that early 
detection of recurrent colorectal cancer following potentially curative resection of the primary 
tumour confers survival benefit, and in some cases cure. Follow-up may also identify 
unresectable lesions which may become resectable after combination chemotherapy in 
around 22% of patients, again raising the possibility of long term survival and an advantage 
to active follow-up. A similar rationale may be extended to the early detection of local 
recurrent disease from rectal cancer as 5-year survival rates of 30% to 40% are attainable in 
specialist centres. 
  
There is currently a paucity of data on quality of life related issues and colorectal cancer 
follow-up. Moreover, the specific question of whether or not the earlier detection of recurrent 
disease affects quality of life is complex. Preliminary data suggest that intensive follow-up is 
not deleterious in terms of quality of life. However, there are still unexplored issues, of which 
two examples are worth mentioning. First, with ever increasing sensitivity among 
surveillance tools, there will be inevitable increases in false positive tests. Second, intensive 
follow-up brings forward the date of recurrence detection.  
 

Clinical question: In asymptomatic patients who have undergone treatment with 
curative intent for colorectal cancer, what is the optimal method(s), frequency and 
duration of follow-up? 

 
Clinical evidence 
Two meta-analyses summarised the results of randomised trials of the use of intensive 
follow-up after curative resection for colorectal cancer (Tjandra and Chan, 2007; Jeffery et 
al., 2007). A protocol for intensive follow-up was not defined because studies in the meta-
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analysis used different protocols. Thus, the results of the meta-analyses should be 
interpreted as evaluating the principle of intensive versus less intensive follow-up rather than 
the assessment of specific follow-up regimens as the included studies are heterogeneous in 
this regard.  
 
There is moderate quality evidence of significant overall survival benefit at 5 years with 
intensive follow-up (Tjandra and Chan, 2007; Jeffery et al., 2007). Low quality evidence 
suggests that there is uncertainty as to whether more intensive follow-up confers a disease 
specific survival benefit when compared with less follow-up (Jeffery et al., 2007). 
 
There is moderate quality evidence that the number of all recurrences detected is similar 
with both intensive and minimal follow-up (Jeffery et al., 2007 and Tjandra and Chan, 2007). 
There is low quality evidence that significantly more asymptomatic recurrences are detected 
in the intensively followed-up group.  
 
The time to recurrence is significantly less with intensive follow-up but the evidence is of low 
quality (Jeffery et al., 2007; Tjandra and Chan, 2007). There is low quality evidence that the 
number of curative procedures attempted for recurrence is significantly more with intensive 
follow-up (Jeffery et al., 2007; Tjandra and Chan, 2007). 
 
A single prospective comparative cohort study was identified during update searches 
(Laubert et al., 2010) which reported that 5-year overall survival was significantly better in 
the more intensively followed group versus the minimally followed group and the no follow-
up group (p<0.001), though no statistically significant difference was observed in the rates of 
R0 resection of recurrent disease between the groups. 
 
Intensive versus less intensive follow-up 
From two systematic reviews and meta-analysis (Jeffery et al., 2007; Tjandra and Chan, 
2007) more intensive follow-up was associated with improved 5-year overall survival. Jeffery 
et al. (2007) recorded an odds ratio of 0.73 [95% CI: 0.59-0.91] in favour of more intensive 
follow-up which translated into a risk difference of -0.06 [95%CI: -0.11 to -0.73]. Tjandra and 
Chan (2007) reported improved overall survival at 5 years for intensive follow-up versus less 
intensive follow-up (OR 0.74 [95% CI: 0.59-0.93]. 
 
No significant difference in the number of recurrences detected was observed when 
comparing more intensive and less intensive follow-up, though Tjandra and Chan (2007) 
reported that more intensive follow-up detected significantly more asymptomatic recurrences 
than less intensive follow-up; odds ratio 3.42 [95% CI: 2.17-5.41]. 
 
Specific tests  
There was very little evidence with which to support the use of any specific tests in follow-up; 
a single study reported on the use of colonoscopy as part of follow-up. In examining the 
intensity of colonoscopy (i.e. more versus less colonoscopy) there is low quality evidence 
that intensive colonoscopic surveillance does not offer any advantage in overall survival 
versus less intensive colonoscopic surveillance, nor was there evidence that it increases the 
number of recurrences detected (Wang et al., 2009). 
 
Complications 
1 study reported adverse events from follow-up. 2 perforations and 2 GI bleeds from a total 
of 731 colonoscopies. 
 
Quality of life 
1 study (597 patients) reported a small but significant increase in the quality of life of patients 
associated with more frequent follow-up visits (Kjeldsen et al., 1997). A second study (203 
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patients) reported no difference in quality of life, anxiety, depression and patient satisfaction 
in patients followed up in different settings (GP/hospital) (Wattchow et al., 2006). 
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Table 5.1 GRADE profile: In asymptomatic patients who have undergone treatment with curative intent for colorectal cancer is intensive follow up 
more effective than less intensive or no follow-up 

Quality assessment 
Summary of findings 

Importance 
No of patients Effect 

Quality No of 
studies 

Design Limitations Inconsistency Indirectness Imprecision 
Other 

considerations 
intensive 
follow up 

less intensive or no 
follow up  

Odds Ratio 
(95% CI) 

Overall survival at 5 years Jeffery et al 2007 (follow-up mean 5 years) 

6 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 218/793 
(27.5%) 

274/808 (33.9%) OR 0.73 (0.59 
to 0.91) 

MODERATE CRITICAL 
33.9% 

overall survival at 5 years Tjandra 2007 (follow-up mean 5 years) 

8 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 321/1474 
(21.8%) 

373/1449 (25.7%) OR 0.74 (0.59 
to 0.93) 

MODERATE CRITICAL 
25.7% 

no of recurrences Jeffery 2007 (follow-up mean 5 years) 

7 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 354/985 
(35.9%) 

351/953 (36.8%) OR 0.91 (0.75 
to 1.1) 

MODERATE CRITICAL 
36.8% 

no of recurrences (all site) Tjandra 2007 (follow-up mean 5 years) 

8 randomised 
trials 

serious
1
 no serious 

inconsistency
2
 

no serious 
indirectness 

no serious 
imprecision 

none 429/1474 
(29.1%) 

417/1449 (28.8%) OR 0.97 (0.82 
to 1.14) 

MODERATE CRITICAL 
28.8% 

no of asymptomatic recurrences Tjandra 2007 (follow-up mean 5 years) 

6 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

serious
3
 none 162/858 

(18.9%) 

52/821 (6.3%) OR 3.42 (2.17 
to 5.41) 

LOW CRITICAL 
6.3% 

curative surgery attempted for recurrence Jeffery 2007 (follow-up mean 5 years) 

6 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

serious
3
 none 

95/818 (11.6%) 
40/795 (5%) OR 2.41 (1.63 

to 3.54) 
LOW CRITICAL 

5% 

curative surgery attempted for recurrence Tjandra 2007 (follow-up mean 5 years) 

7 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

serious
3
 none 

86/354 (24.3%) 
35/353 (9.9%) OR 2.81 (1.65 

to 4.79) 
LOW CRITICAL 

9.9% 

disease specific survival Jeffery 2007 (follow-up mean 5 years) 

2 randomised 
trials 

serious
1
 no serious 

inconsistency 
no serious 
indirectness 

serious
3,6

 none 
73/343 (21.3%) 

82/361 (22.7%) OR 0.92 (0.64 
to 1.31) 

LOW CRITICAL 
22.7% 

1
 the majority of studies in this comparison had unclear reporting of allocation concealment. This could introduce significant bias to the randomisation process and the results overall. 

2
 heterogeneity not reported 

3
 The total number of event is low (less than the 300 rule of thumb). This can introduce imprecision to the result.  

4
 heterogeneity: p=0.00002, I squared=91%, all 3 studies favour intensive follow up. 

5
 heterogeneity: p<0.00001, I squared not given, 4 out of 5 studies favour intensive follow up.  

6
 The CI includes 1 and the lower limit is <than 0.75 and the upper limit is > 1.25 
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Economic evaluation 
A systematic search of published cost-effectiveness studies was undertaken to inform this 
topic about follow up of patients with colorectal cancer who have undergone treatment with 
curative intent.  Studies published prior to 1995 were excluded as they are unlikely to have 
relevance to current NHS practice and costs. The review identified six potentially relevant 
published economic evaluations (Borie et al., 2004; Hassan et al., 2010; Macafee et al., 
2008; Michel et al., 1999; Norum and Olsen, 1997; Renehan et al., 2004). Following quality 
assessment, two of these studies (Borie et al., 2004; Michel et al., 1999) were deemed to 
have very serious limitations and were therefore excluded from further consideration. Two 
other studies (Norum and Olsen, 1997; Hassan et al., 2010) were also excluded as they 
were conducted in Norway and the USA respectively and were considered by the GDG to be 
less relevant for informing the cost effectiveness of follow up in the UK because of possible 
differences in clinical practice, costs and healthcare provision between countries. Therefore 
two studies (Macafee et al., 2008; Renehan et al., 2004) were included in the review of 
economic evidence. Both of the included studies were conducted from the perspective of the 
UK NHS, but differed in most other respects (Table 5.2).  
 
In Renehan et al. (2004) five randomised trials, each comparing a form of intensive follow up 
to conventional follow up, were meta-analysed to obtain estimates of health effects 
expressed in terms of life years gained. Details of the various follow up strategies and the 
frequency and type of surveillance tests from each trial were not reported in full in the 
reviewed publication. Costs of both follow up and treatment of recurrences were included in 
the analysis. Costs were based on the study-specific treatments and as these trials predated 
the routine use of adjuvant chemotherapy, cost of chemotherapy was not included. Across 
the five trials, the mean per patient cost of follow up in the intensive arm ranged from £3,388 
to £6,509.  
 
Macafee et al. (2008) compared an intensive follow-up regimen (based on one arm of the 
Follow Up after Colorectal Surgery [FACS] trial) with standard follow up (based on the 
principles of the British Society of Gastroenterology). Only hospital-based costs during follow 
up and the cost of surgically treating resectable recurrences were included in the analysis; 
costs of further elective operations for bowel continuity, chemo/radiotherapy and costs to 
primary care were not considered. The time horizon for the analysis was limited to 5 years 
and results were reported in terms of cost per additional resectable recurrence identified.  
 
One additional relevant paper (Tappenden et al., 2009) was identified during the search. 
This paper was itself a systematic review of UK economic evaluations of colorectal cancer 
interventions and identified the same individual studies (Macafee et al., 2008; Renehan et 
al., 2004) related to the topic of follow up that have been included in the current review. 
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Table 5.2: Modified GRADE profiles for included economic studies  

Study Population Comparators Costs Effects  
Incr 

costs 
Incr 

effects 
ICER Uncertainty Applicability Limitations 

Renehan 
et al., 2004 

Patients treated 
for colorectal 
cancer 

Conventional follow 
up (based on 5 trials) 

£2279 
5.69 life 

years lost Reference 
Various scenarios were 
run assuming different 
cost, effect and 
discount rate 
assumptions. For the 
analysis based on 5 
trials, the ICER ranged 
from £3,285/LYG to 
£10,757/LYG.  

Directly 
applicable 

Minor 
limitations 

Intensive follow up 
(based on 5 trials) 

£4758 
4.97 life 

years lost 
£2479 

0.73 life 
years 

gained 
£3402 / LYG 

Comments: Incremental health outcomes were measured in terms of life years gained. There is some uncertainty about the impact that quality adjusting survival would have on the 
ICER, but this is unlikely to change the conclusion of the study. 

Macafee 
et al.,  
2008  

Patients who 
have 
undergone 
resection for 
colorectal 
cancer 

Standard follow up 
(BSG) 

£53.2 mi 
559 resectable 

recurrences Reference 
Cost per additional 
resectable recurrence 
varied from £16,134 to 
£25,705. 

Partially 
applicable 

Potentially 
serious 
limitations 

Intensive follow up 
(FACS) 

£68.6 mi 
1412 

resectable 
recurrences 

£15.4 mi 
853 resectable 

recurrences 

£18,077 / 
additional 
resectable 
recurrence 

Comments: Effects were measured in terms of the number of resectable recurrences identified. The time horizon was limited to 5 years. An appropriate willingness to pay threshold for 
interpreting the ICER results is not known. 
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Recommendations 

 Offer follow-up to all patients with primary colorectal cancer undergoing treatment with 
curative intent. Start follow-up at a clinic visit 4 to 6 weeks after potentially curative 
treatment.  

 Offer patients regular surveillance with: 
o a minimum of two CTs of the chest, abdomen and pelvis in the first 3 years and 
o regular serum carcinoembryonic antigen tests (at least every 6 months in the first 3 

years).  

 Offer a surveillance colonoscopy at 1 year after initial treatment. If this investigation is 
normal consider further colonoscopic follow-up after 5 years, and thereafter as 
determined by cancer networks. The timing of surveillance for patients with subsequent 
adenomas should be determined by the risk status of the adenoma. 

 Start reinvestigation if there is any clinical, radiological or biochemical suspicion of 
recurrent disease. 

 Stop regular follow-up  
o when the patient and healthcare professional have discussed and agreed that the 

likely benefits no longer outweigh the risks of further tests or  
o when the patient cannot tolerate further treatments.  

 
Linking evidence to recommendations 
 
Overall survival was the most consistently reported outcome. Survival with good quality of 
life was considered the endpoint of most importance to patients and health professionals. All 
outcomes were considered useful but evidence was limited for some outcomes (for example 
quality of life and late effects of treatment). 
 
The GDG assessed the benefits of intensive follow-up versus less intensive and found 
evidence that improved survival is associated with more intensive follow-up. However there 
was variability in the components and frequency of the different intensive protocols in the 
evidence.  
 
The GDG considered detection of recurrence to be a critical goal in follow-up because doing 
so would enable some patients to be cured. Whilst CEA will not detect all recurrence, the 
GDG considered that its use would be beneficial in achieving this goal. The GDG were also 
concerned that the use of CT scans and CEA tests for follow-up was inconsistent across 
cancer networks, and thus, a minimum standard of care had to be recommended based on 
clinical experience and the need to promote patient confidence. The GDG were not able to 
recommend one specific protocol from the evidence. Instead they elected to recommend a 
pragmatic protocol of follow-up.  
 
The review of clinical and cost-effectiveness literature shows that there is no consistent 
definition of what constitutes intensive follow up for colorectal cancer patients. The various 
studies included in this review differ in terms of the types of tests and interventions included 
and the frequency of surveillance, therefore no single recommendation for a specific protocol 
for intensive follow up can be recommended. Caution should therefore also be exercised 
when pooling studies or making generalisations about both the effectiveness and cost 
effectiveness of different protocols for intensive follow up over conventional (or less 
intensive) follow up. 
 
The GDG also assessed the potential harms, namely increased patient anxieties from 
intensive testing. The number of studies of this endpoint were few but there was no strong 
evidence that the intervention of intensive follow-up is associated with increased anxieties 
across a wide range of patients. 
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The GDG chose not to recommend further research on oncological outcomes related to 
follow-up because they were aware that relevant trials were already underway. 
 
The use of intensive follow-up may incur an increased cost on resources, particularly 
imaging. The trade-off is improved survival and probable improvement in quality of life.  
 
The overall quality of evidence on was assessed as low to moderate by GRADE 
methodology. 
 
Neither of the cost-effectiveness studies included in the economic evidence review reported 
an incremental cost-effectiveness ratio (ICER) in terms of cost per QALY. In the absence of 
information about what represents a reasonable cost per additional resectable case 
identified, it is difficult to interpret the results of the Macafee et al. (2008) analysis and 
therefore this study has limited relevance for informing the current Guideline topic. The 
results of Renehan et al. (2004), although expressed in terms of cost per life year gained, 
suggest that intensive follow up is cost effective when compared to conventional follow up. 
There is some uncertainty about the impact that quality adjustment of survival would have on 
the ICER reported in Renehan et al. (2004), but it is unlikely to change the main conclusion 
of the paper. 
 

Research recommendation 

 Strategies to integrate oncological surveillance with optimising quality of life, reducing late 
effects, and detecting second cancers in survivors of colorectal cancer should be 
developed and explored. 

 

5.2 Information about bowel function 
 
Treatment and care needs to take into account patients‟ individual needs and preferences. 
Good communication is essential, supported by evidence based information, allowing 
patients to reach informed decisions about their care. If the patient agrees, families and 
carers should have the opportunity to be involved in decisions about treatment and care. 
 
Treatment for colorectal cancer often causes a change in bowel function. This can be 
distressing for patients and have other adverse effects, including dietary restrictions and 
changes in body image and sexual function. Patients want to know what to expect after 
surgery, what is normal and when they should seek further medical advice.  
 
Allied to quality of life issues, follow-up allows identification of specific late effects of 
treatment. For colorectal cancer, bowel function is the commonest late effect but historically 
has not been addressed in most of the large randomised controlled trials. This is now 
changing and there are limited data available to inform patients needs in terms of supplying 
clear, useful information. What is available has mainly evolved from the interest of various 
types of healthcare professionals but the key question: is what do patients‟ identify as their 
information needs? 
 
Clear and effective communication of information can improve wellbeing and quality of life.  
 

Clinical question: In patients with colorectal cancer, what are the information needs 
associated with bowel function? 

 
Clinical evidence 
There were a small number of studies directly investigating the information needs of patients 
with colorectal cancer (Nikoletti et al., 2008; Lynch et al., 2008; Persson et al., 2005; 
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Broughton et al,. 2004; Kerr et al., 2003; Sahay et al., 2000). All included studies employed 
qualitative methodology to assess and investigate patient information needs and included 
studies investigating the population of interest (colorectal cancer patients); few included 
studies identified specific inclusion or exclusion criteria with the majority specifying only that 
patients were colorectal cancer patients with the ability to understand/read the language in 
which the study was being conducted. There was one study conducted in the UK which 
included not only colorectal cancer patients but their carers too (Broughton et al., 2004). 
 
The number of patients in each study ranged from 20 (Sahay et al., 2000) to 1,966 (Lynch et 
al., 2008) and all studies included patients treated for colorectal cancer with few specific 
restrictions to inclusion. 
 
The included studies may be at risk from recall error due to the differing points in the 
treatment pathway at which each participant took part in a study. Studies may also be at risk 
from selection bias with response rates from 5 studies ranging from 32-86% (Nikoletti et al., 
2008; Lynch et al., 2008; Persson et al., 2005; Broughton et al., 2004; Kerr et al., 2003). 
 
Included studies addressed factors such as the specific information requirements of 
participants, the source of information and modes of delivery, the timing of information 
provision and the impact of information provision on wellbeing and quality of life. There 
appeared to be a high degree of dissatisfaction with information provided on specific areas 
across the studies, particularly related to bowel function. In one study more than 50% of 
patients were not happy with the information provided in relation to bloating, wind/gas, 
difficulties emptying bowels, medication, the use of pads and other unspecified bowel 
problems (Nikoletti et al., 2008). In one study 59% of responders reported not being 
instructed in stoma irrigation techniques and more than 80% of respondents were 
dissatisfied with information received during chemotherapy and radiotherapy (Kerr et al., 
2003).  
 
The desired source of information and modes of deliveries varied across studies although 
common themes did appear with doctors, specialist incontinence advisors, nurses, surgeons 
and relatives all identified as possible sources of information. Modes of delivery included one 
to one teaching by a health professional, leaflets, pamphlets/booklets, discussion groups, 
and internet.  
 
The timing of information provision was addressed in two studies (Broughton et al., 2004; 
Nikoletti et al., 2008). The best time for the provision of information was considered to be 
either before surgery (32.9%) or after surgery while still in hospital (37.2%) (Nikoletti et al., 
2008). Carers appreciated the time spent when specialist nurses provided information and 
several patients and carers would have appreciated more information when being 
discharged, in particular relating to what symptoms were considered normal after bowel 
surgery (Broughton et al., 2004).   
 
From one study, bivariate analysis indicated a poorer quality of life was associated with 
communication problems for men and younger patients, though on multivariate analysis, 
controlled for clinical and demographic differences, no interaction was observed between 
communication and gender or age. For patients that completed the questionnaire over 3 
years, differences in quality of life between clear and unclear communications groups 
remained. The difference was statistically significant for emotional (p<0.02) and social 
functioning (p<0.05) and for sleep problems (p<0.02) (Kerr et al., 2003). 
 
Two studies which considered patient perspective were identified on update searches 
(Beaver et al., 2010; O‟Connor et al., 2010). 
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From Beaver et al. (2010) is was reported that although patients saw a nurse specialist while 
they were a hospital inpatient, they were unsure of what to expect once the returned home; 
this was particularly true of patients without a stoma as they did not usually receive a visit 
from the nurse specialist once discharged home. Patients also reported that doctors did not 
address their concerns or provide information at follow-up appointments and this left them 
feeling uncertain about their condition and what to expect. This was again particularly true of 
patients without a stoma. 
 
Patients without a stoma reported more feelings of isolation, though this was not limited 
solely to this group of participants. There appeared to be an expectation from patients that 
the nurse specialist would visit them at home following discharge and a feeling of 
disappointment when this was not the case.  
 
Patients with a stoma frequently commented that they learned about stoma care through 
„trial and error‟ as they felt that follow-up care did not provide sufficient information on 
provision of stoma bags and care (Beaver et al., 2010). 
 
Patients experiencing nurse led follow-up reported favourably on their outpatient experience 
in terms of information, support, knowing what to expect and what was „normal‟ in their 
situation.  
 
Written information was considered beneficial, particularly diagrams nurses drew for each 
patient, tailored to their own surgical procedure and pitched at their own level of 
understanding. Leaflets were perceived to be helpful, providing useful future points of 
referral. 
 
O‟Connor et al. (2010) reported that males felt it was more important to know where their 
family could go to get help with dealing with their illness. The study also reported statistically 
significantly higher satisfaction levels with information on where family could get help dealing 
with the patient‟s illness, whether they could wear normal clothing, how treatment works 
against cancer, if they were going to need help taking care of themselves and how to 
prepare for the investigative tests. 
 
Younger patients expressed significantly higher information needs regarding changes in the 
things they can do with and for their family, who to talk to about alternative therapies, where 
the family could go to get help dealing with the patient‟s illness, if treatment would alter the 
way they looked, what type treatments are available, how to prepare for the tests, what to do 
if they felt uncomfortable in social situations, if the illness was hereditary, if treatment would 
affect their relationship or sex life and if they could continue with their job after surgery and 
treatment. Older patients expressed higher information needs only in knowing who to call if 
they had questions while still undergoing treatment.  
 
No significant difference in information needs or how these needs were met were observed 
in relation to length of time since diagnosis, type of treatment and whether or not a patient 
had a stoma. Comparison of perceptions of the importance of items of information with 
perceptions of how these needs were met showed a statistically significant difference, 
indicating that patients felt that information needs with ratings of a high level of importance 
were not adequately addressed (O‟Connor et al., 2010). 
 
Stoma care nurse specialists were reported to be the most common source of information, 
with other healthcare professionals such as ward nurses, chemotherapy nurses, colorectal 
consultants and GP mentioned. One patient cited the internet as the preferred source of 
information. Interpersonal communication with a healthcare provider was cited as the most 
common and preferred source of information (O‟Connor et al., 2010). 
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Recommendations 

 Before starting treatment, offer all patients information on all treatment options available 
to them (including no treatment) and the potential benefits and risks of these treatments, 
including the effect on bowel function. 

 Before surgery, offer all patients information about the likelihood of having a stoma, why it 
might be necessary, and how long it might be needed for. 

 Ensure a trained stoma professional gives specific information on the care and 
management of stomas to all patients considering surgery that might result in a stoma. 

 After any treatment, offer all patients specific information on managing the effects of the 
treatment on their bowel function. This could include information on incontinence, 
diarrhoea, difficulty emptying bowels, bloating, excess flatus and diet, and where to go for 
help in the event of symptoms.  

 Offer verbal and written information in a way that is clearly understood by patients and 
free from jargon. Include information about support organisations or internet resources 
recommended by the clinical team. 

 
Linking evidence to recommendations 
The GDG looked for evidence primarily concentrating on the patient perception of 
information needs, not needs reported by health professionals. There was surprisingly little 
evidence with only a small number of studies, all of which were qualitative in design and with 
heterogeneous inclusion and exclusion criteria. Older patients and those with more severe 
disease were under represented, they may have different needs but the evidence is not 
clear. 
 
The GDG looked at what information was useful, who should deliver it, when and in what 
format. The impact of information delivery and quality of life outcomes were also examined. 
The recommendations are based on the available evidence and the expertise of the GDG. 
Patients‟ lives are profoundly altered by the diagnosis and treatment of their bowel cancer. 
There was a strong agreement in the GDG that more needs to be known from patients about 
their own information requirements.  
 

Research recommendations 

 Further research should be undertaken to determine which side effects, associated with 
bowel function, patients consider have the greatest impact on their quality of life after 
treatment. 
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6 PROMs for colorectal cancer patients 
 

Research recommendation 

 Colorectal cancer-specific patient-reported outcome measures (PROMs) should be 
developed for use in disease management and to inform outcome measures in future 
NCRN clinical trials. 

 
Linking evidence to recommendations 
Reviewing the evidence for this guideline highlighted the lack of data on patient perspectives 
on all aspects of treatment. The GDG agreed that it was crucial that these data were 
collected and therefore recommended that colorectal cancer specific PROMs be developed 
to inform what patient perspective data should be collected in future NCRN clinical trials. 
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Appendix 1 
 
Summary of the 5th edition of the TNM staging system for 
colorectal cancer and comparison with Dukes’ stage 

 

Tumour 
T1 the tumour is confined to the submucosa 
T2 the tumour has grown into (but not through) the muscularis propria 
T3 the tumour has grown into (but not through) the serosa 
T4 the tumour has penetrated through the serosa and the peritoneal surface.  If 

extending directly into other nearby structures (such as other parts of the bowel or 
other organs/body structures) it is classified as T4a.  If there is perforation of the 
bowel, it is classified as T4b. 

 
Nodes 
N0* no lymph nodes contain tumour cells 
N1^ there are tumour cells in up to 3 regional lymph nodes  
N2^ there are tumour cells in 4 or more regional lymph nodes  
 
Metastases 
M0 no metastasis to distant organs 
M1 metastasis to distant organs 
 
Dukes’ stage 
Dukes‟ stage A = T1N0M0 or T2N0M0 
Dukes‟ stage B = T3N0M0 or T4N0M0 
Dukes‟ stage C = any T, N1, M0 or any T, N2, M0 
Dukes‟ stage D = any T, any N, M1 
 

 

 

 

 

 

 

 

 

 

 

* A tumour nodule in the pericolic or perirectal adipose tissue without evidence of residual lymph node is regarded as a lymph 
node metastasis if it is >3mm in diameter.  If it is <3mm in diameter, it is regarded as discontinuous tumour extension 
^If there are tumour cells in non-regional lymph nodes (i.e. in a region of the bowel with a different pattern of lymphatic drainage 
to that of the tumour), that is regarded as distant metastasis (pM1) 
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Appendix 2 
 
Mixed treatment comparison and cost-effectiveness analysis for 
sequences of oxaliplatin and irinotecan-based chemotherapy in the 
treatment of advanced and metastatic colorectal cancer 
 
1 Introduction 
 
The objective of this review and analysis was to identify and synthesise the evidence on the 
clinical and cost effectiveness of chemotherapy regimens containing irinotecan or oxaliplatin 
for the treatment of advanced colorectal cancer. Evidence on the use of irinotecan or 
oxaliplatin for the treatment of advanced colorectal cancer has been previously reviewed and 
appraised within the scope of NICE Technology Appraisal Guidance 93 (TA93). The current 
review includes both an update to identify new evidence that has become available after 
TA93 was issued (August 2005) and an expansion to the scope to address the following 
issues that were deemed by the GDG to be relevant to recent developments in clinical 
practice: 
 
1. the use of irinotecan or oxaliplatin in combination with the oral fluoropyrimidine 

capecitabine 
2. sequencing of combination chemotherapy (first and second line) 
 
The current review does not address the use of targeted agents or the use of capecitabine 
as monotherapy for the treatment of advanced colorectal cancer. These topics are covered 
elsewhere in related NICE technology appraisal guidance. 
 
The following chemotherapy regimens were considered relevant to this review: 

 
1. FOLFOX (oxaliplatin in combination with 5-flourouracil and folinic acid) 
2. FOLFIRI (irinotecan in combination with 5-flourouracil and folinic acid) 
3. XELOX (oxaliplatin in combination with capecitabine) 
4. XELIRI (irinotecan in combination with capecitabine) 
5. irinotecan as a single agent 
 
The GDG identified ten sequences based on these chemotherapy regimens that were 
considered relevant to current clinical practice (Table A2.1). Sequences were limited to two 
lines of treatment. 
 
Table A2.1: Summary of ten chemotherapy treatment sequences of interest 

Strategy First line Second line 

1 FOLFOX FOLFIRI 

2 FOLFOX XELIRI 

3 FOLFOX irinotecan 

4 XELOX FOLFIRI 

5 XELOX XELIRI 

6 XELOX irinotecan 

7 FOLFIRI FOLFOX 

8 FOLFIRI XELOX 

9 XELIRI FOLFOX 

10 XELIRI XELOX 
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The search for evidence included randomised controlled trials (RCTs) that reported on 
response, progression-free survival and overall survival for one or more of the chemotherapy 
regimens of interest as first-line treatment, second-line treatment or as part of a 
prospectively sequenced trial.  Head-to-head RCTs were not available to inform all 
comparisons of interest. In addition, overall survival is likely to be influenced by the 
sequence of chemotherapy treatments; data on overall survival that was reported from 
studies conducted only in first line (with limited information about subsequent treatment) or 
only in second line (with limited information about prior treatment) was regarded with 
caution, thus further limiting the number of head-to-head comparisons available to inform 
this endpoint.  
 
In order to facilitate a comparative analysis of all ten chemotherapy sequences, it was 
necessary to consider evidence that enabled indirect comparison of the treatments of 
interest. For example, if an RCT existed comparing two treatments A vs B, and another RCT 
existed comparing B vs C, however no RCT was identified comparing A vs C, then the 
evidence from the RCTs comparing A vs B and B vs C can be used to produce an indirect 
estimate of the relative effectiveness of A vs C. For the analysis of first-line treatment effects, 
both head-to-head trials (direct comparisons) as well as indirect comparisons were 
simultaneously considered as part of the evidence base to inform the estimate of effect size 
between 2 or more treatments of interest, therefore the analysis for first line is referred to as 
a mixed treatment comparison (MTC). To quantify second-line treatment effects and overall 
survival for sequences of chemotherapy, only a small number of relevant studies were 
identified as part of the evidence base. Each comparison was informed by using either direct 
evidence from a head-to-head trial or indirect evidence via a common comparator, but not by 
both types of evidence simultaneously. Therefore the second-line analysis is more 
accurately referred to as an indirect (rather than mixed) treatment comparison.  
 
The motivations for applying mixed and indirect treatment comparison techniques to the 
present analysis include: 
 

 Indirect comparisons allow estimation of treatment effects for comparisons that have not 
been trialled head-to-head, without breaking randomisation (Sutton et al. 2008) 

 All ten treatment sequences of interest can be compared simultaneously using one 
consistent evidence base (for each outcome of interest). Consideration of both direct and 
indirect comparisons provides an opportunity to formally assess the consistency of the 
evidence  

 Results of the analysis are needed to inform a comparative cost-effectiveness analysis of 
all ten treatment sequences of interest 

 
Mixed and indirect treatment comparisons were modelled to estimate relative effects to a 
common baseline for the outcomes response rate, progression-free survival and overall 
survival. Important assumptions and methods underpinning the analysis are described in 
detail below. The analysis was performed using the Bayesian WinBUGS 1.4.3 software. 
 

2 Quality of included studies 
 
All studies that were identified for inclusion in the mixed or indirect treatment comparison 
were RCTs and were assessed using the NICE methodology checklist for randomised trials. 
This assessment showed that in almost all aspects the individual studies were of a high 
standard methodologically. The method of randomisation was adequate in most cases with 
only a small number of studies not providing details of the method used and in almost all 
cases, the groups were well balanced at baseline, primarily the result of stratification for key 
factors. It was not clear in any study however, whether there was adequate allocation 
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concealment. It was therefore concluded that overall, there was a low risk of selection bias in 
the included studies. 
 
In all studies patients in both arms received the same care apart from the treatment of 
interest, however none of the patients or treatment administrators was blinded as it was not 
possible given the type of treatments administered and methods of administration. Despite 
this however, it is unlikely that there was a high risk of performance bias overall as the 
studies were all comparing very similar treatments in comparable patients.  
 
In the majority of studies, it was unclear how the individual arms were affected by patient 
drop outs or partial treatment administration. The median number of treatment cycles per 
arm was reported and in some studies a full study flow chart was provided which detailed the 
number of patients in each arm that received treatment, dropped out or were lost to follow-
up. Median length (and in some cases, range) of follow up was reported in all studies and a 
number of studies also reported the length of time post recruitment that data were collected, 
however this information was for the whole patient group as opposed to each arm and it was 
not clear from any of the individual studies whether the length of follow-up was similar in 
both arms. There is a possibility that some studies might be affected by attrition bias, 
however, from the data that are reported, this seems unlikely. 
 

3 Evidence synthesis methods 

 

3.1 First-line treatment 

A total of twenty-three studies reported the number of responders out of the total number of 
patients receiving each treatment as first-line therapy, corresponding to the network of 
evidence in Figure A2.1.  A list of included studies is provided in Table A2.2. 
 
Figure A2.1: MTC network of evidence used to inform response rate and progression-free 
survival for first-line treatments. Treatments in bold text are of primary interest to the analysis. 
A line between two treatments indicates a head-to-head comparison (RCT) exists; the numbers 
represent the number of trials comparing two treatments. 
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Table A2.2: Studies that informed the MTC for response rate and progression-free survival for 
first-line treatments. 

Study first author Year 
Treatment 

Arm 1 Arm 2 Arm 3 

Comella 2009 FOLFOX XELOX 
 

Martoni 2006 FOLFOX XELOX 
 

Diaz-Rubio 2007 FOLFOX XELOX 
 

Porschen 2007 FOLFOX XELOX 
 

Hochster 2008 FOLFOX XELOX 
 

Ducreux 2010 FOLFOX XELOX 
 

Tournigand* 2004 FOLFOX FOLFIRI 
 

Comella 2005 FOLFOX FOLFIRI 
 

Colucci 2005 FOLFOX FOLFIRI 
 

Seymour* 2007 FOLFOX FOLFIRI 5-FU 

de Gramont 2000 FOLFOX 5-FU 
 

Giacchetti 2000 FOLFOX 5-FU 
 

Cunningham 2009 FOLFOX 5-FU 
 

Goldberg 2006 FOLFOX IFL 
 

Goldberg 2004 FOLFOX IFL IROX 

Kohne 2008 FOLFIRI XELIRI 
 

Kohne 2005 FOLFIRI 5-FU 
 

Douillard 2000 FOLFIRI 5-FU 
 

Souglakos 2006 FOLFIRI FOLFOXIRI 
 

Falcone 2007 FOLFIRI FOLFOXIRI 
 

Gennatas 2006 FOLFIRI 5-FU 
 

Saltz 2000 5-FU IFL irinotecan 

Koopman* 2007 XELIRI capecitabine 
 

*Sequenced trial: only first-line data used 

 

3.1.1 First-line response rate relative effects 

We assumed that for each trial j, the number of events in arm k, rjk, has a binomial likelihood 
rjk~Bin(pjk,njk) where pjk is the probability of an event (response) in arm k of trial j and njk are 
the total number of patients in arm k of trial j.  A random effects model for pjk was fitted on 
the logit scale, such that for each trial logit(pj1)=µj in the control arm (k=1) and 
logit(pjk)=µj+δjk, for the treatment arms (k=2 or 3 for three arm trials) with δjk representing the 
trial-specific log-odds ratio of the treatment in arm k relative to the control treatment in trial j 
and µj representing the study-specific effects (baseline effects).  We fit a random effects 
MTC model, with FOLFOX as the reference treatment, under the assumption of consistency 
and homogeneous variance of the random effects (Lu and Ades, 2004). 
 
Defining tjk as the treatment in arm k of trial j, the trial-specific log-odds ratios, δjk, are drawn 

from one of the random effects distributions δjk~N(d(tjk)-d(tj1),
2) where d(tjk) is the relative 

treatment effect of the treatment tjk vs FOLFOX, k=1,2,3 and 2 is the between-study 

heterogeneity. A vague inverse-gamma prior on 2 was used since it resulted in faster 

convergence and smoother posterior densities than the alternative Uniform prior on . 
Posterior mean and median results were largely unaffected by the choice of prior 

distribution, but the estimates of 2 varied slightly. 
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3.1.2 First-line response rate baseline calculation for absolute effects 

In order to obtain absolute effects, it is necessary to obtain a baseline treatment effect for the 
reference treatment (FOLFOX), on which the relative treatment effects are applied. Any of 
the four first-line treatments of interest could be used as the reference treatment, however 
FOLFOX was chosen as it was the most frequently studied treatment out of the twenty-three 
available head-to-head trials. A separate meta-analysis (on the logit scale) was performed 
on just the FOLFOX arms of the fifteen trials comparing FOLFOX to any other drug (in first 
line). The predictive distributions of the log-odds of FOLFOX in a future trial were assumed 
to be normal with posterior means mA=-0.1119 and standard deviations sdA=0.3071.  These 
results were then used in the MTC model to generate a baseline treatment effect for 
FOLFOX, A~Normal(mA, sdA

2) on the log-odds scale on which relative effects were added at 
each iteration, to deliver the posterior summaries of the absolute probability of response for 
each treatment. 

 

3.1.3 First-line progression-free survival relative effects 

All twenty-three studies listed in Table A2.2 that reported response rates also provided data 
on disease progression (reported as progression-free survival or time to progression). In 
twelve of these studies, median PFS was accompanied by a hazard ratio (HR) with 
associated confidence interval (CI). The HR should be preferred to the median for survival 
analysis as it incorporates information on censoring (Tierney et al., 2007), so when both 
were available, the analysis was carried out on the log-hazard ratio (LHR). The data were 
transformed from HR into LHR and the standard error of the LHR obtained from the 
transformed CI by assuming an underlying normal distribution (Parmar et al.,1998). 
 
When only the median PFS and its CI were available (five studies), these were log-
transformed and the standard error of ln(median) calculated by assuming an underlying 
normal distribution (Parmar et al., 1998). Checks were made to ensure that the CI were 
symmetric on the log-median scale. 
 
Six studies presented only the median PFS with no measure of uncertainty. In five of these 
studies (Colucci et al., 2005; Seymour et al., 2007; de Gramont et al., 2000; Gennatas et al., 
2006; Douillard et al., 2000; Souglakos et al., 2006) a p-value for the log-rank test of a 
difference in the Kaplan-Meier curves was available. This was used to obtain an 
approximate LHR and standard error assuming the test statistic referred to a standard 
normal distribution and no censoring. Since no information was available on the number of 
observed events it was assumed that all analysed patients had progressed (Tierney et al., 
2007). Saltz et al. (2000) did not present a p-value for the comparisons of interest but the 
number of patients at risk at different time points was available.  Survival probabilities at 
each of the time points were read off the survival curves and a LHR and variance estimated 
following Williamson et al. (2002).  
 
Let yjk represent the log-hazard ratio of the treatment in arm k of study j, relative to the 
treatment in arm 1 of trial j, and Wjk represent the variance of the corresponding LHR. For 
the 17 trials for which the LHR and standard error were available (from the publications or 
imputed), the likelihood was defined as 
 

 yjk ~ Normal(δjk, Wjk) with δjk~N(d(tjk)-d(tj1),
2
) j=1,…,17, k=2,3 

where δjk are the trial-specific LHR for each study, assumed to come from the random 
effects distribution above.  A random effects mixed treatment comparisons (MTC) model was 
fitted, with FOLFOX as the reference treatment, under the assumption of consistency and 
homogeneous variance of the random effects, as above (Lu and Ades, 2004). 
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Let Mjk represent the median PFS in arm k of study j and Vjk represent the variance of ln(Mjk). 
Then, for the 5 trials where the media PFS is used, the median PFS is assumed to follow a 
log-normal distribution such that Mjk ~ log-Normal(mjk, Vjk), and  
 

 ln(Mjk)~ Normal(mjk, Vjk)  j=1,…,5, k=1,2 

Assuming the underlying PFS in arm k of trial i has an exponential distribution with rate jk, 

the expected value of the median of an exponential distribution is ln(2)/ jk and the HR of 

arm k compared to arm 1 in trial j is jk/ j1. Further, the expected value from a log-normal 
distribution is exp(mjk + Vjk/2), therefore we can model the log-rates by taking 
 

 mjk=ln(ln2) – ln( jk)- Vjk/2 

 

and ln( jk)= µj+δjk with δjk~N(d(tjk)-d(tj1),
2), for the treatment arms (k=2 or 3 for three arm 

trials) with δjk representing the trial-specific log-hazard ratio of the treatment in arm k relative 
to the control treatment in trial j and µj representing the study-specific effects (baseline 
effects). Note that the trial-specific LHR, δ, are assumed to be coming from the same 
random effects distributions, whether they refer to a study with data on the LHR directly or 
through the link function for studies with data given as medians with uncertainty.   

 

3.1.4 First-line progression-free survival baseline calculation for absolute effects 

 
In order to obtain absolute effects, it is necessary to obtain a baseline median PFS for 
FOLFOX, on which the relative treatment effects are applied. Of the fifteen studies 
comparing FOLFOX to any other treatment (in first line), six did not report any uncertainty 
measure for the median in the FOLFOX arm. We have therefore used only the nine studies 
for which a variance for the log-median could be extracted (Comella et al., 2009; Martoni et 
al., 2006,; Diaz-Rubio et al., 2007; Hochster et al., 2008; Ducreux et al., 2010; Tournigand et 
al., 2004; Comella et al., 2005; Giacchetti et al., 2000; Cunningham et al., 2009) to calculate 
the baseline PFS on FOLFOX.  A separate meta-analysis was performed on the FOLFOX 
arms of these nine trials.  The predictive distributions of the log-hazard of PFS on FOLFOX 
in a future trial were approximately normal with posterior means mA= -2.467 and standard 
deviations sdA= 0.1569.  These results were then used in the MTC model to generate a 
baseline A~Normal(mA, sdA

2) on the log-hazard scale on which relative effects were added 
at each iteration, to deliver the posterior summaries on the absolute log-hazard and hazard 
PFS and time to progression for each treatment. 
 

3.2 Second-line treatment and sequences 

 
The search for RCTs identified four studies in which two treatments of interest had been 
compared specifically as second-line chemotherapy (Table A2.3). However upon 
examination of the inclusion criteria for these studies, it was noted that all patients in these 
trials had received either single agent irinotecan or singe agent 5-fluorouracil as first-line 
treatment for advanced colorectal cancer. Therefore, these studies did not reflect the specific 
treatment sequences of interest to the current review and were excluded from the indirect 
treatment comparison analysis. 
 
Table A2.3: Second-line studies that included patients who received first-line treatment 
outside the treatment sequences of interest and were therefore excluded from the indirect 
treatment comparison analysis 

Study first author Year 
Treatment Prior first-line 

treatment Arm 1 Arm 2 
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Rothenberg 2008 FOLFOX XELOX irinotecan 

Kim 2009 FOLFOX irinotecan 5-FU 

Rougier 1998 irinotecan 5-FU 5-FU 

Haller 2008 irinotecan IROX 5-FU or capecitabine 

 
The only other source of data on second-line response rates and PFS for the treatment 
sequences of interest was from prospectively sequenced studies. Three prospectively 
sequenced trials were available (Tournigand et al., 2004; Koopman et al., 2007; Seymour et 
al., 2007) and reported data on response rate and PFS after first and second line.  However, 
Seymour et al. (2007) did not compare any sequences of interest or any sequences common 
to the other two trials, and was therefore excluded from the evidence space. The remaining 
trials provide evidence on only three of the ten sequences of interest and do not form a 
connected evidence network. 
 
The endpoint overall survival was reported for all studies (first line, second line and 
prospectively sequenced). However, in the majority of the first-line studies, patients went on 
to receive a mix of second-line treatments. The second-line treatments offered were usually 
not pre-specified and rarely reported in sufficient detail.  Furthermore, where some data was 
available on which second-line treatments were received by patients, the medians or HR for 
overall survival were not reported separately for the different treatments. Since we expect 
second-line treatment to influence overall survival (preliminary analyses, not shown, also 
suggested this was the case), it was not considered appropriate to use data on overall 
survival from first-line studies in which the patients who had second-line treatment received 
a mix of different chemotherapy to inform the analyses for specific treatment sequences.  An 
exception to this was the Cunningham et al. (2009) trial that compared FOLFOX and 5-FU; 
although this was a first-line study, the protocol had pre-specified that patients who 
progressed on the first-line treatment should be offered irinotecan as second-line treatment.  
The trial further reported that a high proportion (over 75%) of patients received second-line 
irinotecan in both arms. It was therefore decided that this trial could be considered a „quasi-
sequenced‟ trial comparing the sequence FOLFOX followed by irinotecan to the sequence 5-
FU followed by irinotecan. One other study (Porschen et al. 2007) also fulfilled these criteria. 
This was a first-line study of FOLFOX vs XELOX in which a high proportion of patients went 
on to receive irinotecan-based second-line treatment. This study was considered a „quasi-
sequenced‟ trial of FOLFOX followed by irinotecan vs XELOX followed by irinotecan. No 
other studies fulfilled the criteria for sequences of interest. 
 
Even after inclusion of Cunningham et al. (2009) and Porschen et al. (2007) in the evidence 
base (Table A2.4), the network remains disconnected and still does not provide sufficient 
data to compare all sequences of interest. In discussion with members of the GDG, 
equivalence of the effectiveness of the oral and iv fluoropyrimidine formulations 
(capecitabine and 5-FU) was hypothesised. If data supported the assumption that the 
treatment effect of FOLFOX is the same as the treatment effect of XELOX, the treatment 
effect of FOLFIRI is the same as the treatment effect of XELIRI, and treatment effect of 
capecitabine is the same as the treatment effect of 5-FU in first and second line, this would 
allow the ten sequences of interest to reduce to only three sequences comprised of a 
fluoropyrimidine backbone combined with either oxaliplatin or irinotecan and irinotecan as a 
single agent in second line: 
 
1. FOLFOX or XELOX followed by FOLFIRI or XELIRI 

2. FOLFIRI or XELIRI followed by FOLFOX or XELOX 

3. FOLFOX or XELOX followed by single agent irinotecan 

Exploratory analyses were conducted to confirm that this assumption was supported by the 
data on response and PFS. We checked if the 95% credible interval obtained from the first-
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line random effects MTC analysis for the HR of PFS included 1, which was the case for both 
XELOX  vs FOLFOX and for XELIRI vs FOLFIRI. Similarly for response, the 95% credible 
interval for the OR for XELIRI vs FOLFIRI included 1, although for XELOX vs FOLFOX the 
upper limit did not (0.98). Although MTC analysis was not performed on studies that were 
only conducted in second line, data from Rothenberg et al. (2008) (comparing FOLFOX to 
XELOX) could still inform the equivalence of fluoropyrimidine-containing regimens. Analysis 
of this study showed that the 95% credible intervals for OR for response and HR for PFS 
both included 1.  
 
Statistical models assuming equivalence of the effects of FOLFOX to XELOX, FOLFIRI to 
XELIRI and capecitabine to 5-FU were fitted for first -line response and PFS and were 
compared using the Deviance Information Criterion (DIC) to models that did not assume 
equivalence. These models were found to be similar in terms of model fit (DIC 83.2 for 
response and 54.4 for PFS, which were comparable to 83.6 and 56.1 respectively for the 
model not assuming equivalence).   
 
Applying the above assumptions, this allowed us to form a connected evidence network 
shown in Figure A2.2. Since only one trial was available to inform each sequenced treatment 
comparison, a fixed effect model was fitted. It should be note that the assumption of 
equivalence in treatment effect between capecitabine and 5-FU was not extended to other 
aspects of treatment such as toxicity or cost. The latter parameters were not included in the 
indirect treatment comparison analysis and have been summarised elsewhere. 

 

Figure A2.2: Network of sequenced studies to inform second-line response rate, progression-
free survival and overall survival (assuming equivalent effect of capecitabine and 5-FU). 
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Table A2.4: Sequenced studies included in the MTC analysis to inform second-line response 
rate, progression-free survival and overall survival.  

Study first author Year 
Treatments (sequenced) 

Arm 1 Arm 2 

Tournigand 2004 FOLFOX then FOLFIRI FOLFIRI then FOLFOX 

Koopman 2007 XELIRI then XELOX capecitabine then irinotecan 

Porschen* 
+
 2007 FOLFOX then irinotecan XELOX then irinotecan 

Cunningham* 2009 FOLFOX then irinotecan 5-FU then irinotecan 

*Quasi-sequenced trials: the protocol pre-specified patients should receive single agent irinotecan in second line. 
+
This trial informed the relationship (equivalence) between FOLFOX followed by irinotecan and XELOX followed by irinotecan 
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3.2.1 Second-line response rate and progression-free survival for sequences relative 
effects 

 
Data on response rate and median PFS on second-line treatment for the sequences of 
interest were reported in Tournigand et al. (2004) and Koopman et al. (2007), but not in 
Cunningham et al. (2009) as the latter was a „quasi-sequenced‟ study. However, 
Cunningham et al. (2009) did report that the median duration of second-line treatment was 
the same in both arms of this study. As patients usually continue treatment until disease 
progression (or unacceptable toxicity), we assumed that mean duration of treatment is highly 
correlated with PFS and imputed the HR of PFS on second-line treatment in the 
Cunningham et al. (2009) study as 1 (i.e. no difference in treatments).  The standard error of 
the LHR was imputed as 0.1393 based on the relationship between the standard errors for 
all other LHRs and the study sample size, available from first and second- line studies both 
observed and imputed.   
 
For the analysis of response rate on second-line treatment for a given sequence, rather than 
impute the number of patients responding to second-line treatment for the two arms of the 
trial, we imputed the LOR expected for this study, based on the relationship between all 
other observed LOR and the LHR for PFS in second line.  The standard error for the LOR 
was imputed based on the relationship between all other available se(LHR) and the study 
sample size.  The LOR of response on second line for the Cunningham et al. (2009) study 
was imputed as 0.03 with standard error=0.2492. 
 
3.2.2 Overall survival for sequences relative effects 

 
Two studies presented the HR and CI for overall survival.  The analysis was carried out on 
the LHR for these studies with the standard error of the LHR obtained from the log-
transformed CI by assuming an underlying normal distribution as above.  One study reported 
only median overall survival and CI.  These were log-transformed and the standard error of 
ln(median) calculated from the CI, as before.   
 
The model used to combine the LHR and medians was the fixed effects version of the model 
used for first line data, so that for all trials for which the LHR and standard error were 
available, the likelihood was defined as 
 

 yjk ~ Normal(d(tjk)-d(tj1), Wjk) with j=1,2,3, k=2 

and for the trial in which median OS was reported, this was assumed to follow a log-normal 

distribution such that ln(Mjk)~ Normal(mjk, Vjk), j=1, k=1,2,  mjk=ln(ln2) – ln( jk)- Vjk/2  as 

before, and ln( jk)= µj+d(tjk)-d(tj1). 
 

3.2.3 Second-line response rate, progression-free survival and overall survival baseline 
calculation for absolute effects 

 
Only one sequenced study provided information on the absolute effect of FOLFOX (XELOX) 
followed by FOLFIRI (XELIRI) (Tournigand et al., 2004). The baseline value calculated in the 
model for this study was taken to be the absolute effect of this sequence on second-line 
response rate, PFS and overall survival.  A further element of uncertainty was added so that 
the absolute effects were calculated as the absolute effect of FOLFOX (XELOX) followed by 

FOLFIRI (XELIRI) plus a random term E with 
2

~ (0, )
E

E N s  where sE was the predictive 

standard deviation for a future trial with FOLFOX as first-line treatment (obtained from all the 
first-line data, as above).   
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A baseline median OS for FOLFOX based on the first-line studies was obtained as follows: 
of the fourteen studies comparing FOLFOX to any other treatment in first line, data on OS 
was not extractable for the relevant comparisons for Seymour et al. (2007); Martoni at al. 
(2006) had no data on OS and a further 5 trials did not have any measure of uncertainty 
around the median OS in the FOLFOX arm. We therefore used the remaining eight trials 
(Comella et al., 2009; Diaz-Rubio et al., 2007; Hochster et al., 2008; Ducreux et al., 2010; 
Comella et al., 2005; Giacchetti et al., 2000; Cunningham et al., 2009; Tournigand et al., 
2004) to calculate the baseline OS when receiving FOLFOX in first line.  A separate meta-
analysis was performed on the FOLFOX arms of these eight trials. The predictive 
distributions of the log-hazard of OS of FOLFOX in a future trial were approximately normal 
with posterior means mA= -3.218 and standard deviations sdA= 0.4690. Therefore 
sE=0.3071, 0.1606 and 0.4690 for response, PFS and OS respectively. 
 

3.3 Model criticism 

The posterior mean of the residual deviance (ResDev) will be used to assess whether the 
MTC model is satisfactory in terms of fit to the data.  The residual deviance is the deviance 
for the fitted model minus the deviance for the saturated model.  In an adequately fitting 
model, each data point should contribute about 1 to the posterior mean residual deviance 
(Spiegelhalter et al., 2002), so the posterior mean of the residual deviance will be compared 
to the number of data points used to inform each analysis.  Inspection of each data point‟s 
contribution to the residual deviance can help identify data points contributing to the model‟s 
poor fit. 
 

3.4 Estimation 

All posterior summaries were obtained using Markov chain Monte Carlo (MCMC) simulation 
implemented in the WinBUGS 1.4.3 software.  The study effects, μi, and all relative 
treatment effects have been given vague priors: N(0,10000).  For all random effects MTC 
models, a vague prior is assumed for the common variances so that, 
1/σ2~Gamma(0.001,0.001).  Sensitivity of the results to Uniform(0,10) prior for σ was 
assessed and this did not change the posterior means of the treatment effects, but did make 
the results more unstable. Results using the Gamma priors are quoted throughout. 
 
Three chains were run until convergence according to the Brooks-Gelman-Rubin diagnostic 
tool (Brooks et al., 1998) and through inspection of the history plots. These “burn-in” 
simulations were then discarded, and a further 100,000 iterations run for three independent 
chains in the models for first line data.  In models for sequences 200,000 iterations were run 
post-convergence since there was moderate auto-correlation between the treatment effect 
estimates.  All inference is based on the posterior summaries from these combined chains.  
 

4 Mixed and indirect treatment comparison results  

 
Results are presented below for the MTC for first-line treatment response rate and PFS and 
for the indirect treatment comparison for second-line sequenced treatment response rate, 
PFS and overall survival. Both relative effects and absolute estimates are reported for each 
outcome. 
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4.1 First-line treatment response rate 

The results for first-line treatment response rate are shown in Tables A2.5 and A2.6. 
 
Table A2.5: Posterior median of odds ratio (OR) for response rate for first-line treatment with 
95% credible interval and probability that each treatment is best out of the four treatments of 
interest. OR < 1 favours the reference treatment. 

Treatment 
OR (95% 

CrI) 
Prob 
best 

XELOX

FOLFIRI

XELIRI

tr
e
a

tm
e

n
t

0 1 2 3
Odds Ratio

Favours  FOLFOX Favours  comparator
 

FOLFOX 
(reference) 

1 0.63 

XELOX 
0.79 (0.63, 

0.98) 
0.01 

FOLFIRI 
0.74 (0.61, 

0.91) 
0.00 

XELIRI 
0.80 (0.23, 

2.89) 
0.36 

 
The residual deviance for the random effects model used for the analysis of first-line 
response rates was 48.7 which, compared to 49 data points, suggests a good model fit. 

 

Table A2.6: Posterior summaries of the absolute response rate for first-line treatment (median 
with 95% credible interval). 

Treatment Absolute response rate (95% CrI) 

FOLFOX (reference) 0.47 (0.33, 0.62) 

XELOX 0.41 (0.27, 0.57) 

FOLFIRI 0.40 (0.26, 0.56) 

XELIRI 0.42 (0.15, 0.75) 

 
In first line, there appears to be a small benefit in favour of FOLFOX with respect to 
response rate. XELIRI was associated with the second highest probability of being the best 
out of the four regimens, however as there was only one RCT to connect XELIRI to FOLFIRI 
in the evidence network, the estimate of effectiveness for XELIRI is associated with a high 
degree of uncertainty as seen by the width of the 95% credible interval. 
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4.2 First-line treatment progression-free survival 

The results for first-line treatment progression-free survival are shown in Tables A2.7 and 
A2.8. 
 
Table A2.7: Posterior summaries (median with 95% credible interval) of hazard ratio (HR) for 
PFS for first-line treatment and probability that each treatment is best out of the 4 treatments 
of interest. HR > 1 favours the reference treatment. 

Treatment 
HR (95% 

CrI) 
Prob 
best 

XELOX

FOLFIRI

XELIRI

tr
e
a

tm
e

n
t

.5 1 1.5 2 2.5
Hazard Ratio

Favours  FOLFOXFavours  comparator
 

FOLFOX 
(reference) 

1 0.66 

XELOX 
1.07 (0.92, 

1.25) 
0.15 

FOLFIRI 
1.09 (0.94, 

1.26) 
0.10 

XELIRI 
1.43 (0.82, 

2.48) 
0.09 

 
The residual deviance for the random effects model used for the analysis of first-line PFS 
was 33.0 which, compared to 31 data points, suggests a good model fit. 
 
Table A2.8: Posterior summaries (median with 95% credible interval) of mean and median PFS 
for first-line treatment. Baseline effects are based on all the available FOLFOX arms and 
assumed underlying exponential distribution. 

Treatment Mean PFS in months (95% CrI) Median PFS in months (95% CrI) 

FOLFOX (reference) 11.8 (8.67, 16.01) 8.2 (6.01, 11.10) 

XELOX 11.0 (7.79, 15.44) 7.6 (5.40, 10.70) 

FOLFIRI 10.9 (7.72, 15.25) 7.5 (5.35, 10.57) 

XELIRI 8.3 (4.39, 15.49) 5.7 (3.04, 10.74) 

 
FOLFOX was associated with a 66% probability of being the most effective of the four 
regimens with respect to PFS, however the 95% credible intervals for the hazard ratios of all 
other treatments included 1 (no difference between treatments). The uncertainty surrounding 
the effectiveness of XELIRI in terms of PFS is again evident by the width of the 95% credible 
interval. Estimates of median PFS for first-line treatment ranged from 5.7 months for XELIRI 
to 8,2 months for FOLFOX. 
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4.3 Second-line treatment response rates for sequences 

The results for second-line treatment response rate are shown in Tables A2.9 and A2.10. 
 
Table A2.9: Posterior median of odds ratio (OR) for response rate for second-line treatment (in 
bold) as part of a sequence of treatments with 95% credible interval and probability that each 
second-line treatment is best out of the 3 regimens of interest, assuming equivalence between 
the effect of capecitabine and 5-FU. OR < 1 favours the reference treatment. 

Treatment 
sequence 

OR (95% CrI) 
Prob 
best 

Favours  comparator

FOLFOX/XELOX then 

irinotecan

FOLFIRI/XELIRI then 

FOLFOX/XELOX 

tr
e
a
tm

e
n
t

0 5 10 15 20

Odds Ratio  

FOLFOX/XELOX 
then 

FOLFIRI/XELIRI  
(reference) 

1 0.01 

FOLFOX/XELOX 
then 

irinotecan 
4.80 (0.75, 18.28) 0.26 

FOLFIRI/XELIRI 
then 

FOLFOX/XELOX 
5.72 (1.21, 19.67) 0.73 

 
The residual deviance for the fixed effects model used for the analysis of second-line 
response rates was 5.1 which, compared to 5 data points, suggests a good model fit. 
 
Table A2.10: Posterior summaries of the absolute response rate for second-line treatment (in 
bold) as part of a sequence of treatments (median with 95% credible interval). 

Treatment Absolute response rate (95% CrI) 

FOLFOX/XELOX then  FOLFIRI/XELIRI (reference) 0.04 (0.01, 0.12) 

FOLFOX/XELOX then  irinotecan 0.12 (0.04, 0.29) 

FOLFIRI/XELIRI then  FOLFOX/XELOX 0.14 (0.06, 0.28) 

 
Treatment with FOLFOX/XELOX in second line (following FOLFIRI/XELIRI in first line) was 
associated with significantly higher response rate than FOLFIRI/XELIRI in second line 
(following FOLFOX/XELOX in first line). Response rates for single agent irinotecan in 
second line were comparable to FOLFOX/XELOX in second line, however FOLFOX/XELOX 
were still the treatment options associated with the highest probability of being the most 
effective regimens in second line. 
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4.4 Second-line treatment progression-free survival for sequences 

The results for second-line progression-free survival are shown in Tables A2.11 and A2.12. 
 
Table A2.11: Posterior summaries (median with 95% credible interval) of hazard ratio (HR) for 
PFS for second-line treatment (in bold) as part of a sequences of treatments and probability 
that each second-line treatment is best out of the 3 regimens of interest, assuming 
equivalence between the effect of capecitabine and 5-FU. HR > 1 favours the reference 
treatment. 

Treatment 
sequence 

HR (95% CrI) 
Prob 
best 

 

FOLFOX/XELOX 
then 

FOLFIRI/XELIRI 
(reference) 

1 0.21 

FOLFOX/XELOX 
then 

irinotecan 
1.45 (0.94, 2.23) 0.46 

FOLFIRI/XELIRI 
then 

FOLFOX/XELOX 
1.68 (1.26, 2.23) 0.39 

 
The residual deviance for the fixed effects model used for the analysis of second-line PFS 
was 5.0 which, compared to 5 data points, suggests a good model fit. 

 

Table A2.12: Posterior summaries (median with 95% credible interval) of mean and median 
PFS for second-line treatment (in bold) as part of a sequence of treatments. Baseline effects 
are based on FOLFOX followed by FOLFIRI data with added uncertainty and assumed 
underlying exponential distribution.  

Treatment 
Mean PFS in months (95% 

CrI) 
Median PFS in months 

(95% CrI) 

FOLFOX/XELOX then  FOLFIRI/XELIRI (reference) 6.1 (4.26, 8.71) 4.2 (2.95, 6.04) 

FOLFOX/XELOX then  irinotecan 4.2 (2.54, 6.97) 2.9 (1.76, 4.83) 

FOLFIRI/XELIRI then  FOLFOX/XELOX 3.6 (2.46, 5.35) 2.5 (1.70, 3.71) 

 
The reported hazard ratios favour FOLFIRI/XELIRI over FOLFOX/XELOX as a second-line 
treatment for the specified sequences. Estimates of median PFS for second-line treatment 
ranged from 2.5 months for FOLFOX/XELOX (when given after FOLFIRI/XELIRI in first line) 
to 4.2 months for FOLFIRI/XELIRI in second line (when given after FOLFOX/XELOX in first 
line).   
 

FOLFOX/XELOX 

then irinotecan

FOLFIRI/XELIRI then 

FOLFOX/XELOX 

tr
e
a
tm

e
n
t

1 1.5 2 2.5

Hazard RatioFavours  comparator
Favours FOLFOX/XELOX 

then FOLFIRI/XELIRI
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4.5 Overall survival for sequences 

The results for overall survival for sequences of treatment are shown in Tables A2.13 and 
A2.14. 
 
Table A2.13: Posterior summaries (median with 95% credible interval) of hazard ratio (HR) for 
overall survival for sequences of treatment and probability that each sequence is best out of 
the 3 regimens of interest, assuming equivalence between the effect of capecitabine and 5-FU. 
HR > 1 favours the reference treatment. 

Treatment 
sequence 

HR (95% CrI) 
Prob 
best 

FOLFOX/XELOX 

then irinotecan

FOLFIRI/XELIRI then 

FOLFOX/XELOX 

tr
e
a
tm

e
n
t

0.6 0.8 1 1.2 1.4
Hazard Ratio

Favours FOLFOX/XELOX 
then FOLFIRI/XELIRI

Favours  comparator

 

FOLFOX/XELOX 
then 

FOLFIRI/XELIRI 
(reference) 

1 0.28 

FOLFOX/XELOX 
then 

irinotecan 
0.96 (0.68, 1.37) 0.39 

FOLFIRI/XELIRI 
then 

FOLFOX/XELOX 
0.96 (0.74, 1.24) 0.33 

 
The residual deviance for the fixed effects model used for the analysis of overall survival was 
4.0 which, compared to 4 data points, suggests a good model fit. 
 
Table A2.14: Posterior summaries (median with 95% credible interval) of mean and median OS 
for sequences of treatment, assuming equivalence between the effect of capecitabine and 5-
FU. Baseline effects are based on FOLFOX followed by FOLFIRI data with added uncertainty 
and assumed underlying exponential distribution. 

Treatment 
Mean OS in months 

(95% CrI) 
Median OS in months 

(95% CrI) 

FOLFOX/XELOX then  FOLFIRI/XELIRI (reference) 29.9 (11.74, 76.02) 20.7 (8.14, 52.69) 

FOLFOX/XELOX then  irinotecan 31.0 (11.78, 81.66) 21.5 (8.17, 56.60) 

FOLFIRI/XELIRI then  FOLFOX/XELOX 31.2 (12.17, 80.04) 21.6 (8.44, 55.48) 

 
The estimate of median overall survival for all sequences in the indirect treatment 
comparison is approximately 21 months. There is a high degree of uncertainty in the 
estimates as seen by the wide 95% credible intervals, but nonetheless the analysis suggests 
with respect to overall survival, the effectiveness of all treatment sequences is comparable.  
 

5 Cost-effectiveness analysis methods  

A review of existing literature did not identify any published cost-effectiveness analyses that 
addressed all chemotherapy regimens and sequences of interest in the current guideline, 
therefore a new decision analytic model was developed alongside the MTC analysis. 
 
A decision tree was constructed to reflect key events in the treatment pathway for advanced 
colorectal cancer patients in order to compare costs and health effects for the ten sequences 
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of chemotherapy (Figure A2.3). In first line, patients receive one of four possible irinotecan or 
oxaliplatin-based combination chemotherapy regimens. Following disease progression on 
first-line treatment, the model allows for a proportion of patients to discontinue treatment. 
The remaining proportion of patients went on to receive one of five possible second-line 
treatments. 
 
Effectiveness was quantified in terms of quality-adjusted life years (QALYs). Survival time is 
partitioned in the model using the progression-free survival and overall survival results from 
the mixed and indirect treatment comparisons. While receiving chemotherapy, and prior to 
the onset of progressive disease, patients are assumed to be in a stable disease state. 
Following the point of progression in the model, patients are assumed to be in a progressive 
disease state with a lower overall quality of life. The model does not explore survival 
conditional on best response to treatment. This is because there was insufficient detail 
reported in the clinical literature to facilitate survival analysis dependent on tumour response.  
 
Figure A2.3: Basic structure of the cost-effectiveness model. The same structure was applied 
to all ten treatment sequences in the analysis.  

 

 
The MTC analysis produced estimates of progression-free survival for each of the first-line 
treatments. Some assumptions (described in detail above) were made in order to create a 
connected evidence network to estimate second-line progression-free survival and overall 
survival for the treatment sequences of interest. Survival time was quality adjusted in the 
cost-effectiveness analysis using utility weights obtained from published sources.  
 
For patients who only received one line of treatment, QALYs were calculated as follows: 

 

(PFS1 x utility_stable) + ((OS – PFS1) x utility_prog) 

 
For patients who received two lines of treatment, QALYs were calculated as follows: 
 

(PFS1 x utility_stable) + (PFS2 x utility_stable) + ((OS – PFS1 – PFS2) x utility_prog) 

 
where PFS1 = mean progression-free survival while on first-line treatment, PFS2 = mean 
progression-free survival while on second-line treatment and OS = mean overall survival for 
a given sequence of treatments for the combined population of patients receiving either one 
or two lines of treatment. The proportion of patients who went on to receive second-line 
treatment was reported in 15 studies (Colucci et al., 2005; Comella et al., 2005; Cunningham 
et al., 2009; Diaz-Rubio et al., 2007; Douillard et al., 2000; Goldberg et al., 2004; Goldberg 
et al., 2006; de Gramont et al., 2000; Kohne et al., 2005; Koopman et al., 2007; Martoni et 
al., 2006; Porschen et al., 2007; Seymour et al., 2007; Souglakos et al., 2006; Tournigand et 
al., 2004). This proportion was found to be approximately consistent (60%) across studies 
and also across different first-line treatments. As it was not possible to obtain separate 
overall survival curves for the subgroup of patients who only received one line of treatment 
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and the subgroup of patients who received two lines of treatment, the QALY calculations 
above should be viewed as a weighted average of quality-adjusted survival across the 
combined patient population and not as separate absolute estimates of survival for each 
subgroup. 
 
QALYs were further adjusted to take into account disutility associated with treatment-related 
toxicities. The toxicities included in the model were those that had considerable cost 
implications associated with management and/or measurable impact on patient well-being 
that could be quantified using disutility estimates available from published sources. 
Estimates of the rates of febrile neutropenia, Grade 3/4 diarrhoea and Grade 3/4 hand-foot 
syndrome were obtained from the clinical literature. It was not possible to conduct an MTC 
analysis using the available toxicity data, so mean rates of toxicity for each treatment were 
used to inform the cost-effectiveness model.  
 
The model was developed from an NHS cost perspective. Costs in the model included drugs 
and drug administration, management of adverse events and supportive care. Given the 
relatively short time horizon of the model, discounting was not applied to either costs or 
health outcomes. 
 
The model was made probabilistic to take into account the impact of parameter uncertainty 
on results. Probability distributions were created to reflect imprecision and Monte Carlo 
simulation was used to draw samples across all distributions. The decision tree was 
developed in TreeAge Pro 2009 software (TreeAge Software Inc, Williamstown, MA, USA).  

 

6 Cost-effectiveness model inputs 

6.1 Progression-free survival and overall survival 

 
Details of the data sources, methods and results for estimating progression-free survival and 
overall survival using MTC techniques are presented above. For the cost-effectiveness 
analysis, a random sample of 30,000 simulations for first-line progression-free survival, 
second-line progression-free survival and overall survival estimates was obtained from the 
WinBUGS output. Rather than fitting a distribution to reflect uncertainty around the mean 
estimates for these parameters, simulations were inputted directly as chains into the cost-
effectiveness model and sampled using Monte Carlo simulation. 
 

6.2 Toxicity rates 
 
Toxicity rates for febrile neutropenia, Grade 3/4 diarrhoea and Grade 3/4 hand-foot 
syndrome were obtained from the clinical literature that was identified during the systematic 
review for the MTC and are shown in Tables A2.15 and A2.16. Separate estimates were 
obtained for first-line treatment and second-line treatment. If there was insufficient data on 
second-line toxicity rates from prospectively sequenced studies, then studies conducted 
specifically in second line were included for the purpose of informing the cost-effectiveness 
analysis. Uncertainty in the estimates for toxicity rates was reflected by fitting beta 
distributions.  

  

Table A2.15: First-line treatment toxicity rates used in the cost-effectiveness analysis 

First-line treatment febrile neutropenia 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 6.2 5.6 
Beta 

(mean, SD) 

Comella et al. 2005, Comella et al. 2009, 
Diaz-Rubio et al. 2007,Ducreux et al. 2010, 
Goldberg et al. 2004, Goldberg et al. 2006,  
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Tournigand et al. 2004 

XELOX 2.4 3.2 
Beta 

(mean, SD) 
Comella et al. 2009, Diaz-Rubio et al. 2007, 
Ducreux et al. 2010 

FOLFIRI 4.0 2.4 
Beta 

(mean, SD) 

Comella et al. 2005, Douillard et al. 2000, 
Falcone et al. 2007, Kohne et al. 2005, 
Kohne et al. 2008, Souglakos et al. 2006, 
Tournigand et al. 2004 

XELIRI 8.3 2.5 
Beta 

(mean, SD) 
Kohne et al. 2008, Koopman et al. 2007 

First-line treatment grade 3/4 diarrhoea 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 15.7 10.7 
Beta 

(mean, SD) 

Colucci et al. 2005, Comella et al. 2005, 
Comella et al. 2009, Cunningham et al. 
2009, Diaz-Rubio et al. 2007, Ducreux et al. 
2010, Giachetti et al. 2000, Goldberg et al. 
2004, Goldberg et al. 2006, de Gramont et 
al. 2000, Hochster et al. 2008, Martoni et al. 
2006, Seymour et al. 2007, Tournigand et al. 
2004 

XELOX 16.6 10.0 
Beta 

(mean, SD) 

Comella et al. 2009, Diaz-Rubio et al. 2007, 
Ducreux et al. 2010, Hochster et al. 2008, 
Martoni et al. 2006 

FOLFIRI 17.2 9.5 
Beta 

(mean, SD) 

Colucci et al. 2005, Comella et al. 2005, 
Douillard et al. 2000, Falcone et al. 2007, 
Gennatas et al. 2006, Seymour et al. 2007, 
Kohne et al. 2005, Kohne et al. 2008, 
Souglakos et al. 2006, Tournigand et al. 
2004 

XELIRI 30.3 6.6 
Beta 

(mean, SD) 
Kohne et al. 2008, Koopman et al. 2007 

First-line treatment grade 3/4 hand-foot syndrome 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 2.4 2.7 
Beta 

(mean, SD) 

Comella et al. 2009, Diaz-Rubio et al. 2007, 
Ducreux et al. 2010, Giachetti et al. 2000, 
Hochster et al. 2008, Martoni et al. 2006, 
Porschen et al. 2007, Seymour et al. 2007 

XELOX 7.0 7.6 
Beta 

(mean, SD) 

Comella et al. 2009, Diaz-Rubio et al. 2007, 
Ducreux et al. 2010, Martoni et al. 2006, 
Hochster et al. 2008, Porschen et al. 2007 

FOLFIRI 0.7 0.5 
Beta 

(mean, SD) 
Douillard et al. 2000, Kohne et al. 2005, 
Kohne et al. 2008, Seymour et al. 2007 

XELIRI 6.0 - 
Beta 

(integers) 
Kohne et al. 2008, Koopman et al. 2007 

 

Table A2.16: Second-line treatment toxicity rates used in the cost-effectiveness analysis 

Second-line treatment febrile neutropenia 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 3.1 2.8 
Beta 

(mean, SD) 
Kim et al. 2009, Rothenberg et al. 2008, 
Tournigand et al. 2004 
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XELOX 1.0 - 
Beta 

(integers) 
Rothenberg et al. 2008 

FOLFIRI 1.0 - 
Beta 

(integers) 
Tournigand et al. 2004 

XELIRI 8.3 2.5 
Beta 

(mean, SD) 
No studies identified - assumed equivalent 
to first-line toxicity rate 

irinotecan 10.2 0.8 
Beta 

(mean, SD) 
Haller et al. 2008, Kim et al. 2009 

Second-line treatment grade 3/4 diarrhoea 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 7.2 2.8 
Beta 

(mean, SD) 
Kim et al. 2009, Rothenberg et al. 2008, 
Seymour et al. 2007, Tournigand et al. 2004 

XELOX 19.9 - 
Beta 

(integers) 
Rothenberg et al. 2008 

FOLFIRI 7.9 0.2 
Beta 

(mean, SD) 
Seymour et al. 2007, Tournigand et al. 2004 

XELIRI 30.3 6.6 
Beta 

(mean, SD) 
No studies identified - assumed equivalent 
to first-line toxicity rate 

irinotecan 23.3 6.1 
Beta 

(mean, SD) 
Haller et al. 2008, Kim et al. 2009, Rougier 
et al. 1998, Seymour et al. 2007 

Second-line treatment grade 3/4 hand-foot syndrome 

Treatment Mean (%) Standard dev Distribution Sources 

FOLFOX 1.8 1.7 
Beta 

(mean, SD) 
Rothenberg et al. 2008, Seymour et al. 
2007 

XELOX 3.5 - 
Beta 

(integers) 
Rothenberg et al. 2008 

FOLFIRI 1.1 - 
Beta 

(integers) 
Seymour et al. 2007 

XELIRI 6.0 - 
Beta 

(integers) 
No studies identified - assumed equivalent 
to first-line toxicity rate 

irinotecan 0.6 - 
Beta 

(integers) 
Seymour et al. 2007 

 

6.3 Utility estimates 
 

Utility estimates for stable (on treatment) and progressive disease were obtained from a 
published study of elicited preference values for health states associate with colon cancer 
(Best et al., 2010). The study was conducted using time trade-off techniques to elicit 
preferences from both patients and community members. The estimates for stable and 
progressive metastatic disease from the community sample only were applied in the cost-
effectiveness model.  
 
Disutility estimates to capture the impact of treatment-related toxicity on patient well-being 
for the specific regimens of interest in colorectal cancer were not available. Estimates 
obtained from a utility study conducted in metastatic breast cancer were used as a proxy 
(Lloyd et al., 2006). These estimates were applied in the cost-effectiveness model as utility 
decrements to the proportion of patients experiencing each of the toxicities. 
 
Table A2.17 summarises the utility estimates used in the analysis. 
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Table A2.17: Utility values used in the cost-effectiveness analysis 

Health state Value Distribution Source 

Metastatic disease, stable  0.51 Beta (assumed se = 0.1) Best et al. 2010  

Metastatic disease, progressive  0.21 Beta (assumed se = 0.1) Best et al. 2010  

Disutility febrile neutropenia  -0.15 Fixed Lloyd et al. 2006  

Disutility grade 3/4 diarrhoea  -0.103 Fixed Lloyd et al. 2006  

Disutility grade 3/4  hand foot 
syndrome  

-0.116 Fixed Lloyd et al. 2006  

 

6.4 Drug costs 
 
Information on drug doses for each treatment regimen was obtained from the literature. For 
some regimens, variations in dose or administration schedule were observed across studies. 
If inconsistency across studies was noted, then GDG input was obtained to confirm which 
doses were most reflective of current UK clinical practice (Table A2.18). 

 

Table A2.18: Drug doses and administration schedule 

Regimen Dose Cycle length  (weeks) 

FOLFIRI  
5-FU 400 mg/m2 iv bolus Day 1, 2400 mg/m2 ci, 46 hrs 
folinic acid 200 mg/m2 iv, 2 hrs, Day 1 
irinotecan 180 mg/m2, iv 30 mins, Day 1 

2 

FOLFOX  
5-FU 400 mg/m2 iv bolus Day 1, 2400 mg/m2 ci, 46 hrs 
folinic acid 200 mg/m2 iv, 2 hrs, Day 1 
oxaliplatin 85 mg/m2 iv, 2 hrs, Day 1 

2 

XELIRI  
capecitabine 1000 mg/m2 oral bid, Day 1-14 
irinotecan 200 mg/m2 iv, Day 1  

3 

XELOX  
capecitabine 1000 mg/m2 oral bid, Day 1-14 
oxaliplatin 130 mg/m2 iv, 2 hrs, Day 1  

3 

irinotecan  irinotecan 350 mg/m2 iv 30 min, Day 1  3 

 

6.4.1 Drug cost per cycle  
 
Drug cost per cycle was calculated based on cost data obtained from the British National 
Formulary assuming no wastage and an average body surface area of 1.75 m2 (NICE 
Developing Costing Tools Methods Guide January 2008). When available, the unit cost of 
non-proprietary formulations was used. An estimate of the cost of administration was 
obtained from NHS Reference Costs. Drug costs and drug administration costs per cycle are 
summarised in Tables A2.19 and A2.20.  
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Table A2.19: Drug cost per cycle 

Regimen (cycle 
length) 

oxaliplatin irinotecan 
folinic 
acid 

5-FU capecitabine 
Total cost 
per cycle 

FOLFOX (2 weeks) 449.50 - 90.98 62.72 - £ 603.20 

FOLFIRI (2 weeks) 
 

388.89 90.98 62.72 - £ 542.59 

XELOX (3 weeks) 681.50 - - - 223.16 £ 904.66 

XELIRI (3 weeks) - 430.63 - - 223.16 £ 653.79 

irinotecan (3 weeks) - 736.53 - - - £ 736.53 

 

Table A2.20: Drug administration cost per cycle 

Chemotherapy delivery  Cost per cycle Source Comments 

Deliver simple parenteral 
chemotherapy 

£272 
NHS Reference Costs 
2008-2009 (SB12Z) 

Applied to XELOX, XELIRI, 
irinotecan 

Deliver more complex 
parenteral chemotherapy

*
 

£335 
NHS Reference Costs 
2008-2009 (SB13Z) 

Applied to FOLFOX, FOLFIRI 

* includes equipment costs associated with delivering IV chemotherapy 

 

6.4.2 Number of cycles 
 
The duration of treatment in terms of number of cycles was extracted from the clinical 
literature (Table A2.21). For most first-line studies, the total number of cycles was reported 
and used to derive the mean number of cycles per patient. For second-line treatment and for 
XELIRI as first-line treatment, studies typically only reported the median number of cycles. 
For these estimates, uncertainty was reflected assuming a uniform distribution in the cost-
effectiveness model. 
 
Table A2.21: Number of treatment cycles 

First line (cycle length) Number of cycles Standard deviation Distribution 

FOLFOX (2 weeks) 8.99 1.73 Gamma (mean, SD) 

FOLFIRI (2 weeks) 7.89 0.71 Gamma (mean, SD) 

XELOX (3 weeks) 5.87 0.78 Gamma (mean, SD) 

XELIRI (3 weeks) 6.50 2 (assumption) Uniform 

Second line (cycle length) Number of cycles Standard deviation Distribution 

FOLFOX (2 weeks) 7.13 2 (assumption) Uniform 

FOLFIRI (2 weeks) 6.00 2 (assumption) Uniform 

XELOX (3 weeks) 5.00 2 (assumption) Uniform 

XELIRI (3 weeks) 5.53 2 (assumption) Uniform 

irinotecan (3 weeks) 5.21 2 (assumption) Uniform 

 

6.5 Cost of adverse event management 
 
Estimates of the cost of management of febrile neutropenia and severe diarrhoea were 
based on NHS reference costs (Table A2.22). The cost of management of hand-foot 
syndrome was not factored into the model as this is typically managed by interruption of 
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treatment or dose-reduction (Gressett et al. 2006) so it was not possible to assess the 
impact on cost or effectiveness specifically attributable to this toxicity alone. 
 
Table A2.22: Cost of management for febrile neutropenia and grade 3/4 diarrhoea 

Toxicity Cost Source 

Febrile neutropenia £ 6,278 PbR Tariff 2010-2011 (PA45Z) 

Diarrhoea (Grade 3/4) £ 388 NHS Reference Costs 2008-2009 (FZ45C) 

 

6.6 Supportive care 
 
Healthcare resource use associated with supportive care for advanced cancer patients was 
obtained from a UK study of the DIN-Link database (Guest et al., 2005). Estimates of 
resource use for GP visits, district nurse visits, outpatient visits and hospitalisations were 
obtained from this study while unit costs were based on more recent sources (Table A2.23). 
Supportive care costs were applied throughout the model during both active treatment and 
progressive disease.   

 

Table A2.23: Supportive care costs 

Supportive care 
Number of units 

per year 
Unit cost Source for unit cost 

GP visits 17.38 £40 PSSRU 2009 

District nurse visits 17.38 £23 PSSRU 2009 

Outpatient visits 0.617 £205 PbR Tariff 2010-2011 (WF01B) 

Hospitalisations 0.717 £1,422 
NHS reference costs 2008-2009 
(FZ48B) 

 

6.7 Sensitivity analyisis  
 
The cost-effectiveness model was analysed by performing Monte Carlo simulation, sampling 
30,000 times from all available distributions and MTC chains. Mean costs and QALYs for 
each of the ten treatment sequences are reported, as well as the incremental cost-
effectiveness ratio (ICER) for all treatment strategies that are not ruled out by dominance. 
Parameter uncertainty is propagated through the model using probabilistic sensitivity 
analysis and is reflected in the results shown in the cost-effectiveness acceptability curve 
(CEAC). The CEAC shows the probability that each treatment sequence is cost effective 
over a range of willingness to pay thresholds. 
 
In addition to the base case analysis, a sensitivity analysis was run to assess the impact of 
drug discounts on the results of the cost-effectiveness model. Information on drug discounts 
was obtained from the NHS Commercial Medicines Unit (CMU) electronic Market 
Information Tool (eMIT), which provides suppliers with access pertaining to the generic 
pharmaceutical products that are covered within framework agreements (Table A2.24). The 
discounted prices are based on an estimate of NHS hospital-sector annual usage from 
English trusts for a given drug, the average (weighted arithmetic mean) price paid for that 
drug over the last four months of the period and a measure of the variance of that average 
(Department of Health, NHS Commercial Medicines Unit). At the time this modelling exercise 
was undertaken, discounted drug prices were available for all drugs included in the analysis 
except capecitabine.  
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Table A2.24: Comparison of list price and discounted drug cost per cycle  

Regimen (cycle length) Cost per cycle list price Cost per cycle discounted price 

FOLFOX (2 weeks) £603.20 £64.01 

FOLFIRI (2 weeks) £542.59 £131.81 

XELOX (3 weeks) £904.66 £282.31 

XELIRI (3 weeks) £653.79 £341.46 

irinotecan (3 weeks) £736.53 £207.03 

 

7 Cost-effectiveness analysis results  

7.1 Base case analysis 
 
The total costs and total QALYs in the base case analysis for each of the ten sequences of 
chemotherapy are summarised in Table A2.25. Costs ranged from £16,285 for FOLFOX - 
irinotecan up to £18,568 for FOLFOX – XELIRI. Total QALYs ranged from 0.819 for XELIRI 
– XELOX up to 0.941 for FOLFOX – FOLFIRI. The scatter plot in Figure A2.4 shows the total 
costs and total QALYs across simulations for the ten sequences. 

 

Table A2.25: Total costs and effectiveness by treatment strategy (in order of increasing cost) 

Strategy Cost Effectiveness (QALYs) 

FOLFOX-irinotecan £   16,285 0.922 

XELOX-FOLFIRI £   16,662 0.919 

XELIRI-XELOX £  16,798 0.819 

XELOX-XELIRI £   16,894 0.895 

XELOX-irinotecan £   17,328 0.900 

XELIRI-FOLFOX £   17,334 0.826 

FOLFIRI-XELOX £   17,400 0.903 

FOLFIRI-FOLFOX £   17,935 0.910 

FOLFOX-FOLFIRI £   18,336 0.941 

FOLFOX-XELIRI £   18,568 0.917 
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Figure A2.4: Scatter plot showing total costs and total QALYs for all ten treatment sequences 
(only 1000 of 30,000 simulation results are shown) 

 
 
Taking FOLFOX – irinotecan as the reference (least expensive) strategy, all other strategies 
were shown to be less effective and also more costly (i.e. dominated) except the sequence 
FOLFOX – FOLFIRI (Table A2.26 and Figure A2.5). Compared to the reference strategy, the 
sequence FOLFOX – FOLFIRI produces 0.019 more QALYs (equivalent to approximately 7 
days in „perfect‟ health) and incurs £2,051 in additional costs. This yields an incremental 
cost-effectiveness ratio (ICER) of £109,604/QALY, suggesting that at a willingness to pay 
(WTP) threshold of £20,000/QALY, the sequential strategy of FOLFOX – FOLFIRI is not cost 
effective.  
 
Table A2.26: Incremental cost effectiveness results 

Strategy Incremental cost 
Incremental effectiveness 

(QALYs) 
ICER 

FOLFOX-irinotecan 
  

- 

XELOX-FOLFIRI £           377 -0.004 Dominated 

XELIRI-XELOX £           513 -0.104 Dominated 

XELOX-XELIRI £           609 -0.027 Dominated 

XELOX-irinotecan £        1,043 -0.022 Dominated 

XELIRI-FOLFOX £        1,048 -0.096 Dominated 

FOLFIRI-XELOX £       1,115 -0.020 Dominated 

FOLFIRI-FOLFOX £       1,650 -0.012 Dominated 

FOLFOX-FOLFIRI £       2,051 0.019 £109,604/QALY 

FOLFOX-XELIRI £       2,283 -0.005 Dominated 
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Figure A2.5: Cost-effectiveness plane showing all ten treatment sequences. The slope of the 
line connecting FOLFOX-irinotecan and FOLFOX-FOLFIRI indicates the incremental cost-
effectiveness ratio (ICER). 

 

 

 
The incremental cost effectiveness results presented above reflect the expected costs and 
effectiveness estimates for the treatment sequences of interest, however given uncertainty 
associated with many parameters in the model, we are also interested in the distribution over 
incremental costs, incremental effectiveness and the joint cost-effectiveness distribution 
(Briggs 2007). This is particularly relevant in the present analysis given that the differences 
in total QALYs between several strategies are small, with a number of data points lined up 
closely along the vertical axis of the cost-effectiveness plane which represents a difference 
in effectiveness of 0. Taking into account parameter uncertainty, probabilistic sensitivity 
analysis showed that simulation results for several sequences cross the vertical axis, 
suggesting there is a non-negligible probability that some sequences other than FOLFOX – 
FOLFIRI may also be equivalent or even more effective than the reference strategy. Cost-
effectiveness acceptability curves (CEAC) can be used to show the probability of the various 
treatment options being cost effective over a range of WTP thresholds. The CEACs show 
that FOLFOX – irinotecan is consistently the strategy with the highest probability of being 
cost-effective, however as the WTP threshold increases, so does the probability that the 
sequences FOLFOX-FOLFIRI and XELOX-FOLFIRI are cost-effective (Figure A2.6).  
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Figure A2.6: Cost-effectiveness acceptability curves for the base case analysis 

 

 

7.2 Sensitivity analysis - drug discounts 

 
If currently available data on the impact of price discounts for generic pharmaceutical 
products across the NHS are taken into account, FOLFOX-FOLFIRI remains the only non-
dominated treatment strategy and the ICER falls to £47,801/QALY (Table A2.27). 
 
Table A2.27: Cost-effectiveness results for non-dominated strategies taking into account price 
discounts for generic pharmaceutical products 

Strategy Cost 
Incremental 

cost 
Effectiveness 

(QALYs) 

Incremental 
effectiveness 

(QALYs) 
ICER 

FOLFOX-
irinotecan 

£ 11,136 - 0.925 - - 

FOLFOX-
FOLFIRI 

£ 12,029 £  893 0.944 0.019 QALY £47,801/QALY 

 
Probabilistic sensitivity analysis using discounted drug prices showed there is greater 
uncertainty about which strategy has the highest probability of being cost effective, as shown 
by the intersecting CEACs for FOLFOX-irinotecan, FOLFOX-FOLFIRI and XELOX-FOLFIRI 
over the range of WTP thresholds between approximately £20,000 and £50,000/QALY 
(Figure A2.7). 
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Figure A2.7: Cost-effectiveness acceptability curves using discounted drug prices 

 

8 Discussion 

 
As the number of systemic treatment options for the management of colorectal cancer 
increases, and with more and more patients able to receive additional lines of 
chemotherapy, questions about the most effective way to use combinations and sequences 
of treatments have become relevant to current clinical practice. A systematic review was 
undertaken to identify new evidence that has become available since the publication of NICE 
Technology Appraisal 93 in 2005 on the clinical and cost-effectiveness of oxaliplatin and 
irinotecan-based chemotherapy. This evidence base was then used to conduct an integrated 
mixed treatment comparison and cost-effectiveness analysis to inform decision-making 
regarding optimal combinations and sequences of chemotherapy for the management of 
advanced colorectal cancer. Mixed treatment comparisons that draw on both direct and 
indirect evidence have become an important method to address decision problems that, 
often for feasibility reasons, cannot be practically answered by conducting further 
randomised controlled trials.  
 
As a first-line treatment option, the mixed treatment comparison results suggest that 
FOLFOX was associated with a higher probability of being the most effective regimen with 
respect to both response rate and PFS. The small benefit in favour of FOLFOX was also 
evident when comparing second-line response rates, however was not the case with respect 
to second-line PFS. Perhaps most importantly, for the endpoint overall survival, the analysis 
showed no differences between the treatment sequences of interest.  
 
The high level of uncertainty surrounding some of the results of the mixed treatment 
comparison are evident by the width of the 95% credible intervals. This is particularly evident 
in the estimates of effectiveness for XELIRI in first line where there was limited data 
available. To address the issue of sequencing of treatments, a decision was made to 
exclude evidence for which we could not be confident in determining that patients had 
received both first and second-line treatments that were of direct relevance to this analysis. 
The implication was that there were fewer studies to inform the second-line analysis of 
response rate, PFS and of overall survival. In order to connect the evidence network for 
sequences of treatment, a number of assumptions were required with respect to the 
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equivalence of the effectiveness of the oral and iv fluoropyrimidine formulations. The validity 
of these assumptions were explored both by statistical methods and through discussion with 
GDG members. 
 
The results of the mixed and indirect treatment comparisons were used as inputs to conduct 
a cost-effectiveness analysis. The cost-effectiveness analysis showed that when survival 
was quality-adjusted (taking into account both disease status and toxicities), the difference in 
total QALYs between the various sequential treatment strategies was in most cases modest. 
Taking FOLFOX-irinotecan as the reference (least costly) strategy, all other treatment 
sequences were found to be less effective (in terms of QALYs) and more costly except the 
sequence FOLFOX-FOLFIRI. The ICER comparing FOLFOX-FOLFIRI to FOLFOX-
irinotecan was of £110K/QALY.  When drug discounts were taken into account, the ICER for 
FOLFOX – FOLIRI vs FOLFOX-irinotecan fell to approximately £48K/QALY. Because of the 
small differences in total QALYs between strategies, it was important to consider how 
uncertainty may impact the results of the cost-effectiveness analysis. Taking parameter 
uncertainty and drug discounts into account, three strategies (FOLFOX-irinotecan, FOLFOX-
FOLFIRI and XELOX-FOLFIRI) were associated with the highest probability of being cost 
effective.  
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 Appendix 3 
 
Abbreviations 
 

5FU/FA 5-fluorouracil/folinic acid 

APR abdomino-perineal resection 

CEA carcinoembryonic antigen 

CRM circumferential resection margin 

CT computed tomography 

DRE digital rectal examination 

ENT ear, nose, throat 

ESD endoscopic submucosal dissection 

EUS endoscopic ultrasound 

FOLFIRI irinotecan in combination with 5-flourouracil and folinic acid 

FOLFOX oxaliplatin in combination with 5-flourouracil and folinic acid 

GRADE grading of recommendations, assessment, development and 
evaluation 

MDT multidisciplinary team 

MRI magnetic resonance imaging 

NBOCAP National Bowel Cancer Audit Programme 

NCRN National Cancer Research Network 

PET-CT positron-emisson tomography fused with computed tomography 

PROM patient reported outcome measure 

QALY quality adjusted life years 

RCT randomised controlled trial 

RFA radiofrequency ablation 

SBRT stereotactic body radiotherapy 

SCPRT  short course preoperative radiotherapy 

SEMS self-expanding metal stent 

TEMS transanal endoscopic micro surgery 

TME total mesorectal excision 

XELOX oxaliplatin in combination with capecitabine 

XELIRI irinotecan in combination with capecitabine 
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Appendix 4 
 

Glossary 
 
Abdomino-perineal resection 
A combined operation through the abdomen and perineum which involves the removal of the 
anus, rectum, and distal sigmoid colon, resulting in the need for a permanent colostomy 
 
Adenoma 
A benign tumour of the epithelium arising from the lining of the bowel and resembling a wart-
like polyp 
 
Anterior resection 
An operation through the abdomen which involves the removal of part of the rectum, 
preserving the anal canal with a join made between the remaining colon and anal canal. 
 
Barium enema 
X-ray examination of the rectum and colon in which an X-ray contrast medium (dye) (usually 
barium sulfate) is injected through the anus as an enema into the rectum and colon and X-
rays are taken 
 
Case series 
A series of case reports involving patients who were given similar treatment. Reports of case 
series usually contain information about individual patients, including demographic 
information, information on diagnosis, treatment, response to treatment and follow-up. 
 
Circumferential resection margin 
Following surgical resection of a length of bowel containing a colorectal cancer, this defines 
the distance laterally (to the side) between the deepest point of cancer invasion and the 
edge of the removed bowel. If such a margin of healthy tissue exists then the surgical 
resection is considered R0, if the cancer comes microscopically into contact with this margin 
then the resection is considered R1, and if the surgeon has cut across the cancer to remove 
the surgical specimen then the resection is considered R2. 
 
Chemoradiotherapy 
Chemotherapy given concurrently with radiotherapy 
 
Chemotherapy 
Drug(s) that kill cells usually when they are dividing. These drugs are usually used in the 
treatment of cancer.  
 
Colonoscopy 
A method of examining the lining of the entire colon (from rectum to ceacum) and obtain 
tissue samples (biopsies) using an endoscope. 

 
Computed tomography (CT) 
A diagnostic imaging technique that uses X-rays and a computer to produce detailed 3 
dimensional pictures of cross sections of the body. 
 

Contrast enema study 
A generic term used to describe barium enema, but sometimes using X-ray contrast media 
(dyes) other than barium 
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CT colonography 
A medical imaging procedure which uses x-rays and computers to produce two- and three-
dimensional images of the colon (large intestine) from the lowest part, the rectum, all the 
way to the lower end of the small intestine and display them on a screen. 
 
Endoscopic decompression 
Emergency treatment using telescopes of a bowel that has become totally blocked by the 
presence of a colon cancer that was previously not suspected.  
 
Endoscopic submucosal dissection 
Surgical removal of a colorectal adenoma or early cancer using an operating telecsope 
 
Endoscopic ultrasound 
Ultrasound examination of the bowel (usually rectum) using an operating telescope to 
determine how far the tumour has spread into the surrounding healthy tissues. 
 
False negative 
An individual that is truly positive for a disease, but which a diagnostic test classifies as 
disease-free 
 
False positive 
An individual that is truly disease-free, but which a diagnostic test classifies as positive for a 
disease. 
 
Flexible sigmoidoscopy 
Endoscopic examination of the lower large bowel and rectum 
 
Hepatectomy 
Surgical resection of the liver 
 
Laparoscopic surgery 
A minimally invasive surgical approach where the surgeon makes several small incisions to 
access the interior of the body, using operating telescopes. 
 
Laparotomy 
A surgical opening of the abdominal cavity 
 
Local control 
Control of cancer at a particular body site. 
 
Local recurrence 
The reappearance of cancer cells after treatment, at the same place they were originally 
found. The reappearance of cancer cells after treatment, at the same place they were 
originally found. 
 
Magnetic resonance imaging (MRI) 
A diagnostic imaging technique that uses powerful electromagnets and a computer to 
produce well-defined images of the body‟s internal structures. 
 

Meta-analysis 
A method of summarising previous research by reviewing and combining the results of a 
number of different clinical trials. 
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Metachronous metastatic disease 
Disease that is detected elsewhere in the body after apparently curative surgery for the 
primary colorectal cancer. 
 
Metastases/Metastatic 
Spread of cancer away from the original site to somewhere else in the body, usually via the 
bloodstream or the lymphatic system. 
 

Morbidity 
A diseased condition or state. 
 
Multidisciplinary team (MDT) 
A team with members from different healthcare disciplines (including for example, oncology, 
pathology, radiology, nursing). 
 
Observational study 
A non-randomised study that observes the characteristics and outcomes over time of 
subjects who do and do not take a particular therapy. 
 

Overall survival 
The time one lives after a diagnosis of cancer. Often quoted as a percentage chance of 
living a number of years (e.g. 5 or 10). 
 
Peritoneal carcinomatosis 
Cancer that is found/recurs in the peritoneum (lining of the abdominal cavity) at either the 
time of diagnosis or after apparently curative surgery for primary colorectal cancer 
 
Polyp 
A polyp is an abnormal growth of tissue projecting from a mucous membrane. If it is attached 
to the surface by a narrow elongated stalk it is said to be pedunculated. If no stalk is present 
it is said to be sessile. 
 
Positive margin (see circumferential resection margin)  
Positive margin refers to cancer in which the surgeon is physically unable to remove all of 
the disease with a margin of healthy normal tissue, and so there is concern that it is possible 
that cancerous disease might remain/have been left behind. 
 
Positron emission tomography 
A diagnostic imaging technique using a radio-active tracer which shows increased tissue 
metabolism. 
 

Radioembolisation 
A technique by which potentially therapeutic radiation can be directly injected (and hopefully 
be of benefit) into secondary colorectal cancers which have spread to the liver. 
 
Radiofrequency ablation 
A minimally invasive, targeted treatment in which a small needle - attached to a device that 
delivers radiofrequency (RF) energy - is inserted into a tumor. The RF energy is then applied 
to heat and destroy the cancerous tissue. 
 
Radiotherapy 
A treatment for cancer that uses high energy ionising radiation (usually X-rays) to kill cells. 
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Randomised controlled trials (RCTs) 
A clinical trial in which subjects are randomised to different groups for the purpose of 
studying the effect of a new intervention, for example a drug or other therapy. 
 

Segmental resection 
A surgical procedure to remove part of the colon or rectum. 
 
Self-expanding metal stent 
A metallic tube, or stent, used in order to hold open a structure in the gastrointestinal tract in 
order to allow the passage of bowel content if the bowel is blocked (obstructed). 

Sensitivity 
The proportion of individuals who have disease correctly identified by the study test.  
 

Short course preoperative radiotherapy 
Radiotherapy immediately and directly before surgery for rectal cancer, with the intention of 
reducing the risk of cancer returning after appropriate surgery at the site of the primary rectal 
cancer in the pelvis. 
 
Specificity 
The proportion of individuals who do not have a disease and who are correctly identified by 
the study test.  
 
Staging 
Clinical description of the size and spread of a patient‟s tumour, fitting into internationally 
agreed categories. 
 

Stereotactic radiotherapy 
A way of giving a high dose of external radiotherapy very precisely to a tumour. It uses a 
computer and scanning machines to build a picture of the tumour. Then multiple beams of 
radiotherapy are aimed at the tumour from different directions. 
 
Stoma 
A surgically created opening which connects a portion of the body cavity to the outside 
environment.  
 
Systematic review 
A review of the literature carried out in order to address a defined question and using 
quantitative methods to summarise the results. 
 

Tenesmus 
The feeling of wishing to pass a bowel motion when the rectum is empty. 
 
Total mesorectal excision 
A standard technique for the treatment of colorectal cancer, devised some 20 years ago. A 
significant length of the bowel around the tumour is removed, and the removed lymph 
system scrutinised for cancerous activity. 
 
Transanal endoscopic microsurgery 
A surgical technique to remove early rectal cancers using an operative microscope under 
general anaesthetic 
 
True negative 
A negative test result for an individual that is truly negative for a particular disease. 
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True positive 
A positive test result for an individual that is truly positive for a particular disease. 
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Appendix 5 
 
Guideline scope 
 
1 Guideline title 
Colorectal cancer: diagnosis and management of colorectal cancer 
 
1.1 Short title 
Colorectal cancer 

 
2 The remit 
The Department of Health has asked NICE: „To prepare a clinical guideline on the diagnosis 
and management of patients with all stages of primary colorectal cancer. This excludes any 
population screening and surveillance of high-risk groups, including patients with a family 
history and patients with inflammatory bowel disease.' 
 

3 Clinical need for the guideline  
3.1 Epidemiology 

a) Colorectal cancer is the third most common cancer in the UK, with approximately 
32,300 new cases diagnosed and 14,000 deaths in England and Wales each year. 
Around half of people diagnosed with colorectal cancer survive for at least 5 years 
after diagnosis.  

b) Occurrence of colorectal cancer is strongly related to age, with 83% of cases arising in 
people older than 60 years. It is anticipated that as our elderly population increases, 
colorectal cancer will increase in prevalence.  
 

3.2 Current practice 

a) There are variations in: 

 the management of locally advanced disease 

 the management of patients presenting with stage IV disease 

 the management of symptomatic primary colorectal cancer 

 the role of sequenced therapies combining surgery, ablation, chemotherapies and 
biological agents in advanced disease. 

b) Patients with poor performance status, who are therefore at a greater risk of treatment-
related morbidity and mortality, are increasingly being considered for radical 
interventions. These interventions may be curative but their impact needs to be 
balanced against the overall prognosis of the patient. 

c) The costs of the radical therapies for colorectal cancer have increased significantly 
over the past decade, posing a major health economics challenge. 

d) A clinical guideline will help to address these issues and offer guidance on best 
practice. 
 

4 The guideline 
The guideline development process is described in detail on the NICE website (see section 
6, „Further information‟). 
 
This scope defines what the guideline will (and will not) examine, and what the guideline 
developers will consider. The scope is based on the referral from the Department of Health. 
 
If we are to produce a high-quality guideline within the allotted time it will not be possible to 
cover the entire care pathway described by the remit (see section 2). Therefore we intend to 
focus on clinical issues: 
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 for which there is uncertainty or disagreement on best practice 

 that will have the most significant impact on the clinical service and on the management 
of patients with colorectal cancer 

 that could improve health outcomes and/or make better use of health resources 

 that could help to avoid unlawful discrimination and reduce health inequalities. 
 
A list of the prioritised clinical questions (section 4.4) has been developed using advice from 
the Guideline Development Group chair and clinical lead, attendees at the NICE colorectal 
cancer stakeholder workshop and registered stakeholders. We acknowledge that there will 
be some important topics that are not part of the final prioritised list.  
 
The areas that will be addressed by the guideline are described in the following sections. 
 
4.1 Population  
4.1.1 Groups that will be covered 

a) Adults (18 years and older) with newly diagnosed adenocarcinoma of the colon. 

b) Adults with newly diagnosed adenocarcinoma of the rectum. 

c) Adults with relapsed adenocarcinoma of the colon. 

d) Adults with relapsed adenocarcinoma of the rectum. 

e) No patient subgroups needing special consideration have been identified. 

 
4.1.2 Groups that will not be covered 

a) Patients with anal cancer. 

b) Children (younger than 18) with colorectal cancer. 

c) Patients with primary or secondary lymphoma of colon and rectum. 

d) Patients with pure small cell carcinoma of colon and rectum. 

e) Patients with carcinoid tumours of colon and rectum. 

f) Patients with high grade neuroendocrine tumours of colon and rectum. 

g) Patients with adenocarcinoma with some neuroendocrine differentiation. 

h) Patients with gastrointestinal stromal tumours (GIST) or sarcoma of colon and rectum. 
 
4.2 Healthcare setting 

a) Primary care. 

b) Secondary care.  

c) Tertiary care in cancer centres, and regional centres for specialties such as stenting, 
surgery for metastatic disease, endorectal therapies, radiotherapy and ablation 
therapies. 

d) NHS hospice care 
 

4.3 Main outcomes 

a) Sensitivity of diagnostic tests 

b) Specificity of diagnostic tests 

c) Overall survival 

d) 5 year survival 

e) 10 year survival 

f) Median survival 

g) Disease free survival 

h) Treatment related morbidity 

i) Treatment related mortality 

j) Number and severity of adverse events 

k) Quality of life 
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4.4 Clinical management 
4.4.1 Key clinical issues that will be covered 

a) Effective diagnostic modalities in establishing a diagnosis of colorectal cancer in 
patients referred with suspicious symptoms (considering effectiveness of methods in 
terms of sensitivity and specificity). 

b) Tumour staging for defining treatment at all stages of disease in patients with 
colorectal cancer. 

c) Curative treatment for patients with stage I or polyp cancer. 

d) Treatment for patients presenting as emergencies with the symptoms of colorectal 
cancer (such as radical surgery with curative intent, defunctioning stoma or 
endoscopic stenting). 

e) The sequence of local and systemic treatments in patients presenting with locally-
advanced colorectal cancer (such as surgery, stenting, radiotherapy and 
chemotherapy). 

f) The sequence of local and systemic treatments in patients presenting with 
synchronous metastatic disease (such as surgery, stenting, radiotherapy and 
chemotherapy). 

g) Effectiveness of preoperative a) short course radiotherapy and b) chemo-radiotherapy 
in treating patients with rectal cancer. 

h) For patients with stage II and III rectal cancer, the indications for adjuvant 
chemotherapy after surgery. 

i) For patients with high-risk stage II colon cancer, the indications for adjuvant 
chemotherapy after surgery. 

j) The sequence of ablation, surgery, regional therapy and systemic therapy, to achieve 
cure or long-term survival in patients with apparently incurable metastatic disease. 

k) Clinical indications for performing liver metastasectomy in patients with colorectal 
cancer metastasised to the liver. 

l) Clinical indications for performing extrahepatic metastasectomy in patients with 
colorectal cancer. 

m) Chemotherapy for patients with advanced and metastatic disease including an update 
of NICE technology appraisal guidance 93. 

n) Methods and frequencies of follow up after potentially curative treatment for colorectal 
cancer (primary or metastatic). 

o) For patients diagnosed with colorectal cancer what colorectal specific support should 
be offered. 
 

4.4.2 Clinical issues that will not be covered 

a) Population screening. 

b) Surveillance of high-risk groups, including patients with a family history of colorectal 
cancer and patients with inflammatory bowel disease. 
 

4.5 Economic aspects 
Developers will take into account both clinical and cost effectiveness when making 
recommendations involving a choice between alternative interventions. A review of the 
economic evidence will be conducted and analyses will be carried out as appropriate. The 
preferred unit of effectiveness is the quality-adjusted life year (QALY), and the costs 
considered will usually only be from an NHS and personal social services (PSS) perspective. 
Further detail on the methods can be found in 'The guidelines manual' (see „Further 
information‟). 

 
4.6 Status 
4.6.1 Scope 
This is the final scope.  
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4.6.2 Timing 
The development of the guideline recommendations will begin in May 2009. 
 

5 Related NICE guidance 
5.1 Published guidance  
5.1.1 NICE guidance to be updated 
This guideline will update and replace the following NICE guidance. 

 Irinotecan, oxaliplatin and raltitrexed for advanced colorectal cancer (review). NICE 
technology appraisal guidance 93 (2005). Available from www.nice.org.ukTA93. 
 

5.1.2 Other related NICE guidance 

 Cetuximab for the treatment of metastatic colorectal cancer following failure of oxaliplatin-
containing chemotherapy – terminated appraisal. NICE technology appraisal 150 (2008). 
See www.nice.org.uk/TA150. 

 Bevacizumab and cetuximab for the treatment of metastatic colorectal cancer. NICE 
technology appraisal guidance 118 (2007). Available from www.nice.org.uk/TA118 

 Radiofrequency-assisted liver resection. NICE interventional procedure guidance 211 
(2007). Available from www.nice.org.uk/IPG211 

 Microwave ablation for the treatment of metastases in the liver. NICE interventional 
procedure guidance 220 (2007). Available from www.nice.org.uk/IPG220 

 Laparoscopic surgery for the treatment of colorectal cancer (review). NICE technology 
appraisal guidance 105 (2006). Available from www.nice.org.uk/TA105 

 Preoperative high dose rate brachytherapy for rectal cancer. NICE interventional 
procedure guidance 201 (2006). Available from www.nice.org.uk/IPG201 

 Capecitabine and oxaliplatin in the adjuvant treatment of stage III (Dukes' C) colon 
cancer. NICE technology appraisal guidance 100 (2006). Available from 
www.nice.org.uk/TA100 

 Referral guidelines for suspected cancer. NICE clinical guideline 27 (2005). Available 
from www.nice.org.uk/CG027 

 Computed tomographic colonography (virtual colonoscopy). NICE interventional 
procedure guidance 129 (2005). Available from www.nice.org.uk/IPG129 

 Laparoscopic liver resection. NICE interventional procedure guidance 135 (2005). 
Available from www.nice.org.uk/IPG135 

 Improving supportive and palliative care for adults with cancer. Cancer service guidance 
(2004). Available from: www.nice.org.uk/csgsp 

 Improving outcomes in colorectal cancers: manual update. Cancer service guidance 
(2004). Available from www.nice.org.uk/csgcc 

 Selective internal radiation therapy for colorectal metastases in the liver. NICE 
interventional procedure guidance 93 (2004). Available from www.nice.org.uk/IPG93 

 Radiofrequency ablation for the treatment of colorectal metastases in the liver. NICE 
interventional procedure guidance 92 (2004). Available from www.nice.org.uk/IPG92 

 Capecitabine and tegafur uracil for metastatic colorectal cancer. NICE technology 
appraisal guidance 61 (2003). Available from www.nice.org.uk/TA61 
 

5.2 Guidance under development 
NICE is currently developing the following related guidance (details available from the NICE 
website). 

 Cetuximab for the first line treatment of metastatic colorectal cancer. NICE technology 
appraisal guidance. Publication expected April 2009. 

 Irinotecan for the adjuvant treatment of colon cancer. NICE technology appraisal 
guidance. Publication date to be confirmed. 
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 Bevacizumab in combination with oxaliplatin and either 5FU or capecitabine for the 
treatment of metastatic colorectal cancer. NICE technology appraisal guidance. 
Publication date to be confirmed. 
 

6 Further information 
Information on the guideline development process is provided in:  

 „How NICE clinical guidelines are developed: an overview for stakeholders' the public and 
the NHS‟  

 „The guidelines manual‟.  
 

These are available from the NICE website (www.nice.org.uk/guidelinesmanual). Information 
on the progress of the guideline will also be available from the NICE website 
(www.nice.org.uk). 
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Appendix 6 
 
People and organisations involved in production of the guideline 
 

6.1 Members of the Guideline Development Group 
6.2 Organisations invited to comment on guideline development 
6.3 Individuals carrying out literature reviews and complementary work 
6.4 Members of the Guideline Review Panel 
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Appendix 6.1 
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GDG Chair 
Mr Graeme Poston  Consultant Surgeon, Aintree University Hospital NHS 

Foundation Trust 
 
GDG Lead Clinician 
Dr Diana Tait  Consultant Clinical Oncologist/Associate Medical 

Director, Clinical Governance, The Royal Marsden NHS 
Foundation Trust 

 
Group Members 
 
Dr Rosaleen Beattie  Medical Director/Consultant in Palliative Medicine, St 

John‟s Hospice, Lancaster (until January 2011) 
 
Dr Clare Byrne  Advanced Nurse Practitioner, Aintree University 

Hospital NHS Foundation Trust 
 
Mr John Chapman  Patient/carer member 
 
Mrs Linda Devereux  Associate Director, Merseyside and Cheshire Cancer 

Network 
 
Dr Rob Glynne-Jones  Consultant Clinical Oncologist/Macmillan Lead for GI 

Oncology, Mount Vernon Cancer Centre 
 
Dr Mark Harrison  Consultant Oncologist, Mount Vernon Cancer Centre 
 
Ms Christine Holman  Patient/carer member 
 
Professor Mohammad Ilyas  Professor of Pathology and Honorary Consultant, 

Queens Medical Centre, Nottingham 
 
Dr Timothy Iveson  Consultant Medical Oncologist, Southampton General 
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Dr John Martin  Consultant Gastroenterologist, Charing Cross Hospital, 

London 
 
Ms Yvette Perston  Colorectal Clinical Nurse Specialist, Cardiff and Vale 
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Appendix 6.2 
 

Organisations invited to comment on guideline development 
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and the draft version of this guideline. 
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T Stages of Rectal Cancer? Meta-Analysis and Systematic Review
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ABSTRACT Published data on accuracy of endoscopic

ultrasound (EUS) in differentiating T stages of rectal can-

cers is varied. Study selection criteria were to select only

EUS studies confirmed with results of surgical pathology.

Articles were searched in Medline and Pubmed. Pooling

was conducted by both fixed and random effects models.

Initial search identified 3,630 reference articles, of which

42 studies (N = 5,039) met the inclusion criteria and were

included in this analysis. The pooled sensitivity and spec-

ificity of EUS to determine T1 stage was 87.8% [95%

confidence interval (CI) 85.3–90.0%] and 98.3% (95% CI

97.8–98.7%), respectively. For T2 stage, EUS had a pooled

sensitivity and specificity of 80.5% (95% CI 77.9–82.9%)

and 95.6% (95% CI 94.9–96.3%), respectively. To stage

T3 stage, EUS had a pooled sensitivity and specificity of

96.4% (95% CI 95.4–97.2%) and 90.6% (95% CI 89.5–

91.7%), respectively. In determining the T4 stage, EUS had

a pooled sensitivity of 95.4% (95% CI 92.4–97.5%) and

specificity of 98.3% (95% CI 97.8–98.7%). The p value for

chi-squared heterogeneity for all the pooled accuracy

estimates was [ 0.10. We conclude that, as a result of the

demonstrated sensitivity and specificity, EUS should be the

investigation of choice to T stage rectal cancers. The sen-

sitivity of EUS is higher for advanced disease than for early

disease. EUS should be strongly considered for T staging

of rectal cancers.

Rectal cancer affects many patients worldwide, specifi-

cally Western Europe and North America. In 2004,

invasive rectal cancer was found in 13.1 patients per

100,000 in the USA with rectal cancer being diagnosed in

approximately 41,000 patients in the USA yearly.1,2

Although most rectal cancers are localized, approximately

15% have distant metastasis, with approximately 6% not

staged for various reasons.2 Many risk factors for rectal

cancers exist, including familial polyposis syndromes

obesity, diabetes mellitus, history of adenomatous polyps,

excessive alcohol, and cigarette smoking.3–7 As the risk

factors of alcohol use and smoking remain prominent, with

obesity increasing in the USA, timely diagnosis and ade-

quate treatment for rectal cancer are crucial. However,

before treatment, it is imperative to evaluate extent of the

disease with staging.

In rectal cancers, the tumor–node–metastasis (TNM)

staging guides treatment decisions and prognosis.8 The

TNM staging for rectal cancer is bases upon the depth of

invasion of the lesion (T), the extent of regional lymph

node invasion (N), and the presence of distant metastasis

(M). Tis lesions are defined as those tumors confined to the

epithelial or the lamina propria. T1 lesions are slightly

more advanced and there is evidence of invasion into the

submucosa. If the malignancy has involved the muscularis

without transmural invasion, the tumor is staged T2. T3

lesions have invasion into the subserosa or into the non-

peritonized pericolic or perirectal tissues. T4 lesions, the

most advanced T stage, exhibit extension into other

structures and/or perforate the visceral peritoneum.

Stage 0 disease, associated with the best prognosis,

represents Tis without any lymph node involvement (N0)

or distant metastasis (M0). Stage I disease (T1N0M0 and

T2M0N0 lesions) correlates to a 5-year survival rate of

approximately 85–90%.2,9–11 Stage II disease (T3N0M0

and T4N0M0 lesions) exhibits a 5-year survival rate of

approximately 60–65%.2,9–11 Stage III disease (T1-4N1-

2M0) represents any T level with one or two lymph nodes

invaded but no distant metastasis, and correlates with a 5-
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Aetna

Clinical Policy Bulletin:
Endoscopic Ultrasonography
Number: 0446 

Policy 

1. Aetna considers endoscopic ultrasonography (EUS) medically necessary for any of
 the following indications:

1. Evaluating abnormalities of the biliary tree; or
2. Evaluating abnormalities of the gastrointestinal tract wall or adjacent

 structures; or
3. Evaluating abnormalities of the pancreas, including masses, pseudocysts and

 chronic pancreatitis; or
4. Evaluating adenopathy and masses of the posterior mediastinum (endoscopic

 ultrasonography with fine-needle aspiration); or
5. Pre-operative staging of gastric cancer; or
6. Providing endoscopic therapy under ultrasonographic guidance; or
7. Sampling tissue of lesions within, or adjacent to, the wall of the

 gastrointestinal tract; or
8. Staging of lung cancer (endoscopic ultrasonography with fine-needle

 aspiration); or
9. Staging tumors of the gastrointestinal tract (including the esophagus, the

 stomach), pancreas and bile ducts; or 
10. Surveillance of certain gastric subepithelial masses (asymptomatic glomus

 tumors or small (less than 3 cm) gastrointestinal stromal tumors).

2. Aetna considers EUS experimental and investigational for all other indications
 because of insufficient evidence in the peer-reviewed literature, including the
 following conditions:

1. EUS-elastography (for differential diagnosis of malignant lymph nodes); and 
2. For staging of tumors shown to be metastatic by other imaging methods

 (unless the results are the basis for therapeutic decisions); and  
3. When the results will not alter care of the member.
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 Effective: 09/14/2000 
 Next
 Review: 05/22/2014 
 Review History 
 Definitions
Additional
 Information
 Clinical Policy
 Bulletin Notes

    Close Window

http://www.aetna.com/
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


Endoscopic Ultrasonography

Aetna 2013 Endoscopic Ultrasonography.htm[12/23/2013 3:08:12 PM]

Endoscopic ultrasonography (EUS) incorporates high-frequency ultrasound into the tip of
 the endoscope to visualize the gastrointestinal wall and surrounding structures.  Using
 endoscopy, ultrasound probes can be placed in close proximity to the target anatomy,
 thereby enhancing resolution of the gastrointestinal wall and adjacent structures.  Tissue
 samples can be obtained and therapy can be performed by passing instruments under
 ultrasonographic guidance.

Endoscopic ultrasonography is used for staging tumors of the gastrointestinal tract,
 pancreas and bile ducts; the most notable application is in staging esophageal, gastric, and
 rectal tumors.  Studies show that EUS is the most accurate imaging modality for staging
 depth of tumor invasion, with pre-operative accuracy in the 80 % to 90 % range when
 compared with surgical pathology.  However, biopsy and histopathologic evaluation are
 needed to identify the specific histology.  Endoscopic ultrasonography can not reliably
 distinguish an inflammatory process from a neoplastic process.  In addition, EUS has
 proved less accurate in staging lymph node than in staging depth of tumor invasion
 because the node has to be located and then identified as benign or malignant.

A recent advance of EUS is high-frequency ultrasound probe sonography (HFUPS).  This
 has been researched as a method of providing ultrasound imaging of visible lesions
 without endoscope exchange as it can be performed through the biopsy channel of an
 endoscope.  Two commercially available probes, the Olympus UM-2R/UM-3R Ultrasonic
 Probes (Olympus Optical Co.) and the Fujinon Sonoprobe SP-701 (Fujinon, Inc.), have
 received 510(k) status from the Food and Drug Administration.  High-frequency
 ultrasound probe sonography has been used in the staging of esophageal, gastric,
 ampullary, pancreatobiliary, and colonic neoplasms; however, there is limited information
 on the clinical impact of HFUPS.  The American Society for Gastrointestinal Endoscopy
 (ASGE) reviewed the medical literature on HFUPS and concluded that HFUPS can
 provide detailed imaging of the gastrointestinal wall for the evaluation and staging of
 mucosal and submucosal lesions of the gastrointestinal tract and pancreatico-biliary tree. 
 It may also provide useful information that could affect therapeutic strategies in patients
 with superficial lesions; however, the technique should be reserved for use by centers
 with significant experience in EUS.  In addition, further studies on the clinical impact of
 HFUPS are necessary.

Endoscopic ultrasonography has been proven a reliable and accurate diagnostic tool for
 staging tumors of the gastrointestinal tract, pancreas and bile ducts; evaluating
 abnormalities of the gastrointestinal tract wall or adjacent structures; tissue sampling of
 lesions within, or adjacent to, the wall of the gastrointestinal tract; evaluation of
 abnormalities of the pancreas, including masses, pseudocysts and chronic pancreatitis;
 evaluation of abnormalities of the biliary tree; and providing endoscopic therapy under
 ultrasonographic guidance.  These indications for EUS were supported by the guidelines
 on the Appropriate Use of Gastrointestinal Endoscopy (1997) developed by the ASGE
 with the assistance and support of the American Gastroenterological Association, the
 American College of Gastroenterology, the Society for Surgery of the Alimentary Tract,
 the Society of American Gastrointestinal Endoscopic Surgeons, and the American Society
 for Colon and Rectal Surgery.

Sreenarasimhaiah (2005) stated that the emergence of EUS has given promise to improved
 staging with its ability to examine tumors from within the gastrointestinal lumen with
 extremely close proximity.  An additional advantage is the ability to perform fine-needle
 aspiration (FNA) biopsy to confirm or exclude tumor involvement.  Many studies have
 demonstrated superior accuracy in staging with EUS and EUS-FNA for tumors of the
 esophagus, stomach, pancreas, rectum, and mediastinum, including lung cancer.  This is
 in agreement with previous findings. 
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Guidelines from the ASGE (Jacobson et al, 2003) concluded that EUS-FNA is indicated
 for the evaluation of adenopathy and masses of the posterior mediastinum.  The
 guidelijnes state that it is the procedure-of-choice for tissue sampling of such lesions in
 the subcarinal, subaortic (aorto-pulmonary window), and peri-esophageal stations found
 on cross-sectional imaging.  The guidelines state that EUS-FNA should also be
 considered in the pre-operative staging of patients with non-small cell lung cancer without
 definite adenopathy on cross-sectional imaging.

The medical position on the management of patients with gastric subepithelial masses
 from the American Gastroenterological Association Institute (Hwang and Kimmey, 2006)
 noted that patients with symptoms that can be attributed to the mass should undergo
 endoscopic or surgical resection of the mass.  Current evidence does not allow making a
 firm recommendation on the optimal management of the patient with an incidentally
 detected, asymptomatic gastric subepithelial mass.  Options include performing no further
 testing or monitoring, following the mass with periodic endoscopic or EUS surveillance,
 and endoscopic or surgical resection of the mass.  These management options should be
 discussed with the patient and whenever possible guided by EUS imaging and tissue
 sampling information, because the clinical significance of the mass is highly variable. 
 This guideline recommended EUS surveillance for asymtomatic patients with glomus
 tumor or gastrointestinal stromal tumor that is less than 3 cm in diameter.

In a meta-analysis and systematic review, Puli et al (2009) evaluated the accuracy of EUS
 in diagnosing nodal metastasis of rectal cancers.  The authors concluded that the
 sensitivity and specificity of EUS is moderate.  They stated that further refinement in EUS
 technologies and diagnostic criteria are needed to improve the diagnostic accuracy.

Shirakawa et al (2004) noted that peripheral lung lesions are increasing in numbers.  Since
 conventional diagnostic procedures have limitations in availability and results, endoscopic
 diagnosis is essential for the prevention of unnecessary operations.  The authors
 concluded that: when the lesion can be correctly described by endobronchial
 ultrasonography from inside the lesion, endobronchial ultrasonography is useful to guide
 transbronchial lung biopsy, can contribute to a reduction in patient discomfort and
 improves the accuracy of diagnosis.  Kramer and colleagues (2004) concluded that EUS-
FNA can replace more than half of the surgical staging procedures in lung cancer patients
 with mediastinal and/or upper retroperitoneal positron emission tomography hot spots,
 thereby saving 40 % of staging costs.

The Canadian Agency for Drugs and Technologies in Health's report on endobronchial
 ultrasound (EBUS) for lung cancer diagnosis and staging (Ho et al, 2009) noted that
 EBUS is a new technology that involves the introduction of an ultrasound probe into the
 thoracic region via the bronchial airway while patients are under conscious sedation or
 general anesthesia.  The probe is used to generate images of pulmonary and mediastinal
 structures.  Its use allows minimally invasive sampling of peripheral pulmonary lesions,
 and mediastinal and hilar lesions.  The development of the built-in linear probe, as
 opposed to a radial probe, enables real time guidance during EBUS-transbronchial needle
 aspiration (EBUS-TBNA).  These investigators reviewed published literature by cross-
searching Embase and Medline databases between 2004 and April 2009.  Parallel searches
 were performed on PubMed and The Cochrane Library (Issue 1, 2009) databases.  The
 websites of regulatory agencies, and health technology assessment and related agencies,
 were searched, as were specialized databases.  The Google search engine was used to
 search for information on the Internet.

These researchers identified 1 health technology assessment (HTA), 1 meta-analysis, 2
 cost analyses, and 3 observational studies on the use of EBUS for lung cancer diagnosis



Endoscopic Ultrasonography

Aetna 2013 Endoscopic Ultrasonography.htm[12/23/2013 3:08:12 PM]

 and staging.  The HTA examined the safety and effectiveness of EBUS for detection and
 staging in patients with suspected or established lung cancer.  No meta-analysis was
 performed, and the conclusions that were presented came from individual trials.  The
 HTA found a statistically significantly increased diagnostic yield for mediastinal lymph
 nodes when EBUS-TBNA was compared to conventional TBNA.  In the 2009 meta-
analysis, the overall diagnostic accuracy of EBUS-TBNA in detecting metastatic
 mediastinal lymph nodes in patients who were suspected of having lung cancer was
 assessed.  Endobronchial ultrasound-guided transbronchial needle aspiration had a pooled
 sensitivity of 0.93 (95 % confidence interval [CI]: 0.91 to 0.94) and a pooled specificity
 of 1.00 (95 % CI: 0.99 to 1.00) for lung cancer detection and staging.  When compared
 directly, EBUS-TBNA was found to be more sensitive than conventional TBNA.  The
 findings from recent trials were in agreement with the findings of the meta-analysis on
 EBUS-TBNA diagnostic accuracy.  The authors concluded that based on the existing
 evidence, EBUS is an accurate and safe tool for use in lung cancer diagnosis and staging.

In a systematic review on the safety and effectiveness of EBUS-TBNA, Varela-Lema et al
 (2009) reviewed a total of 20 publications.  Of these, 14 were original studies that
 examined the clinical usefulness of the technique in visualizing and staging lymph nodes
 in patients with suspected or established lung cancer.  Sensitivity ranged 85 % to 100 %
 and negative predictive value ranged 11 % to 97.4 %.  Three studies evaluated the clinical
 usefulness of the technique in the diagnosis of sarcoidosis.  EBUS-TBNA was diagnostic
 in 88 % to 93 % of patients.  One retrospective study evaluated the use of EBUS-TBNA
 in the diagnosis of lymphoma.  None of the studies included in the present review
 reported important complications.  Endobronchial ultrasound-guided transbronchial
 needle aspiration is a safe and highly accurate procedure for the examination and staging
 of mediastinal and hilar lymph nodes in patients with known or suspected lung
 malignancy.  The evidence is promising for sarcoidosis but is insufficient for lymphoma.

Adams et al (2009) carried out a systematic review of published studies evaluating EBUS-
TBNA for mediastinal lymph node staging to ascertain the pooled sensitivity and
 specificity of this investigation.  A literature search was constructed and performed by a
 professional medical librarian to identify the literature from 1960 to February 2008. 
 Pooled specificity and sensitivity was estimated from the extracted data with an exact
 binomial rendition of the bivariate mixed-effects regression model.  Of 365 publications,
 25 were identified in which EBUS-TBNA was specifically focused on mediastinal node
 staging.  Of these, only 10 had data suitable for extraction and analysis.  The overall test
 performance was excellent with an area under the summary receiver operating
 characteristics curve of 0.99 (95 % CI: 0.96 to 1.00); similarly, EBUS-TBNA had
 excellent pooled specificity of 1.00 (95 % CI: 0.92 to 1.00) and good pooled sensitivity of
 0.88 (95 % CI: 0.79 to 0.94).  The authors concluded that EBUS-TBNA has excellent
 overall test performance and specificity for mediastinal lymph node staging in patients
 with lung cancer.  The results compare favorably with published results for computed
 tomography (CT) and positron emission tomography.

Cameron and colleagues (2010) stated that EBUS-TBNA is a recently developed,
 accurate, safe and cost-effective technique that allows sampling of mediastinal lymph
 nodes and peri-bronchial lesions including pulmonary and mediastinal lesions.  Its major
 indications are the nodal staging of non-small cell carcinomas of the lung, their re-
staging following chemotherapy and/or radiation, the diagnosis of sarcoidosis and of
 metastases from extra-thoracic malignancies, and the diagnosis of mediastinal
 lymphadenopathy and masses of unknown etiology.

In a pilot study, Aumiller et al (2009) examined the feasibility of detecting pulmonary
 embolism (PE) in the central airways by EBUS.  Consecutive patients underwent flexible
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 bronchoscopy with a convex EBUS probe under local anesthesia and moderate sedation
 within 24 hrs after angio-CT had documented a central PE.  The EBUS images were
 compared to the CT findings.  Among 32 patients (mean age of 69 years, 20 men), angio-
CT documented 101 PE, of which 97 (96 %) were also detected with EBUS.  The 4 emboli
 not detected consisted of 1 in a middle lobe and 3 in a left upper lobe artery.  At least 1
 embolus was detected with EBUS in every patient, which is sufficient to confirm a
 diagnosis of central PE.  No bronchoscopic complications were observed.  Mean
 procedure time was reduced from 5 mins in the first 16 patients to 3 mins in the last 16. 
 The authors concluded that EBUS was a feasible and safe approach to detecting central
 pulmonary emboli.  Moreover, they stated that blinded, comparative trials are needed to
 evaluate its use as a primary tool for diagnosing these emboli.

Soja et al (2009) examined the use of EBUS for the assessment of bronchial wall
 remodeling in patients with asthma.  In 35 patients with asthma and 23 control subjects,
 high-resolution CT (HRCT) scanning and EBUS were used to measure bronchial wall
 thickness in the 10th segment of the right lung.  With a radial 20-MHz probe, EBUS
 identified the 5-laminar structure of the bronchial wall.  Layer 1 (L(1)) and layer 2 (L(2))
 were analyzed separately, and layers 3 through 5 (L(3-5)), which corresponded to
 cartilage, were analyzed jointly.  Digitalized EBUS images were used for the quantitative
 assessment of bronchial wall thickness and the wall area (WA) of the layers.  Finally,
 bronchial biopsy specimens were taken for measuring the thickness of the reticular
 basement membrane (RBM).  The thickness and WA of the bronchial wall layers, which
 were assessed using EBUS, were correlated with FEV(1) and RBM.  There was no
 significant difference in the measurements of total bronchial wall thickness using EBUS
 and HRCT scanning.  The thickness and WA of the bronchial wall and its layers were
 significantly greater in patients with asthma than in the control subjects.  A negative
 correlation among the thicknesses of L(1), L(2), and L(3-5) and FEV(1), and a positive
 correlation with RBM were observed only in the patients with asthma.  The authors
 concluded that EBUS allows precise measurement of the thickness and WA of bronchial
 wall layers.  The correlation of these parameters with asthma severity suggested
 implementation of EBUS in the assessment of bronchial wall remodeling in patients with
 asthma.

In a meta-analysis, Wu et al (2011) evaluated the accuracy of EUS elastography by
 pooling data of existing trials.  A total of 7 studies involving 368 patients with 431 lymph
 nodes (LNs) were included.  Pooling was conducted in a fixed-effect model or a random-
effect model.  The pooled sensitivity of EUS elastography for the differential diagnosis of
 benign and malignant LNs was 88 % (95 % CI: 0.83 to 0.92), and the specificity was 85
 % (95 % CI: 0.79 to 0.89).  The area under the curve under summary receiver operating
 characteristic (SROC) was 0.9456.  The pooled positive likelihood ratio was 5.68 (95 %
 CI: 2.86 to 11.28), and the negative likelihood ratio was 0.15 (95 % CI: 0.10 to 0.21). 
 The subgroup analysis by excluding the outliers provided a sensitivity of 85 % (95 % CI:
 0.79 to 0.90) and a specificity of 91 % (95 % CI: 0.85 to 0.95) for the differential
 diagnosis of benign and malignant LNs.  The area under the curve under SROC was
 0.9421.  The authors concluded that EUS elastography is a promising, non-invasive
 method for differential diagnosis of malignant LNs and may prove to be a valuable
 supplemental method to EUS-guided FNA.

Will and Meyer (2012) stated that endoscopic retrograde cholangiopancreatography
 (ERCP) and percutaneous transhepatic cholangiography (PTC) are considered the gold
 standard in the interventional treatment of biliary obstruction, in particular, with palliative
 intention.  If ERCP and PTC are not possible, an alternative drainage procedure such as
 the endoscopic ultrasound-guided cholangiodrainage (EUCD) can be used.  Endoscopic
 US-guided cholangiodrainage is an endoscopic/sonografic procedure, which is used in
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 case of post-operatively changed anatomy of the upper gastro-intestinal tract (BII gastric
 resection, pylorus-preserving pancreas head resection, Whipple procedure, [sub-]total
 gastrectomy, Roux-en-Y reconstruction) and, thus, if papilla of Vater (papilla) can not be
 reached or catheterized or if the patient denies PTC; and in subjects with recurrent,
 advanced or metastasized tumor lesion(s) of the upper abdomen, hepatobiliary system as
 well as pancreas and associated obstruction of the biliary tree/jaundice.  The authors
 stated that with regard to the limited diffusion process, EUCD can not be considered a
 standard procedure yet.  The advantages comprise low tissue trauma, primary internal
 drainage and the possible endoscopic re-intervention in case of complications.  The high
 technical challenge in performing EUCD is an unfavorable aspect for broader use in
 clinical practice.  However, the disclosed treatment results demonstrating an acceptable
 complication rate show that EUCD can be competitively considered to ERCP und PTC
 with a great chance for primary success.  These investigatros concluded that EUCD is an
 elegant, not yet fully established, but rather still experimental procedure of interventional
 endoscopy/EUS, which needs great expertise of the endoscopist in an inter-disciplinary
 center of visceral medicine as one of the main predictions.  In experienced hands, a safe
 procedure can be provided, for which a systematic follow-up and a multi-center
 evaluation of peri-interventional management are still needed in order to achieve a final
 assessment of EUCD for guideline approval.

Cardoso et al (2012) stated that accurate pre-operative staging is important in determining
 the appropriate treatment of gastric cancer.  Recently, EUS has been introduced as a
 staging modality.  However, reported test characteristics for EUS in gastric cancer vary.
  These investigators identified, synthesized, and evaluated findings from all articles on the
 performance of EUS in the pre-operative staging of gastric cancer.  Electronic literature
 searches were conducted using Medline, Embase, and the Cochrane Central Register of
 Controlled Trials from January 1, 1998 to December 1, 2009.  All search titles and
 abstracts were independently rated for relevance by a minimum of 2 reviewers.  Meta-
analysis for the performance of EUS was analyzed by calculating agreement (Kappa
 statistic), and pooled estimates of accuracy, sensitivity, and specificity for all EUS
 examinations, using histopathology as the reference standard. Subgroup analyses were
 also performed.  A total of 22 articles met inclusion criteria and were included in the
 review.  Endoscopic ultrasonography pooled accuracy for T staging was 75 % with a
 moderate Kappa (0.52); EUS was most accurate for T3 disease, followed by T4, T1, and
 T2.  Endoscopic ultrasonography pooled accuracy for N staging was 64 %, sensitivity was
 74 %, and specificity was 80 %.  There was significant heterogeneity between the
 included studies.  Subgroup analyses found that annual EUS volume was not associated
 with EUS T and N staging accuracy (p = 0.836, 0.99, respectively).  The authors
 concluded that EUS is a moderately accurate technique that seems to describe advanced T
 stage (T3 and T4) better than N or less advanced T stage.  Stratifying by EUS annual
 volume did not affect EUS performance in staging gastric cancer.

The National Comprehensive Cancer Network’s clinical practice  guideline on gastric
 cancers (including cancer in the proximal 5 cm of the stomach) (NCCN, 2013) states that
 “clinical staging has greatly improved with the availability of diagnostic modalities such
 as endoscopic ultrasound (EUS) …. EUS performed prior to any treatment is important in
 the initial clinical staging of gastric cancer …. This is especially important in patients who
 are being considered for EMR [endoscopic mucosal resection]”.

 

CPT Codes / HCPCS Codes / ICD-9 Codes

CPT codes covered if selection criteria are met:
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43231

43232

43237

43238

43242

43259

45341

45342

45391

45392

76975

ICD-9 codes covered if selection criteria are met (not all inclusive):

150.1 - 150.9  Malignant Neoplasm of the esophagus

151.0 - 151.9  Malignant neoplasm of the stomach

152.0 - 152.9  Malignant neoplasm of small intestine, including duodenum

153.0 - 153.9  Malignant neoplasm of colon

154.0 - 154.8  Malignant neoplasm of rectum, rectosigmoid junction and anus

155.1  Malignant neoplasm of intrahepatic bile ducts

156.1 - 156.9  Malignant neoplasm of extrahepatic bile ducts

157.0 - 157.9  Malignant neoplasm of pancreas

158.0 - 158.9  Malignant neoplasm of retroperitoneum and peritoneum

159.0 - 159.9  Malignant neoplasm of other and ill-defined sites within the digestive
 organs ans peritoneum

162.0 - 162.9  Malignant neoplasm of trachea, bronchus, and lung

164.2 - 164.9  Malignant neoplasm of mediastinum

171.5  Malignant neoplasm of connective tissue and other soft tissue of
 abdomen

197.0 - 197.8  Secondary malignant neoplasm of respiratory and digestive systems

211.0 - 211.9  Benign neoplasm of other parts of digestive system

212.1 - 212.5  Benign neoplasm of larynx, trachea, bronchus and lung, pleura, and
 mediastinum

214.3  Lipoma of intra-abdominal organs

215.5  Other benign neoplasm of connective tissue and other soft tissue of
 abdomen

230.1 - 230.9  Carcinoma in situ of digestive organs

235.2 - 235.8  Neoplasms of uncertain behavior of stomach, intestines, and rectum,
 liver and biliary passages, retroperitoneum and peritoneum, other and
 unspecified digestive organs, larynx, trachea, bronchus, and lung,
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 pleura, thymus, and mediastinum

238.1  Neoplasm of uncertain behavior of connective and soft tissue

785.6  Enlargement of lymph nodes

786.6  Swelling, mass, or lump in chest

789.3  Abdominal or pelvic swelling, mass, or lump

Other ICD-9 codes related to the CPB:

530.0 - 538  Diseases of esophagus, stomach, and duodenum

555.0 - 555.9  Regional enteritis

556.0 - 556. 9  Ulcerative colitis

560.0 - 569.9  Other diseases of intestines and peritoneum

575.8 - 575.9  Other specified and unspecified disorders of gallbladder

576.0 - 576.9  Other disorders of biliary tract

577.0 - 577.9  Diseases of pancreas

579.0 - 579.9  Intestinal malabsorption

Endoscopic ultrasound elastography:

No specific code

ICD-9 codes not covered for indications listed in the CPB:

196.0 - 196.9  Secondary and unspecified malignant neoplasm of lymph nodes [for
 differential diagnosis of malignant lymph nodes]

229.0  Benign neoplasm of lymph nodes [for differential diagnosis of
 malignant lymph nodes]
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 Oncol. 1994;21:438-446.

2. Caletti G, Odegaard S, Rosch T, et al. Endoscopic ultrasonography: A summary of
 the conclusion of the working party for the tenth World Congress of
 Gastroenterology. Am J Gastroenterol. 1994;89:S138-S143.

3. Lux G, Heyder N. Endoscopic ultrasonography of the pancreas: Technical aspects.
 Scand J Gastroenterol. 1986;21(suppl 123):112-118.

4. Nickl NJ, Cotton PB. Clinical application of endoscopic ultrasonography. Am J
 Gastroenterol. 1990;85:675-682.

5. Sivak MV, Kaufman A. Endoscopic ultrasonography in the differential diagnosis of
 pancreatic disease: A preliminary report. Scan J Gastroenterol. 1986;21(suppl
 123):130-134.

6. Roubein LE. Endoscopic ultrasonography and the malignant esophageal stricture:
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8. Tio TL, Tytgat GN, Cikot RJ, et al. Ampullopancreatic carcinoma: Preoperative
 TNM classification with endosonography. Radiology. 1990;175(2):455-461.
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Trigger Thumb 
 

Question: Should treatment of trigger thumb be a covered service? 

 

Question source: Dr. John Sattenspiel, OHP Medical Director 

 

Issue: Trigger thumb is a condition seen in children which can significantly affect use of the thumb. It is a 

condition distinct from adult trigger finger.  It most commonly presents at about 2 years of age.  It results 

from anatomic abnormalities, not generally from trauma/injury. 

 

From Dr. Sattenspiel: 

This condition is one with significant potential for long term impairment, especially when it is 

present on a member’s dominant hand.  The local ortho/hand surgeons are quite concerned that 

OHP does not cover its treatment, the proper code 756.89 is only found on nonfunded line 550.   

 

Pediatric trigger thumb can spontaneously resolve (0-63% in various series) but may take several years 

(median time to resolution 48 months in one large prospective study).  Trigger thumb can be treated by 

splinting, but reviews (Shah 2012) have not found clear evidence that splinting is effective.  Generally, 

surgical release is considered standard therapy if the trigger thumb does not spontaneously resolve.   

Generally, experts recommend treatment if the thumb does not spontaneously resolve by 3-4 years of age 

or 2 years after diagnosis.  Other experts recommend immediate treatment, although there is no evidence 

of worse outcomes with observation/delayed treatment (no residual deformities and no recurrence).  One 

prospective study (Jung 2012) found that cases with bilateral trigger thumb or locking (grade 3) had 

better outcomes with early surgical release. 

 

 

Prioritized List information 

ICD-9 code:  

727.03 (Trigger finger (acquired)), line 619 SYNOVITIS AND TENOSYNOVITIS 

756.89 (Other specified anomalies of muscle, tendon, fascia, and connective tissue—includes congenital 

trigger thumb as a subdiagnosis): 550 DEFORMITIES OF UPPER BODY AND ALL LIMBS 

 

ICD-10 M65.31x (Trigger thumb), line 619 SYNOVITIS AND TENOSYNOVITIS 

 

CPT: 26055 Tendon sheath incision (eg, for trigger finger): lines 550, 619 

 

 

HERC staff recommendation: 

1) Add ICD-9 756.89/ICD-10 M65.31x to line 406 DISRUPTIONS OF THE LIGAMENTS AND 

TENDONS OF THE ARMS AND LEGS, EXCLUDING THE KNEE, POTENTIALLY 

RESULTING IN SIGNIFICANT INJURY/IMPAIRMENT 

a. Leave on line 550/619 

2) Add CPT 26055 to line 406 

3) Adopt the following guideline for line 406: 

 

GUIDELINE NOTE XXX PEDIATRIC TRIGGER THUMB 

Line 406 

ICD-9 756.89/ICD-10 M65.31x is included on line 406 for treatment of pediatric trigger thumb only.  

Surgical treatment should be reserved for trigger thumb that does not spontaneously resolve within 48 

months of diagnosis.  Immediate surgery may be considered for bilateral trigger thumb or trigger thumb 

with locking symptoms. 
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Full length article

Conservative treatment of pediatric trigger
thumb: follow-up for over 4 years
H. J. Jung, J. S. Lee, K. S. Song and J. J. Yang
Department of Orthopedic Surgery, Medical Center of Chung-Ang University
School of Medicine, Seoul, Korea

Abstract
We analyzed the outcomes of our conservative treatment for pediatric trigger thumb. Since March 2004, we
have used conservative treatment for all patients with pediatric trigger thumb. We prospectively analyzed
30 patients in whom 35 thumbs were affected (10 right, 15 left, 5 bilateral). The mean age at diagnosis was
28 (11–50) months. The treatment consisted of passive exercises performed by the children’s mothers, 10–20
times daily. How reliably this was performed is unproven. Trigger thumb severity was graded as 0A (extension
beyond 08), 0B (extension to 08), 1 (active extension with triggering), 2 (passive extension with triggering), and 3
(cannot extend either actively or passively i.e. locked). At diagnosis, six of the 35 thumbs (17%) were grade 1,
25 (71%) were grade 2, and four (11%) were grade 3. After a mean follow-up period of 63 (range, 49–73)
months, 28 thumbs (80%) were grade 0A or 0B, 5 (14%) were grade 1 and 2 (6%) were grade 2. The bilateral
cases and the patients who initially had grade 3 severity had significantly more unfavorable results than the
other patients. This study suggests that conservative treatment for pediatric trigger thumb is a successful
method, although cases that present with bilateral involvement or locking (grade 3) should be considered for
early surgical release.

Keywords
Pediatric trigger thumb, conservative treatment, long term results
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Introduction

To date, the treatment of pediatric trigger thumb
remains controversial, and a consensus about the
gold standard of treatment for this condition has
yet to be reached. Although trigger thumb in chil-
dren is presently treated surgically (Dinham and
Meggitt, 1974; Fahey and Bollinger, 1954; Lim
et al., 2007; Sprecher, 1953; Uras and Yavuz,
2007), some authors have reported success with
conservative treatment including, employing a
splint or stretching exercises. Watanabe et al.
(2001) reported satisfactory results in 96% of
patients treated with passive stretching exercises.
Recently, Baek et al. (2008) reported that in the
absence of treatment, 63% of patients showed
spontaneous resolution, and those who did not
recover fully still showed improvements in flexion
deformity.

Several questions remain unanswered. How long
can we safely observe the patient without conversion
to surgical treatment? What are the poor prognostic
factors suggesting the need for early surgical
release?

The purpose of this study was to analyze the
outcomes of our conservative treatment of pediatric
trigger thumb.

Materials and methods

A prospective consecutive case series study was ini-
tiated in March 2004 to analyze the results of conser-
vative treatment of pediatric trigger thumb. All
patients with pediatric trigger thumb who underwent
conservative treatment at our clinic were enrolled.
Patients who had been treated previously, including
with conservative treatment, or who had other anom-
alies in the hand in addition to the trigger thumb were
excluded from our series. We explained the study
rationale to the parents and obtained informed con-
sent. Ethical approval had been sought in advance.
A total of 32 patients met our inclusion criteria.
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Question: should mastoplexy (CPT 19316) be included on the Prioritized List for limited 
uses? 
 
Question source: George Waldmann, OHP Medical Director 
 
Issue: Mastoplexy is a generally cosmetic procedure in which a sagging breast is lifted 
higher on the chest wall.  This procedure is currently on the Excluded List.   
 
From Dr. Waldmann: 

[Was]  mastopexy purposely left off the PL or are there situations like the one 

described below where the lesser procedure (mastopexy) appears to be indicated 

to produce the desired post mastectomy symmetry that GLN 79 addresses?  

Scenario-We received a request for mastopexy (19316) for post breast cancer 

breast reconstruction for “Disproportion of reconstructed breast”.  Mastopexy is not 

on the PL and, therefore is not funded by OHP.  Reduction mammaplasty (19318) 

is on PL and is funded by OHP. 

Surgeon’s notes state “Right breast: surgically absent and reconstructed w/implant; 

no palpable dominant masses or nodules in skin flaps or along suture line; no skin 

changes. Lifted higher than left… asymmetry and left breast scar hypertrophy.” 

RVUs for mastopexy are significantly less than for reduction mammaplasty; 

19316  Mastopexy                            Work RVU 11.09        Total Facility RVU 22.96 
19318  Reduction mammaplasty      Work RVU 16.03        Total facility RVU  34.02 
 
We suggest that a note be added to GLN 79 to include coverage for contralateral 

mastoplexy but only when contralateral reduction mammaplasty is inappropriate for 

breast reconstruction and mastopexy will accomplish the desired reconstruction 

result.  

 
Current Guideline Note 79 
GUIDELINE NOTE 79, BREAST RECONSTRUCTION 
Lines 4,197 
Breast reconstruction (which may include contralateral reduction mammoplasty) is only 
covered after mastectomy as a treatment for breast cancer or as prophylactic treatment 
for the prevention of breast cancer in a woman who qualifies under Guideline Note 3, 
and must be completed within 5 years of initial mastectomy. 
 
 
 
HERC staff recommendations: 

1) Add 19316 to line 197 CANCER OF BREAST 
a. Advise DMAP to remove 19316 from the Excluded List 
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b. Do not add to line 4 PREVENTIVE SERVICES, OVER AGE OF 10 as 
19318 is not included on this line (generally the preventive service would 
be bilateral mastectomy in a high risk woman) 

2) Modify GN 79 to read a shown below 
 
GUIDELINE NOTE 79, BREAST RECONSTRUCTION 
Lines 4,197 
Breast reconstruction (which may include contralateral reduction mammoplasty) is only 
covered after mastectomy as a treatment for breast cancer or as prophylactic treatment 
for the prevention of breast cancer in a woman who qualifies under Guideline Note 3, 
and must be completed within 5 years of initial mastectomy. 
 
Breast reconstruction may include contralateral reduction mammoplasty (CPT 19318) or 
contralateral mastoplexy (CPT 19316).  Mastoplexy is only to be covered when 
contralateral reduction mammaplasty is inappropriate for breast reconstruction and 
mastopexy will accomplish the desired reconstruction result. 
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MINUTES 
 

Behavioral Health Advisory Panel 
Meridian Park Community Health Education Center 

19300 SW 65th Avenue, Tualatin, OR 
October 23, 2013 

10:00 am--12:00 pm 

 
 

Members Present: David Pollack, MD, Chair; Kathy Savicki; Michael Reaves, MD; Ann Uhler; 
Gary Cobb (arrived at 10:20) 

 
Members Absent:  Seth Bernstein 
 
Staff Present: Darren Coffman (by phone); Ariel Smits, MD, MPH; Jason Gingerich 
  
Also Attending: Ralph Summers, David Fischer, and Denise Taray (DMAP); Tobi Rates 
(Autism Society of Oregon) 

 
 

1. CALL TO ORDER  
 
David Pollack called the meeting to order at 10:00 am. Smits explained that HERC staff has 
identified some issues related to DSM-5 changes from DSM-IV-TR as well as possible issues 
with the October 2014 prioritized list. 
 

 
2. REVIEW OF DSM-5 CHANGES 
 
The group discussed the recommendations shown in the meeting materials. Subcommittee 
recommendations pertaining to these recommendations are shown. (All line numbers 
referenced are for the April 1, 2014 Prioritized List except where noted.) 
 

1) Intellectual Disability—There was no discussion. 
 

Recommendation: Add ICD-10-CM F70 to the following lines for the October, 2014 
Prioritized List: 

i. 349 NEUROLOGICAL DYSFUNCTION IN COMMUNICATION CAUSED 
BY CHRONIC CONDITIONS 

ii. 381 DYSFUNCTION RESULTING IN LOSS OF ABILITY TO MAXIMIZE 
LEVEL OF INDEPENDENCE IN SELF- DIRECTED CARE CAUSED BY 
CHRONIC CONDITIONS THAT CAUSE NEUROLOGICAL 
DYSFUNCTION  

 
2) Autism spectrum disorder—The subcommittee briefly discussed the staff 

recommendations. Tobi Rates (Autism Society of Oregon) testified in support of 
expanding coverage for medically necessary Applied Behavior Analysis (ABA) for 
children with Autism Spectrum Disorder. In addition, she said that coverage for other 
therapies covered under OHP is insufficient, giving the example of her 9-year old 
nonverbal child who she believed was eligible for only eight sessions per year (Editor’s 
note: Coverage for speech therapy is currently limited per Guideline Note 6 to 12 
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sessions per year for OHP recipients ages 8-12, with an additional 6 visits if there is a 
change of status). She asked if these therapies are part of the discussion that the 
Evidence-based Guidelines Subcommittee (EbGS) is having about ABA. Staff explained 
that ABA is a separate topic from physical, occupational and speech therapy, but the 
subcommittee agreed that changes to coverage for these therapies could be considered 
along when any changes related to ABA coverage after the discussion moves to the 
Value-based Benefits Subcommittee (VbBS). Rates also noted that when calling OHP 
about these therapies she expressed concern that it is frustrating to get routed back and 
forth between physical health and mental health areas, since autism is a mental health 
condition and yet these therapies are often treated as a physical health treatment. Rates 
said her group would like to see sensory integration, for instance, covered as well. She 
said there are a whole set of therapies not well covered under the current mental health 
guideline. This discussion will need further research by staff. 

 
Recommendations: 

i. Rename line 334 (April  2013 list)/line 313 (October 2014 list) AUTISM 
SPECTRUM DISORDERS. 

ii. For the October 2014 list, add ICD-10-CM code F80.89 to line 349 
(NEUROLOGICAL DYSFUNCTION IN COMMUNICATION…) and 
remove it from DMAP’s ancillary file. 

iii. Staff to review physical/occupational therapy coverage for autism and 
consider recommending changes for future VbBS meeting. 

 
3) Disruptive mood dysregulation disorder—Subcommittee members expressed 

concern that some children with this condition may be receiving inappropriate medication 
because of a diagnosis of bipolar disorder. Pollack said that these children may not have 
a bipolar disorder diagnosis when they get older, but may instead end up having 
depressive disorder. Savicki was uncomfortable putting it on the major depression line. 
Pollack suggested giving this its own line. Smits suggested putting it on the line with 
Oppositional Defiant Disorder and changing the name, but the group said this condition 
is different. Savicki said there may be underlying neurological challenges. After 
reviewing the DSM-5 language the group, in light of the delay in the possibility of 
creating a new line, discussed whether to put it on the anxiety disorders line or 
depression line, and decided that line 212 DEPRESSION AND OTHER MOOD 
DISORDERS, MILD OR MODERATE would be appropriate. Reaves recommended that 
staff consult with child psychiatry practitioners to confirm that this is appropriate. 
 

Recommendations:  
i. Move ICD-9-CM code 296.99 from line 32 BIPOLAR DISORDERS to line 

212 DEPRESSION AND OTHER MOOD DISORDERS, MILD OR 
MODERATE (207 on the October 2014 list). 

ii. Add ICD-10-CM code F34.8 to line 212 DEPRESSION AND OTHER 
MOOD DISORDERS, MILD OR MODERATE and advise DMAP to 
remove it from the Excluded File 

iii. Staff to consult with a child psychiatrist to confirm whether this placement 
is appropriate, whether a guideline note would be helpful and whether a 
new line may be appropriate for the biennial review 
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4) Premenstrual dysphoric disorder—There was minimal discussion. 
 

Recommendation: Add ICD-9-CM code 625.4 to line 212 and ICD-10-CM code 
N94.3 to corresponding line 207 on the October 2014 list and remove them from line 
581 DYSMENORRHEA (line 562 in October 2014). 
 

5) Trichotillomania—There was minimal discussion. 
 

Recommendation: Move 312.39 to line 487 OBSESSIVE-COMPULSIVE 
DISORDERS and, in October, 2014, move F63.3 to corresponding line 467. 
 

6) Body dysmorphic disorder 
 

Recommendation: Add F45.22 to line 467 for the October, 2014 list and remove 
from line 497 SOMATIZATION DISORDER, SOMATOFORM PAIN DISORDER, 
CONVERSION DISORDER. 
 

7) October, 2014 Line 497, Somatization disorder—The subcommittee discussed how 
the conditions on this line have a negative connotation for some, and determined that it 
is inappropriate to have line 497 ranked differently from line 462 FACTITIOUS 
DISORDERS (on the October 2014 list), noting that factitious disorders do not involve 
conscious deception. Smits noted that line 462 currently has consultations as the only 
treatments. Coffman noted that conversion disorder would also been included, and has 
not previously been covered. Pollack said it should be covered as it is even less 
conscious than factitious disorders. They also discussed adding the health and behavior 
assessment codes to enhance care and reduce unnecessary testing and drugs for these 
conditions. Savicki suggested removing some of the HCPCS codes from line 497. They 
determined that these changes should be separate from the pending review of 
fibromyalgia. She said the appropriate codes for these conditions are consultations and 
medical office interventions (including health and behavior assessments). Once a true 
mental health diagnosis is arrived at, appropriate treatment can be arranged.   

 
Recommendation: Staff will draft a proposal for merging the conditions and 
appropriate treatments from line 497 into line 462 and renaming that line “SOMATIC 
SYMPTOMS AND RELATED DISORDERS”. This line may include consultation, 
office-based interventions, and health and behavior code group. This proposal will be 
brought to the VBBS of the HERC. 
 

8) Binge eating disorder—The group reviewed the staff recommendation to move F50.8 
to October, 2014 line 385 BULIMIA NERVOSA. Coffman asked if this would mean we 
would cover treatment of pica (a condition included in F50.8) in adults but not children. 
Smits proposed a coding specification to exclude coverage of pica from line 385. The 
group discussed pica in adults, that it is rare but sometimes occurs with pregnancy or in 
disabled individuals. 

 
Recommendation: Add F50.8 to line 385 BULIMIA NERVOSA to cover binge eating 
disorder with a coding specification that it is placed on this line for binge eating 
disorder. It should remain on line 640 PICA for pica in adults and all other 
subdiagnoses. 
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9) Reactive Attachment disorder/Disinhibited Social Engagement Disorder—The 
subcommittee discussed the latter condition and decided it was appropriately placed on 
line 454 REACTIVE ATTACHMENT DISORDER OF INFANCY OR EARLY 
CHILDHOOD.  No changes were recommended. 

 
10) Social Anxiety Disorder (Social Phobias)—Subcommittee reviewed the staff 

recommendation. 
 

Recommendation: Rename line 463 SIMPLE PHOBIAS AND SOCIAL ANXIETY 
DISORDER 
 

11) Conduct Disorder and Oppositional Defiant Disorder—The subcommittee discussed 
these conditions and determined no changes to the current placement are required. 
Smits noted that conduct disorder is currently below the funding line and suggested that 
combining the lines might be appropriate for the biennial review. Initial discussion 
supported combining the lines. However Coffman noted that the funding line can’t be 
moved up for several years due to Oregon’s federal waiver, so anything moved above 
the funding line would increase costs for the CCO’s, and that HERC would need to hear 
strong reasoning to make a change like this. Savicki said that conduct disorder is 
expensive to treat with limited effectiveness. After discussion the subcommittee 
recommended no placement changes be made. 

 
12) Attention Deficit/Hyperactivity Disorder—The subcommittee discussed the 

importance of including the slash in between attention deficit and hyperactivity as this 
highlights that a person may have either attention disorder or hyperactivity or both. 

 
Recommendation:  

i. Rename line 133 (and line 126 on the October, 2014 prioritized list) 
ATTENTION DEFICIT/HYPERACTIVITY DISORDERS 

ii. Change Guideline Note 54: replace “attention deficit disorder (ADD)”  
with “attention deficit/hyperactivity disorder” 

 
13) Separation anxiety disorder—The subcommittee discussed how this can now apply to 

adults and is an anxiety disorder, and considered putting it on an anxiety line. However 
the ICD-10-CM code specifies children. After discussion, the group decided not to make 
any changes to placement for this code as these lines are ranked in the same area of 
the list. In 2016 if data supports separating them, then the code could be moved to the 
anxiety line for adults. The group recommended no coding changes or coding 
specification for the list. 

 
14) Substance Use Disorders—The subcommittee agreed with the staff-recommended 

change to the description of line 5 (line 4 in October 2014) to “SUBSTANCE USE 
DISORDER,” reflecting DSM-5. Pollack and Coffman noted that line 4 may be confusing 
as it may be confused with October, 2014 line 619 ABUSE OF NONADDICTIVE 
SUBSTANCES. 
 
In discussion of F55.3 Abuse of steroids and hormones, the group decided to move the 
code to October, 2014 line 619 ABUSE OF NONADDICTIVE SUBSTANCES as the 
substance is not physiologically addictive, though it is psychologically addictive. If there 
is an underlying disorder such as body dysmorphic disorder that could be diagnosed and 
treated. 
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The group discussed the staff recommendation for the codes on October 2014 line 478 
USE OF ADDICTIVE SUBSTANCES. After discussion, the subcommittee decided to 
recommend moving the ICD-10-CM codes having a description including the words, 
“…with other substance induced disorder” to October 2014 line 66 SUBSTANCE-
INDUCED MOOD ANXIETY AND DELUSIONAL DISORDERS with no coding 
specification (in order to cover substance-induced obsessive compulsive disorder). They 
recommended renaming line 66 to include obsessive compulsive disorders. In addition, 
they recommended moving the codes for uncomplicated substance use to October 2014 
line 658 MENTAL DISORDERS WITH NO OR MINIMALLY EFFECTIVE TREATMENTS 
OR NO TREATMENT NECESSARY. They also recommended renaming line 478 USE 
OF ADDICTIVE SUBSTANCES as SEXUAL DYSFUNCTION DUE TO SUBSTANCE 
USE. Then, in the biennial review, they recommended deleting line 478, and moving the 
codes having a description “…with sexual dysfunction” to line 529 SEXUAL 
DYSFUNCTION.  
 
Summers asked where methamphetamine-induced dementia fits. Staff explained that 
this falls on line October 2014 line 205 CHRONIC ORGANIC MENTAL DISORDERS 
INCLUDING DEMENTIAS. 
 

Recommendations:  
i. Rename line 5 (line 4 in October, 2014) to SUBSTANCE USE 

DISORDER 
ii. Rename October 2014 line 66 to SUBSTANCE-INDUCED MOOD 

ANXIETY, DELUSIONAL AND OBSESSIVE-COMPULSIVE DISORDERS 
iii. Move code F55.3 Abuse of steroids and hormones to October 2014 line 

619. 
iv. Move the [drug] abuse/ dependence with other [drug] induced disorder 

ICD-10-CM codes to October, 2014 line 66 (F10.188, F10.288, F10.988, 
F11.188, F11.288, F11.988, F13.188, F13.288, F13.988, F14.188, 
F14.288, F14.988, F15.188, F15.288, F15.988, F16.188, F16.288, 
F16.988, F18.188, F18.288, F18.988, F19.188, F19.288, F19.988). 

v. Move [substance] use, uncomplicated to line 658 (F11.90, F12.90, 
F13.90, F14.90, F15.90, F16.90, F18.90, F19.90)  

vi. Rename October 2014 line 478 SEXUAL DYSFUNCTION DUE TO 
SUBSTANCE USE 

vii. In the next biennial review, delete line 478 and move the ICD-10-CM 
codes for sexual dysfunction due to substance use to line 529 SEXUAL 
DYSFUNCTION (F10.181, F10.281, F10.981, F11.181, F11.281, 
F11.981, F13.181, F13.281, F13.981, F14.181, F14.281, F14.981, 
F15.181, F15.281, F15.981, F16.181, F16.281, F16.981, F18.181, 
F18.281, F18.981, F19.181, F19.281, F19.981) 

 
15) Smits asked if any of the members noticed anything else in DSM-5 which needs to be 

corrected on the list. The group discussed line 457 CHRONIC DEPRESSION 
(DYSTHYMIA) and asked that it be renamed using DSM-5 terminology. The group 
discussed several other changes which do not require changes to the list. However, 
Pollack asked that staff review the condition descriptions on the prioritized list to ensure 
that they match the DSM-5 definitions. The subcommittee also discussed changes to 
gambling disorders and internet gaming disorder. 
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Recommendations:  
i. Rename line 457 PERSISTENT DEPRESSIVE DISORDER  
ii. Staff to review other BHAP lines to ensure that condition descriptions are 

appropriate for DSM-5 and review it by email with the subcommittee 
before taking the recommendations to VbBS. 

 

 
3.  ADJOURNMENT 
   
The meeting was adjourned at 12:15 pm. Staff will refine the recommendations with the 
subcommittee by email and take them to the Value-based Services Subcommittee for review. 
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The BHAP met on October 23, 2013 and made various recommendations for changes to the 
April 2013 ICD-9 Prioritized List and October 2014 ICD-10 Prioritized List based on changes in 
DSM-V.  These changes are summarized below. 
 
Changes for the April 1, 2014 ICD-9 Prioritized List 

1) Move ICD-9-CM 296.99 (Other specified episodic mood disorder) from line 32 
BIPOLAR DISORDERS to line 212 DEPRESSION AND OTHER MOOD 
DISORDERS, MILD OR MODERATE  

2) Move ICD-9-CM code 625.4 (Premenstrual tension syndromes) from line 581 
DYSMENORRHEA to line 212 DEPRESSION AND OTHER MOOD DISORDERS, 
MILD OR MODERATE  

3) Move  ICD-9 312.39 (Other disorders of impulse control) from 569 IMPULSE 
DISORDERS EXCLUDING PATHOLOGICAL GAMBLING to line 487 OBSESSIVE-
COMPULSIVE DISORDERS  

4) Rename line 133 ATTENTION DEFICIT DISORDERS WITH HYPERACTIVITY OR 
UNDIFFERENTIATED ATTENTION DEFICIT/HYPERACTIVITY DISORDERS 

5) Change GN54: replace “attention deficit disorder (ADD)”  with “attention 
deficit/hyperactivity disorder” 

6) Rename line 5 ABUSE OR DEPENDENCE OF PSYCHOACTIVE SUBSTANCE 
SUBSTANCE USE DISORDER 

7) Rename line 457 CHRONIC DEPRESSION (DYSTHYMIA) PERSISTENT 
DEPRESSIVE DISORDER  

8) Rename line 334 PERVASIVE DEVELOPMENTAL DISORDERS, INCLUDING 
AUTISM SPECTRUM DISORDERS 

9) Rename line 463 SIMPLE PHOBIAS AND SOCIAL ANXIETY DISORDER PHOBIAS 
 
 
Changes for the October, 2014 ICD-10 Prioritized List  

1) Add ICD-10-CM  F70 (Mild intellectual disability) to the following lines: 
1) 349 NEUROLOGICAL DYSFUNCTION IN COMMUNICATION CAUSED 

BY CHRONIC CONDITIONS 
2) 381 DYSFUNCTION RESULTING IN LOSS OF ABILITY TO MAXIMIZE 

LEVEL OF INDEPENDENCE IN SELF- DIRECTED CARE CAUSED BY 
CHRONIC CONDITIONS THAT CAUSE NEUROLOGICAL 
DYSFUNCTION  

3) Will match other F7x series codes present on all 4 dysfunction lines; F70 
is already on lines 349 and 407 

2) Add ICD-10-CM  F80.89 (Childhood onset fluency disorder) to line 349 
(NEUROLOGICAL DYSFUNCTION IN COMMUNICATION…) and advise DMAP to 
remove it from the Ancillary File . 

3) Add ICD-10-CM code F34.8 (Other persistent mood [affective] disorders) to line 207 
DEPRESSION AND OTHER MOOD DISORDERS, MILD OR MODERATE and 
advise DMAP to remove it from the Excluded File 

4) Add ICD-10-CM code N94.3 (Premenstrual tension syndromes) to line 207 
DEPRESSION AND OTHER MOOD DISORDERS, MILD OR MODERATE and 
remove from line 562 DYSMENORRHEA  

5) Add ICD-10 F63.3 (Trichotillomania)  to line 467 OBSESSIVE-COMPULSIVE 
DISORDERS and remove from 552 IMPULSE DISORDERS EXCLUDING 
PATHOLOGICAL GAMBLING 
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6) Add F45.22 (Body dysmorphic disorder) to line 467 OBSESSIVE-COMPULSIVE 
DISORDERS and remove from line 497 SOMATIZATION DISORDER, 
SOMATOFORM PAIN DISORDER, CONVERSION DISORDER 

7) Add ICD-10 F50.8 (Other eating disorders) to line 385 BULIMIA NERVOSA to cover 
binge eating disorder and keep on line 640 PICA 

1) Add a coding specification to line 385 
1. “ICD-10-CM F50.8 is included on this line only for binge eating 

disorder.  All other diagnoses using this code (i.e. pica in adults) 
are included on line 640 PICA.” 

8) Rename line 66 SUBSTANCE-INDUCED MOOD ANXIETY AND DELUSIONAL AND 
OBSESSIVE-COMPULSIVE DISORDERS  

9) Move code F55.3 (Abuse of steroids and hormones) from line 5 ABUSE OR 
DEPENDENCE OF PSYCHOACTIVE SUBSTANCE to line 619 ABUSE OF 
NONADDICTIVE SUBSTANCES. 

10) Move the [drug] abuse/ dependence with other [drug] induced disorder ICD-10-CM 
codes to line 66 SUBSTANCE-INDUCED MOOD ANXIETY AND DELUSIONAL AND 
OBSESSIVE-COMPULSIVE DISORDERS (F10.188, F10.288, F10.988, F11.188, 
F11.288, F11.988, F13.188, F13.288, F13.988, F14.188, F14.288, F14.988, F15.188, 
F15.288, F15.988, F16.188, F16.288, F16.988, F18.188, F18.288, F18.988, F19.188, 
F19.288, F19.988). 

11) Move [substance] use, uncomplicated (F11.90, F12.90, F13.90, F14.90, F15.90, 
F16.90, F18.90, F19.90)  to line 658 MENTAL DISORDERS WITH NO OR 
MINIMALLY EFFECTIVE TREATMENTS OR NO TREATMENT NECESSARY  

12) Rename line 478 USE OF ADDICTIVE SUBSTANCES SEXUAL DYSFUNCTION 
DUE TO SUBSTANCE USE 

 
 
Biennial review changes for the October 1, 2016 Prioritized List 

1) Delete line 478 SEXUAL DYSFUNCTION DUE TO SUBSTANCE USE and move 
remaining ICD-10-CM codes for sexual dysfunction due to substance use to line 529 
SEXUAL DYSFUNCTION (F10.181, F10.281, F10.981, F11.181, F11.281, F11.981, 
F13.181, F13.281, F13.981, F14.181, F14.281, F14.981, F15.181, F15.281, F15.981, 
F16.181, F16.281, F16.981, F18.181, F18.281, F18.981, F19.181, F19.281, F19.981) 

2) Merge line 497 SOMATIZATION DISORDER, SOMATOFORM PAIN DISORDER, 
CONVERSION DISORDER into line 462 FACTITIOUS DISORDERS and rename that 
line “SOMATIC SYMPTOMS AND RELATED DISORDERS”.  This line may include 
consultation, office-based interventions, health and behavior codes. 

1) See separate issue  
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Question: Should medical nutrition therapy be paired with a wider range of diagnoses 
on the Prioritized List? 
 
Question source: DMAP 
 
Issue: DMAP has requested that a range of diagnoses be paired with medical nutrition 
therapy (CPT 97802-97804).  These procedure codes are currently on approximately 25 
lines on the Prioritized list.  DMAP is requesting additional pairing with oral/esophageal 
cancer diagnosis codes, pressure ulcers, cleft palate, low birth weight, and other 
diagnoses.  These requests are based on submitted charges.  The argument for 
coverage of medical nutrition therapy for these diagnoses is prevention of more serious 
nutrition related problems which would be covered on another line. 
 
Review of coverage by other major insurers (Cigna, Aetna) finds that the generally 
accepted coverage of medical nutrition therapy is very similar to the current Prioritized 
List coverage.  CMS covers medical nutrition therapy only for diabetes and renal 
disease. 
 
Location of relevant diagnoses on the Prioritized List  

Malnutrition (260.0-263.1) is paired with medical nutrition therapy on line 127. 
 
783.1 (Abnormal weight gain), 783.2 (loss of weight/underweight), 783.3 (Feeding 
difficulties and mismanagement), 783.41 (Failure to thrive), 783.9 (Other 
symptoms concerning nutrition, metabolism, and development) are on the 
Diagnostic List. 
 
Specific diagnoses such as obesity, heart disease, diabetes, and renal disease are 
on a variety of lines (see table below) 

 
Location of CPT codes 

97802 Medical nutrition therapy; initial assessment and intervention, individual, 
face-to-face with the patient, each 15 minutes 
97803 Medical nutrition therapy; re-assessment and intervention, individual, face-
to-face with the patient, each 15 minutes 
97804 Medical nutrition therapy; group (2 or more individual(s)), each 30 minutes 
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Current lines with medical nutrition therapy 

Line 
number 

Line description 

1 PREGNANCY 

8 OBESITY 

10 TYPE I DIABETES MELLITUS 

12 HYPERTENSION AND HYPERTENSIVE DISEASE    

13 GALACTOSEMIA    

17 PHENYLKETONURIA (PKU)    

33 TYPE II DIABETES MELLITUS    

35 REGIONAL ENTERITIS, IDIOPATHIC PROCTOCOLITIS, ULCERATION OF 
INTESTINE   

66 END STAGE RENAL DISEASE 

67 METABOLIC DISORDERS INCLUDING HYPERLIPIDEMIA    

76 ACUTE AND SUBACUTE ISCHEMIC HEART DISEASE, MYOCARDIAL 
INFARCTION   

90 MYOCARDITIS (NONVIRAL), PERICARDITIS (NONVIRAL) AND 
ENDOCARDITIS   

108 HEART FAILURE 

109 CARDIOMYOPATHY, HYPERTROPHIC MUSCLE    

127 IRON DEFICIENCY ANEMIA AND OTHER NUTRITIONAL DEFICIENCIES    

160 DISORDERS OF MINERAL METABOLISM, OTHER THAN CALCIUM    

195 CHRONIC ISCHEMIC HEART DISEASE    

238 DISORDERS OF PARATHYROID GLAND; BENIGN NEOPLASM OF 
PARATHYROID GLAND; DISORDERS OF CALCIUM METABOLISM   

241 INTESTINAL MALABSORPTION    

255 ACUTE AND SUBACUTE NECROSIS OF LIVER; SPECIFIED INBORN 
ERRORS OF METABOLISM (EG. MAPLE SYRUP URINE DISEASE, 
TYROSINEMIA)   

264 GLYCOGENOSIS 

305 ANOREXIA NERVOSA 

329 DISORDERS OF AMINO-ACID TRANSPORT AND METABOLISM (NON 
PKU)    

360 ALCOHOLIC FATTY LIVER OR ALCOHOLIC HEPATITIS, CIRRHOSIS OF 
LIVER   

370 HEREDITARY FRUCTOSE INTOLERANCE, INTESTINAL 
DISACCHARIDASE AND OTHER DEFICIENCIES   

412 BULIMIA NERVOSA    

425 EATING DISORDER NOS    
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Additional lines/diagnoses proposed by DMAP or HERC staff for pairing with medical 
nutrition therapy 

Line 
number 

Line Description Diagnosis(es) HERC staff 
recommendation 

20 VERY LOW BIRTH WEIGHT 
(UNDER 1500 GRAMS) 

765.1 Other preterm 
infants 

Add 

25 LOW BIRTH WEIGHT 
(1500-2500 GRAMS) 

765.1 Other preterm 
infants 

Add 

229 CANCER OF STOMACH  Add 

325 DISORDERS OF FLUID, 
ELECTROLYTE, AND ACID-
BASE BALANCE 

276.1 Hyponatremia  
276.7 Hyperkalemia 

Add 

312 CANCER OF ORAL 
CAVITY, PHARYNX, NOSE 
AND LARYNX 

161.9 Malignant 
neoplasm of larynx 

Add 

325 CLEFT PALATE AND/OR 
CLEFT LIP 

749.2 Bilateral cleft 
palate with cleft lip 

No, this is a 
lactation/feeding issue 

339 CANCER OF ESOPHAGUS  Add 

410 CHRONIC ULCER OF SKIN 707.05 Pressure ulcer, 
buttock 

No, not unless 
underlying nutritional 
issue identified 

 
 
HERC staff recommendation: 

1) Add medical nutrition therapy (CPT 97802-97804)  to lines 20, 25, 229, 325, 312, 
339 
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Aetna

Clinical Policy Bulletin:
Nutritional Counseling
Number: 0049 

Policy 

Aetna considers nutritional counseling medically necessary for chronic disease states in
 which dietary adjustment has a therapeutic role, when it is prescribed by a physician and
 furnished by a provider (e.g., licensed nutritionist, registered dietician, or other qualified
 licensed health professionals such as nurses who are trained in nutrition) recognized under
 the plan.

Aetna considers nutritional counseling of unproven value for conditions that have not been
 shown to be nutritionally related, including but not limited to asthma, attention-deficit
 hyperactivity disorder and chronic fatigue syndrome. 

Note: In all circumstances, the intent of this policy is to permit the nutritional counselor to
 function as a consultant to evaluate the member and coordinate ongoing care with the
 referring physician.

Background

Medical nutrition therapy provided by a registered dietitian involves the assessment of the
 person’s overall nutritional status followed by the assignment of individualized diet,
 counseling, and/or specialized nutrition therapies to treat a chronic illness or condition. 
 Medical nutrition therapy has been integrated into the treatment guidelines for a number
 of chronic diseases, including (i) cardiovascular disease, (ii) diabetes mellitus, (iii)
 hypertension, (iv) kidney disease, (v) eating disorders, (vi) gastrointestinal disorders, (vii)
 seizures (i.e., ketogenic diet), and other conditions (e.g., chronic obstructive pulmonary
 disease) based on the efficacy of diet and lifestyle on the treatment of these diseased
 states.  Registered dietitians, working in a coordinated, multi-disciplinary team effort with
 the primary care physician, take into account a person’s food intake, physical activity,
 course of any medical therapy including medications and other treatments, individual
 preferences, and other factors.

De Luis et al (2009) assessed the utility of a hypo-caloric diet with Optisource versus
 nutritional counseling in obese patients with an indication of replacement surgery for
 degenerative osteoarthritis.  A total of 36 patients were randomized into 2 groups: (i) diet I
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 with lunch and dinner substituted by 2 Optisource [1,109.3 kcal/day, 166.4 g of
 carbohydrates (60 %), 63 g of proteins (23 %), 21.3 g of lipids (17 %)] and (ii) diet II with
 nutritional counseling with a decrease of 500 cal/day from the previous dietary intake. 
 Before and 3 months after treatment, a nutritional and biochemical study was
 performed.  A total of 19 patients were randomized in group (i) and 17 patients in group
 (ii).  All patients in group (i) and 14 patients in group (ii) finished the study.  Weight loss
 was higher in group (i) than group (ii) (7.7 [4.7] versus 3.92 [3.32] kg; p = 0.05), with a
 significant decrease of homeostasis model assessment (HOMA) and diastolic blood
 pressure in group (i).  Decreases of body mass index (-2.9 [1.8] versus -1.4 [0.9]; p =
 0.05), fat mass (-3.8 [3.4] versus -2.3 [1.7] kg; p = 0.005) and HOMA (-2.0 [2.2] versus
 -0.4 [1.82]; p = 0.05) were higher in group (i) than group (ii).  The authors concluded that
 obese patients with chronic osteoarthritis treated with a mixed diet supplemented with a
 commercial hypo-caloric formula improved weight, fat mass and HOMA in a better way
 than patients treated with a dietary counseling alone.

There is a lack of reliable evidence for nutritional interventions as a treatment for asthma. 
 Ahnert and colleagues (2010) employed relevant data bases to collect and evaluate
 guidelines, meta-analyses, and reviews as well as primary studies dealing with asthma
 therapy for children and adolescents.  Treatment approaches whose effectiveness with
 regard to bronchial asthma was empirically verified (i.e., evidence-based) were identified
 (medical and diagnostic procedures as well as drug trials were excluded from the
 analysis).  A total of 152 methodically sound studies referring to asthma treatment of
 children and adolescents were selected.  Strong evidence was found for patient education,
 parent education, exercise therapy, inhalation, and tobacco withdrawal.  Nutritional
 counseling and avoidance of allergens showed limited evidence.  Breathing exercises,
 climate therapy, clinical social work (legal and social counseling services, vocational re-
integration counseling, aftercare), integration counseling, psychotherapy, and relaxation
 techniques showed inconsistent evidence.  No evidence was found for alternative
 medicine.

 

CPT Codes / HCPCS Codes / ICD-9 Codes

CPT codes covered if selection criteria are met:

90951

90952

90953

90954

90955

90956

90957

90958

90959

90963

90964

90965

97802
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97803

97804

Other CPT codes related to the CPB:

99401
 -
 99412

HCPCS codes covered if selection criteria are met:

G0108  Diabetes outpatient self-management training services, individual, per 30
 minutes

G0109  Diabetes self-management training services, group session (2 or more), per 30
 minutes

G0270  Medical nutrition therapy; reassessment and subsequent intervention(s)
 following second referral in same year for change in diagnosis, medical
 condition or treatment regimen (including additional hours needed for renal
 disease), individual, face to face with the patient, each 15 minutes

G0271  Medical nutrition therapy, reassessment and subsequent intervention(s)
 following second referral in the same year for change in diagnosis, medical
 condition or treatment regimen (including additional hours needed for renal
 disease), group (2 or more individuals), each 30 minutes

S9470  Nutritional counseling, dietitian visit

Other HCPCS codes related to the CPB:

S9449  Weight management classes, non-physician provider, per session

S9452  Nutrition classes, non-physician provider, per session

ICD-9 codes not covered for indications listed in the CPB (not all-inclusive):

314.00  Attention deficit disorder, without mention of hyperactivity

314.01  Attention deficit disorder, with hyperactivity

493.00
 -
 493.92

 Asthma

780.71  Chronic fatigue syndrome

Other ICD-9-CM codes related to the CPB:

250.00
 -
 250.93

 Diabetes Mellitus

261  Nutritional marasmus

263.0
 -
 263.9

 Malnutrition

272.0
 -
 272.4

 Hypercholesterolemia/hyperglyceridemia/hyperlipidemia/hyperchylomicronemia

278.00  Obesity (non-covered by HMO plans)
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 -
 278.01

307.1  Anorexia nervosa

307.50
 -
 307.59

 Eating disorders

327.23  Obstructive sleep apnea (adult) (pediatric)

345.00
 -
 345.91

 Epilepsy and recurrent seizures

401.0
 -
 405.99

 Hypertensive disease

410.00
 -
 414.9

 Ischemic heart disease

416.0
 -
 416.9

 Chronic pulmonary heart disease

425.0
 -
 425.9

 Cardiomyopathy

428.0
 -
 428.9

 Heart failure

429.0  Myocarditis, unspecified

429.1  Myocardial degeneration

429.2  Cardiovascular disease, unspecified

429.3  Cardiomegaly

531.00
 -
 537.89

 Gastric ulcer, duodenal ulcer, peptic ulcer, gastrojejunal ulcer, gastritis and
 duodenitis, disorders of function of stomach, and other disorders of stomach and
 duodenum

555.0
 -
 564.9

 Regional enteritis, ulcerative colitis, vascular insufficiency of intestines, other
 and unspecified non-infectious gastroenteritis and colitis, intestinal obstruction,
 diverticula of intestine, and functional digestive disorders, not elsewhere
 classified

569.60
 -
 579.9

 Colostomy and enterostomy complications, other specified disorders of
 intestine, and other diseases of digestive system

580.0
 -
 599.89

 Glomerulonephritis, nephrotic syndrome, nephritis, renal failure, infections of
 kidney, calculus of kidney and ureter, and disorders of bladder

642.00
 -
 642.94

 Hypertension complicating pregnancy, childbirth, and the puerperium
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646.20
 -
 646.24

 Renal disease in pregnancy childbirth, and the puerperium

648.80
 -
 648.84

 Abnormal glucose tolerance complicating pregnancy, childbirth, and the
 puerperium

751.0
 -
 751.9

 Congenital anomalies of digestive system

753.0
 -
 753.3

 Congenital anomalies of kidney

780.39  Other convulsions

783.0
 -
 783.43

 Symptoms concerning nutrition, metabolism, and development

V65.3  Dietary surveillance and counseling

V69.1  Inappropriate diet and eating habits

The above policy is based on the following references:
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effectiveness of medical nutrition therapy. J Am Diet Assoc. 1995;95:88-91.

3. National Institutes of Health (NIH), National Heart Lung and Blood Institute
 (NHLBI). Summary of the Second Report of the National Cholesterol Education
 Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High
 Blood Cholesterol in Adults (Adult Treatment Panel II). JAMA. 1993;269:3015-
3023.
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 people with diabetes mellitus. J Am Diet Assoc. 1994;94:504-506.
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INSTRUCTIONS FOR USE 
Coverage Positions are intended to supplement certain standard CIGNA HealthCare benefit plans. Please note, the terms of a 
participant’s particular benefit plan document [Group Service Agreement (GSA), Evidence of Coverage, Certificate of Coverage, 
Summary Plan Description (SPD) or similar plan document] may differ significantly from the standard benefit plans upon which 
these Coverage Positions are based. For example, a participant’s benefit plan document may contain a specific exclusion related to 
a topic addressed in a Coverage Position. In the event of a conflict, a participant’s benefit plan document always supercedes the 
information in the Coverage Positions. In the absence of a controlling federal or state coverage mandate, benefits are ultimately 
determined by the terms of the applicable benefit plan document. Coverage determinations in each specific instance require 
consideration of 1) the terms of the applicable group benefit plan document in effect on the date of service; 2) any applicable 
laws/regulations; 3) any relevant collateral source materials including Coverage Positions and; 4) the specific facts of the particular 
situation.  Coverage Positions relate exclusively to the administration of health benefit plans.  Coverage Positions are not 
recommendations for treatment and should never be used as treatment guidelines. ©2005 CIGNA Health Corporation 
 
 
Coverage Position 
 
CIGNA HealthCare does not cover individual nutritional counseling or nutrition classes under 
certain benefit plans because such counseling or classes are considered education and training 
in nature. Services that are education and training in nature are explicitly excluded under many 
CIGNA HealthCare benefit plans. Even in the presence of coverage for nutritional counseling, 
certain plans limit the number of covered nutritional counseling visits. Please refer to the patient’s 
applicable CIGNA HealthCare benefit plan document and schedules for the terms, conditions and 
limitations of coverage. 
 
If coverage is available for nutritional evaluation and counseling, then the following coverage 
conditions apply.  
 
CIGNA HealthCare covers individualized nutritional evaluation and counseling as medically 
necessary for the management of any medical condition for which appropriate diet and eating 
habits are essential to the overall treatment program when prescribed by a physician or physician 
extender and provided by a licensed health care professional (e.g., a registered dietician) covered 
under the plan. Conditions for which nutritional evaluation and counseling may be considered 
medically necessary include, but are not limited to, the following:  
 

• anorexia nervosa/bulimia  
• celiac disease   
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• cardiovascular disease  
• Crohn’s disease (CD)  
• diabetes mellitus (DM) 
• hyperlipidemia  
• hypertension  
• liver disease  
• malabsorption syndrome  
• metabolic syndromes  
• multiple or severe food allergies 
• nutritional deficiencies  
• obesity (i.e., body mass index [BMI] ≥ 30 or ≥ 95th percentile)* 
• post-bariatric surgery* 
• renal failure  
• ulcerative colitis (UC)  

 
NOTE:  
 
*Medical and surgical services intended for the treatment or control of obesity, including clinically 
severe (morbid) obesity, are explicitly excluded under many CIGNA HealthCare benefit plans. 
Please refer to the applicable benefit plan document to determine benefit availability and the 
terms and conditions of coverage. If coverage for medical and surgical services intended for the 
treatment or control of obesity is available, the stated medical necessity criteria for nutritional 
counseling apply. 
 
Some plans limit the number of covered nutritional counseling visits. Please refer to the patient’s 
applicable CIGNA HealthCare benefit plan document and schedules for the terms, conditions and 
limitations of coverage.  
 
CIGNA HealthCare does not cover individualized nutritional evaluation and counseling for the 
management of conditions where appropriate diet and eating habits have not been proven to be 
essential to the overall treatment program because they are not considered to be medically 
necessary. Conditions for which nutritional evaluation and counseling are not considered to be 
medically necessary include, but are not limited to, the following:   
 

• attention-deficit/hyperactivity disorder 
• chronic fatigue syndrome 
• idiopathic environmental intolerances 
• multiple food and chemical sensitivities 

 
 
General Background 
 
Diseases associated with dietary excess and imbalance rank among the leading causes of illness and 
death in the United States. Obesity is currently a major public health problem. Scientific evidence has 
linked diet to coronary artery disease, some types of cancer and stroke. Associations have also been 
found between diet and diabetes mellitus (DM), Crohn’s disease (CD), arteriosclerosis, hypertension, 
osteoporosis and diverticulitis. Whatever role diet may play in prevention of these conditions is moderated 
by a combination of environmental, behavioral, social and genetic factors. Chronic disease and illness 
can be reduced through early identification of life style risks.  
 
A registered dietitian provides nutritional counseling or medical nutrition therapy as prescribed by the 
primary care physician. The dietitian evaluates the patient’s food intake, physical activity, course of any 
medical therapy, including medications, and any individual preferences. An initial nutritional evaluation 
and short-term nutritional counseling may be appropriate as part of the overall medical management of a 
documented disease such as diabetes. Typically, this can be accomplished in 2-3 visits. Short-term 
evaluation and counseling should include doing an initial dietary work-up, counseling the patient about 
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sample menu planning and teaching him or her about the impact of diet on the disease or condition. The 
goals of medical nutrition therapy are to promote health, reduce the incidence of preventable disease and 
improve quality of life. Adherence to a medical nutrition plan of care and adaptation of other appropriate 
components of lifestyle changes may prevent or delay the need for pharmacotherapy or allow 
discontinuation of pharmacotherapy after a period of time.  
 
A number of recent studies have explored the role of nutritional counseling in the prevention and 
management of chronic conditions. Ravasco et al. (2005) investigated the impact of dietary counseling 
versus nutritional supplements for 111 colorectal cancer patients during and three months after radiation 
therapy. Patients were randomized to receive regular food and counseling (n=37), protein supplements 
with food (n=37) or no nutritional intervention (n=37). The authors reported that during radiation therapy 
the rates of anorexia, nausea, vomiting and diarrhea were positively influenced by both counseling and 
protein supplements.  Dietary counseling was the only method found to sustain a significant impact on 
patient outcomes three months after radiation therapy.  
 
Arcand et al. (2005) randomized patients with heart failure to either a dietitian education group (n=23) or a 
usual care group (n=24). Both groups received a 2 grams per deciliter (g/d) dietary sodium prescription 
and were provided with self-help nutrition literature. The dietitian instruction group received two 
individualized counseling sessions with a registered dietitian. The researchers found that for these 
patients with stable heart failure, dietitian-administered counseling was more effective than self-help 
literature in reducing dietary sodium intake (Arcand, et al., 2005). 
 
Sartorelli et al. (2005) also examined the effectiveness of nutritional intervention in changing the lifestyle 
of adults. Non-diabetic adults were randomly assigned to a nutritional counseling group (n=51) or control 
(n=53). Each participant in the intervention group received three individualized nutritional counseling 
sessions during the first six months. Body composition, biochemical indicators and lifestyle were 
assessed at baseline, six months and one year. Significantly greater improvements were reported at six-
month follow-up in measures of waist circumference, total cholesterol, low-density lipoprotein (LDL), and 
fasting plasma glucose. Maintenance of these improvements was evaluated at 12 months and was also 
found to be greater in the intervention group. The authors concluded that short-term nutritional counseling 
was an effective intervention for improving serum lipids profile and weight control in this population. 
Acknowledged limitations of the study include the short time of follow-up and the delivery of counseling by 
only one dietitian. In addition, participants all came from a single health-care center (Sartorelli, et al., 
2005).  
 
The Nutrition Screening Initiative (NSI) is a multi-disciplinary endeavor led by the American Academy of 
Family Physicians (AAFP) and the American Dietetic Association (ADA). The NSI’s goals are to promote 
the integration of nutrition intervention into healthcare for older adults and to provide nutrition 
management guidelines for a number of chronic conditions. The United States Preventive Services Task 
Force (USPSTF) recommends dietary counseling for individuals with known risk factors for diet-related 
chronic diseases and concludes that such counseling is likely to improve health outcomes.  
 
Summary 
Nutritional counseling is appropriate only for the management of conditions for which nutritional 
intervention has been demonstrated to result in positive net health outcomes (e.g., diabetes, eating 
disorders, cardiovascular and renal diseases). The role of nutritional counseling has not been established 
in the management of conditions that are not nutritionally-related such as chronic fatigue syndrome, 
attention-deficit/hyperactivity disorder (AD/HD), and idiopathic environmental intolerances/multiple food 
and chemical sensitivities.  
 
 
Coding/Billing Information 
 
Note: This list of codes may not be all-inclusive. 
 
Covered when medically necessary: 
 
CPT®* Description 
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Codes 
97802  Medical nutrition therapy; initial assessment and intervention, individual, face to 

face with the patient, each 15 minutes  
97803  Medical nutrition therapy; re-assessment and intervention, individual, face to 

face with the patient, each 15 minutes  
 
HCPCS 
Codes 

Description 

G0270 Medical nutrition therapy; reassessment and subsequent intervention(s) 
following second referral in same year for change in diagnosis, medical condition 
or treatment regimen (including additional hours needed for renal disease), 
individual, face to face with the patient, each 15 minutes 

S9465 Diabetic management program, dietitian visit 
S9470  Nutrition counseling, dietitian visit  

 
ICD-9-CM 
Diagnosis 
Codes 

Description 

042  Human immunodeficiency virus [HIV] disease  
250.00 – 
250.92  

Diabetes mellitus  

260 - 269.9  Nutritional deficiencies  
270.0 – 270.9  Disorders of amino-acid transport and metabolism  
272.0 – 272.9  Disorders of lipid metabolism  
275.0 – 275.3  Disorders of mineral metabolism  
275.40 – 
275.49  

Disorders of calcium metabolism  

276.1  Hyponatremia  
276.7  Hyperpotassemia  
276.8  Hypopotassemia  
277.00 – 
277.03  

Cystic fibrosis  

277.81 – 
277.89  

Other specified disorders of metabolism  

278.00 – 
278.01  

Obesity  

307.1  Anorexia nervosa  
401.0 – 401.9  Essential hypertension  
402.00 – 
402.01  

Malignant hypertensive heart disease  

402.10 – 
402.11  

Benign hypertensive heart disease  

402.90 – 
402.91  

Unspecified hypertensive heart disease  

411.1  Intermediate coronary syndrome  
413.0 – 413.9  Angina pectoris  
414.00 – 
414.07  

Coronary atherosclerosis  

428.0 – 428.9  Heart failure  
555.0 – 555.9  Regional enteritis  
556.0 – 556.9  Ulcerative colitis  
579.0 – 579.9  Intestinal malabsorption  
585  Chronic renal failure  
586  Renal failure unspecified  
648.80 – 
648.84  

Gestational diabetes  
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733.00 – 
733.09  

Osteoporosis  

783.6  Polyphagia  
 
Experimental/Investigational/Unproven/Not Covered: 
 
CPT* Codes Description 
No specific 
codes 

 

 
HCPCS 
Codes 

Description 

No specific 
codes 

 

 
ICD-9-CM 
Diagnosis 
Codes 

Description 

No specific 
codes 

 

 
*Current Procedural Terminology (CPT®) ©2004 American Medical Association: Chicago, IL. 
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Question: Should the non-prenatal Genetic Testing Guideline be modified to allow more 
flexibility regarding the types of professionals allowed to provide genetic counseling? 
 
Question source: Gregory Sindmack, MD, OB-Gyn, Klamath Fall and colleagues 
 
Issue: The current non-prenatal Genetic Testing Guideline specifies that genetic 
counseling must be performed prior to genetic testing for such familial cancer genes as 
BRCA and Lynch syndrome. Such counseling must be performed by providers with 
certain credentials in order to be covered. Dr. Sindmack and colleagues are requesting 
that pre-test genetic counseling be allowed when provided by a “qualified and 
appropriately trained practitioner.”  This is consistent with CMS requirements and the 
requirements of most major insurers. 
 
The Health Services Commission (HERC’s predecessor) has reviewed genetic 
counseling and appropriate providers at several prior meetings, and their intent had 
been to have professionals with specific training in genetic counseling provide pre/post-
test genetic counseling. 
 
 
NCCN 2013 Breast and/or Ovarian Cancer Genetic Assessment 

Genetic counseling is highly recommended when genetic testing is offered and 
after resulted are disclosed.  A genetic counselor, medical geneticist, oncologist, 
surgeon, oncology nurse, or other health professional with expertise and 
experience in cancer genetics should be involved early in counseling patients who 
potentially meet criteria for an inherited syndrome. 

 
 
Relevant portion of current non-prenatal Genetic Testing Guideline 

DIAGNOSTIC GUIDELINE D1, NON-PRENATAL GENETIC TESTING GUIDELINE 
A) Related to genetic testing for patients with breast/ovarian and colon/endometrial 

cancer suspected to be hereditary, or patients at increased risk to due to family 
history. 
1) Services are provided according to the Comprehensive Cancer Network 

Guidelines. 
a) Lynch syndrome (hereditary colorectal and endometrial cancer) services 

(CPT 81292-81300, 81317-81319) and familial adenomatous polyposis 
(FAP) services (CPT 81201-81203) should be provided as defined by the 
NCCN Clinical Practice Guidelines in Oncology. Colorectal Cancer 
Screening. V.1.2013 (5/13/13). www.nccn.org 

b) BRCA1/BRCA2 testing services (CPT 81211-81217) for women without a 
personal history of breast and/or ovarian cancer should be provided to 
high risk women as defined in Guideline Note 3 or as otherwise defined by 
the US Preventive Services Task Force. 

c) BRCA1/BRCA2 testing services (CPT 81211-81217) for women with a 
personal history of breast and/or ovarian cancer and for men with breast 

http://www.nccn.org/
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cancer should be provided according to the NCCN Clinical Practice 
Guidelines in Oncology. Genetic/Familial High-Risk Assessment: Breast 
and Ovarian. V.1.2011 (4/7/11). www.nccn.org 

d) PTEN (Cowden syndrome) services (CPT 81321-81323) should be 
provided as defined by the NCCN Clinical Practice Guidelines in 
Oncology. Colorectal Screening. V.1.2013 (5/13/13). www.nccn.org. 

2) Genetic counseling should precede genetic testing for hereditary cancer. Very 
rarely, it may be appropriate for a genetic test to be performed prior to genetic 
counseling for a patient with cancer. If this is done, genetic counseling should 
be provided as soon as practical. 
a) Pre and post-test genetic counseling by the following providers should be 

covered. 
i) Medical Geneticist (M.D.) - Board Certified or Active Candidate Status 

from the American Board of Medical Genetics 
ii) Clinical Geneticist (Ph.D.) - Board Certified or Active Candidate Status 

from the American Board of Medical Genetics. 
iii) Genetic Counselor - Board Certified or Active Candidate Status from 

the American Board of Genetic Counseling, or Board Certified by the 
American Board of Medical Genetics. 

iv) Advance Practice Nurse in Genetics - Credential from the Genetic 
Nursing Credentialing Commission. 

3) If the mutation in the family is known, only the test for that mutation is 
covered. For example, if a mutation for BRCA 1 has been identified in a 
family, a single site mutation analysis for that mutation is covered (CPT 
81215), while a full sequence BRCA 1 and 2 (CPT 81211) analyses is not. 
There is one exception, for individuals of Ashkenazi Jewish ancestry with a 
known mutation in the family, the panel for Ashkenazi Jewish BRCA 
mutations is covered (CPT 81212). 

 
  

http://www.nccn.org/
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HERC staff recommendation: 
1) Modify diagnostic guideline D1 to allow genetic counseling by health 

professionals with training and experience in genetic testing, consistent with 
NCCN and CMS guidelines   

 
DIAGNOSTIC GUIDELINE D1, NON-PRENATAL GENETIC TESTING GUIDELINE 
Coverage of genetic testing in a non-prenatal setting shall be determined the algorithm 
shown in Figure D1 unless otherwise specified below. 

A) Related to genetic testing for patients with breast/ovarian and colon/endometrial 
cancer suspected to be hereditary, or patients at increased risk to due to family 
history. 
1) Services are provided according to the Comprehensive Cancer Network 

Guidelines. 
a) Lynch syndrome (hereditary colorectal and endometrial cancer) services 

(CPT 81292-81300, 81317-81319) and familial adenomatous polyposis 
(FAP) services (CPT 81201-81203) should be provided as defined by the 
NCCN Clinical Practice Guidelines in Oncology. Colorectal Cancer 
Screening. V.1.2013 (5/13/13). www.nccn.org 

b) BRCA1/BRCA2 testing services (CPT 81211-81217) for women without a 
personal history of breast and/or ovarian cancer should be provided to 
high risk women as defined in Guideline Note 3 or as otherwise defined by 
the US Preventive Services Task Force. 

c) BRCA1/BRCA2 testing services (CPT 81211-81217) for women with a 
personal history of breast and/or ovarian cancer and for men with breast 
cancer should be provided according to the NCCN Clinical Practice 
Guidelines in Oncology. Genetic/Familial High-Risk Assessment: Breast 
and Ovarian. V.1.2011 (4/7/11). www.nccn.org 

d) PTEN (Cowden syndrome) services (CPT 81321-81323) should be 
provided as defined by the NCCN Clinical Practice Guidelines in 
Oncology. Colorectal Screening. V.1.2013 (5/13/13). www.nccn.org. 

2) Genetic counseling should precede genetic testing for hereditary cancer. Very 
rarely, it may be appropriate for a genetic test to be performed prior to genetic 
counseling for a patient with cancer. If this is done, genetic counseling should 
be provided as soon as practical. 
a) Pre and post-test genetic counseling by the following providers should be 

covered when provided by suitably trained health professional with 
expertise and experience in cancer genetics  
i) Medical Geneticist (M.D.) - Board Certified or Active Candidate Status 

from the American Board of Medical Genetics 
ii) Clinical Geneticist (Ph.D.) - Board Certified or Active Candidate Status 

from the American Board of Medical Genetics. 
iii) Genetic Counselor - Board Certified or Active Candidate Status from 

the American Board of Genetic Counseling, or Board Certified by the 
American Board of Medical Genetics. 

iv) Advance Practice Nurse in Genetics - Credential from the Genetic 
Nursing Credentialing Commission. 

http://www.nccn.org/
http://www.nccn.org/
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Question:  Should Guideline Note 108 on continuous glucose monitoring be modified? 
 
Question Source: DMAP 
 
Issue:  Some of the codes used in the guideline note represent devices that are no longer 
available.  Additionally, there is confusion about the length of intended coverage. 
 
Current Prioritized List Guideline Note  

GUIDELINE NOTE 108, CONTINUOUS BLOOD GLUCOSE MONITORING 
Line 10 
Continuous blood glucose monitoring (CPT codes 95250-95251, HCPCS codes S1030-
S1031) with real-time or retrospective 
continuous glucose monitoring systems are only included on Line 10 for Type 1 diabetics 
for whom insulin pump management is being 
considered, initiated, or utilized and who also have one of the following: 
• HbA1c levels greater than 8.0% (despite compliance with treatment), or 
• a history of recurrent hypoglycemia. 

 
From DMAP: 

Guideline note 108 regarding continuous blood glucose monitoring is not clear whether it 
is intended for short term use or long term use of CGM.   
  
The guideline includes professional services (CPT codes 95250 and 95251).  These 
professional codes, by HCPCS definition, are used for short term continuous glucose 
monitoring (and I believe they may include the equipment and supplies).  The guideline 
note also includes rental or purchase of a non-invasive (worn like a watch) continuous 
glucose monitoring device (S1030, S1031).  I am told by industry folks that these are no 
longer marketed for use.  My online research supports this.  The systems currently 
available are minimally invasive (with sensor inserted subcutaneously) and are billed 
using codes A4649 (misc surgical supply) for the initial receiver and supplies and A9276-
A9278 for replacement sensors, transmitters, and receivers.   
  
The systems currently available can be used for continuous or intermittent monitoring 
and are fairly expensive.  Initial costs range from $1200-$2100 for the receiver and 
transmitter (does not include sensors).  The receiver/monitor has a one year warranty 
with replacement cost of about $500.  The sensors are changed every 3-7 days, 
depending on manufacturer, with cost ranging from $35-$100 for each sensor.  The 
transmitters are warrantied for 6 months with replacement cost ranging from $250-
$1200.  There are also insulin pumps that include the CGM functionality with cost 
ranging from $6400-$12000.   
  
Medicare covers the professional services (92520 and 95251) for CGM but does not 
cover invasive CGM systems (HCPCS codes A4649, A9276-A9278) as they consider 
this type of monitoring precautionary.    
  
Five of the Med Project States that responded to my request for information indicated 
that they cover the professional fees (95250, 95251) but do not cover the other 
codes/equipment.  Two states cover CGM equipment.  I have been able to identify a few 
private insurance companies (BCBS) which cover CGM for both short term and long 
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term use.  Criteria used by these companies is similar to what the HERC has indicated in 
the guideline note and consistent with their notes.  

 
Encoder Professional describes these retrospective services as follows: 
  

95250 - Ambulatory continuous glucose monitoring of interstitial tissue fluid via a 
subcutaneous sensor for a minimum of 72 hours; sensor placement, hook-up, calibration 
of monitor, patient training, removal of sensor, and printout of recording. 
95251 - Ambulatory continuous glucose monitoring of interstitial tissue fluid via a 
subcutaneous sensor for a minimum of 72 hours; interpretation and report. 
The physician monitors glucose levels by continuous recording and storage of glucose 
values. Monitoring may be performed with an invasive device or a noninvasive device. 
The invasive device monitors glucose levels by insertion of a sensor in the 
subcutaneous tissue in the lower abdomen or other area. The sensor measures the 
change in intracellular fluid (ICF) and sends the information from the sensor to a small 
monitor that stores the data for a minimum of 72 hours. The noninvasive device is worn 
like a wristwatch and measures glucose with an electric current and biometric sensor. 
The time intervals at which interstitial glucose is measured range from every five minutes 
with the invasive devices to every 20 minutes with the noninvasive device. After the 
patient has worn the sensor for a minimum of 72 hours, it is removed and the data from 
the monitor are downloaded into a computer. Specialized software interprets the data, 
and a technical report is generated. The interpretation and report of the data are 
reported with 95251. 

  
Encoder Professional description of the two different types of continuous glucose 
monitoring systems: 

S1030/S1031 - The continuous noninvasive glucose monitoring device is worn like a watch and 
has a special sensor. Without breaking the skin, this sensor measures the patient's blood sugar 
levels. The patient's blood sugar patterns are recorded and analyzed by the physician, who 
makes any necessary changes in the patient's treatment. This device is considered 
experimental by most payers. Use these codes to report the purchase or rental of the 
continuous glucose monitoring device. 
  
A9276, A9277, A9278 - Continuous glucose monitoring systems make continuous 
measurements of glucose levels. Many of these devices take measurements from 
subcutaneous tissue rather than from blood. Most systems consist of a sensor that is 
attached to the back of the arm or abdomen. The sensor has a very thin wire that is 
inserted subcutaneously. The wire then measures the glucose level in interstitial fluid 
that exits between the cells. The sensor is attached to a transmitter that sends the 
glucose readings to a wireless receiver. The receiver is a small computerized device that 
records and stores the glucose readings. These HCPCS Level II codes represent 
replacement components for a continuous glucose monitoring system. 

 
 
 
HERC staff recommendations: 

1) Remove S1030-S1031 from Line 10 Type 1 Diabetes Mellitus 
2) Do not add A9276-A9278 to Line 10 

a. A codes are not placed on Prioritized List; will be dealt with via DMAP 
administrative rules 

3) Modify Guideline Note 108 as follows: 

https://www.encoderprofp.com/epro4payers/i9v3Handler.do?_k=104*72&_a=view
https://www.encoderprofp.com/epro4payers/i9v3Handler.do?_k=104*20&_a=view
https://www.encoderprofp.com/epro4payers/i9v3Handler.do?_k=104*72&_a=view
https://www.encoderprofp.com/epro4payers/cptHandler.do?_k=101*95251&_a=view
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GUIDELINE NOTE 108, CONTINUOUS BLOOD GLUCOSE MONITORING 
Line 10 
Services related to real-time continuous blood glucose monitoring (for long-term use) or 
retrospective glucose monitoring (for short-term use) Continuous blood glucose 
monitoring systems (CPT codes 95250-95251, HCPCS codes S1030-S1031) with real-
time or retrospective continuous glucose monitoring systems are only are included on 
Line 10 for Type 1 diabetics for whom only when insulin pump management is being 
considered, initiated, or utilized and only when the patient has at least who also have 
one of the following: 
• HbA1c levels greater than 8.0% (despite compliance with treatment), or 
• a history of recurrent hypoglycemia. 

 
 



 1 

HEALTH EVIDENCE REVIEW COMMISSION (HERC)

COVERAGE GUIDANCE: CONTINUOUS GLUCOSE MONITORING IN DIABETES 
MELLITUS 

DATE: 5/9/2013 

HERC COVERAGE GUIDANCE 

Continuous blood glucose monitoring with real-time or retrospective continuous glucose 
monitoring systems should only be covered for Type 1 diabetes mellitus patients for whom 
insulin pump management is being considered, initiated, or utilized and who also have one of 
the following: 

• HbA1c levels greater than 8.0% despite compliance with therapy, or  
• a history of recurrent hypoglycemia. 

Real-time and retrospective continuous glucose monitoring systems should not be covered for 
Type 2 diabetes mellitus patients. 

RATIONALE FOR GUIDANCE DEVELOPMENT 

The HERC selects topics for guideline development or technology assessment based 
on the following principles: 

• Represents a significant burden of disease 
• Represents important uncertainty with regard to efficacy or harms 
• Represents important variation or controversy in clinical care 
• Represents high costs, significant economic impact  
• Topic is of high public interest 

Coverage guidance development follows to translate the evidence review to a policy 
decision. Coverage guidance may be based on an evidence-based guideline developed 
by the Evidence-based Guideline Subcommittee or a health technology assessment 
developed by the Heath Technology Assessment Subcommittee. In addition, coverage 
guidance may utilize an existing evidence report produced by one of HERC’s trusted 
sources, generally within the last three years. 
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EVIDENCE SOURCES 

Langendam M, Luijf YM, Hooft L, DeVries JH, Mudde AH, Scholten RJPM. (2012). 
Continuous glucose monitoring systems for type 1 diabetes mellitus. Cochrane 
Database of Systematic Reviews, Issue 1. Art. No.: CD008101. DOI: 
10.1002/14651858.CD008101.pub2. Retrieved from 
http://summaries.cochrane.org/CD008101/continuous-glucose-monitoring-systems-for-
type-1-diabetes-mellitus 

Golden, S.H., Brown, T., Yeh, H.C., Maruthur, N., Ranasinghe, P., Berger, Z., et al. 
(2012). Methods for Insulin Delivery and Glucose Monitoring: Comparative 
Effectiveness. Comparative Effectiveness Review No. 57. (Prepared by Johns Hopkins 
University Evidence-based Practice Center under Contract No. 290-2007-10061-I.) 
AHRQ Publication No. 12-EHC036-EF. Rockville, MD: Agency for Healthcare Research 
and Quality. Retrieved from www.effectivehealthcare.ahrq.gov/reports/final.cfm 

The summary of evidence in this document is derived directly from these evidence 
sources, and portions are extracted verbatim. 

SUMMARY OF EVIDENCE 

 Clinical Background 

Diabetes mellitus (DM) is a metabolic disorder resulting from a defect in insulin 
secretion, insulin action, or both. A consequence of this is chronic hyperglycemia with 
disturbances of carbohydrate, fat and protein metabolism. Long-term complications of 
DM include retinopathy, nephropathy and neuropathy, and the risk of cardiovascular 
disease is increased. There are several types of diabetes. In type 1 DM the body is 
unable to produce insulin and therefore people with this type are treated with insulin. 
Type 1 DM accounts for 10% of cases, is typically seen at onset in children and young 
adults (less than 30 years), and is often referred to as insulin dependent diabetes. 

Self-monitoring of blood glucose (SMBG) is an essential part of diabetes management 
and is used to optimize glycemic control. Regular testing of blood glucose levels allows 
patients with diabetes to adjust insulin dosage appropriately, and is typically done using 
a finger capillary blood sample and a blood glucose meter several times per day. 
Continuous glucose monitoring (CGM) systems measure interstitial fluid glucose levels 
to provide semi-continuous information about glucose levels, which may identify 
fluctuations that would not be identified with self-monitoring alone. Continuous glucose 
monitoring is considered to be particularly useful for children (to reduce the often very 
high number of finger punctures in this group), for patients with poorly controlled 
diabetes, for pregnant women in whom tight glucose control is essential with respect to 
the outcome of pregnancy and for patients with hypoglycemia unawareness (to prevent 
dangerous episodes of hypoglycemia). There are two types of CGM systems: 

• those that measure the glucose concentration during a certain time span, storing 
the information in a monitor that can be downloaded later  

http://summaries.cochrane.org/CD008101/continuous-glucose-monitoring-systems-for-type-1-diabetes-mellitus
http://summaries.cochrane.org/CD008101/continuous-glucose-monitoring-systems-for-type-1-diabetes-mellitus
http://www.effectivehealthcare.ahrq.gov/reports/final.cfm
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• real-time systems that continuously provide the actual glucose concentration on 
a display. 

Continuous glucose monitoring can be used continuously or intermittently (e.g., a 
couple of days per month or in intervals of three days). Evaluation of blood sugar control 
is generally done by monitoring changes in HbA1c. A clinically significant change in this 
value is generally considered to be 0.5%.  

 Evidence Review 

Cochrane Review 

Children  
Four out of the five randomized controlled trials (RCT) that evaluated retrospective 
CGM systems found that HbA1c levels decreased in both the CGM and SMBG group 
during follow-up, while one found that HbA1c level did not change in the CGM group but 
decreased in the SMBG group. The mean difference between the CGM group and the 
SMBG group in change in HbA1c ranged from -0.5% to 0.1%, but was not statistically 
significant in any of the five RCTs. 

Severe hypoglycemia was measured in four studies. The occurrence of events was very 
low, and there were no significant differences between groups. Ketoacidosis was 
measured in one study, but again, the number of events was very small. The one RCT 
that measured quality of life found no significant differences between CGM and SMBG. 

All three studies that evaluated real-time systems found that the HbA1c levels in both 
the CGM and SMBG group declined during the study period. Three months after 
baseline the difference in change was statistically significant in favor of CGM (change in 
HbA1c -0.5% versus -0.2%). At six months and 12 months follow-up, however, the 
difference in change in HbA1c level was no longer significant. Another outcome 
examined was the proportion of patients who improved their HbA1c level by at least 
0.5%, which is generally considered a change that is clinically significant. When 
evaluating that outcome, the proportion of patients who improved their HbA1c level by 
at least 0.5% was significantly larger in the CGM group at three months and at six 
months after baseline. The occurrence of severe hypoglycemia after six months of 
follow-up was somewhat lower in the CGM study arm, but the difference was not 
statistically significant. Ketoacidosis events did not occur at six months follow-up and 
rarely after 12 months follow-up. The two studies that examined quality of life found 
small differences that were not statistically significant. 

Adolescents  
The two studies that included adolescents both used real-time CGM systems. In both 
studies the HbA1c levels in the CGM and SMBG group declined during the study, but 
the differences were not statistically significant, and by six months follow-up, the 
differences were even less. The proportion of patients that had improved their HbA1c 
level by at least 0.5% was equal in both groups. Severe hypoglycemic and ketoacidotic 
events were infrequent, and there were no significant differences between the groups. 
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The outcomes of quality of life, patient satisfaction, diabetes complications, CGM-
derived glucose control, death and costs were not measured in any of the studies in 
adolescents. 

Adults  
Change in HbA1c level was measured in two RCTs addressing retrospective CGM, 
neither of which found a significant difference in change between the study arms. The 
one study that reported severe hypoglycemia found no difference between groups. 

Five studies evaluated real-time CGM systems, and found that the change in decrease 
in HbA1c varied between -0.1% and -1.1%, with this change being statistically 
significant in three of them. The same pattern was seen six and 12 months after 
baseline, although the number of studies was fewer. In one study, sensor usage of 
more than 60% was associated with HbA1c reduction, and a larger proportion of 
patients improved their HbA1c by at least 0.5% in the CGM group. (Compliance with 
protocol is generally considered to be sensor usage at least 70% of the time. 
Compliance varies significantly among studies, with some studies of adolescents having 
sensor usage as low as 30%.) One study measured HbA1c levels after 18 months 
follow-up and found the overall difference between groups was insignificant. Four 
studies measured the occurrence of severe hypoglycemia. At three months, the number 
of events was very low, and at six and 12 months, the risk of severe hypoglycemia was 
increased for CGM users, but the difference was not statistically significant. The number 
of ketoacidosis events was very small. 

Two studies measured quality of life after six months and found the differences between 
the CGM and SMBG group were small and not statistically significant. Two studies 
investigated patient satisfaction, one after three months and one after six months follow-
up, although for both, patients in the CGM group were using an insulin pump, while the 
SMBG used multiple daily injections of insulin. Patients in the CGM group scored 
significantly higher on overall satisfaction. The outcomes of diabetes complications, 
death and costs were not measured in any of the studies in adults. 

Pregnant women with diabetes type  
The only study on pregnant women with diabetes did not present the data for type 1 and 
type 2 diabetes separately, so it is not presented here. 

Subgroup analysis  
There were no studies that included patients with hypoglycemia unawareness. For 
studies that were limited to patients with poorly controlled diabetes (HbA1c greater than 
8.0%), three were for retrospective CGM systems and four for real-time CGM. For the 
retrospective CGM systems, the evidence for improved glycemic control is conflicting. 
Significantly lower, as well as significantly higher HbA1c levels for the CGM group at the 
end of the study were found, and a third RCT showed no effect at all. For real-time 
CGM systems, there is limited evidence for improved glycemic control, with a 
statistically and clinically significant effect in two of the four RCTs. These two had the 
largest mean differences in the change in HbA1c of all studies that measured this 
outcome (-1.12% and -0.6%).  
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Meta-analysis including all age groups 
There was a statistically significant larger decline in HbA1c level for real-time CGM 
users starting insulin pump therapy compared to patients using multiple daily injections 
of insulin and SMBG (mean difference in HbA1c level change from baseline -0.7%). For 
patients where only the CGM was a new device, the average decline in HbA1c level 
was also statistically significantly larger for CGM users compared to the SMBG users. 
However, the decline was much smaller than in the group with the sensor-augmented 
insulin pump: the average difference change in HbA1c was 0.2%.There were no 
statistically significant differences in the risk of severe hypoglycemia or ketoacidosis. 

[Evidence Source] 

AHRQ Review 

Evidence was identified evaluating the comparative effectiveness of real-time CGM 
versus SMBG in individuals with type 1 diabetes only. Compared with SMBG, real-time 
CGM achieved a lower HbA1c, with a mean between-group difference of -0.30 percent.  
Slightly greater reductions occurred where sensor compliance was 60 percent or 
greater (mean difference of -0.36 percent). There was no difference in the rate of severe 
hypoglycemia or quality of life. The evidence for other outcomes was low or insufficient. 
For CGM that is used in combination with an insulin pump, CGM achieved a greater 
reduction in HbA1c compared to multiple daily injections of insulin with SMBG, with a 
mean between-group difference of -0.68 percent. There was no difference in the rate of 
hypoglycemia, but the CGM group had significantly less hyperglycemia. There were no 
studies of the comparative effectiveness of real-time CGM versus SMBG in individuals 
with type 2 diabetes. 

[Evidence Source] 

       Overall Summary 

Retrospective CGMs are not more efficacious for any outcome, in any age group. There 
is some evidence that real-time CGM is more effective at decreasing HbA1c in children, 
although this does not appear to be the case for adolescents. In adults, there is also 
some evidence that real-time CGM is more effective at decreasing HbA1c, although not 
all studies were statistically significant. The study with the longest period of follow up 
(18 months) found no differences. In addition, the amount of decrease in HbA1c may 
not be clinically significant (less than 0.5%), with two exceptions: studies that compared 
CGM plus insulin pump to multiple daily injections of insulin plus SMBG, and studies of 
poorly controlled diabetics (HbA1c > 8.0%). Two studies found no differences in quality 
of life, while two found increased patient satisfaction in the insulin pump plus CGM 
group (compared to multiple daily injections of insulin plus SMBG). There is no evidence 
of a difference between CGM and SMBG in the incidence of hypoglycemia or 
ketoacidosis. There is no evidence that addresses the effect of CGM on diabetic 
complications, costs or mortality.  

PROCEDURE 

Continuous Glucose Monitoring 

http://summaries.cochrane.org/CD008101/continuous-glucose-monitoring-systems-for-type-1-diabetes-mellitus
http://www.effectivehealthcare.ahrq.gov/reports/final.cfm
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DIAGNOSES 

Type 1 Diabetes Mellitus 

APPLICABLE CODES  

 Note: Inclusion on this list does not guarantee coverage 

CODES DESCRIPTION 
ICD-9 Diagnosis Codes 
250.x1 Diabetes Mellitus, type 1, not stated as uncontrolled 
250.x3 Diabetes Mellitus, type 1, uncontrolled 
ICD-9 Volume 3 (Procedure Codes) 
None 
CPT Codes 
83036 Hemoglobin; glycosylated (A1C) 
83037 Hemoglobin; glycosylated (A1C) by device cleared by FDA for home use 
95250-1 Glucose monitoring by SQ device 
97802- 97804 Medical nutrition therapy 
98960-98962 Education and training for patient self-management by a qualified, 

nonphysician health care professional using a standardized curriculum, face-
to-face, with the patient (could include caregiver/ family) each 30 minutes 

99078 Physician educational services rendered to patients in a group setting (eg, 
prenatal, obesity, or diabetic instructions) 

HCPCS Codes  
A4230-2 Insulin infusion pump supplies 
A4233-6 Batteries for home blood glucose monitors 
A4253 Blood Glucose test strips, box of 50 
A4255 Platforms for home blood glucose monitor, 50/box 
A4256 Calibrator solutions/chips 
A4258 Spring-powered device for lancet, each 
A4259 Lancets, per box of 100 
A9274 External ambulatory insulin delivery system, disposable 
A9276 Disposable sensor, CGM system 
A9277 External transmitter, CGM system 
A9278 External receiver,  CGM system 
E0607 Blood glucose monitor 
E0784 Insulin infusion pump 
E2100 Blood glucose monitor with voice synthesizer 
E2101 Blood glucose monitor with integrated lancer 
G0108-G0109 Diabetes outpatient self-management training services 
G0270-G0271 Medical nutrition therapy; reassessment and subsequent intervention(s) 

following second referral in same year for change in diagnosis, medical 
condition or treatment regimen (including additional hours needed for renal 
disease) 

S1030-1 Continuous non-invasive glucose monitoring device, purchase/rental 
S9140 Diabetic management program, follow-up visit to non-MD provider 
S9141 Diabetic management program, follow-up visit to MD provider 
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Question: Should the acute otitis media guideline be modified to agree with the American 
Academy of Otolaryngology 2013 practice guideline? 
 
Question source: Dr. Lisa Dodson, VBBS chair 
 
Issue: The AAO published an updated guideline for treatment of acute otitis media in July, 2013.  
Additionally, the American Academy of Pediatrics (AAP) published new guidelines which 
included recommendations for the treatment of recurrent AOM in 2013. The AAP 
recommendation for tympanostomy tube placement was similar to the AAO’s, and used the 
same definition of “recurrent” otitis media. The current guideline for surgical treatment of acute 
otitis media is not consistent with these guidelines and needs to be updated.   
 
The current acute otitis media guideline was adopted in October 2010.  The guideline was 
written based on ICSI guidelines from 2008 and expert input (Dr. Milczuk, OHSU Pediatric 
ENT).   
 
 
Relevant sections of 2013 AAO practice guideline: 
STATEMENT 6. RECURRENT ACUTE OTITIS MEDIA (AOM) WITHOUT MIDDLE EAR 
EFFUSION (MEE): Clinicians should not perform tympanostomy tube insertion in 
children with recurrent AOM who do not have MEE in either ear at the time of assessment 
for tube candidacy. 
Recommendation against based on systematic reviews and RCTs with a preponderance of 
benefit over harm. Grade A recommendation 
 
STATEMENT 7. RECURRENT AOM WITH MEE: Clinicians should offer bilateral 
tympanostomy tube insertion in children with recurrent AOM who have unilateral or 
bilateral MEE at the time of assessment for tube candidacy. 
Recommendation based on RCTs with minimal limitations and a preponderance of benefit over 
harm. Grade B recommendation 
 
STATEMENT 8. AT-RISK CHILDREN: Clinicians should determine if a child with recurrent 
AOM or with OME of any duration is at increased risk for speech, language, or learning 
problems from otitis media because of baseline sensory, physical, cognitive, or 
behavioral factors. 
Recommendation based on observational studies with a preponderance 
of benefit over harm. Grade C recommendation 
 
STATEMENT 9. TYMPANOSTOMY TUBES AND AT-RISK CHILDREN: Clinicians may 
perform tympanostomy tube insertion in at-risk children with unilateral or bilateral OME 
that is unlikely to resolve quickly, as reflected by a type B (flat) tympanogram or 
persistence of effusion for 3 months or longer. Option based on a systematic review and 
observational studies with a balance between benefit and harm. Grace C recommendation 
 
 
At risk children defined as: 
Permanent hearing loss independent of otitis media with effusion 
Suspected or confirmed speech and language delay or disorder 
Autism-spectrum disorder and other pervasive developmental disorders 
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Syndromes (eg, Down) or craniofacial disorders that include cognitive, speech, or language 
delays 
Blindness or uncorrectable visual impairment 
Cleft palate, with or without associated syndrome 
Developmental delay 
 

Definitions: 
• Recurrent AOM (AAO and AAP): Three or more well-documented and separate AOM episodes 
in the past 6 months OR at least 4 well-documented and separate AOM episodes in the past 12 
months with at least 1 in the past 6 months 
• Middle ear effusion: Fluid in the middle ear from any cause but most often from OME and 
during, or after, an episode of AOM 
 

Current guideline: 

GUIDELINE NOTE 29, TYMPANOSTOMY TUBES IN ACUTE OTITIS MEDIA 
Line 418 
Tympanostomy tubes (69436) are only included on this line as treatment for 
1) recurrent acute otitis media (three or more episodes in six months or four or more episodes in 
one year) that fail appropriate medical management, 
2) for patients who fail medical treatment secondary to multiple drug allergies or who fail two or 
more consecutive courses of antibiotics, or 
3) complicating conditions (immunocompromised host, meningitis by lumbar puncture, acute 
mastoiditis, sigmoid sinus/jugular vein thrombosis by CT/MRI/MRA, cranial nerve paralysis, 
sudden onset dizziness/vertigo, need for middle ear culture, labyrinthitis, or brain abscess). 
 
Patients with craniofacial anomalies, Down’s syndrome, cleft palate, and patients with speech 
and language delay may be considered for tympanostomy if unresponsive to appropriate 
medical treatment or having recurring infections (without needing to meet the strict “recurrent” 
definition above). 
 
HERC staff Recommendation: 
Adopt the following changes to GN29 

1) Definition of recurrent otitis media updated to reflect AAO and AAP definition 
2) Need for MEE on assessment added in agreement with the AAO guideline 
3) Strike clause on antibiotic allergies or multiple courses of antibiotics 

i. Not included in either AAO or AAP guideline 
4) Add in hearing loss >25dB to the definition of high risk patients, based on AAO 

definition of high risk children 
 

 
GUIDELINE NOTE 29, TYMPANOSTOMY TUBES IN ACUTE OTITIS MEDIA 
Line 418 
Tympanostomy tubes (CPT 69436) are only included on this line as treatment for 

1) recurrent acute otitis media (three or more well-documented and separate episodes in 
six months or four or more well-documented and separate episodes in one year the past 
12 months with at least 1 episode in the past 6 months) that fail appropriate medical 
management in patients who have unilateral or bilateral middle ear effusion at the time 
of assessment for tube candidacy, or 
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2) for patients who fail medical treatment secondary to multiple drug allergies or who fail 
two or more consecutive courses of antibiotics, or 

3) 2) for patients with complicating conditions (immunocompromised host, meningitis by 
lumbar puncture, acute mastoiditis, sigmoid sinus/jugular vein thrombosis by 
CT/MRI/MRA, cranial nerve paralysis, sudden onset dizziness/vertigo, need for middle 
ear culture, labyrinthitis, or brain abscess). 

 
Patients with craniofacial anomalies, Down’s syndrome, cleft palate, permanent hearing loss of 
25dB or greater  independent of otitis media with effusion, and patients with speech and 
language delay may be considered for tympanostomy if unresponsive to appropriate medical 
treatment or having recurring infections (without needing to meet the strict “recurrent” definition 
above). 
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Appendix A 

Summary document from October, 2012 HOSC meeting 
 

Acute and Chronic Otitis Media Guidelines 
 
Question: Should the current guidelines for acute and chronic otitis media be modified? 
 
Question source: HOSC 
 
Issue:  
Acute Otitis Media 
At the August, 2010 meeting, the HOSC discussed adding a guideline for the treatment of acute 
otitis media (AOM) with tympanostomy tubes (“PE tubes”).  The following guideline was 
proposed by HSC staff based on ICSI guidelines from 2008 and expert input (Dr. Milczuk at 
OHSU Pediatric ENT): 
 

GUIDELINE NOTE XXX TYMPANOSTOMY TUBES IN ACUTE OTITIS MEDIA 
Line 413 
Tympanostomy tubes (69436) are only included on this line as treatment for 1) recurrent 
acute otitis media (greater than three episodes in six months or greater than four episodes 
in one year) that fail appropriate medical management, 2) refractory acute otitis media with 
moderate to severe symptoms unresponsive to at least 2 antibiotics, or 3) for patients who 
fail medical treatment secondary to multiple drug allergies or intolerance.  Patients with 
craniofacial anomalies, Downs' syndrome, cleft palate, and patients with speech and 
language delay may be considered for tympanostomy with their first episode of acute otitis 
media. 

 
The discussion at the August meeting included concern about the term “moderate to severe 
symptoms” in the second clause of the guideline.  HSC staff was asked to clarify this statement 
and provide greater specificity on the meaning of “moderate to severe” as well as “symptoms.”  
 
MVIPA uses InterQual guidelines for PE tubes, which are in the materials packet for review.   

Complicated AOM: InterQual defines complicated acute otitis media as a middle ear 
effusion with signs of inflammation (fever, TM erythema, etc.) with one of the following 
complications/conditions: immunocompromised host, newborn, meningitis by LP, acute 
mastoiditis, sigmoid sinus/jugular vein thrombosis by CT/MRI/MRA, cranial nerve 
paralysis, sudden onset dizziness/vertigo, bulging TM by PE, need for middle ear culture.   
 
Recurrent AOM: InterQual defines recurrent acute otitis media as middle ear effusion with 
signs of inflammation with either ≥4 episodes in preceding 1 year or ≥ 3 episodes in 
preceding 6 months OR worsening symptoms/findings after antibiotic therapy for ≥2 days 
or continued symptoms/findings after antibiotic therapy for ≥ 5 days. 

 
The Med project completed a review of PE tubes for both AOM and otitis media with effusion in 
July, 2010.   

1) Overall, the MED reports found limited evidence for the effectiveness of PE tubes.  
a. PE tubes were found to reduce the duration of middle ear effusions over the first 

year, and result in short term (3-6 month) improvement in hearing, but no long 
term hearing benefits.   
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b. Moderate evidence was found that PE tubes reduced the recurrence of AOM 
(mean reduction of 1.5 episodes of AOM in the first 6 months after treatment, 
N=95 for that RCT).   

c. Two meta-analyses found only modest improvement in hearing with PE tubes (3-
9dB at 6 months and 1-6dB at 12 months).   

d. Two meta-analyses found only marginal differences in developmental outcomes 
including language at 6-9 months, and no difference at 12 to 18 months.  

e. One study found no differences at 6 and 12 months in quality of life for children 
with or without PE tubes.   

f. PE tubes increased otorrhea, which can result in increased use of antibiotics.   
g. Limited evidence was found that children with PE tubes have higher follow up 

costs with no improvement in other outcomes. 
2) A review was done for the criteria for PE tube placement.  No clear risk factors that 

identify children who should have PE tubes placed was found.   
a. Limited evidence suggested that children with worse baseline hearing (>25 dB 

loss) and those in daycare get more benefit from PE tubes.   
b. There was limited evidence that children with hearing deficits combined with 

baseline developmental or language problems may benefit to a greater degree 
from earlier PE tube placement. 

c. One study was found that suggested that hearing loss of 25dB or greater, 
bilateral OME for at least 3 months, and disruptions to speech, language, 
learning, and behavior lead to the most effective use of PE tubes.   

d. Inadequate evidence was found in one study for the early use of PE tubes for 
children with cleft palate. 

 
Expert input: 
From Dr. Milczuk: 

“Severe symptoms of acute otitis media (AOM) would include fevers or pain not controlled 
with antipyretics or analgesics, otitic meningitis or other central nervous system 
complications, AOM in an immunocompromised host (chemotherapy, too), or sepsis. In 
general I would say if the kid is sick enough to be admitted for treatment, and the only 
source is AOM which does not respond to IV antibiotics (ought to be aggressive with 
treatment if hospitalized . . .), then ear tubes should be considered. I would also include 
ear tubes for complications of AOM:  labyrinthitis, facial nerve palsy, and of course 
mastoiditis” 

 
 
Recommendation: 

1) The following modified guideline should be considered for addition to Line 413 
a. Suggested changes are made in blue 

i. Adopt InerQual definitions for number of episodes in 6 months/1 year 
ii. Add complicating conditions 

1. Conditions from InterQual guideline 
2. Additional conditions from ICSI 2008 guidelines 

a. Brain abscess  
b. Labyrinthitis 

3. Additional clause from Dr. Milczuk: illness requiring hospital 
admission 

iii. Delete the second clause 
1. Limited evidence of effectiveness in the MED study 

b. This guideline remains more stringent that the current InterQual guideline 
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c. Consider even more stringent guideline given results of MED review 
 

GUIDELINE NOTE XXX TYMPANOSTOMY TUBES IN ACUTE OTITIS MEDIA 
Line 413 
Tympanostomy tubes (69436) are only included on this line as treatment for 1) recurrent 
acute otitis media (greater than three or more episodes in six months or greater than four 
or more episodes in one year) that fail appropriate medical management, 2) refractory 
acute otitis media with moderate to severe symptoms unresponsive to at least 2 
antibiotics, or 3 2) for patients who fail medical treatment secondary to multiple drug 
allergies or who fail two or more consecutive courses of antibiotics or intolerance 3) 
complicating conditions (immunocompromised host, newborn, meningitis by lumbar 
puncture, acute mastoiditis, sigmoid sinus/jugular vein thrombosis by CT/MRI/MRA, 
cranial nerve paralysis, sudden onset dizziness/vertigo, bulging tympanic membrane by 
physical exam, need for middle ear culture, labyrinthitis, or brain abscess) or 4) acute otitis 
media which has failed outpatient medical therapy requiring hospital admission.  Patients 
with craniofacial anomalies, Down’s syndrome, cleft palate, and patients with speech and 
language delay may be considered for tympanostomy with their first episode of acute otitis 
media. 
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Abstract

The American Academy of Otolaryngology—Head and 
Neck Surgery Foundation (AAO-HNSF) has published a 
supplement to this issue featuring the new Clinical Prac-
tice Guideline: Tympanostomy Tubes in Children. To as-
sist in implementing the guideline recommendations, this 
article summarizes the rationale, purpose, and key action 
statements. The 12 recommendations developed address 
patient selection, surgical indications for and management 
of tympanostomy tubes in children. The development group 
broadly discussed indications for tube placement, periopera-
tive management, care of children with indwelling tubes, and 
outcomes of tympanostomy tube surgery. Given the lack of 
current published guidance on surgical indications, the group 
focused on situations in which tube insertion would be op-
tional, recommended, or not recommended. Additional em-
phasis was placed on opportunities for quality improvement, 
particularly regarding shared decision making and care of 
children with existing tubes.
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The Clinical Practice Guideline: Tympanostomy Tubes 
in Children is intended for any clinician involved in 
managing children, aged 6 months to 12 years, with 

tympanostomy tubes or being considered for tympanostomy 
tubes in any care setting, as an intervention for otitis media of 
any type. The guideline’s target audience includes specialists, 
primary care clinicians, and allied health professionals, as rep-
resented by this multidisciplinary guideline development 
group. Recommendations were developed to address patient 
selection and surgical indications for and management of tym-
panostomy tubes in children. Recommendations in a guideline 
can be implemented only if they are clear and identifiable. 
This goal is best achieved by structuring the guideline around 
a series of key action statements, which are supported by 
amplifying text and action statement profile. For ease of refer-
ence, only the statements and profiles are included in this brief 
summary. Please refer to the complete guideline for important 
information in the amplifying text that further explains the 
supporting evidence and details of implementation for each 
key action statement.1

Background
Insertion of tympanostomy tubes is the most common ambu-
latory surgery performed on children in the United States. 
Each year, 667,000 children younger than 15 years receive 
tympanostomy tubes, accounting for more than 20% of all 
ambulatory surgery in this group.2 By age 3 years, nearly 1 of 
every 15 children (6.8%) will have tympanostomy tubes, 
increasing by more than 2-fold with day care attendance.3

Tympanostomy tubes are most often inserted because of 
persistent middle ear fluid, frequent ear infections, or ear 
infections that persist after antibiotic therapy. All of these con-
ditions are encompassed by the term otitis media (middle ear 
inflammation), which is second in frequency only to acute 
upper respiratory infection as the most common illness diag-
nosed in children by health care professionals.4 Children 
younger than 7 years are at increased risk of otitis media 
because of their immature immune systems and poor function 
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CLINICAL PRACTICE GUIDELINE

The Diagnosis and Management of Acute Otitis Media

abstract
This evidence-based clinical practice guideline is a revision of the 2004
acute otitis media (AOM) guideline from the American Academy of Pe-
diatrics (AAP) and American Academy of Family Physicians. It provides
recommendations to primary care clinicians for the management of
children from 6 months through 12 years of age with uncomplicated
AOM.

In 2009, the AAP convened a committee composed of primary care
physicians and experts in the fields of pediatrics, family practice, oto-
laryngology, epidemiology, infectious disease, emergency medicine,
and guideline methodology. The subcommittee partnered with the
Agency for Healthcare Research and Quality and the Southern Califor-
nia Evidence-Based Practice Center to develop a comprehensive review
of the new literature related to AOM since the initial evidence report of
2000. The resulting evidence report and other sources of data were
used to formulate the practice guideline recommendations.

The focus of this practice guideline is the appropriate diagnosis and
initial treatment of a child presenting with AOM. The guideline provides
a specific, stringent definition of AOM. It addresses pain management,
initial observation versus antibiotic treatment, appropriate choices of
antibiotic agents, and preventive measures. It also addresses recur-
rent AOM, which was not included in the 2004 guideline. Decisions were
made on the basis of a systematic grading of the quality of evidence
and benefit-harm relationships.

The practice guideline underwent comprehensive peer review before
formal approval by the AAP.

This clinical practice guideline is not intended as a sole source of guid-
ance in the management of children with AOM. Rather, it is intended to
assist primary care clinicians by providing a framework for clinical
decision-making. It is not intended to replace clinical judgment or es-
tablish a protocol for all children with this condition. These recommend-
ations may not provide the only appropriate approach to the
management of this problem. Pediatrics 2013;131:e964–e999
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AAP—American Academy of Pediatrics
AHRQ—Agency for Healthcare Research and Quality
AOM—acute otitis media
CI—confidence interval
FDA—US Food and Drug Administration
LAIV—live-attenuated intranasal influenza vaccine
MEE—middle ear effusion
MIC—minimum inhibitory concentration
NNT—number needed to treat
OM—otitis media
OME—otitis media with effusion
OR—odds ratio
PCV7—heptavalent pneumococcal conjugate vaccine
PCV13—13-valent pneumococcal conjugate vaccine
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Hydrocele Guideline Clarification 

 

Issue: Providers and medical plans have expressed confusion over the meaning of 

“children” in GN63.  This condition was added for coverage in 2007 with a guideline 

limiting it to children older than 18 months.  After consultation with Dr. Skoog, pediatric 

urologist at OHSU, the upper limit of age 18 was adopted.  There was consideration of 

defining “children” as 18 and younger; however, the HSC felt that there was no need for 

such a definition in 2007. 

HERC staff recommendation: 

1) Alter GN 63 to clarify the meaning of “child” 

GUIDELINE NOTE 63, HYDROCELE REPAIR 
Line 175 
Excision of hydrocele is only covered for children age 18 and younger with hydroceles 

which persist after 18 months of age. 
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Question: Should the cognitive rehabilitation guideline be modified to clarify the intent of 
allowing delayed coverage of rehabilitation services? 
 
Question source: George Waldmann, OHP medical director; Disability Rights Oregon DHS 
 
Issue: There are several questions about the intent of GN90 Cognitive Rehabilitation Services. 

1) Whether the 3 months of cognitive rehabilitation therapy does or does not begin 
immediately after stabilization from the acute injury.   

2) Whether six visits is the maximum that can be authorized if more than three months has 
elapsed since stabilization from the injury. 
 

 
Disability Rights Oregon has proposed the following wording be adopted for GN90 

"Cognitive rehabilitation, which includes components of physical therapy, occupational 
therapy, speech therapy, and cognitive therapy (different than cognitive behavioral 
therapy), is covered for acquired brain injury once physical stabilization from acute brain 
injury has occurred.  Cognitive rehabilitation treatment can last up to three months.  
However, the three-month treatment period need not be initiated immediately following 
stabilization from the injury.   If there is a major change in status after a patient has 
received the initial three-month period of cognitive rehabilitation services, as evidenced by 
significantly improved prognosis, 6 additional visits of cognitive rehabilitation services can 
be covered, for up to 3 years following the acute event." 

 
 
Dr. Waldmann suggested adding wording “to make it explicit that the 3 months of cognitive 
therapy does not have to begin immediately after stabilization from the acute injury.” 
 
 
Current GN90 
GUIDELINE NOTE 90, COGNITIVE REHABILITATION 
Lines 101,185,201,209,308,342,375,407 
Once physical stabilization from acute brain injury has occurred, as determined by an attending 
physician, cognitive rehabilitation is covered for three months. Whenever there is a major 
change in status as evidenced by significantly improved prognosis, for up to 3 years following 
the acute event, 6 additional visits of cognitive rehabilitation are covered. Cognitive rehabilitation 
is not covered for those in a vegetative state or for those who are unable or unwilling to 
participate in therapy. 
 
 
Prior deliberations regarding cognitive rehabilitation are included in Appendix A.  In summary, 
the HOSC intended that cognitive rehabilitation start at some point after the acute injury, as 
patients frequently are not able to participate in rehabilitation until a later date.   
 
From the December 2011 HOSC materials: 

HSC Staff Recommendations 
1) Adopt a separate cognitive rehabilitation guideline as below. Confirm that the intent is to 

cover cognitive rehabilitation separately from speech, PT and OT treatments during the 
post-stabilization period of brain injury. 

2) Modify PT/OT guideline to eliminate cognitive rehabilitation 
3) Discuss if the intent of the cognitive rehabilitation guideline is to have additional visits 

possible through the Prior Authorization process or if an Exceptions approach is preferred. 
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a. If an EXCEPTIONS approach is preferred, no change (DMAP preference) 
b. If a PRIOR AUTHORIZATION approach is preferred, add the following to the guideline: 

“Additional visits (up to 3 years post acquired brain injury) for cognitive 
rehabilitation beyond the parameters of this guideline will require prior authorization and 
ongoing review.”  

 
Proposed cognitive rehabilitation guideline 
GUIDELINE NOTE XXX COGNITIVE REHABILITATION 
Lines 100, 185, 201, 209, 307, 340, 372, 404,  
Cognitive rehabilitation, which includes components of physical therapy, occupational 
therapy, speech therapy, and cognitive therapy (different from cognitive behavioral 
therapy), is covered for acquired brain injury once acutely stabilized from the event.  
Stabilization from the acute event (e.g. stroke or trauma) may not occur until 1 – 12 
months, depending on the severity of the injury, following the acute event and is best 
determined by an attending physician.  Treatments can be up to 3 months and must 
demonstrate a resulting functional improvement in order to continue to be covered (with 
supporting documentation on a monthly basis). 
 
Whenever there is a major change in status as evidenced by significantly improved 
functionality/prognosis for up to 3 years following the acute event, 6 additional visits of 
cognitive rehabilitation are covered.   
 
Cognitive rehabilitation is not covered for those in a vegetative state or for those who are 
unable or unwilling to participate in therapy. 

 
 
HERC staff recommendation: 

1) Modify the cognitive rehabilitation guideline as shown below 
 

GUIDELINE NOTE 90, COGNITIVE REHABILITATION 
Lines 101,185,201,209,308,342,375,407 
Once physical stabilization from acute brain injury has occurred, as determined by an attending 
physician, cognitive rehabilitation (CPT 97532) is covered included on this line for a three 
months period. This three month period does not have to be initiated immediately following 
stabilization from the injury.  For up to 3 years following the acute event, an additional 6 visits of 
cognitive rehabilitation are included on this line each time the patient has Whenever there is a 
major change in status as evidenced by resulting in a significantly improved prognosis for up to 
3 years following the acute event, 6 additional visits of cognitive rehabilitation are covered. 
Cognitive rehabilitation is not covered included on this line for those in a vegetative state or for 
those who are unable or unwilling to participate in therapy. 
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June 2011 

Topic: Cognitive Rehabilitation Services for Traumatic Brain Injury 
Discussion: Smits introduced a summary document with suggested addition of the CPT code 
for cognitive rehabilitation services to the lines for traumatic brain injury (lines 100 and 209). 
Testimony was heard from several providers of cognitive rehabilitation services as well as 
lawyers from Disability Rights Oregon. Testimony specified that cognitive rehabilitation was 
appropriate for treatment of any acquired brain injury (stroke, hemorrhage, aneurysm), as well 
as conditions which cause cognitive issues (for example MI with anoxia, post anesthesia 
complications, drug overdose with anoxia). These services need to be provided by a skilled 
professional. The testifying experts proposed adding cognitive rehabilitation to lines: 100, 185, 
201, 307, 340, 372, 404, 209. The disability group requested that their office and HSC staff look 
at other possible diagnoses for pairing in addition to the diagnosis on these 8 lines. The 
testifiers raised a question about whether cognitive rehabilitation should be treated like other 
rehabilitation services (PT, OT, etc.) and subject to the rehabilitation services guideline. 
 
There was no discussion about whether to add the CPT code for cognitive rehabilitation to the 
List. Discussion centered around which lines on the list to add this code. Saha felt that cognitive 
rehabilitation should be on the dysfunction lines (specifically line 404), as many conditions 
cause this type of disability. Disability Rights Oregon was concerned about how low this line 
was on the list, and whether future budget cuts might eliminate this service. A look at the 8 
proposed lines found that there were many diagnosis codes on these lines which were not on 
Line 404, and the decision was made to place cognitive rehabilitation on the 8 proposed lines, 
with HSC staff working with Disability rights Oregon to determine if any other lines need to be 
included and bring this information back to the August HOSC meeting.  
 
There was discussion about whether to subject cognitive rehabilitation to the rehabilitation 
guideline. This discussion was continued during the discussion around the rehabilitation 
guideline (see below). 
 
Actions: 
1) Add cognitive rehabilitation (97532) to Lines 100 HEAD INJURY: HEMATOMA/EDEMA 
WITH PERSISTENT SYMPTOMS; COMPOUND/DEPRESSED FRACTURES OF SKULL and 
209 
ORGANIC MENTAL DISORDERS INCLUDING DEMENTIAS 
2) Advise DMAP to remove 97532 from Excluded File 

 

Topic: Rehabilitation Services Guideline 
Discussion A summary document regarding proposed changes to Guideline Note 6, 
REHABILITATIVE THERAPIES, was introduced. Testimony was heard from the Disability Rights 
Oregon. This testimony centered on several areas in which the guideline was confusing. First, 
the term “stabilization” is difficult to define. Medical stabilization legally occurs when the 
attending physician states it has been achieved, which may be years after the injury or inciting 
event. Second, there was concern with limiting therapy starting 3 months after stabilization. 
Outpatient therapy may not start for some period of time, even years after the event, particularly 
for traumatic brain injury (TBI) patients. Other states have Medicaid waivers that allow different 
treatment for TBI patients. HSC staff was encouraged to look at these states and their 
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guidelines. Medicare also has some guidelines which address this. Third, there was a question 
about whether Guideline Note 6 applies to cognitive rehabilitation for TBI patients. If Guideline 
Note 6 does apply, does stabilization from a brain injury have a different definition? There was 
also a question about how a patient requiring both PT services and cognitive rehabilitation 
would be accommodated by this guideline.  
 
The discussion first centered on the definition of stabilization. The group decided that the real 
differentiation being made here was between acute inpatient/initial outpatient therapy and long 
term outpatient therapy. Olson suggested taking out the word “stabilization” and replacing it with 
“outpatient” in Guideline Note 6. 
 
The next portion of the discussion centered on whether Guideline Note 6 applied to cognitive 
rehabilitation for TBI patients. Due to the different nature of the rehabilitation given to these 
patients, it was felt that Guideline Note 6 should not apply in these situations. Saha noted that 
liberalizing Guideline Note 6 to the extent needed to accommodate TBI patients would not be in 
the interest of being fair to all types of care required by patients in Oregon. The decision was 
made that cognitive rehabilitation is not to be included in Guideline Note 6 as it currently is 
written. 
 
The decision was made to adopt changes in Guideline Note 6 wording as proposed in the 
summary document. HSC staff will investigate creation of a new cognitive rehabilitation for TBI 
guideline; if no new guideline is determined to be needed, and then HSC staff will work on 
modifications of Guideline Note 6 for TBI patients/cognitive rehabilitation. The Disability Rights 
Oregon staff will assist HSC staff as needed in this effort. HSC staff will also examine whether 
PT/OT services for TBI patients should be treated differently in Guideline Note 6 for TBI 
patients. 
 
Actions: 
1. Changes were accepted to Guideline Note 6 as shown in Attachment A (note, later repealed) 
2. HSC staff will bring back suggestions for a new guideline or modifications to Guideline Note 6 
for cognitive rehabilitation for TBI patients to the August HOSC meeting 
3. The guideline note will be modified to clarify what “change in status” means 

 

 

HOSC highlights August 2011 

Topic: Cognitive rehabilitation guideline 
Discussion: Livingston introduced a summary document on the evidence supporting frequency 
and types of treatments for cognitive rehabilitation. Advocates testified on their preferred 
coverage of cognitive rehabilitative therapy. They also presented a summary of which diagnosis 
on the 8 lines for which cognitive rehabilitative therapy pairs, that are appropriate for cognitive 
rehab (the remaining diagnoses are not felt to benefit). The group decided to limited cognitive 
rehabilitation to the diagnoses presented by the expert testifiers through coding specifications 
on these lines. 
 
Commissioners decided to modify the rehabilitation therapies Guideline Note 6 to incorporate 
cognitive rehabilitation into this guideline. There were concerns raised about the need for 
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additional visits and the meaning of “change of status.” These were discussed. The guideline 
was changed to include cognitive rehabilitation, and include specific language about further 
treatment beyond scope of guideline is subject to prior authorization process. 
 
Actions: 
1) Guideline Note 6 was modified as shown in Attachment B (note: later repealed) 
2) The following coding specifications were created: 
a. Line 100: “Cognitive rehabilitation 97532 pairs only with the following 
codes: 310.2, 800.01-800.02, 801.02-801.9, 803.01-803.02-803.9, 

804, 850.0-850.3,850.5, 851.02-851.06, 851.1,851.22-851.26,851.3,851.42-851.46,851.62-851.66,851.7,851.82- 
851.86,851.9,V57.1-V57.3.” 
b. Line 185: “Cognitive rehabilitation 97532 pairs only with the following codes: 431, V57.1-V57.3” 
c. Line 201: “Cognitive rehabilitation 97532 pairs only with the following codes: 348.4-348.5,349.81,430-
432,437.5,852-853,V57.1-V57.3” 
d. Line 209: “Cognitive rehabilitation 97532 pairs only with the following codes: 310.1,310.2” 
e. Line 307: “Cognitive rehabilitation 97532 pairs only with the following codes: 997.0-997.1, V57.1-V57.3” 
f. Line 340: “Cognitive rehabilitation 97532 pairs only with the following codes: 
433.01,433.11,433.21,433.31,433.81,433.91,434,436,437.1-437.2,437.6,747.81,V57.1-V57.3” 
g. Line 372: “Cognitive rehabilitation 97532 pairs only with the following codes: 049,062-063,066.41-
066.42,090.40,137.1,139.0,139.8,191- 192,225,237.5-237.7,239.6, ,250.8,263.2,270,271.0-271.1,271.9,272.7-
272.9,299.0-299.8,310,315.3,317-319,323.8-323.9,326,330.8-330.9, 331.3,331.7,,345.01,345.11,345.41,345.51, 
345.91,348.1,348.3-348.5,348.9,349.82-349.9,431-432,434,436,438, 740-742, 747.81,758,759.7-759.9,760-762,764-
765,767.0,767.4,768.2-768.9,770.1,771-773,,781.8,784.6,851.03-851.06,851.1-851.3,851.43-851.46,851.5-851.7, 
851.83-851.86,851.9,852-854,907,909,958.0-958.1,958.4,961.1-961.2, ,965.4,966-971,974,982,984-985,989,994.0- 
994.1,994.7-994.8,995.0-995.1,995.4-995.6,997.0-997.1,V57.1-V57.3” 
h. Line 404: “Cognitive rehabilitation 97532 pairs only with the following codes: 049,062-063, 066.41-
066.42,090.40,137.1,139.0,139.8,191-192,225,237.5-237.7, 239.6,250.8,263.2,270,271.0-271.1,271.9,272.7-
272.9,299.0-299.8,310,317-319,323.8-323.9,326,330.8-330.9,331.3-331.7,345.01,345.11,345.41,345.51,345.91, 
348.1,348.3-348.5,349.82-349.9,431-432,434,436,438,740-742,754.89,758,759.7-759.9,760-762,764-
765,767.0,767.4,768.2-768.9,770.1,771-773,781.2-3,781.8,784.6,,850.4,851.03-851.06,851.1-851.3,851.43- 
851.46,851.5-851.7,851.83-851.86,851.9,852-854,907,909,958.0-958.1,958.4,961.1-961.2,965.4,966-
971,974,982,984-985,989,994.0-994.1,994.7-994.8,995.0-995.1,995.4-995.6,995.8,997.0-997.1,V57.1-V57.3” 

 

 

HOSC highlights December 2011 

Topic: Cognitive rehabilitation guideline 
Discussion: Livingston introduced a summary document regarding suggested changes to the 
cognitive rehabilitation guideline and related changes to the rehabilitation guideline. The 
cognitive rehabilitation guideline was adopted as a distinct guideline from the rehabilitation 
guideline due to the significant differences in definitions of stabilization from an acute event. 
 
Action: 
1) A new cognitive rehabilitation guideline was adopted as shown in Attachment C 
2) The rehabilitation guideline was modified as shown in Attachment C 

 

GUIDELINE NOTE XXX COGNITIVE REHABILITATION 
Lines 100, 185, 201, 209, 307, 340, 372, 404 
Once physical stabilization from acute brain injury has occurred, as determined by an attending 
physician, cognitive rehabilitation is covered for three months. Whenever there is a major 
change in status as evidenced by significantly improved prognosis, for up to 3 years following 
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the acute event, 6 additional visits of cognitive rehabilitation are covered. Cognitive rehabilitation 
is not covered for those in a vegetative state or for those who are unable or unwilling to 
participate in therapy. 
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Question: Should a guideline be added to the Prioritized List to define when a concussion is on 

the upper, covered line and when on the lower, uncovered line? 

 

Question source: FamilyCare Inc (OHP plan) 
 

Issue:  

From Galen Sinnock, FamilyCare: 

I am the lead referral coordinator here at FamilyCare and I have a question regarding the 

upcoming 4/01/2013 Prioritized List update. It seems that HERC is working full time to 

reconcile issues in the upcoming 4/01/2013 update to the Prioritized List and I have an 

issue that I am wondering if they may address. ICD-9 850.xx (concussions) falls on lines 

78, 101, 375, 407 (all funded), and 641 (not funded). When pairing therapies (speech, 

occupational, or physical) with these ICD-9s, they all pair on the funded line even though 

the condition which may be treated could be on the non-funded line 641. The Prioritized 

List’s line 641 doesn’t list any therapy codes so there is no non-funded pairing when the 

concussion diagnoses are used, only the funded pairing. Is it prudent to ask that therapy 

CPT codes get added to line 641 so that providers are not misled into thinking that all 

concussions are allowed therapies based upon the current funded paring of this list? 

 

In December, 2010, concussion ICD-9 codes were added to the upper concussion line based on 

testimony and submitted evidence that the treatment and evaluation of concussion had changed 

since the creation of the Prioritized List. 
 

From the December, 2010 HOSC minutes: 

“…When the Prioritized List was created, concussions were graded based on loss of 

consciousness. Today, concussions are graded on continued symptoms, such as headache, 

cognitive difficulties, etc…The group wanted to add concussion ICD-9 codes without loss 

of consciousness (850.0) to a covered line. The location of the diagnosis (line 100 or line 

631) will be dependent on whether the patient has continued symptoms. 850.9 (Concussion 

unspecified) will not be moved to the higher line...Smits asked if a guideline was needed to 

differentiate when the diagnoses (850.0 and 310.2) were covered on Line 100. The group 

felt that this was not needed. The line titles would determine which cases are covered on 

which of the two lines.” [note: 850.9 (Concussion unspecified) was later added to line 100.] 

 

In May, 2011, the HOSC moved post-concussive syndrome (ICD-9 310.2) from the concussion 

lines to line 209 ORGANIC MENTAL DISORDERS INCLUDING DEMENTIAS as the appropriate treatments were 

included on this line and similar diagnoses were present on this line.  

 

Current List placements: 

Line 101 SEVERE/MODERATE HEAD INJURY: HEMATOMA/EDEMA WITH LOSS OF CONSCIOU0SNESS, 

COMPOUND/DEPRESSED FRACTURES OF SKULL   
ICD-9 850.0-850.9 (Entire concussion series) 
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Line 641 MINOR HEAD INJURY: HEMATOMA/EDEMA WITH NO LOSS OF CONSCIOUSNESS   

ICD-9 850.0 Concussion with no loss of consciousness, 850.9 Concussion, unspecified 

 

Expert input 

Dr. Jim Chesnutt:  

 Dr. Chesnutt did not feel that any changes were needed at this time. 

 
HERC Staff Recommendation: 

1) Adopt the following guideline: 

 

GUIDELINE NOTE XXX CONCUSSION AND POST CONCUSSION SYNDROME 

Lines 101, 209, 641 

ICD-9 diagnosis codes 850.0 and 850.9/ICD-10 diagnosis codes S06.0x0, S06.2x0 and S06.300 are 

included on line 101 only for concussions with symptoms that persist for more than 7 days but less than 3 

months; otherwise, these diagnoses are included on line 641.  When concussion symptoms last for more 

than 3 months, the diagnosis of post-concussive syndrome (ICD-9 310.2/ICD-10 F07.81) should be used, 

which is included on line 209. 
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Question: Should oral health risk assessment be covered in primary care settings?   
 
Question Source: DMAP, Oral Health Advisory Panel 
 
Issue: 
There are questions about providing some dental risk assessment and fluoride varnish 
in medical homes. Many high risk children do not receive adequate dental visits, but 
may be obtaining regular well child visits in medical offices, and by expanding locations 
where risk assessments and fluoride varnish can be provided, the idea is that more 
children will receive effective preventive dental care.  Currently fluoride varnish dental 
codes are open to payment for medical providers; however, there are new CDT risk 
assessment codes that need placement. 
 
AAP Bright Futures which is included in the Prioritized List recommends oral health risk 
assessment as part of the well child check from ages 6 months to 6 years. 
 
The Public Health Division has started an initiative called First Tooth:  

“First Tooth was designed to help providers implement preventive oral health 
services for infants and toddlers under the age of 3 into their current practice. 
Development of the curriculum was done with input from the Oregon Academy of 
Pediatrics and follows the evidence-based practice for early childhood caries 
prevention (ECCP) that includes a risk assessment, anticipatory guidance, an 
intervention as appropriate, and referral to a dental home. First Tooth training 
topics include the prevalence and impact of oral disease; how to conduct an oral 
health risk assessment; how to provide culturally appropriate anticipatory 
guidance; fluoride varnish application; and implementation, workflow tips, and 
access to dental care.” 

 
DMAP is reviewing specific standardized tools that would need to be used and will 
review options during rules process.  Examples of standardized tools include: 

1. AAP 
2. ADA 
3. CAMBRA 

 
Current Prioritized List Status (new codes in italics) 
 

Code Code Description Placement 

D0145 ORAL EVALUATION FOR A PATIENT UNDER THREE 
YEARS OF AGE AND COUNSELING WITH PRIMARY 
CAREGIVER 

58 PREVENTIVE 
DENTAL SERVICES 

D0601 Caries risk assessment and documentation with a 
finding of low risk 

58 PREVENTIVE 
DENTAL SERVICES 

D0602 Caries risk assessment and documentation with a 
finding of moderate risk 

58 PREVENTIVE 
DENTAL SERVICES 

D0603 Caries risk assessment and documentation with a 58 PREVENTIVE 
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Code Code Description Placement 

finding of high risk DENTAL SERVICES 

 
D1206 Topical application of fluoride varnish is currently located on: 

Line Condition Treatment 

3 PREVENTIVE SERVICES, BIRTH TO 10 
YEARS OF AGE 

MEDICAL THERAPY  

4 PREVENTIVE SERVICES, OVER AGE OF 10 MEDICAL THERAPY  

58 PREVENTIVE DENTAL SERVICES CLEANING, FLUORIDE 
AND SEALANTS 

 
ORAL HEALTH ADVISORY PANEL Recommendations 

1) Open up D0601-0603 to medical setting up to age 6 and in pregnant patients. 
For dentists, open up these codes on Line 58 up to age 20 

2) D0145 – unclear if these could be opened at time of OHAP meeting 
 
HERC Staff Recommendations 

1) Place D0601-0603 on Lines 1,3, and 58.  
2) Adopt a new guideline 

Guideline Note XXX Oral Health Risk Assessment 
Line 3, 58 
CDT codes D0601-D0603 coverage is restricted on these lines as follows: 
Line 1:  pregnant women only 
Line 3:  children under the age of 6 only  
Line 58: children under the age of 21 only 

3) Place D0145 on Lines 3 and 58. 
4) DMAP will address through its rules process 

a. Appropriate standardized tools that would be required to receive 
reimbursement for risk assessment 

b. Necessary training for medical providers to bill using these codes 
(e.g.completion of First Tooth training program) 





 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Preventing early childhood caries 
through medical and dental 

provider education  
 



 
 

Early childhood caries (tooth decay) is a significant public health concern and is the most common 
chronic disease of childhood, affecting five times more children than asthma. In spite of its high 
prevalence, tooth decay is a preventable disease.  
 
In 2009, The Oregon Oral Health Program in collaboration with the Oregon Oral Health Coalition 
(OrOHC) launched FIRST TOOTH. The program transitioned to OrOHC operational control in 2012.  
 
The goal of FIRST TOOTH is to reduce early childhood caries in Oregon by training medical and dental 
providers to implement preventive oral health services for infants and toddlers ages three and under. 
 
 Both the American Academy of Pediatrics and the American Academy of Pediatric Dentistry 
recommend an oral health risk assessment, including a visual screening, anticipatory guidance, 
preventive strategies, (such as fluoride varnish), and the establishment of a dental home by age 1. 
(Research studies show that application of fluoride varnish can reduce tooth decay between 30% - 69% 
in primary teeth of high-risk children.) 
 
To achieve these goals, FIRST TOOTH offers a no-cost training for dental and medical communities. The 
training is also available to WIC programs, HeadStart programs and other entities that have a vested 
interest in the oral health of young children.   
 
FIRST TOOTH training topics cover: the prevalence and impact of oral disease, risk assessment, culturally 
appropriate anticipatory guidance, fluoride varnish application, program implementation, workflow tips 
and access to dental care and a dental home. FIRST TOOTH also provides on-site support to build 
collaboration between dental and medical providers.   
 
The FIRST TOOTH training includes: 

• In-office continuing education over lunch, in-service training times or evenings, approximately 
1.5 - 2 hours depending on need 

• Training for all providers and staff on how oral health preventive services can easily be 
integrated into your current services 

• Instruction on fluoride varnish application 
• Culturally appropriate handouts, exam/waiting room posters and anticipatory guidance that can 

be shared with parents and caregivers  
• Guidelines to help you refer children to a dental home by age one 
• Continued support and technical assistance from FIRST TOOTH staff on systems-based 

implementation, workflow and clinical instruction 
 
Since 2010, FIRST TOOTH has trained over 1,200 medical and dental staff throughout Oregon. We 
anticipate training an additional 800 people in 2013-15. A comprehensive, web-based oral health 
resource and on-line training site is also available. Visit www.healthoregon.org/firsttooth for more 
information. 
 

Project Contacts 
Philip Giles, Operations Coordinator, 971-224-1038 or Philip.Giles@OCDC.net 

Karen Hall, RDH, EPDH, First Tooth Trainer, khall@vgmhc.org 
 

First Tooth is a program of the nonprofit Oregon Oral Health Coalition. It was originally developed by the Oregon Health Authority 
Oral Health Program as part of a workforce development project funded by the federal Health Resources & Services Administration. 
Support for this program is provided by the DentaQuest Foundation, the Ford Family Foundation and the Oregon Community 
Foundation. 
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CLINICAL FINDINGS

a 	White	spots	or	visible	
	 decalcifications	in	the	past	12	
	 months
	 n Yes 			n No

a 	Obvious	decay
	 n Yes 			n No

a 	Restorations	(fillings)	present
	 n Yes 			n No

•	 Visible	plaque	accumulation
	 n Yes 			n No

•	 Gingivitis	(swollen/bleeding	
	 gums)
	 n Yes 			n No

•	 Teeth	present
	 n Yes 			n No

•	 Healthy	teeth
	 n Yes 			n No

Caries Risk:
n Low    n High
Completed:
n Anticipatory	Guidance
n Fluoride	Varnish
n Dental	Referral

Self Management Goals: 
n Regular	dental	visits	 n Wean	off	bottle	 n Healthy	snacks
n Dental	treatment	for	parents	 n Less/No	juice	 n Less/No	junk	food	or	candy
n Brush	twice	daily	 n Only	water	in	sippy	cup	 n No	soda
n Use	fluoride	toothpaste	 n Drink	tap	water	 n Xylitol

RISK FACTORS

a 	Mother	or	primary	caregiver	had
	 active	decay	in	the	past	12	
	 months	
	 n Yes 			n No

•	 Mother	or	primary	caregiver	does
	 not	have	a	dentist
	 n Yes 			n No

•	 Continual	bottle/sippy	cup	use	
	 with	fluid	other	than	water
	 n Yes 		n	No

•	 Frequent	snacking	
	 n Yes 			n No

•	 Special	health	care	needs
	 n Yes 			n No

•	 Medicaid	eligible
	 n Yes 		n	No

ASSESSMENT/PLAN

PROTECTIVE FACTORS

•	 Existing	dental	home
	 n Yes 			n No

•	 Drinks	fluoridated	water	or	takes
	 fluoride	supplements
	 n Yes 			n No

•	 Fluoride	varnish	in	the	last
	 6	months	
	 n Yes 			n No

•	 Has	teeth	brushed	twice	daily
	 n Yes 			n No

Adapted	from	Ramos-Gomez	FJ,	Crystal	YO,	Ng	MW,	Crall	JJ,	Featherstone	JD.	Pediatric	dental	care:	prevention	and	management	protocols	based	on	caries	risk	assessment.	J Calif Dent Assoc. 
2010;38(10):746–761;	American	Academy	of	Pediatrics	Section	on	Pediatric	Dentistry	and	Oral	Health.	Preventive	oral	health	intervention	for	pediatricians.	Pediatrics. 2003;	122(6):1387–1394;	and	
American	Academy	of	Pediatrics	Section	of	Pediatric	Dentistry.	Oral	health	risk	assessment	timing	and	establishment	of	the	dental	home.	Pediatrics. 2003;111(5):1113–1116.
The	recommendations	in	this	publication	do	not	indicate	an	exclusive	course	of	treatment	or	serve	as	a	standard	of	medical	care.	Variations,	taking	into	account	individual	circumstances,	may	be	appropriate.	Copyright	©	2011	American	
Academy	of	Pediatrics.	All	Rights	Reserved.	The	American	Academy	of	Pediatrics	does	not	review	or	endorse	any	modifications	made	to	this	document	and	in	no	event	shall	the	AAP	be	liable	for	any	such	changes.

Treatment of High Risk Children
If	appropriate,	high-risk	children	should	receive	professionally	applied	fluoride	varnish	and	have	their	teeth	brushed	twice	
daily	with	an	age-appropriate	amount	of	fluoridated	toothpaste.	Referral	to	a	pediatric	dentist	or	a	dentist	comfortable	
caring	for	children	should	be	made	with	follow-up	to	ensure	that	the	child	is	being	cared	for	in	the	dental	home.

Oral Health Risk Assessment Tool
The	American	Academy	of	Pediatrics	(AAP)	has	developed	this	tool	to	aid	in	the	implementation	of	oral	health	risk	
assessment	during	health	supervision	visits.	This	tool	has	been	subsequently	reviewed	and	endorsed	by	the	National	
Interprofessional	Initiative	on	Oral	Health.
Instructions for Use
This	tool	is	intended	for	documenting	caries	risk	of	the	child,	however,	two	risk	factors	are	based	on	the	mother	or	primary	
caregiver’s	oral	health.	All	other	factors	and	findings	should	be	documented	based	on	the	child.

The	child	is	at	an	absolute	high	risk	for	caries	if	any	risk	factors	or	clinical	findings,	marked	with	a	a	sign,	are	documented
yes.	In	the	absence	of	a	risk	factors	or	clinical	findings,	the	clinician	may	determine	the	child	is	at	high	risk	of	caries	
based	on	one	or	more	positive	responses	to	other	risk	factors	or	clinical	findings.	Answering	yes	to	protective	factors	
should	be	taken	into	account	with	risk	factors/clinical	findings	in	determining	low	versus	high	risk.

Patient	Name:____________________________________	Date	of	Birth:___________________	Date:___________________
Visit:			n 6	month			n 9	month			n 12	month			n 15	month			n 18	month			n 24	month			n 30	month			n 3	years			
n 4	years			n 5	years			n 6	years			n Other___________________



Oral Health Risk Assessment Tool Guidance
Timing of Risk Assessment
The	Bright	Futures/AAP	“Recommendations	for	Preventive	Pediatric	Health	Care,”	(ie,	Periodicity	Schedule)	recommends	all	children	
receive	a	risk	assessment	at	the	6-	and	9-month	visits.	For	the	12-,	18-,	24-,	30-month,	and	the	3-	and	6-year	visits,	risk	assessment	
should	continue	if	a	dental	home	has	not	been	established.	View	the	Bright	Futures/AAP	Periodicity	Schedule—http://brightfutures.
aap.org/clinical_practice.html.

Risk Factors
a	 Maternal Oral Health 
	 Studies	have	shown	that	children	with	mothers	or	primary	caregivers	who	have	had	active	decay	in	the	past	12	months	are	at	
	 greater	risk	to	develop	caries.	This child is high risk.

Maternal Access to Dental Care
Studies	have	shown	that	children	with	mothers	or	primary	caregivers	who	do	not	have	a	regular	source	of	dental	care	are	at	a	
greater	risk	to	develop	caries.	A	follow-up	question	may	be	if	the	child	has	a	dentist.

Continual Bottle/Sippy Cup Use
Children	who	drink	juice,	soda,	and	other	liquids	that	are	not	water,	from	a	bottle	or	sippy	cup	continually	throughout	the	day	or	
at	night	are	at	an	increased	risk	of	caries.	The	frequent	intake	of	sugar	does	not	allow	for	the	acid	it	produces	to	be	neutralized	or	
washed	away	by	saliva.	Parents	of	children	with	this	risk	factor	need	to	be	counseled	on	how	to	reduce	the	frequency	of	sugar-
containing	beverages	in	the	child’s	diet.

Frequent Snacking
Children	who	snack	frequently	are	at	an	increased	risk	of	caries.	The	frequent	intake	of	sugar/refined	carbohydrates	does	not	allow	for	
the	acid	it	produces	to	be	neutralized	or	washed	away	by	saliva.	Parents	of	children	with	this	risk	factor	need	to	be	counseled	on	how	
to	reduce	frequent	snacking	and	choose	healthy	snacks	such	as	cheese,	vegetables,	and	fruit.

Special Health Care Needs
Children	with	special	health	care	needs	are	at	an	increased	risk	for	caries	due	to	their	diet,	xerostomia	(dryness	of	the	mouth,	
sometimes	due	to	asthma	or	allergy	medication	use),	difficulty	performing	oral	hygiene,	seizures,	gastroesophageal	reflux	disease	
and	vomiting,	attention	deficit	hyperactivity	disorder,	and	gingival	hyperplasia	or	overcrowding	of	teeth.	Premature	babies	also	may	
experience	enamel	hypoplasia.

Protective Factors
Dental Home
According	to	the	American	Academy	of	Pediatric	Dentistry	(AAPD),	the	dental	home	is	oral	health	care	for	the	child	that	is	delivered	
in	a	comprehensive,	continuously	accessible,	coordinated	and	family-centered	way	by	a	licensed	dentist.	The	AAP	and	the	AAPD	
recommend	that	a	dental	home	be	established	by	age	1.	Communication	between	the	dental	and	medical	homes	should	be	ongoing	
to	appropriately	coordinate	care	for	the	child.	If	a	dental	home	is	not	available,	the	primary	care	clinician	should	continue	to	do	oral	
health	risk	assessment	at	every	well-child	visit.

Fluoridated Water/Supplements
Drinking	fluoridated	water	provides	a	child	with	systemic	and	topical	fluoride	exposure,	a	proven	caries	reduction	intervention.	
Fluoride	supplements	may	be	prescribed	by	the	primary	care	clinician	or	dentist	if	needed.	View	fluoride	resources	on	the	Oral	Health	
Practice	Tools	Web	Page	http://aap.org/oralhealth/PracticeTools.html.

Fluoride Varnish in the Last 6 Months
Applying	fluoride	varnish	provides	a	child	with	highly	concentrated	fluoride	to	protect	against	caries.	Fluoride	varnish	may	be	
professionally	applied.	For	online	fluoride	varnish	training,	access	the	Child	Oral	Health	and	Fluoride	Varnish	Modules	in	the	Smiles	
for	Life	National	Oral	Health	Curriculum,	www.smilesforlifeoralhealth.org.

Tooth Brushing and Oral Hygiene
Primary	care	clinicians	can	reinforce	good	oral	hygiene	by	teaching	parents	and	children	simple	practices.	Infants	should	have	their	
mouths	cleaned	after	feedings	with	a	wet	soft	washcloth.	Once	teeth	erupt	it	is	recommended	that	children	have	their	teeth	brushed	
twice	a	day.	For	children	under	the	age	of	2	determined	to	be	at	moderate	or	high	risk	for	caries,	it	is	appropriate	to	recommend	a	
smear	of	fluoridated	toothpast	twice	per	day.	Children	older	than	2	years	old	should	use	a	pea-sized	amount	of	fluoridated	toothpaste	
twice	a	day.	View	fluoride	resources	in	the	AAP	Protecting	All	Children’s	Teeth	Curriculum	Fluoride	Module	http://www.aap.org/
oralhealth//pact/ppt/Fluoride.ppt.	

http://brightfutures.aap.org/clinical_practice.html
http://brightfutures.aap.org/clinical_practice.html
http://aap.org/oralhealth/PracticeTools.html
www.smilesforlifeoralhealth.org
http://www.aap.org/oralhealth//pact/ppt/Fluoride.ppt
http://www.aap.org/oralhealth//pact/ppt/Fluoride.ppt


The	recommendations	in	this	publication	do	not	indicate	an	exclusive	course	of	treatment	or	serve	as	a	standard	of	medical	care.	Variations,	taking	into	account	individual	circumstances,	may	be	appropriate.	Copyright	©	2011	American	
Academy	of	Pediatrics.	All	Rights	Reserved.	The	American	Academy	of	Pediatrics	does	not	review	or	endorse	any	modifications	made	to	this	document	and	in	no	event	shall	the	AAP	be	liable	for	any	such	changes.

Clinical Findings

a	White Spots/Decalcifications
 This child is high risk.
	 White	spot	decalcifications	present—immediately	place	the	child	in	the	high-risk	
	 category.

a	Obvious Decay
 This child is high risk.
	 Obvious	decay	present—immediately	place	the	child	in	the	high-risk	category.

a	Restorations (Fillings) Present
 This child is high risk.
	 Restorations	(Fillings)	present—immediately	place	the	child	in	the	high-risk	
	 category.

Visible Plaque Accumulation
Plaque	is	the	soft	and	sticky	substance	that	accumulates	on	the	teeth	from	food	
debris	and	bacteria.	Primary	care	clinicians	can	teach	parents	how	to	remove	
plaque	from	the	child’s	teeth	by	brushing	and	flossing.

Gingivitis
Gingivitis	is	the	inflamation	of	the	gums.	Primary	care	clinicians	can	teach	parents	
good	oral	hygiene	skills	to	reduce	the	inflammation.	

Healthy Teeth
Children	with	healthy	teeth	have	no	signs	of	early	childhood	caries	and	no	other	
clinical	findings.	They	are	also	experiencing	normal	tooth	and	mouth	development	
and	spacing.

For	more	information	about	the	AAP’s	oral	health	activities	email	oralhealth@aap.org	or	visit	www.aap.org/oralhealth.

mailto:oralhealth%40aap.org?subject=
www.aap.org/oralhealth


Caries Risk Assessment Form (Age 0-6)
Patient Name:

Birth Date: Date:

Age: Initials:

Low Risk Moderate Risk High Risk

Contributing Conditions Check or Circle the conditions that apply

I. Fluoride Exposure (through drinking water, supplements, 
professional applications, toothpaste)   Yes   No

II. Sugary Foods or Drinks (including juice, carbonated or  
non-carbonated soft drinks, energy drinks, medicinal syrups)

Primarily  
at mealtimes

Frequent or  
prolonged between 
meal exposures/day 

Bottle or sippy cup 
with anything other 

than water at bed time 

III. Eligible for Government Programs  
(WIC, Head Start, Medicaid or SCHIP)   No   Yes

IV. Caries Experience of Mother, Caregiver and/or  
other Siblings 

 No carious lesions  
in last 24 months 

Carious lesions in  
last 7-23 months 

Carious lesions  
in last 6 months 

V. Dental Home: established patient of record in a dental office   Yes   No

General Health Conditions Check or Circle the conditions that apply

I.
Special Health Care Needs (developmental, physical, medi-
cal or mental disabilities that prevent or limit performance of 
adequate oral health care by themselves or caregivers) 

  No   Yes

Clinical Conditions Check or Circle the conditions that apply

I. Visual or Radiographically Evident Restorations/ 
Cavitated Carious Lesions

No new carious lesions 
or restorations in last 

24 months 

Carious lesions or 
restorations in last  

24 months 

II. Non-cavitated (incipient) Carious Lesions
 No new lesions in  

last 24 months 
New lesions in  
last 24 months 

III. Teeth Missing Due to Caries   No   Yes

IV. Visible Plaque   No   Yes

V. Dental/Orthodontic Appliances Present  
(fixed or removable)   No   Yes

VI. Salivary Flow  Visually adequate Visually inadequate 

Overall assessment of dental caries risk:      Low   Moderate   High

Instructions for Caregiver: 

© American Dental Association, 2009, 2011. All rights reserved.



Circle or check the boxes of the conditions that apply.  Low Risk = only conditions in “Low Risk” column present; 
Moderate Risk = only conditions in “Low” and/or “Moderate Risk” columns present; High Risk = one or more  
conditions in the “High Risk” column present.

The clinical judgment of the dentist may justify a change of the patient’s risk level (increased or decreased) based  
on review of this form and other pertinent information.  For example, missing teeth may not be regarded as high  
risk for a follow up patient; or other risk factors not listed may be present. 

The assessment cannot address every aspect of a patient’s health, and should not be used as a replacement for  
the dentist’s inquiry and judgment.  Additional or more focused assessment may be appropriate for patients with 
specific health concerns.  As with other forms, this assessment may be only a starting point for evaluating the  
patient’s health status.  

This is a tool provided for the use of ADA members.  It is based on the opinion of experts who utilized the most  
up-to-date scientific information available.  The ADA plans to periodically update this tool based on: 1) member 
feedback regarding its usefulness, and; 2) advances in science.  ADA member-users are encouraged to share their 
opinions regarding this tool with the Council on Dental Practice. 

Caries Risk Assessment Form (Age 0-6)
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Question:  Should coverage change for resin based composites on posterior teeth? 

Question Source: DMAP, OHAP 

Issue: 

Currently composite is only covered for anterior teeth and for posterior teeth with only one 

surface involved. Amalgam is superior to composite in terms of longevity.  There is significant 

concern over availability of amalgam for patients given many practices are “amalgam” free, 

there are public concerns about mercury, and many patients prefer composite. OHAP 

recommends coverage with a guideline suggesting first-line therapy. 

 

From OHAP 12-4-13 minutes: 

The committee discussed concerns that some dentists no longer perform 

amalgam restorations, and so requiring that posterior restorations be done with 

amalgam will limit access to dental services. However, evidence shows that 

amalgam fillings are more durable. After discussion, the committee 

recommended coverage for composite restorations on posterior teeth, with the 

following guideline note: 

 

GUIDELINE NOTE XX DENTAL FILLINGS FOR POSTERIOR TEETH 

For dental fillings in posterior teeth, amalgam is preferred for extensive 

restorations. If amalgam is unavailable or contraindicated, composite is 

acceptable. 

 

Actions: Recommend adding the guideline note shown above to line 372. 

Code Code Description Line placement 

D2140 AMALGAM-ONE SURFACE, PRIMARY 
OR PERMANENT 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2150 AMALGAM-TWO SURFACES, 
PRIMARY OR PERMANENT 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2160 AMALGAM-THREE SURFACES, 
PRIMARY OR PERMANENT 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2161 AMALGAM-FOUR OR MORE 
SURFACES, PRIMARY OR 
PERMANENT 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 



Amalgam Versus Composite Fillings 
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Code Code Description Line placement 

D2330 RESIN-ONE SURFACE, ANTERIOR 372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2331 RESIN-TWO SURFACES, ANTERIOR 372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2332 RESIN-THREE SURFACES, ANTERIOR 372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2335 RESIN-FOUR OR MORE SURFACES 
OR INVOLVING INCISAL ANGLE 
(ANTERIOR) 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2390 RESIN-BASED COMPOSITE CROWN, 
ANTERIOR 

372 DENTAL CONDITIONS (EG. CARIES, 
FRACTURED TOOTH) 

D2391 RESIN-BASED COMPOSITE - ONE 
SURFACE, POSTERIOR 

372,676 

D2392 RESIN-BASED COMPOSITE - TWO 
SURFACES, POSTERIOR 

676 DENTAL CONDITIONS WHERE 
TREATMENT RESULTS IN MARGINAL 
IMPROVEMENT 

D2393 RESIN-BASED COMPOSITE - THREE 
SURFACES, POSTERIOR 

676 DENTAL CONDITIONS WHERE 
TREATMENT RESULTS IN MARGINAL 
IMPROVEMENT 

D2394 RESIN-BASED COMPOSITE - FOUR 
OR MORE SURFACES, POSTERIOR 

676 DENTAL CONDITIONS WHERE 
TREATMENT RESULTS IN MARGINAL 
IMPROVEMENT 

 

Evidence Summary 

German HTAS systematic review, 2008 

Amalgam has greater longevity than composite 
Results: “In longitudinal studies, the MST for amalgam is reported to range between 11.4 
and one hundred and fifty years under ideal conditions at dental education centres and 
between 7.1 and 44.7 years in private dental practices. For composites, MST between 
8.0 and 44.4 years are reported under ideal conditions. Only one longitudinal study has 
been conducted in the setting of a general dental practice; this study reports a MST of 
16 years for composites in posterior teeth (observation period: 17 years). However, the 
relatively low failure rate of 5% after ten years rapidly increases to 40% after 15 and 
72% after 17 years. In studies with a shorter observation period, MST for cavities of 
class I and II of 9.1 and 19.2 years are reported for composites.” 
 

Cochrane 2009 - Dental fillings for the treatment of caries in the primary dentition 

1. Only 2 studies addressed this question (the other was on crowns). 

a. Donly 1999 split-mouth study compared a resin-modified glass ionomer 

(Vitremer) with amalgam over a 36-month period. Forty pairs of Class II 

restorations were placed in 40 patients (21 males; 19 females; mean age 8 years 

+/- 1.17; age range 6 to 9 years). Although the study period was 3 years (36 
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months), only the 6- and 12-month results are reported due to the loss to follow 

up of patients being greater than 30% for the 24- and 36-month data.  

b. Marks 1999a recruited 30 patients (age range 4 to 9 years; mean age 6.7 years, 

standard deviation 2.3) with one pair of primary molars that required a Class II 

restoration. The materials tested were Dyract (compomer) and Tytin (amalgam). 

Loss to follow up at 24 and 36 months was 20% and 43% respectively. This 

meant that only the 24-month data were useable.  

c. For all of the outcomes, there were no differences in clinical performance.   

 

2. Conclusions: There was insufficient evidence from the three included trials to make any 

recommendations about which filling material to use. 

 

Cochrane 2006 – Protocol only Direct composite resin fillings versus amalgam fillings for 

permanent or adult posterior teeth 

 

Recommendations  

1) Place D2391-D2394 on Line 372 and remove from Line 676. 

2) Add a guideline 

GUIDELINE NOTE XXX DENTAL FILLINGS FOR POSTERIOR TEETH 

Line 372 

For dental fillings in posterior teeth, amalgam is preferred for extensive 

restorations. If amalgam is unavailable or contraindicated, composite is 

acceptable. 

 

 



Haltbarkeit von Zahnamalgam im Vergleich zu
Kompositkunststoffen

Longevity of dental amalgam in comparison to composite materials

Abstract

Health political background

Caries is one of the most prevalent diseases worldwide. For (direct)
restaurations of carious lesions, tooth-coloured composite materials

Katja Antony1

Dieter Genser1

Cora Hiebinger1

Friederike Windisch1are increasingly used. The compulsory health insurance pays for com-
posite fillings in front teeth; in posterior teeth, patients have to bear the
extra cost.

1 Gesundheit ÖsterreichGmbH,
Geschäftsbereich ÖBIG,
Wien, ÖsterreichScientific background

Amalgam is an alloy of mercury and other metals and has been used
in dentistry for more than one hundred and fifty years. Composites
consist of a resin matrix and chemically bonded fillers. They have been
used for about fifty years in front teeth. Amalgam has a long longevity;
the further development of composites has also shown improvements
regarding their longevity.

Research questions

This HTA-report aims to evaluate the longevity (failure rate, median
survival time (MST), median age) of direct amalgam fillings in compar-
ison to direct composite fillings in permanent teeth from a medical and
economical perspective and discusses the ethical, legal and social as-
pects of using these filling materials.

Methods

The systematic literature search yielded a total of 1,149 abstracts. After
a two-step selection process based on defined criteria 25 publications
remained to be assessed.

Results

The medical studies report a longer longevity for amalgam fillings than
for composite fillings. However, the results of these studies show a large
heterogeneity. No publication on the costs or the cost-effectiveness of
amalgam and composite fillings exists for Germany. The economic
analyses (NL, SWE, GB) report higher costs for composite fillings when
longevity is assumed equal (for an observation period of five years) or
longer for amalgam compared to composite fillings. These higher costs
are due to the higher complexity of placing composite fillings.

Discussion

Due to different study designs and insufficient documentation of study
details, a comparison of different studies on longevity of direct amalgam
and composite fillings in posterior teeth is difficult. Apart from the diffi-
culties in conducting a randomized, controlled long-term study comparing
the longevity of direct fillings, the fact that composites and adhesives
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used in a study have often already been replaced by the next generation
of the product at the time of study publication presents an additional
problem. Not only the filling material, but also patient parameters and
local, intraoral factors (e. g. localisation of the filling) as well as the
treating dentist have an impact on the longevity of dental fillings. In
evaluating economic studies, one has to refer to the heterogeneity of
data on longevity in the medical evaluation. The only effect parameter
used in the studies is longevity, other aspects (e. g. long-term function-
ality) are only referred to in discussions. Extensive counselling of patients
regarding the selection of the appropriate filling material is important.

Conclusions

Amalgam fillings show a longer longevity than composite fillings. Two
out of six systematic reviews conclude that the expected survival time
of composite fillings can be comparable to amalgam fillings. However,
these conclusions are based on the results of short-term studies which
usually overestimate the longevity of fillingmaterials. From an economic
standpoint, amalgam is the more economic filling material compared
to direct composite fillings in posterior teeth when considering longevity
as the only result parameter. Other aspects than longevity need to be
considered in individually choosing the appropriate dental filling mater-
ial. For future studies aiming to compare the longevity of amalgam and
composite fillings, a sufficient sample size and study period, preferably
in the setting of a private dental practice, should be aimed for. An
evaluation of the cost-effectiveness of amalgam and composite fillings
should take the functionality of teeth over a longer time period into ac-
count, as well as patients’ preferences. The rapid development of
composite materials and adhesives make short term revisions of these
conclusions necessary.

Zusammenfassung

Gesundheitspolitischer Hintergrund

Zahnkaries gilt als eine der am häufigsten auftretenden Krankheiten
weltweit. In der (direkten) Versorgung kariöser Defekte werden neben
Amalgam zunehmend zahnfarbene Kompositwerkstoffe eingesetzt. Die
Gesetzliche Krankenversicherung (GKV) übernimmt die Kosten hierfür
im Frontzahnbereich, im Seitenzahnbereich hat der Patient die Mehr-
kosten selbst zu tragen.

Wissenschaftlicher Hintergrund

Amalgam ist eine Legierung von Quecksilber mit anderen Metallen und
kommt seit mehr als hundertfünfzig Jahren in der Zahnmedizin zum
Einsatz. Komposite sind aus einem Grundgerüst aus Kunststoff und
chemisch gebundenen festen Füllkörpern zusammengesetzt undwerden
seit etwa fünfzig Jahren im Frontzahnbereich verwendet. Amalgamwird
eine lange Haltbarkeit zugesprochen, durch die Weiterentwicklung der
Kompositkunststoffe sind auch hier Verbesserungen bezüglich der
Haltbarkeit zu verzeichnen.

Fragestellung

Der HTA-Bericht geht der Frage nach, wie die Haltbarkeit (Funktionsaus-
fallsrate, mediane Überlebensdauer, medianes Alter) von direkten
Amalgamfüllungen im Vergleich zu direkten Kompositfüllungen in blei-
benden Zähnen ausmedizinischer und ökonomischer Sicht zu bewerten

2/12GMS Health Technology Assessment 2008, Vol. 4, ISSN 1861-8863

Antony et al.: Haltbarkeit von Zahnamalgam im Vergleich zu Kompositkunststoffen...



Executive Summary

1. Health political background

Caries is one of the most prevalent diseases worldwide.
Amalgams have been used in dentistry formore than one
hundred and fifty years for the restoration of carious lesi-
ons. The advantages of amalgam are its high resistance
to wear, its excellent marginal adaptation and its easy
processability in combination with a low error-proneness.
However, the economic filling material is being rejected
by some patients due to aesthetic reasons and individual
safety concerns. As an alternative, tooth coloured compo-
site materials are utilised; the improvement of their ma-
terial properties makes it possible to use them in poste-
rior permanent teeth. The placement of these filling ma-
terials takes longer and is therefore associated with
higher costs than the placement of amalgam fillings.
The compulsory health insurance pays for tooth-coloured
fillings in front teeth. In posterior teeth, higher reimburse-
ments for composite fillings are granted if an amalgam
filling is absolutely contra-indicated. Does the patient
wish a filling material outside the basic coverage, he has
to bear the extra cost, which is the difference between
the fee for the chosen filling and the reimbursement for
the cheapest comparable plastic filling (according to in-
formation of the Medical Advisory Service for Dentists
(MDZ), this amounts to 40 to 130 Euro for composite fil-
lings, depending on the size of the cavity and the extent
of treatment).

2. Scientific background

Caries is a multifactorial disease, which can lead to the
deterioration of enamel and dentin due to the interaction
of plaque (biofilm) and the surface of the tooth. Among
others, amalgam and composite materials are used as
filling materials for carious lesions. Amalgam is an alloy
of mercury and other metals, which has been used for
more than one hundred and fifty years. Composites are
synthetic filling materials that are composed of a resin
matrix and chemically bonded fillers. They have been
used for about fifty years in front teeth. Amalgam has a
long longevity. As the development of composites has
also shown improvements regarding their longevity a
comparison of the current literature seems meaningful.

3. Research questions

This report aims to answer the following research questi-
ons:

• What is the longevity (failure rate, median survival time
(MST), median age) of direct amalgam fillings compa-
red to direct composite fillings in permanent teeth?

• What is the cost-effectiveness of direct amalgam fil-
lings compared to direct composite fillings?

• What are the ethical, legal and social aspects that
have to be considered when using amalgam or compo-
site materials for direct fillings?

4. Methods

This HTA-report was prepared by applying the methods
of a systematic literature review. The systematic literature
search (DIMDI-HTA-superbase as well as HTA- and
Cochrane-databases; March 2007) yielded 1,149 ab-
stracts. Following a two-part selection process according
to standard, predefined criteria, 21 medical and five
economic publications were included in the assessment.
Relevant texts regarding ethical (eleven articles) and legal
(two articles) aspects were also used.

5. Results

Systematic reviews point out that only few long-term data
exist. However, short-term studies (? 5 years) often
overestimate the longevity of filling materials and give a
distorted image. The setting (controlled study at a univer-
sity; general dental practice) has an impact on the results.
Therefore, a meaningful comparison of different study
results is only possible when an evaluation of the filling
materials under similar conditions is ensured. The fact
that the documentation of the majority of studies is in-
complete is also criticised.
A systematic review of 2007 evaluates the longevity of
fillings in posterior teeth in studies published between
1996 and 2006. The review is focused on amalgam, ho-
wever, the longevity of composites is mentioned for
comparison. In longitudinal studies, theMST for amalgam
is reported to range between 11.4 and one hundred and
fifty years under ideal conditions at dental education
centres and between 7.1 and 44.7 years in private dental
practices. For composites, MST between 8.0 and 44.4
years are reported under ideal conditions. Only one longi-
tudinal study has been conducted in the setting of a ge-
neral dental practice; this study reports aMST of 16 years
for composites in posterior teeth (observation period: 17
years). However, the relatively low failure rate of 5% after
ten years rapidly increases to 40% after 15 and 72% after
17 years. In studies with a shorter observation period,
MST for cavities of class I and II of 9.1 and 19.2 years
are reported for composites. Another review of 2003
provides an overview of prospective clinical studies on
direct composite fillings in posterior teeth. The studies
included were published between 1996 and 2002. The
observation periods of studies range from one to 17
years, failure rates vary between 0 and 45%. The impact
of the length of the observation period on the failure rate
is highly significant and confirms that short-term studies
have a tendency to overestimate the longevity of fillings.
It is concluded that the expected survival time of correctly
placed composite fillings can be comparable to amalgam
fillings, but that overall, the longevity of amalgam is higher
than that of composite fillings in posterior, as well as in
front teeth for most observation periods that are longer
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than three to five years. A review of 2004 also reports
annual failure rates for amalgam fillings of between 0
and 7.4% for observation periods of up to 20 years. An-
nual failure rates for composite fillings are reported to
be 0 to 9%. In older studies, annual failure rates are signi-
ficantly higher than in studies published since 1990. Also,
failure rates in cross-sectional studies are considerably
higher than those in longitudinal studies. In controlled
longitudinal studies published between 1990 and 2003,
the median annual failure rate for amalgam fillings in
class II cavities (2.0% (0 to 7.4%)) is similar to that of
composite fillings (1.7% (0 to 7.0%)). An earlier review of
the same authors’ group draws the same conclusions. A
British HTA-report of 2001 was prepared following the
guidelines of the NHS Centre for Reviews and Dissemina-
tion. The probability of survival for amalgam fillings is re-
ported to be ?85% after five years and ?80% after ten
years. In the majority of studies on composites, the pro-
bability of survival of fillings is ?80% after five years and
?75% after ten years. The authors state that most studies
were conducted in a dental clinic or another institutional
setting. Especially studies on composite fillings mostly
evaluate small sample sizes; a lot of the studies showing
particularly low longevity were conducted in the 1980s
or early 1990s. A systematic review of 1999 was conduc-
ted according to the guidelines of the NHS Centre for
Reviews and Dissemination and the Cochrane Collabora-
tion and evaluates class I and II filings in studies having
an observation period of at least five years. The MST
ranges between five and 23 years for amalgam fillings.
For composite fillings, a MST of 17 years is reported;
other authors state that after ten years, 72% of amalgam
and 56% of composite fillings were still functional.
Two primary studies of 2007 compare failure rates of fil-
lings in children. In one of the studies, the replacement
rate for composites after five years is 21.9% and for
amalgam15.9% (p=0,61). For bothmaterials, the neces-
sity to replace a filling increases with the number of fillings
per patient (p<0,001). Although no difference was shown
between replacement rates for amalgam and composite
fillings during the observation period, the authors assume
that differences will become significant over time. In the
second study, the survival rate of amalgam fillings after
seven years was higher than that for composite fillings
(85.5%) as well.
A longitudinal study of 2003 evaluates extensive fillings
in a longitudinal study in 428 patients. All teeth included
in the study have been previously restored, 60% are en-
dodontically treated. During the study period, two different
amalgams and three different composites are used. Until
2000, the fillings are evaluated at least every four years.
Composites are used almost exclusively in premolars. A
Kaplan-Meier survival analysis shows aMST of 12.8 years
for amalgam and 7.8 years for composite fillings. The
overall ten-year survival rate is reported to be 60% for
amalgams and 50% for composites. In an earlier study
at least four class I or II fillings are placed per patient
(using amalgam and three different composites) and
tracked for eight years. 90.6% of the fillings are placed

in molars, 9.4% in premolars. After eight years, 13.7% of
the 161 composite fillings and three (5.8%) of the 52
amalgam fillings have lost their functionality.
Three retrospective studies analyse data of patient re-
cords. In one of these studies of 2005, the survival time
of amalgam fillings ranges from 60% to 72% after five
years and from 43% to 58% after ten years depending
on their size and complexity. For composite fillings in front
teeth and non-load-bearing posterior teeth, the survival
time is 58% after five years and 43% after ten years.
Another study evaluates class I and II fillings that have
been placed between 1990 and 1997 in premolars and
molars. Between 1990 and 1994, amalgam is used rela-
tively more frequently for larger fillings and composite for
smaller fillings. After 1994, amalgam is hardly used. For
amalgam, a survival rate of 89.6% after five and 79.2%
after ten years, for composites, a survival rate of 91.7%
after five and 82.2% after ten years is reported. Hawthor-
ne und Smales (1997) include only patients, who have
been coming to control visits on a regular basis for more
than twelve years. During the observation period, 1,728
amalgam (mostly cavities class I and II) and 458 compo-
site fillings (mostly cavities class III, IV and V) are placed.
The MST for amalgam is calculated to be 22.5 years, for
composites it is 16.7 years.
In several studies, data is collected through surveys sent
to private dental offices and walk-in clinics; the median
age for amalgam fillings is reported to be six to 15 years,
for composites four to eight years.
Only a few studies are available on economic aspects of
tooth fillings. No publication on costs and cost-effectiven-
ess of amalgam and composite fillings has been found
for Germany during the search period of the present re-
port. In three publications, cost-effectiveness for amalgam
and composite fillings is calculated for Great Britain (GB),
the Netherlands (NL) and Sweden (SWE), two publications
deal with the long term costs of amalgam and composite
fillings (GB and SWE).
A British HTA-report of 2001 uses a model calculation to
calculate the cost-effectiveness of amalgam and compo-
site fillings for GB. Using survival times arising from a
systematic literature review and surveyed costs (ques-
tionnaire regarding treatment times, hourly rates and
material costs) the authors calculate the expected costs
for a five or ten-year period for amalgam and composite
fillings. The costs of composite fillings are 1.5- or three
times higher than those for amalgam fillings for the five
and ten-year periods, respectively. The authors point out
that the economic analysis does not consider all influ-
encing factors (e. g. work environment, overhead costs),
costs for patients and their preferences regarding the
material (e. g. aesthetic demands, safety concerns).
An article of the NL (1999) deals with the cost-effectiven-
ess of composite and amalgam fillings (regarding repla-
cement of existing class II fillings) from the perspective
of dentistry. They exclusively regard treatment times for
the treatment steps as costs, the longevity is observed
over five years in a separate randomized controlled trial
(RCT). During the study period no relevant differences in
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effectiveness of thematerials are determined. Treatment
times for placing amalgam fillings are consistently lower
than those for placing composite fillings. The authors
conclude that, bearing inmind the limitations of the study,
amalgam is the material of choice from the perspective
of dentistry due to lower time resources needed and equal
effectiveness (five-year consideration).
Two publications by a Swedish group calculate direct
costs (rates and co-payment of patients) for amalgam
and composite fillings. In both publications, longevity is
assessed bymeans ofMST in studies conducted in Nordic
countries; it is stated to be 9.3 years for amalgam and
4.7 years for composite class II fillings. In one text, the
authors calculate the costs of amalgam and composite
fillings in class II cavities per theoretical functional year
of the filling from the perspective of the publicly funded
health care system, patients, as well as total costs (in
public dental centres). It has to be considered that
amalgam fillings are not being paid for by the publicly
funded health care system (Försäkringskassan) in Sweden
since 1999 due to environmental considerations. Amal-
gam is the more cost-effective filling material for class II
cavities from all three perspectives. Based on these re-
sults, the authors calculate theoretical long term treat-
ment costs (for a period of ten years) of direct class II
composite and amalgam fillings in a further publication.
The average long term costs for amalgam fillings are –
independent of the selected discount rates – lower than
those for composite fillings (class II cavities). This holds
true from the perspective of and of the publicly funded
health care system. The relation of total patients costs
for amalgam and composite fillings is 0.5 to 1.0. The
authors emphasise that patient preferences have not
been considered in their calculations.
Another publication of 1997 estimates the long-term (60
years) relative treatment costs for cavities with different
filling materials (GB). Longevity for amalgam and compo-
site fillings is assumed to be six and three years for large
restorations (MOD) and eight and four years for small
(one-surface) fillings. Costs are determined using rates
of the National Health Service and private fees. Amalgam
is by far themore cost-effective alternative for one-surface
fillings as well as extensive fillings (MOD). The authors
emphasise that their calculations constitute a theoretical
approach as fillings cannot be replaced indefinitely.

6. Discussion

A comparison of studies by different authors on the lon-
gevity of direct amalgam and composite fillings in perma-
nent teeth is difficult due to different study designs and
insufficient documentation of study details. Longevity of
amalgam fillings is still longer than that of composite fil-
lings. Two out of six systematic reviews conclude that the
expected survival time of composite fillings can be com-
parable to amalgam fillings. However, these conclusions
are based on the results of short-term studies which
usually overestimate the longevity of filling materials.
Even if an improvement of the longevity of composites –

through improved material properties – may be achieved
in the future, the necessity for amore complex placement
technique compared to amalgam will probably remain.
Apart from the difficulties in conducting a randomized,
controlled long-term study comparing the longevity of di-
rect fillings, the fact that the composition of composites
and adhesives used in a study has often been changed
at the time of study publication or they have been repla-
ced by a next generation product presents an additional
problem. However, longevity of fillings not only depends
on the materials used, but also on patient parameters
and local, intraoral factors (e. g. localisation of filling, ca-
vity size), as well as on the dentist placing the filling. In-
sofar, a sufficient sample size and study period, prefera-
bly in the setting of a private dental practice, should be
aimed for in future studies comparing the longevity of
amalgamand composite fillings. Furthermore, a complete
documentation of the material evaluated, the way fillings
are placed, as well as of effect modifiers is necessary to
make data more comparable. As the experience and
skilfulness of dentists is important especially for placing
composite fillings, and the knowledge of the properties
of adhesives plays an important role as well, continuing
education of dentists that keeps pace with the develop-
ment of materials is necessary.
The quality of economic studies results from the quality
of data regarding evidence and costs, among others;
here it has to be referred to the determination of the ef-
fect parameter “functional years”. Assuming a longer
longevity for amalgam fillings compared to composite fil-
lings the economic analyses show higher costs of compo-
site fillings due to the higher complexity of placing the
filling. In the three available analyses, longevity is consi-
dered during a limited time period as effect parameter,
other aspects are only considered in the discussion.
Amalgam and composite fillings cannot be replaced inde-
finitely (loss of tooth substance); therefore, a long term
examination considering patient preferences as well
would be meaningful.
From an ethical and legal perspective, informing the pa-
tients about possible treatment options and their advan-
tages and disadvantages are particularly important. Apart
from the functionality, tolerability and longevity of different
filling materials, the experience of the dentist in using
these materials should be discussed during counselling.
The aesthetical point of view also has to be considered
in the selection of a filling material.

7. Conclusions/Recommendations

Amalgam fillings show a higher longevity than composite
fillings. Two out of six systematic reviews conclude that
the expected survival time of composite fillings can be
comparable to amalgam fillings. However, these conclu-
sions are based on the results of short-term studies which
usually overestimate the longevity of filling materials.
Even if an improvement of the longevity of composites –
through improved material properties – may be achieved
in the future, the necessity for amore complex placement
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technique compared to amalgam will probably remain.
Taking longevity into consideration as the only result pa-
rameter, amalgam is the more cost-effective filling mate-
rial compared to direct composite fillings in posterior
teeth from an economic perspective.
These conclusions are based on available literature, ho-
wever, due to the large heterogeneity of study results it
is afflicted with some uncertainties.
Apart from the longevity of amalgam, other aspects, such
as (individual) safety concerns, environmental protection,
aesthetic demands, or the long term possibility of repla-
cing fillings need to be considered when selecting the
appropriate filling material.
Future studies comparing the longevity of amalgam and
composite fillings should aim for a sufficient sample size
and study period, preferably in the setting of a private
dental practice. In order to allow for a direct comparison
of filling materials, longevity of both materials should be
evaluated in comparable teeth and cavities in the same
patients. A complete representation of data is important
for transparency and comparability.
Assessment of the cost-effectiveness of amalgam and
composite fillings should consider the functionality of
teeth over a longer time period and the possibility of re-
placing fillings (loss of tooth substance).
The rapid development of composite materials and
adhesivesmake short term revisions of these conclusions
necessary.
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A B S T R A C T

Background

Childhood caries (tooth decay) consists of a form of tooth decay that affects the milk teeth (also known as baby or primary teeth) of

children. This may range from tooth decay in a single tooth to rampant caries affecting all the teeth in the mouth. Primary teeth in

young children are vital to their development and every effort should be made to retain these teeth for as long as is possible. Dental

fillings or restorations have been used as an intervention to repair these damaged teeth. Oral health professionals need to make astute

decisions about the type of restorative (filling) material they choose to best manage their patients with childhood caries. This decision

is by no means an easy one as remarkable advances in dental restorative materials over the last 10 years has seen the introduction of

a multitude of different filling materials claiming to provide the best performance in terms of durability, aesthetics, symptom relief,

etc when placed in the mouth. This review sought to compare the different types of dental materials against each other for the same

outcomes.

Objectives

The objective of this review was to compare the outcomes (including pain relief, survival and aesthetics) for restorative materials used to

treat caries in the primary dentition in children. Additionally, the restoration of teeth was compared with extraction and no treatment.

Search methods

Electronic searches of the following databases were undertaken: the Cochrane Oral Health Group’s Trials Register (up to January 2009);

CENTRAL (The Cochrane Library 2009, Issue1); MEDLINE (1966 to January 2009); EMBASE (1996 to January 2009); SIGLE (1976

to 2004); and conference proceedings on early childhood caries, restorative materials for paediatric dentistry, and material sciences

conferences for dental materials used for children’s dentistry (1990 to 2008). The searches attempted to identify all relevant studies

irrespective of language.

Additionally, the reference lists from articles of eligible papers were searched, handsearching of key journals was undertaken, and

personal communication with authors and manufacturers of dental materials was initiated to increase the pool of suitable trials (both

published and unpublished) for inclusion into this review.

Dental fillings for the treatment of caries in the primary dentition (Review)
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Selection criteria

Randomised controlled trials (RCTs) or quasi-randomised controlled trials with a minimum period of 6 months follow up were included.

Both parallel group and split-mouth study designs were considered. The unit of randomisation could be the individual, group (school,

school class, etc), tooth or tooth pair. Included studies had a drop-out rate of less than 30%. The eligible trials consisted of young

children (children less than 12 years) with tooth decay involving at least one tooth in the primary dentition which was symptomatic or

symptom free at the start of the study.

Data collection and analysis

Data were independently extracted, in duplicate, by two review authors. Disagreements were resolved by consultation with a third

review author. Authors were contacted for missing or unclear information regarding randomisation, allocation sequence, presentation

of data, etc. A quality assessment of included trials was undertaken. The Cochrane Collaboration statistical guidelines were followed

for data analysis.

Main results

Only three studies were included in this review. The Fuks 1999 study assessed the clinical performance of aesthetic crowns versus

conventional stainless steel crowns in 11 children who had at least two mandibular primary molars that required a crown restoration.

The outcomes assessed at 6 months included gingival health (odds ratio (OR) 0.3; 95% confidence interval (CI) 0.01 to 8.32),

restoration failure (OR 3.29; 95% CI 0.12 to 89.81), occlusion, proximal contact and marginal integrity. The odds ratios for occlusion,

proximal contact and marginal integrity could not be estimated as no events were recorded at the 6-month evaluation. The Donly 1999

split-mouth study compared a resin-modified glass ionomer (Vitremer) with amalgam over a 36-month period. Forty pairs of Class II

restorations were placed in 40 patients (21 males; 19 females; mean age 8 years +/- 1.17; age range 6 to 9 years). Although the study

period was 3 years (36 months), only the 6- and 12-month results are reported due to the loss to follow up of patients being greater

than 30% for the 24- and 36-month data. Marks 1999a recruited 30 patients (age range 4 to 9 years; mean age 6.7 years, standard

deviation 2.3) with one pair of primary molars that required a Class II restoration. The materials tested were Dyract (compomer) and

Tytin (amalgam). Loss to follow up at 24 and 36 months was 20% and 43% respectively. This meant that only the 24-month data were

useable. For all of the outcomes compared in all three studies, there were no significant differences in clinical performance between the

materials tested.

No studies were found that compared restorations versus extractions or no treatment as an intervention in children with childhood

caries.

Authors’ conclusions

It was disappointing that only three trials that compared three different types of materials were suitable for inclusion into this review.

There were no significant differences found in all three trials for all of the outcomes assessed. Well designed, randomised controlled

trials comparing the different types of filling materials for similar outcomes are urgently needed in dentistry. There was insufficient

evidence from the three included trials to make any recommendations about which filling material to use.

P L A I N L A N G U A G E S U M M A R Y

Dental fillings for the treatment of caries in the primary dentition

Dental fillings are placed routinely in children who have tooth decay all over the world. It was disappointing to note that so few trials

could be included into this review that sought to compare different dental fillings for the same type of outcome. More studies are

required that will assist dentists and their patients to make informed decisions on the best type of dental filling to use in a particular

situation.

There is an urgent need in dentistry for well designed, randomised controlled trials to compare the different types of filling materials

for similar outcomes. Methodological issues around study design, data presentation and statistical analyses of split-mouth and parallel

group trials must be addressed by significantly improving adherence to CONSORT guidelines, and increasing collaboration between

statisticians and investigators (clinicians and/or researchers) in all aspects of trial development, implementation, analyses and write-

ups for publication. Recent publications have also highlighted the need for a standardized approach to evaluation criteria for fillings,

outcomes, statistical tests, calibration, etc so that published evidence can be easily interpreted and collated in systematic reviews which

is essential to guide clinical practice in an era of greater choices for both clinicians and patients.

Dental fillings for the treatment of caries in the primary dentition (Review)
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Question: should Fibromyalgia be given higher priority on the Prioritized List? 

Question source: National Fibromyalgia and Chronic Pain Association  

Issue:  Fibromyalgia is located on Line 634 DISORDERS OF SOFT TISSUE, which is below the 

current funding line.   Prioritization of fibromyalgia was discussed at the October, 2013 VBBS 

meeting.  At that time, experts testified that a number of therapies had good evidence of 

effectiveness, including cognitive behavioral therapy (CBT), trigger point injections, multi-modal 

therapy, pregabalin (Lyrica) and PT/OT.  HERC staff was instructed to review these therapeutic 

modalities, with focus on recent (past 5 years) evidence. 

Fibromyalgia was last reviewed in 2007, and only exercise and anti-depressants were found to 

have good evidence of effectiveness.  At that time, the HSC determined that exercise is not 

covered for any condition on the Prioritized List, and antidepressants would be available if the 

patient has co-existent depression.  Fibromyalgia was left on a very low Priority Line. 

 

Methods for review 
1) HERC staff repeated the literature search using OVID/Cochrane/other major 

databases for recent (2008-current) evidence based systematic reviews on the 
treatment of fibromyalgia with CBT, trigger point injections, multi-modal therapy, 
PT/OT, and pregabalin; also searched was evidence for types of effective 
exercise treatments 

2) P&T Committee provided their expert review of pregabalin.  HERC staff 
determined that P&T should be the main review body for pharmaceutical 
treatments such as pregabalin. 

3) Experts provided 259 abstracts for consideration 
a. 5 of these papers are included in this summary 
b. 12 were papers previously included in HERC staff summaries  
c. 66 related only to pharmaceutical treatment of FMS (see P&T note above) 
d. 17 were not review articles (protocols, methods papers, RCTs, etc.) 
e. 6 were updates or duplicates 
f. 15 examined diagnostic criteria or non-patient relevant biologic endpoints 
g. 6 were from journals HERC staff could not access or had no English 

translation 
h. 46 were clinical reviews/treatment recommendations without rigorous 

evidence review 
i. 76 did not relate to FMS, examined treatments not currently under review, 

or were otherwise not relevant to the search 
j. 10 were included in larger reviews 
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Pregabalin  
Evidence review for systematic reviews published since 2008 
Note: all reviews primarily focused on the same RCTs (all industry sponsored)—
Crofford 05, Crofford 08, Mease 08 (all reviewed previously by HSC) 
 
P&T has reviewed Lyrica, and found that it should be third line in the treatment of 
fibromyalgia.  PA criteria require a patient to have tried or have contraindications to 
taking at least two of the following drug classes: SSRIs, TCAs, benzodiazepines, 
buspirone. 
 
 

1) Moore 2009, Cochrane review of pregabalin in chronic pain syndromes 
a. 4 studies included (N=1376) for fibromyalgia 
b. For at least 50% pain relief over baseline, relative benefit was 1.5-1.7, with 

NNT 9.8-14 
c. Between one participant in 10 and one in three discontinued because of 

an adverse event. 
a. NNH (at least one adverse effect): 6.1-6.6 for all pain conditions combined 
b. Authors’ conclusions: Pregabalin has proven efficacy in neuropathic 

pain conditions and fibromyalgia. A minority of patients will have 
substantial benefit with pregabalin, and more will have moderate benefit. 
Many will have no or trivial benefit, or will discontinue because of adverse 
events. 

2) Hauser 2010, systematic review and meta-analysis of duloxetine, milnacipran, 
and pregabalin in fibromyalgia syndrome 

a. 5 RCTs and 3 uncontrolled open-label extension studies 
i. Four RCTs were published as full papers, the outcomes of 1 

RCTwere found in the FDA database. Three uncontrolled open-
label extension studies were found in the phrma database. 

ii. All studies were initiated by pharmaceutical companies. 
b. The effects of PGB on pain (-.27 [-.35, -.19]; <.001), sleep disturbances (-

.37 [-.46, -.28]; <.001), and HRQOL (-.25 [-.36, -.13]; <.001) were small 
and statistically significant. The effect on fatigue was not substantial, but 
statistically significant (-.16 [-.23, -.09]; <.001). The effect on depressed 
mood was not statistically significant. 

a. The NNT for a 30% pain reduction (all dosages pooled together) was 8.6 
(95% CI 6.4, 12.9). The NNT for drop out due to lack of efficacy was  -16.0 
(95% CI -25.8, -11.6).  The NNH for a dropout due to side effects was 7.6 
(95% CI 6.3, 9.4). 

b. Conclusion: There is evidence for the short-term (up to 6 months) efficacy 
of PGB.  

2) Siler 2011, systematic review of pregabalin and gabapentin for fibromyalgia 
a. N=7 studies with pregabalin (5 RCTs, 1 non-randomized trial, 1 open label 

extension) 
i. N=3,699 patients 
ii. N=4 studies included in meta-analysis 
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b. The range of response with pregabalin was 26 to 50%. The pooled 
response rate among patients receiving placebo was 28% (95% CI, 19 to 
35%) 

c. The pooled relative risk for response with pregabalin compared with 
placebo was 1.4 (95%CI, 1.3 to1.6, Fig2) ,with a NNT of 8 

d. The mean time to loss of response for pregabalin patients was 34 days 
(95% CI, 21 to 48) compared to 7 days (95% Cl, 5 to 9) with placebo 
(Kaplan-Meier P < .0001). At 6 months, the proportion of patients with loss 
of response was 32% in the pregabalin group and 61% in the placebo 
group (relative risk 1.9 (95% CI, 1.5 to 2.3); NNT = 3). 

e. Compared to placebo, the drugs had similarly high rates of adverse events 
and withdrawals. 

3) Tzellos 2010, systematic review and meta-analysis of pregabalin and gabapentin 
for fibromyalgia 

a. N=3 RCTs with pregabalin 
b. Pregabalin at a dose of 600, 450 and 300 mg per day is effective in FBM 

compared to placebo (NNT: 7, upper 95% CI: 12, 450 mg).  
c. A number of adverse events (AE), such as dizziness, somnolence, dry 

mouth, weight gain, peripheral oedema, is consistently associated with 
treatment at any dose and could lead one out of four patients to quit 
treatment (NNH: 6, lower 95% CI:4, 600 mg). 

 
 
Cognitive Behavioral Therapy  

1) Bernardy 2013, Cochrane review of CBT for fibromyalgia 
a. N=23 studies (2031 patients) 
b. The GRADE quality of evidence of the studies was low.  
c. CBTs were superior to controls in reducing pain at end of treatment by 0.5 

points on a scale of 0 to 10 (standardized mean difference (SMD) - 0.29; 
95% confidence interval (CI) -0.49 to -0.17) and by 0.6 points at long-term 
follow-up (median 6 months) (SMD -0.40; 95% CI -0.62 to -0.17); in 
reducing negative mood at end of treatment by 0.7 points on a scale of 0 
to 10(SMD - 0.33; 95% CI -0.49 to -0.17) and by 1.3 points at long-term 
follow-up (median 6 months) (SMD -0.43; 95% CI -0.75 to-0.11); and in 
reducing disability at end of treatment by 0.7 points on a scale of 0 to 10 
(SMD - 0.30; 95% CI -0.51 to -0.08) and at long-term follow-up (median 6 
months) by 1.2 points (SMD -0.52; 95% CI -0.86 to -0.18). There was no 
statistically significant difference in dropout rates for any reasons between 
CBTs and controls (risk ratio (RR) 0.94; 95% CI 0.65 to 1.35). 

d. Authors’ conclusions CBTs provided a small incremental benefit over 
control interventions in reducing pain, negative mood and disability at the 
end of treatment and at long-term follow-up.  

2) Glombiewski 2010, meta-analysis of psychological treatments for fibromyalgia 
a. N=23 studies (1396 patients) 

i. N=8 (213 patients) for CBT 
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b. Meta-analytic integration resulted in a significant but small effect size for 
short-term pain reduction (Hedges’s g = 0.37, 95% confidence interval 
(CI): 0.27–0.48) and a small-to-medium effect size for long-term pain 
reduction over an average follow-up phase of 7.4 months (Hedges’s g = 
0.47, 95% CI: 0.3–0.65) for any psychological intervention. Psychological 
treatments also proved effective in reducing sleep problems (Hedges’s g = 
0.46, 95% CI: 0.28–0.64), depression (Hedges’s g = 0.33, 95% CI: 0.20–
0.45), functional status (Hedges’s g = 0.42, 95% CI: 0.25–0.58), and 
catastrophizing (Hedges’s g = 0.33, 95% CI: 0.17–0.49). These effects 
remained stable at follow-up. Moderator analyses revealed cognitive-
behavioral treatment to be significantly better than other psychological 
treatments in short-term pain reduction (Hedges’s g = 0.60, 95% CI: 0.46–
0.76). Higher treatment dose was associated with better outcome.  

c. For CBT treatment alone (n = 8 treatment conditions), the average pre–
post effect size for pain intensity reduction (Hedges’s g) was 0.60 (95% 
CI: 0.43–0.76, z = 7.03, p < .001).  

d. The confidence intervals for the effect size for CBT and the effect size for 
all other psychological treatments did not overlap, indicating that CBT was 
significantly better than the other psychological treatments in improving 
fibromyalgia pain intensity. 

e. The results suggest that the effects of psychological treatments for 
fibromyalgia are relatively small but robust and comparable to those 
reported for other pain and drug treatments used for this disorder. 
Cognitive-behavioral therapy was associated with the greatest effect 
sizes. 

3) Bernardy 2010, systematic review and meta-analysis of CBT for FMS 
a. N=14 studies (910 patients) 

i. CBT reduced depressed mood (SMD–0.24, 95% CI –0.40, –0.08; p 
= 0.004) at posttreatment.  

ii. There was no significant effect on pain, fatigue, sleep, and HRQOL 
at posttreatment and at followup.  

iii. There was a significant effect on self-efficacy pain posttreatment 
(SMD 0.85, 95% CI 0.25, 1.46; p = 0.006) and at followup (SMD 
0.90, 95% CI 0.14, 1.66; p = 0.02).  

iv. Operant behavioral therapy significantly reduced the number of 
physician visits at followup (SMD –1.57, 95% CI –2.00, –1.14; p < 
0.001). 

v. Conclusion. CBT can be considered to improve coping with pain 
and to reduce depressed mood and healthcare-seeking behavior in 
FM. 

 
 
Multi-modal therapy 

1) Arnold 2012, meta-analysis of multi-modal therapy for fibromyalgia 
a. N=17 studies (1,572 patients)  
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b. The quality of evidence was moderate (high quality of methods, moderate 
external validity) 

c. “multidisciplinary approaches” in FMS are defined as the combination of at 
least one activating procedure (endurance, strength or flexibility training) 
with at least one psychotherapeutic procedure (patient education and/or 
cognitive behavioral therapy) 

d. Multicomponent therapy was highly effective. The standardized mean 
differences (SMDs) of multicomponent therapy vs. controls at the end of 
therapy were low for pain and fatigue and moderate for quality of life. The 
SMDs for multicomponent therapy vs. controls at follow-up were low for 
fatigue and quality of life. Subgroup analysis showed that significant ef-
fects on pain, fatigue and quality of life were obtained only at a study 
duration of 24 h or more (the maximum within the included studies was 64 
h) 

e. Conclusion: The use of multicomponent therapy (the combination of aer-
obic exercise with at least one psychological therapy) for a minimum of 24 
h is strongly recommended for patients with severe FMS. (EL1a, strong 
recommendation, strong consensus) 

2) Hauser 2009, meta-analysis of multi-component treatment 
a. N=9 RCTs (1,119 patients) 
b. Multi-component therapy includes medications, psychological 

interventions, and/or physical activity interventions 
c. There was strong evidence that multicomponent treatment reduces pain 

(SMD -0.37; 95% confidence interval [95% CI]-0.62, -0.13), fatigue (WMD 
-0.85; 95% CI -1.50, -0.20), depressive symptoms (SMD -0.67; 95% CI -
1.08, -0.26), and limitations to health-related quality of life (HRQOL) (SMD 
-0.59; 95% CI -0.90, -0.27) and improves self-efficacy pain (SMD 0.54; 
95% CI 0.26, 0.82) and physical fitness (SMD 0.30; 95% CI 0.02, 0.57) at 
posttreatment. There was no evidence of its efficacy on pain, fatigue, 
sleep disturbances, depressive symptoms, HRQOL, or self-efficacy pain in 
the long term. There was strong evidence that positive effects on physical 
fitness (SMD 0.30; 95% CI 0.09, 0.51) can be maintained in the long term 
(median followup 7 months). 

d. Conclusions. There is strong evidence that multicomponent treatment has 
beneficial short-term effects on the key symptoms of FMS. Strategies to 
maintain the benefits of multicomponent treatment in the long term need to 
be developed. 

 
 
Studies of multiple treatments 

1) Nuesch 2013 
a. N=102 trials (14,982 patients) 

i. 15  trials evaluated TCAs (1026 patients), 10 trials SSRIs (644 
patients), 10 trials SNRIs (5980 patients) and 4 trials the GABA 
analogue pregabalin (2625 patients). Thirty-three trials evaluated 
aerobic exercise (2266 patients), 9 trials balneotherapy (387 
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patients), 20 trials CBT (1712 patients) and 15 trials 
multicomponent therapy 

ii. Most of the trials were small and hampered by methodological 
quality 

b. Pain: N= 89 trials including 12 979 patients  
i. Balneotherapy showed very large effects, SSRIs, aerobic exercise, 

CBT and multicomponent therapy showed moderate to large effects 
and TCAs, SNRIs and pregabalin showed small to moderate effects 
compared with placebo. For all interventions, 95% CrIs did not 
overlap the null effect line.  

c. Quality of life 
i. N=78 trials, 12 283 patients 
ii. moderate to large effects for quality of life were found for all non-

pharmacological interventions whereas pharmacological 
interventions showed small to moderate effects compared with 
placebo. We found moderate effects for multicomponent therapy 
(SMD −0.56, 95% CrI −0.76 to −0.36) after restriction to trials with 
≥50 patients per group, moderate effects for CBT (SMD −0.60, 95% 
CrI −0.91 to −0.29) and small effects for SNRIs (SMD −0.21, 95% 
CrI −0.29 to −0.14) and pregabalin (SMD −0.21, 95% CrI −0.34 to 
−0.07) after restriction to trials with ≥100 patients per group. All 
other interventions were not significantly different from placebo with 
95% CrI overlapping the null effect. 

a. When restricted to large trials with ≥100 patients per group, heterogeneity 
was low and benefits for SNRIs and pregabalin compared with placebo 
were statistically significant, but small and not clinically relevant. For 
nonpharmacological interventions, only one large trial of CBT was 
available. In medium-sized trials with ≥50 patients per group, 
multicomponent therapy showed small to moderate benefits over placebo, 
followed by aerobic exercise and CBT. 

b. Conclusions Benefits of pharmacological treatments in FMS are of 
questionable clinical relevance and evidence for benefits of non-
pharmacological interventions is limited. A combination of pregabalin or 
SNRIs as pharmacological interventions and multicomponent therapy, 
aerobic exercise and CBT as non-pharmacological interventions seems 
most promising for the management of FMS. 

 
 
 
 
Other guidelines 

1) Fitzcharles 2012, Canadian guideline for FMS.  
a. Management of persons with fibromyalgia should be centered in the 

primary care setting with knowledgeable healthcare professionals, and 
ideally, where possible, this care may be augmented by access to a 
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multidisciplinary team [Level 1 [96, 97], Grade A] or team member to 
provide support and reassurance [Level 3, Grade C] 

b. Specialist consultation, including referral to a sleep specialist or 
psychologist may be required for selected subjects, but continued care by 
a specialist is not recommended and should be reserved for those patients 
who have failed management in primary care or have more complex 
comorbidities [Level 5, Grade D]. 

c. A treatment strategy for patients with fibromyalgia should incorporate 
principles of self-management using a multimodal approach [Level 1, 
Grade A]. 

d. The attainment of effective coping skills and promotion of self 
management can be facilitated by multicomponent therapy [Level 5, 
Grade D]. 

e. CBT even for a short time is useful and can help reduce fear of pain and 
fear of activity [Level 1, Grade A]. 

f. Persons with fibromyalgia should participate in a graduated exercise 
program of their choosing to obtain global health benefits and probable 
effects on fibromyalgia symptoms [Level 1, Grade A]. 

g. Patients should be informed that there is currently insufficient evidence to 
support the recommendation of complementary and alternative medicine 
(CAM) treatments for the management of fibromyalgia symptoms, as they 
have mostly not been adequately evaluated regarding benefit [Level 1, 
Grade A]. 

h. All categories of antidepressant medications including TCAs, SSRIs and 
SNRIs may be used for treatment of pain and other symptoms in patients 
with fibromyalgia [Level 1, Grade A] 

1) Arnold 2012, German guideline for FMS 
a. The use of multicomponent therapy (the combination of aerobic exercise 

with at least one psychological therapy) for a minimum of 24 h is strongly 
recommended for patients with severe FMS. (EL1a, strong 
recommendation, strong consensus) 

2) Hauser 2010 
a. Summary of American Pain Society (APS, 2005), European League 

Against Rheumatism (EULAR, 2007) and Association of the Scientific 
Medical Societies of Germany (2008) 

b. Aerobic exercise (1A for APS, ASMSG, 2C for EULAR) 
c. CBT (1A for APS, ASMSG, 4D for EULAR) 
d. Multicomponent therapy (1A for APS, ASMSG) 
e. Trigger point injections received at most a C level of evidence 

 
 
Exercise 
Found in October, 2013 review to have good evidence of effectiveness 
Types of exercise therapy found to be effective in Cochrane review (Busch 2009) 

1) Pool-based group exercise 
2) Group aerobic exercise, supervised and unsupervised 
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3) Home exercise program 
 
1) Langhorst 2012, meta-analysis of CAM therapies for FMS 

a. Meditative movement therapies (tai chi, qigong, yoga) should be considered. 
EL1a, highly recommended, strong consensus 

2) Winkelmann 2012, meta-analysis of exercise therapy for FMS 
a. Aerobic training with low to moderate intensity (e.g. faster walking, Nordic 
walking, cycling or ergometer training, dancing, aqua jogging) should be 
implemented 2–3 times per week for at least 30 continuous minutes. EL1a, 
strong recommendation, strong consensus 
 1. N=42 studies (2071 patients) 

2. Aerobic training can be done independently or a part of a sports group, 
if necessary with guidance as part of the physiotherapy treatment or sport 
therapy group. 

b. Low to moderate intensity strength training should be employed. There is ev-
idence for a training frequency of 60 min twice a week. EL1a, strong 
recommendation, strong consensus 
 1. N=6 studies (246 patients) 

2. Strength training is available as part of the physiotherapy treatment paid 
for by the social health insurance and/or can be performed independently 
following initial guidance by the physiotherapist or sport instructor. 

c. Functional training (land- and water-based callisthenics) should be carried out 
twice a week, for at least 30 min each. EL 2a, strong evidence, strong consensus 

1. Functional training (land- and water-based callisthenics in groups under 
the guidance of a physiotherapist) is a benefit offered by the social health 
insurance and pension insurance and can be prescribed for FMS for a 
duration of 24 months. 

d. Stretching and flexibility training can be considered. There is evidence avail-
able for a training frequency of 2–3 times 60 min/week. EL 2a, recommendation 
open, strong consensus 

1. The practical applicability is high: within the treatment scope for phys-
iotherapy, stretching is included in the health care catalogue and/or can be 
accomplished by the patients on their own following supervision by the 
physiotherapist. 

e. Passive and active physiotherapy did not have enough evidence for 
recommendation 
f. Do not recommend 

1. Chiropractic, full body heat treatment, cold therapy, laser, hyperbaric 
oxygen, magnetic field therapy, massage, transcranial direct current 
stimulation, ultrasound/electrotherapy 

3) Jones 2009, review of exercise for FMS 
a. Evidence for mixed-type or aerobic exercise is strongest, with mounting 
evidence for beneficial effects from strength training.  Some position statements 
incorporate the fact that there is ‘‘no or poor’’ evidence for adding flexibility 
training to the exercise prescription in FM. This is primarily attributable to the 
small number of trials that have isolated tested flexibility training alone. The 
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results of flexibility training, including yoga studies, are positive, but there is not 
yet a preponderance of evidence that supports the use of flexibility training as a 
single modality in FM. More research needs to be done to evaluate the 
effectiveness of movement-based therapies in FM, such as Qi Gong and T’ai 
Chi, because emerging evidence in these modalities is positive. 
b. Recommendations: provide education about FM and exercise techniques, 
mostly through books and Web resources 

  
   

 
 
Summary: Good evidence exists for the use of CBT (modest effectiveness) for reducing 
pain, improving mood, and reducing disability.  Good evidence exists for the use of 
pregabalin (modest benefit) for reducing pain; however, NNT is similar to NNH from side 
effects for pregabalin.  Good evidence also exists for use of multi-modal therapy 
(SNRIs/pregabalin + psychological + physical interventions) with moderate 
effectiveness.  Care should mainly be provided in the primary care setting; 
recommendations for referral to specialists such as sleep medicine and psychology is 
based on expert opinion. Exercise therapy has strong evidence of effectiveness; 
however, use of PT/OT services vs. primary care interventions is not well researched. 
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HERC staff recommendations: 
1) Re-prioritize fibromyalgia (ICD-9 729.1 Myalgia and myositis, unspecified /ICD-10 

M79.7 Fibromyalgia) 
2) Adopt a guideline for the treatment of fibromyalgia as shown below 

 
 
Line XXX Fibromyalgia 
Treatment: Medical Therapy 
ICD-10: M79.7 
CPT: CBT (90785, 90832-90853), medical office visits (98966-99215, 99441-99449, 
99487-99489), medical team conference (99366-99368), preventive medicine visit 
(99381-99429) 
Scoring 
Category:7 (7) 
HL: 2 (0) 
Suffering: 2 (1) 
Population effects: 0 (0) 
Vulnerable population: 0 (0) 
Tertiary prevention: 0 (0) 
Effectiveness: 2 (1) 
Need for service: 0.8 (0.2) 
Net cost: 2 (4) 
Score: 128 
Approximate line placement: 520 
 
 
GUIDELINE XXX FIBROMYALGIA 
Line AAA 
Fibromyalgia (ICD-9 729.1/ICD-10 M79.7) treatment should consist of a multi-modal 
approach, which should include two of more of the following: 

1) medications (e.g. SNRIs, pregabalin) 
2) exercise advice/programs 
3) cognitive behavioral therapy. 

Care should be provided in the primary care setting. Referrals to specialists are 
generally not required. Use of opioids should be avoided due to evidence of harm in this 
condition. 
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A B S T R A C T

Background

Antiepileptic drugs have been used in pain management since the 1960s. Pregabalin is a recently developed antiepileptic drug also used

in management of chronic neuropathic pain conditions.

Objectives

To assess analgesic efficacy and associated adverse events of pregabalin in acute and chronic pain.

Search strategy

We searched MEDLINE, EMBASE, and CENTRAL to May 2009 for randomised controlled trials (RCTs). Additional studies were

identified from the reference lists of retrieved papers and on-line clinical trial databases.

Selection criteria

Randomised, double blind trials reporting on the analgesic effect of pregabalin, with subjective pain assessment by the patient as either

the primary or a secondary outcome.

Data collection and analysis

Two independent review authors extracted data and assessed trial quality. Numbers-needed-to-treat-to-benefit (NNTs) were calculated,

where possible, from dichotomous data for effectiveness, adverse events and study withdrawals.

Main results

There was no clear evidence of beneficial effects of pregabalin in established acute postoperative pain. No studies evaluated pregabalin

in chronic nociceptive pain, like arthritis.

Pregabalin at doses of 300 mg, 450 mg, and 600 mg daily was effective in patients with postherpetic neuralgia, painful diabetic

neuropathy, central neuropathic pain, and fibromyalgia (19 studies, 7003 participants). Pregabalin at 150 mg daily was generally

ineffective. Efficacy was demonstrated for dichotomous outcomes equating to moderate or substantial pain relief, alongside lower rates

for lack of efficacy discontinuations with increasing dose. The best (lowest) NNT for each condition for at least 50% pain relief over

baseline (substantial benefit) for 600 mg pregabalin daily compared with placebo were 3.9 (95% confidence interval 3.1 to 5.1) for
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postherpetic neuralgia, 5.0 (4.0 to 6.6) for painful diabetic neuropathy, 5.6 (3.5 to 14) for central neuropathic pain, and 11 (7.1 to 21)

for fibromyalgia.

With 600 mg pregabalin daily somnolence typically occurred in 15% to 25% and dizziness occurred in 27% to 46%. Treatment was

discontinued due to adverse events in 18 to 28%. The proportion of participants reporting at least one adverse event was not affected

by dose, nor was the number with a serious adverse event, which was not more than with placebo.

Higher rates of substantial benefit were found in postherpetic neuralgia and painful diabetic neuropathy than in central neuropathic

pain and fibromyalgia. For moderate and substantial benefit on any outcome NNTs for the former were generally six and below for

300 mg and 600 mg daily; for fibromyalgia NNTs were much higher, and generally seven and above.

Authors’ conclusions

Pregabalin has proven efficacy in neuropathic pain conditions and fibromyalgia. A minority of patients will have substantial benefit

with pregabalin, and more will have moderate benefit. Many will have no or trivial benefit, or will discontinue because of adverse

events. Individualisation of treatment is needed to maximise pain relief and minimise adverse events. There is no evidence to support

the use of pregabalin in acute pain scenarios.

P L A I N L A N G U A G E S U M M A R Y

Pregabalin for acute and chronic pain in adults

Pregabalin relieves pain caused by damage to nerves, either from injury or disease. Antiepileptics (such as pregabalin) are medicines used

for treating epilepsy, but are also effective for treating pain. The type of pain that responds well to pregabalin treatment is neuropathic

pain (pain caused by damage to nerves). This includes postherpetic neuralgia (persistent pain in an area previously affected by shingles)

and painful complications of diabetes, as well as fibromyalgia. Only a minority of patients with these types of pain will have a substantial

benefit, and somewhat more will have moderate benefit. With pregabalin daily doses of 300 mg to 600 mg, the patient global impression

of change rating of much or very much improved was about 35% in postherpetic neuralgia, 50% in painful diabetic neuropathy, and

40% in fibromyalgia. There is no evidence that pregabalin is effective in acute conditions where pain is already established, and in

chronic conditions in which nerve damage is not the prime source of the pain, such as arthritis.

B A C K G R O U N D

Chronic pain is usually defined as pain experienced for a period of

about three to six months during which it is felt every day or almost

every day. Any pain that is not chronic is acute, though there are

always special circumstances, using these definitions, where either

or neither are entirely satisfactory.

Chronic pain is a major health problem affecting one in five people

in Europe (Fricker 2004), though data for the incidence of neuro-

pathic pain (pain resulting from a disturbance of the central or pe-

ripheral nervous system) is more difficult to obtain. Antiepileptic

drugs have been used in pain management since the 1960s, very

soon after they were first used generally in medicine. The clinical

impression is that they are useful for neuropathic pain (e.g. painful

diabetic neuropathy, post herpetic neuralgia), especially when the

pain is lancinating or burning (Jacox 1994). Although these neu-

ropathic pain disorders are not common (with the incidence of

trigeminal neuralgia being four in 100,000 per year (Rappaport

1994)), they can be very disabling.

There is evidence for the effectiveness of a number of antiepileptics

including carbamazepine, gabapentin, phenytoin and valproate;

these are considered in other reviews published by the Cochrane

Pain, Palliative and Supportive Care review group (Wiffen 2005a;

Wiffen 2005b; Wiffen 2005c). Antiepileptics are sometimes pre-

scribed in combination with antidepressants, as in the treatment

of post-herpetic neuralgia (PHN) (Monks 1994). In the UK car-

bamazepine and phenytoin are licensed for the treatment of pain

associated with trigeminal neuralgia, and gabapentin and prega-

balin for the treatment of neuropathic pain.

The use of antiepileptic drugs in chronic pain has tended to be

confined to neuropathic pain (like painful diabetic neuropathy,

PDN), rather than nociceptive pain (like arthritis). However, some
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Abstract: Duloxetine (DLX), milnacipran (MLN), and pregabalin (PGB) are the only drugs licensed by

the US Food and Drug Administration (FDA) for fibromyalgia syndrome (FMS). Evidence on the com-

parative benefits and harms is still accruing. The authors searched MEDLINE, SCOPUS, Cochrane Cen-

tral Register of Controlled Trials, and sought unpublished data from the databases of FDA, US

National Institutes for Health, and Industry through May 2009 for randomized controlled trials. Out-

comes of interest were symptom reduction (pain, fatigue, sleep disturbance, depressed mood, re-

duced health-related quality of life), and adverse events. 17 studies with 7,739 patients met the

inclusion criteria. The 3 drugs were superior to placebo except DLX for fatigue, MLN for sleep distur-

bance, and PGB for depressed mood. Adjusted indirect comparisons indicated no significant differ-

ences for 30% pain relief and dropout rates due to adverse events between the 3 drugs.

Significant differences in average symptom reduction were found: DLX and PGB were superior to

MLN in reduction of pain and sleep disturbances. DLX was superior to MLN and PGB in reducing de-

pressed mood. MLN and PGB were superior to DLX in reducing fatigue. The risk of headache and nau-

sea with DLX and MLN was higher compared with PGB. The risk of diarrhea was higher with DLX

compared to MLN and PGB. There is evidence for the short-term (up to 6 months) efficacy of DLX,

MLN, and PGB. Differences with regard to the occurrence of the key symptoms of FMS and to

drug-specific adverse events may be relevant for the choice of medication.

Perspective: This article presents comparative data on the efficacy and harms of duloxetine, milna-

cipran, and pregabalin in fibromyalgia syndrome. The results can help clinicians in choosing medica-

tion since the 3 drugs have different effects on the key symptoms of fibromyalgia syndrome and

differences in side effects, contraindications, and warnings.

ª 2010 by the American Pain Society

Key words: Fibromyalgia syndrome, duloxetine, milnacipran, pregabalin, systematic review.
Introduction
T
he main symptoms of fibromyalgia syndrome (FMS)
are chronic widespread pain, nonrestorative sleep,
physical fatigue, and cognitive disturbances.5,34

Most patients suffer from additional somatic and psycho-
logical symptoms resulting in a high prevalence of co-
eprint requests to Winfried Häuser, M.D., Klinikum Saarbrücken
Winterberg 1, D-66119 Saarbrücken, Germany. E-mail:
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morbid functional somatic syndromes such as irritable
bowel syndrome and mental disorders.25,35 The levels
of reduced physical functioning of FMS patients are com-
parable to the ones of patients with osteoarthritis of the
hip or rheumatoid arthritis.55 In the United States, the
prevalence of FMS is approximately 3.4% in women
and .5% in men. The prevalence of chronic widespread
pain is higher at 8 to 10% when the requirement of ten-
der points is ignored.29

Effective pharmacotherapy of FMS includes medica-
tions that inhibit pronociceptive input and augment
modulatory signaling.69 Currently 3 drugs have been ap-
proved by the US Food and Drug Administration (FDA)
505
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Abstract: Fibromyalgia is a difficult-to-treat chronic pain syndrome that affects 2% of the US

population. Pregabalin is an antiepileptic recently FDA approved for fibromyalgia treatment. Other

antiepileptics have been suggested for treatment. This systematic review examines the relative

benefits and harms of antiepileptic drugs in the treatment of fibromyalgia. A literature search was

conducted and 8 studies matched criteria (7 studies of pregabalin, 1 of gabapentin). Both drugs

reduced mean pain scores more than placebo at a modest rate (pregabalin, 38% to 50%; gabapentin,

51%). In a 6-month trial of pregabalin responders, 32% continued to have response at 6 months, with

a mean time to loss of response of 34 days. Compared to placebo, the drugs had similarly high rates

of adverse events and withdrawals. Without a head-to-head trial it is not possible to conclude if 1

antiepileptic is more effective or harmful than the other, although limited evidence suggests poten-

tial differences. Future studies must directly compare the drugs, include a more broadly defined

population, examine long term benefits and harms, and include cointerventions. We conclude that

pregabalin and gabapentin are modestly effective for the treatment of fibromyalgia but that their

long-term safety and efficacy remain unknown.

Perspective: This systematic review evaluates the benefits and harms of using the antiepileptic

drugs gabapentin and pregabalin for the treatment of fibromyalgia. Conclusions from this paper

can help clinicians to more effectively treat the pain associated with fibromyalgia.

ª 2011 by the American Pain Society

Key words: Review, antiepileptic, fibromyalgia, gabapentin, pregabalin, anticonvulsant.
ibromyalgia is a chronic syndrome characterized by
widespread musculoskeletal pain.11 It is defined by the
American College of Rheumatology as a combination

of pain for a minimum of 3 months and tenderness in 11
of 18 specific sites on the body.29 Other symptoms can in-
cludefatigue,anxiety,depression, sleepdisturbances,bowel
dysfunction, and joint swelling.30 This syndrome is also asso-
ciated with increased work absenteeism, disability, and
decreased quality of life.17 Fibromyalgia affects 2% of the
U.S. population, predominantly women,6 although its
prevalence is likely underestimated and was more recently
estimated at 3.3% in Canada.19 Prevalence is highest in
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those aged 60 to 79 years, so the overall prevalence in the
USwill continuetogrowasourpopulationages.30 Although
the exact etiology is unknown, growing evidence suggests
that fibromyalgia may be a syndrome of dysfunctional
pain processing in the central nervous system. This abnor-
mal pain processing may be associated with multiple
pathways, including central pain sensitization and alter-
ations in neurotransmitters.4,25 Treatment of fibromyalgia
is usually multifactorial and concentrated on symptomatic
relief. Pharmacological interventions frequently include
nonsteroidal anti-inflammatory drugs (NSAIDS), opioids,
sedatives,muscle relaxants,andanalgesics,butrelief isoften
elusive.8,13,27 While nonpharmacological interventions are
frequently used, recent research has focused on finding
more effective pharmacological treatments for the chronic
pain associated with this disorder.16

Interest in antiepileptic drugs for treatment of fibro-
myalgia has increased in recent years. Antiepileptic drugs,
407
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SUMMARY

What is known and Objectives: Fibromyalgia

(FBM) is a common chronic pain disorder affect-

ing up to 2% of the general population. Current

treatment options are mostly symptom-based and

limited both in efficacy and number. Two prom-

ising alternatives are gabapentin (GP) and pre-

gabalin (PB). We aimed to estimate the efficacy

and safety ⁄ tolerability of the two compounds in

FBM through a systematic review and a meta-

analysis of relevant randomized double-blind

placebo-controlled (RCT) were performed.

Data sources, extraction and analysis: A literature

search was conducted through MEDLINE, EM-

BASE, Cochrane CENTRAL and the reference

lists of relevant studies. Responders to treatment

(>30% reduction in mean pain score) and drop-

outs due to lack of efficacy were used as primary

outcome measures. Dropout rates and incidence

of common adverse outcomes were also investi-

gated. Four RCTs, reporting data on 2040 patients,

were reviewed and three of them using PG were

included in the meta-analysis.

Results: Pregabalin at a dose of 600, 450 and

300 mg per day is effective in FBM compared to

placebo (NNT: 7, upper 95% CI: 12, 450 mg). A

number of adverse events (AE), such as dizziness,

somnolence, dry mouth, weight gain, peripheral

oedema, is consistently associated with treatment

at any dose and could lead one out of four

patients to quit treatment (NNH: 6, lower 95% CI:

4, 600 mg). Indirect comparison meta-analysis

suggests that PB at a dose of 450 mg per day could

result in more responders than at 300 mg, but this

result needs to be interpreted with caution as

there were no significant differences between 600

and 300 mg or between 600 and 450 mg. Data on

GP is limited.

What is new and Conclusions: The analysis indi-

cates that PB at a dose of 450 mg per day is most

likely effective in treating FBM, although AE are

not negligible. Further evidence is necessary for

more conclusive inferences.

Keywords: fibromyalgia, fibrositis, gabapentin,

meta-analysis, pregabalin, systematic review

INTRODUCTION

Fibromyalgia (FBM) is a common, chronic pain

disorder characterized by widespread musculo-

skeletal pain and tenderness over discrete tender

points, and is frequently accompanied by other

symptoms like fatigue, sleep disturbance, muscle

stiffness, depression and anxiety (1, 2). Fibromyal-

gia affects up to 2% of the general population

(3Æ4% of women and 0Æ5% of men) in the United

States, and 0Æ5% to 5% in other countries. Its

prevalence increases with age (3, 4). Moreover,

FBM is the second most common disorder after

osteoarthritis as a cause of visits to rheumatolo-

gists, and is associated with substantial morbidity

and disability (5).

The pathophysiology and cause of FBM still

remain unclear. The condition is probably multi-

factorial (6). Recent brain imaging suggests an

association with aberrant central nervous system

(CNS) sensory processing, as indicated by a 3-fold

higher concentration of cerebrospinal fluid sub-
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A B S T R A C T

Background

Fibromyalgia (FM) is a clinically well-defined chronic condition of unknown aetiology characterized by chronic widespread pain that

often co-exists with sleep disturbances, cognitive dysfunction and fatigue. Patients often report high disability levels and negative mood.

Psychotherapies focus on reducing key symptoms, improving daily functioning, mood and sense of personal control over pain.

Objectives

To assess the benefits and harms of cognitive behavioural therapies (CBTs) for treating FM at end of treatment and at long-term (at

least six months) follow-up.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2013, Issue 8), MEDLINE

(1966 to 28 August 2013), PsycINFO (1966 to 28 August 2013) and SCOPUS (1980 to 28 August 2013). We searched http://

www.clinicaltrials.gov (web site of the US National Institutes of Health) and the World Health Organization Clinical Trials Registry

Platform (ICTRP) (http://www.who.int/ictrp/en/) for ongoing trials (last search 28 August,2013), and the reference lists of reviewed

articles.

Selection criteria

We selected randomised controlled trials of CBTs with children, adolescents and adults diagnosed with FM.

Data collection and analysis

The data of all included studies were extracted and the risks of bias of the studies were assessed independently by two review authors.

Discrepancies were resolved by discussion.

1Cognitive behavioural therapies for fibromyalgia (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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The aims of the present analysis were to investigate the short- and long-term efficacies and treatment
moderators of psychological interventions for fibromyalgia. A literature search using PubMed, PsychINFO,
the Cochrane Library, and manual searches identified 23 eligible studies including 30 psychological treat-
ment conditions and 1396 patients. Meta-analytic integration resulted in a significant but small effect
size for short-term pain reduction (Hedges’s g = 0.37, 95% confidence interval (CI): 0.27–0.48) and a
small-to-medium effect size for long-term pain reduction over an average follow-up phase of 7.4 months
(Hedges’s g = 0.47, 95% CI: 0.3–0.65) for any psychological intervention. Psychological treatments also
proved effective in reducing sleep problems (Hedges’s g = 0.46, 95% CI: 0.28–0.64), depression (Hedges’s
g = 0.33, 95% CI: 0.20–0.45), functional status (Hedges’s g = 0.42, 95% CI: 0.25–0.58), and catastrophizing
(Hedges’s g = 0.33, 95% CI: 0.17–0.49). These effects remained stable at follow-up. Moderator analyses
revealed cognitive-behavioral treatment to be significantly better than other psychological treatments
in short-term pain reduction (Hedges’s g = 0.60, 95% CI: 0.46–0.76). Higher treatment dose was associated
with better outcome. Publication-bias analyses demonstrated that the effect sizes were robust. The
results suggest that the effects of psychological treatments for fibromyalgia are relatively small but
robust and comparable to those reported for other pain and drug treatments used for this disorder.
Cognitive-behavioral therapy was associated with the greatest effect sizes.

� 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction discontinuation [66]. The evidence concerning other monothera-
Fibromyalgia (FM) is a chronic pain syndrome defined by wide-
spread pain [72]. Additionally, FM patients report other symptoms,
predominantly disturbed sleep, fatigue, and depressed mood
[6,7,65].

FM affects 2–7% of the general population [3,5,6], and recent
epidemiological studies demonstrate the disorder’s alarming
socioeconomic burden [58]. Although the exact etiology and path-
ogenesis of FM are still unknown, there is increasing evidence sup-
porting an integrative biopsychosocial model [32,65,71].

Treatment of FM is regarded as challenging, and the prognosis
for recovery is poor [23,25]. There is some evidence that FM can
be effectively treated with drug therapies [25,30,31,43]. However,
pharmacological interventions often led to treatment discontinua-
tion because of adverse events, suggesting that FM patients may be
intolerant to medication side effects [43]. Furthermore, the
positive effects of drug therapy appear to dissipate after treatment
for the Study of Pain. Published by

burg, Clinical Psychology and
Germany. Tel.: +49 6421 282

rg.de (J.A. Glombiewski).
pies for FM is also conflicting [1]. A meta-analysis based on 9 stud-
ies suggested that multimodal therapy provides greater benefit
than single interventions [1,29].

Psychological interventions are known to be effective in treat-
ing other pain disorders [17,68] and therefore, could be a promis-
ing treatment for FM. Only a few systematic reviews on this subject
exist and their authors came to divergent conclusions
[4,25,53,56,66,60]. In addition, none of these reviews applied
meta-analytic methods to quantify the size of the treatment effect.
Rossy and colleagues [53] and Sim and Adams [56] performed the
first systematic qualitative reviews of non-pharmacological inter-
ventions for FM. Rossy et al. [53] concluded that cognitive behavior
therapy (CBT) proved effective, while Sim and Adams [56] found
that there was no strong evidence to support any single interven-
tion. Four recent systematic reviews also arrived at disparate con-
clusions: Goldenberg et al. [25] stated that there is a strong
evidence for the long-term efficacy of CBT and patient education
on alleviating fibromyalgia symptoms, whereas van Koulil et al.
[66] concluded that the effects of CBT for FM are limited and
positive outcomes do not persist in the long-term. Bennett and
Nelson [4] stated that CBT does not seem to provide pain relief in
fibromyalgia patients and that the primary utility of CBT might
be in improving symptoms other than pain. In contrast, Thieme
Elsevier B.V. All rights reserved.
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For the planned revision of the guide-
line, the steering group of the workgroup 
posed the following questions:
1.  Is multicomponent therapy in FMS 

effective short-term and long-term?
2.  What study duration is needed for a 

multicomponent therapy to be effec-
tive?

3.  Which patients should be offered a 
multicomponent therapy?

4.  What are the crucial components in 
multicomponent therapy?

Materials and methods
Details on literature search and analysis 
as well as on the development process of 
the recommendations are listed in the ar-
ticle “Methodological fundamentals used 
in developing the guideline” in this issue.

Results

The following conclusions are valid for 
adult patients. For multicomponent thera-
py of chronic pain in several body parts of 
children and adolescents, see article “Def-
inition, diagnosis and therapy of chron-
ic widespread pain and so-called fibro-
myalgia syndrome in children and ado-
lescents”. Key recommendations are ital-
icized.

Multicomponent therapy

Evidence-based recommendation
Multicomponent therapy should be ap-
plied. EL1a, strong recommendation, 
strong consensus

Duration of multicomponent 
therapy

Evidence-based recommendation
Duration of therapy should be at least 
24 h. EL1a, strong recommendation, 
strong consensus

Comment to the two recommenda-
tions above. In the German Operation 
and Procedure Code (“Operationen- und 
Prozedurenschlüssel”, OPS), multicompo-
nent therapy is applicable in the context 
of a multicomponent complex treatment 
such as inpatient/outpatient multicompo-
nent pain therapy (OPS items 8-91c and 
8-918.x, respectively) or an inpatient psy-
chosomatic–psychotherapeutic clinical 
treatment (OPS items 9-60.x to 9-64.x).

According to OPS item 8-918.x, a mul-
ticomponent pain therapy requires inter-
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Efficacy of Multicomponent Treatment in
Fibromyalgia Syndrome: A Meta-Analysis of
Randomized Controlled Clinical Trials
WINFRIED HÄUSER,1 KATHRIN BERNARDY,2 BERNHARD ARNOLD,3 MARTIN OFFENBÄCHER,4 AND

MARCUS SCHILTENWOLF5

Objective. To systematically review the efficacy of multicomponent treatment of fibromyalgia syndrome (FMS).
Methods. We screened Medline, PsychINFO, Scopus, and the Cochrane Library (through December 2007), as well as
reference sections of original studies, reviews, and evidence-based guidelines. Randomized controlled trials (RCTs) on the
multicomponent treatment (at least 1 educational or other psychological therapy with at least 1 exercise therapy) of FMS
were analyzed.
Results. We included 9 (of 14) RCTs with 1,119 subjects (median treatment time 24 hours) in the meta-analysis. Effects
were summarized using standardized mean differences (SMDs) or weighted mean differences (WMDs). There was strong
evidence that multicomponent treatment reduces pain (SMD �0.37; 95% confidence interval [95% CI] �0.62, �0.13),
fatigue (WMD �0.85; 95% CI �1.50, �0.20), depressive symptoms (SMD �0.67; 95% CI �1.08, �0.26), and limitations to
health-related quality of life (HRQOL) (SMD �0.59; 95% CI �0.90, �0.27) and improves self-efficacy pain (SMD 0.54; 95%
CI 0.26, 0.82) and physical fitness (SMD 0.30; 95% CI 0.02, 0.57) at posttreatment. There was no evidence of its efficacy
on pain, fatigue, sleep disturbances, depressive symptoms, HRQOL, or self-efficacy pain in the long term. There was
strong evidence that positive effects on physical fitness (SMD 0.30; 95% CI 0.09, 0.51) can be maintained in the long term
(median followup 7 months).
Conclusions. There is strong evidence that multicomponent treatment has beneficial short-term effects on the key
symptoms of FMS. Strategies to maintain the benefits of multicomponent treatment in the long term need to be developed.

INTRODUCTION

Fibromyalgia syndrome (FMS) is defined by the American
College of Rheumatology (ACR) as chronic (�3 months),
widespread pain (axial plus upper and lower segment plus
left- and right-sided pain) and tenderness in at least 11 of
18 tender points (1). Population-based studies estimate
that the prevalence of FMS ranges from 0.5– 5.8% (2). FMS
is associated with fatigue, poor sleep, other functional
somatic syndromes, and mental and physical disorders
(3,4). Patients diagnosed with FMS cause high direct costs
(health care use) (5,6) and indirect costs (sick leave, dis-

ability pension) (4). Effective treatment options are there-
fore needed for medical and economic reasons (7).

Recently, evidence-based guidelines on the management
of FMS have been published in order to give patients and
physicians an orientation within the continuously grow-
ing number of treatment options for FMS. Amitriptyline,
duloxetine, and pregabalin; aerobic exercise; balneother-
apy and spa therapy, and cognitive–behavioral therapy
have been found to be effective monotherapies. These
treatment modalities, as well as their combination within
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ABSTRACT
Objectives To synthesise the available evidence on
pharmacological and non-pharmacological interventions
recommended for fibromyalgia syndrome (FMS).
Methods Electronic databases including MEDLINE,
PsycINFO, Scopus, the Cochrane Controlled Trials Registry
and the Cochrane Library were searched for randomised
controlled trials comparing any therapeutic approach as
recommended in FMS guidelines (except complementary
and alternative medicine) with control interventions in
patients with FMS. Primary outcomes were pain and
quality of life. Data extraction was done using
standardised forms.
Results 102 trials in 14 982 patients and eight active
interventions (tricyclic antidepressants, selective
serotonin reuptake inhibitors, serotonin noradrenaline
reuptake inhibitors (SNRIs), the gamma-amino butyric
acid analogue pregabalin, aerobic exercise, balneotherapy,
cognitive behavioural therapy (CBT), multicomponent
therapy) were included. Most of the trials were small and
hampered by methodological quality, introducing
heterogeneity and inconsistency in the network. When
restricted to large trials with ≥100 patients per group,
heterogeneity was low and benefits for SNRIs and
pregabalin compared with placebo were statistically
significant, but small and not clinically relevant. For non-
pharmacological interventions, only one large trial of CBT
was available. In medium-sized trials with ≥50 patients
per group, multicomponent therapy showed small to
moderate benefits over placebo, followed by aerobic
exercise and CBT.
Conclusions Benefits of pharmacological treatments in
FMS are of questionable clinical relevance and evidence
for benefits of non-pharmacological interventions is
limited. A combination of pregabalin or SNRIs as
pharmacological interventions and multicomponent
therapy, aerobic exercise and CBT as non-pharmacological
interventions seems most promising for the management
of FMS.

INTRODUCTION
Key symptoms of fibromyalgia syndrome (FMS) are
chronic widespread pain associated with cognitive
dysfunction, sleep disturbances and physical
fatigue.1 2 Patients often report high levels of dis-
ability and poor quality of life, and an extensive use
of medical care.3 In the absence of suitable labora-
tory tests, diagnosis is established by a history of
key symptoms and the exclusion of somatic dis-
eases sufficiently explaining these symptoms.2 4

The estimated overall prevalence of FMS is 2.9% in

the general population of five European countries.5

The definite aetiology of FMS remains unknown.4

Since specific treatment aimed at altering the
pathogenesis is not possible, the therapeutic focus
is on symptom reduction.

Systematic reviews and evidence-based guidelines
provide healthcare professionals and patients with a
guide through the large variety of pharmacological
and non-pharmacological treatment options offered
to and used by patients with FMS.6 The American
Pain Society7 and the Association of Scientific
Medical Societies in Germany4 strongly recommend
a pharmacological intervention (amitriptyline) and
several non-pharmacological treatments (aerobic
exercise, cognitive behavioural therapy (CBT), mul-
ticomponent therapy). Conversely, the European
League Against Rheumatism (EULAR) have given
only a strong recommendation for a variety of
pharmacological therapies (eg, tricyclic antidepres-
sants (TCAs), serotonin-noradrenaline reuptake
inhibitors (SNRIs), serotonin reuptake inhibitors
(SSRIs), gamma-amino butyric acid analogues
(GABA) such as pregabalin) but weak recommenda-
tions for non-pharmacological therapies such as
aerobic exercise, CBT and multicomponent
therapy.8 Recommendations for first-line treatment
options of FMS, however, are hampered by the lack
of head-to-head comparisons of pharmacological
versus non-pharmacological treatments.

Network meta-analyses allow a unified coherent
analysis of all randomised controlled trials compar-
ing pharmacological and non-pharmacological
treatments head-to-head or with a control inter-
vention, while fully respecting randomisation.9–11

We performed a systematic review with network
meta-analysis of randomised trials in patients with
FMS evaluating effects of pharmacological and
non-pharmacological interventions recommended
in FMS guidelines on pain and quality of life. We
provide an overall synthesis of available data that
can be used to guide treatment decisions and
examined the potential for bias due to methodo-
logical flaws or small-study effects.12–15

METHODS
Literature search and trial selection
We searched MEDLINE, PsycINFO, Scopus, the
Cochrane Controlled Trials Registry and the
Cochrane Library, all from inception through
31 December 2011. The search strategy has been
previously described.16–21 We included treatment

Ann Rheum Dis 2013;72:955–962. doi:10.1136/annrheumdis-2011-201249 955

Clinical and epidemiological research

 group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from  group.bmj.com on November 6, 2013 - Published by ard.bmj.comDownloaded from 

http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/
http://ard.bmj.com/
http://group.bmj.com/


1

2012 Canadian Guidelines for the diagnosis and 
management of fibromyalgia syndrome

Mary-Ann Fitzcharles1,2, Peter A. Ste-Marie2,3, Don L. Goldenberg4, John X. 
Pereira5, Susan Abbey6, Manon Choinière7,  Gordon Ko8, Dwight Moulin9, 
Pantelis Panopalis1, Johanne Proulx10, Yoram Shir2

1 Division of Rheumatology, McGill University, Montreal, Quebec, Canada
2Alan Edwards Pain Management Unit, McGill University Health Center, Montreal, 
Quebec, Canada
3Faculty of Law, Université de Montréal, Montreal, Quebec, Canada 
4Division of Rheumatology, Tufts University School of Medicine, Boston, 
Massachusetts, USA
5Faculty of Medicine, University of Calgary, Alberta, Canada
6Department of Psychiatry, Faculty of Medicine, University of Toronto, Toronto, Ontario, 
Canada
7Centre de la recherche du Centre hospitalier de l’Université de Montréal; Department of 
Anesthesiology, Faculty of Medicine, Université de Montréal, Montreal, Quebec, Canada
8Division of Physiatry, University of Toronto, Toronto, Ontario, Canada
9Departments of Clinical Neurological Sciences and Oncology, University of Western 
Ontario, London, Ontario, Canada
10Patient representative

Address corresponding author: Mary-Ann Fitzcharles, Montreal General Hospital, 
McGill University Health Centre, 1650 Cedar ave, Montreal, Quebec, H3G 1A4
Tel no: (514)-934-1934#44176
Fax no: (514)-934-8239
E-mail: mary-ann.fitzcharles@muhc.mcgill.ca

Canadian Fibromyalgia Guidelines Committee (CFGC)
Mary-Ann Fitzcharles (rheumatologist/pain physician)
Peter Ste-Marie (research assistant/coordinator)
Don Goldenberg (rheumatologist and external advisor)
John Pereira (family physician)
Susan Abbey (psychiatrist)
Manon Choinière (psychologist)
Gordon Ko (physiatrist) 
Dwight Moulin (neurologist)
Pantelis Panopalis (rheumatologist/epidemiologist)
Johanne Proulx (patient representative)
Yoram Shir (pain physician)

This document and its recommendations have been endorsed by the Canadian 
Pain Society (CPS) and the Canadian Rheumatology Association (CRA).



2

Conflicts of interest
Mary-Ann Fitzcharles has received consulting fees, speaking fees and/or honoraria 
from Biovale, Janssen, Lilly, Pfizer, Purdue, and Valeant (less than $10,000). 
Peter Ste-Marie is supported by a grant from the Louise and Alan Edwards 
Foundation.
Don Goldenberg has received consulting fees, speaking fees and/or honoraria from 
Forest, Lilly and Pfizer (less than 10 000$). He has also received grant support from 
Pfizer.
John Pereira has received independently-awarded research support from Pfizer 
Canada (greater than $10,000).
Susan Abbey has received consulting fees, speaking fees and/or honoraria from 
Lilly, Lundbeck and Pfizer (less than $10,000).
Manon Choinière has received unrestricted research support from Pfizer Canada and 
AstraZeneca. Consulting fees and honoraria were also given from Pfizer (less than 
$5,000).
Gordon Ko has received consulting fees, speaking fees and/or honoraria from 
Allergan, Mayer, Boehringer-Ingelheim, Genzyme, Janssen, Lilly, Merck, Pfizer, 
Purdue, Shire and Valeant.
Dwight Moulin has received consulting, speaking fees and/or honoraria from 
Janssen, Lilly, Paladin, Pfizer and Valeant. He has also received independently-
awarded research funding from Pfizer Canada (greater than 10 000$).
Pantelis Panopalis has received consulting fees and/or honoraria from Abbott, 
Bristol-Myers Squibb and Pfizer (less than $10,000).
Joanne Proulx has no conflicts of interest.
Yoram Shir has received consulting, speaking fees and/or honoraria from Astra-
Zeneca, Janssen, Paladin, Pfizer and Purdue.
The needs assessment was funded by Valeant.

National Fibromyalgia Guideline Advisory Panel (NFGAP)
Dr. Pierre Arsenault, Dr. Arsenio Avila, Dr. André Bélanger, Judy Boyd, Dr. 
Monique Camerlain, Dr. Doreen Campbell, Dr. Ken Chisholm, Dr. Manon Côté, 
Betty Downey, Dr. Ruth Dubin, Dr. Alan Faiers, Dr. Lena Galimova, Dr. Bruce 
Garfield, Dr. Rodney Glynn-Morris, Dr. Allan Gordon, DC François Hains, Dr. 
Richard Henry, Dr. David Hunt, Suzie Joseph, Dr. Roman Jovey, Dr. Alan Kaplan, 
Dr. André Lalonde, Louise Lamb, Dr. Howard Margolese, Dr. May Ong, Dr. Saul 
Pilar, Anna Serapins, Dr. Ian Shiozaki, Dr. David Shulman, Dr. Pamela Squire, Dr. 
Allen Steverman, Dr. Ellen Thompson, Dr. Cory Toth, Dr. Jean-Luc Tremblay, Dr. 
Paula Williams  

Disclaimer: This document, including all annexes and particularly the 
recommendation statements, was created to provide guidance for healthcare 
professionals. Therefore, the document has no legal value.



3

ABSTRACT

Background/Purpose: The healthcare community remains challenged regarding the care 
of fibromyalgia (FM) patients. Previous guidelines have mostly addressed treatment 
options rather than provide an overall approach to FM care. With new evidence 
concerning pathogenesis and more diverse treatment strategies, updated direction for 
global care in FM is needed. These evidence-based guidelines for the diagnosis,
management, and patient trajectory of persons with FM were developed taking into 
account these new advances and new American College of Rheumatology 2010 
diagnostic criteria.

Methods: A needs assessment by structured consultation with 139 healthcare 
professionals from relevant disciplines across Canada generated 18 key questions. 
Questions drove a literature search to identify evidence, which was graded according to 
the classification system of the Oxford Centre for Evidence Based Medicine, and
supporting recommendations were drafted. Recommendations were edited and appraised 
by an advisory panel to reflect meaningful clinical practice. The whole document was 
reviewed by an international expert.

Results: Forty six recommendations pertaining to the identification, evaluation, and 
management of persons with FM, incorporating new clinical concepts are presented. The 
essence of the recommendations is as follows: FM represents a composite of symptoms, 
with body pain present as the pivotal symptom. There is a spectrum of severity which 
associates with functional outcome, with fluctuating symptoms over time. The diagnosis 
of FM is clinical, not one of exclusion, not needing specialist confirmation, and requires 
only limited laboratory testing. A physical examination is required to exclude other 
conditions presenting with body pain, but tender point examination is not required to 
confirm the diagnosis. There is no confirmatory laboratory test and excessive testing is 
strongly discouraged. Ideal care for most patients is in the primary care setting.
Treatments should be multimodal, incorporating non-pharmacologic and pharmacologic 
strategies, with focus towards reduction of symptoms and improvement of function.
Patients must be active participants in their healthcare and non-pharmacologic strategies 
are imperative. Patient-tailored management that is symptom-based is recommended.  In 
the absence of an ideal pharmacologic treatment, an agent impacting multiple symptoms
is desirable. Doses of medications lower than those used in clinical trials and combination 
of medications may facilitate adherence. Emphasis on healthy lifestyle practices,
maintenance of function including retention in the workforce, periodic assessment for the 
need for continued medication, and evaluation of efficacy/side effects of ongoing 
treatments is recommended. New symptoms should be evaluated according to good 
clinical practice to exclude another illness without summarily attributing symptoms to 
FM.

Conclusion: These new Canadian guidelines for the care of patients with FM should 
provide the health community with confidence in the global care of these patients and 
thereby improve patient outcome.
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Fibromyalgia (FM) was recognized as a true syndrome with the publication of the 
American College of Rheumatology (ACR) classification criteria in 1990, which were 
updated in 2010 [1, 2]. Taking into account neurophysiologic evidence of pain 
dysregulation as well as newer treatment options, these guidelines provide direction for 
optimal patient care and align with best clinical practice. Clinical challenge persists as
symptoms are subjective, assessment is dependent entirely on patient report, no objective 
or laboratory test exists to confirm the diagnosis, and there is an absence of a gold 
standard of treatment.  

With the pivot symptom of pain, the syndrome of FM includes fatigue, nonrestorative 
sleep, cognitive dysfunction, mood disorder, as well as variable somatic symptoms [3]. 
Canadian prevalence rates are in the order of 2% - 3%, with females affected between 6 
to 9 times more commonly than males [4]. Although seen most commonly in middle-
aged women, FM can also affect children, teenagers, and the elderly.

Patients with FM commonly experience symptoms for a number of years prior to 
diagnosis. Repeated investigations, referral to various specialists, and frequent healthcare
visits all contribute to considerable cost associated with this condition.  Direct healthcare
costs attributed to patient care are over $4000 Canadian per year, an amount 30% higher 
than non-FM patients in a Quebec healthcare database [5]. Although a reduction in 
healthcare utilization occurred immediately following a diagnosis of FM, this was not 
sustained in subsequent years [6].

While there is currently no cure for FM, ideal management will address pain as well as 
the composite of symptoms that comprise this syndrome. Treatment must incorporate 
non-pharmacologic strategies and may also include drug therapy, in a patient-tailored 
approach. Healthcare professionals must understand the interplay of neurophysiologic 
and psychological mechanisms operative in FM and appreciate that a spectrum of 
symptoms exists.

These guidelines are presented as recommendations pertinent to patient care in Canada, 
graded according to the level of supporting evidence, and accompanied by a brief 
explanation to clarify their context and facilitate clinical care. They should be viewed as 
an aid in the care of patients with FM, taking into account the unique needs of an
individual patient, and should not be interpreted as the rule by which each patient should 
be managed.

Need for a Guideline
As previous guidelines for the management of FM were based on literature searches up to 
December 2006, updating is required [7-9]. There is a need for guidance which goes 
beyond management, and also incorporates diagnosis and the patient trajectory. We have 
set out to consolidate information published mostly in the last two decades to develop 
evidence based recommendations which will have good clinical utility in the day to day 
management of FM patients.  

Leadership
The Canadian Fibromyalgia Guidelines Committee (CFGC) is a multidisciplinary team 
representing healthcare professionals from relevant fields managing FM patients, a 
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patient representative, an external international expert, and a research coordinator. All 
CFGC members are listed as authors, had access to all data, participated in the data 
compilation, analysis, and writing of this report.

Objectives
To develop evidence-based guidelines for the evaluation, diagnosis and management of 
persons with FM in Canada taking into account new advances in the understanding of the 
pathogenesis of FM and new diagnostic criteria, and to identify and assess the evidence 
supporting these recommendations. Application of these guidelines should facilitate 
patient care with the goal to reduce symptoms and maintain function.

Target Audience
The target of this guideline is all Canadian healthcare professionals including primary 
care providers, medical specialists, and members of multidisciplinary teams who treat 
patients with FM. To a lesser degree, it is also relevant to patients with FM, who will also 
benefit from an understanding of this condition. 

The Area the Guideline Does Not Cover
This guideline is limited to the adult population who suffer from FM. It does not address 
other conditions associated with a chronic pain syndrome such as peripheral neuropathy, 
regional pain syndrome, complex regional pain syndrome, etc.

Limitations
It is recognized that each patient is unique and treatments should be individualized, with 
recommendations serving as a starting template. There is currently a paucity of evidence 
to support many aspects of these guidelines, with reliance therefore placed on clinical 
experience and consensus in some areas. As access to care is not equal across all 
geographic regions of Canada, differences in care will be evident. Although no cost 
analysis of the implementation of these guidelines has been made, development of simple 
clinically useful tools will be required.  The full document is extensive and lengthy and 
should therefore serve as a reference frame, rather than as a tool for day to day clinical 
practice.

Involvement and Affiliations of Other People or Organizations Including User-
representative Organizations and Pharmaceutical Companies in the Development of 
the Guideline
All members of the CFGC are listed as authors. A patient representative made a 
significant contribution to these guidelines. No representatives of pharmaceutical 
companies were involved in the guideline development. These guidelines have been 
formally endorsed by the Canadian Rheumatology Association (CRA) and have been
submitted to the executive committee of the Canadian Pain Society (CPS) with comments 
contributing to the final version.
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Development

Needs assessment
A needs assessment developed a series of questions following input from 139 Canadian 
healthcare professionals. Participants included family physicians, anaesthesiologists, 
neurologists, psychiatrists, psychologists, physiatrists, rheumatologists, nurses, 
chiropractors, physiotherapists, and a single naturopathic doctor. Input was sought 
regarding current knowledge, knowledge gaps, uncertainties, and challenges in the 
clinical care of patients with FM.

Scope of literature search, strategy employed, and document revision
A comprehensive literature search, directed by each question, was conducted at the
McGill University Health Sciences library. Databases searched were EMBASE, 
MEDLINE, PSYCHINFO, PUBMED, and Cochrane Library within a 20 year timeframe 
from 1990 to July 2010. The details of individual search strategies were recorded
(Appendix A). A manual search from the references cited by original studies, reviews,
and evidence-based guidelines was also used. Two authors (MAF & PSM) extracted data 
independently onto a specially designed pro forma and cross checked the data. Evidence 
was graded according to the strength of literature to support each statement according to 
the classification system of the Oxford Centre for Evidence Based Medicine (Appendix 
B) and the document was prepared in accordance with the principles outlined [10].

Sixty recommendations were initially drafted, assigned a level of evidence, and graded by 
the CFGC. Recommendations were then submitted via Internet to the 35 members who 
form the National Fibromyalgia Guidelines Advisory Panel (NFGAP). Recommendations 
were accepted if they obtained 80% approval after a first pass. Eleven recommendations 
that did not obtain approval at the initial vote were modified according to suggestions, 
submitted to a second vote, and achieved approval at the second vote. The entire 
document was reviewed by Dr. Don Goldenberg, our external expert and first author of 
the American Pain Society fibromyalgia guidelines, who was then asked to become a 
member of the CFGC after his formal review of the manuscript. Further external review 
was conducted by the executive committee of the CPS using the AGREE II Score Sheet 
guideline appraisal tool, with resulting shortening of the guideline document and
combination but not elimination of recommendations to reduce the number from 60 to 46
(Appendix C).

Updating
These guidelines will be in the governance of both endorsing bodies, CRA and CPS, who 
will oversee the updating process in 2015.

Implementation
All members of the CFGC will participate in the dissemination process in order to have 
maximum visibility across all relevant disciplines throughout Canada. These guidelines 
have been presented at the 2012 annual meetings of the CRA and CPS, and updates will 
be presented by members of the CFGC at various regional meetings. Clinical review 
papers will be submitted by members of the CFGC to various peer-reviewed journals 
addressing some of the strategies outlined in these guidelines. Cards and pamphlets that 
are easily applicable and provide advice for certain areas of FM management will be 
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produced and disseminated to healthcare professionals who have contact with FM 
patients.

Funding and conflict of interest
These guidelines were developed at the request of the CPS. The needs assessment was 
supported by an unrestricted educational grant from Valeant. The process of guideline 
development was facilitated by funding from the Louise and Alan Edwards Foundation.
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data or in the decision to publish this report. Conflicts of interest for all members of the 
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SECTION 1 : The diagnosis

1.1 How is fibromyalgia diagnosed?
FM is a syndrome of diffuse body pain with associations of fatigue, sleep disturbance, 
cognitive changes, mood disturbance, and other variable somatic symptoms [3]. A 
diagnosis of FM is made following a clinical evaluation which includes a history of 
current complaints, attention to past health status and a physical examination, without any 
confirmatory diagnostic test. Although criteria for the diagnosis of FM were developed 
for research purposes, they may be used to validate a clinical diagnosis.    

1.1.1 The clinical presentation of fibromyalgia
FM may affect persons of all ages and of both genders, but is most prevalent in female 
patients in the third to fifth decade. There are no studies examining diagnostic criteria in 
the clinical setting and there is no confirmatory laboratory test for FM [11]. Symptoms
wax and wane over time, but seldom disappear [12, 13].

1.1.2 The symptom complex in persons with fibromyalgia
a) Pain
Pain is the primary complaint in persons with FM and should have been present for at 
least 3 months. Pain onset is usually insidious, sometimes beginning in a localized area, 
may initially be intermittent, and then progressively becomes more persistent. Although 
pain is felt in muscle or joint areas, there is no physical abnormality of these tissues. A 
neuropathic mechanism to the pain may be suggested by report of a burning quality to the 
pain [14, 15]. Pain may vary in location and intensity from day to day, and can be 
modulated by factors such as weather or stress [16]. Cold and humid weather tends to be 
associated with increased symptoms [16, 17]. Although the most frequently reported 
sensory symptom in FM is pressure induced pain, this was only reported to be severe in 
58% of FM patients [14].  

b) Other associated symptoms present in FM
Symptoms other than pain are common in FM and can contribute to one third of the 
global suffering [2, 3, 18]. 

b.I Fatigue
Fatigue, reported to be present in over 90% of FM patients, is the most common 
associated complaint [3]. Fatigue may even be more disabling than pain for some, and 
contributes to subjective report of functional impairment. Fatigue is challenging to
measure, with reliance on subjective patient report to gauge severity.  Overlap with 
chronic fatigue syndrome has been described, although pain is more prominent in patients 
with FM [19].

b.II Nonrestorative sleep
Nonrestorative sleep is associated with FM [20]. Abnormal components of sleep that 
have been measured include sleep latency, sleep disturbance, and fragmented sleep 
leading to impaired daytime function [21, 22]. Poor sleep negatively impacts fatigue, 
affect, and pain, with improvement in these parameters when sleep specifically is 
addressed [23-26]. Other sleep disorders such as restless leg syndrome or sleep apnoea 
may also occur in patients with FM.
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b.III Cognitive dysfunction
Cognitive dysfunction which includes poor working memory, spatial memory alterations,
free recall, and verbal fluency associates with pain in FM as well as other pain patients 
and is different from healthy controls [27-30]. 

b.IV Mood disorder
Mood disorder, including depression and/or anxiety, is present in up to three quarters of
persons with FM, but mood disorders and FM are likely distinct [31]. Anxiety commonly 
coexists with depression, but is also independently increased in FM patients [32, 33]. 
Depression is influenced by low family cohesion, high pain and helplessness, and passive 
coping skills [34]. First-degree relatives of individuals with either FM or major 
depressive disorder (MDD) demonstrated similar rates of MDD suggesting that these two 
conditions share similar risk factors which may be genetically driven [35].  

b.V Pain-related somatic symptoms
Somatic symptoms, including irritable bowel syndrome, migraine headaches, severe 
menstrual pain, lower urinary tract symptoms, myofascial facial pain, and 
temporomandibular pain have all been associated with FM [36-39].

b.VI Non-pain related symptoms
Sexual dysfunction has recently been reported to occur in 97% of FM patients [40]. FM 
patients may be more vulnerable to posttraumatic stress disorder (PTSD), with depressed 
FM patients having a three-fold increase in PTSD compared to those with chronic fatigue 
only [41]. Breast implants, at one time implicated in FM, are not associated with FM [42, 
43]. Similarly, cigarette smoking has been associated with more severe FM symptoms,
rather than FM per se, and should be discouraged for global health reasons [44].

Recommendations:
1. Fibromyalgia, a condition that can wax and wane over time, should be 

diagnosed in an individual with diffuse body pain that has been present 
for at least 3 months, and who may also have symptoms of fatigue, sleep 
disturbance, cognitive changes, mood disorder, and other somatic 
symptoms to variable degree, and when symptoms cannot be explained 
by some other illness [Level 5 [2, 12, 45, 46], Grade D].

1.2 What physical abnormalities may be present in fibromyalgia?
The physical examination, specifically musculoskeletal and neurological, is usually
within normal limits except for tenderness of soft tissues. Soft tissue tenderness can 
include pain report on examination of the tender points, however, as described in the 
2010 ACR diagnostic criteria, specific tender point count is no longer required for a 
diagnosis of FM [2].

Sensitivity to light touch, interpreted as dysaesthesia or touch allodynia (unpleasant 
sensation or pain after a non-painful stimulus), may occur, but without other objective 
neurological findings. Expression of pain or pain behaviours may be present but should 
not imply faking of symptoms [47].
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1.2.1 The tender point examination
The tender point examination has been widely disputed as an objective test in FM [48-
56]. Embedded in the diagnostic criteria established for research purposes and not 
applicable to an individual patient in clinical practice, the 1990 ACR criteria for a 
diagnosis of FM required 11/18 tender points to be present in designated areas [1]. These 
points, located at soft tissue sites, reflect a reduction in pain threshold without underlying 
tissue pathology and show variable reliability [57, 58]. Reduced pain threshold has also 
been documented by application of a pneumatic tourniquet cuff [59]. The weight 
attributed to the tender point examination has detracted from the global concept of FM 
and was thus revisited in the new 2010 ACR criteria [60].

The correct examination method for tender points, which can be performed by digital 
palpation, myalgic scoring or dolorimetry has also been debated, with digital examination 
most commonly used [61].  The presence of tender points may even associate more with 
distress rather than as an indicator of pain [62]. Examination of even a few selected 
points may be sufficient to identify FM [63].  Tender points may even be faked, but truly 
bear no consequence to the composite of suffering of FM [64].  

The new criteria for a diagnosis of FM, with the elimination of the tender point 
examination, perform well in identifying patients with a previous diagnosis of FM [2].  A 
recent German working group has concluded that FM can be diagnosed for clinical 
purposes on the basis of symptoms without a tender point examination [65]. 

Recommendations:
2. All patients with a symptom complaint suggesting a diagnosis of 

fibromyalgia should undergo a physical examination which should be 
within normal limits except for tenderness on pressure of soft tissues (ie. 
hyperalgesia which is increased pain following a painful stimulus) [Level 
4 [2, 3, 66], Grade D].

3. Examination of soft tissues for generalized tenderness should be done by 
manual palpation with the understanding that the specific tender point 
examination according to the 1990 ACR diagnostic criteria is not 
required to confirm a clinical diagnosis of fibromyalgia [Level 5 [1, 2], 
Grade D].

1.3 What investigations should be done in a patient presenting with widespread 
pain?
No laboratory investigation confirms a clinical diagnosis of FM and unnecessary
investigations which may be detrimental to patient well-being should be avoided. FM is 
not a diagnosis of exclusion [67]. Simple laboratory testing should be limited to a 
complete blood count (CBC), erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), thyroid stimulating hormone (TSH), and creatine kinase to rule out conditions that 
can present similarly to FM. These may include endocrine disease (hypothyroidism), 
rheumatic conditions (early inflammatory arthritis or polymyalgia rheumatica) or 
neurological disease (myopathy, or multiple sclerosis), depending upon the clinical 
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evaluation. Appropriate additional testing, which might include referral for sleep 
evaluation, or formal psychological evaluation may be required in selected patients. 

Reduced levels of vitamin D or vitamin D supplementation have no effect on pain in FM
[68-70]. A positive antinuclear antibody (ANA) in low titre, present in 8-11% of FM 
patients, similar to healthy controls, does not predict future connective tissue disease [71-
73].  As no consistent abnormality has been identified in immune function, any screening 
should only be driven by clinical findings [74-76].

Recommendations:
4. Fibromyalgia should be diagnosed as a clinical construct, without any

confirmatory laboratory test, and with testing limited to simple blood 
testing including a full blood count, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), creatine kinase, and thyroid stimulating 
hormone (TSH). Any additional laboratory or radiographic testing
should depend on the clinical evaluation in an individual patient that may 
suggest some other medical condition [Level 5 [75, 76], Grade D].

1.4 How should the diagnosis of fibromyalgia be confirmed? 
The responsibility for the diagnosis and management of FM should be shifted away from 
the specialist and concentrated in the primary care setting. Specialist confirmation or 
fulfilling diagnostic criteria is not required [1, 77-79]. Most physicians rely on a 
combination of symptoms and normal blood testing to diagnose FM with less than 10% 
using criteria [80]. Questionnaires used in the research setting are also not clinically 
useful in daily practice [81]. 

Early diagnosis will avoid lengthy, costly and unnecessary investigations, a cause for 
patient uncertainty that will prolong healthcare behaviours and foster medicalization [6, 
82, 83]. An early diagnosis will allow attention to be focused towards symptom 
management, attainment of optimal health and maintenance or improvement of function. 

New symptoms should be evaluated on merit. Seldom does FM herald some other disease 
with only 2 of 91 patients developing some other condition over a 4 year period [84]. 

Recommendations:
5. The primary care physician should establish a diagnosis of fibromyalgia

as early as possible, without need for confirmation by a specialist, and 
communicate this diagnosis to the patient. Repeated investigations after 
diagnosis should be avoided unless driven by the onset of new symptoms, 
or signs on physical examination [Level 5[6, 77, 82, 83], Grade D].

1.5 Is there a role for application of diagnostic criteria for an individual patient?
The concept of FM was initially crystallized by the American College of Rheumatology 
(ACR) in 1990, and was further revised in 2010, taking into account symptoms other than 
pain, as well as the questionable value of the tender point examination [1, 2]. FM 
represents a spectrum of symptoms which fluctuate in intensity, although the underlying 
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condition persists [58, 66, 85]. These criteria were developed to identify patients for 
research study and not for application to an individual patient in the clinical setting. A 
modification of the original 2010 ACR criteria requires that the questionnaire be entirely 
completed by the patient, without need for additional physician questionning, simplying 
the tool (Appendix D). 

Recommendation:
6. The ACR 2010 diagnostic criteria for fibromyalgia can be used at initial 

assessment to validate a clinical diagnosis of fibromyalgia with the 
understanding that symptoms vary over time [Level 3 [1, 2, 58], Grade B].

1.6 What conditions can present similarly to FM?
A number of conditions may present similarly to FM, and may be identified by a 
thorough clinical evaluation.  Diagnoses that can be confused with FM may be grouped 
into the following categories: musculoskeletal, neurological, psychiatric/psychological 
and drug related [76].

Although patients with an early stage of an inflammatory rheumatic condition such as 
rheumatoid arthritis, inflammatory spondyloarthritis, systemic lupus erythematosus, 
polymyalgia rheumatica or myositis may have generalized body pain, identifiable 
physical or laboratory abnormalities will develop over time [86, 87]. The presence of a 
single abnormal laboratory test such as a positive rheumatoid factor, positive ANA, or 
raised ESR is not evidence alone for the presence of a connective tissue disease [71, 72].
Myofascial pain syndromes tend to present with more localized pain and are associated 
with “trigger points” [88].

Neurological conditions with body pain include multiple sclerosis, neuropathies, with 
pain more specifically localized, and myopathies [87]. Hypothyroidism should also be 
remembered as a condition that may present with ill-defined pain and fatigue. Depression 
can present with pain, although local tenderness is more common in FM patients 
compared to those with depression [89].

FM may develop after an infectious illness, most commonly viral, but a search for an 
infectious aetiology is not routinely required. Infectious diseases such as Lyme disease, 
hepatitis C infection, and human immunodeficiency disease may have symptoms 
mimicking FM, but any testing in this regard should be dependent upon a clinical 
suspicion of these infections [90, 91]. Medications such as lipid lowering agents in the 
category of statins, aromatase inhibitors used to treat breast cancer and bisphosphonates 
for the treatment of osteoporosis and bone metastases may cause body pain [92-94].

FM may occur concomitantly with other medical, neurological or rheumatologic illnesses 
[76].  Recognition of the co association of FM may influence treatments.  For example, a 
patient with rheumatoid arthritis, in the absence of inflammatory activity, may experience 
pain due to FM.  
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Recommendations:
7. Healthcare professionals should be aware that some medical or 

psychological conditions may present with body pain similar to
fibromyalgia, and patients with other medical illnesses may have an 
associated fibromyalgia [Level 5 [76, 86, 87, 90, 91], Grade D].   

1.7 What is the recommended patient trajectory?
Delay in diagnosis of FM may be attributed to poor recognition of FM by patients and 
healthcare professionals, with adverse effect on health and considerable healthcare and 
personal costs [5, 6, 95]. Patients with FM will first present to a primary care physician 
and ideal care should remain in the primary care setting without any clear advantage for
care by a specialist [77, 78, 96, 97]. Whether a diagnosis of FM is advantageous from the 
pharmacoeconomic perspective remains debatable with reports of both increased as well 
as reduced healthcare utilization and costs [6, 98]. Education and improved knowledge 
translation will reassure healthcare professionals to diagnose and manage persons with 
FM more effectively. 

Specialist consultation should be reserved for patients with atypical symptoms which 
might suggest an alternate diagnosis and is not required to confirm a diagnosis of FM [97, 
99]. In selected cases referral for sleep evaluation or psychological consultation may be 
indicated.  No advantage was observed when patients were followed in a specialist setting 
compared to primary care [97].

Although care in a multidisciplinary setting may be desirable, this is not realistic for most 
patients [100]. Multidisciplinary teams may include nurses, physiotherapists, 
kinesiologists, social workers and psychologists amongst others. Nursing support for FM 
patients has been underutilized, can provide a valuable contribution to patient care and 
can reduce waiting time to consultation and increase patient satisfaction [101]. Nursing 
care can help the patient identify realistic outcome goals and focus towards attaining 
optimal health [102]. Public education will also facilitate an earlier diagnosis and 
promote the belief that FM patients are best managed in the primary care setting.

Recommendations:
8. Management of persons with fibromyalgia should be centered in the 

primary care setting with knowledgeable healthcare professionals, and
ideally, where possible, this care may be augmented by access to a 
multidisciplinary team [Level 1 [96, 97], Grade A] or team member to 
provide support and reassurance [Level 3 [101, 102], Grade C].

9. Specialist consultation, including referral to a sleep specialist or 
psychologist may be required for selected subjects, but continued care by 
a specialist is not recommended and should be reserved for those patients 
who have failed management in primary care or have more complex co 
morbidities [Level 5 [77], Grade D].



14

1.8 How can prejudice and scepticism regarding the validity of fibromyalgia be 
countered?
Knowledge that FM is grounded in neurophysiological mechanisms will reduce 
scepticism regarding a syndrome of subjective complaints. Physician comfort with a 
biomedical paradigm which prioritizes diagnostics adds to the insecurity in management 
of these patients, with some authors contending that the label of FM promotes poor health 
[103-105]. Patient preoccupation with physical symptoms rather than developing control 
over illness invokes frustration for the healthcare professional and erodes a good 
therapeutic relationship [106]. The construct of somatization has however never been 
validated in situations involving pain, and particularly in FM. In contrast, patients with 
FM report frustration with healthcare professionals, dissatisfaction with the clinic visit 
and seek a concrete somatic diagnosis [107, 108]. Although discordance between patient 
and physician assessment of health perceptions has been reported, physicians have 
expressed the desire to comply with patients’ wishes and avoid frustration [103, 108]. 
When physicians prejudge FM patients in moralising terms and believe them to be 
illness-focused, demanding and medicalized, the patient doctor alliance will be eroded 
with adverse effect on patient outcome [109]. Both the individual patient’s concept of 
illness as well as perceived attitudes of the healthcare team impacts on global well-being.
Shared decision-making between patient and physician can improve the quality of 
interaction [110]. An early diagnosis may have pharmacoeconomic implications with 
reduced healthcare costs as measured by fewer investigations, less referral to specialists 
and reduced healthcare visits [6, 83].

Recommendation:
10. In caring for persons with fibromyalgia, healthcare professionals should 

be educated regarding the pathogenesis of fibromyalgia [Level 5, 
Consensus], empathetic, open, honest, should not demonstrate negative 
attitudes, and should practice shared decision-making [Level 3 [106, 107, 
110], Grade D].

1.9 What causes fibromyalgia and how is this condition explained in physiological 
terms?
Although the cause of FM is unknown, understanding that neurophysiological changes
present in FM will reassure healthcare professionals that this condition is valid. An 
elementary appreciation but not in-depth knowledge of neurophysiological mechanisms 
will also help towards treatment choices. Neurophysiologic testing remains in the 
research domain and is not currently available for routine patient care, nor should be 
required to confirm a diagnosis of FM.

Abnormalities in pain processing have been identified at various levels in the peripheral, 
central, and sympathetic nervous systems, as well as the hypothalamo-pituitary-adrenal 
(HPA) axis stress-response system. Documented abnormalities include evidence of 
peripheral sensitization and wind-up phenomenon, central sensitization with changes in 
functional MRI and SPECT scans of the brain, increased levels of substance P in the 
cerebrospinal fluid, and impairment of descending noxious inhibitory control (DNIC)
[111-118]. 
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Familial studies point to some genetic predisposition with up to 26% of relatives of 
patients with FM reporting chronic widespread pain (CWP), and FM diagnosed in 28% of 
offspring of FM women [119, 120].  Genetic factors may predispose some individuals to 
a dysfunctional stress response via the HPA axis [121]. While no individual gene has 
been associated with FM, there is increasing evidence of a polygenic effect, with 
polymorphism of genes affecting serotoninergic, catecholaminergic and dopaminergic 
systems playing a role [122, 123].

Psychosocial distress has been shown to predict onset of chronic widespread pain in 
population studies conducted in England [124, 125]. Early life adversity is linked to 
chronic widespread pain in adult life [126]. Abuse, which may have been sexual, physical 
or psychological, particularly in childhood has been reported with greater frequency in 
FM patients than controls [127-129].  These numerous interacting factors may be the 
setting in which a stressful event, which could be physical such as a viral illness,
traumatic, or psychological, can lead to a vulnerable health status and may be a trigger for 
FM as reported for nearly a quarter to a third of persons with FM [130].  

Recommendations:
11. Healthcare professionals should be knowledgeable that objective 

neurophysiologic abnormalities have been identified in patients with 
fibromyalgia in the research setting, but are not available in clinical 
practice for either the diagnosis or care of persons with fibromyalgia
[Level 5 [111, 117], Grade D].

12. Patients and healthcare professionals should acknowledge that genetic 
factors as well as previous adverse events may have contributed to the 
development of fibromyalgia, but focusing excessively on a triggering 
event could compromise patient care and should therefore be discouraged
[Level 5 [123, 126, 130], Grade D].
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SECTION 2 : Management

2.1 What are the treatment strategies for fibromyalgia?
There is currently no cure for FM and treatment recommendations should be directed to
reduction of symptoms and maintenance of optimal function, with patient outcome goals 
clearly defined at outset. Symptom based management, taking into account the 
heterogeneous nature of this condition, can help direct a patient tailored approach [131]. 
Ideal management includes both non-pharmacologic and pharmacologic treatments in a 
multimodal approach, with active patient participation fostered by a strong patient-
centered locus of control [132]. The essence of the evidence is that there is no “gold 
standard” of treatment; with responses mostly modest at best. Self-efficacy and adherence 
to treatment recommendations will favourably influence outcome [133]. Although 
attempts have been made to subgroup FM patients in order to direct treatments, these 
remain preliminary [32, 134-136].  

Recommendations:
13. A treatment strategy for patients with fibromyalgia should incorporate 

principles of self-management using a multimodal approach [Level 1 [131, 
132], Grade A]. It is recommended that attention should be paid to
individual symptoms in a patient tailored approach, with close 
monitoring and regular follow-up, particularly in the early stages of 
management [Level 5 [131] Grade D].

14. Patients should be encouraged to identify specific goals regarding health 
status and quality of life at the initiation of treatment, with re-evaluation 
of goals during the follow-up [Level 5 [102], Grade D].

2.2 Non-pharmacologic treatment
Non-pharmacologic treatments have a positive effect with improvements in self-reported 
outcome measures including physical status, FM symptoms, psychological status and 
daily functioning, but unfortunately many studies have been poorly executed [132].  In 
this meta-analysis of 49 outcome studies published 10 years ago, non-pharmacologic 
treatments appeared more effective than pharmacological interventions. Although no
single strategy outperforms others, education, exercise activity, cognitive behavioural 
therapy (CBT), and multidisciplinary therapy, incorporating at least 1 
educational/psychological therapy with 1 exercise therapy, will offer an advantage [137, 
138].

2.2.1 Self-management strategies
Education and active participation with reassurance regarding “no harm” caused by 
physical activity should be the focal point of treatment, especially if a patient is passive 
regarding health and lifestyle practices [139]. Education can improve attitudes, coping 
skills, and help shift the locus of control towards a patient orientated approach. A positive 
attitude and patient-centered internal locus of control with positive expectations strongly 
determines response to treatment [140]. Self-efficacy and good social support promoted 
healthy lifestyle practices in 198 women with FM [141]. Self-efficacy enhancement 



17

programs may be a valuable inclusion in the treatment of FM patients [142]. Pacing of 
daily activities can improve day to day function [143]. 

Recommendation:
15. Non pharmacologic strategies with active patient participation should be 

an integral component of the therapeutic plan for the management of 
fibromyalgia [Level 1 [132, 137], Grade A]. Encouraging self-efficacy and 
social support will facilitate the practice of health promoting lifestyles
[Level 3 [141, 142], Grade D].

16. Persons with fibromyalgia should be encouraged to pursue as normal a 
life pattern as possible, using pacing and/or graded incremental activity
to maintain or improve function [Level 4 [143, 144], Grade D].

2.2.2 Multicomponent therapy
Multicomponent therapy is currently recognized to comprise at least one educational or 
other psychological therapy and at least one exercise therapy, although there is no 
accepted formal definition. Ideal care will therefore be given by a team of individuals, 
rather than reliance on contact with a single healthcare professional. A recent meta-
analysis has shown that multicomponent treatment is effective in the short term for 
improving key symptoms of FM including pain, fatigue, depression and quality of life, 
but disappointingly without evidence for continued effect other than maintenance of 
physical fitness [137]. 

There is currently limited information on effectiveness of combination psychological and 
pharmacologic treatments, strategies that can be applied in clinical practice and may yield
positive results. Catastrophizing, defined as viewing situations or symptoms as being 
much worse than they truly are, is recognized to have negative effects on outcome in 
chronic pain patients, and strategies aimed at reduction are desirable. The results of an 
ongoing combined pharmacologic and psychological intervention study aimed at 
reducing catastrophizing in FM patients will be of interest [145]. Other resources such as 
self-help groups, patient forums and information sessions, when information is reliable, 
can improve patient knowledge and can enhance locus of control.

Recommendation:
17. The attainment of effective coping skills and promotion of self-

management can be facilitated by multicomponent therapy [Level 5 [137], 
Grade D].

2.2.3 Psychological interventions
Untreated psychological distress, depression in particular, is a barrier to optimal health 
status. As psychological status affects quality of life, attention to previous or current co 
morbid psychological complaints is required [146-148]. Medical and psychiatric 
comorbidity was a strong determinant of the number of physician visits for 180 FM 
women, which could be interpreted as a surrogate for patient distress and poor 
psychological status [146]. In turn, improved psychological status and physical activity 
associate with reduced pain intensity in FM [149].
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Even in the absence of overt psychopathology, psychological interventions such as 
traditional CBT, group therapy sessions or motivational interviewing may be helpful. 
CBT helps patients to cope better with pain by improving pain-related behaviour, self-
efficacy, and overall physical functioning, but without evidence for long-term effect
when applied alone [150, 151]. Overall improvement in depression and less use of 
analgesic medication was reported in a controlled study of CBT in 60 patients [152].
When CBT was combined with an aerobic exercise program over a three week period, 
there was sustained improvement in multiple outcomes up to one year, suggesting that the 
CBT facilitated adherence to a physical exercise regimen [153]. As CBT is more costly 
than an education program alone, and may not be easily accessible for many, limited 
programs via the internet, telephone interview or an attenuated program may be useful
[154, 155].

Other modalities to address attitudes and psychological status include motivational 
interviewing or group sessions. Motivational interviewing, by means of six telephone 
calls over a ten week period improved adherence to an exercise program [156]. Group 
sessions that incorporate education, a psychological intervention, as well as an exercise 
component have some benefit in the short-term, up to six months [157, 158]. Other 
psychological interventions reporting some benefit include written emotional expression, 
psychomotor therapy, meditation-based stress reduction program and EMG-biofeedback 
therapy [159-162].   Even a brief interdisciplinary program lasting one and a half days 
has shown positive effect in patients with FM [163]. Chronic pain self-management 
programs are increasingly available to address this need.

Distraction, by means of pleasant imagery, had better effect on pain reduction in FM 
patients, than focused attention imagery towards active control of pain mechanisms [164].  
Hypnosis with analgesia suggestion showed a positive effect on pain compared to 
hypnosis with relaxation suggestion or relaxation alone in a study of 45 patients [165]. 
Guided imagery by means of audiotaped scripts improved functional status as well as 
self-efficacy for managing pain in a randomised controlled trial (RCT) of 48 patients 
[166]. However the authors of a recent systematic review and meta-analysis of 
hypnosis/guided imagery call for improved methodology before conclusions regarding 
the key domains of FM can be drawn [167].  Mind-body therapies can improve self-
efficacy, although alone have not been shown to affect specific symptoms of FM [168].  
In a systematic review of thirteen trials, mind-body therapies combined with an exercise 
program were more effective than waiting list or “treatment as usual” [168]. 

Transcranial magnetic stimulation (TMS), a treatment modality used to manage 
psychological/psychiatric illness, reduced pain and depressive symptoms in FM patients 
in one study, with no effect in a second study [169, 170]. Transcranial direct current 
stimulation to the primary motor cortex, but not the dorsolateral prefrontal cortex, was 
associated with improved sleep efficiency, reduced arousals and improvement in FM 
symptoms [171].

As fear of pain and activity is reported by almost 40% of FM patients and is associated 
with greater disability, depressed mood and pain severity, fear avoidance should be 
addressed to maintain adherence to exercise recommendations [172].  Patients with FM 
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identified more problems than those with ankylosing spondylitis and perceived 
themselves to be more negatively affected by their condition [173]. Attention to pain has 
been associated with increased pain related fear and pain severity.

Recommendations:
18. Interventions that improve self-efficacy should be encouraged to help

patients cope with symptoms of fibromyalgia [Level 1 [168], Grade A].
19. Psychological evaluation and/or counselling may be helpful for persons

with fibromyalgia in view of the associated psychological distress [Level 5, 
Consensus], and patients should be encouraged to acknowledge this
distress when present and be informed about the negative impact this 
may have on wellbeing [Level 3 [149], Grade D].

20. CBT even for a short time is useful and can help reduce fear of pain and 
fear of activity [Level 1 [150, 151], Grade A].

2.2.4 Exercise
Exercise has overall benefit on global well-being, physical function and pain and is 
currently recommended as the first step of a multimodal treatment strategy [174-178]. 
Exercise may take a number of forms such as aerobic, strengthening, water, home based 
or group programs.  In a Cochrane review of 16 trials, 7 of which were high quality, 
supervised aerobic exercise improved physical capacity and FM symptoms [176].  The 
evidence for effect of strengthening exercises is less clear as studies are rated as low 
quality [174, 175].  In a meta-analysis of 45 studies, ten of which were eligible for 
inclusion, exercise, which included aerobic, strength training, pool and multi-component 
exercise, successfully improved pain in the short-term; but with a call for long-term 
studies [179].  Water exercise, or combined with education, is associated with
improvements in both physical and emotional aspects of FM, but with a question as to 
whether the benefit is derived from the aerobic exercise component that almost always 
accompanies water exercise [180-185]. 

A Pilates exercise program over a 12 week period improved pain compared to a 
relaxation program, but this effect was not sustained due to poor adherence to treatment 
[186]. Tai Chi is an exercise activity that combines both a physical and mental 
component and is ideally suited to persons with FM, with report of improved function 
and quality of life [187-189].  When traditional yoga was compared to yoga combined 
with a yoga touch technique “Tui Na”, improvement was more sustained in the yoga 
group only [190].

Although FM patients often report poor exercise capacity, reduced cardiorespiratory 
fitness was similar to controls, suggesting that FM patients overscore their perception of 
exertion [191].  A report of subjective muscle pain may be a barrier to optimal exercise 
activity [192]. In the absence of a single exercise program outperforming others, patients 
should be encouraged to choose an activity either land based or water, that is enjoyable, 
easy to follow, convenient and within budget in order to improve adherence.
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Recommendation:
21. Persons with fibromyalgia should participate in a graduated exercise 

program of their choosing to obtain global health benefits and probable 
effects on fibromyalgia symptoms [Level 1 [174-178, 184, 185], Grade A].

2.2.5 Complementary and alternative medicines (CAMs)
CAMs are commonly used by FM patients with studies reporting over 90% use [193].
CAMs may be divided into four broad categories, namely products ingested, practitioner 
administered treatments, dietary interventions and treatments in the spiritual domain. 
There is little or poor evidence for efficacy of any intervention, with many studies having 
suboptimal design and reporting effects in small cohorts of patients. In a systematic 
review that also included the Chinese literature, Cao et al reported that there were some 
positive effects of Chinese herbal medicine on pain reduction in FM, compared with 
conventional medications [194]. However, the systematic review by De Silva et al, 
reported that there was insufficient evidence for the use of ingested or topically applied 
complementary agents for the management of FM symptoms [195]. Similarly, studies of 
homeopathy treatment, often of poor quality, indicate that this treatment cannot be 
recommended [196].  

Acupuncture has been evaluated by at least two meta-analyses and three systematic 
reviews without showing evidence for prolonged effect on symptoms of FM, other than 
immediate pain reduction following treatment [194, 197-200]. However, when combined 
with other treatments including exercise and tricyclic antidepressants (TCAs), there was 
improvement in all measures of pain [201]. Similar to Tai Chi, Qigong with origins in 
Eastern medicine, but with differences in breathing patterns and meditation, has been 
shown to have some effect for up to four months when studied in 57 FM patients [202]. 
Chiropractic treatment, specifically manipulation, has also not been shown to have any 
appreciable effect on symptoms of FM, but may be useful for patients presenting with 
associated mechanical low-back pain [203, 204]. Hydrotherapy, which includes spa-, 
balneo-, and thalassotherapy has been evaluated in at least one meta-analysis and three 
systematic reviews and has shown short term benefits for pain and health related quality 
of life (HRQOL), although studies are mostly of low quality [180, 183-185].
Interestingly, most hydrotherapy programs also include an exercise component which 
may have important positive effects [184].

Recommendations:
22. Patients should be informed that there is currently insufficient evidence 

to support the recommendation of complementary and alternative 
medicine (CAM) treatments for the management of fibromyalgia
symptoms, as they have mostly not been adequately evaluated regarding 
benefit [Level 1 [194, 195, 200], Grade A].

23. Patients should be encouraged to disclose use of CAMs to the healthcare
professional who should be understanding and tolerant of this disclosure 
and should provide information on current evidence-based
understanding of efficacy and risks where available [Level 5, Consensus].
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2.3 Pharmacologic treatments
Symptom-based treatment represents a rational approach to pharmacologic choices, with 
drugs impacting more than one symptom adding advantage [111, 131]. There is a notion 
that the ideal treatment for FM is likely a combination of treatments, often in lower doses 
than reported in the study setting, with possible benefits of adherence. The traditional
pharmacologic treatment paradigm begins with the use of simple analgesics and TCA’s. 
Other pharmacologic treatments including other antidepressants, gabapentinoids, 
dopaminergic agents and sleep modifiers are now more commonly used. Any treatment 
recommended requires repeated re-evaluation, with vigilance regarding continued benefit 
or side effects especially in the setting of polypharmacy. Pharmacologic adverse effects 
are seldom serious or life threatening but can be insidious and mistaken for FM 
symptoms, especially for opioid use [205]. Fatigue may be aggravated by gabapentinoids, 
antidepressants or analgesics; depression may be exacerbated by opioids; gastro-intestinal 
symptoms may be affected by non-steroidal anti-inflammatory agents (NSAIDs), opioids 
and antidepressants; sleep disturbance may be aggravated by opioids and antidepressants.
Careful scrutiny of pharmacotherapy with reduction of excessive medication use resulted 
in an improved outcome for FM patients in a multidisciplinary setting [206].

Recommendations:
24. Physicians should identify the most bothersome symptom(s) in order to

help direct pharmacologic treatments according to a symptom-based 
approach. An ideal pharmacologic choice may address multiple 
symptoms simultaneously and may require a combination of medications, 
in which case attention must be paid to drug interactions [Level 5 [111, 
131], Grade D].

25. Pharmacologic treatments should be initiated in low doses with gradual 
and cautious upward titration to reduce medication intolerance [Level 5
[131], Grade D] with regular evaluation regarding continued efficacy and 
side effect profile, with the knowledge that drug side-effects may appear 
similar to symptoms of fibromyalgia [Level 5, Consensus].

26. Physicians prescribing medications for fibromyalgia should be open-
minded and aware of the broader spectrum of agents available to treat 
symptoms, and should not confine treatments to a single category of 
medications [Level 5, Consensus].

2.3.1 Analgesic treatments (Acetaminophen and Nonsteroidal anti-
inflammatory drugs [NSAIDs])

Although traditionally recommended as a step one agent in the analgesic ladder by the 
World Health Organization (WHO), acetaminophen has never been formally examined in 
FM other than when compounded with tramadol [207, 208]. It is generally a safe drug, 
but with caution regarding hepatotoxicity when doses above 2 grams a day are used 
continuously. When compounded with another analgesic prescription, supplementing
with over-the-counter acetaminophen preparations may be dangerous [209, 210]. 
Acetaminophen modulates COX-1, COX-2 or COX-3 enzymes in the brain, impacts on 
neurogenic inflammation or serotonergic mechanisms, and can boost the 
endocannabinoid system [211-214]. Notwithstanding lack of evidence, patients preferred 
NSAID’s to acetaminophen, which were amongst the medications most commonly used
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[215-217]. As NSAID’s act mostly in the periphery, there is little rationale for their use, 
except perhaps for treatment of an associated condition such as osteoarthritis, but with 
attention to toxicity [218]. In order to limit side effects that can occur in the 
gastrointestinal, renal, and cardiovascular systems, NSAIDs should be used at the lowest 
dose and for the shortest periods of time [219-223].  

Recommendation:
27. In line with the World Health Organisation step-up analgesic ladder,

acetaminophen may be useful in some patients, but with attention to safe 
dosing [Level 5, Consensus].

28. In the event that NSAID’s are prescribed, particularly for associated 
conditions such as osteoarthritis, they should be used in the lowest dose 
and for the shortest period of time in view of possible serious adverse 
events [Level 5 [218, 219], Grade D].

2.3.2 Opioid treatments
Tramadol, an opioid with more than one analgesic mechanism, is the only opioid that has 
been studied in FM, with positive effect on pain and improved quality of life [208, 224]. 
Treatment trials in patients with non- cancer pain, including some with FM, report that 
opioids offer good short-term analgesia, although treatments are often discontinued [225].  
Due to lack of evidence opioid use is not recommended by any previous FM guidelines 
[7, 9, 226].  

Opioids are used by up to 30% of FM patients and are perceived to provide best symptom 
relief when surveyed by internet [205, 216]. Opioids are associated with negative 
psychosocial effects including unstable psychiatric disorder, history of substance abuse, 
unemployment and disability payments [205]. The role of the endogenous opioid system 
in pain expression in FM is open to debate, with reports of down as well as upregulation 
of opioid receptors, elevated levels of cerebrospinal fluid enkephalin and variable 
response to naltrexone, an opioid antagonist [112, 227]. Naltrexone had no important 
effect on pain sensitivity or mood when studied in 20 women with FM, and was also not 
associated with self-reported opioid withdrawal symptoms, suggesting a limited role of 
the endogenous opioid system [227]. 

In clinical practice opioids may be useful in selected patients, but with caution.  
Treatments should be initiated with weaker opioid agonists such as codeine or tramadol, 
before moving to the stronger opioids, but without any convincing evidence.  The
analgesic properties of codeine are dependent upon conversion to morphine via the 
cytochrome P450 isoenzyme 2D6, an enzyme absent in up to 10% of individuals, or by 
ultra-metabolism with resulting toxic effects [228].

Currently, tramadol, tapentadol and methadone are analgesic agents with multiple effects.
The parent compound tramadol has added serotonin and norepinephrine effects, whereas 
tapentadol has effects on noradrenergic receptors.  Tramadol is predominantly 
metabolized via the cytochrome-P450 (CYP) isoenzyme 2D6, whereas tapentadol is 
metabolized to a non-active component via hepatic glucuronidation resulting in less drug-
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drug interactions.  These agents could be used for pain relief as a step up from 
acetaminophen and prior to the use of more potent opioid analgesics.

The progressive increase in opioid prescription has seen a parallel increase in their use as 
drugs of abuse, with reports of increased deaths associated with overdosing especially
when combined alcohol or benzodiazepines [229-232].  Guidelines for safe and effective 
use of opioids for chronic pain have been published by the APS and also in Canada, with 
notes of caution [233, 234].  Physicians should practice responsible prescribing 
behaviours, pay attention to physical and psychosocial aspects, and constantly re-evaluate 
the risk benefit ratio.  Long term effects of chronic opioid use are not yet fully clarified, 
but effects on mood, cognitive function, hormonal effects and increased pain due to 
hyperalgesia, need to be constantly re-evaluated [234]. Although extended-release 
formulations are touted as advantageous, evidence is lacking.

Recommendations:
29. A trial of opioids, beginning with a weak opioid such as tramadol, should 

be reserved for treatment of patients with moderate to severe pain that is 
unresponsive to other treatment modalities [Level 2 [208, 224], Grade D].

30. Strong opioid use is discouraged, and patients who continue to use opioids 
should show improved pain and function. Healthcare professionals must 
monitor for continued efficacy, side effects or evidence of aberrant drug 
behaviours [Level 5 [233], Grade D].

2.3.3 Cannabinoid treatments
Clinical cannabinoid use for pain relief remains controversial [235, 236]. The 
endocannabinoid system influences both inflammatory and pain pathways with two 
cannabinoid receptors distributed throughout the body [237]. Prescription cannabinoids 
are available in Canada as an oromucosal extract of cannabis based medicine, or the oral 
agents, dronabinol and nabilone. Herbal cannabis, whether smoked or ingested, is illegal 
without Health Canada exemption. 

In a small trial of 40 patients over a 4 week period, nabilone was associated with 
improved pain, functional status, and anxiety compared to the placebo group, but with 
more side effects in the nabilone group [238]. In a comparator study of nabilone and 
amitriptyline addressing sleep disturbance, both agents performed equivalently for sleep, 
but without effect on pain or quality of life and with more adverse effects in the 
cannabinoid treatment group [239]. In a recent systematic review of 18 randomized
controlled trials in chronic non cancer pain, 2 of which were for FM, cannabinoids were 
superior to placebo for analgesic effect, with some also showing improvement in sleep 
[236]. Long term effects of therapeutic cannabinoid treatment in FM are not known.

Recommendation:
31. A trial of a prescribed pharmacologic cannabinoid may be considered in 

a patient with fibromyalgia, particularly in the setting of important sleep 
disturbance [Level 3 [236, 238, 239], Grade C].
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2.3.4 Antidepressants with pain modulating effects
Antidepressant medications have an effect on pain in treatment of FM independent of the 
effect on mood, by influencing diffuse noxious inhibitory control (DNIC) via 
augmentation of serotonin and norepinephrine [111]. Beginning with the tricyclic 
antidepressants (TCA’s) and the selective serotonin reuptake inhibitors (SSRI’s), recent 
study has focussed on the serotonin norepinephrine reuptake inhibitors (SNRI’s) [240-
248].  Two early meta-analyses reported a favourable effect on pain, sleep disturbance, 
fatigue and overall well-being in FM patients [240, 242].  As the term antidepressant may 
induce bias and stigma, the term pain modulator has been proposed [249].

TCA’s in doses lower than used to treat depression have been the cornerstone drug 
treatment for FM.  When 21 trials were meta-analysed, 16 with TCAs, these latter when 
compared to placebo showed a larger effect size for improved sleep, but with modest 
effect on other symptoms [240]. In a recent systematic review of 10 TCA trials, short 
term efficacy up to 8 weeks for lower doses but not higher doses was noted for pain, 
sleep, fatigue and global patient and physician impression [245]. Amitriptyline, with low 
cost and on provincial formularies, remains a reasonable choice, but limited by
anticholingeric and antihistaminic side effects (eg, mouth dryness, weight gain, and 
drowsiness) and questions regarding long-term sustained efficacy [245]. Nortriptyline is
less effective than amitriptyline [250]. Cost due to healthcare resource use/costs was less 
for those prescribed TCA’s compared to pregabalin [25].

Cyclobenzaprine, technically a muscle relaxant, structurally similar to the TCAs, has 
shown moderate benefit for global improvement with an odds ratio (OR) of 3.0 (95% CI 
1.6-5.6) [251]. When used in doses of 1-4 mg at night,  there was improvement in sleep 
physiology, fatigue and depression [24]. 

Due to the side effects of TCAs, evaluation of other antidepressants was prompted. When 
26 studies evaluated antidepressants in FM by meta-analysis, 13 for amitriptyline, 12 for
SSRIs (5 paroxetine, 4 fluoxetine, 2 citalopram, 1 sertraline), and 3 for SNRIs (2 
duloxetine, 1 milnacipran), all agents with the exception of citalopram, showed a positive 
effect on pain, fatigue, depression, sleep and quality of life [248]. In a subsequent meta-
analysis by the same group examining 18 RCTs with a median duration of 8 weeks (range 
4-28), the effect size for pain reduction was most evident for TCAs, with SSRIs and 
SNRIs showing a smaller effect [243]. There have been no high quality RCTs examining 
venlafaxine in FM, an agent with predominant effect on serotonin at low dose and 
norepinephrine at higher dose, but with possible benefit [138].

Duloxetine, the only antidepressant approved by Health Canada for the treatment of FM,
and milnacipran, currently not available in Canada, are SNRI’s with effect on pain and 
functioning in FM patients. For duloxetine, pain effect is independent of effect on mood, 
and some response is seen within 8 weeks [252, 253]. In a Cochrane systematic review of
3 studies, duloxetine in a dose of 60mg or 120mg daily was effective for pain relief over 
12 and 28 weeks [244]. When duloxetine was studied up to one year, significant adverse 
events were few, but 29% of patients experienced troublesome side-effects including 
nausea, headache, dry-mouth and insomnia, with discontinuation of treatment in 16-20% 
of patients [244, 254]. The risk of suicide in patients of all age groups treated with any 
antidepressant should be appreciated. These agents have potential for interactions with 
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other serotonin-elevating agents such as tramadol however serotonin syndrome is rare, 
but appropriate monitoring is required.

In the setting of overall equivalency of effect on symptoms, side effect profile and cost 
considerations should be taken into account. When factors influencing initiation of drugs
were examined in a database of almost 120,000 FM patients, TCA’s, SSRI’s, duloxetine, 
tramadol and gabapentin were initiated almost equally in about 5% of individuals, with 
9% initiating pregabalin, and 60% initiating non tramadol opioids.  [255]. Prior treatment 
with pregabalin was associated with initiation of duloxetine [255].

Recommendations:
32. The pain-modulating effects of antidepressant medications should be 

explained to patients with fibromyalgia in order to dispel the concept of a 
primarily psychological complaint [Level 5 [249], Grade D].

33. All categories of antidepressant medications including TCAs, SSRIs and 
SNRIs may be used for treatment of pain and other symptoms in patients 
with fibromyalgia [Level 1 [243, 248], Grade A], with choice driven by 
available evidence for efficacy, physician knowledge, patient 
characteristics, and attention to side effect profile [Level 5, Consensus].

2.3.5 Anticonvulsants with pain modulating effects (2- ligand drugs)
Analgesic effects of anticonvulsants have been recognized since the 1970’s with initial 
reports of carbamazepine for treatment of facial pain [256]. Subsequent effects on 
neuropathic pain prompted study in FM.  These drugs act as neuromodulators to dampen 
neuronal excitability, although the precise mechanism of action is unclear [257]. They act 
at a number of sites, including voltage-gated ion channels, ligand-gated ion channels, 
receptors of glutamate and N-methyl-D-aspartate (NMDA), and receptors for γ-
aminobutyric acid (GABA) and glycine [258]. The inhibitory neurotransmitter GABA 
served as a structural template for development of the gabapentinoids (2- ligand 
drugs), including gabapentin and pregabalin, although neither binds appreciably to 
GABA receptors.  

Gabapentinoids, classified as second-generation anticonvulsants, have shown clinical 
efficacy in the treatment of FM, although the clinical meaningful effect may be small 
[259-261]. Moore reports that only a minority of patients will have substantial benefit, 
with more having moderate benefit [262]. In an analysis of 127 RCT’s, with five studies 
included for meta-analysis, there was strong evidence for reduced pain, improved sleep 
and quality of life for gabapentin and pregabalin, independent of anxiolytic effects [259].  
Effect on fatigue and anxiety were less substantial.

Both gabapentin and pregabalin are well absorbed after oral administration, have good 
bioavailability, and are excreted unchanged by the kidneys, requiring dosage adjustment 
in the presence of renal impairment [263]. There are few serious side effects or drug 
interactions, but adverse side effects including cognitive changes, weight gain and 
oedema lead to discontinuation or failure to achieve optimal doses. High doses of 
pregabalin used in trials and recommended by formularies (300, 450, 600 mg/day) are 
seldom used in clinical practice. When used as monotherapy, pregabalin improved pain, 
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global assessment and function, and sleep at doses of 450mg/day, but not 300 or 
600mg/day [26]. Average daily dosing of pregabalin was noted to increase from about 
150mg/day at initiation of treatment to about 300mg/day over 12-months in a US 
administrative claims database [264]. A new prescription for pregabalin was associated
with reduced use of NSAIDs, anticonvulsants and other combination therapies, whereas 
gabapentin was associated with increased prescriptions for opioids, SNRIs, 
anticonvulsants, benzodiazepines and topical agents [265].

Recommendation:
34. Anticonvulsant medication use should be explained as having pain-

modulating properties and treatment should begin with the lowest 
possible dose followed by up titration, with attention to adverse events
[Level 1 [259, 261, 262], Grade A].

2.3.6 Other pharmacologic agents
Novel pharmacologic agents, each with unique mechanisms of action, may eventually be 
useful for FM pain management, although evidence is preliminary. The categories of 
drugs include dopaminergic agents, sodium oxybate, 5-hydroxytryptamine 3 receptor 
antagonists, and N-methyl D-aspartate (NMDA) receptor antagonists. 

Anti-parkinsonian drugs that augment dopamine are an effective treatment for restless 
legs, a frequent association with FM. Pramipexole was studied in 60 FM patients at a 
dose of 4.5mg per day, and reduced pain by one third, although use is tempered by 
gastrointestinal side effects [266]. In contrast, terguride, a partial dopamine agonist, 
showed no advantage over placebo in a study of 99 patients [267]. There have been 
reports of impulse control disorders associated with these agents [268].

Gamma-hydroxybutyric acid (GHB), a naturally occurring substance, likely synthesized 
from GABA in neurones, has an agonist action at two receptor sites [269].  Binding to the 
GHB receptor is excitatory, whereas binding to the GABAB receptor is inhibitory.  GHB
has a biphasic effect on dopamine release, with high concentration inhibiting release from 
the GABAB receptor and low concentrations stimulating dopamine release from the GHB
receptor, accounting for the dual sedative and subsequent activating effects, as well as 
addictive properties. In a study of 188 FM patients treated with sodium oxybate, benefit 
was observed for both pain and subjective sleep quality, with good tolerability apart from 
nausea and dizziness reported by one third of patients, but concerns regarding long term
use and potential for addiction remain [270]. The improvement in sleep seen with sodium 
oxybate may be due to reduction of alpha intrusion and increase in slow-wave sleep, as 
well as boosting of growth hormone levels [271]. FDA approval for treatment of FM was 
denied due to concerns of abuse [272].

The 5-hydroxytryptamine-3 (5-HT3) receptor antagonist dolasetron, infused monthly 
over a period of 3 months, reduced pain intensity [273]. When evaluated in two studies, 
tropisetron, a selective, oral competitive 5-HT3-receptor antagonist, improved pain in the 
short term [274, 275]. In contrast, the 5-HT-2 receptor blocker ritanserin showed no 
effect on the key symptoms of FM over 16 weeks [276].
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There are no studies in FM of NMDA receptor antagonists including ketamine, 
dextromethorphan, amantadine, memantine, and methadone, agents moderating chronic 
pain. When pain mechanisms were examined in FM using ketamine, some patients 
demonstrated reduced local and referred pain areas, supporting the concept of central 
hypersensitization [277].  Cognitive and psychological side effects of ketamine preclude 
current use for FM. 

Peripheral pain generators may augment sensitization in FM. Lidocaine, the local 
anesthetic agent active on sodium channels, was tested by local injection and
intravenously. Local injection into the trapezius region reduced local pain threshold at the 
injection site, whereas intravenous lidocaine showed a modest effect on pain in 75 
patients followed for four weeks [278, 279]. When trigger point injections, joint 
injections or myofascial release techniques were tested, reduced pain persisted for three 
weeks [280, 281]. Therefore, attention to local factors may have some place in the 
treatment of FM. Botulinum toxin-A injections have been studied in small uncontrolled
pilot studies with conflicting report of efficacy [282, 283] .

Agents without effect in FM include dehydroepiandrosterone in postmenopausal women, 
human interferon-alpha, and the antiviral agent valacyclovir [284-286].  Growth hormone 
injections, evaluated in two studies, improved overall symptoms but safety concerns and 
cost issues preclude recommendation [287, 288]. 

Subjective sleep improved with zopiclone in two studies of 41 and 33 patients, but 
without change in polysomnography [289, 290].  Very low doses of cyclobenzaprine 
increased restorative sleep, with improvement in fatigue and pain [24]. A combination 
treatment with tenoxicam and bromazepan may have some effect in FM, although a study 
of 164 patients over 8 weeks showed no significant difference compared to placebo 
[291]. Quetiapine, an atypical second generation antipsychotic agent, commonly used off-
label for sleep, reduced FIQ stiffness and fatigue, but not FIQ pain [292]. Melatonin, with 
potential to improve sleep was tested in a pilot study of 21 patients over 4 weeks with 
some suggestion of improvement [293].

A common trend for all of the aforementioned agents is lack of concrete evidence, either 
for or against use in FM. Larger well-designed RCTs are required to provide evidence for 
use.

Recommendation:
35. Physicians should be aware that only pregabalin and duloxetine have 

Health Canada approval for management of fibromyalgia symptoms and 
all other pharmacologic treatments constitute “off label use” [Level 5, 
Consensus].
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SECTION 3 : The outcome

3.1 How should patients with FM be followed?
The optimal clinical follow up for FM patients will depend on good clinical judgement.  
Healthcare visits will occur more frequently at treatment initiation, and then be less 
frequent when the treatment strategy has been stabilized.   The ideal outcome 
measurement for use in clinical practice is also unknown.  Although improvement in pain 
is paramount, change in other symptoms may hold equal importance and should be 
addressed. A recently proposed severity index for FM symptoms requires testing in 
clinical practice to determine sensitivity to change [294].

As treatment objective should be reduction of symptoms and improved function,
symptom improvement alone requires reassessment of treatments, with side effects
possibly contributing to poor function, or other factors such as poor patient motivation.  
Realistic outcome goals should be emphasized.  

New symptoms should be clinically evaluated with appropriate testing where required 
and healthcare professionals should be cautious about attributing any new symptom to 
FM.  Alternately, prudence should be exercised regarding additional investigations, 
which should be driven by sound clinical principals.  As FM patients generally undergo
more tests and are more costly to the healthcare system than the average population, 
excessive testing should be avoided [5, 6, 295].

Recommendations:
36. Clinical follow up should be dependent on the judgement of the physician 

or healthcare team with likely more frequent visits during the initial 
phase of management or until symptoms are stabilized [Level 5, 
Consensus].

37. In the continued care of a patient with fibromyalgia, the development of a 
new symptom requires clinical evaluation to ensure that symptoms are 
not due to some other medical illness [Level 5, Consensus].

3.2 What factors may help predict outcome in FM?
There are currently no reliable predictors of outcome or response to treatment for patients 
with FM.  In a single study a response to treatment with duloxetine within the first 1-2 
weeks predicted continued response at 3 months, suggesting that early treatment response 
to this specific medication could be a treatment effect indicator [296]. Contrary to 
popular belief, outcome is not universally poor in the majority of patients, although 
symptoms do persist and fluctuate over time, with record of persistence up to seven years
[12, 13].

A favourable outcome has been reported when patients were followed in community 
studies, with some even reporting resolution of symptoms, especially for those with 
recent onset [12, 297-299]. Improved outcome is further supported by the findings that 
65% of subjects improved over a 2-year period in a community based study in England 
[300]. Although early life adverse events are associated with FM, they did not predict 
response to treatment in a single trial [127].  Some authors have reported a poorer 
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outcome in patients who developed FM following a traumatic event [130, 301]. FM 
affects health-related quality of life from multiple perspective including physical 
functioning, emotional and psychological health [302]. Factors that may affect outcome 
include personality traits such as neuroticism and catastrophizing, poor internal locus of 
control, uncontrolled depression, and extreme obesity [303, 304].

Confirmation of a diagnosis of FM has a positive effect on overall healthcare costs in 
studies conducted in Europe [6]. Additionally, a definitive diagnosis does not adversely 
affect outcome from the patient perspective, is likely reassuring and facilitates engaging 
in optimal healthcare management [95]. Reduction in excessive use of pharmacotherapy 
improved outcome in a single study [206].

Recommendations:
38. Patients should be informed that the outcome in many individuals is 

favourable even if symptoms of fibromyalgia tend to wax and wane over 
time [Level 3 [297-299], Grade B].

39. Patients who have experienced previous adverse lifetime events that have 
impacted on psychological wellbeing and have not been effectively 
addressed should be offered appropriate support to facilitate attaining 
health-related outcome goals [Level 5, Consensus].

40. Physicians should be alert that factors such as passivity, poor internal 
locus of control and prominent mood disorder may have a negative 
influence on outcome [Level 5, Consensus].

3.3 What measures of outcome may be used to follow patients with FM?
Any measurement tool for outcome must be reliable and valid, simple to use and reflect 
change over time. Physicians generally remain reticent regarding the usefulness of
questionnaires to follow patients in clinical practice.

Patient narrative report of symptoms or a report of global impression of change (PGIC), 
measured as a 7-point Likert scale, ranging from 1=much worse, to 7=much better, are
simple and practical assessments for clinical practice [305, 306]. Documenting patient 
goals and their levels of achievement is a strategy that has concrete meaning for a patient 
[109]. Questionnaires that have been used include measures of function such as the 
Fibromyalgia Impact Questionnaire (FIQ), Revised FIQ (FIQR), Health Assessment 
Questionnaire (HAQ), as well as others measuring pain, sleep, fatigue and depression 
[307-310].  Measurement of tender points or pain intensity of tender points is not a 
clinically relevant or reliable outcome measurement [58].

3.3.1 Examples of tools to assess function, global status and quality of life
Various questionnaires specific to FM have been used mostly in the research setting, but 
are less applicable to routine patient care.  

1. The Fibromyalgia Impact Questionnaire (FIQ) is a disease-specific composite 
instrument that measures quality of life in patients with FM  [308]. A change of 14% on 
the FIQ indicates a clinically meaningful difference in health status [311]. It is complex 
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to score, has questions that may not be currently applicable today and does not address 
cognition. 

2.  A modification of the FIQ, termed the revised FIQ (FIQR) can be completed in two 
minutes, is simpler to score than the FIQ and includes questions regarding cognition, 
environmental sensitivity, balance and tenderness [307]. It has shown good reliability and 
equivalency with the original FIQ as well as the generic functional questionnaire, the 
SF36.

3. The FM Severity Scale, a measurement tool component of the revised diagnostic 
criteria, has not yet been tested in the trial or clinical setting. This simple tick sheet 
questionnaire is scored out of 31, with a value of 13 or more used to identify patients with 
FM [294].

4. Quality of life measures in FM patients, such as SF36, consistently show important 
effects, but are not practical for use in routine clinical care [312]. 

3.3.2 Examples of tools to assess pain
Numerous measures can be used to assess pain in FM, with recognition that pain is a 
single component of this condition, and therefore should not be assessed in isolation.

1. The numerical pain intensity scale (0=no pain, 10= worst possible pain) and the pain 
visual analogue scale (VAS) are validated and simple measurements. These measures do 
not address other aspects of pain such as the quality, interference of daily function or
timing of pain [313, 314]. A change in pain score of 30 % reflects a clinically meaningful 
change [315].

2. Body pain diagrams may identify the distribution of pain, although the pain of FM is 
fluid and moves location in time frames from hours to days to weeks.  Pain diagrams give 
a pictorial image of the location of pain, but do not address intensity, quality or variation 
over time [316].  

3. Tender point count: although previously used as an outcome measure, the tender point 
count correlates poorly with global patient status and should not be used. When objective 
dolorimetry was applied in a random way, the correlation with subjective report was 
more consistent [317].

Recommendations:
41. Outcome can be measured by narrative report of symptom status or 

patient global impression of change (PGIC), without need for more 
complex questionnaires [Level 3 [305, 306], Grade C].

42. Patient goals and their levels of achievement should be recorded as a
useful strategy to follow outcome [Level 5, Consensus].

43. Tender point examination should not be used as an outcome measure 
[Level 3 [58], Grade C].
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3.4 What recommendations can be given regarding work?
The work ability of persons with FM is often contentious, with subjective report of 
functional impairment difficult to reconcile with a mostly healthy looking person. In the 
United States up to 35% of patients with FM are receiving work disability benefits [318].  

FM patients in the workforce have generally less severe symptoms and better quality of 
life than those unemployed, but without evidence that remaining in the workforce 
positively affects health status [319, 320]. This finding holds true when patients were 
followed longitudinally over a five year period [321]. Therefore, it might be surmised that 
symptom severity is a determining factor in ability to work, missed workdays and loss of 
productivity, indicating a substantial burden of illness [322]. Compared to persons with 
RA, those with FM reported more short-term disability days, but overall mean costs for 
absence from work were similar for the two conditions [323].

Pacing, especially when applied to the workforce, may improve retention in employment 
[143]. Specific reasonable adjustments in the working environment may be helpful [144]. 
Although the physical and psychological demands of a job influence employment and 
eventual return to work, the life situation, attitude of the patient and ability to influence 
work parameters are additional contributing factors [324]. Combined exercise and 
cognitive strategies improved return to work in one study, and physical fitness in another 
[325, 326]. Regularity in scheduling will encourage a steady routine and regular sleep 
pattern. In an internet survey, FM patients reported higher physical function to be 
associated with younger age, higher education, less fatigue, less medication use and more 
exercise activity [327]. Pain locus of control with positive expectations was a good 
predictor of return to work in a Spanish multidisciplinary treatment program [140].  
Patients’ perceived physical limitation better predicted employment status than affective 
symptoms or pain [328]. Although return to work is perceived as an ideal health 
economic outcome, this may not be applicable for many women with FM who may be
homemakers [326].

Recommendations:
44. Physicians should encourage patients to remain in the workforce, and if 

necessary may provide recommendations that could help maintain 
optimal productivity, as outcome is generally more favourable for those 
who are employed [Level 3 [321], Grade C].

45. Patients with fibromyalgia on a prolonged sick leave should be 
encouraged to participate in an appropriate rehabilitation program with 
focus on improving function, including return to work if possible [Level 5 
[326], Grade D].

3.5 How can healthcare costs be contained when treating patients with FM?
FM is a condition associated with considerable direct and indirect healthcare costs.  Costs 
are reported to be equal to persons with low back pain and rheumatoid arthritis and 
greater than persons with ankylosing spondylitis [323, 329]. In the US, the cost for 
service utilization in an individual FM patient was over $2000 in 1997, with reports in the 
order of $4000 per year per patient for Canada and Europe [5, 295, 330, 331]. Healthcare 
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costs were three times higher for FM patients compared to other randomly selected 
patients over a 12 month period [332].

Treatment strategies to reduce healthcare costs have seldom been examined. Social 
support or social support and education did not reduce costs when compared to a control 
group over a one year period [333]. Healthcare costs for FM are greatest for non-drug 
therapies, with a threefold increase over drug therapy [330]. Even in the primary care 
setting, FM patients incurred higher annual costs compared to a reference population of 
non-FM patients [334] This is particularly true for FM patients with other comorbidities 
[335]. Concomitant depression and FM resulted in greater healthcare use, with mean 
incremental employer payments over 9000$, an amount greater than for FM or depression 
alone [336].

Using prediction of cost analysis over four years in the United Kingdom, a diagnosis of 
FM reduced healthcare costs and resource utilization driven by less tests, imaging, 
medication use, specialist referrals and primary care visits [82].

Recommendation:
46. In persons with fibromyalgia, other co morbid conditions including 

depression should be recognized and addressed in order to reduce 
healthcare costs [Level 3 [335, 336], Grade C].

Conclusion

FM is a valid syndrome affecting approximately one million Canadians.  In the absence 
of any confirmatory test, the diagnosis is based clinically on the chief complaint of pain 
and associated symptoms of fatigue, sleep disturbance, cognitive changes, mood disorder 
and other somatic symptoms.  A physical examination is within normal limits apart from 
tenderness of soft tissues, but without the requirement of examination of tender points to 
confirm a diagnosis.  Investigations should be limited to simple laboratory testing, unless 
the clinical picture suggests some other diagnosis. 

Primary care physicians are encouraged to establish a diagnosis of FM as early as 
possible without need for specialist confirmation. Symptoms of FM persist over time
without any current treatment option offering a cure and with ideal care centered in 
primary care, incorporating a multimodal approach. Treatment plans should incorporate
self-management techniques, goal setting and healthy lifestyles, with acknowledgement 
of psychological distress when present. Pharmacologic treatments should be initiated in 
low doses with gradual and cautious upward titration to minimize side effects. Continued 
medication use requires diligent evaluation with attention to need for continued use and 
emergence of adverse effects. Clinical outcome can be measured by a simple narrative 
report of symptom status without need for use of specific questionnaires. Any new 
symptom requires appropriate clinical evaluation and should not immediately be 
attributed to FM. Although there is currently no cure for FM, many patients achieve 
moderate symptom control and are able to lead active and fulfilling lives.
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APPENDIX A
Literature review search strategy

We have performed a literature review for each question identified following a needs assessment. 
Databases that were queried were Embase, Medline and PsychInfo. Search terms used were 
relevant to each question. English language articles pertaining to adult human subjects were 
included, but if considered particularly relevant, other language articles were accessed. Studies 
with fewer than 30 patients were excluded unless the study addressed a subject of particular 
interest, or where there was a paucity of information. Titles and abstracts were screened and full 
text articles were retrieved for relevant references. As there is a paucity of randomized controlled 
trials for many aspects of management of patients with fibromyalgia, we considered a broad scope 
of evidence for this review.  

The details of individual search strategies were recorded and are presented in Table 1.  4735 
articles were identified, 2583 from Embase, 2133 from Medline, and 19 from PsychInfo. Titles 
were screened for relevance. Exclusion and merger following removal of duplicates yielded 363 
citations which were then further screened by their abstracts. Of these, 150 were suitable for formal 
attribution of a level of evidence using the OEBM table (Appendix B) and full texts were accessed.
Of the 150 appraised articles, 13 were located in two sections and were therefore appraised twice 
for suitability in answering each relevant question.

Questions driving literature search
DIAGNOSIS
1. How should FM be diagnosed?
2. What diagnoses can be confused with FM? 

TREATMENTS
3. What non-pharmacologic treatments have a positive outcome for management of FM patients?
4. What pharmacologic treatments have a positive outcome for management of FM patients?
5. What kind of specialist input can be beneficial for the management of FM patients? 
6. How can psychological evaluation and counseling help in the management of FM patients?
7. How should patients with FM contribute to their management?
8 What are the benefits of patient education regarding understanding and management of FM? 
9. What evidence do we have on alternative or complementary treatments of FM?
10. Should treatment interventions be re-evaluated and at which frequency?

OUTCOME
11. What measurements should be used to evaluate patient outcome?
12. How should physicians discuss outcome goals with patients?
13. How can patients maintain optimal function?
14. Should patients currently in the workforce maintain working activity?
15. Containment in healthcare system and cost effectiveness
16. Who should manage patients with FM?
17. How can primary care physicians be more comfortable with diagnosing and managing FM?
18. Why are health care professionals reluctant to care for FM patients?



Table 1. Literature search results
Initial 
search

1st

removal
2nd removal 
(duplicates)

Final appraisal

D1E 175 6 13 8D1M 140 7
D2E 285 3 8 5D2M 205 5
T3E 265 38 78 45T3M 200 40
T4E 252 33 73 34T4M 149 41
T5E 199 1 2 0T5M 43 1
T6E 109 2

17 6T6M 85 12
T6P 14 3
T7E 251 2 2 1T7M 82 0
T8E 208 2 4 1T8M 118 2
T9E 106 17 61 19T9M 178 54
T10E 126 2 7 0T10M 198 5
O11E 94 3 10 6O11M 168 7
O12E 67 3

11 6O12M 114 8
O12P 3 0
O13E 150 20 32 13O13M 135 12
O14E 96 4 13 5O14M 49 9
O15E 101 5 21 13O15M 91 16
O16E 0 0 8 1O16M 116 8
O17E 29 2 2 0O17M 17 0
O18E 70 0

1 0O18M 45 1
O18P 2 0
Legend : D :Diagnosis; T :Treatment; O :Outcome; E :Embase; M : Medline; P: PsychInfo



APPENDIX B
Level of evidence grading table

Adapted from the Centre for Evidence-Based Medicine (CEBM) Levels of Evidence (March 2009)[1]

Grades of Recommendation

A Consistent level 1 studies 
B Consistent level 2 or 3 studies or extrapolations from level 1 studies
C Level 4 studies or extrapolations from level 2 or 3 studies 
D Level 5 evidence or troublingly inconsistent or inconclusive studies of any level
Consensus Opinion supported by entire Canadian Fibromyalgia Guidelines Committee

Level may be graded down on the basis of study quality, imprecision, indirectness, because of inconsistency between studies, or because the 
absolute effect size is very small; Level may be graded up if there is a large or very large effect size.

1. Howick, J., Chalmers, I., Glasziou, P., Greenhalgh, T., Heneghan, C., Liberati, A., Moschetti, I., Phillips, B., Thornton, H., Goddard, O., 
Hodgkinson, M., The Oxford 2011 Table of Evidence. Oxford Centre for Evidence-Based Medicine. 
http://www.cebm.net/index.aspx?o=5653

Level 1 Level 2 Level 3 Level 4 Level 5
Diagnosis Systematic review 

of cross sectional 
studies

Systematic review of cross 
sectional studies with 
consistently applied 
reference standard and 
blinding

Systematic review of non-
consecutive studies, or 
studies without consistently 
applied reference standards

Systematic review of case-
control study, or cross-
sectional study with non-
independent reference 
standard

Opinion

Treatments Systematic review 
of randomized 
trials or n-of-1 
trial

Randomized trial or 
(exceptionally) observational 
studies with dramatic effect

Non-randomized controlled 
cohort/follow-up study

Systematic review of case-
control studies, historically 
controlled studies

Opinion

Outcome Systematic review 
of inception 
cohort studies

Inception cohort studies Cohort or control arm of 
randomized trial

Systematic review of case-
series

Opinion



APPENDIX C

Practice Recommendations
Section 1: The diagnosis

The clinical 
evaluation

1. Fibromyalgia, a condition than can wax and wane over time, should be diagnosed in an individual 
with diffuse body pain that has been present for at least 3 months, and who may also have symptoms of 
fatigue, sleep disturbance, cognitive changes, mood disorder, and other somatic symptoms to variable 
degree, and when symptoms cannot be explained by some other illness [Level 5 [2, 12, 45, 46], Grade D].

2. All patients with a symptom complaint suggesting a diagnosis of fibromyalgia should  undergo a 
physical examination which should be within normal limits except for tenderness on pressure of soft tissues 
(ie. hyperalgesia which is increased pain following a painful stimulus) [Level 4 [2, 3, 66], Grade D].

3. Examination of soft tissues for generalized tenderness should be done by manual palpation with the 
understanding that the specific tender point examination according to the 1990 ACR diagnostic criteria is 
not required to confirm a clinical diagnosis of fibromyalgia [Level 5 [1, 2], Grade D].

Testing & 
confirming the 

diagnosis

4. Fibromyalgia should be diagnosed as a clinical construct, without any confirmatory laboratory test, 
and with testing limited to simple blood testing including a full blood count, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), creatine kinase, and thyroid stimulating hormone (TSH). Any additional 
laboratory or radiographic testing should depend on the clinical evaluation in an individual patient that may 
suggest some other medical condition [Level 5 [75, 76], Grade D].

5. The primary care physician should establish a diagnosis of fibromyalgia as early as possible, 
without need for confirmation by a specialist, and communicate this diagnosis to the patient. Repeated 
investigations after diagnosis should be avoided unless driven by the onset of new symptoms, or signs on 
physical examination [Level 5[6, 77, 82, 83], Grade D].

6. The ACR 2010 diagnostic criteria for fibromyalgia can be used at initial assessment to validate a 
clinical diagnosis of fibromyalgia with the understanding that symptoms vary over time [Level 3 [1, 2, 58], 
Grade B].

Differential 
diagnosis & 
coexisting 
conditions

7. Healthcare professionals should be aware that some medical or psychological conditions may 
present with body pain similar to fibromyalgia, and patients with other medical illnesses may have an 
associated fibromyalgia [Level 5 [76, 86, 87, 90, 91], Grade D].   

The healthcare 
team

8. Management of persons with fibromyalgia should be centered in the primary care setting with 
knowledgeable healthcare professionals, and ideally, where possible, this care may be augmented by access 
to a multidisciplinary team [Level 1 [96, 97], Grade A] or team member to provide support and reassurance 
[Level 3 [101, 102], Grade C].

9. Specialist consultation, including referral to a sleep specialist or psychologist may be required for 
selected subjects, but continued care by a specialist is not recommended and should be reserved for those 
patients who have failed management in primary care or have more complex co morbidities [Level 5 [77], 
Grade D].

Education & 
knowledge

10. In caring for persons with fibromyalgia, healthcare professionals should be educated regarding the 
pathogenesis of fibromyalgia [Level 5, Consensus], empathetic, open, honest, should not demonstrate 
negative attitudes, and should practice shared decision-making [Level 3 [106, 107, 110], Grade D].

11. Healthcare professionals should be knowledgeable that objective neurophysiologic abnormalities 
have been identified in patients with fibromyalgia in the research setting, but are not available in clinical 
practice for either the diagnosis or care of persons with fibromyalgia [Level 5 [111, 117], Grade D].

12. Patients and healthcare professionals should acknowledge that genetic factors as well as previous 
adverse events may have contributed to the development of fibromyalgia, but focusing excessively on a 
triggering event could compromise patient care and should therefore be discouraged [Level 5 [123, 126, 
130], Grade D].



Section 2: Management

Treatment overview

13. A treatment strategy for patients with fibromyalgia should incorporate principles of self-
management using a multimodal approach [Level 1 [131, 132], Grade A]. It is recommended that attention 
should be paid to individual symptoms in a patient tailored approach, with close monitoring and regular 
follow-up, particularly in the early stages of management [Level 5 [131] Grade D].

14. Patients should be encouraged to identify specific goals regarding health status and quality of life at 
the initiation of treatment, with re-evaluation of goals during the follow-up [Level 5 [102], Grade D].

Non pharmacologic 
overview

15. Non pharmacologic strategies with active patient participation should be an integral component of 
the therapeutic plan for the management of fibromyalgia [Level 1 [132, 137], Grade A]. Encouraging self-
efficacy and social support will facilitate the practice of health promoting lifestyles [Level 3 [141, 142], 
Grade D].

16. Persons with fibromyalgia should be encouraged to pursue as normal a life pattern as possible, 
using pacing and/or graded incremental activity to maintain or improve function [Level 4 [143, 144], Grade 
D].

Psychological 
interventions

17. The attainment of effective coping skills and promotion of self-management can be facilitated by 
multicomponent therapy [Level 5 [137], Grade D].

18. Interventions that improve self-efficacy should be encouraged to help patients cope with symptoms 
of fibromyalgia [Level 1 [168], Grade A].

19. Psychological evaluation and/or counselling may be helpful for persons with fibromyalgia in view 
of the associated psychological distress [Level 5, Consensus], and patients should be encouraged to 
acknowledge this distress when present and be informed about the negative impact this may have on 
wellbeing [Level 3 [149], Grade D].

20. CBT even for a short time is useful and can help reduce fear of pain and fear of activity [Level 1 
[150, 151], Grade A].

Physical activity
21. Persons with fibromyalgia should participate in a graduated exercise program of their choosing to 
obtain global health benefits and probable effects on fibromyalgia symptoms [Level 1 [174-178, 184, 185], 
Grade A].

Complementary 
and Alternative 

Medicine

22. Patients should be informed that there is currently insufficient evidence to support the 
recommendation of complementary and alternative medicine (CAM) treatments for the management of 
fibromyalgia symptoms, as they have mostly not been adequately evaluated regarding benefit [Level 1 [194, 
195, 200], Grade A].

23. Patients should be encouraged to disclose use of CAMs to the healthcare professional who should 
be understanding and tolerant of this disclosure and should provide information on current evidence-based 
understanding of efficacy and risks where available [Level 5, Consensus].



Pharmacologic 
overview

24. Physicians should identify the most bothersome symptom(s) in order to help direct pharmacologic 
treatments according to a symptom-based approach. An ideal pharmacologic choice may address multiple 
symptoms simultaneously and may require a combination of medications, in which case attention must be 
paid to drug interactions [Level 5 [111, 131], Grade D].

25. Pharmacologic treatments should be initiated in low doses with gradual and cautious upward 
titration to reduce medication intolerance [Level 5 [131], Grade D] with regular evaluation regarding 
continued efficacy and side effect profile, with the knowledge that drug side-effects may appear similar to 
symptoms of fibromyalgia [Level 5, Consensus].

26. Physicians prescribing medications for fibromyalgia should be open-minded and aware of the 
broader spectrum of agents available to treat symptoms, and should not confine treatments to a single 
category of medications [Level 5, Consensus].

Traditional pain 
relieving therapies

27. In line with the World Health Organisation step-up analgesic ladder, acetaminophen may be useful 
in some patients, but with attention to safe dosing [Level 5, Consensus].

28. In the event that NSAID’s are prescribed, particularly for associated conditions such as 
osteoarthritis, they should be used in the lowest dose and for the shortest period of time in view of possible 
serious adverse events [Level 5 [218, 219], Grade D].

29. A trial of opioids, beginning with a weak opioid such as tramadol, should be reserved for treatment 
of patients with moderate to severe pain that is unresponsive to other treatment modalities [Level 2 [208, 
224], Grade D].

30. Strong opioid use is discouraged, and patients who continue to use opioids should show improved 
pain and function. Healthcare professionals must monitor for continued efficacy, side effects or evidence of 
aberrant drug behaviours [Level 5 [233], Grade D].

Non-traditional 
pain relieving 

therapies

31. A trial of a prescribed pharmacologic cannabinoid may be considered in a patient with 
fibromyalgia, particularly in the setting of important sleep disturbance [Level 3 [236, 238, 239], Grade C].

32. The pain-modulating effects of antidepressant medications should be explained to patients with 
fibromyalgia in order to dispel the concept of a primarily psychological complaint [Level 5 [249], Grade D].

33. All categories of antidepressant medications including TCAs, SSRIs and SNRIs may be used for 
treatment of pain and other symptoms in patients with fibromyalgia [Level 1 [243, 248], Grade A], with 
choice driven by available evidence for efficacy, physician knowledge, patient characteristics, and attention 
to side effect profile [Level 5, Consensus].

34. Anticonvulsant medication use should be explained as having pain-modulating properties and 
treatment should begin with the lowest possible dose followed by up titration, with attention to adverse 
events [Level 1 [259, 261, 262], Grade A].

35. Physicians should be aware that only pregabalin and duloxetine have Health Canada approval for 
management of fibromyalgia symptoms and all other pharmacologic treatments constitute “off label use” 
[Level 5, Consensus].



Section 3: The outcome

Patient follow up

36. Clinical follow up should be dependent on the judgement of the physician or healthcare team with 
likely more frequent visits during the initial phase of management or until symptoms are stabilized [Level 5, 
Consensus].

37. In the continued care of a patient with fibromyalgia, the development of a new symptom requires 
clinical evaluation to ensure that symptoms are not due to some other medical illness [Level 5, Consensus].

38. Patients should be informed that the outcome in many individuals is favourable even if symptoms 
of fibromyalgia tend to wax and wane over time [Level 3 [297-299], Grade B].

39. Patients who have experienced previous adverse lifetime events that have impacted on 
psychological wellbeing and have not been effectively addressed should be offered appropriate support to 
facilitate attaining health-related outcome goals [Level 5, Consensus]. 

40. Physicians should be alert that factors such as passivity, poor internal locus of control and 
prominent mood disorder may have a negative influence on outcome [Level 5, Consensus].

Outcome tools

41. Outcome can be measured by narrative report of symptom status or patient global impression of 
change (PGIC), without need for more complex questionnaires [Level 3 [305, 306], Grade C].

42. Patient goals and their levels of achievement should be recorded as a useful strategy to follow 
outcome [Level 5, Consensus].

43. Tender point examination should not be used as an outcome measure [Level 3 [58], Grade C].

Work 
recommendations 

and health cost 
containment

44. Physicians should encourage patients to remain in the workforce, and if necessary may provide 
recommendations that could help maintain optimal productivity, as outcome is generally more favourable 
for those who are employed [Level 3 [321], Grade C].

45. Patients with fibromyalgia on a prolonged sick leave should be encouraged to participate in an 
appropriate rehabilitation program with focus on improving function, including return to work if possible 
[Level 5 [326], Grade D].

46. In persons with fibromyalgia, other co morbid conditions including depression should be 
recognized and addressed in order to reduce healthcare costs [Level 3 [335, 336], Grade C].



APPENDIX D
2010 American College of Rheumatology Diagnostic Criteria for Fibromyalgia* [1]

*For scoring, see original reference below.

1. Wolfe, F., et al., Fibromyalgia criteria and severity scales for clinical and epidemiological 
studies: a modification of the ACR Preliminary Diagnostic Criteria for Fibromyalgia. Journal of 
Rheumatology, 2011. 38(6): p. 1113-22.
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a b s t r a c t

We compared the methodology and the recommendations of evidence-based guidelines for the manage-
ment of fibromyalgia syndrome (FMS) to give an orientation within the continuously growing number of
reviews on the therapy of FMS. Systematic searches up to April 2008 of the US-American National Guide-
line Clearing House, the Scottish Intercollegiate Guidelines Network, the Association of the Scientific
Medical Societies in Germany (AWMF) and Medline were conducted. Three evidence-based guidelines
for the management of FMS published by professional organizations were identified: The American Pain
Society (APS) (2005), the European League Against Rheumatism (EULAR) (2007), and the AWMF (2008).
The steering committees and panels of APS and AWMF were comprised of multiple disciplines engaged in
the management of FMS and included patients, whereas the task force of EULAR only consisted of phy-
sicians, predominantly rheumatologists. APS and AWMF ascribed the highest level of evidence to system-
atic reviews and meta-analyses, whereas EULAR credited the highest level of evidence to randomised
controlled studies. Both APS and AWMF assigned the highest level of recommendation to aerobic exer-
cise, cognitive-behavioral therapy, amitriptyline, and multicomponent treatment. In contrast, EULAR
assigned the highest level of recommendation to a set of to pharmacological treatment. Although there
was some consistency in the recommendations regarding pharmacological treatments among the three
guidelines, the APS and AWMF guidelines assigned higher ratings to CBT and multicomponent treat-
ments. The inconsistencies across guidelines are likely attributable to the criteria used for study inclu-
sion, weighting systems, and composition of the panels.

� 2009 European Federation of International Association for the Study of Pain Chapters. Published by
Elsevier Ltd. All rights reserved.

1. Introduction

According to the criteria of the American College of Rheumatol-
ogy (ACR), fibromyalgia syndrome (FMS) is defined as chronic
widespread pain and tenderness in at least eleven of 18 defined
tender points (Wolfe et al., 1990). Population based estimates of
the prevalence of FMS range from 0.5% to 5.8% (Croft, 2002; Gran,
2003). FMS is frequently associated with fatigue, sleep disorder,
other functional somatic syndromes, mental and physical disor-
ders, as well as disability and diminished quality of life (Henning-
sen et al., 2003; van Houdenhove and Luyten, 2006). FMS patients
incur high direct medical costs (Boonen et al., 2005; Penrod et al.,
2004; White et al., 1999) and consume significant indirect costs
(e.g. sick-leave, disability pension) (Wolfe et al., 1997; Henriksson
et al., 2005). Effective treatment options are therefore needed for
both medical and economic reasons (Robinson and Jones, 2006).

Despite increased knowledge about FMS, there is currently no
cure. The absence of any definitive treatment has resulted in a
variety of pharmacological and non-pharmacological treatments
being prescribed and used by patients diagnosed with FMS (Ben-
nett et al., 2007; Müller et al., 2000). The results of various treat-
ments have been modest and inconsistent. The large number of
patients diagnosed with FMS and the conflicting data on treat-
ment effectiveness has led to the development of a number of at-
tempts to create evidence-based guidelines designed to provide
patients and physicians guidance in selecting among the
alternatives.

Although guidelines covering the same diagnosis and relevant
clinical trials would be expected to come to comparable conclu-
sions, this is not always the case. A number of factors may contrib-
ute to inconsistencies. To date there have been no systematic
attempts to compare recommendations from available guidelines
for the treatment of patients with FMS. The aim of the current re-
view is to compare the recommendations of the existing evidence-
based guidelines that have been published to identify consistencies
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Schwerpunkt

In revising the guidelines, the task groups 
considered the following questions:
1.  Are the complementary and alterna-

tive therapies for fibromyalgia syn-
drome (FMS) effective over short and 
long periods of time?

2.  What are the risks of using comple-
mentary and alternative procedures 
to treat FMS?

3.  Which complementary and alterna-
tive procedures should be refused in 
treating FMS?

Methodology

The procedures utilized for researching 
and analyzing the literature are present-
ed in the article “Methodological funda-
mentals used in developing the guideline”.

Results

The following findings apply to adults. 
Complementary and alternative proce-
dures for chronic pain affecting multi-
ple body regions in children and youths 
are discussed in the article entitled “Def-

inition, diagnosis and therapy of chron-
ic widespread pain and so-called fibro-
myalgia syndrome in children and ado-
lescents”. Key recommendations are ital-
icized.

Highly recommended

Meditative movement therapies 
(tai chi, qigong, yoga)

Evidence-based recommendation
Meditative movement therapies (tai chi, 
qigong, yoga) should be considered. 
EL1a, highly recommended, strong con-
sensus

Comment.  The meditative movement 
therapies analyzed included body-aware-
ness therapy, qigong, tai chi, yoga, and 
Feldenkrais therapy.

A search of the literature identified 46 
reports. One trial on Feldenkrais therapy 
was excluded because it was not random-
ized [39]. One randomized controlled tri-
al (RCT) with yoga was available only as 
an abstract [31].

Nine RCTs with 420 patients in ther-
apeutic trials lasting an average of 11 (6–
20) weeks were analyzed. Seven of the tri-
als included follow-up assessments per-
formed on average 20 (6–78) weeks after 
the treatments had been completed (Evi-
dence Report, Tab. 92; [4, 9, 11, 17, 28, 39, 
42, 52, 59]). 

The evidence was of moderate quality 
(moderate methodological quality, mod-
erate external validity) (Evidence Report, 
Tab. 93), as was the efficacy. However, 
meditative movement therapies were su-
perior to the control group therapies in re-
ducing pain, fatigue, and sleep disorders 
as assessed at the completion of the re-
spective trials (Evidence Report, Tab. 94 
and Fig. 30). Acceptance in the treatment 
groups was moderate (dropout rate 19%) 
and did not differ significantly from that 
of the placebo groups (Evidence Report, 
Fig. 30).

Adverse effects were not reported in 
the analyzed trials. Availability is limit-
ed. Exercise therapies are not covered by 
health insurance in Germany. They are a 
part of multimodal therapeutic inpatient 
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Physiotherapy and 
physical agent therapies 
for fibromyalgia syndrome
Systematic review, meta-analysis 
and guidelines

The board of the working groups pro-
posed following questions for the planned 
revision of the guidelines:
1.  Do physiotherapy and therapy agent 

treatments provide short- and long-
term effect for the treatment of fibro-
myalgia syndrome (FMS)?

2.  Which risks are associated with the 
use of physiotherapy and therapy 
agents (i.e., passive treatment modal-
ities such as hot/cold packs, massage, 
electrotherapy, laser and ultrasound) 
for the treatment of FMS?

3.  Which physiotherapy and therapy 
agent treatments are not recommend-
ed for the treatment of FMS?

Materials and methods

The methods used for the literature search 
and analysis, and for the compilation of 
the recommendations are reported in the 
article “Methodological fundamentals 
used in developing the guidelines”.

Results

Preliminary note: the following state-
ments and recommendations are aimed 
at adults. For the general treatment objec-
tives and treatment coordination for chil-
dren and teenagers, please refer to the arti-
cle “Definition, diagnosis and therapy for 
chronic pain and so-called fibromyalgia 
syndrome in children and adolescents”. 
Key recommendations are italicized.

Strong recommendation

Aerobic training

Evidence-based recommendation
Aerobic training with low to moderate in-
tensity (e.g. faster walking, Nordic walk-
ing, cycling or ergometer training, danc-
ing, aqua jogging) should be implement-
ed 2–3 times per week for at least 30 con-
tinuous minutes. EL1a, strong recom-
mendation, strong consensus

Comment. For the analysis, studies with 
physical training, in which at least 60% 
of the therapy time was spent on aerobic 

training, were included. Studies, in which 
aerobic training was combined with psy-
chological therapies, are included and list-
ed in the article “Multicomponent therapy 
for fibromyalgia syndrome”.

For the classification of the intensity 
of the aerobic training, following criteria 
were used:
F	 low intensity: 50–70% Hfmax (maxi-

mal heart rate),
F	 moderate intensity: 70–85% Hfmax 

and
F		high intensity: 85–100% Hfmax.

The literature search produced 285 re-
sults. Two studies were excluded from the 
analysis, as the reported clinical end stage 
did not meet our inclusion criteria [102, 
112]. Fourty two studies [1, 4, 10, 15, 19, 22, 
27, 28, 29, 33, 36, 40, 44, 45, 49, 53, 55, 58, 
60, 66, 67, 70, 72, 74, 76, 77, 81, 82, 84, 87, 
89, 90, 91, 93, 95, 100, 101, 105, 109, 111, 112, 
116], with a total of 2,071 patients and an 
average duration time of the study of 12 
(3–24) weeks, were included in the quali-
tative analysis. A total of 16 studies carried 
out a follow-up at an average of 41 (4–208) 
weeks (Evidence Report, Tab. 6).
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Exercise Interventions
in Fibromyalgia :
Clinical Applications
from the Evidence

Kim D. Jones, PhD, RN, FNPa,*, Ginevra L. Liptan, MDb,c

Most clinicians are aware of the benefits of exercise for patients who have fibromyalgia
(FM). Many express frustration, however, with poor patient compliance with exercise
recommendations. Viewed from a broader context, regular exercise eludes at least
70% of Americans.1 It is thus not surprising that patients with the pain, fatigue, and
disrupted sleep of FM would face additional challenges in adopting and maintaining
an exercise program. In fact, 83% of patients who have FM do not engage in aerobic
exercise, and most of those tested have below-average fitness levels. In physical self-
report or functional testing, the average 40-year-old patient who has FM was found to
be as physically unfit as an 80-year-old person who does not have FM.2,3

This article summarizes physiologic obstacles to exercise and reviews exercise
interventions in FM. In addition, the authors describe the top 10 principles for success-
fully prescribing exercise in the comprehensive treatment of FM and provide a practical
exercise resource table to share with patients.

POTENTIAL ‘‘PHYSIOLOGIC’’OBSTACLES TOADEQUATE EXERCISE IN PATIENTS
WHOHAVE FIBROMYALGIA

The common complaint of many patients who have FM is that they hurt and feel more
fatigued after exercise. There are a few observations worthy of note that may be
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Three decades of objective evidence in fibromyalgia (FM) have demonstrated 
reproducible deficits in both ascending/descending pain pathways, neuro-endocrine and 
neurotransmitter perturbations and autonomic dysfunction (Nielsen & Henriksson, 2007). 
Treatment of the peripheral is critical to optimizing pain management in FM (Staud et al, 
2013). In regards to peripheral treatment via trigger point injections, a review of the 
literature in the treatment of FM and myofascial pain found that compared to no 
treatment, injection of trigger points reduces pain intensity and number of pain episodes 
(Affaitati, Costatini, Fabrizio, Lapenna, Tafuri & Giamberardino, 2011, Affaitati, Fabrizio, 
Savini, Lerza, Tafuri, Costantini...& Giamberardino, 2009). 
 
The most recent scientific contribution to the efficacy of treating the periphery to reduce 
pain was recently published by Staud (2013), in which a double blind controlled study 
evaluated whether trigger point injections of either saline or lidocaine could reduce pain, 
hyperalgesia and anxiety in a cohort of 63 patients with FM. The study showed that 
lidocaine injections were superior to saline at reducing hyperalgesia, and both saline and 
lidocaine were effective at reducing clinical pain (Staud, Weyl, Bartley, Price & 
Robinson, 2013).  
 
Trigger point injection with 0.5% bupivacine was more effective at reducing pain intensity 
and number of pain episodes compared to placebo injections (injections near the trigger 
point) in fibromyalgia (Affaitati, Costatini, Fabrizio, Lapenna, Tafuri & Giamberardino, 
2011).  Injection of peripheral pain generating trigger points with 0.5% bupivacaine for 
the treatment of myofascial pain has been shown to be effective at reducing pain 
compared to a placebo patch (Affaitati, Fabrizio, Savini, Lerza, Tafuri, Costantini...& 
Giamberardino, 2009). 
 
In regards to trigger point injection with an anesthetic vs dry needling with no medication, 
there was no significant difference.  Both treatments were equally effective in increasing 
pain threshold, reducing number of pain episodes and quality of life compared to no 
treatment (Affaitati et al, 2009, Ga, Choi, Park & Yoon, 2007, Hong, 1994, Hong & 
Hsueh, 1996). Trigger point injection with 0.5% lidocaine however, was found reduce the 
intensity and duration of post injection soreness when compared to dry needling (Hong, 
1994). There was no significant improvement in pain intensity or threshold after 
immediate treatment with trigger point injections in FM, however there was immediate 
improvement  in range of motion (Hong & Hsueh, 1996). 
 
Intramuscular stimulation more effective than trigger point injections with 0.5% Lidocaine 
in the treatment of myofascial pain, and resulted in improved pain scores on the wong-
baker scale as well as decreased depression scores on the beck depression scale (Ga, 
Koh, Choi & Kim, 2007). No adverse events were documented in any studies.  
 
In summary, a review of the literature supports that peripheral input plays a large role as 
a pain generator in perpetuating chronic pain and hyperalgesia. Treating these 
peripheral pain generators with trigger point injections has shown to be safe and 
effective as an adjunct in the comprehensive management of patients with FM. 
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Issue: The Behavioral Health Advisory Panel (BHAP) has recommended that line 497 
SOMATIZATION DISORDER, SOMATOFORM PAIN DISORDER, CONVERSION 
DISORDER and line 462 FACTITIOUS DISORDERS be merged.  They requested that 
this merged line be named “SOMATIC SYMPTOMS AND RELATED DISORDERS” and 
contain consultation, office-based interventions, health and behavior procedure codes.  
The advisory group requested that the merged line be placed at line 462 (in the funded 
region of this version of the Prioritized List).  During the last biennial review, the Mental 
Health and Chemical Dependency advisory group (MHCD) had re-prioritized 
Somatization below the funding line.  BHAP requested that HERC staff devise a 
proposal for this line merge.   
 
 
Prioritized List lines for the October 1, 2014 ICD-10 List 
Line: 462 
Condition: FACTITIOUS DISORDERS (See Guideline Notes 64,65) 
Treatment: CONSULTATION 
ICD-10: F68.1x (Factitious disorder) 
CPT: Psychiatric visit (90785-90887), psychological testing (96101), Telephone/on-line 
assessment (98966-98969, 99441-99449), other office services (99051,99060,90970, 
90978), office visits (99201-99215), ER (99281-99285), Rest home/domiciliary (99324-
99340), home visit (99341-99350), prolonged service (99354-99360), anticoagulation 
monitoring (99363-99364), medical team conference (99366-99368), supervision of 
home health (99374-99375), supervision of hospice (99377-99378), preventive care 
visit (99381-99397), risk reduction (99401-99404, 99411-99412), SBIRT (99408-99409), 
complex chronic care co-ordination (99487-99489), transitional care management 
(99495-99496), medication therapy management (99605-99607) 
HCPCS: G0410,G0411,G0425-G0427,H0004,H0023,H0032-H0037, H2010, H2011, 
H2013, H2021 ,H2022,H2033,S0270-S0274,S9484,T1016 
 
Line: 497 
Condition: SOMATIZATION DISORDER; SOMATOFORM PAIN DISORDER, 
CONVERSION DISORDER (See Guideline Notes 64,65) 
Treatment: MEDICAL/PSYCHOTHERAPY 
ICD-10: F44.x (conversion disorder), F45x (somatization disorder), F52.5 (vaginismus) 
CPT: limited psychiatric services (90846, 90849, 90853, 90882, 90887), Telephone/on-
line assessment (98966-98969, 99441-99449), other office services 
(99051,99060,90970, 90978), office visits (99201-99215), ER (99281-99285), Rest 
home/domiciliary (99324-99340), home visit (99341-99350), prolonged service (99354-
99360), anticoagulation monitoring (99363-99364), medical team conference (99366-
99368), supervision of home health (99374-99375), supervision of hospice (99377-
99378), preventive care visit (99381-99397), risk reduction (99401-99404, 99411-
99412), SBIRT (99408-99409), complex chronic care co-ordination (99487-99489), 
transitional care management (99495-99496), medication therapy management (99605-
99607) 
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HCPCS: G0410,G0411,G0425-G0427,H0004,H0017-H0019,H0023,H0032-H0034, 
H0037, H0038, H2010,H2021-H2023,H2027,H2033,S0270-S0274,S9484,T1016 
 
 
HERC staff recommendation: 

1) Merge lines 462 and 497 
1) Include consultation only, as this was the factitious disorder line restriction and 

somatization was below the funding line prior to this proposed merger 
2) Re-score this combined line 

1) Sample rescoring shown below 
2) Alternative: place at line 497 (Current Somatization Disorder line 

placement) 
 
Line XXX  
Condition: SOMATIC SYMPTOMS AND RELATED DISORDERS 
Treatment: CONSULTATION 
ICD-10 F68.1x (Factitious disorder), F44.x (conversion disorder), F45x (somatization 
disorder), F52.5 (vaginismus) 
CPT: from line 462 (has full set of psychiatric visit types) + 96150-96154 (health and 
behavior assessment codes) 
HCPCS: from line 497 (more comprehensive set) 
 
Scoring (current scoring for Somatization Disorder line in parentheses) 
Category :7 (7) 
HL: 2 (2) 
Suffering: 2 (2) 
Population effects: 0 (0) 
Vulnerable population: 0 (0) 
Tertiary prevention: 0 (0) 
Effectiveness: 2 (2) 
Need for service: 0.8 (1) 
Net cost: 2 (3) 
Score: 128 
Approximate line placement: 520 
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HEALTH EVIDENCE REVIEW COMMISSION (HERC)

COVERAGE GUIDANCE: PRENATAL GENETIC TESTING 

DRAFT for VbBS/HERC Meeting Materials 1/9/2014 

HERC COVERAGE GUIDANCE 

The following are recommended for coverage (weak recommendation): 

 Genetic counseling for high risk women who have family history of inheritable disorder or 
carrier state, ultrasound abnormality, previous pregnancy with aneuploidy, or elevated 
risk of neural tube defect 

 Genetic counseling  prior to CVS, amniocentesis, microarray testing, Fragile X, and 
spinal muscular atrophy screening   

 Validated questionnaire to assess genetic risk in all pregnant women 

 Screening high risk ethnic groups for hemoglobinopathies 

 Screening for aneuploidy with any of five screening strategies [first trimester (nuchal 
translucency, beta-HCG and PAPP-A), integrated, serum integrated, stepwise 
sequential, and contingency] 

 Ultrasound for structural anomalies between 18 and 20 weeks gestation 

 CVS or amniocentesis for a positive aneuploidy screen, maternal age >34, fetal 
structural anomalies, family history of inheritable chromosomal disorder or elevated risk 
of neural tube defect.  

 Array CGH when major fetal congenital anomalies apparent on imaging, and karyotype 
is normal 

 FISH testing only if karyotyping is not possible due a need for rapid turnaround for 
reasons of reproductive decision-making (i.e. at 22w4d gestation or beyond)  

 Screening for Tay-Sachs carrier status in high risk populations. First step is hex A, and 
then additional DNA analysis in individuals with ambiguous Hex A test results, suspected 
variant form of TSD or suspected pseudodeficiency of Hex A 

 Screening for cystic fibrosis carrier status once in a lifetime 

 Screening for fragile X status in patients with a personal or family history of 

o fragile X tremor/ataxia syndrome 

o premature ovarian failure 

o unexplained early onset intellectual disability 

o fragile X intellectual disability 

o unexplained autism through the pregnant woman’s maternal line 

 Screening for spinal muscular atrophy once in a lifetime  

 Screening those with Ashkenazi Jewish heritage for Canavan disease, familial 
dysautonomia, Tay-Sachs carrier status and cystic fibrosis carrier status. 

 Expanded carrier screening only for those genetic conditions identified above  
 

The following are recommended for coverage (strong recommendation): 

 Cell free fetal DNA testing for evaluation of aneuploidy in women who have an elevated 
risk of a fetus with aneuploidy (maternal age >34, family history or elevated risk based 
on screening)  
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The following are not recommended for coverage (weak recommendation): 

 Serum triple screen 

 Screening for thrombophilia in general population or for recurrent pregnancy loss 

 Expanded carrier screening which includes results for conditions not explicitly 
recommended for coverage  

Note: Definitions for strength of recommendation are provided in Appendix A GRADE Element 

Description 

RATIONALE FOR GUIDANCE DEVELOPMENT 

The HERC selects topics for guideline development or technology assessment based 

on the following principles: 

 Represents a significant burden of disease 

 Represents important uncertainty with regard to efficacy or harms 

 Represents important variation or controversy in clinical care 

 Represents high costs, significant economic impact  

 Topic is of high public interest 

Coverage guidance development follows to translate the evidence review to a policy 

decision. Coverage guidance may be based on an evidence-based guideline developed 

by the Evidence-based Guideline Subcommittee or a health technology assessment 

developed by the Heath Technology Assessment Subcommittee. In addition, coverage 

guidance may utilize an existing evidence report produced by one of HERC’s trusted 

sources, generally within the last three years. 

EVIDENCE SOURCE 

Little, A., Vandegriff, S., Zoller, E., Pettinari, C., Mayer, M., Kriz, H., & King, V. (2013). 

Prenatal genetic testing: Evidence and guideline summary of select tests and conditions 

[Produced for the Medicaid Evidence-based Decisions (MED) Project]. Portland, OR: 

Center for Evidence-based Policy, Oregon Health and Science University.  

Key Sources Cited in MED Report: 

Akkerman, D., Cleland, L., Croft, G., Eskuchen, K., Heim, C., Levine, A., et al. (2012). 

Routine prenatal care. Bloomington, MN: Institute for Clinical Systems Improvement 

(ICSI). Retrieved August 2, 2012, from https://www.icsi.org/_asset/13n9y4/Prenatal-

Interactive0712.pdf  

Department of Veterans Affairs, & Department of Defense. (2009). VA/DoD clinical 

practice guideline for pregnancy management. Washington, DC: Department of 

Veterans Affairs, Department of Defense. Retrieved June 19, 2012, from 

http://www.healthquality.va.gov/pregnancy.asp 

https://www.icsi.org/_asset/13n9y4/Prenatal-Interactive0712.pdf
https://www.icsi.org/_asset/13n9y4/Prenatal-Interactive0712.pdf
http://www.healthquality.va.gov/pregnancy.asp
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National Collaborating Centre for Women’s and Children’s Health, & National Institute 

for Health and Clinical Excellence (NICE). (2008). Antenatal care: Routine care for the 

healthy pregnant woman. London: RCOG Press. Retrieved June 19, 2012, from 

http://www.nice.org.uk/guidance/CG62  

Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). (2013). 

Sequencing-based tests to determine fetal trisomy 21 from maternal plasma DNA. 

TEC Assessment Program, 27(10). Retrieved September 20, 2013 from 

http://www.bcbs.com/blueresources/tec/vols/27/sequencing-based-tests-to.html 

The summary of evidence in this document is derived directly from this evidence 

source, and portions are extracted verbatim.  

SUMMARY OF EVIDENCE 

 Clinical Background 

Genetic testing detects alterations in DNA or chromosomes. Human genetic testing 

requires laboratory analyses of DNA, which is isolated from biologic samples, including 

cells, blood, or amniotic fluid. Tests for more than 1,300 genetic conditions are 

available. Genetic tests can be used to diagnose, predict risk for a future disease, 

inform reproductive decision-making, and manage patient care. There are eight 

categories of genetic testing: diagnostic, predictive, pharmacogenomic, prenatal, carrier, 

preimplantation, newborn, and research testing. This guidance document will focus only 

on recommendations for prenatal, carrier and diagnostic genetic testing. Prenatal 

testing is used to identify a fetus’s genes or chromosomes before birth and is offered 

during pregnancy based on the risk that the baby will have a genetic or chromosomal 

disorder. Carrier testing is used to identify people who carry one copy of a gene 

mutation, which can cause a genetic disorder if two copies are present. Carrier testing is 

primarily offered to those with a family history of a specific genetic disorder and high-risk 

ethnic groups. Diagnostic testing is used to identify a specific genetic or chromosomal 

condition, and to confirm a diagnosis when a particular condition is suspected.  

 Evidence Review 

General Prenatal Testing 

A search of guideline databases (MED core sources plus the American College of 

Medical Genetics and the Canadian College of Medical Geneticists) was conducted 

from 2008 to present and identified 28 guidelines, three of which addressed general 

prenatal care [NICE (2008), VA/DoD (2009), and ICSI (Akkerman [ICSI] 2012)]. All three 

were rated good quality and provided detailed guidance on general prenatal care, with 

specific recommendations related to genetic testing. All three recommend screening 

http://www.nice.org.uk/guidance/CG62
http://www.bcbs.com/blueresources/tec/vols/27/sequencing-based-tests-to.html
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measures and testing indications for aneuploidy screening, general risk assessment 

and screening options for hemoglobinopathies, cystic fibrosis, and structural 

abnormalities. One guideline addresses screening for Tay-Sachs disease. 

Recommendations from all three guidelines are consistent with a few exceptions: 

 Ultrasound screening for structural anomalies is recommended only by NICE 

(optional for ICSI and VA/DoD); and  

 Method of aneuploidy screening is specified only by NICE, which recommends 

the combined test in the first trimester as the most desirable strategy. The other 

two guidelines do not recommend one strategy for testing over another.  

 NICE does not recommend carrier testing for cystic fibrosis 

Prenatal genetic testing recommendations are summarized and compared in the table 

below: 

Indication/Test NICE (2008) VA/DoD (2009) ICSI (2012) 

Genetic risk 
assessment  

Validated 
questionnaire 

Validated questionnaire Validated 
questionnaire 

Hemoglobinopathies 
 

Screen all high-
risk ethnic 
groups1, complete 
blood count test, 
hemoglobin 
electrophoresis 
test. 

Screen all high-risk 
ethnic groups, 
complete blood count 
test, hemoglobin 
electrophoresis test. 

Screen all high-risk 
ethnic groups, 
complete blood count 
test, hemoglobin 
electrophoresis test. 

Cystic fibrosis Addressed in 
separate guideline 
– testing not 
recommended 

Carrier test/counseling Carrier test/ 
counseling 

Tay-Sachs disease - - Leukocyte 
hexosaminidase A 
test for high-risk 
ethnic groups 

Aneuploidy 
screening 

First choice (for 
women who 
enter care in the 
first trimester): 
nuchal 
translucency 
(NT), beta- 
human chorionic 
gonadotropin 
(beta-hCG), and 
pregnancy-

Any of the following, 
based on the 
woman’s choice: 
First- or second-
trimester serum 
marker assessment, 
first-trimester NT 
measurement, basic 
and comprehensive 
second-trimester 
ultrasound 

Any of four 
screening strategies 
(integrated, serum 
integrated, stepwise 
sequential, and 
contingency)4. 

                                                      
1
 Women of African, Southeast Asian (excluding Japanese and Korean) or Mediterranean descent 

4
 See below for description of these screening strategies 
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Indication/Test NICE (2008) VA/DoD (2009) ICSI (2012) 

associated 
plasma protein A  
(PAPP-A)  (11 
weeks 0 days 
and 13 weeks 6 
days);  
 
Second choice 
(for women who 
present later in 
the pregnancy): 
triple2 or 
quadruple3 test 
(15 weeks 0 days 
and 20 weeks 0 
days). 
 

assessment, first-
trimester chorionic 
villus sampling and 
second-trimester 
amniocentesis. 
 
 If first trimester 
screening is elected: 
second-trimester 
serum AFP screening 
and/or US should be 
offered to screen for 
open neural tube 
defects. 

 
For second trimester 
serum screening: 
Quad Marker Screen 
should be used rather 
than the Triple Marker 
Screen. 

Structural 
abnormality screen 

Between 18 
weeks 0 days and 
20 weeks 6 days 

Optional - only as 
needed 

Optional 18-20 
weeks 

Chorionic Villus 
Sampling (CVS) or 
Amniocentesis 

Provide 
information at first 
visit 
 
Offer if positive 
aneuploidy 
screening (details 
not provided) 
 
Offer if both 
parents are sickle 
cell or thallasemia 
carriers 

Maternal request  
 
Offer CVS in first 
trimester if: 

 Age over 34 

 Abnormal first 
trimester screen 
(risk estimate 
similar to that of 
35 year old 
woman [1/270]) 

 Fetal structural 
anomalies  

 Positive family 
history for 
metabolic/geneti
c disorder 

Offer amniocentesis if: 

 Abnormal first 
or second 
trimester screen 
(risk estimate 

Three different 
screening algorithms 
provided, with no 
recommendation for 
which to use 
 
Perform risk 
assessment using 
first trimester 
strategy (nuchal 
translucency, serum 
PAPP-A, patient age) 
and/or second 
trimester strategy 
(triple or quad 
screen) 
 
High, intermediate 
and low risk not 
specified, but 
examples given 
(1/50, 1/200) 
 

                                                      
2
 Serum AFP, estriol and beta-hCG 

3
 Serum AFP, estriol, beta-hCG and dimeric inhibin A 
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Indication/Test NICE (2008) VA/DoD (2009) ICSI (2012) 

similar to that of 
35 year old 
woman [1/270]) 

 Fetal ultrasound 
anomalies 

 Positive family 
history for 
metabolic/geneti
c disorder 

 Elevated risk of 
open neural 
tube defect 

CVS or 
amniocentesis 
offered if screening 
suggests “high risk”, 
depending on 
gestational age 

 
Screening strategies as outlined in the ICSI guideline: 

 Integrated screening: The patient is scanned for nuchal translucency 

determination and has a serum PAPP-A analysis performed between 10 and 

13 weeks. The results of these tests are held, and the patient then has a 

quadruple screen test performed between 15 and 19 weeks. At that time, the 

results of all the studies, combined with risk assessment due to the patient's 

age, are used to present a single-risk figure. Patients at “high risk” are offered 

amniocentesis (Trisomy 21 detection rate = 94-96%). “High risk” is not defined, 

but qualified with the following language: “Each clinician/health care 

organization will establish cutoff values for low and high risk based on 

laboratory and patient particulars. One system used is 1 in 200 as the cutoff.” 

 Serum integrated screening: A variation in which the first-trimester PAPP-A 

test result is combined with a second-trimester quad test to provide a single-

risk figure is called a serum integrated screening. (Trisomy 21 detection rate = 

85-88%). 

 Stepwise sequential screening: The patient is scanned for nuchal translucency 

determination and has a serum PAPP-A analysis performed between 10 and 

13 weeks. The results of these studies are combined with the patient's age-

associated risk, and the patient is given a risk assessment for aneuploidy. The 

patient may choose at this time to undergo invasive testing (i.e., CVS), or a 

triple or quad screen at 15-19 weeks. If the patient has the second-trimester 

test, a new risk is assessed based on the results of her age and both the first- 

and second-trimester screening test results (Trisomy 21 detection rate = 95%). 

Those at “high risk” are offered amniocentesis. “High risk” is not defined, but 

qualified with the following language: “Each clinician/health care organization 

will establish cutoff values for low and high risk based on laboratory and 

patient particulars. One system used is 1 in 200 as the cutoff.” 
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 Contingency screening: The patient has the same first-trimester study described for 

the stepwise sequential test and is told the results. If the results are above an 

arbitrary cutoff, such as 1 in 50, she is offered CVS. If her results are below another 

arbitrary cutoff, such as 1 in 1,000, she is advised that no further testing is 

necessary. If the patient's risk falls between these two cutoffs, she is offered a quad 

screen after 15 weeks, and a new risk assessment is determined as in the stepwise 

sequential test (Trisomy 21 detection rate = 88-94%). Those at “high risk” are offered 

amniocentesis. “High risk” is not defined, but qualified with the following language: 

“Each clinician/health care organization will establish cutoff values for low and high 

risk based on laboratory and patient particulars. One system used is 1 in 200 as the 

cutoff.” 

Genetic Counseling 

The NICE guideline does not address women with a family history of a genetic disorder, 

or specify indications for genetic counseling.  The ICSI guideline does not specify 

indications for genetic counseling with the exception of women with a family history of 

Fragile X disease or mental retardation. The VA/DoD guideline recommends that 

genetic counseling be provided to any woman identified as high risk, defined as 

advanced maternal age, personal or family history of genetic disorder or positive 

screening test result.  

Specific Prenatal Tests or Testing Techniques 

 A search of clinical evidence sources and guideline databases (MED core sources plus 

the American College of Medical Genetics and the Canadian College of Medical 

Geneticists) was conducted from 2003 to present (2008 to present for guidelines). 

Twenty-four evidence reviews and 28 guidelines were identified, all of which addressed 

specific genetic tests with the exception of the three general prenatal guidelines 

discussed above. No quality assessment of the guidelines was done.  

Fetal Aneuploidy 

Prenatal diagnosis of aneuploidy is suggested by use of maternal screening tests, as 

reviewed above. All such tests have less than perfect sensitivity and require definitive 

fetal testing if abnormal. Definitive testing for aneuploidy has historically been an 

invasive procedure, accomplished by amniocentesis or chorionic villus sampling. 

However, recently, other methods to detect common aneuploidies have been 

developed. Four of these are outlined below.  

 Quantitative Fluorescent-Polymerase Chain Reaction (QF-PCR)  

This is a PCR-based technique that consists of amplifying polymorphic markers located 

on the chromosomes of interest (generally, chromosomes 13, 18, 21, X or Y) to 

determine the number of copies of those chromosomes present per cell. The 



 

Coverage Guidance: Prenatal Genetic Testing 
DRAFT for VbBS/HERC Meeting Materials 1/9/2014  8 

Prenatal-Genetic-Testing-Draft-12-20-13.docx 

advantages of QF-PCR are that it requires a small sample (culture of amniocytes is not 

required), and the procedure can be automated, providing a rapid turnaround time at a 

lower cost than conventional cytogenetics. Moreover, diagnostic testing with QF-PCR 

eliminates the unexpected or incidental identification of rare chromosomal abnormalities 

of uncertain significance.  

No evidence was identified that addressed this test. One guideline was identified, 

produced by collaboration of the Genetics Committee of the Society of Obstetricians 

and Gynaecologists of Canada  (SOGC) joined with the Prenatal Diagnosis Committee 

of the Canadian College of Medical Genetics in 2011. They state that “QF-PCR is a 

reliable method to detect trisomies and should replace conventional cytogenetic 

analysis whenever prenatal testing is performed solely because of an increased risk of 

aneuploidy in chromosomes 13, 18, 21, X or Y.” 

Microarray Testing 

Microarray testing generally refers to array comparative genomic hybridization (array 

CGH), which uses a high resolution analysis of the genome to identify losses or 

duplications to the chromosome. These deletions and duplications are referred to as 

copy number variations (CNV). Conventional chromosome analysis using G-banding 

will detect chromosome anomalies such as trisomies 21, 18 and 13, and monosomy X, 

along with many structural rearrangements. However, it only detects anomalies to a 

resolution of 5-10 Mb (million base-pairs). Array CGH, on the other hand, is capable of 

detecting changes to a resolution of 1 kb (thousand base-pairs) which is smaller than 

the average gene, and customized arrays designed for prenatal diagnosis have been 

developed.  

One of the challenges of the application of CGH microarrays in the clinical setting is 

determining whether a copy number imbalance is de novo and likely to be causative, or 

inherited and likely to be benign. Copy number variants (CNVs) are categorized into 

those that are likely to be ‘benign,’ those that are likely to be ‘pathogenic’ and those of 

‘unknown clinical significance.’ Copy number variants that overlap critical regions of 

established microdeletion or microduplication syndromes are likely to be pathogenic, but 

there is a high incidence of CNVs in the normal population, making the significance of 

many CNVs uncertain. Although array CGH has higher resolution to detect these small 

chromosomal changes, it cannot detect balanced rearrangements such as 

transformations or inversions. Identifying CNVs of uncertain significance increases 

parental anxiety and makes genetic counseling more challenging.  

For microarray testing, a systematic review found that array CGH detected 3.6% 

additional genomic imbalances when conventional karyotyping was normal, regardless 

of the reason for performing the study, and increased to 5.2% when the indication for 
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performing the study was a structural malformation on ultrasound. Three guidelines 

were identified that address array CGH and make similar recommendations. None of 

the three recommend array CGH testing for pregnancies at low risk of chromosome 

abnormalities. All three recommend this technology when fetal structural abnormalities 

are identified on ultrasound or MRI, although one recommends that it be utilized only if 

conventional karyotyping is normal. All three also recommend genetic counseling for all 

patients utilizing the technology.  

Fluorescent In Situ Hybridization (FISH) DNA Testing 

This is a rapid technique that relies on fluorescent in situ hybridization (FISH) that 

provides results in one to two days, in which fluorescently labeled DNA probes are 

bound to fetal cell DNA in a highly selective manner, allowing detection of changes in 

the number of specific chromosomes by detecting the fluorescence. To detect the most 

common disorders involving chromosome number, fluorescent probes are used that 

bind to chromosomes 13, 18, 21, X, and Y. However, this technique fails to detect many 

other potentially harmful changes in chromosomes that can be detected by conventional 

karyotyping, such as certain rearrangements of segments of chromosomes. 

 

One TA was identified that addressed this topic. It included three large studies that 

compared results obtained with FISH with those obtained with conventional karyotyping. 

Results suggest that FISH is a highly accurate test for detection of most, but not all, 

potentially harmful chromosomal abnormalities, with sensitivity and specificity for 

detection of the targeted abnormalities exceeded 99.5%. However, it is unable to detect 

7% to 11% of potentially harmful chromosomal disorders that can be detected by 

karyotyping.  

Cell Free Fetal DNA Testing 

Fetal DNA circulates in maternal blood during pregnancy, making up approximately 

10% of all circulating DNA. Recently, cell free DNA testing has been used to identify 

common aneuploidies. These tests utilize maternal blood, from which fetal DNA can be 

isolated as early as ten weeks gestation. Repeated parallel sequencing can then detect 

an excess of the chromosome of interest of fetal origin, indicating the specific 

aneuploidy. 

No evidence was identified in the MED report. One guideline recommends that cell free 

DNA testing be offered to patients at increased risk of aneuploidy5. They recommend 

that it NOT be a part of routine prenatal laboratory measurements or be offered to low 

risk women.   

                                                      
5
 Maternal age ≥ 35, suggestive US findings, history of prior trisomy pregnancy, positive aneuploidy 

screen or parental balanced robertsonian translocation with increased risk for fetal trisomy 13 or 21 



 

Coverage Guidance: Prenatal Genetic Testing 
DRAFT for VbBS/HERC Meeting Materials 1/9/2014  10 

Prenatal-Genetic-Testing-Draft-12-20-13.docx 

The Blue Cross TEC Assessment Program analyzed this technology and identified eight 

studies that reported on the performance of cff-DNA for trisomy 21 screening in 

singleton high-risk pregnancies. They found that cff-DNA testing reduced the number of 

invasive confirmatory procedures needed and consequent associated miscarriages, 

while improving the number of detected cases of trisomy 21, compared to standard 

screening procedures in high-risk populations of pregnant women. They therefore 

concluded that ccf-DNA meets the TEC criteria. 

Tay-Sachs Disease 

Tay-Sachs disease is an autosomal recessive lysosomal storage disease caused by a 

deficient activity of the enzyme hexosaminidase A (Hex A). It occurs in 1 in 2500 

children of Ashkenazi Jewish parents, and is most common among people who are 

Ashkenazi Jewish, French-Canadian, or Cajun. Hex A activity can be measured in 

serum, white blood cells, or fetal trophoblastic cells, and is used as the initial screening 

test for TSD mutation carriers. However, in some cases, the enzyme test may not be 

diagnostic, and DNA analysis may be necessary to clarify ambiguous enzyme test 

results or to diagnose variant forms of the disease.  

One review that included four studies and a retrospective analysis found that 

hexoaminidase A testing is accurate and impacts both pre and post-conception 

reproductive decision making. The review concludes that the evidence is sufficient to 

support the use of screening by Hex A enzyme testing individuals at high risk 

(Ashkenazi Jewish, French-Canadian or with positive family history) or partners of 

known carriers. It is also sufficient to support additional DNA analysis in individuals with 

ambiguous Hex A test results, suspected variant form of TSD or suspected 

pseudodeficiency of Hex A. The one guideline identified recommends that Hex A 

screening be offered to all pregnant Jewish patients if they or their partners have not yet 

been tested.  

Cystic Fibrosis 

Cystic Fibrosis is an autosomal recessive disease of the exocrine glands that is 

characterized by early onset of severe intestinal malabsorption, failure to thrive and 

recurrent chest infections and pneumonia which, if untreated, leads to death from 

malnutrition and respiratory failure in infancy or early childhood. The identification of the 

gene responsible for CF, CFTR, and its major mutations, allow for the identification of 

couples at risk who can be offered genetic counseling and prenatal CF diagnosis, and 

who can use the information to inform reproductive decision-making. Since 

heterozygotes are asymptomatic, carrier status assumes clinical significance only in the 

context of reproduction.  

A review of 10 population-based studies found carrier testing was 80% to 96% sensitive 

in Caucasians and 58% to 76% sensitive in Hispanics. Uptake rates for testing ranged 
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from 68% to 95%. The evidence was sufficient to support the use of CF carrier 

screening if results will be used to guide decisions regarding childbearing or need for 

fetal diagnosis.  A second review reported analytic sensitivity of 97.9% and analytic 

specificity of 99.4%, but clinical sensitivity of only 75%. Uptake rates in this review were 

reported as 85% to 100%, and of the affected fetuses identified, 83% were terminated. 

Four guidelines were identified, three of them addressing general prenatal care and 

offering differing recommendations. Two recommend that CF carrier screening be 

offered to all couples who desire it and have not been previously screened, while the 

third does not recommend screening. The one guideline that addressed CF carrier 

screening outside the context of general prenatal care recommends carrier testing in 

individuals and their partners with a positive family history, and prenatal diagnosis for 

pregnancies at 25% or greater risk of CF, and those with an echogenic bowel identified 

in the fetus. 

Fragile X Syndrome 

Fragile X Syndrome is the most common inherited cause of mental retardation, and 

results from a dynamic mutation (those that can change as they are passed down to 

future generations). In normal individuals there are six to 50 repeats of the CGG 

sequence of DNA at the Fragile X site. When the number of repeats ranges between 50 

and 200, this is known as a premutation (PM); more than 200 repeats is considered a 

full mutation (FM). Full mutations inactivate the gene resulting in the Fragile X 

phenotype in all males (who only have one copy of the gene) and a proportion of 

females (all will be carriers, some will have the phenotype). A female with a PM or a FM 

may pass on a larger mutation than her own, resulting in offspring affected by Fragile X 

syndrome. Meanwhile, men with a PM may pass this onto their daughters, who will be 

of normal intellect, but may pass a larger mutation onto their offspring. The larger the 

size of the premutation repeat, the more likely is the expansion to a full mutation.  

A systematic review that compared antenatal screening of low risk versus high risk 

women identified no studies, while a health technology assessment that compared 

different screening strategies for Fragile X syndrome found that population-based 

prenatal screening is more efficacious but significantly more costly than active cascade 

screening6, with the incremental cost per Fragile X birth avoided being £8494 for active 

cascade screening and £284,779 for population-based screening. Three guidelines 

address testing for Fragile X and offer generally consistent recommendations. These 

include genetic counseling of all testing recipients, carrier screening of women with a 

positive personal or family history of fragile X-rated disorders, unexplained mental 

retardation or premature ovarian failure, and prenatal fetal DNA testing for known 

carriers. 

                                                      
6
 Testing relatives of Fragile X patients to determine carrier status 



 

Coverage Guidance: Prenatal Genetic Testing 
DRAFT for VbBS/HERC Meeting Materials 1/9/2014  12 

Prenatal-Genetic-Testing-Draft-12-20-13.docx 

Heritable Thrombophilia 

Pregnancy is associated with an increased risk of venous thromboembolism, as are 

inherited thrombophilias. However, it is controversial whether there is an association 

between inherited thrombophilias and adverse pregnancy outcomes such as fetal loss, 

preeclampsia, fetal growth restriction, and placental abruption. This possible association 

has resulted in increased screening for thrombophilias in pregnancy, although there has 

been no confirmation of treatment benefits. 

For heritable thrombophilia, one systematic review resulted in a recommendation to not 

screen for heritable thrombophilia in any group. One guideline was identified that 

addresses inherited thrombophilias in pregnancy. Regarding screening, it recommends 

against testing in women with recurrent fetal loss or placental abruption, and finds 

insufficient evidence to support testing in women with previous preeclampsia or 

intrauterine growth restriction. For women diagnosed with hereditary thrombophilia 

and/or with a history of thromboembolism, the guideline provides specific 

recommendations for which tests to perform, and for antepartum and postpartum 

management.  

Fetal Skeletal Dysplasia 

Skeletal dysplasias may present in the prenatal period when demonstrated by 

abnormalities on ultrasound. Differentiating these disorders in the prenatal period can 

be useful to distinguish known lethal disorders from nonlethal disorders and to assist 

with determining post-delivery management plans. One guideline was identified that 

provides specific recommendations for management based on abnormal findings of a 

second trimester ultrasound. Those recommendations include a determination of 

lethality based on ultrasound measurements, and molecular testing of pregnancies 

identified as at-risk for skeletal dysplasias.      

Spinal Muscular Atrophy 

Spinal muscular atrophy (SMA) is an autosomal recessive neurodegenerative disease 

that results from degeneration of spinal cord motor neurons leading to atrophy of 

skeletal muscle and overall weakness. The incidence of SMA is approximately 1 in 

10,000 live births, and it is reported to be the leading genetic cause of infant death, 

although milder forms allow survival into adulthood. Two guidelines were identified, with 

conflicting recommendations. One did not recommend screening for SMA in the general 

population, but did recommend carrier screening for those with a family history of SMA-

like disease. The other recommends that carrier testing be offered to all couples.  

Ethnicities with Elevated Genetic Risk 

For ethnicities at increased genetic risk, two guidelines were identified with conflicting 

recommendations for screening those of Ashkenazi Jewish descent. Both recommend 

carrier screening for Tay-Sachs disease, Canavan disease, cystic fibrosis, and familial 
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dysautonomia.  One also recommends screening for Fanconi anemia, Bloom syndrome, 

Mucolipidosis IV, Niemann-Pick type A and Gaucher disease type I, while the other only 

recommends that patient education materials be made available to patients concerning 

these conditions.   Both groups also recommend carrier screening for Tay Sachs 

disease for individuals of French Canadian and Cajun origin. 

Genetic Counseling 

All three guidelines pertaining to microarray testing recommend that it be accompanied 

by genetic counseling. Guidelines addressing other specific genetic tests recommend 

genetic counseling be provided in the following situations: a positive cell free fetal DNA 

testing result, any cystic fibrosis carrier, women with risk factors for Fragile X or who 

request testing for Fragile X and women with a family history of, or who request testing 

for, spinal muscular atrophy.  

 Evidence Summary 

Evidence-based guidelines for routine prenatal care are generally consistent regarding 

their recommendations related to genetic testing, recommending aneuploidy screening 

and screening options for hemoglobinopathies, cystic fibrosis, and structural 

abnormalities. Recommendations on specific tests were generally not based on trusted 

sources due to lack of availability of evidence and are derived from guidelines of 

variable quality. 

There are four options available for aneuploidy testing in addition to the traditional 

method of karyotyping, which requires an invasive procedure (amniocentesis or 

chorionic villus sampling) and amniocyte culture. Three of the four do not require the 

culture of amniocytes, allowing a more rapid turnaround time, but at the expense of a 

less accurate or complete diagnosis. They include QF-PCR, FISH testing and cell free 

fetal DNA testing. No evidence was identified for QF-PCR. The evidence for FISH 

suggests that it is a highly accurate test for detection of most potentially harmful 

chromosomal abnormalities, although it is unable to detect 7% to 11% of chromosomal 

disorders that can be detected by karyotyping. Cell free DNA testing reduces the 

number of invasive confirmatory procedures needed while improving the number of 

detected cases of trisomy 21, compared to standard screening procedures, in high-risk 

populations of pregnant women. 

The fourth method, array CGH testing, is limited by difficulty determining whether a copy 

number imbalance is likely to be causative or benign, as well as the inability to detect 

balanced rearrangements. Evidence suggests that array CGH detects approximately 

5% additional genomic imbalances when conventional karyotyping is normal, if the 

indication for performing the study is a structural malformation on ultrasound. None of 

the three identified guidelines recommend array CGH testing for pregnancies at low risk 
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of chromosome abnormalities, but all recommend it when fetal structural abnormalities 

are identified.  

For Tay-Sachs disease, the evidence is sufficient to support the use of screening by 

Hex A enzyme testing for individuals at high risk (Ashkenazi Jewish, French-Canadian 

or with positive family history) or partners of known carriers. It is also sufficient to 

support additional DNA analysis in individuals with ambiguous Hex A test results, 

suspected variant form of TSD or suspected pseudodeficiency of Hex A.  

For cystic fibrosis, the evidence is sufficient to support the use of CF carrier screening if 

results will be used to inform decisions regarding childbearing or need for fetal 

diagnosis.  

For Fragile X Syndrome, three guidelines recommend carrier screening of women with 

a positive personal or family history of Fragile X-rated disorders, unexplained mental 

retardation or premature ovarian failure, and prenatal fetal DNA testing for known 

carriers.  

For heritable thrombophilia, evidence supports and one guideline recommends not 

screening for heritable thrombophilia in any group.  

For fetal skeletal dysplasia, one guideline recommends determining lethality based on 

ultrasound measurements and molecular testing of at-risk pregnancies.  

For spinal muscular atrophy, two guidelines had conflicting recommendations, with one 

recommending carrier screening to all couples and the other recommending only for 

those with a family history of SMA-like disease.  

For ethnicities at increased genetic risk, two guidelines recommend screening those of 

Ashkenazi Jewish descent for Tay-Sachs disease, Canavan disease, cystic fibrosis, and 

familial dysautonomia, but disagree about screening for four additional conditions.   
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GRADE-INFORMED FRAMEWORK 

The HERC develops recommendations by using the concepts of the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) system. GRADE is a transparent and structured process for developing and 

presenting evidence and for carrying out the steps involved in developing recommendations. There are four elements that 

determine the strength of a recommendation, as listed in the table below. The HERC reviews the evidence and makes an 

assessment of each element, which in turn is used to develop the recommendations presented in the coverage guidance 

box. Balance between desirable and undesirable effects, and quality of evidence, are derived from the evidence 

presented in this document, while estimated relative costs, values and preferences are assessments of the HERC 

members. 

Indication Balance between 
desirable and 

undesirable effects 

Quality of 
evidence 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Use a validated questionnaire to 
assess genetic risk in all pregnant 
women 

Likely beneficial 
without known risks 

Low Limited Limited 
variability 

Administration of a validated 
questionnaire to assess genetic 

risk is recommended for 
coverage 

(weak recommendation) 

Screen high-risk ethnic groups for 
hemoglobinopathies 

Likely beneficial, 
minimal risks 

High Limited Limited 
variability 

Screening high risk ethnic 
groups for hemoglobinopathies 
is recommended for coverage 

(weak recommendation) 

Aneuploidy screening in first or 
second trimester 

Likely beneficial, 
minimal risks 

Moderate Moderate Moderate 
variability 

Screening for aneuploidy with 
any of the four screening 

strategies (integrated, serum 
integrated, stepwise sequential, 

and contingency) is 
recommended for coverage 

(weak recommendation) 
 

Serum triple screen is not 
recommended for coverage 

(weak recommendation) 
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Indication Balance between 
desirable and 

undesirable effects 

Quality of 
evidence 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Perform an US for structural 
anomaly screen at 18-20 weeks 

Possibly beneficial, 
minimal risks 

Low Moderate Limited 
variability 

Ultrasound for structural 
anomalies between 18-20 

weeks gestation is 
recommended for coverage 

(weak recommendation) 

Offer CVS or amnio for + aneuploidy 
screen, maternal age > 34, fetal 
structural anomalies, + FH, elevated 
risk of neural tube defect or 
maternal request 

Mixed – Moderate 
benefit depending on 
patient preferences, 

small risk (pregnancy 
loss 1/300-500)   

Mixed High High 
variability 

CVS and amniocentesis are 
recommended for coverage for 
a positive aneuploidy screen, 

maternal age >34, fetal 
structural anomalies, positive 
family history, elevated risk of 
neural tube defect, or maternal 

request   
(weak recommendation) 

Genetic counseling is 
recommended for coverage 
prior to CVS/amniocentesis 

(weak recommendation) 

Aneuploidy testing with QF-PCR Similar risk to 
karyotyping, may be 
more beneficial when 

rapid turnaround is 
required 

None Moderate High 
variability 

Test not available in the US – no 
recommendation made 

Array CGH testing when karyotype 
normal and structural anomaly on 
US 

Similar risk to 
karyotyping, similar 

benefits (detection of 
more chromosomal 
anomalies, but also 
more anomalies of 

no clinical 
significance, 

resulting in increased 
maternal anxiety 

Low Moderate Limited 
variability 
(because 
anomalies 

already 
identified) 

Recommended for coverage 
when major fetal congenital 

anomalies apparent on imaging 
and karyotype is normal 
(weak recommendation) 
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Indication Balance between 
desirable and 

undesirable effects 

Quality of 
evidence 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Aneuploidy testing with FISH  Similar risk to 
karyotyping, may be 
more beneficial when 

rapid turnaround is 
required 

Moderate High High 
variability 

(because use 
for pregnancy 

decision 
making only) 

Karyotyping is first line test.  If a 
rapid turnaround (i.e. at 22w4d 

or beyond) is required for 
reproductive decision-making, 

FISH is recommended for 
coverage  

(weak recommendation) 
 
 

Cell free fetal DNA testing High level of 
accuracy (98% 

detection rate with 
false positive < 

0.5%).  Less risk 
than karyotyping but 

less information 
provided (current 
tests only identify 

trisomy 13, 18 and 
21) 

None High Moderate 
variability 

(many women 
would choose 
a noninvasive 

highly 
accurate test) 

Cell free fetal DNA testing is not 
recommended for coverage  

(weak recommendation) 

Screening for Tay-Sachs carrier 
status using Hex A in high risk 
populations

7
 

Benefits exceed 
harms 

Moderate Low Limited 
variability 

(most would 
choose to 
terminate) 

Screening for Tay-Sachs carrier 
status in high risk populations is 

recommended for coverage. 
First step is Hex A, and then 
additional DNA analysis in 

individuals with ambiguous Hex 
A test results, suspected variant 

form of TSD or suspected 
pseudodeficiency of Hex A 
(weak recommendation) 

 

                                                      
7
 Ashkenazi Jewish, French Canadian and Cajun 
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Indication Balance between 
desirable and 

undesirable effects 

Quality of 
evidence 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Screening for CF carrier status Potential benefit,  
minimal harm 

Moderate Moderate Moderate 
variability 

Screening for cystic fibrosis 
status is recommended for 
coverage once in a lifetime 

(weak recommendation) 

Screening for fragile X carrier status 
in women with +FH or risk factors

8
 

Small benefit, 
depending on values 
of parents, minimal 

harm 

Low Moderate Moderate 
variability 

Screening for fragile X status in 
patients with a personal or 
family history of 

 fragile X tremor/ataxia 
syndrome 

 premature ovarian failure 

 unexplained early onset 
intellectual  disability 

 fragile X intellectual 
disability 

 unexplained autism through 
the pregnant woman’s 
maternal line adult 

Screening for thrombophilia No definite benefit, 
possible harm if 

prophylactic 
treatment undertaken 
(bleeding risks from 

anticoagulation)   

Low Moderate (if 
treatment 

undertaken) 

Limited Screening for thrombophilia is 
not recommended for coverage 
for recurrent pregnancy loss or 
in the general population (weak 

recommendation) 
 

Fetal genetic analysis of fetuses at 
risk for fetal skeletal dysplasia 
based on US 

Mixed – Moderate 
benefit depending on 
patient preferences, 

small risk 

Low Moderate 
(cascade of 

testing) 

Moderate 
variability 

No recommendation made 

                                                      
8
 Personal or family history of fragile X tremor/ataxia syndrome, unexplained mental retardation, autism or premature ovarian failure (before age 

40) 



 

Coverage Guidance: Prenatal Genetic Testing 
DRAFT for VbBS/HERC Meeting Materials 1/9/2014  19 

Prenatal-Genetic-Testing-Draft-12-20-13.docx 

Indication Balance between 
desirable and 

undesirable effects 

Quality of 
evidence 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Spinal muscular atrophy carrier 
screening  

Small benefit, 
depending on values 
of parents, minimal 

harm 

None Low Moderate 
variability 

Screening for spinal muscular 
atrophy is recommended for 
coverage once in a lifetime 

(weak recommendation) 
 

 

Screening of Ashkenazi Jewish 
population for specific genetic 
diseases 

Likely beneficial, 
minimal risks 

Low Moderate Moderate 
variability 

Screening is recommended for 
coverage for those of Ashkenazi 
Jewish heritage for Tay-Sachs 
disease, Canavan disease, 
cystic fibrosis, and familial 
dysautonomia (weak 
recommendation) 

Expanded carrier screening Components likely 
beneficial, however, 

there is a risk of 
cascade testing, 

clinically unimportant 
results 

None Moderate. 
There is a 
cascade of 

testing. 
However, 

compared to 
individual 
diagnostic 

tests, this type 
of testing is 
much less 
expensive 

High 
variability   

Coverage is recommended for 
expanded carrier screening only 

for those genetic conditions 
previously identified with enough 

evidence or guidelines to 
support a recommendation for 

coverage 
(weak recommendation)   

 
Coverage is not recommended 
for an unlimited variety of tests 

offered as part of expanded 
carrier screening (weak 

recommendation) 

Genetic counseling Beneficial in greater 
understanding of 
risks and benefits 

Moderate Cost of 
appointment 

may be 
balanced by 
optimizing 
appropriate 

test utilization 

Low variability 
(most women 
would choose 

to see a 
genetic 

counselor) 

Pretest genetic counseling is 
recommended for coverage 
prior to CVS, amniocentesis, 

Fragile X, microarray, and spinal 
muscular atrophy screening 

(weak recommendation) 

  

Note: GRADE framework elements are described in Appendix A 
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POLICY LANDSCAPE 

There were no quality measures pertaining to prenatal genetic testing identified when 

searching the National Quality Measures Clearinghouse. 

COMMITTEE DELIBERATIONS –EBGS 

In its review of this topic at its meetings April 4, June 6 and September 7, 2013, EbGS 

reviewed the initial draft coverage guidance and made the following decisions (some 

decisions from early meetings were later reversed; the final decisions are reflected 

here): 

 Recommend coverage for CVS/Amniocentesis for the indication of ‘on maternal 

request’ as a weak recommendation. 

 Make no recommendation on QF-PCR as the test is not available in the United 

States. 

 In Array CGH testing when the karyotype is normal and there is a structural 

anomaly on ultrasound, the subcommittee decided to remove the 

recommendation for genetic counseling, as counseling would already have 

occurred before the CVS/amniocentesis. For Array CGH with stillbirth at >20 

weeks gestation, the subcommittee decided to strike the recommendation, as 

none of the evidence reviewed supports its use in improving future pregnancy 

outcomes. 

 Decided to recommend coverage for Cell Free Fetal DNA testing for high risk 

pregnancies based on new evidence from trusted sources which was submitted 

during public comment.  

 Change the recommendation for thrombophilia screening to clarify that the 

recommendation applies to women with a history of recurrent pregnancy loss and 

that using this test for screening is not recommended. 

 Recommend coverage for spinal muscular atrophy only once in a lifetime with 

pretest genetic counseling. 

 Recommend coverage for carrier screening in the Ashkenazi Jewish population 

for only four conditions rather than eight. 

COMMITTEE DELIBERATIONS – VBBS 

VbBS discussed the draft coverage guidance at its meeting 10/10/2013, reviewing a 

guideline note based on the draft coverage guidance. The subcommittee asked staff to 

consult with experts to incorporate the correct procedure codes into the guideline note, 

and added wording to allow a broader, but less expensive, test panel for additional 

testing specific to patients of Ashkenazi Jewish heritage. However, with regard to 

expanded carrier screening, the subcommittee chose not to make a similar statement, 

http://www.qualitymeasures.ahrq.gov/
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as some test panels currently available include traits such as eye color, and could be 

clinically irrelevant or inappropriate.   

COMMITTEE DELIBERATIONS – HERC 

 

 

  

Coverage guidance is prepared by the Health Evidence Review Commission (HERC), HERC staff, and 

subcommittee members. The evidence summary is prepared by the Center for Evidence-based Policy at Oregon 

Health & Science University (the Center). This document is intended to guide public and private purchasers in 

Oregon in making informed decisions about health care services.  

The Center is not engaged in rendering any clinical, legal, business or other professional advice. The statements 

in this document do not represent official policy positions of the Center. Researchers involved in preparing this 

document have no affiliations or financial involvement that conflict with material presented in this document. 
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Appendix A. GRADE Element Descriptions 

Element Description 

Balance between 

desirable and 

undesirable 

effects 

The larger the difference between the desirable and undesirable effects, the 

higher the likelihood that a strong recommendation is warranted. The 

narrower the gradient, the higher the likelihood that a weak recommendation 

is warranted 

Quality of 

evidence 

The higher the quality of evidence, the higher the likelihood that a strong 

recommendation is warranted 

Resource 

allocation 

The higher the costs of an intervention—that is, the greater the resources 

consumed—the lower the likelihood that a strong recommendation is 

warranted 

Values and 

preferences 

The more values and preferences vary, or the greater the uncertainty in 

values and preferences, the higher the likelihood that a weak 

recommendation is warranted 

 
Strong recommendation 

In Favor: The subcommittee is confident that the desirable effects of adherence to a 
recommendation outweigh the undesirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Against: The subcommittee is confident that the undesirable effects of adherence to a 
recommendation outweigh the desirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Weak recommendation 

In Favor: the subcommittee concludes that the desirable effects of adherence to a 
recommendation probably outweigh the undesirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Against: the subcommittee concludes that the undesirable effects of adherence to a 
recommendation probably outweigh the desirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Quality of evidence across studies for the treatment/outcome 

High = Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate = Further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate. 

Low = Further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate. 

Very low = Any estimate of effect is very uncertain.  



 

Coverage Guidance: Prenatal Genetic Testing 
DRAFT for VbBS/HERC Meeting Materials 1/9/2014  23 

Prenatal-Genetic-Testing-Draft-12-20-13.docx 

Appendix B. Applicable Codes 

CODES DESCRIPTION 

ICD-9 Diagnosis Codes 

V18.4 Family history of intellectual disabilities 

V18.9 Family history of genetic disease carrier 

V26.31 Testing of female for genetic disease carrier status 

V26.32 Other genetic testing of female 

V26.33 Genetic counseling 

V26.34 Testing of male for genetic disease carrier status 

V26.35 Encounter for testing of male partner of female with recurrent pregnancy loss 

V26.39 Other genetic testing of male 

V28.0 Antenatal screening for chromosomal anomalies by amniocentesis 

V28.1 Antenatal screening for raised alpha-fetoprotein levels in amniotic fluid 

V28.2 Other antenatal screening based on amniocentesis 

V28.3 Encounter for routine screening for malformation using ultrasonics 

V28.89 Other specified antenatal screening 

V28.9 Unspecified antenatal screening 

ICD-9 Volume 3 (Procedure Codes) 

None 

CPT Codes 

81161 
DMD (dystrophin) (eg, Duchenne/Becker muscular dystrophy) deletion analysis, and 
duplication analysis, if performed 

81200 
ASPA (aspartoacylase) (eg, Canavan disease) gene analysis, common variants (eg, 
E285A, Y231X) 

81205 
BCKDHB (branched-chain keto acid dehydrogenase E1, beta polypeptide) (eg, Maple 
syrup urine disease) gene analysis, common variants (eg, R183P, G278S, E422X) 

81209 
BLM (Bloom syndrome, RecQ helicase-like) (eg, Bloom syndrome) gene analysis, 
2281del6ins7 variant) 

81220 
CFTR (cystic fibrosis transmembrane conductance regulator) (eg, cystic fibrosis) 
gene analysis; common variants (eg, ACMG/ACOG guidelines) 

81221 known familial variants 

81222 duplication/deletion variants 

81223 full gene sequence 

81224 intron 8 poly-t analysis (eg, male infertility) 

81225 
CYP2C19 (cytochrome P450, family 2, subfamily C, polypeptide 19) (eg, drug 
metabolism), gene analysis, common variants (eg, *2, *3, *4, *8, *17) 

81226 

CYP2D6 (cytochrome P450, family 2, subfamily D, polypeptide 6) (eg, drug 

metabolism), gene analysis, common variants (eg, *2, *3, *4, *5,*6, *9, *10, *17, *19, 

*29, *35, *41, *1XN, *2XN, *4XN) 

81227 
CYP2C9 (cytochrome P450, family 2, subfamily C, polypeptide 9) (eg, drug 

metabolism), gene analysis, common variants (eg, *2, *3, *5, *6) 

81228 
Cytrogenomic constitutional (genome-wide) microarray analysis; interrogation of 
genomic regions for copy number variants (eg, Bacterial Artificial Chromosome [BAC] 
or oligo-based comparative genomic hybridization [CGH] microarray analysis) 

81229 
interrogation of genomic regions for copy number and single nucleotide 
polymorphism (SNP) variants for chromosomal abnormalities 
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CODES DESCRIPTION 

81240 
F2 (prothrombin, coagulation factor II) (eg, hereditary hypercoagulability) gene 
analysis, 20210G>A variant 

81241 
F5 (coagulation Factor V) (eg, hereditary hypercoagulability) gene analysis, Leiden 

variant 

81242 
FANCC (Fanconi anemia, complementation group C) (eg, Fanconi anemia, type C) 

gene analysis, common variant (eg, IVS4+4A>T) 

81243 
FMR1 (Fragile X mental retardation 1) (eg, fragile X mental retardation) gene 
analysis; evaluation to detect abnormal (eg, expanded) alleles 

81244 characterization of alleles (eg, expanded size and methylation status) 

81250 
G6PC (glucose-6-phosphatase, catalytic subunit) (eg, Glycogen storage disease, 
Type 1a, von Gierke disease) gene analysis, common variants (eg, R83C, Q347X) 

81251 
GBA (glucosidase, beta, acid) (eg, Gaucher disease) gene analysis, common variants 
(eg, N370S, 84GG, L444P, IVS2+1G>A) 

81252 
GJB2 (gap junction protein, beta 2, 26kDa, conexin 26) (eg, nonsyndromic hearing 
loss) gene analysis; full gene sequence 

81253 known familial variants 

81254 
GJB6 (gap junction protein, beta 6, 30kDa, connexin 30) (eg, nonsyndromic hearing 
loss) gene analysis, common variants (eg, 309kb [del(GJB6-D13S1830)] and 232kb 
[del(GJB6-D13S1854)]) 

81255 
HEXA (hexosaminidase A [alpha polypeptide]) (eg, Tay-Sachs disease) gene 
analysis, common variants (eg, 1278insTATC, 1421+1G>C, G269S) 

81256 
HFE (hemochromatosis) (eg, hereditary hemochromatosis) (eg, hereditary 
hemochromatosis) gene analysis, common variants (eg, C282Y, H63D) 

81257 

HBA1/HBA2 (alpha globin 1 and alphaglobin 2) (eg, alpha thalassemia, Hb Bart 
hydrops fetalis syndrome, HbH disease), gene analysis, for common deletions or 
variant (eg, Southeast Asian, Thai, Filipino, Mediterranean, alpha3.7, alpha4.2, 
alpha20.5, and Constant Spring) 

81260 
IKBKAP (inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase 
complex-associated protein) (eg, familial dysautonomia) gene analysis, common 
variants (eg, 2507+6T>C, R696P) 

81280 
Long QT syndrome gene analyses (eg, KCNQ1, KCNH2, SCN5A, KCNE1, KCNE2, 
KCNJ2, CACNA1C, CAV3, SCN4B, AKAP, SNTA1, and ANK2); full sequence 
analysis 

81281 known familial sequence variant 

81282 duplication/deletion variants 

81290 
MCOLN1 (mucolipin 1) (eg, Mucolipidosis, type IV) gene analysis, common variants 
(eg, IVS3-2A>G, del6.4kb) 

81291 
MTHFR (5,10-methylenetetrahydrofolate reductase) (eg, hereditary 
hypercoagulability) gene analysis, common variants (eg, 677T, 1298C) 

81292 
MLH1 (mutL homolog 1, colon cancer, nonpolyposis type 2) (eg, hereditary non-
polyposis colorectal cancer, Lynch syndrome) gene analysis; full sequence analysis 

81293 known familial variants 

81294 duplication/deletion variants 

81295 
MSH2 (mutS homolog 2, colon cancer, nonpolyposis type 1) (eg, hereditary non-
polyposis colorectal cancer, Lynch syndrome) gene analysis; full sequence analysis 

81296 known familial variants 

81297 duplication/deletion variants 
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CODES DESCRIPTION 

81298 
MSH6 (mutS homolog 6 {E. coli]) (eg, hereditary non-polyposis colorectal cancer, 
Lynch syndrome) gene analysis; full sequence analysis 

81299 known familial variants 

81300 duplication/deletion variants 

81301 
Microsatellite instability analysis (eg, hereditary non-polyposis colorectal cancer, 
Lynch syndrome) of markers for mismatch repair deficiency (eg, BAT25, BAT26), 
includes comparison of neoplastic and normal tissue, if performed 

81302 
MECP2 (methyl CpG binding protein 2) (eg, Rett syndrome) gene analysis; full 
sequence analysis 

81303 known familial variant 

81304 duplication/deletion variants 

81317 
PMS2 (postmeiotic segregation increased 2 [S. cerevisiae]) (eg, hereditary non-
polyposis colorectal cancer, Lynch syndrome) gene analysis; full sequence analysis 

81318 known familial variants 

81319 duplication/deletion variants 

81321 
PTEN (phosphatase and tensin homolog) (eg, Cowden syndrome, PTEN hamartoma 
tumor syndrome) gene analysis; full sequence analysis 

81322 known familial variant 

81323 duplication/deletion variants 

81324 
PMP22 (peripheral myelin protein 22) (eg, Charcot-Marie-Tooth, hereditary 
neuropathy with liability to pressure palsies) gene analysis; duplication/deletion 
analysis 

81325 full sequence analysis 

81326 known familial variant 

81330 
SMPD1 (sphingomyelin phosphodiesterase 1, acid lysosomal) (eg, Niemann-Pick 
disease, Type A) gene analysis, common variants (eg, R496L, L302P, fsP330) 

81331 
SNRPN/UBE3A (small nuclear ribonucleoprotein polypeptide N and ubiquitin protein 
ligase E3A) (eg, Prader-Willi syndrome and/or Angelman syndrome), methylation 
analysis 

81332 
SERPINA1 (serpin peptidase inhibitor, cladeA, alpha-1-antiproteinase, antitrypsin, 
member 1) (eg, alpha-1-antitruypsin deficiency), gene analysis, common variants (eg, 
*S and *Z) 

88267 
Chromosome analysis, amniotic fluid or chorionic villus, count 15 cells, 1 karyotype, 

with banding 

88269 
Chromosome analysis, in situ for amniotic fluid cells, count cells from 6-12 colonies, 1 

karyotype, with banding 

88271 Molecular cytogenetics; DNA probe, each (eg, FISH) 

88272 
chromosomal in situ hybridization, analyze 3-5 cells (eg, for derivatives and 

markers) 

88273 chromosomal in situ hybridization, analyze 10-30 cells (eg, for microdeletions) 

88274 interphase in situ hybridization, analyze 25-99 cells  

88275 interphase in situ hybridization, analyze 100-300 cells 

88280 Chromosome analysis; additional karyotypes, each study 

88283 additional specialized banding technique (eg, NOR, C-banding) 

88285 additional cells counted, each study 
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CODES DESCRIPTION 

88289 additional high resolution study 

88291 Cytogenetics and molecular cytogenetics, interpretation and report 

HCPCS Level II Codes 

S0265 Genetic counseling, under physician supervision, each 15 minutes 

S3841 Genetic testing for retinoblastoma 

S3842 Genetic testing for von hippel-lindau disease 

S3844 
DNA analysis of the connexin 26 gene (gjb2) for susceptibility to congenital, profound 
deafness 

S3845 Genetic testing for alpha-thalassemia 

S3846 Genetic testing for hemoglobin e beta-thalassemia 

S3849 Genetic testing for Niemann-Pick disease 

S3850 Genetic testing for sickle cell anemia 

S3852 DNA analysis for apoe epsilon 4 allele for susceptibility to Alzheimer’s disease 

S3853 Genetic testing for myotonic muscular dystrophy 

S3861 
Genetic testing, sodium channel, voltage-gated, type v, alpha subunit (scn5a) and 

variants for suspected brugada syndrome 

S3865 Comprehensive gene sequence analysis for hypertrophic cardiomyopathy 

S3866 
Genetic analysis for a specific gene mutation for hypertrophic cardiomyopathy (HCM) 
in an individual with a known HCM mutation in the family 

S3870 
Comparative genomic hybrization (CGH) microarray testing for developmental delay, 
autism spectrum disorder and/or mental retardation 

 Note: Inclusion on this list does not guarantee coverage 
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Appendix C. HERC Guidance Development Framework   

Validated questionnaire to assess genetic risk in all pregnant women  

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
2

a b

i ii

Effectiveness compared to alt. treatment(s) 
(clinically significant improvement in outcomes)

More 
effective 

FINAL 1/10/2013

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy
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Screening for thrombophilia  

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
2

a b

i ii

Effectiveness compared to alt. treatment(s) 
(clinically significant improvement in outcomes)

More 
effective 

FINAL 1/10/2013

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy
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Array CGH testing when karyotype normal and structural anomaly on US; Screen high-risk ethnic groups for 

hemoglobinopathies; Aneuploidy screening in first or second trimester; CVS or amnio for + aneuploidy screen, maternal age 

> 34, fetal structural anomalies, + FH, elevated risk of neural tube defect or maternal request; Screening for Tay-Sachs carrier 

status using Hex A in high risk populations; Screening for CF carrier status; Screening for fragile X carrier status in women 

with +FH or risk factors; Screening of Ashkenazi Jewish population for specific genetic diseases; Expanded carrier screening  

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
2

a b

i ii

Effectiveness compared to alt. treatment(s) 
(clinically significant improvement in outcomes)

More 
effective 

FINAL 1/10/2013

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 
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Aneuploidy testing with QF-PCR; Aneuploidy testing with FISH  

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
2

a b

i ii

Effectiveness compared to alt. treatment(s) 
(clinically significant improvement in outcomes)

More 
effective 

FINAL 1/10/2013

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
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2

a

b b
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b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
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recommend 
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Recommend 
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Cost
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Treatment risk 
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Cell free fetal DNA testing 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.

Treatment risk compared to 
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Similar 
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I II

A B
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1 2

1
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a b

i ii
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a b
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No alt. treatment(s) 
available/accessible
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Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
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treatment(s)

Treatment risk 
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Ultrasound for structural anomaly screen at 18-20 weeks; Fetal genetic analysis of fetuses at risk for fetal skeletal dysplasia 

based on US; Spinal muscular atrophy carrier screening  

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible

No

Treatment risk compared to  
no treatment

Similar 
or less More

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable1

NoYes

1Clinical research study is reasonable when failure to perform the procedure in question is not 
likely to result in death or serious disability; or in a situation where there is a high risk of 
death, there is no good clinical evidence to suggest that the procedure will change that risk.
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Issue: 
At the October, 2013 VBBS meeting a new prenatal genetic testing guideline was 
adopted, pending HERC staff working with experts to correct the CPT/HCPCS codes 
included in the guideline.  HERC staff has received input from perinatal experts.  The 
following is the final guideline, for the information of VBBS members.  
 
VbBS Recommendations:  

1) Adopt the following new guideline: 
 

DIAGNOSTIC GUIDELINE XXX PRENATAL GENETIC TESTING 
The following types of prenatal genetic testing and genetic counseling are covered for 
pregnant women: 

1) Genetic counseling (CPT 96040, HPCPS S0265) for high risk women who have 

family history of inheritable disorder or carrier state, ultrasound abnormality, 

previous pregnancy with aneuploidy, or elevated risk of neural tube defect 

2) Genetic counseling (CPT 96040, HPCPS S0265) prior to CVS, amniocentesis, 

microarray testing, Fragile X, and spinal muscular atrophy screening   

3) Validated questionnaire to assess genetic risk in all pregnant women 

4) Screening high risk ethnic groups for hemoglobinopathies (CPT 83020, 83021) 

5) Screening for aneuploidy with any of five screening strategies [first trimester 

(nuchal translucency, beta-HCG and PAPP-A), integrated, serum integrated, 

stepwise sequential, and contingency] (CPT 76813, 76814, 81508-81511) 

6) Cell free fetal DNA testing (CPT 81507) for evaluation of aneuploidy in women 

who have an elevated risk of a fetus with aneuploidy (maternal age >34, family 

history or elevated risk based on screening). 

7) Ultrasound for structural anomalies between 18 and 20 weeks gestation (CPT 

76811, 76812) 

8) CVS or amniocentesis (CPT 5900, 59015) for a positive aneuploidy screen, 

maternal age >34, fetal structural anomalies, family history of inheritable 

chromosomal disorder or elevated risk of neural tube defect.  

9) Array CGH (CPT 81228) when major fetal congenital anomalies apparent on 

imaging, and karyotype is normal  

10) FISH testing (CPT 88271, 88275) only if karyotyping is not possible due a need 

for rapid turnaround for reasons of reproductive decision-making (i.e. at 22w4d 

gestation or beyond)  

11) Screening for Tay-Sachs carrier status (CPT 81255) in high risk populations. 

First step is hex A, and then additional DNA analysis in individuals with 

ambiguous Hex A test results, suspected variant form of TSD or suspected 

pseudodeficiency of Hex A 

12) Screening for cystic fibrosis carrier status once in a lifetime (CPT 81220-81224) 

13) Screening for fragile X status (CPT 81243, 81244) in patients with a personal or 

family history of 

a. fragile X tremor/ataxia syndrome 

b. premature ovarian failure 

c. unexplained early onset intellectual disability 

d. fragile X intellectual disability 
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e. unexplained autism through the pregnant woman’s maternal line 

14) Screening for spinal muscular atrophy (CPT 81401) once in a lifetime  

15) Screening those with Ashkenazi Jewish heritage for Canavan disease (CPT 

81200), familial dysautonomia (CPT 81260), and Tay-Sachs carrier status (CPT 

81255). If a panel which includes these four tests is available at a lower cost than 

the sum of the individual tests, then the panel will be covered 

16) Expanded carrier screening only for those genetic conditions identified above  

 
The following genetic screening tests are not covered:  

1) Serum triple screen 

2) Screening for thrombophilia in general population or for recurrent pregnancy loss 

3) Expanded carrier screening which includes results for conditions not explicitly 

recommended for coverage 
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Question: How should the Coverage Guidance Use of DXA in screening for and 

monitoring of osteoporosis be applied to the Prioritized List? 
 
Question source: HTAS 
 
 
Current Prioritized List Status 
 

Code Code Description Current Placement 

V82.81 Special screening for osteoporosis 3,4 

 
ICD 10  

Code Code Description Current Placement 

Z13.820 Encounter for screening 
for osteoporosis 

1104 PREVENTION SERVICES WITH 
EVIDENCE OF EFFECTIVENESS 

 
 
 

Code Code Description 
Current 
Placement 

77080 Dual-energy X-ray absorptiometry (DXA), bone density 
study, 1 or more sites; axial skeleton (eg, hips, pelvis, 
spine) 

DMAP Diagnostic 
Procedure File 

77081 Dual-energy X-ray absorptiometry (DXA), bone density 
study, 1 or more sites; appendicular skeleton 
(peripheral) (eg, radius, wrist, heel) 

DMAP Diagnostic 
Procedure File 

77082 Dual-energy X-ray absorptiometry (DXA), bone density 
study, 1 or more sites; vertebral fracture assessment 

DMAP Diagnostic 
Procedure File 

 
Line: 265 
Condition: METABOLIC BONE DISEASE (See Guideline Notes 64,65) 
Treatment: MEDICAL THERAPY 
ICD-9: 731.0,733.00-733.09,V58.68 
CPT: 96150-96154,98966-98969,99051,99060,99070,99078,99201-
99239,99281-99360,99366,99374,99375,99379- 
99412,99429-99444,99468-99480,99487-99496,99605-99607 
HCPCS: G0396,G0397,G0406-G0408,G0425-G0427,S0270-S0274 
 
 
Draft Coverage Guidance 

Osteoporosis screening by dual-energy X-ray absorptiometry (DXA) is 
recommended for coverage only for women aged 65 or older, and for men 
or younger women whose fracture risk is equal to or greater than that of a 
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65 year old white woman who has no additional risk factors.  Fracture risk 
should be assessed by the World Health Organization’s FRAX tool or 
similar instrument (strong recommendation).  
 
Repeat osteoporosis screening by DXA, for women with normal bone 
density, is not recommended for coverage more frequently than once 
every fifteen years (weak recommendation). 
 
Routine osteoporosis screening by DXA is not recommended for coverage 
in men (weak recommendation). 
 
Unless there has been significant change in the individual's risk factors, 
such that rapid changes in bone density are expected, monitoring of 
individuals with low bone density by repeat DXA scanning is 
recommended for coverage (weak recommendation) only at the following 
frequencies:  

 once every two years for those with osteoporosis or advanced 
osteopenia (T-score of -2.00 or lower) 

 once every four years for moderate osteopenia (T-score 
between -1.50 and -1.99) 

 once every fifteen years for mild osteopenia (T-score between -1.01 
and -1.49). 

Repeat testing should only be covered if the results will influence clinical 
management.  For purposes of monitoring osteoporosis medication 
therapy, testing at intervals of less than two years is not recommended for 
coverage (weak recommendation). 

 
 
Recommendations:  

1) Make the following coding changes 

a. Place 77080-77082 on Line 3,4 and 265; 3 (1104) and 265 for ICD 

10 

b. Advise DMAP to remove these codes from the Diagnostic File 

2) Adopt a new guideline 

GUIDELINE NOTE XXX   OSTEOPOROSIS SCREENING AND 
MONITORING  
Lines 3,4,265 
For ICD 10 List, Lines 3, 265 
 
Osteoporosis screening by dual-energy X-ray absorptiometry (DXA) is 
covered only for women aged 65 or older, and for men or younger 
women whose fracture risk is equal to or greater than that of a 65 year 
old white woman who has no additional risk factors.   
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Fracture risk should be assessed by the World Health Organization’s 
FRAX tool or similar instrument.  
 
Repeat osteoporosis screening by DXA, for women with normal bone 
density, is not covered more frequently than once every fifteen years. 
 
Routine osteoporosis screening by DXA is not covered for men.   

 
Unless there has been significant change in the individual's risk 
factors, such that rapid changes in bone density are expected, 
monitoring of individuals with low bone density by repeat DXA 
scanning is covered only at the following frequencies:  

 once every two years for those with osteoporosis or advanced 
osteopenia (T-score of -2.00 or lower) 

 once every four years for moderate osteopenia (T-score 
between -1.50 and -1.99) 

 once every fifteen years for mild osteopenia (T-score 
between -1.01 and -1.49). 

Repeat testing is only covered if the results will influence clinical 
management.  For purposes of monitoring osteoporosis medication 
therapy, testing at intervals of less than two years is not covered.  
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DUAL-ENERGY X-RAY ABSORPTIOMETRY (DXA) 

DRAFT for VbBS Meeting Materials 1/9/2014 

HERC COVERAGE GUIDANCE 

Osteoporosis screening by dual-energy X-ray absorptiometry (DXA) is recommended for 
coverage only for women aged 65 or older, and for men or younger women whose fracture risk 
is equal to or greater than that of a 65 year old white woman who has no additional risk factors.  
Fracture risk should be assessed by the World Health Organization’s FRAX tool or similar 
instrument (strong recommendation).  

Repeat osteoporosis screening by DXA, for women with normal bone density, is not 
recommended for coverage more frequently than once every fifteen years (weak 
recommendation). 

Routine osteoporosis screening by DXA is not recommended for coverage in men (weak 
recommendation). 

Unless there has been significant change in the individual's risk factors, such that rapid changes 
in bone density are expected, monitoring of individuals with low bone density by repeat DXA 
scanning is recommended for coverage (weak recommendation) only at the following 
frequencies:  

 once every two years for those with osteoporosis or advanced osteopenia (T-score 
of -2.00 or lower) 

 once every four years for moderate osteopenia (T-score between -1.50 and -1.99) 

 once every fifteen years for mild osteopenia (T-score between -1.01 and -1.49). 

Repeat testing should only be covered if the results will influence clinical management.  For 
purposes of monitoring osteoporosis medication therapy, testing at intervals of less than two 
years is not recommended for coverage (weak recommendation). 

Note: Definitions for strength of recommendation are provided in Appendix A GRADE Element 

Description 

RATIONALE FOR GUIDANCE DEVELOPMENT 

The HERC selects topics for guideline development or technology assessment based 

on the following principles: 

 Represents a significant burden of disease 

 Represents important uncertainty with regard to efficacy or harms 

 Represents important variation or controversy in clinical care 

 Represents high costs, significant economic impact  

 Topic is of high public interest 
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Coverage guidance development follows to translate the evidence review to a policy 

decision. Coverage guidance may be based on an evidence-based guideline developed 

by the Evidence-based Guideline Subcommittee or a health technology assessment 

developed by the Heath Technology Assessment Subcommittee. In addition, coverage 

guidance may utilize an existing evidence report produced by one of HERC’s trusted 

sources, generally within the last three years. 

EVIDENCE SOURCE 

Gourlay, M.L., Fine, J.P., Preisser, J.S., May, R.C., Li, C., Lui, L., et al. (2012). Bone-

density testing interval and transition to osteoporosis in older women. New England 

Journal of Medicine, 366(3), 225-233. 

National Clinical Guideline Center. (2012). Osteoporosis: Assessing the risk of fragility 

fracture. London: National Clinical Guideline Center. Retrieved May 10, 2013, from 

http://guidance.nice.org.uk/CG146/Guidance 

Nelson, H.D., Haney, E.M., Chou, R., Dana, T., Fu, R., & Bougatsos, C. (2010). 

Screening for osteoporosis: Systematic review to update the 2002 U.S. Preventive 

Services Task Force recommendation. Evidence Synthesis No. 77. AHRQ Publication 

No. 10-05145-EF-1. Rockville, Maryland: Agency for Healthcare Research and Quality. 

Retrieved May 10, 2013, from http://www.ncbi.nlm.nih.gov/books/NBK45201/  

U.S. Preventive Services Task Force. (2011). Screening for osteoporosis: U.S. 

Preventive Services Task Force recommendation statement. Annals of Internal 

Medicine, 154(5), 356-364. Retrieved May 10, 2013, from 

http://www.uspreventiveservicestaskforce.org/uspstf/uspsoste.htm  

The summary of evidence in this document is derived directly from these evidence 

sources, and portions are extracted verbatim.  

SUMMARY OF EVIDENCE 

 Clinical Background 

Osteoporosis is characterized by low bone mineral density (BMD) and a resultant 

increased risk for fractures. It is estimated that as many as 1 in 2 women and 1 in 5 men 

are at risk for an osteoporosis-related fracture during their lifetime. Osteoporosis is more 

common in women than men and is more common in white persons than in any other 

racial group. For all demographic groups, the rates of osteoporosis increase with age. 

Elderly patients have increased susceptibility to fractures because they commonly have 

additional risk factors for fractures, such as poor bone quality and an increased 

tendency to fall. Hip fractures in particular can result in significant morbidity and 

mortality. Fractures at other sites also can lead to significant illness, causing chronic 

http://guidance.nice.org.uk/CG146/Guidance
http://www.ncbi.nlm.nih.gov/books/NBK45201/
http://www.uspreventiveservicestaskforce.org/uspstf/uspsoste.htm
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pain or disability and negatively affecting functional ability and quality of life. Direct 

medical care costs of osteoporotic fractures were estimated to be $12.2 to $17.9 billion 

per year in 2002 U.S. dollars; these estimates do not include indirect costs associated 

with lost productivity of patients and caregivers.  

Many different risk assessment instruments have been developed to predict risk for low 

BMD or fractures. Multiple studies have validated these tools; however, few of these 

studies have included men. Despite various risk factors and variables included in the 

different risk assessment tools, none of the tools has consistently superior performance. 

The FRAX tool, developed by the World Health Organization and the National 

Osteoporosis Foundation, is one of the most widely used instruments to predict risk for 

fractures. This tool was derived from data on 9 cohorts in Europe, Canada, the United 

States, and Japan. Seven of these cohorts included men. The FRAX tool was validated 

in 11 cohorts, but only 1 of these cohorts included men. Because a large and diverse 

sample was used to develop and validate the FRAX tool and this instrument includes a 

publicly available risk calculator, the USPSTF used the FRAX tool to determine which 

individuals would exceed the baseline risk threshold for fractures on the basis of their 

age or other risk factors (such as low BMI, parental history of hip fracture, smoking 

status, and daily alcohol use). Considering a 65-year-old white woman who has no 

other risk factors to be the baseline risk case (a 10-year risk for any osteoporotic 

fracture of 9.3%), women as young as 50 years may have a 10-year risk for any 

osteoporotic fracture of 9.3% or greater, depending on the type and number of risk 

factors present. 

Bone mineral density (BMD) criteria were developed by the World Health Organization 

(WHO) from epidemiologic data that describe the normal distribution of BMD in a young 

healthy reference population. Osteoporosis is diagnosed when the BMD at the spine, 

hip, or wrist is 2.5 or more standard deviations (SD) below the reference mean. Low 

bone density or mass (sometimes referred to as osteopenia) is diagnosed when BMD is 

between 1.0–2.5 SD below the reference mean. The number of standard deviation units 

above or below the young healthy mean is called the T-score. Although intended for 

epidemiologic purposes, T-scores have been used as selection criteria for trials of 

therapies. They are now used to identify individuals with low BMD and to make 

treatment decisions. 
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Evidence Review 

USPSTF 

Detection 

The USPSTF found convincing evidence that bone measurement tests predict short-

term risk for osteoporotic fractures in women and men. The most commonly used tests 

are dual-energy x-ray absorptiometry (DXA) of the hip and lumbar spine and 

quantitative ultrasonography of the calcaneus. Adequate evidence indicates that clinical 

risk assessment instruments have only modest predictive value for low bone density or 

fractures. 

Benefits of Detection and Early Intervention 

No controlled studies have evaluated the effect of screening for osteoporosis on fracture 

rates or fracture related morbidity or mortality. In postmenopausal women who have no 

previous osteoporotic fractures, the USPSTF found convincing evidence that drug 

therapies reduce the risk for fractures. In women aged 65 years or older and in younger 

women whose fracture risk is equal to or greater than that of a 65-year-old white woman 

who has no additional risk factors, the USPSTF judged that the benefit of treating 

screening-detected osteoporosis is at least moderate. Because of the lack of relevant 

studies, the USPSTF found inadequate evidence that drug therapies reduce the risk for 

fractures in men who have no previous osteoporotic fractures.  

Accuracy of Screening Tests 

DXA 

Measurement of bone density using DXA has become the gold standard for the 

diagnosis of osteoporosis and for guiding decisions about which patients to treat. 

Although it is not a perfect predictor of fractures, DXA of the femoral neck is considered 

the best predictor of hip fracture and is comparable with DXA measurements of the 

forearm for predicting fractures at other sites. Previous studies evaluating the accuracy 

of DXA for predicting fractures have focused mainly on women; studies have only 

recently assessed the predictive ability of DXA in men. A large prospective cohort study 

in the Netherlands that included men and women older than 55 years reported the 

incidence of vertebral and nonvertebral fractures approximately 6 years after baseline 

DXA measurements of the femoral neck were obtained. For each SD reduction in BMD 

at the femoral neck, the hazard ratio for vertebral and non-vertebral fractures increased 

to a similar degree in both men and women. Other studies of the performance of DXA in 

men have reported similar findings. 

Quantitative Ultrasonography 

The most commonly used test in the United States after DXA is quantitative 

ultrasonography (US) of the calcaneus. Quantitative US is less expensive than DXA, 



 

Coverage Guidance: Osteoporosis Screening and Monitoring by DXA 
DRAFT for VbBS Meeting Materials 1/9/2014  5 

does not involve radiation, and can feasibly be implemented in primary care settings. 

Recent studies demonstrate that quantitative US of the calcaneus can predict fractures 

as effectively as DXA in postmenopausal women and in men. Quantitative US seems to 

be equivalent to DXA for predicting fractures and has other potential advantages, but 

also a few distinct disadvantages. The current diagnostic criteria for osteoporosis use 

DXA measurements as cutoffs, and the measurements obtained from quantitative US 

are not interchangeable with those obtained from DXA. Also, all trials evaluating drug 

therapies for osteoporosis use DXA measurements as inclusion criteria. Thus, for 

quantitative US to be relevant and clinically useful, a method for converting or adapting 

results of quantitative US to the DXA scale will need to be developed. 

One meta-analysis examined 25 studies to assess the accuracy of quantitative US 

compared with DXA in identifying patients with osteoporosis. When various quantitative 

US index parameter cutoffs were used, the results varied widely in sensitivity and 

specificity for identifying individuals with a T-score of -2.5 or less on DXA. No 

quantitative US cutoff existed at which sensitivity and specificity were both high.  

Frequency of Monitoring 

The USPSTF did not make any specific recommendations regarding screening interval 

or frequency. The systematic review conducted to support the recommendation 

reported on only one study that addressed this question, a large good-quality 

prospective cohort study of 4,124 women age ≥65 years from the Study of Osteoporotic 

Fractures. This study found that repeating a BMD measurement up to 8 years after an 

initial measurement did not significantly change estimates for non-vertebral, hip, or 

vertebral fractures. No studies of screening intervals have been conducted in men or 

other groups of women. 

Because of the limited evidence supporting frequency of monitoring, an additional 

search of the literature was undertaken from the end date of the Nelson review 

(December 2009). One study was identified that addressed frequency of monitoring 

(Gourlay et al. 2012). This NIH funded study evaluated women with normal or 

osteopenic BMD who were older than 66 years of age and had no history of hip or 

vertebral fracture. Osteopenia was categorized as mild (T-score -1.01 to -1.49), 

moderate (T-score -1.50 to -1.99) or advanced (T-score -2.0 to -2.49). They were 

followed prospectively for 15 years and the BMD testing interval, defined as the 

estimated time for 10% of women to make the transition to osteoporosis, was 

calculated. The estimated BMD testing interval was 16.8 years (95% CI, 11.5 to 24.6) 

for women with normal BMD, 17.3 years (95% CI, 13.9 to 21.5) for women with mild 

osteopenia, 4.7 years (95% CI, 4.2 to 5.2) for women with moderate osteopenia, and 

1.1 years (95% CI, 1.0 to 1.3) for women with advanced osteopenia. 
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Effectiveness of Early Detection and Treatment 

No controlled studies have evaluated the effect of screening for osteoporosis on rates of 

fractures or fracture related morbidity or mortality. Drug therapies for osteoporosis can 

be for primary prevention (prevention of an osteoporotic fracture in patients with low 

BMD who have no previous fractures) or secondary prevention (prevention of an 

osteoporotic fracture in patients who have a known previous osteoporotic fracture). 

Primary prevention trials are more applicable to the screening population addressed in 

this recommendation.  Drug therapies include bisphosphonates, parathyroid hormone, 

raloxifene, estrogen, and calcitonin. For primary prevention in postmenopausal women, 

bisphosphonates, parathyroid hormone, raloxifene, and estrogen have been shown to 

reduce vertebral fractures. The evidence is strongest and most consistent for 

bisphosphonates and raloxifene. 

In a meta-analysis of 7 trials, the relative risk (RR) for vertebral fractures for 

bisphosphonates compared with placebo was 0.66 (95% CI, 0.50 to 0.89). Two large 

placebo controlled trials of raloxifene reported reduced vertebral fractures, with a 

combined RR for raloxifene of 0.61 compared with placebo (CI, 0.55 to 0.69). A pooled 

analysis of 9 trials demonstrated a non–statistically significant trend toward a reduction 

in non-vertebral fractures with bisphosphonates compared with placebo (RR, 0.83 [CI, 

0.64 to 1.08]). In the largest trial of bisphosphonates, the Fracture Intervention Trial of 

alendronate, fractures were significantly reduced only in women with baseline femoral 

neck T-scores less than -2.5. Evidence of the effectiveness of treatment of osteoporosis 

in men is limited. There are no primary prevention trials of bisphosphonates in men and 

only 2 secondary prevention trials of alendronate. When the 2 trials were pooled, 

alendronate was associated with a reduced risk for vertebral fractures (odds ratio [OR], 

0.35 [CI, 0.17 to 0.77]), and the effect on non-vertebral fractures was not statistically 

significant (OR, 0.73 [CI, 0.32 to 1.67]). A single primary prevention trial of parathyroid 

hormone in men reported a non-statistically significant trend toward a reduction in 

vertebral and non-vertebral fractures. None of the other therapies for osteoporosis in 

men has been evaluated in randomized trials. 

Potential Harms of Screening and Treatment 

Potential harms of screening for osteoporosis include false-positive test results causing 

unnecessary treatment, false-negative test results, and patient anxiety about positive 

test results. No studies that addressed the potential harms of screening were identified 

during this review. The harms of drug therapy for osteoporosis have been studied most 

extensively for bisphosphonates, raloxifene, and estrogen. For bisphosphonates, the 

evidence demonstrates no definitive increase in the risk for serious gastrointestinal 

adverse events (for example, perforations, ulcers, bleeding, esophagitis, or esophageal 

ulceration) in persons who use these medications appropriately. The evidence on the 

risk for atrial fibrillation with bisphosphonates is conflicting. One large case-control study 
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in Denmark showed an increased risk for atrial fibrillation with any use of alendronate 

compared with no use of this agent (OR, 1.86 [CI, 1.09 to 3.15]), but a smaller case– 

control study in Washington showed no increased risk for atrial fibrillation with any use 

of etidronate (RR, 0.95 [CI, 0.84 to 1.07]) or any use of alendronate (RR, 1.04 [CI, 0.90 

to 1.21]) compared with no use of either agent. 

Osteonecrosis of the jaw has been associated with bisphosphonates in case reports, 

but this condition typically develops in patients with cancer who receive higher doses 

than those normally used for osteoporosis treatment or prevention. Case reports also 

have described severe musculoskeletal symptoms associated with all of the 

bisphosphonates. In October 2010, the U.S. Food and Drug Administration issued a 

warning about a possible elevated risk for midfemur fractures in patients receiving 

bisphosphonates, especially for patients who have received them for more than 5 years. 

Raloxifene and estrogen are associated with higher rates of thromboembolic events 

than placebo. Estrogen increases the risk for stroke, and estrogen with progestin 

increases the risk for coronary heart disease and breast cancer. Evidence is limited on 

the harms associated with use of calcitonin and parathyroid hormone for osteoporosis. 

Overall, the USPSTF found no new studies that described harms of screening for 

osteoporosis in men or women. Screening with DXA is associated with opportunity 

costs (time and effort required by patients and the health care system). Harms of drug 

therapies for osteoporosis depend on the specific medication used. The USPSTF found 

adequate evidence that the harms of bisphosphonates, the most commonly prescribed 

therapies, are no greater than small. Convincing evidence indicates that the harms of 

estrogen and selective estrogen receptor modulators are small to moderate. 

 

Estimate of Magnitude of Net Benefit 

The USPSTF found convincing evidence that drug therapies reduce subsequent 

fracture rates in postmenopausal women. For women aged 65 years or older and 

younger women who have similar estimates of fracture risk, the benefit of treating 

screening-detected osteoporosis is at least moderate. The harms of treatment were 

found to range from no greater than small for bisphosphonates and parathyroid 

hormone to small to moderate for raloxifene and estrogen. Therefore, the USPSTF 

concludes with moderate certainty that the net benefit of screening for osteoporosis in 

this group of women is at least moderate. For men, the USPSTF concludes that 

evidence is inadequate to assess the effectiveness of drug therapies in reducing 

subsequent fracture rates in men who have no previous fractures. Treatments that have 

been proven effective in women cannot necessarily be presumed to have similar 

effectiveness in men. Thus, the USPSTF could not assess the balance of benefits and 

harms of screening for osteoporosis in men. 
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Overall USPSTF Assessment 

The USPSTF concludes that for women aged 65 years or older and younger women 

whose fracture risk is equal to or greater than that of a 65-year-old white woman who 

has no additional risk factors, there is moderate certainty that the net benefit of 

screening for osteoporosis by using DXA is at least moderate. The USPSTF concludes 

that for men, evidence of the benefits of screening for osteoporosis is lacking and the 

balance of benefits and harms cannot be determined. 

[Evidence Source]  

NICE GUIDELINE 

The NICE guideline makes the follow recommendations pertaining to assessing the risk 

of fragility fractures: 

Targeting risk assessment  

1. Consider assessment of fracture risk:  

 in all women aged 65 years and over and all men aged 75 years and over  

 in women aged under 65 years and men aged under 75 years in the presence of 

risk factors, for example:  

- previous fragility fracture,  

- current use or frequent recent use of oral or systemic glucocorticoids, 

- history of falls,  

- family history of hip fracture,  

- other causes of secondary osteoporosis1,  

- low body mass index (BMI) (less than 18.5 kg/m2),  

- smoking,  

- alcohol intake of more than 14 units per week for women and more than 21 

units per week for men.  

2. Do not routinely assess fracture risk in people aged under 50 years unless they have 

major risk factors (for example, current or frequent recent use of oral or systemic 

glucocorticoids, untreated premature menopause or previous fragility fracture), because 

they are unlikely to be at high risk.  

                                                      
1
 Causes of secondary osteoporosis include endocrine (hypogonadism in either sex including untreated 

premature menopause and treatment with aromatase inhibitors or androgen deprivation therapy; 
hyperthyroidism; hyperparathyroidism; hyperprolactinaemia; Cushing’s disease; diabetes), 
gastrointestinal (coeliac disease; inflammatory bowel disease; chronic liver disease; chronic pancreatitis; 
other causes of malabsorption), rheumatological (rheumatoid arthritis; other inflammatory arthropathies), 
haematological (multiple myeloma; haemoglobinopathies; systemic mastocytosis), respiratory (cystic 
fibrosis; chronic obstructive pulmonary disease), metabolic (homocystinuria), chronic renal disease and 
immobility(due for example to neurological injury or disease). 

http://www.uspreventiveservicestaskforce.org/uspstf/uspsoste.htm
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3. Estimate absolute risk when assessing risk of fracture (for example, the predicted risk 

of major osteoporotic or hip fracture over 10 years, expressed as a percentage).  

4. Use either FRAX2 (without a bone mineral density [BMD] value, if a dual-energy X-ray 

absorptiometry [DXA] scan has not previously been undertaken) or QFracture3, within 

their allowed age ranges, to estimate 10-year predicted absolute fracture risk when 

assessing risk of fracture. Above the upper age limits defined by the tools, consider 

people to be at high risk.  

5. Interpret the estimated absolute risk of fracture in people aged over 80 years with 

caution, because predicted 10-year fracture risk may underestimate their short-term 

fracture risk.  

6. Do not routinely measure BMD to assess fracture risk without prior assessment using 

FRAX (without a BMD value) or QFracture.  

7. Following risk assessment with FRAX (without a BMD value) or QFracture, consider 

measuring BMD with DXA in people whose fracture risk is in the region of an 

intervention threshold4 for a proposed treatment, and recalculate absolute risk using 

FRAX with the BMD value.  

8. Consider measuring BMD with DXA before starting treatments that may have a rapid 

adverse effect on bone density (for example, sex hormone deprivation for treatment for 

breast or prostate cancer). 

9. Measure BMD to assess fracture risk in people aged under 40 years who have a 

major risk factor, such as history of multiple fragility fracture, major osteoporotic 

fracture, or current or recent use of high-dose oral or systemic glucocorticoids (more 

than 7.5 mg prednisolone or equivalent per day for 3 months or longer).  

10. Consider recalculating fracture risk in the future:  

                                                      
2
 FRAX, the WHO fracture risk assessment tool, is available from www.shef.ac.uk/FRAX. It can be used 

for people aged between 40 and 90 years, either with or without BMD values, as specified. 
3
 QFracture is available from www.qfracture.org. It can be used for people aged between 30 and 84 

years. BMD values cannot be incorporated into the risk algorithm. 
4
 An intervention threshold is the level of risk at which an intervention is recommended. People whose risk 

is in the region from just below to just above the threshold may be reclassified if BMD is added to 
assessment. It is out of the scope of this guideline to recommend intervention thresholds. Healthcare 
professionals should follow local protocols or other national guidelines for advice on intervention 
thresholds. 
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 if the original calculated risk was in the region of the intervention threshold5 for a 

proposed treatment and only after a minimum of 2 years, or  

 when there has been a change in the person’s risk factors.  

11. Take into account that risk assessment tools may underestimate fracture risk in 

certain circumstances, for example if a person:  

 has a history of multiple fractures  

 has had previous vertebral fracture(s)  

 has a high alcohol intake  

 is taking high-dose oral or high-dose systemic glucocorticoids (more than 7.5 mg 

prednisolone or equivalent per day for 3 months or longer)  

 has other causes of secondary osteoporosis.6  

12. Take into account that fracture risk can be affected by factors that may not be 

included in the risk tool, for example living in a care home or taking drugs that may 

impair bone metabolism (such as anti-convulsants, selective serotonin reuptake 

inhibitors, thiazolidinediones, proton pump inhibitors and anti-retroviral drugs). 

[Evidence Source]  

 Evidence Summary 

Bone measurement tests predict short-term risk for osteoporotic fractures in women and 

men. The most appropriate interval for screening has not been identified, but repeating 

a BMD measurement up to 8 years after an initial measurement does not significantly 

change fracture estimates, and transition to osteoporosis occurs for most women with 

normal BMD no sooner than 17 years. In postmenopausal women who have no 

previous osteoporotic fractures, drug therapies reduce the risk for fractures (primary 

prevention). Bisphosphonates, parathyroid hormone, raloxifene, and estrogen have all 

been shown to reduce vertebral fractures in this population. Potential harms of 

                                                      
5
 An intervention threshold is the level of risk at which an intervention is recommended. It is out of the 

scope of this guideline to recommend intervention thresholds. Healthcare professionals should follow 
local protocols or other national guidelines for advice on intervention thresholds. 
6
 Causes of secondary osteoporosis include: endocrine (hypogonadism in either sex including untreated 

premature menopause and treatment with aromatase inhibitors or androgen deprivation therapy; 
hyperthyroidism; hyperparathyroidism; hyperprolactinaemia; Cushing’s disease; diabetes), 
gastrointestinal (coeliac disease; inflammatory bowel disease; chronic liver disease; chronic pancreatitis; 
other causes of malabsorption), rheumatological (rheumatoid arthritis; other inflammatory arthropathies), 
haematological (multiple myeloma; haemoglobinopathies; systemic mastocytosis), respiratory (cystic 
fibrosis; chronic obstructive pulmonary disease), metabolic (homocystinuria), chronic renal disease and 
immobility (due for example to neurological injury or disease). 

http://guidance.nice.org.uk/CG146/Guidance


 

Coverage Guidance: Osteoporosis Screening and Monitoring by DXA 
DRAFT for VbBS Meeting Materials 1/9/2014  11 

screening for osteoporosis include false-positive test results causing unnecessary 

treatment, false-negative test results, and patient anxiety about positive test results.  

For women aged 65 years or older and younger women who have similar estimates of 

fracture risk, the benefit of treating screening-detected osteoporosis is at least 

moderate, while the harms range from small to moderate. Therefore, the net benefit of 

screening for osteoporosis in this group of women is at least moderate. For men, the 

evidence is inadequate to assess the effectiveness of drug therapies in reducing 

subsequent fracture rates in men who have no previous fractures. 
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GRADE-INFORMED FRAMEWORK 

The HERC develops recommendations by using the concepts of the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) system. GRADE is a transparent and structured process for developing and 

presenting evidence and for carrying out the steps involved in developing recommendations. There are four elements that 

determine the strength of a recommendation, as listed in the table below. The HERC reviews the evidence and makes an 

assessment of each element, which in turn is used to develop the recommendations presented in the coverage guidance 

box. Balance between desirable and undesirable effects, and quality of evidence, are derived from the evidence 

presented in this document, while estimated relative costs, values and preferences are assessments of the HERC 

members. 

Indication Balance between desirable 
and undesirable effects 

Quality of 
evidence* 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Screening for osteoporosis  
in women aged 65 or over, or 
with equivalent risks 

Small to moderate net 
benefit 

High Moderately 
high on a 

population-
wide basis, 

but with 
significant 
offsets if 
effective 
fracture 

prevention 

Low variability 
(most people 
would prefer 

screening and 
fracture 

prevention) 

Recommended for coverage 
(strong recommendation) 

Screening for osteoporosis  
in men aged 70 or over 

Unknown Very low Moderately 
high 

Moderate 
variability (some 

would prefer 
availability of 

screening even 
if benefit not 
established) 

Not recommended for coverage 
(weak recommendation) 

Repeat DXA < 2 years for 
monitoring osteoporosis or 
advanced osteopenia  

Likely no net benefit Very low Moderately
significant 

cost 
associated 
with more 
frequent 

monitoring 

Low variability Not recommended for coverage 
(weak recommendation) 



 

Coverage Guidance: Osteoporosis Screening and Monitoring by DXA 
DRAFT for VbBS Meeting Materials 1/9/2014  13 

Indication Balance between desirable 
and undesirable effects 

Quality of 
evidence* 

Resource 
Allocation 

Values and 
preferences 

Coverage Recommendation 

Repeat DXA < 4 years for 
monitoring moderate 
osteopenia  

Likely no net benefit Very low Moderately 
significant 

cost 
associated 
with more 
frequent 

monitoring 

Low variability Not recommended for coverage 
(weak recommendation) 

Repeat screening DXA < 15 
years in women with normal 
BMD or mild osteopenia 

Likely no net benefit Very low Moderately 
significant 

cost 
associated 
with more 
frequent 

monitoring 

Low variability Not recommended for coverage 
(weak recommendation) 

*The Quality of Evidence rating was assigned by the primary evidence source, not the HERC Subcommittee  

Note: GRADE framework elements are described in Appendix A 
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POLICY LANDSCAPE 

Choosing Wisely® is part of a multi-year effort of the ABIM Foundation to help 

physicians be better stewards of finite health care resources. Originally conceived and 

piloted by the National Physicians Alliance through a Putting the Charter into Practice 

grant, nine medical specialty organizations, along with Consumer Reports, have 

identified five tests or procedures commonly used in their field, whose necessity should 

be questioned and discussed. The American College of Rheumatology makes the 

following recommendation: 

Don’t routinely repeat DXA scans more often than once every two years. 

Initial screening for osteoporosis should be performed according to National 

Osteoporosis Foundation recommendations. The optimal interval for repeating 

Dual-energy X-ray Absorptiometry (DXA) scans is uncertain, but because 

changes in bone density over short intervals are often smaller than the 

measurement error of most DXA scanners, frequent testing (e.g., <2 years) is 

unnecessary in most patients. Even in high-risk patients receiving drug therapy 

for osteoporosis, DXA changes do not always correlate with probability of 

fracture. Therefore, DXAs should only be repeated if the result will influence 

clinical management or if rapid changes in bone density are expected. Recent 

evidence also suggests that healthy women age 67 and older with normal bone 

mass may not need additional DXA testing for up to ten years provided 

osteoporosis risk factors do not significantly change. 

Five quality measures were identified pertaining to BMD testing when searching the 

National Quality Measures Clearinghouse. All five were developed by the National 

Committee for Quality Assurance, and four of the five are endorsed by the NQF:  

 Osteoporosis management in women who had a fracture: percentage of women 

67 years of age and older who suffered a fracture and who had either a bone 

mineral density (BMD) test or prescription for a drug to treat or prevent 

osteoporosis in the six months after the fracture. 

 Osteoporosis testing in older women: the percentage of Medicare women 65 

years of age and over who report ever having received a bone density test to 

check for osteoporosis. 

 Osteoporosis: percentage of patients aged 50 years and older with a fracture of 

the hip, spine or distal radius who had a central DXA measurement ordered or 

performed or pharmacologic therapy prescribed. 

 Osteoporosis: percentage of female patients aged 65 years and older who have 

a central DXA measurement ordered or performed at least once since age 60 or 

pharmacologic therapy prescribed within 12 months. 

http://npalliance.org/
http://www.abimfoundation.org/Initiatives/Putting-the-Charter-Into-Practice-Grants/2009-Grantees.aspx
http://www.abimfoundation.org/Initiatives/Putting-the-Charter-Into-Practice-Grants/2009-Grantees.aspx
http://www.qualitymeasures.ahrq.gov/
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The fifth measure has not been endorsed by the NQF: 

 Osteoporosis: percentage of patients aged 18 years and older with one of the 

following conditions or therapies: receiving oral glucocorticosteroid therapy for 

greater than 3 months OR hypogonadism OR fracture history OR transplant 

history OR obesity surgery OR malabsorption disease OR receiving aromatase 

therapy for breast cancer who had a central dual-energy X-ray absorptiometry 

ordered or performed or pharmacologic therapy prescribed within 12 months. 

COMMITTEE DELIBERATIONS – HTAS 

At its meeting 11/25/2013, the HTAS reviewed public comments. After brief discussion, 

the subcommittee referred the draft coverage guidance to VbBS and HERC for 

implementation and approval. 

COMMITTEE DELIBERATIONS – VBBS 

 

 

Coverage guidance is prepared by the Health Evidence Review Commission (HERC), HERC staff, and 

subcommittee members. The evidence summary is prepared by the Center for Evidence-based Policy at Oregon 

Health & Science University (the Center). This document is intended to guide public and private purchasers in 

Oregon in making informed decisions about health care services.  

The Center is not engaged in rendering any clinical, legal, business or other professional advice. The statements 

in this document do not represent official policy positions of the Center. Researchers involved in preparing this 

document have no affiliations or financial involvement that conflict with material presented in this document. 
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Appendix A. GRADE Element Descriptions 

Element Description 

Balance between 

desirable and 

undesirable 

effects 

The larger the difference between the desirable and undesirable effects, the 

higher the likelihood that a strong recommendation is warranted. The 

narrower the gradient, the higher the likelihood that a weak recommendation 

is warranted 

Quality of 

evidence 

The higher the quality of evidence, the higher the likelihood that a strong 

recommendation is warranted 

Resource 

allocation 

The higher the costs of an intervention—that is, the greater the resources 

consumed—the lower the likelihood that a strong recommendation is 

warranted 

Values and 

preferences 

The more values and preferences vary, or the greater the uncertainty in 

values and preferences, the higher the likelihood that a weak 

recommendation is warranted 

 
Strong recommendation 

In Favor: The subcommittee is confident that the desirable effects of adherence to a 
recommendation outweigh the undesirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Against: The subcommittee is confident that the undesirable effects of adherence to a 
recommendation outweigh the desirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Weak recommendation 

In Favor: the subcommittee concludes that the desirable effects of adherence to a 
recommendation probably outweigh the undesirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Against: the subcommittee concludes that the undesirable effects of adherence to a 
recommendation probably outweigh the desirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Quality of evidence across studies for the treatment/outcome 

High = Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate = Further research is likely to have an important impact on our confidence in the 

estimate of effect and may change the estimate. 

Low = Further research is very likely to have an important impact on our confidence in the 

estimate of effect and is likely to change the estimate. 

Very low = Any estimate of effect is very uncertain.
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Appendix B. Applicable Codes 

 Note: Inclusion on this list does not guarantee coverage 

 

CODES DESCRIPTION 

ICD-9 Diagnosis Codes 

733.0 Osteoporosis 

733.90 Disorder of bone and cartilage, unspecified 

V82.81 Special screening for osteoporosis 

ICD-9 Volume 3 (Procedure Codes) 

None 

CPT Codes 

76977 
Ultrasound bone density measurement and interpretation, peripheral sites, any 
method 

77080 
Dual-energy X-ray absorptiometry (DXA), bone density study, 1 or more sites; axial 
skeleton (e.g., hips, pelvis, spine) 

77081 
Dual-energy X-ray absorptiometry (DXA), bone density study, 1 or more sites; 
appendicular skeleton (peripheral) (e.g., radius, wrist, heel) 

HCPCS Level II Codes 

None 
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Appendix C. HERC Guidance Development Framework 

Screening for osteoporosis in women aged 65 or over, or with equivalent risks 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible1

No

Treatment risk compared to  
no treatment

Similar 
or less

Unknown

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable2

NoYes
1For diagnostic testing, diagnostic accuracy (sensitivity, specificity, predictive value) compared to alternative 
diagnostic strategies, with clinically important impact on patient management.
2Clinical research study is reasonable when failure to perform the procedure in question is not likely to result in death 
or serious disability; or in a situation where there is a high risk of death, there is no good clinical evidence to suggest 
that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
3

a

b

i ii

Effectiveness compared to alt. treatment(s)1 
(clinically significant improvement in outcomes)

More 
effective 

Revised 5/9/2013 

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible1

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy

More

2

Do not 
recommend 

(weak)
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Screening for osteoporosis in men without additional risk factors 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible1

No

Treatment risk compared to  
no treatment

Similar 
or less

Unknown

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable2

NoYes
1For diagnostic testing, diagnostic accuracy (sensitivity, specificity, predictive value) compared to alternative 
diagnostic strategies, with clinically important impact on patient management.
2Clinical research study is reasonable when failure to perform the procedure in question is not likely to result in death 
or serious disability; or in a situation where there is a high risk of death, there is no good clinical evidence to suggest 
that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
3

a

b

i ii

Effectiveness compared to alt. treatment(s)1 
(clinically significant improvement in outcomes)

More 
effective 

Revised 5/9/2013 

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible1

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
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Osteoporosis 
Center, Inc., 
Albuquerque, 
NM 

HERC-
appointed 
Expert 

1 Background. Osteoporosis, defined as low bone strength that increases the risk of fractures 
(1), is a common skeletal disorder that has been identified by the US Surgeon General as a 
major public health concern (2). About one of every two women and one of every five men 
will have an osteoporotic fracture in their lifetimes. Osteoporotic fractures are associated 
with an increase in morbidity and mortality, as well as high healthcare expenses (2). We are 
fortunately able to easily and inexpensively measure bone mineral density (BMD) by dual-
energy X-ray absorptiometry (DXA) (3), assess fracture risk (4), and treat with 
pharmacological agents to reduce fracture risk (5).  However, osteoporosis continues to be 
underdiagnosed (6) and undertreated (7), with those for whom treatment is started 
commonly failing to take medication correctly or long enough to achieve the expected 
benefit (8). This “treatment gap,” the difference between the number of patients who could 
benefit from treatment and those who actually receive it (9), has created the need for better 
strategies to reduce the burden of osteoporotic fractures. 

Thank you for this background information. 

2 Clinical applications of DXA. DXA is used to measure BMD, predict fracture risk, and monitor 
the skeletal effects of osteoporosis treatment (10). The National Osteoporosis Foundation 
(NOF) has developed evidence-based clinical practice guidelines, endorsed by numerous 
profession societies and updated in 2013, that provide clinicians with indications for BMD 
testing, treatment of osteoporosis, and monitoring treatment (11). The NOF guidelines state 
that BMD testing is indicated in the following individuals: 

 Women age 65 and older and men age 70 and older, regardless of clinical risk factors 

 Younger postmenopausal women, women in the menopausal transition and men age 50 
to 69 with clinical risk factors for fracture 

 Adults who have a fracture after age 50 

 Adults with a condition (e.g., rheumatoid arthritis) or taking a medication (e.g., 
glucocorticoids in a daily dose ≥ 5 mg prednisone or equivalent for ≥ three months) 
associated with low bone mass or bone loss 

HTAS is aware of the NOF guideline. Methodology for 
production of the guideline is not described. Funding of the 
NOF includes a substantial number of industry donors, 
including Pfizer, Medtronic, Novartis and 15 others.  

3 The NOF guidelines also describe the use of DXA to monitor osteoporosis therapy, as follows: 

 Serial central DXA testing is an important component of osteoporosis management.  

 Measurements for monitoring patients should be performed in accordance with medical 
necessity, expected response and in consideration of local regulatory requirements. NOF 
recommends that repeat BMD assessments generally agree with Medicare guidelines of 
every two years, but recognizes that testing more frequently may be warranted in 
certain clinical situations. 

See comment #2. There is no discussion in the NOF 
guideline about test characteristics (i.e., precision) of DXA; 
retesting too soon may result in the margin of error of the 
test being larger than the actual change in the value of the 
bone density. USPSTF recommendation states: “Because of 
limitations in the precision of testing, a minimum of 2 years 
may be needed to reliably measure a change in BMD; 
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Clinical situations for which testing more frequently (e.g., one year interval) is helpful 
includes patients started on treatment or changing treatment in order to evaluate for 
treatment effect, and patients on glucocorticoid therapy who are at risk for rapid bone loss. 

however, longer intervals may be necessary to improve 
fracture risk prediction.” Current coverage 
recommendations allow for more frequent testing in 
patients for whom there has been a significant change in 
risk factors other than medication therapy. 

4 Although concerns have been raised that some screening prevention programs for other 
chronic diseases do not result in healthcare savings (12), this is not the case for BMD testing 
in appropriately selected patients. The experience of healthcare systems suggests that 
increases in BMD testing reduce fracture rates and save money. A 5-year observational study 
evaluated the clinical and fiscal outcomes of the Geisinger Health System Osteoporosis 
Disease Management Program from 1996 to 2000 (13). It was found that implementation of 
osteoporosis guidelines that included increases in BMD testing and treatment was associated 
with a significant decrease in the age-adjusted incidence of hip fractures and an estimated 
$7.8 million reduction in healthcare costs during this 5-year period.  

This observational study projected cost savings of this 
screening program in women over 65, but projected 
additional expense in the population between 55 and 65. 
Guidance document recommends screening on all women 
65 and over.  

5 At Kaiser Southern California, an osteoporosis disease management program (“Healthy 
Bones Program”) was fully implemented in 2002, with a goal of reducing hip fractures by 
increasing BMD testing rates and treatment in patients at high risk of hip fracture (14;15). It 
was estimated that in 2006, 935 hip fractures, with an average cost of $33,000 each, were 
prevented, resulting in savings of over $30.8 million for Kaiser (16). Multiple osteoporosis 
screening strategies have been found to be clinically effective and cost-effective as well (17-
19). 

Ref #14 not available through OHSU library. Ref #15 is a 
clinical summary article that includes a brief description of 
Ref #16, which is a prospective observational study of the 
“Healthy Bones” program. This included screening of all 
women over 65, men over 70, patients with history of hip 
or fragility fracture or on steroids. Ref #17 is a CEA of a 
variety of different screening strategies. While they report 
the best strategy with ICER < $50,000 was initiation of 
screening at age 55 with DXA and rescreening every 5 
years, they note that several strategies using SCORE (a 
screening tool similar to FRAX) for prescreening were more 
cost effective, with ICERs < $30,000.  Ref #18 is a position 
statement of the American College of Preventive Medicine, 
which states: “All adult patients age ≥ 50 years should be 
evaluated for risk factors for osteoporosis. Screening with 
BMD testing for osteoporosis is recommended in women 
aged 65 years and in men aged 70 years. Younger 
postmenopausal women and men aged 50–69 years should 
undergo screening if they have at least one major or two 
minor risk factors for osteoporosis.” Ref #19 is also a CEA 
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that concludes “bone densitometry of post-menopausal 
women who have not had a prior fracture is reasonable 
from 65-70 years of age, and is perhaps reasonable for 
men without a prior fracture after the age of 80 years 
depending on drug costs, the direct medical costs of 
fractures, fracture disutility, underlying fracture rates in 
the population and the societal willingness to pay for 
health benefits.” 

6 Comments on HERC coverage guidance. Three sources of medical evidence were used in the 
development of the coverage guidance: 1. USPSTF recommendations for screening for 
osteoporosis (20;21); 2. a posthoc subgroup analysis of a single observational study in 
postmenopausal women (22); and the NICE guidelines from the UK (23). There are serious 
concerns with each of these that limit their applicability in setting rules for DXA coverage in 
the US. 

HTAS acknowledges that these are the source documents, 
but disagrees that there are serious concerns regarding 
their use.  

7 USPSTF recommendations- The USPSTF recommended screening for osteoporosis “in 
women aged 65 years or older and in younger women whose fracture risk is equal to or 
greater than that of a 65-year-old white woman who has no additional risk factors.” This was 
taken almost verbatim for inclusion in the HERC Guidance. However, the proposal very 
difficult to implement in clinical practice, as it would involve using FRAX without the benefit 
of BMD, which is not as good a predictor of fracture risk as FRAX with BMD, and assumes 
that physicians have the time and knowledge to use FRAX regularly and correctly. A 65 year-
old Caucasian woman of average height and weight with no risk factors has a FRAX 10-year 
probability of major osteoporotic fracture of 9.4% and a 10-year probability of hip fracture of 
1.4%. If she has low body weight, the numbers are 11% and 3.0%, respectively. If she is 
Hispanic, it is 6.0% and 1.7%, respectively. If she is Asian, it is 5.9% and 1.7%, respectively. If 
she is Black, it is 4.7% and 1.3%, respectively. If another fracture risk calculator, such as 
Garvan, is used for a 65-year old Caucasian woman with no risk factors, there is a 1.2% 5-year 
risk of hip fracture, a 2.4% 10-year risk of hip fracture, a 6.7% 5-year risk of any fragility 
fracture, and a 13.9% 10-year risk of any fragility fracture. There are other calculators as well 
that would generate different numbers. It is simply not feasible in a busy medical practice for 
any physician to sort through all of this and not possible for a regulatory agency to monitor 
for compliance.  

The USPSTF selected the FRAX tool because “this tool relies 
on easily obtainable clinical information, such as age, body 
mass index (BMI), parental fracture history, and tobacco 
and alcohol use; its development was supported by a broad 
international collaboration and extensively validated in 2 
large U.S. cohorts; and it is freely accessible to clinicians 
and the public.” HTAS does not agree that it is not feasible 
for a physician to utilize this tool and believes that there 
are many who do. Compliance is an issue of 
implementation and does not impact the 
recommendations.  

8 The USPSTF addressed only screening DXA in women; they do not provide guidance on the 
use of DXA other than screening (e.g., monitoring) or DXA in men. It should be noted that 

HTAS is aware that the USPSTF does not address the use of 
DXA in monitoring, and therefore includes the Gourlay 
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men age 70 and older are at high risk for fracture, and the consequences of fractures in men 
(morbidity and mortality) are more grave than in women. The adoption of the USPSTF 
recommendation would serve to reduce the use of DXA in evaluating patients (especially 
postmenopausal women under age 65 and men) for fracture risk, when the current problem 
is quite the opposite- too few patients are being screened for osteoporosis. 

study in the guidance document to address this void. The 
USPSTF does address the use of DXA in men, stating that 
the evidence is insufficient to recommend for or against 
screening. .  

9 Gourlay et al study- This analysis of a subset of subjects in the Study of Osteoporotic 
Fractures (SOF) concluded quite reasonably that older women with very good BMD were 
unlikely to develop osteoporosis for many years, if ever. However, it was widely 
misinterpreted in the media, and by some healthcare providers, to mean that DXA is an 
expensive overused technology that was increasing medical expenses with little benefit. 
There was a firestorm of protest from many physicians and professional societies to set the 
story straight, including two where I was an author (24;25). Gourlay et al correctly identified 
limitations of the study that preclude its applicability to a wider patient population. The 
study cohort was restricted to pre-selected women > 67 years of age and did not include 
men or younger postmenopausal women.  It is particularly important to note that women in 
their early postmenopausal years are likely to experience accelerated bone loss that may 
require short testing intervals (e.g., 1-2 years) to assess. Also excluded from the trial were 
nearly 50% of the SOF study participants who had a previous diagnosis of osteoporosis 
(based on a prior hip or clinical vertebral fracture or densitometric evidence of osteoporosis) 
or who were already on treatment for osteoporosis.  

HTAS is aware of the limitations of the Gourlay study. 
However, no other evidence has been identified or 
provided that provides evidence supporting a different 
testing interval. The cited reference #24 is an editorial that 
is verbatim to the comment provided here. Reference #25 
is a letter to the editor. The author’s (Gourlay’s) response is 
as follows: “We strongly agree with Lewiecki and 
colleagues that too few initial BMD tests are performed in 
older women. An appropriate response to our results 
would be for primary care physicians to substantially 
increase the number of initial tests in older women, then 
to tailor the subsequent BMD screening interval according 
to BMD T-score and age.”  

10 There were other limitations not noted by the authors. Only clinical vertebral fractures were 
considered in the analysis, although undiagnosed morphometric vertebral fractures are 
common in patients with densitometric evidence of osteopenia and are associated with high 
morbidity (26).  

Ref #26 is a prospective case series that followed women > 
65 over 4 years and reported incidence of vertebral 
fracture and back pain/disability. It found that approx. 2/3 
of new fractures were not diagnosed clinically, yet those 
patients still reported increased pain and disability. These 
fractures were diagnosed by lateral spine radiographs, 
which would not be indicated in the general population. 
Unclear how this relates to the recommended guidance, or 
how this suggests the need for more frequent monitoring.  

11 In a prospective cohort study of 671 postmenopausal women undergoing periodic spine 
imaging, 48% of vertebral fractures were found in women with T-scores between -1.0 and -
2.5. With a morphometric vertebral fracture, they would be reclassified as having a clinical 
diagnosis of osteoporosis (27). Many of these patients would not have been identified in the 
study of Gourlay et al.  

Ref #27 is a prospective case series of 671 post-
menopausal women followed over 9 years. This study 
found that women who were osteopenic had an increased 
risk of fracture over that time period, and risk was also 
increased with age, prior fracture and high bone turnover 
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markers. There is no comment in the article regarding 
reclassification of these women as having osteoporosis. 
WHO criteria and NOF guideline list only T-score as criteria.  

12 In making treatment decisions in clinical practice, it is imperative to consider risk factors for 
fracture in addition to the femoral neck and total hip T-score. Gourlay et al., for example, did 
not measure lumbar spine BMD. Low lumbar spine BMD is associated with increased fracture 
risk at all skeletal sites (28). Moreover, lumbar spine T-score may be ≤ -2.5 even if the 
femoral neck or total hip T-score is > -2.5. Without tracking lumbar spine BMD, Gourley et al. 
may have underestimated the number of individuals who progressed to osteoporosis during 
the study. Most importantly, with its singular focus on BMD, the study did not capture those 
patients with osteopenia who by the FRAX fracture risk assessment would have been at high 
risk for fracture and therefore warrant drug therapy. It would be grossly inappropriate to use 
the Gourlay et al study to set guidelines for frequency of BMD testing in the vast majority of 
clinical practice patients. 

The abstract of Ref #28  states this was a prospective case 
series of 8,134 women > 65 followed 0.7 years and found 
the risk of fracture inversely related to BMD at all sites of 
measurement (proximal femur, spine, calcaneus, distal 
radius, proximal radius), and that none were more 
predictive than others. Does not appear to support 
contention that spine BMD needs to be tracked in addition 
to or instead of hip BMD. While the Gourlay article only 
evaluated BMD, again, no other evidence has been 
identified or provided that provides evidence supporting a 
different testing interval. 

13 NICE guidelines- These guidelines were developed through economic modeling of 
circumstances in the UK, where healthcare priorities and resources are quite different than in 
the US. This modeling used economic assumptions, including fracture-related medical 
expenses, that are uncertain even in the UK, and clearly not applicable in the US.  FRAX in the 
UK was calibrated using country-specific fracture prevalence rates and mortality statistics 
that are not the same as in the US. There is controversy regarding the NICE guidelines 
amongst healthcare providers in the UK. As with all guidelines, NICE recognize that 
healthcare decisions should be individualized according the needs each patient. 

HTAS does not disagree that modeling and economic 
assumptions in the UK may not apply perfectly to the US 
setting, but evidence to support an alternative testing 
schedule has not been provided. HTAS is familiar with 
controversy over testing guidelines, and while it is ideal for 
healthcare decisions to be individualized, that does not 
eliminate the need for a population-based coverage 
decision.  

14 Recommendations. It is my opinion that the proposed HERC Coverage Guidance, while well 
intentioned, is not sufficiently clear for clinical use, and that it would not be in the best 
interests of the citizens of Oregon to implement as it is. I think Oregon could do no better 
than to adopt the NOF guidelines for BMD testing and frequency of testing, allowing for 
physicians to individualize patient care decisions as needed. There are a number of minor 
formatting issues that should be corrected according to standard nomenclature established 
by the International Society for Clinical Densitometry (29). Change “DEXA” to “DXA,” which is 
the preferred acronym. Be consistent in using “T-score” and not other forms, such as “T 
score,” and express T-scores to one decimal place not two. Note that “advanced osteopenia” 
is not a recognized diagnostic category and should not be used; it was presented by the 
authors of the Gourlay et al study for use in their publication but has no established 
definition. 

Some formatting corrections have been made, thank you. 
The use of 2 decimal points has been preserved, as this is 
directly from the evidence source. “Advanced osteopenia” 
is not deleted, as it is a helpful description of the T-score 
value 2.0 to 2.49. HTAS does not believe the NOF 
guidelines are sufficiently evidence-based for adoption.   
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Coverage Guidance Implementation 
Treatment of Sleep Apnea in Adults 

  1 

 
Question: How should the Coverage Guidance Treatment of Sleep Apnea in Adults be 

applied to the Prioritized List? 
 
Question source: Health Technology Assessment Subcommittee. 

 A draft coverage guidance was reviewed by VBBS and HERC, VBBS had 
adopted revised language with more conservative AHI cutoffs, and HERC 
questioned the evidence on surgical interventions.  HTAS reaffirmed their 
original AHI cutoff recommendations based on Medicare criteria and revised 
the language about surgery to no longer recommend it for coverage. 

 
 
Current Prioritized List Status: 
 

Line: 210 
Condition: SLEEP APNEA AND NARCOLEPSY (See Guideline Notes 

1,27,36,64,65,76) 
Treatment: MEDICAL AND SURGICAL TREATMENT 
ICD-9: 278.03,327.20-327.21,327.23-327.29,347.00-347.01,780.51,780.53,

780.57 
CPT: 21193-21235,30117,30140,30520,31600-31610,31820,31825,42140-

42160,42820-42836,96150-96154,98966-98969,99051,99060,
99070,99078,99201-99360,99366,99374,99375,99379-99412,
99429-99444,99468-99480,99605-99607 

HCPCS: G0396,G0397,G0406-G0408,G0425-G0427,S0270-S0274 

 
GUIDELINE NOTE 27, SLEEP APNEA 

Line 210 

Surgery for sleep apnea for adults is only covered after documented failure of both 
CPAP and an oral appliance. 

DRAFT COVERAGE GUIDANCE  

 
Coverage of treatment for Obstructive Sleep Apnea (OSA) in adults should be 
limited, as follows: 
CPAP is recommended for coverage initially when all of the following conditions 
are met(strong recommendation): 

 12 week ‘trial’ period to determine benefit. This period is covered if 

apnea-hypopnea index (AHI) or respiratory disturbance index (RDI) is 

greater than or equal to 15 events per hour; or if between 5 and 14 events 

with additional symptoms including one or more of the following:  

o excessive daytime sleepiness (Epworth Sleepiness Scale score > 

10), or  

o documented  hypertension, or 

o ischemic heart disease, or  

o history of stroke; 
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 Providers must provide education to patients and caregivers prior to use 

of CPAP machine to ensure proper use; and  

 Positive diagnosis through polysomnogram (PSG) or Home Sleep Test 

(HST). 

CPAP coverage subsequent to the initial 12 weeks should be based on 
documented patient tolerance, compliance, and clinical benefit. Compliance 
(adherence to therapy) is defined as use of CPAP for at least four hours per night 
on 70% of the nights during a consecutive 30 day period. 
 
Intensive weight loss programs (if provided in the benefit package) are 
recommended for coverage for patients with obesity and obstructive sleep 
apnea. 
 
Surgery for sleep apnea for adults is not recommended for coverage (weak 
recommendation). 

Summary 
Intensive weight loss is already covered on Line 8.  There is insufficient evidence on 
specific surgeries, and the Draft Coverage Guidance has been modified to recommend 
against coverage of surgery.  This is in contrast to the current Prioritized List guideline 
which allows for coverage of surgery if there is failure of CPAP and an oral appliance.  
 
 
HERC Staff Recommendations 

1) Modify Guideline Note 27 as follows: 
GUIDELINE NOTE 27, SLEEP APNEA IN ADULTS 

Line 210 

CPAP is covered initially when all of the following conditions are met: 

 12 week ‘trial’ period to determine benefit. This period is covered if 

apnea-hypopnea index (AHI) or respiratory disturbance index (RDI) is 

greater than or equal to 15 events per hour; or if between 5 and 14 events 

with additional symptoms including one or more of the following:  

o excessive daytime sleepiness (Epworth Sleepiness Scale score > 

10), or  

o documented  hypertension, or 

o ischemic heart disease, or  

o history of stroke; 

 Providers must provide education to patients and caregivers prior to use 

of CPAP machine to ensure proper use; and  

 Positive diagnosis through polysomnogram (PSG) or Home Sleep Test 

(HST). 

CPAP coverage subsequent to the initial 12 weeks is based on documented 
patient tolerance, compliance, and clinical benefit. Compliance (adherence to 
therapy) is defined as use of CPAP for at least four hours per night on 70% of the 
nights during a consecutive 30 day period. 
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Surgery for sleep apnea for in adults is not covered. only covered after 
documented failure of both CPAP and an oral appliance. 

 
2) Add coding specification to Line 210 

42299 Unlisted procedure, palate, uvula (use for laser assisted uvulopalatoplasty 
(LAUP), somnoplasty, palatal implants) does not pair on Line 210 with 
obstructive sleep apnea in adults. 
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HEALTH EVIDENCE REVIEW COMMISSION (HERC)

DRAFT COVERAGE GUIDANCE: TREATMENT OF SLEEP APNEA IN ADULTS 

For VbBS/HERC Meeting Materials 1/9/2014 

HERC COVERAGE GUIDANCE 

Coverage of treatment for Obstructive Sleep Apnea (OSA) in adults should be limited, as 

follows:  

CPAP is recommended for coverage initially when all of the following conditions are met(strong 

recommendation): 

 12 week ‘trial’ period to determine benefit. This period is covered if apnea-hypopnea 

index (AHI) or respiratory disturbance index (RDI) is greater than or equal to 15 events 

per hour; or if between 5 and 14 events with additional symptoms including one or more 

of the following:  

o excessive daytime sleepiness (Epworth Sleepiness Scale score > 10), or  

o documented  hypertension, or 

o ischemic heart disease, or  

o history of stroke; 

 Providers must provide education to patients and caregivers prior to use of CPAP 

machine to ensure proper use; and  

 Positive diagnosis through polysomnogram (PSG) or Home Sleep Test (HST). 

CPAP coverage subsequent to the initial 12 weeks should be based on documented patient 

tolerance, compliance, and clinical benefit. Compliance (adherence to therapy) is defined as use 

of CPAP for at least four hours per night on 70% of the nights during a consecutive 30 day 

period. 

Mandibular advancement devices (oral appliances) are recommended for coverage. 

Intensive weight loss programs (if provided in the benefit package) are recommended for 

coverage for patients with obesity and obstructive sleep apnea. 

Surgery for sleep apnea for adults is not recommended for coverage (weak recommendation). 

RATIONALE FOR GUIDANCE DEVELOPMENT 

The HERC selects topics for guideline development or technology assessment based 

on the following principles: 

 Represents a significant burden of disease 

 Represents important uncertainty with regard to efficacy or harms 

 Represents important variation or controversy in clinical care 
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 Represents high costs, significant economic impact  

 Topic is of high public interest 

Coverage guidance development follows to translate the evidence review to a policy 

decision. Coverage guidance may be based on an evidence-based guideline developed 

by the Evidence-based Guideline Subcommittee or a health technology assessment 

developed by the Heath Technology Assessment Subcommittee. In addition, coverage 

guidance may utilize an existing evidence report produced by one of HERC’s trusted 

sources, generally within the last three years. 

EVIDENCE SOURCE 

Gleitsmann, K., Kriz, H., Thielke, A., Bunker, K., Ryan, K., Lorish, K., & King, V. (2012). 

Sleep apnea diagnosis and treatment in adults. Produced for the Washington HTA 

Program. Olympia, WA: Center for Evidence‐based Policy, Oregon Health and 

ScienceUniversity for the Washington Health Technology Assessment Program. 

Retrieved September 13, 2012, from 

http://www.hta.hca.wa.gov/documents/sleep_apnea_final_report.pdf 

The summary of evidence in this document is derived directly from this evidence 

source, and portions are extracted verbatim. 

SUMMARY OF EVIDENCE 

 Clinical Background 

Obstructive sleep apnea (OSA) refers to sleep‐disordered breathing due to the recurrent 

collapse of pharyngeal tissues resulting in snoring, fitful sleep, and daytime 

somnolence. These episodes are characterized by either reduced airflow (hypopnea), or 

a complete obstruction (apnea), with a subsequent drop in oxygen saturation, interfering 

with gas exchange. Obstructive sleep apnea is a cause of significant morbidity and 

mortality and is associated with hypertension, neuropsychological impairment, motor 

vehicle accidents, stroke, cardiovascular disease, diabetes, and decreased quality of 

life. The prevalence of OSA is 2 to 7% in the general adult population. Prevalence 

increases steadily with age, to approximately 20% among people older than age 60. 

Risk factors for OSA include male gender, age, obesity, airway characteristics, 

familial/genetic predisposition, smoking, and alcohol consumption. The majority of 

patients with OSA are asymptomatic, unaware of their sleep disordered breathing and 

associated health risks.  

The diagnosis as well as the treatment of OSA is complicated by the difficulty in defining 

the syndrome. There is controversy surrounding the parameters to be used in a clinical 

definition as well as which diagnostic method is most appropriate to detect OSA. The 

http://www.hta.hca.wa.gov/documents/sleep_apnea_final_report.pdf
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current standard for diagnosing OSA is polysomnography (PSG) administered in a 

sleep study facility. The frequency of obstructed breathing events (i.e., the 

apnea‐hypopnea index (AHI)), combined with multiple other clinical features of 

obstruction (e.g., oxygen desaturation, air flow, choking episodes) are recorded during 

sleep. A diagnosis of OSA is generally made when AHI is greater than or equal to 15 or 

greater than 5 with noticeable daytime symptoms. 

When considering the diagnosis of sleep apnea and the relationship between 

apnea/hypopnea index (AHI) and long term outcomes, the WA HTA report limited 

inclusion criteria to longitudinal studies of at least 500 participants and a minimum of 1 

year of follow-up. Eleven trials were included in total. Four evaluated AHI as a predictor 

of mortality, and of those, three evaluated AHI categories (mild, moderate, severe). All 

found that AHI > 30 had a significant increased risk of death compared to AHI < 5-10. 

Those with AHI between 10 and 30 had a non-significantly increased risk of death.  

Other conditions for which a correlation with AHI has been examined include non-fatal 

cardiovascular disease, stroke, diabetes and hypertension. There was a significant 

positive correlation between AHI of > 30 and non-fatal cardiovascular disease in 

patients not treated with CPAP. A similar correlation was not seen for lower levels of 

AHI. For stroke, there was no overall increase in incident stroke over 12 years of follow-

up in patients with AHI > 20. For incident hypertension, results were mixed. One study 

found that AHI was not an independent predictor of incident hypertension unless BMI 

was not controlled for in the analysis. The other study found a significant association 

between any AHI > 0 and the presence of hypertension at 4 and 8 years follow-up, with 

higher AHI having a stronger association. For type 2 diabetes, results were again 

mixed. One study found no association between AHI and the incidence of diabetes after 

four years, while another found a significant association after 2.7 years for AHI > 8,  

There was no association between baseline AHI and quality of life (QOL) in the one 

study that reported on it after 5 years.  

There have been various modalities developed to treat OSA, most attempting to reduce 

the airway obstructive component. Continuous positive airway pressure (CPAP) is the 

first‐line therapy for OSA and opens the airway with compressed air. However, the 

CPAP machinery required is poorly tolerated and compliance is a major concern. 

Various oral appliances, which attempt to splint open the airway, have been used as an 

alternative to CPAP. Surgical procedures, including various surgeries on the 

oropharyngeal anatomy to alter airway mechanics, are performed to treat OSA. Bariatric 

surgery may be performed to reduce the volume of obstructive tissues. Other 

interventions that have been used to treat OSA include: weight loss regimens; smoking 

cessation; caffeine and alcohol avoidance; positional therapy; oropharyngeal physical 

therapy to strengthen the musculature and reduce obstruction; arrhythmia treatment for 
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nocturnal bradycardia; complementary and alternative medicine (e.g., acupuncture), 

and a variety of pharmacologic agents.  

Evidence Review 

Continuous Positive Airway Pressure 

A moderate strength of evidence was found for the effectiveness of treatment of OSA 

with CPAP. However, there was insufficient evidence to determine which patients CPAP 

might benefit the most. When evaluating the effectiveness of CPAP, 22 trials were 

included that had a range of baseline AHI from 10 to 65. With regard to inclusion 

criteria: 

 9 required AHI >5 

 1 required AHI > 10 

 7 required AHI > 15 

 2 required AHI > 20 

 1 required AHI > 30 

 2 did not report baseline or required AHI 
 
Only one of these evaluated an objective clinical outcome, and it found no significant 

effect of CPAP on CHF symptoms (baseline average AHI 27). When evaluating the 

Epworth Sleepiness Scale1(ESS) as an outcome, a total of 14 trials were included. Of 

the seven that included patients with baseline AHI as low as 5, only three found a 

statistically significant benefit of CPAP on ESS. Of those three, only one had an 

average baseline AHI for the study population less than 15. All of the studies that were 

limited to patients with an AHI of at least 15 found statistically significant benefit of 

CPAP. Improvements in ESS range from 2 to 7 points. Of the 3 trials that allowed AHI 

as low as 5 and found a significant difference, the improvements in ESS were 3 points 

(2 trials, average baseline AHI = 19 and 10) and 4 points (average baseline AHI = 27). 

A 1 point change in ESS is considered clinically significant.  

Seven studies evaluated blood pressure; none found statistically significant differences 

between CPAP and control (minimum baseline AHI ranged from >5 to >30). One 

evaluated HbA1c and also found no difference (minimum baseline AHI >15).Ten studies 

reported on 29 different QOL measures. Overall, 11 measures in 6 trials reached 

statistical significance. Of those, only one had an average baseline AHI of less than 15 

(range for remaining studies was 19 to 58).    

The reviewed studies report sufficient evidence supporting large improvements in sleep 

measures with CPAP compared with control (e.g., reducing apnea hypopnea index 

                                                      
1
 A self-administered questionnaire that measures sleep propensity, total score ranges 0-24. Reference 

range is defined as ≤ 10, with 1 point change considered clinically significant. Sensitivity 49% and 
specificity 80% for detecting OSA using an AHI cutoff of 5 events/hour, based on one high quality study. 
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(AHI), improving symptoms as measured by the ESS, reducing arousal index, and 

raising the minimum oxygen saturation). Weak evidence demonstrated no consistent 

benefit in improving quality of life, neurocognitive measures or other intermediate 

outcomes.  

Despite no or weak evidence for an effect of CPAP on clinical outcomes, given the large 

magnitude of effect on the intermediate outcomes of AHI and ESS, the strength of 

evidence that CPAP is an effective treatment to alleviate sleep apnea signs and 

symptoms was rated moderate. However, the link between AHI reduction and long term 

clinical outcomes is not directly proven. There was insufficient evidence regarding most 

comparisons of various different CPAP devices, including nasal vs. oral, bilevel vs. 

fixed, flexible bilevel vs. fixed and humidified vs. non-humidified. However, there was a 

low strength of evidence that C-Flex (a proprietary CPAP technology that reduces the 

pressure slightly at the beginning of exhalation) is not significantly different than fixed 

CPAP in compliance or other outcomes, and a moderate strength of evidence that 

autoCPAP and fixed CPAP result in similar compliance and treatment effects.  

Other Treatments for Obstructive Sleep Apnea 

Mandibular advancement devices (oral appliances) had moderate strength of evidence 

supporting their use as an effective treatment for OSA. However, as with CPAP, there 

was insufficient evidence to indicate which patients might benefit from their use. There 

was moderate evidence that the use of CPAP is superior to mandibular advancement 

devices with regard to improved sleep study measures, but weak evidence that there is 

minimal difference between the two for improving compliance, treatment response, 

quality of life, or neurocognitive measures. There was insufficient evidence to compare 

the different oral devices, other than mandibular advancement devices.  

Six surgical interventions for the treatment of OSA were reviewed 

(uvulopalatopharyngoplasty [UPPP], laser-assisteduvulopalatoplasty [LAUP], 

radiofrequency ablation [RFA], and combinations of pharyngoplasty,tonsillectomy, 

adenoidectomy, genioglossal advancement septoplasty, radiofrequency ablation of 

theinferior nasal turbinates, or combination nasal surgery) compared to sham, 

conservative therapy or no treatment. No surgical interventions were compared to each 

other. Details of each study are presented below: 

Back 2009 compared a single session of RFA surgery of the soft palate to sham surgery 

(simulated surgery with no energy administered). The study included 32 male patients 

with mild sleep apnea (AHI 5‐15 events/hour) and habitual snoring following a failed trial 

of conservative treatment (weight loss, positional therapy, restriction of alcohol and 

sedatives). At 4 month follow-up, no statistically significant difference between groups in 

AHI, ESS, minimum oxygen saturation, and quality of life [as measured by the Short 

Form 36 questionnaire (SF‐36)] were found.  
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Koutsourelakis 2008 randomized patients to either nasal surgery (submucous resection 

of the deviated septum and bilateral resection of inferior turbinates) or sham surgery 

(simulated nasal surgery under anesthesia). In addition to OSA (defined as AHI ≥5 

events/hour), all patients had fixed nasal obstruction due to deviated nasal septum. The 

study was conducted on 49, predominately male patients with a mean baseline AHI of 

31 events/hour. After 4 months follow-up, the study found no statistically significant 

difference between groups in AHI or on ESS. 

Woodson 2003 conducted a three‐arm RCT that included a comparison of multilevel 

temperature controlled RFA of the soft palate with sham surgery (simulated RFA with no 

energy delivered). The study was conducted in 51, predominately male patients. 

Notably, the age of participants between groups was significantly different at baseline. 

(49 years (RFA) versus 51 years (sham), P=0.04). The mean baseline AHI also differed 

among groups (21 (RFA) versus 15 (sham) events/hour; P=0.06, including the CPAP 

study group). After 8 weeks follow-up, the study found a significantly greater 

improvement in sleep quality as measured by Functional Outcomes of Sleep 

Questionnaire with RFA as compared to sham surgery (P=0.04), but no statistically 

significant difference in AHI, ESS, minimum oxygen saturation, or quality of life as 

measured by SF‐36. 

Ferguson 2003 randomized patients to either LAUP or no treatment. In LAUP, the uvula 

and a specified portion of the palate is vaporized under local anesthesia in an outpatient 

setting. The goal is to relieve obstruction in patients with mild OSA or snoring. The study 

included 44 mostly male patients with mild OSA (AHI 10‐27 events/hour) and snoring. 

This study reported disparate follow-up durations of 15 months in the LAUP group and 8 

months in the control group. A statistically significant improvement in AHI was observed 

following LAUP as compared with no treatment (net change ‐10.5 events/hour; P=0.04). 

However, there was no statistically significant difference between groups on the ESS or 

in quality of life as measured by Sleep Apnea Quality of Life Index.  

Guilleminault 2008 was reported as a crossover study comparing several surgical 

combinations to cognitive behavioral therapy in 30 patients with insomnia and mild OSA 

(mean AHI 10 events/hour). Based on anatomy, disease severity, and comorbidity, 

patients received combinations of pharyngoplasty, tonsillectomy, adenoidectomy, 

genioglossal advancement septoplasty, and RFA of the inferior nasal turbinates. Only 

the first phase of the trial was evaluated. Results showed that surgery led to 

improvements in AHI (‐6.2 events/hour; P=0.0001), ESS (‐1.1; P=0.002), minimum 

oxygen saturation (4.4 percent; P=0.0001) and two other sleep measures as compared 

to cognitive behavioral therapy.  

Lojander 1996 & 1999 compared UPPP with or without mandibular osteotomy to 

conservative treatment (weight loss, positional therapy, and avoidance of tranquilizers 
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and alcohol at bedtime). The study included 32, predominately male patients with a 

mean age of 47 years and a mean baseline BMI of 31 kg/m2. Baseline Oxygen 

Desaturation Index ranged from 10 to 72 events/hour. A significant improvement in 

daytime somnolence (net difference ‐25 on a visual analogue scale ranging from 0 (no 

somnolence) to 100 (worst); P<0.05) was observed after 12 months; no statistically 

significant difference was found between groups in cognitive function. 

Li 2009, in a nonrandomized prospective study, compared correction of nasal septum 

and volume reduction of the inferior turbinates to conservative nasal treatments in 

patients with snoring, nasal obstruction, and OSA. The study included 66 patients, 44 of 

whom had surgery. The patients were almost all male, with a mean age of 38 years and 

a mean BMI of 26.2 kg/m2. Baseline AHI was 38 events/hour in the surgically treated 

group and 26 in the conservative treatment group (no significant difference), and 

baseline ESS was 10.6. The article did not report at what time point follow-up data were 

collected. The study found a statistically significant difference in ESS, favoring surgery 

(net difference ‐3.6; 95 percent CI ‐6.1, ‐1.1; P=0.02). The study found no difference in 

AHI, minimum oxygen saturation or two sleep measures. 

Overall there was insufficient evidence with which to evaluate the efficacy of any of 

these surgical treatments. When each modality was compared to CPAP, the evidence 

was insufficient to determine their relative merits. No evidence that met inclusion criteria 

was identified for any other surgical procedures. 

Of the other treatments for OSA that were considered, only intensive weight loss 

programs were an effective treatment in obese patients with OSA with a low strength of 

evidence. The remainder of the other management modalities (e.g., atrial overdrive 

pacing, medications, palatal implants, oropharyngeal exercises, tongue‐retaining 

devices with positional alarms either in isolation or in combination, bariatric surgery, 

acupuncture, and auricular plaster) had insufficient evidence to determine the effects of 

using them for treatment of OSA. 

Compliance with Treatment 

Compliance in OSA patients prescribed nonsurgical treatments had moderate strength 

of evidence that compliance was greater with CPAP use with more severe OSA and 

insufficient evidence regarding potential predictors of mandibular advancement devices 

compliance. 

The strength of evidence is low for identifying any specific intervention which may 

improve CPAP compliance. No intervention type (e.g., education, telemonitoring) was 

more promising than others. 
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 Overall Summary 

CPAP is effective for improving sleep measures (e.g., reducing AHI, improving 

symptoms as measured by the Epworth Sleepiness Scale, reducing arousal index, and 

raising the minimum oxygen saturation), but there is no evidence of consistent benefit in 

improving quality of life, neurocognitive measures or other intermediate outcomes. 

There is more evidence for effectiveness in patients with higher (>15) AHI. AutoCPAP 

and fixed CPAP result in similar compliance and treatment effects. Mandibular 

advancement devices are effective treatment for OSA, although CPAP is superior to 

mandibular advancement devices with regard to improved sleep study measures. The 

evidence is insufficient to evaluate the efficacy of all surgical procedures and other 

treatments except intensive weight loss for obese patients with OSA.  

[Evidence Source] 

COMMITTEE DELIBERATIONS – HTAS 

At the May 21, 2012 meeting, subcommittee members requested to add CMS criteria 

for CPAP compliance (70% of nights and 4 hours per night). Members requested further 

information to guide the decision about whether to perform surgery. At its June 25, 2012 

meeting the subcommittee added language allowing coverage for surgery under certain 

conditions, and requested that the report be put out for public comment. On November 

26, 2012 the subcommittee reviewed public comment and added a recommendation for 

coverage for intensive weight loss and the inclusion of the Epworth Sleepiness Scale 

score > 10 as a requirement for a CPAP trial. It removed the reference to impaired 

cognition before referring the draft coverage guidance to HERC. 

COMMITTEE DELIBERATIONS – VBBS 

At its March 14, 2013 meeting, the Value-based Benefits Subcommittee discussed the 

draft coverage guidance and recommended changing it in order to allow coverage for 

surgery only after both CPAP and an oral appliance had failed. 

HERC DELIBERATIONS 

In its review May 9, 2013, the HERC requested that staff consider the evidence around 

coverage for surgeries, creating a GRADE-informed framework and HERC Guidance 

Development Framework for this service, as has been done for the newer coverage 

guidances. These have been added as Appendices A, B and C. They asked that if the 

recommendation comes down as “not recommended for coverage” that the coverage 

guidance and associated coverage and prioritization decisions for the Oregon Health 

Plan, be referred back to VbBS without the coverage guidance returning to HTAS.  

http://www.hta.hca.wa.gov/documents/sleep_apnea_final_report.pdf
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At its August 8, 2013 meeting, HERC reviewed additional evidence on the effectiveness 

of CPAP and returned the draft coverage guidance to the HTAS for additional work on 

surgery and indications for CPAP coverage, indicating that the document should go out 

for public comment again if changes are made which don’t result from public comment. 

COMMITTEE DELIBERATIONS – HTAS 

At its September 23, 2013 meeting, based on the additional evidence reported, the 

HTAS changed the draft coverage guidance to recommend coverage for CPAP for 

patients with AHI of at least 30, as well as for patients with specified symptoms and an 

AHI of at least 15. The subcommittee also changed its recommendation for surgery to a 

weak recommendation not to cover surgeries based on insufficient evidence to prove 

benefit. 

At its November 25, 2013 meeting, after reviewing written comments and hearing public 

comments from sleep medicine physicians, HTAS changed the draft coverage 

guidance. The subcommittee eliminated the coverage recommendation on mandibular 

advancement devices because CPAP may be more cost effective for many patients. In 

addition, the subcommittee revised the draft to allow for coverage of CPAP for patients 

with an AHI of at least 15 without additional symptoms and for patients with an AHI of 5-

14 with certain specified symptoms. The subcommittee based this decision on public 

testimony from sleep medicine physicians who testified that certain patients in this 

subgroup may benefit from CPAP.  

APPLICABLE CODES 

CODES DESCRIPTION 

ICD-9 Diagnosis Codes 

327.20 Organic sleep apnea, unspecified 

327.21 Primary central sleep apnea 

327.23 Obstructive sleep apnea (adult) (pediatric) 

327.27 Central sleep apnea in conditions classified elsewhere 

327.29 Other organic sleep apnea 

780.5 Sleep disturbance, unspecified 

780.51 Insomnia with sleep apnea, unspecified 

780.53 Hypersomnia with sleep apnea, unspecified 

780.54 Hypersomnia, unspecified 

780.57 Unspecified sleep apnea 

ICD-9 Volume 3 (Procedure Codes) 

21.31 Nasal surgery (remove polyps) 

21.88 Other septoplasty 

27.64 Insertion of palatal implant 

27.69 Uvulopalatopharyngoplasty 

28.2 Tonsillectomy 
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CODES DESCRIPTION 

28.3 Tonsillectomy/adenoidectomy 

28.6 Adenoidectomy 

31.29 Tracheostomy 

93.9  CPAP 

CPT Codes 

21198 Osteotomy, mandible 

21199 Osteotomy, mandible, with genioglossus advancement 

21206 Osteotomy, maxilla 

21685 Hyoid myotomy and suspension 

31600 Tracheostomy 

41512 Tongue base suspension, permanent suture technique 

41530 Radiofrequency reduction of the tongue base 

42145 Uvulopalatopharyngoplasty 

42299 
Unlisted procedure, palate, uvula (use for laser assisted uvulopalatoplasty (LAUP), 
somnoplasty, palatal implants) 

HCPCS Codes  

A4604 
Tubing with integrated heating element for use with positive 

airway pressure device 

A7033 
Pillow for use on nasal cannula type interface, replacement only, 

pair 

A7034 
Nasal interface (mask or cannula type) used with positive airway 

pressure device, with or without head strap 

A7035 Headgear used with positive airway pressure device 

A7036 Chinstrap used with positive airway pressure device 

A7037 Tubing used with positive airway pressure device 

A7038 Filter, disposable, used with positive airway pressure device 

A7039 Filter, nondisposable, used with positive airway pressure device 

A7524 Tracheostoma stent/stud/button, each 

E0470 

Respiratory assist device, bi‐level pressure capability, without 

backup rate feature, used with noninvasive interface, e.g., nasal or 

facial mask (intermittent assist device with continuous positive 

airway pressure device) 

E0471 

Respiratory assist device, bi‐level pressure capability, with back‐up 

rate feature, used with noninvasive interface, e.g., nasal or facial 

mask (intermittent assist device with continuous positive airway 

pressure device) 

E0472 

Respiratory assist device, bi‐level pressure capability, with backup 

rate feature, used with invasive interface, e.g., tracheostomy tube 

(intermittent assist device with continuous positive airway 

pressure device) 

E0485 

Oral device/appliance used to reduce upper airway collapsibility, 

adjustable or nonadjustable, prefabricated, includes fitting and 

adjustment 

E0486 
Oral device/appliance used to reduce upper airway collapsibility, 

adjustable or nonadjustable, custom fabricated, includes fitting 
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CODES DESCRIPTION 

and adjustment 

E0601 Continuous airway pressure (CPAP) device 

Note: Inclusion on this list does not guarantee coverage 

Coverage guidance is prepared by the Health Evidence Review Commission (HERC), HERC staff, and 

subcommittee members. The evidence summary is prepared by the Center for Evidence-based Policy at Oregon 

Health & Science University (the Center). This document is intended to guide public and private purchasers in 

Oregon in making informed decisions about health care services.  

The Center is not engaged in rendering any clinical, legal, business or other professional advice. The statements 

in this document do not represent official policy positions of the Center. Researchers involved in preparing this 

document have no affiliations or financial involvement that conflict with material presented in this document. 
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Appendix A.GRADE-Informed Framework 

The HERC develops recommendations by using the concepts of the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) system. GRADE is a transparent and structured process for developing and 

presenting evidence and for carrying out the steps involved in developing recommendations. There are four elements that 

determine the strength of a recommendation, as listed in the table below. The HERC reviews the evidence and makes an 

assessment of each element, which in turn is used to develop the recommendations presented in the coverage guidance 

box. Balance between desirable and undesirable effects, and quality of evidence, are derived from the evidence 

presented in this document, while estimated relative costs, values and preferences are assessments of the HERC 

members. 

Indication Balance between desirable and 

undesirable effects 

Quality of 

evidence* 

Resource 

Allocation 

Values and 

preferences 

Coverage 

Recommendation 

Surgery Uncertain, but no certain benefit, 

and significant risk of surgery 

Very low Moderately costly Moderate variability Surgery for sleep apnea 

for adults is not 

recommended for 

coverage. 

CPAP for patients 

with AHI 5-14 with 

symptoms/signs 

No benefit on mortality or 

comorbid diseases (hypertension, 

diabetes, etc), minimal benefit on 

sleepiness/QOL, if any. No 

serious harms, but significant 

patient inconvenience. 

Moderate
2
 Moderately costly Moderate variability CPAP coverage is 

recommended for 

coverage at AHI levels 5-

14 with daytime 

sleepiness, hypertension, 

ischemic heart disease, 

or history of stroke.. 

CPAP for patients 

with AHI 15-29 

No benefit on mortality or 

comorbid diseases (hypertension, 

diabetes, etc), moderate benefit 

on sleepiness/QOL. No serious 

Moderate  Moderately costly Moderate variability CPAP coverage is 

recommended at AHI 

levels between 15 and 

30. 

                                                      
2
 The authors of the AHRQ report say, “Despite no or weak evidence for an effect of CPAP on clinical outcomes, given the large magnitude of 

effect on the intermediate outcomes of AHI and ESS, the strength of evidence that CPAP is an effective treatment to alleviate sleep apnea signs 
and symptoms was rated moderate.” 
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Indication Balance between desirable and 

undesirable effects 

Quality of 

evidence* 

Resource 

Allocation 

Values and 

preferences 

Coverage 

Recommendation 

harms, but significant patient 

inconvenience. 

 

CPAP for patients 

with AHI ≥ 30  

Significant benefit on mortality/ 

comorbid diseases, moderate 

benefit on sleepiness/QOL. No 

serious harms, but significant 

patient inconvenience. 

Moderate Moderately costly Small variability CPAP coverage is 

recommended at AHI 

levels≥ 30. 

Mandibular 

advancement 

devices 

Significant benefit. Inferior to 

CPAP on sleep study measures 

but minimal difference in 

compliance, treatment response, 

quality of life or neurocognitive 

measures 

Moderate for 

benefit, 

inferiority to 

CPAP on 

sleep study. 

Low for 

minimal 

differences 

on other 

outcomes 

Low to moderate 

cost 

Moderate variability No recommendation 

*The Quality of Evidence rating was assigned by the primary evidence source, not the HERC Subcommittee 

Note: GRADE framework elements are described in Appendix B 
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Appendix B. GRADE Element Descriptions 

Element Description 

Balance between 

desirable and 

undesirable 

effects 

The larger the difference between the desirable and undesirable effects, the 

higher the likelihood that a strong recommendation is warranted. The 

narrower the gradient, the higher the likelihood that a weak recommendation 

is warranted 

Quality of 

evidence 

The higher the quality of evidence, the higher the likelihood that a strong 

recommendation is warranted 

Resource 

allocation 

The higher the costs of an intervention—that is, the greater the resources 

consumed—the lower the likelihood that a strong recommendation is 

warranted 

Values and 

preferences 

The more values and preferences vary, or the greater the uncertainty in 

values and preferences, the higher the likelihood that a weak 

recommendation is warranted 

 
Strong recommendation 

In Favor:The subcommittee is confident that the desirable effects of adherence to a 
recommendation outweigh the undesirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Against: The subcommittee is confident that the undesirable effects of adherence to a 
recommendation outweigh the desirable effects, considering the quality of evidence, cost and 
resource allocation, and values and preferences. 

Weak recommendation 

In Favor: the subcommittee concludes that the desirable effects of adherence to a 
recommendation probably outweigh the undesirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Against: the subcommittee concludes that the undesirable effects of adherence to a 
recommendation probably outweigh the desirable effects, considering the quality of evidence, 
cost and resource allocation, and values and preferences, but is not confident.  

Quality of evidence across studies for the treatment/outcome 

High= Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate= Further research is likely to have an important impact on our confidence in the 

estimate of effect and may change the estimate. 

Low= Further research is very likely to have an important impact on our confidence in the 

estimate of effect and is likely to change the estimate. 

Very low= Any estimate of effect is very uncertain.



 

Coverage Guidance:Treatment of Sleep Apnea in Adults 15 
For VbBS/HERC Meeting Materials 1/9/2014 

Appendix C. HERC Guidance Development Framework 

Surgery for treatment of sleep apnea in adults when both CPAP and/or other alternatives have failed  

 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible1

No

Treatment risk compared to  
no treatment

Similar 
or less

Unknown

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable2

NoYes
1For diagnostic testing, diagnostic accuracy (sensitivity, specificity, predictive value) compared to alternative 
diagnostic strategies, with clinically important impact on patient management.
2Clinical research study is reasonable when failure to perform the procedure in question is not likely to result in death 
or serious disability; or in a situation where there is a high risk of death, there is no good clinical evidence to suggest 
that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
3

a

b

i ii

Effectiveness compared to alt. treatment(s)1 
(clinically significant improvement in outcomes)

More 
effective 

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible1

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy

More

2

Do not 
recommend 

(weak)

Revised 5/9/2013 
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CPAP for Patients with AHI 5-14 with Symptoms/Signs (Compared to mandibular advancement device) 

 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible1

No

Treatment risk compared to  
no treatment

Similar 
or less

Unknown

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable2

NoYes
1For diagnostic testing, diagnostic accuracy (sensitivity, specificity, predictive value) compared to alternative 
diagnostic strategies, with clinically important impact on patient management.
2Clinical research study is reasonable when failure to perform the procedure in question is not likely to result in death 
or serious disability; or in a situation where there is a high risk of death, there is no good clinical evidence to suggest 
that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
3

a

b

i ii

Effectiveness compared to alt. treatment(s)1 
(clinically significant improvement in outcomes)

More 
effective 

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible1

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy

More

2

Do not 
recommend 

(weak)

Revised 5/9/2013 
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CPAP for Patients with AHI 15-29; CPAP for Patients with AHI ≥ 30 

Level of Evidence

Sufficient Insufficient 
or Mixed

Similar 
effectiveness

Less 
effective

Alternative effective treatment(s) 
available/accessible1

No

Treatment risk compared to  
no treatment

Similar 
or less

Unknown

Treatment is prevalent

NoYes

HERC Guidance Development Framework Decision Point Priorities
1. Level of evidence
2. Effectiveness & alternative treatments
3. Harms and risk
4. Cost
5. Prevalence of treatment
6. Clinical research study is reasonable

Clinical research study 
is reasonable2

NoYes
1For diagnostic testing, diagnostic accuracy (sensitivity, specificity, predictive value) compared to alternative 
diagnostic strategies, with clinically important impact on patient management.
2Clinical research study is reasonable when failure to perform the procedure in question is not likely to result in death 
or serious disability; or in a situation where there is a high risk of death, there is no good clinical evidence to suggest 
that the procedure will change that risk.

Treatment risk compared to 
alt. treatment(s)

Similar 
or More

Less

I II

A B

B
A

1 2

1
1

2
3

a

b

i ii

Effectiveness compared to alt. treatment(s)1 
(clinically significant improvement in outcomes)

More 
effective 

a b

Ineffective 
or harm exceeds 

benefit

Effective

No alt. treatment(s) 
available/accessible1

Ineffective 
or harm exceeds 

benefit

Refer to HERC Guidance Development Framework Principles for additional considerations

3
14

2

a

b b

aa
b

i ii iii

Do not 
recommend 

(weak)
Recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Recommend 
(strong)

Recommend 
(weak)

Do not 
recommend 

(weak)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(strong)

Do not 
recommend 

(weak)

Recommend 
(strong)

Cost
Cost

Similar 
or less

Similar 
or less

MoreMore

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Treatment risk 
compared to alt. 

treatment(s)

Similar or 
less

Similar or 
more LessMore

Similar or 
less

More

Yes

Cost

Similar 
or more

Less

 Center for Evidence-based Policy

More

2

Do not 
recommend 

(weak)

Revised 5/9/2013 
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General Comments 

Stakeholder # Comment Disposition 

CCO Medical 
Director 

Oregon 

1 The proposed Draft Guidance on this matter by HERC is good, as far as it goes.  However, some 
additional specification seems appropriate: 

While the Guidance specifies the PSG criteria for coverage for a possible 12 week C-pap trial, it 
does not specify the nature or degree of “clinical benefit” necessary to cover ongoing C-pap use. 

I propose the following: 

1) specify that the post-trial evaluation should include a repeat PSG while on C-pap.  As the 
original criteria for the trial involves this study and it’s results, this seems consistent.  
Otherwise, the “clinical benefit” could be construed to simply be an enrollee’s subjective 
statement of “I feel better”. 

2) the compliance criteria appear appropriate, but the potential second PSG would help 
document tolerance of C-pap. 

3) the potential second PSG should have specific  AHI and RDI criteria for improvement, 
either specific numbers or % change/improvement.  Again this would be consistent with 
the initial diagnostic criteria. 

The WA HTA report does not provide evidence about 
the clinical significance of changes in AHI. A clinically 
significant change in ESS is considered to be 1 point 
(total maximum score = 24). Repeat PSG testing was 
not addressed in the evidence source. HTAS does not 
believe this level of implementation detail is needed 
in the guidance document, and received public 
testimony contradicting the need for a repeat sleep 
study.  

 


	0. VBBS Materials 1-9-2014
	1.0 Section 1 Call to Order
	1.1a Current Meeting Agenda
	1.2a Prior Meeting Minutes
	2.0 Section 2 Staff Report
	3.0 Section 3 Consent Agenda-Straightforward Items
	3.1a Straightforward Issues January 2014
	3.1b CPT codes for placement only on neonatal lines

	4.0 Section 4 New Codes
	4.1a 2014 CPT Code Review for January
	4.1c Chapin 2011 trich DNA review
	4.1d Coleman 2011 trich review
	4.1f Carotid Artery Stenting
	4.1g Bonati 2012 Cochrane CEA CAS
	4.1h Heart-2010-Roffi-636-42
	4.1i WTA 2013 cas_final_report_081513
	4.1j WTA 2013 cas_draft_findings_decision_100413
	4.1k NICE 2011 CAS symptomatic
	4.1l NICE 2011 CAS asymptomatic
	4.1m Intravascular Stents
	4.1n NICE 2005 thoracic stent
	4.1o NICE 2012 AAA stent
	4.1p Coady 2010 AHA stent vs surgery for thoracic aorta
	4.1q NICE 2004 vena cava stent

	4.2a New HCPCS 2014 for List
	4.2b 2014 HCPCS code issues
	4.2c MartinezZepata 2012 platelet rich for wounds review

	4.3a OHAP Draft Minutes 12-4-13 FINAL
	4.3b Dental Lines in Prioritized List


	5.0 Section 5 New Discussion Items
	5.1a Colonoscopy with Endoscopic Ultrasound
	5.1b NICE 2011 colorectal cancer guideline
	5.1c Puli 2009 systematic review EUS rectal
	5.1d Aetna 2013 Endoscopic Ultrasonography

	5.2a Trigger Thumb
	5.2b Shah 2012 trigger thumb
	5.2c Jung 2012 trigger thumb

	5.3a Mastoplexy
	5.4a 10-23-13 BHAP Draft Minutes FINAL
	5.4b Behavioral Health Advisory Panel Recommendations.v2

	5.5a Medical Nutrition Therapy
	5.5b Aetna 2013 medical nutrition therapy
	5.5c Cigna 2013 medical nutrition therapy


	6.0 Section 6 Guidelines
	6.1a Genetic Testing for Hereditary Cancers
	6.2a Continuous glucose monitoring guideline revision issue summary.v2
	6.2b CGM-DM-FINAL-5-9-13

	6.3a Recurrent Acute Otitis Media Guideline
	6.3b Otolaryngology_--_Head_and_Neck_Surgery-2013-Rosenfeld-8-16[1]
	6.3c _2013_march_03012013_Lieberthal_AAP_Guideline_Acute_Otitis_Media_Peds_2013

	6.4a Hydrocele Guideline Clarification
	6.5a Cognitive Rehabilitation Guideline
	6.5b HOSC Highlights Regarding Cognitive Rehabilitation Services

	6.6a Concussion Guideline.v2
	6.7a Oral health risk assessment issue summary_VBBS
	6.7b AAP bright futures periodicity schedule
	6.7c FirstToothProjectSummary
	6.7d AAP Risk AssessmentTool
	6.7f ADA up to age 6

	6.8a Amalgam versus resin for restoration_VBBS
	6.8b HTA 2008 Longevity of amalgam v composite
	6.8c Cochrane 2009


	7.0 Section 7 Biennial Review Items
	7.1a Fibromyalgia treatment review for January 2014-004
	7.1b Moore 2009 pregabalin fibromyalgia
	7.1c Hauser 2010 pregabalin fibromyalgia
	7.1d Siler 2011 systematic review pregabalin fibromyalgia
	7.1e Tzellos 2010 gabapentin pregabalin fibromyalgia
	7.1f Bernardy 2013 Cochrane CBT fibromyalgia
	7.1g Glombiewski 2010 meta analysis psychological interventions fibromyalgia
	7.1h J Rheumatol-2010-BERNARDY-CBT FMS
	7.1i Arnold 2012 multicomponent therapy fibromyalgia German guideline
	7.1j Hauser 2009 multimodal fibromyalgia meta analysis
	7.1k Ann Rheum Dis-2013-Nüesch-fibromyalgia pharm vs nonpharm tx
	7.1l Canadian Fibromyalgia_Guidelines_2012
	7.1m Hauser 2010 guidelines for FMS
	7.1n Langhorst 2012 CAM FMS
	7.1o Winkelmann 2012 exercise FMS
	7.1p Jones 2009 exercise types for FMS
	7.1q Testimony Jones

	7.2a Facititious and somatic line merge proposal.v2

	8.0 Section 8 Coverage Guidances
	8.1a Prenatal-Genetic-Testing-Draft-12-20-13
	8.1b VbBS Guideline Note Prenatal Genetic Testing guideline

	8.2a CG Issue Summary DXA screening
	8.2b DXA Screening for osteoporosis
	8.2c DXA-PCD-Draft

	8.3a CG - Treatment of sleep apnea in adults for January 2014 HERC
	8.3b TxSleepApnea 20131220
	8.3c TxSleepApnea-PCD2-Draft-12-20-13




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


	1: 
	2: 
	3: 
	4: 
	5: 
	Check Box1: Off
	Check Box2: Off
	Check Box3: Off
	Check Box4: Off
	Check Box5: Off
	Check Box6: Off
	Check Box7: Off
	Check Box8: Off
	Check Box9: Off
	Check Box11: Off
	Check Box12: Off
	Check Box13: Off
	Check Box16: Off
	19: 


