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Executive Summary 
 
This white paper outlines a Call to Action for better perioperative care based on lessons learned by the 
National Surgical Quality Improvement Program (NSQIP) and other relevant studies.  
 
These studies clearly indicate that surgical outcomes for patients with diabetes and prediabetes in 
Oregon can be better. Research and experience show that hyperglycemia in these patients can cause 
substantial morbidity and mortality and is frequently preventable. Hospitals and surgical teams can 
improve outcomes through better identification of patients with hyperglycemia and better management 
of their perioperative needs. Many best practices are not consistently implemented and yet stand to 
dramatically improve care and reduce costs.  
 
The Oregon NSQIP Consortium (ONC) of eight hospitals represents over half of the acute care beds and 
annual discharges in the state. The ONC was formed in 2007 and meets regularly to share data, identify 
emerging best practices and develop strategies for improvement. The group is committed to presenting 
their findings and working to improve surgical care for all Oregonians. 
 
Aggregate data from all NSQIP hospitals across the country has shown that surgical complications for 
patients with diabetes can be dramatically reduced. In similar fashion, in Oregon, results showed a 54% 
reduction in complications for patients with known diabetes. This is consistent with the increased efforts 
to improve glucose management during the perioperative period. Further studies also indicate that many 
more patients are at risk for hyperglycemia during surgery. Additional NSQIP findings demonstrate that 
complication rates for this group can also be reduced. 
 
With initial indications from Oregon and national NSQIP and the strong evidence from the literature, the 
ONC calls on all Oregon surgeons to improve outcomes by: 
 

1. Preoperatively screening surgical patients for poorly controlled diabetes and undiagnosed 
diabetes and prediabetes; 

2. Measuring perioperative glucose in patients with diabetes or known risk-factors; 
3. Treating perioperative hyperglycemia using safe and effective glycemic control strategies. 

  
In the future the ONC will encourage member hospitals to collect more detailed glucose data to better 
understand the full impact of improved perioperative care. The ONC will also continue to publish their 
latest quality improvement results and above all, will offer encouragement to surgical teams across 
Oregon to provide the safest and best care possible. 
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The Oregon NSQIP Consortium 
 
Eight Oregon hospitals currently participate in the HNational Surgical Quality Improvement 
ProgramH (NSQIP). Participants agree to use a common data format to collect clinically-
detailed, patient-specific data about surgical complications. These data are outcomes-based 
and risk adjusted using a well tested model. Findings are statistically valid, timely and 
actionable.  
 
As a result, NSQIP hospitals can offer new ideas about the next generation of surgical 
improvement initiatives. To facilitate a conversation about these ideas, the eight Oregon 
NSQIP hospitals have joined together to create the Oregon NSQIP Consortium (ONC). 
Together, these eight represent about 50% of the acute care beds in Oregon and account for 
about 50% of the total discharges in the state. Within the consortium, NSQIP hospitals share
the successes and challenges of surgical quality improvement in a systematic effort to learn 
what works and what doesn’t work. In partnership with the Oregon Patient Safety 
Commission the ONC is dedicated to improving surgical care across the state by sharing 
clinical and quality improvement findings. This white paper and call to action are a result of 
the ONC’s joint efforts.  
 
 

 Call to Action for Oregon: 
 

urgical morbidity and mortality can be reduced by more widely implementing best practices. Recent 
ndings from the National Surgical Quality Improvement Program suggest that hospital teams can 
prove outcomes through better identification of surgical patients with diabetes and prediabetes [1] and 

rough better management of their perioperative needs. Some hospitals have done this rather 
ramatically. This white paper combines national and state NSQIP experience along with other current 
search to outline emerging strategies to improve care.  

o reduce surgical complications in Oregon, the ONC calls on all Oregon surgeons to: 

. Screen preoperatively  

• Screen preoperatively for poorly controlled diabetes: 
 

o Any surgical patient with known diabetes should have an HbA1c done within 30 days 
before elective surgery as recommended by the American Diabetes Association 
(ADA). If glycemic control is poor, then consider delaying the surgery or modifying 
the diabetes regimen. Most patients with known diabetes and HbA1c > 9.0% should 
be considered poorly controlled. Another form of poorly controlled diabetes is 
represented by the patient with an HbA1c that is < 9% but with wide variation in 
blood glucose (< 70 or > 200 mg/dL); 

o In all cases, establishing preoperative diabetes control based on effective chronic care 
management is the goal. When this isn’t possible and the surgery must go forward, it 
is even more imperative to diligently manage blood glucose and other care needs to 
avoid increased mortality and morbidity. The intent is to focus attention on effective 
care where it is needed, not to discourage care of the sickest and most difficult-to-
care-for patients. 



 3 of 13 

• Screen preoperatively for undiagnosed diabetes and prediabetes:  
 

 

 
 

Preoperative Screening Recommendations 
 
Not needed if patient already screened and normal within preceding three months 
 

1. Age over 45 
2. Or age 18 to 45 with BMI >25 and one other risk factor:  

• Inactive lifestyle 
• HTN (>140/90 or taking meds) 
• First degree relative with diabetes 
• Woman with polycystic ovarian syndrome 
• Woman with gestational diabetes and/or and infant >9lbs 
• High risk ethnic group –African American, Native American and 

Alaska Native, Asian/Pacific Islander, Hispanic/Latino 
• History of cerebrovascular disease 

 
Screening should include fasting blood sugar (FBG) and HbA1c: If HbA1c > 6% or 
FBG > 126 mg/dL then confirm with repeated fasting glucose and/or glucose 
tolerance test.  
If surgery occurs before confirmation then treat perioperatively as if they have 
diabetes. 

o A simple cost-free questionnaire is available for providers and patients to determine 
their risk of undiagnosed diabetes and prediabetes [2]. 

 
2. Measure perioperative glucose to identify hyperglycemia 
 

• All patients admitted urgently to a hospital who meet criteria (known diabetes, > 45 years old 
or over 18 years old with a BMI > 25) should have an HbA1c checked upon admission 
(unless previously done within past 30 days). An HbA1c of > 5.9% should be presumptive 
evidence of diabetes in this group. It should be measured before transfusion of blood 
products that can falsely lower it; 

• All patients over 45 years old or over 18 years old with a BMI > 25 admitted to hospital 
should have their admission glucose checked and if not normal, rechecked during their 
hospitalization until demonstrated to be normal; 

• Provide a glucometer for every operating room to facilitate detection and treatment of 
hyperglycemia. The patients meeting criteria (known diabetes, over 45 years old or over 18 
years old with a BMI > 25 and one other risk factor) should have their capillary blood 
glucose checked and rechecked in the operating room and recovery room whether a 
preoperative HbA1c is available or not. 

 

3. Treat hyperglycemia in the hospital using safe and effective glycemic control strategies and 
NOT predominantly by giving sliding scale insulin (SSI). 

 

• Establish accepted glycemic control goals, Fig. 1. Note that new joint guidelines from the 
American Diabetes Association and the American Association for Clinical Endocrinology 
have been published online in Diabetes Care [3] in response to the recently published 
studies [4-8]; 
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Figure 1: 2009 Glycemic Targets in Hospitalized Patients [3]  
 

Choose a protocol for glycemic control that matches existing resources for monitoring its 

ic control efforts. Champions are essential. Surgeons 

st, free resource on 

Critically ill patients: 
For persistent hyperglycemia: initial goal of <180 
mg/dL and maintenance goal of 140 – 180 mg/dL 
 

Non-critically ill patients: 
Fasting glucose <140 mg/dL 
Random glucose <180 mg/dL 

 
For stable patients in whom tight glycemic control was 
previously achieved, more rigorous targets may be appropriate. 
 
For terminally ill patients or those with severe comorbidities, less 
stringent targets may be appropriate. 
 

 
• 

safety and effectiveness; 
Develop multidisciplinary glycem• 
should join, or if needed, start such an effort in their hospital [9];  
The Society of Hospital Medicine’s website has a particularly robu• 
glucose control; 
Targeted instituti• 
teams. For example, Southwest Washington Medical Center has shown that a clinical 
pharmacist-led glycemia control team can better control hyper- and hypoglycemia; 
The safe administration of continuous intravenous insulin protocols may have value

onal support has allowed some local hospitals to institute glycemic control 

•  for 
f 

s 
 

• trial in vascular surgery patients at Beth Israel 

•

 It 

ackground 

surgical patients [6, 10]. In the meta-analysis of “tight glucose control” the relative risk o
mortality appears lower in surgical intensive care units studied with tight control versus 
“conventional control”. Note, however, that “conventional control” arms in recent studie
had much better average glucose control than older studies, i.e., now in the 140-160 mg/dL
range versus historically over 200mg/dL [3]; 
A recently published randomized prospective 
Hospital in Boston demonstrated that continuous intravenous insulin infusion for 48 hours 
starting with the beginning of surgery, led to a 71% reduction in the major cardiovascular 
events of myocardial infarction and heart failure compared to intermittent bolus insulin 
treatment. The length of hospital stay was also shortened [11];  
Basal-bolus insulin strategies that are modified daily should be t he norm for care rather than 
sliding scale insulin (SSI). SSI leads to more hyperglycemia, more variability in glucose 
levels, often more hypoglycemia and more clinical inertia in the face of poor control [12].
also increases the risk of diabetic ketoacidosis in hospitalized patients (a new 
uncompensated “never event” for CMS).  

 
B  

lmost 10% of U.S. adults currently have diabetes. A much larger and growing group (20-25%) have 
impaired fasting glucose or impaired glucose tolerance, often a step in the progression to full blown 

 
A

 

http://www.hospitalmedicine.org/AM/Template.cfm?Section=Home&Template=/CM/HTMLDisplay.cfm&ContentID=12029
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diabetes. Patients with diabetes require hospitalization and surgical procedures more often than others 
with normal glucose tolerance. In 2007, up to 20% of the surgical patients in NSQIP hospitals were 
already diagnosed with diabetes and chronically on oral agents and/or insulin. They suffered all 
complications at much higher rates than patients without diabetes. We do not yet know how many m
had undiagnosed diabetes or prediabetes. We do know that one quarter to one third of U.S. patien
these conditions are unaware of it and untreated [13].  
 
Hyperglycemia is a manageable risk to the health of pa

ore 
ts with 

tients both inside and outside of the operating 
om. Based on a review of the literature, it is well documented that: 

wn in many studies. For example, 
cardiac patients in Portland, Oregon who were having coronary artery bypass graft (CABG) 

e 
eneral trend in the literature has been for the “control groups” of studies to have their average 

ro
 

• Hyperglycemia can cause substantial mortality as has been sho

surgery experienced higher mortality with greater average postoperative glucose, Fig. 2 [14]; 
 
Figure 2: Hyperglycemia and Mortality [14] (In the years since this study was published, th
g
blood glucose around or below 140 to 150 in contrast to the historically uncontrolled higher 
levels that often occur with SSI treatment). 
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• Perioperative hyperglycemia has emerged as one of the major risk factors contributing to 

substantial postoperative morbidity [15-18]; 
e) 

plications [14, 16, 19, 20]; 
e 

 of diabetes prior to admission [20]; 
 

referral to comprehensive ambulatory 
care [9].  

• Diabetes and prediabetes (defined as impaired fasting glucose or impaired glucose toleranc
pose a considerable risk for postoperative com

• Hospitalized patients with hyperglycemia and previously unrecognized diabetes diagnosis hav
even higher mortality rates than patients with known diabetes [20]; 

• Twenty to thirty percent of hospitalized patients with hyperglycemia have undiagnosed diabetes 
and prediabetes [21]; 

• Hyperglycemia was present in 38% of patients admitted to the hospital and one-third of these 
patients had no history

• Hospitalization is a golden opportunity for patients with newly identified hyperglycemia. They
can receive initial diagnostics, education and treatment and 
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Cos ft o  Postoperative Complications 
 
Although there is little direct evidence about the costs of surgical complications caused by 
hyperglycemia, many studies provide indirect indications of preventable harm and costs to care for 
patients with adverse outcomes. Here are a few examples: 

 
• The total estimated cost of diabetes in 2007 was $174 billion, with $116 billion attributed to 

excess medical expenditures. Hospital inpatient care (50% of total cost) was the largest 
component of medical expenditures attributed to diabetes [22];  

• Nationwide control of cardiovascular disease (which ultimately causes the death of most patients 
with diabetes) and of diabetes improved significantly between 1999 and 2006. In part this was 
due to improvements in glycemic control (lower HbA1c levels <7.0%) and mean HbA1c levels 
in patients with known treated diabetes [23];  

• The median hospital costs of a NSQIP-detected infectious complication are over $8,000: Many 
other complications are much more expensive, Fig. 3 (does not include additional costs incurred 
outside the hospital) [24]; 

 
 Figure 3: Costs for Postoperative Complications [24]  
 

 
Total Hospital Costs with and without Surgical Complications 

Results from NSQIP at University of Michigan 
 

Type of Surgical 
Complication 

Complication 
present 

Complication 
absent 

Cost Difference 

Infectious $13,083 $5,044  $8,039 
Cardiovascular $18,496 $5,236 $13,260 
Respiratory $62,704 $5,015 $57,689 
Thromboembolic $33,589 $5,233 $28,356 

 
• In addition to the moral imperative to provide the best care possible, there is a clear business case 

for preventing surgical adverse events (See Appendix 1 for list of cost studies). 
 

Public Health Perspective 
 
The ONC call to improve perioperative care has particular public health significance for Oregonians. In 
2007 the Oregon Legislature passed and the Governor signed House Bill 3486 which declared an 
emergency related to diabetes and obesity. It directed the Oregon Department of Human Services to 
develop a strategic plan to slow the increasing rate of diabetes [25]. Approximately 262,000 Oregon 
adults have diabetes and an additional 592,000 individuals have prediabetes. In addition 60% of 
Oregonians are obese or overweight, conditions predisposing them to diabetes [26]. An additional 
37,000 adults become obese each year. Oregonians with low income and those who are African 
American, Native American and Alaska Native, Asian/Pacific Islander and, Hispanic/Latino are at 
increased risk for diabetes, obesity and for poor access to health care. Public health supports a statewide, 
population-based, prevention approach to the burden of diabetes. If hospitals improve the perioperative 
screening for diabetes this will add support to Oregon’s public health goals. (To read the strategic plan: 
go to www.healthoregon.org/diabetes) 
 

 



 7 of 13 

ONC also agrees with a recent editorialist writing in Anesthesia: “The development of a prospective 
ulti-institutional database evaluating the incidence and evidence-based management of hypoglycemia 

ajor public 
ients 

ural history of SIH (Stress induced 
hyperglycemia) in perioperative patients, and provide data on the impact of glycemic management and 
qua
neurolo f such a 
databas
 

Fin

m
or hyperglycemia across the heterogeneous perioperative population would address some m
health concerns. This database would facilitate identification of previously undiagnosed surgical pat
with diabetes, aid in determination of the incidence and nat

lity of long-term care of specific subsets of patients, including those undergoing primary 
gical, cardiac or traumatic surgery.” [8]. The ONC thinks NSQIP can provide the basis o
e. 

dings from NSQIP: Surgical care improvement for patients with hyperglycemia 

ls in Oregon and across the country are using NSQIP to identify areas for improvement and to 
their postoperative complication rates. The pro

 
Hospita
reduce gram enables surgeons to do rigorous surgical 
outcom
 
 
 

 
 
 
 
 
 
  
 
In 2006, unpublished results from a SQIP vealed an agg e of postoperative 
complication  kno es of al unique postoperative complications for 
very 100 op  inc hospita ed in NSQIP nationally. Patients were 
ac d

 
By 200 y 15% for 

sed diabetes already on insulin and/or oral agents versus a 5% 
wn to have diabetes. Thus, total complications in patients with diabetes 

pitals 

the 

al NSQIP and Oregon NSQIP data show some institutions that have had rapid and large 
decreases in complications in patients with diabetes. Presumably, this is due to increased attention to 

es assessment.  

 
 
 

Basic
• Types of surgery studied: Initially limited to major general and vascular surgery, now 

rticipating hospital 
• The 22 postoperative complications studied include: Post operative death, wound 

occurrences (infections, deep abscesses, etc.), respiratory occurrences(pneumonia, 
unexpecte ary tract 
infection) , CNS o ck, cardiac 
arrest) and other (e.g., bleeding, thromboem ic sepsis)  

• Inte : Va r ng ho
sur  

 NSQIP parameters: 

can include up to 10 subspecialties of surgery by each pa

d respiratory failure) , urinary tract occurrences (kidney failure, urin
ccurrences (stroke) , cardiac occurrences (heart atta

bolus, and system
rvention strategies

gical outcomes. 
riation and expe imentation amo spitals to improve 

 national N  study re regate rat
s for patients with
erations. The study

wn diabet
luded all 

most 40 
ls enrolle

tr ke  for 30 days post surgery.  

7 the aggregate complication rate for these same NSQIP hospitals was lowered b
patients with preoperatively diagno
reduction in patients not kno
were decreasing three times faster than in other patients. It is not clear how much of this is due to better 
preoperative care, better diagnosis, or better perioperative management. The finding is consistent with a 
national trend toward lower chronic complication rates in treated patients with diabetes, i.e. lower 
amputation rates, lower rates of end-stage diabetes, cardiovascular disease and death from 
hyperglycemia [27]. 
 
Oregon NSQIP data offer good news and bad news. In less than two years, two Oregon NSQIP hos
decreased complications in patients with diabetes by 54% from 65 to 30 per 100 operations. This 
success was attributed by those institutions to sustained efforts to improve glycemic control during 
perioperative period. However, the current Oregon NSQIP aggregated rate of 30-day complications of 
about 30 for every 100 cases in patients with known diabetes is still high. We do not yet know the rates 
of complications in undiagnosed patients with diabetes and prediabetes.  
 
Both Nation
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their care needs, which include control of their glucose and management of the other associated 
derangements such as cholesterol abnormalities, hyperinflammatory state, and hypertension.  
 

Figure 4, NSQIP Variability of Surgical Complication Rates in Patients with Diabetes, 2006-2007∗  
 

 

 
 

l’s ability to reduce complication rates as expressed in differences 
etween the dark (2006) and light (2007) bars. Presumably, this degree of variability in outcomes exists 

t 

 

 and 

e is no safe level of hyperglycemia. A recent study done in one NSQIP 

hed 

2006 & 2007 NSQIP # Complications/100 Cases in DM Patients - Sorted by 2007 Morbidity Rates

100.00

110.00

 
While difficult to read in detail, Fig. 4 indicates the large variation in complication rates among NSQIP
hospitals across the country. In fact, complication rates in patients with diabetes varied 12 fold -- from
eight unique complications for 100 cases to over 100 complications per 100 cases. There is also 
variability in the individual hospita
b
in Oregon as well. The goal is to reduce variation by moving every Oregon hospital closer to lowes
achievable complications.  
 
It is important to note that surgical complication rates adversely affect long-term survival. A longer-term
study of Veterans Administration NSQIP patients found that the occurrence of a 30-day complication 
reduced median patient survival by 69%. This was the case independent of preoperative patient risk
even when patients who did not survive for 30 days were excluded from the analysis [28].  
 
NSQIP data also suggest that ther
hospital demonstrated an almost linear increase in infectious complications with rising glucose in all 
patients who underwent general and vascular surgery, Fig. 5 [15]. This is currently the only publis
study that has directly tied patient’s in-hospital peak postoperative blood glucose levels to their 
outcomes as measured by NSQIP. In addition, all other complications taken together as measured in 
NSQIP were elevated if the glucose was elevated, whether the patient had diabetes or not. In another 

                                           
∗ Explanation: hospitals with a tall dark bar next to the 2007 lower light bar trend line improved complication rates in 
patients with diabetes compared to their “taller” 2006 rate 
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recent study of average blood glucoses for the first 48 hours after carotid endartectomy in 10,546
Veteran's Hospital patients’ postoperative hyperglycemia above 120 mg/dL was associated wi

 
th 

g/dL range the relative risk of 2 or more complications was increased 4.67 fold [18]. 
 
Figure 5, Relationship between Postoperative Hyperglycemia and Risk of Postoperative Infection 
[15] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A recent informal survey of NSQIP hospitals indicates that few (eight out of 120 respondents) 
preoperatively screen for diabetes and prediabetes or have teams in the hospital who consider 
themselves “glycemia control teams” charged with the systematic improvement of glycemic control. 

he current lack of individual glucometric data in the NSQIP data set prevents inference about what 

increased complications as measured in the separate Veteran's Hospital NSQIP audit. The magnitude of 
increased risk was directly proportional to the level of hyperglycemia. by the time average glucose was 
in the 160 to 200 m

T
exact levels of acute glucose control have been most effective and safest. 
 
Continued Controversy:  
 
Recent research about the management of hyperglycemia has clarified some questions while raising new 
ones [4-7]. Some evidence is directly related to perioperative care [4, 5] and other studies address 
glycemic control in critically ill populations [6, 7]. Researchers and clinical experts are still trying to 

nderstand which insulin protocols and blood glucose targets work best to reduce complications for 

 patients 
ospitalized with acute myocardial infarction, however, this risk was confined to patients who 

ycemia 
ld 

 
but in general, even there, glucose control is “still worthwhile and worth pursuing” [31]. 
 

u
specific patient populations. 
 
Hypoglycemia, whether spontaneous or iatrogenic, can cause morbidity and is associated with increased 
mortality. Most patients with diabetes will die of cardiovascular events. In a recent study of
h
developed hypoglycemia spontaneously. In contrast, iatrogenic hypoglycemia after insulin therapy was 
not associated with a higher mortality risk [29]. This confirmed an earlier result in acute myocardial 
infarction that episodic brief hypoglycemia that occurred as a result of insulin therapy in patients with 
diabetes and heart attack was not associated with increased deaths [30]. Brief episodes of hypogl
that occur during insulin-based glucose control in hospitalized patients should be avoided. They shou
not, however, discourage attempts at glucose control. The situation is different in the outpatient setting
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There is still much to be understood but in the midst of all this information there are a few things t
very clear: 

 
• Hyperglycemia can cause substantial morbidity and mortality; 
• Current care of a large proportion of hospitalized patients could be better; 

hat are 

• Clinicians should continue to pursue optimal glucose management, even though the target 

• NSQIP is a program provement at the institutional 
level; 

• The ONC le  hospitals and is a safe table for quality and 
patient safety cham

onclusion:

glucose levels we should seek are in a state of flux; 
• Change is local and dependent on leadership and resources; 

 that enables hospitals to do robust quality im

verages learning at all of the member
pions. 

 
C  

 
he next steps for ONC are to identify all patients at risk for postoperative hyper- and hypoglycemia, 
nd to minimize the extremes of glucose during perioperative care. The ONC will encourage hospitals 
ollecting NSQIP data to add as much glucose control data as is practicable to the NSQIP validated risk 
djustment and outcomes data. This step will clarify the impact of hospital glycemia control on reducing 
rgical complications. Because there is still much to learn, the ONC pledges to regularly share 

ggregated results of these efforts with to the public in Oregon to make the problem (and the solutions) 
ore visible. 

npatientsafety.org 
Phone: (503) 571-8237 
Email: James.Schwarz@kp.org 

edical Center Center 
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For more information, please contact: 

 
Jim Dameron, Administrator 
Oregon Patient Safety Commission 
Phone: (503) 224-9226 

 
James Schwarz MD, FACS 
Surgeon Champion, Oregon NSQIP 
Consortium 

Email: 
jim.dameron@orego
  
 
Oregon NSQIP Hospitals 
 
• Kaiser Sunnyside Medical Center 
• Legacy Emanuel M

• Providence St. Vincent Medical 

• Oregon Health & Science University 
Hospital 

• Providence Portland Medical Center 
 
 

• Sacred Heart Medical Center at 
RiverBend   

• Salem Hospital 
• Legacy Good Samaritan Hospital 
 
 

Special thanks to Dana Selover and Jim Schwarz for ensuring that this document was 
completed.

 



 11 of 13 

 

 
n Association of Clinical 

onsensus Statement on Inpatient Glycemic Control. Diabetes Care, 
9. 

zar, H.L., et al., The Society of Thoracic Surgeons practice guideline series: Blood 

gl J Med, 2009. 360(13): p. 1283-97. 
. Coursin, Perioperative glucose control: what is 
0(2): p. 204-6. 

9. 
Hosp Med, 200

10. sulin Therapy in 9. 

11.  perioperati jor 
dergoing va

randomized trial. Anesthesiology, 2009. 110(5): p. 970-7. 
12. sulin therapy in the inpatient 

with type 2 diabetes (RABBIT 2 trial). Diabetes Care, 2007. 

13. iabetes and i a e 
 Nutrition a
 

14. lin infusion d  patients with 
bypass gra . 

125(5): p. 1007-21. 
15. Ramos, M., et al., Relationship of perioperative 

infections in patients who undergo general and vascular surgery. Ann Surg, 2008. 

16. dorp, T.M., et al., Early post-operative glucose levels are an independent risk 
factor for infection after peripheral vascular surgery. A retrospective study. Eur J Vasc 
Endovasc Surg, 2004. 28(5): p. 520-5. 

References 
 

1. Garber, A.J.e.a., Diagnosis and Management of Prediabetes in the Continuum of 
Hyperglycemia — When Do the Risks of Diabetes Begin? A Consensus Statement From
the American College of Endocrinology and the America
Endocrinologists). Endocrine Practice, 2008. 14(7): p. 933-946. 

2. Heikes, K.E., et al., Diabetes Risk Calculator: a simple tool for detecting undiagnosed 
diabetes and pre-diabetes. Diabetes Care, 2008. 31(5): p. 1040-5. 

3. Moghissi, E.S., et al., American Association of Clinical Endocrinologists and American 
Diabetes Association C
200

4. La
glucose management during adult cardiac surgery. Ann Thorac Surg, 2009. 87(2): p. 
663-9. 

5. Lipshutz, A.K. and M.A. Gropper, Perioperative glycemic control: an evidence-based 
review. Anesthesiology, 2009. 110(2): p. 408-21. 

6. Griesdale, D.E., et al., Intensive insulin therapy and mortality among critically ill 
patients: a meta-analysis including NICE-SUGAR study data. CMAJ, 2009. 

7. Finfer, S., et al., Intensive versus conventional glucose control in critically ill patients. N 
En

8. Fahy, B.G., A.M. Sheehy, and D.B
enough? Anesthesiology, 2009. 11
Braithwaite, S.S., et al., The case for supporting inpatient glycemic control programs 
now: the evidence and beyond. J 

 Intensive In
8. 3(5 Suppl): p. 6-16. 
 the Intensive Care Unit. CMAJ, 200Van den Berghe, G.,

(8): p. 799-800. 180
Subramaniam, B., et al., Continuous
cardiovascular events in patients un

ve insulin infusion decreases ma
scular surgery: a prospective, 

Umpierrez, G.E., et al., Randomized study of basal-bolus in
management of patients 
30(9): p. 2181-6. 

 dCowie, C.C., et al., Prevalence of
U.S. population: National Health 

mp ired fasting glucose in adults in th
And

Diabetes Care, 2006. 29(6): p. 1263-8.
Furnary, A

Ex mination Survey 1999-2002. 

.P., et al., Continuous insu
diabetes undergoing coronary artery 

 re uces mortality in
fting. J Thorac Cardiovasc Surg, 2003

hyperglycemia and postoperative 

248(4): p. 585-91. 
Vriesen



 12 of 13 

 

17. ., et al., Poor intraoperative blood glucose control is associated with a 
worsened hospital outcome after cardiac surgery in diabetic patients. Anesthesiology, 

18. 
scular 

olorado. 
 

in surgery study. J Am 

20. 
ents with undiagnosed diabetes. J Clin Endocrinol Metab, 2002. 87(3): p. 978-82. 

 ice. 

22. ic costs of diabetes in the U.S. In 2007. Diabetes Care, 2008. 31(3): p. 596-615. 
 

 1999 to 2006 and effects of medicare 

24. report from 

 
. 2008, Oregon Department of Human 

26. litus in older 

27. . Albright, The public health response to diabetes--two steps 

28. he 
05. 242(3): p. 326-41; 

29. a 
atients hospitalized with acute myocardial infarction. JAMA, 2009. 

30. 
n in patients with type 2 diabetes: a report from 

31. 
): p. 1590-2. 

Ouattara, A

2005. 103(4): p. 687-94. 
Vettukattil, A.e.a., Association of Postoperative Glucose Level with Non-Lethal 
complications after Carotid Endarterectomy. (conference abstract) in Society of Va
Surgery Meeting June 2009. available online. . . 2009: Denver, C

19. Neumayer, L., et al., Multivariable predictors of postoperative surgical site infection 
after general and vascular surgery: results from the patient safety 
Coll Surg, 2007. 204(6): p. 1178-87. 
Umpierrez, G.E., et al., Hyperglycemia: an independent marker of in-hospital mortality 
in pati

21. Mahid, S.S., et al., Opportunities for improved performance in surgical specialty pract
Ann Surg, 2008. 247(2): p. 380-8. 
Econom

23. McWilliams, J.M., et al., Differences in control of cardiovascular disease and diabetes 
by race, ethnicity, and education: U.S. trends from
coverage. Ann Intern Med, 2009. 150(8): p. 505-15. 
Dimick, J.B., et al., Hospital costs associated with surgical complications: a 
the private-sector National Surgical Quality Improvement Program. J Am Coll Surg, 
2004. 199(4): p. 531-7. 

25. Strategic Plan to Slow the Rate of Diabetes in Oregon: A Report to the 2009 Oregon 
Legislature from the HB 3486 Advisory Committee
Services: Oregon Public Health Division. 
Mozaffarian, D., et al., Lifestyle risk factors and new-onset diabetes mel
adults: the cardiovascular health study. Arch Intern Med, 2009. 169(8): p. 798-807. 
Gregg, E.W. and A.L
forward, one step back. JAMA, 2009. 301(15): p. 1596-8. 
Khuri, S.F., et al., Determinants of long-term survival after major surgery and t
adverse effect of postoperative complications. Ann Surg, 20
discussion 341-3. 
Kosiborod, M., et al., Relationship between spontaneous and iatrogenic hypoglycemi
and mortality in p
301(15): p. 1556-64. 
Mellbin, L.G., et al., Prognostic implications of hypoglycaemic episodes during 
hospitalisation for myocardial infarctio
the DIGAMI 2 trial. Heart, 2009. 95(9): p. 721-7. 
Kahn, S.E., Glucose control in type 2 diabetes: still worthwhile and worth pursuing. 
JAMA, 2009. 301(15

 



 13 of 13 

Appendix 1 
Cost Studies 

 
l costs 

associa
Quality r Healthcare 

2. Mun
mortali

ert

rov

Muto C
iss

Epidem
 

ept
7. Sa-L encastre H. Low prevalence of methicillin-

commu
, 

Daniel. ble mortality, excess length of 

9. Ferri : 
Mosby

Preven ed 

for vasc

 
1): 12

cal Costs of Venous Thromboembolism and 
Subsequent Hospital Readmission Rates: an Administrative Claims Analysis From 30 Managed 
Care Organizations. Journal of Managed Care Pharmacy 

1. Dimick JB, Chen SL, Taheri PA, Henderson WG, Khuri SF, Campbell DA Jr. Hospita
ted with surgical complications: a report from the private-section National Surgical 
 Improvement Program. J AM Coll Surg 2004; 199(4): 531-537; Agency fo

Research and Quality, July 2008. 
oz E, Shamash F, Kassan M, Wise L. The costs and dynamics of surgical morbidity and 
ty PMID: 305943  

3. Davenport, Daniel L. MBA Henderson, William G. PhD Khuri, Shukri F. MD; Mentzer, 
M.,Jr MD Preoperative Risk Factors and Surgical Complexity Are More Predictive of Rob  

Costs Than Postoperative Complications: A Case Study Using the National Surgical Quality 
ement Program (NSQIP) Database.Imp  Annals of Surgery. 242(4):463-471, October 2005. 

4. Groom AV, Wolsey DH, Naimi TS, et al. Community-acquired methicillin resistant 
Staphylococcus aureus in a rural American Indian community, JAMA 2001; 286:1201-1204 

A, Cage EG, Durbin LJ, Simonton BM, Farr BM. The utility of culturing patients on 
adm ion transferred from other health care facilities for methicillin resistant Staphylococcus 
aureus (MRSA). Presented at the Ninth Annual Meeting of the Society for Healthcare 

iology of America, April, 1999. 
6. Shopsin B, Mathema B, Martinez J, et al. Prevalence of methicillin resistant and methicillin
susc ible Staphylococcus aureus in the community. J Infect Dis 2000; 182: 359-362 

eao R, Sanches IS, Couto I, Alves CR, de L
resistant strains among Staphylococcus aureus colonizing young and health members of the 

nity of Portugal. Microb Drug Resist 2001; 7:237-245 
8. Kirkland, Kathryn B, Briggs, Jane P., Trivette, Sharon L, Wilkinson, William E., Sexton

 The impact of surgical-site infection in the 1990s: attributa
hospitalization, and extra costs. Infect Control Hosp Epidemiology 1999; 20:725-730 

 F. Ferri’s Clinical Advisor, 2004: instant diagnosis and treatment. 6th ed., St Louis
, 2003 

10. Geerts WH, Bergqvist D, Pineo GF, Heit JA, Samama CM, Lassen MR, Colwell CW. 
tion of venous Thromboembolism: American college of Chest Physicians Evidence-Bas

Clinical Practice Guidelines (8th Edition). Chest. June 2008: 381S-453S 
11. Goldhaber SZ. Preventing pulmonary embolism and deep vein thrombosis: a call to action 

ular medicine specialists. Thromb Haemost 2007; 5(8): 1607-1609 
12. Heit JA, O’Fallon WM, Petterson TM, et al. Relative impact of risk factors for deep vein 
thrombosis and pulmonary embolism: a population-based study, Arch Intern Med. 2002; 162

45-49 (1
13. Spyropoulos, Alex C., Lin Jay, Direct Medi

 


