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Objectives

By the end of this session, the learned should be able to:

= Describe the indications of brain imaging after pediatric blunt
trauma.

= Describe indications for cervical spine imaging after pediatric
blunt trauma.

= Describe indications for chest, abdomen, and pelvis imaging after
pediatric blunt trauma.
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I'm a little biased...are you ready for these two?
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Trauma Center Access within 60 Minutes for Kids

Pediatric Trauma Center
Ground 51% / Air 65%

‘Peds Ready’ Trauma Center
[ 73% Air

Any L1-L3 Trauma Center
81 % Ground / 92% Air

Access to pediatric trauma centers (Level I/II)

No access within 60
minutes by either
ground or air
ambulance
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JAMA Pediatrics | Original Investigation
Pediatric Readiness and Trauma Center Access for Children

Caroline Melhado, MD, M5; Canaan Hancock, MD; Haoyu Wang, MSc; Maya M. Eldin, MD, MPH;

Micholas George, MD; Jennifer A. Miller, PhD; Katherine E. Remick, MD; Bhavin Patel, MPH; Brian K. Yorkgitis, DO;
Lisa Gray, MHA, BSN, RN, CPN, TCRN; Michael W. Dingeldein, MD; Hilary A. Hewes, MD;

Katie W. Russell, MD; Michael L. Nance, MD; Aaron R. Jensen, MD, MEd, M5
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Trauma Center Access within 60 Minutes for Kids

NPRP 2021 assessment/ NTDB data (2019-2021).

66,588 children (0-15y) meeting TQIP inclusion criteria
from 630 trauma centers

« Center-specific mortality (O:E odds ratios) by wPRS

Adjusted mortality in top quartile centers (WPRS>93)
significantly (17-27%) better that Q1, Q2, or Q3

LOESS plots suggest improved mortality above wPRS
~88

Presence of pediatric-specific quality improvement plan
is independent driver of mortality benefit
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The Association Between Pediatric Readiness and Mortality for
Injured Children Treated at US Trauma Centers
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C. Non-Pediatric Trauma Centers
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Case Example
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Discussion Case

3y healthy female w/unwitnessed fall
from about 20 feet at a Rockin’ Jump
play place.

Fell from behind the trampoline setup,
through the safety netting onto floor.

Dad jumped down after her and is
concerned he landed on her. (-) LOC.

UCSF Benioff Children’s
Hospital

Qakland
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lllustrative Case

Initial assessment

VS: HR 138 (crying) RR16 BP 112/77 96%RA Temp37.2 GCS 15

Head - bruising swelling to head & face, head bogginess & tenderness; abrasions.
Neck - C-collar in place- no tenderness, no step-offs.

Chest- atraumatic, nontender.

Abdomen- small abrasion at R costal margin, non-tender, soft, non-distended.

Pelvis - stable/non-tender.

Extremities — no deformity, tenderness or bruising

UGsF Benioff Children’s l_%: Department of Surgery
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Next Ste pS'7'7'7 What do we expect to happen?

Mechanism: 3yo 20-foot fall, dad fell on her, no LOC

Vitals: Normal except tachycardia (crying)

Exam: Head boggy and tender, exam otherwise normal

obtain now?
[v{ NONE

OF THE ABOVE
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Case : What Actually Happened

2125: Arrival to ED

2200: Transfer to Radiology for Pan Scan (no CXR or C-spine XR
completed, labs still cooking)

Why might this be a good idea? Why not?
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Screening in High-Mechanism Trauma

What is a high-energy blunt mechanism?

CDC-Defined Criteria FT"’* -

Falls
o >10 feet (2-3 x body height)

MVC

o Death in same compartment
o Partial or complete ejection

o [ntrusion
o >12” at patient site
> >18” anyplace

Car vs ped/bike/ATV/Motorcycle

o >20 mph, thrown, run over
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Benefits of Routine Whole Body CT

Compared to selective body region CT. Hint: There are two

munsﬁ?m SAN:FRANLISLY
HOSPITAL AND- TRAUMA Ul EE
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Benefits of Routine Whole Body CT

Compared to selective body region CT. Hint: There are two

Faster Time to Fewer Missed Adult Injuries
Diagnosis
X
UCSFE?;E’.{; IChiIdren’s L%: Department of Surgery
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Downside of Routine Whole Body CT

Deterministic Effects (Tissue Reactions) and
H

ELEEEY Stochastic Effects

Deterministic effects

(tissue reactions)
(Hair loss, cataract, skin injury, etc.)

Stochastic effects

(Cancer, leukemia, hereditary effects, etc.)

When a number of people were exposed to the same
dose of radiation and certain symptoms appear in 1%
of them, said dose is considered to be the threshold
dose.

(2007 Recommendations of the International
Commission on Radiological Protection (ICRP))

AH

Effects of radiation exposure under certain doses are not
clear because effects of other cancer-promoting factors
such as smoking and drinking habits are too large.
However, the ICRP specifies the standards for
radiological protection for such low-dose exposures,
assuming that they may have some effects as well.

1 Assuming that effects would

2 2
153 o o
£ £ | appear depending on dose
o > o | levels
N L
° o
g |No effects g _- -
_§ § — = Spontaneous
S ‘S incidence
£ £
0 2 > 0 >
Dose Assuming that there is Dose
Threshold dose

no threshold dose

JAMA Surgery | Original Investigation

Risk of Hematologic Malignant Neoplasms
From Abdominopelvic Computed Tomographic Radiation
in Patients Who Underwent Appendectomy

Kyung Hee Lee, MD, PhD; Seungjae Lee, MS; Ji Hoon Park, MD, PhD; Sung So0 Lee, M5; Hae Young Kim, MD, PhD; Won lin Lee, MD, PhD;
Eun 5hil Cha, PhD; Kwang Pyo Kim, PhD; Woojoo Lee, PhD; Ji Yun Lee, MD; Kyoung Ho Lee, MD, PhD

825,820 patients that underwent appendectomy
 CT Exposed: 306,727
* No CT: 519,093
Median Age 28yo [IQR 15-41]
Primary Outcome: Hematologic Malignancy within 2y of exposure
Secondary Outcome: Abdominal/pelvic cancer within 5 years
Incidence Rate Ratios (adjusted for person-years)
« Hematologic Malignancy: 1.26 [1.09-1.45] in CT-exposed group
« Abdominal Malignancy: 1.07 [1.00-1.15]
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Northern CA Five-center Review of WBCT

Proportion of Single Body Region CT
= Children transferred to PTC after WBCT at Scans Meeting Clinical Indications

initial center
100%
90%
= Cohort included 417 children (age 2 80%
months-18 years) 70%
60%
66% male 50%
40%
- Median ISS: 9 (IQR 4-18) i
10%
. 0 - A 0%
83% of WBCT. were unindicated | CTHead CTNeck CT chest
867 body region CTs could have been avoided Abd/pelws

Could not tell by chart review
m Unindicated

= 75 children had no indication for a ® Indicated

single body region CT (18%)
L@ Department of Surgery



What Kid Should get a Whole Body CT?

ACS TGP

BEST PRACTICES
GUIDELIMES IN
IMALSINCE

toip

UCSF Benioff Children’s

Hospital
Qakland

WBCT is generally used for
polytrauma patients with
severe neurotrauma that
impairs the ability to obtain
a reliable physical
examination. It is not used
to screen asymptomatic
children with a high-energy
mechanism.
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What about specific body region CTs?
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Evidence-based Cross-Sectional Imaging Guidelines

Pediatric Blunt Abdominal Trauma Screening

for patients with high-energy blunt mechanism or direct blunt abdominal trauma

Patient presents with high-energy - Evidence of thoracic wall trauma o o |
P> biunt mechanismor direct biunt .| - Complaints of abdominal pain |
abdominal trauma - Decreased breath sounds
T « History of vomitingafter the injury
+ Abdominal tenderness
+ Abdominal wall bruising Yestoany
+ Seatbeltsign L
5513 i
- Hemodynamic instability
« Concern for child abuse .+ AST>200/ ALT > 125
- Abnormal Amylase/Lipase N
! ~Hei<son B
- Abnormal chest x-ray
iy - Gross hematuria
: — Yestoan
+ Contact Pediatric Trauma Center |~ Y ‘
U 0 elvis CT 7
with IV contrast while awaiting CT Abrormal
transport to Pediatric Trauma OR
Center
e - CT Abdominal/pelvis with IV contrast f negative 1
amor || resutwilyildimmediate ED discharge —{ cTNormal |+
R
d
e « If center capable, 24 hour observation with serial
Wruii A abdominal exams by a surgeor

Scan OR code for additional
information and references.

- FasT normal

- Abdominall pelvis CT with
IV contrast NOT indicated

‘ Observe 4-6 hours and PO trial

!

Abdominal pain or tenderness
during observation

¥
| Yes ‘ No
i1

Discharge with return precautions

7
BEST PRACTICES
IN PEDIATRIC
TRAUMA IMAGING
P—y
( ) gsc!n!n&nand

Imaging in Stable Pediatric Trauma

HEAD ’ CERVICAL SPINE ‘
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+ For patients who have an identified indication for transfer, do not delay transfer
to Pediatric Trauma Center (PTC) while awaiting CT

« Discuss with PTC if CT scans should be obtained while waiting for transport

« CT of thorax, abdomen/pelvis must be with IV contrast

- Utilize pediatric-specific dosing for all imaging studies

Routine whole body CT (WBCT) should NOT be routinely undertaken in pediatric trauma patients.

UCSF Benioff Children’s

Hospital
Qakland

Pediatric Blunt Thoracic Trauma Screening

for patients with high-energy blunt mechanism or direct blunt abdominal trauma

Patient presenta with high-energy
P> bluntmechanism ordirect biunt
thoraci trauma

e —

Obtain chest x-ray ‘

!

Mediastinum abnormal
on chest x-ray?

i

Yes

« Contact Pediatric Trauma Center
« Discuss +/- chest CT with
IV contrast while awaiting
tranport to Pediatric Trauma Center

Scan OR code for additional
information and references.

US Abnormal

Algorithmis not intended for suspected child physicalabuse.

Other injuries seen on chest x-ray?
(e.g..rib fractures, sternal fracture, scapula fracture,
preumothorax, hemathorax, contusion) —

Yestoany

]

Consider pericardial ultrasound ‘

+ Chest CT NOT indicated

« Transfer to higher-level of care or treat injuries.
(2.9.,chest tube) based on chest x-ray finding,
or treat other injuries if center capable

o

\

‘ Qther body region injuries? ‘

harge with return precauti

Available today!

https://emscimprovement.center/education-and-resources/peak/

PEAK

Pediatric Education
and Advocacy Kits
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Head CT — PECARN Rules

<2V (onvera) OF 2+ (verba)
Risk Stratified

= High ~4%

= |Intermediate ~1%

= Low <0.05%

Pediatric Head Trauma Screening

for children under two years old (nhonverbal) with blunt head trauma

Child <2 years of age (nonverbal)
presents with head trauma

Y

+ GCS <15
+ Signs of basilar skull fracture
+ AMS (agitation, somnolence,
slow response, repetitive questions)

« Scalp hematoma (excluding frontal)
» LOC >5 seconds
» Not acting normal per caregiver

»| + Severe mechanism of injury

« Fall =3 feet

« MVC w/ejection, rollover, or fatality
+ Bike/ped vs. vehicle w/o helmet

« Struck by high-impact object

<2 Years

« Head CT NOT indicated

'

No » Low risk—<0.02% of ci-TBI*

L Yesto any
¢ 3 Yes to any | return precautions
Box 2’ factors are i :
- v +» Observe 4-6 hours with PO trial
ad d Itlve using shared decision making* OR Head CT * Clinical factors used to guide decision making:
+ Head CT indicated Failed LUl « Multiple vs. isolated factors
+ High risk—4.3% risk of ci-TBI* Observation 0.9% of ci-TBI + Worsening findings during observation
! (AMS, headache, vomiting)
+ Provider experience
= ObS Ve rSUS Scan ) ) + Caregiver preference
| Normal | CT Abnormal * ci-TBI: risk of clinically important TBI needing acute
. A intervention, based on PECARN validated prediction rules
= No Zof f |
O O ra n I n O S Ca n Contact Pediatric Trauma Center
- . ¥
u N O I b u p rOfe n If n O x Scan QR code for additional

Scan

¢ information and references.

Algorithm is not intended for suspected child physical abuse.

Discharge with return precautions

AR+ +

UCSF Benioff Children’s

Hospital
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C-Spine Imaging — PECARN Rules again

« Most useful if you get to
the green box!

 More studies coming —
kids under 3yo not
specifically analyzed

* Requires a touch of
common sense

« Consider CTA for high-
risk group

 Normal CT still not
considered ‘good enough’
to clear a pediatric spine

 No CT just for neck pain

 Home in a collar versus
MRI

AR+ +

UCSF Benioff Children’s

Hospital
Qakland

» Child presents with possible c-spine injury
after blunt trauma

!

High Risk Factors (12.1% chance of injury)
+ GCS score 3-8 or unresponsive on AVPU scale

« Abnormal airway, breathing, or circulation

« Focal neurological deficits on examination

R

No

R

Intermediate Risk Factors

(2.8% chance of injury)

« Altered mental status

«+ Self-reported neck pain ortenderness on examination
« Substantial head or torso injury

Pediatric Cervical Spine Injury Screening

Consider C-spine CT

This patient likely exceeds the treatment capabilities of most centers and
will require transfer out - consider discussion with PTC prior to imaging.
This patient may also require CT arteriogram depending on mechanism

Yes

Yes

:

‘ No Risk Factors (0.2% chance of injury)

given low GCS.

A negative CT scan is inadequate to clear a collar with GCS 3-8
or persistent neurologic deficits.

Consider Lateral C-spine X-ray
A negative x-ray is insufficient to clear a collar with persistent symptoms.

T imaging is normal, consider interval re-evaluation and if symptoms
persist discuss case with PTC and consider sending home in a collar with
outpatient spine follow-up.

Yes

=7 Scan OR code for additional

Clear collar clinically (including ensuring full range
of active motion) without imaging

L% Department of Surgery



Chest CT — lllustrative Case

= 15yo back seat passenger
+  80-100mph MVC
« Unclear if restrained

- Fatality at scene

 Four other critical adults
« GCS 11, 78/52, dyspnea, abdominal pain " |

= Direct air transport to freestanding
pediatric center

UGsF Benioff Children’s l_@: Department of Surgery
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Chest CT — lllustrative Case

Initial Assessment

« GCS 13, Combative

« 166/93, HR 94

* Diminished left breath sounds
« Abdomen tender/guarding

= Intubated

= CXR -> g E

= FAST — free fluid in RUQ and pelvis e
UCSF Benioff Children’s L% Department of Surgery
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Chest CT — Almost Never (unless WBCT indicated)

* Mostinjuries seenon CT
but not on CXR do not
require treatment

* |Indication for Chest CT
is concern for
mediastinal vascular
injury (needs contrast)

* Normal mediastinum on
CXR =no need for CT

 Abnormal mediastinum
in a toddler and no
significant deceleration
mechanism = likely
thymus

AR+ +

UCSF Benioff Children’s

Hospital
Qakland

Patient presents with high-energy
’ blunt mechanism or direct blunt
thoracic trauma

Y

Obtain chest x-ray

Mediastinum normal
on chest x-ray?

No

¥

+ Contact Pediatric Trauma Center
+ Discuss +/- chest CT with
IV contrast while awaiting
tranport to Pediatric Trauma Center

Pediatric Blunt Thoracic Trauma Screening

for patients with high-energy blunt mechanism or direct blunt abdominal trauma

Other injuries seen on chest x-ray?
(e.g., rib fractures, sternal fracture, scapula fracture,
pneumothorax, hemothorax, contusion) = No > Chest CT NOT indicated

l

Other body region injuries?

' '

Yes —

US Abnormal

Yes to any | Yes | No

l

« Chest CT NOT indicated
« Transfer to higher-level of care or treat injuries

Consider pericardial ultrasound

US Normal Discharge with return precautions

(e.g.. chest tube) based on chest x-ray findings,
or treat other injuries if center capable

l_% Department of Surgery



Abdomen/Pelvis CT — 1wo algorithms integrated

e  Abdominal CT should not be
obtained for mechanism alone!

«  High-risk factors that prompt CT
should prompt transfer to PTC.
Don’t delay.

*  High-mechanism patients without
complaints or signs of trauma
can be observed.

=  Child abuse unique

« PECARN Rules probably too
sensitive, but everyone doesn’t
need labs (PedSRC)

= AST 200/ALT 125/ Abnormal lipase
= 80/ 80 if suspect abuse

. If abdominal CT obtained it
needs IV contrast

Do not CT simply for fluid on
FAST

AR+ +
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Pediatric Blunt Abdominal Trauma Screening

for patients with high-energy blunt mechanism or direct blunt abdominal trauma

« Evidence of thoracic wall trauma
« Complaints of abdominal pain

Patient presents with high-energy
’ blunt mechanism or direct blunt

# « Abdominal/pelvis CT with
IV contrast NOT indicated

abdominal trauma + Decreased breath sounds ™l
« History of vomiting after the injury |
¢ Observe 4-6 hours and PO trial
« Abdominal tenderness
« Abdominal wall bruising Yes to any l
« Seatbelt sign No
+ GCS<13 Abdominal pain or tenderness
« Hemodynamic instability during abservation
+ Concern for child abuse « AST=200/ ALT =125 ) |
« Abnormal Amylase/Lipase No I L
» Het<30% Yes ‘ No
+ Abnormal chest x-ray ' N )
Yes to any « Gross hematuria
« Contact Pediatric
l Trauma Center
L « Discuss +/- abdominal/pelvis
« Contact Pediatric Trauma Center - Yestoany ::p:;t];:gfr:un:ﬁ?: t: g:fﬂatric
« Discuss +/- abdominal/pelvis CT : 1 . Trauma Center
with IV contrast while awaiting CT Abnarmal —
transport to Pediatric Trauma OR Consider v
center a[;‘z‘;er'rﬂi; . CT Abdominal/pelvis with IV contrast if negative ‘
pain o o:;esult will yield immediate ED discharge CT Normal —* Discharge with return precautions
te”di‘:ir:;% . If center capable, 24 hour observation with serial

abdominal exams by a surgeon

observation

= FAST is unreliable in hemodynamically normal children and should not be used to rule out

intra-abdominal injury or lead to an abdominal/pelvis CT with IV contrast in an asymptomatic child. Ei
l_% Department of Surgery




AST > 200 — Really???

Re-evaluation of liver transaminase cutoff for CT after pediatric
blunt abdominal trauma

Jessica A. Zagory' - Avafia Dossa' - Jamie Golden' - Aaron R. Jensen' -
Catherine J. Goodhue' - Jeffrey S. Upperman' + Christopher P. Gayer'

Level of AST/ALT correlates with

injury grade

> 400/200 — 96% Sensitive for identification
of Grade 3 and above injuries

o 250/200 will catch all the grade 2’s

Is there a role for trending AST/ALT?
A RAE

UCSF Benioff Children’s

Hospital
Qakland

20 Spearman r = 0.43; p = 0,001 (grade [I-TV vs grade 1-1T)
.‘ g
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FAST — What is the Role?

Hemodynamically Normal Patients

460 randomized to FAST

> 19 patients had IA Effect of Abdominal Ultrasound on Clinical
> 5 positive FAST Care, Outcomes, and Resource Use Among
> 10 negative FAST Children With Blunt Torso Trauma
© 4indeterminate FAST A Randomized Clinical Trial
o 25 changes to CT ordering after FAST e e D e ) g
ames F. Holmes, MD, ; Kenneth M. Kelley, MD'; Sandra L. Wootton-Gorges, MD<; et al
© 13 deCided tO nOt Order CT % Author Affiliations | Article Information
> 12 decided to order CT — 1 injury (jejunal perforation) | Jama. 2017:317(22):2290-2296. doi:10.1001/jama.2017.6322

465 randomized to standard care
> No missed IAls

UGsF Benioff Children’s L@ Department of Surgery
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Back to Our Case...

Fall >2-3x BOdy Helght THE ULTIMATE T“HPHL_I.I_I_E_;!:},-!,__EE;_' ~a

* Needs screening ;
> M -

Alert, examinable, normal GCS
. Does NOT need WBCT

PECARN Head Intermediate (~1% risk cTBI)

*  Non-frontal hematoma

*  High-risk mechanism

« CTvs. Observation x 4 hours — | would CT

PECARN C-spine low risk

*  Clinically clear neck

Needs a CXR

* Unlikely to have widened mediastinum with this mechanism
Needs abdominal exam and labs

*  FAST not indicated with normal hemodynamics — should NOT prompt CT if fluid and no other symptoms

« Iflabs and exam normal, can observe 4-6 hours, PO challenge, and consider discharge home with return precautions for
abdominal pain

UGsF Benioff Children’s l_@l: Department of Surgery
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Summary

* Weigh risks of induced malignancy versus risks of missed injury

« Do not delay transfer in/out to obtain CT scans. Use CT (when indicated)
or clinical prediction rules to facilitate safe discharge from community
EDs.

 Whole body CT does have a role in high-mechanism neurotrauma
 Head CT rules are ubiquitous

* (C-spine rules are new and will evolve

* Almost nobody needs a chest CT (unless abnormal mediastinum)
 Abdominal CT should not be performed for mechanism alone

UGsF Benioff Children’s l_@: Department of Surgery
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Thank You!
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Scan this QR code
with your phone
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Thank you!

Remember to claim credit for this event!
1. Go to HTTPS://CMETRACKER.NET/LHS

2. Click on the claim credit button

3. Login and claim your credit
4

To claim credit up to 30 days after date of presentation,
CONTACT CMEREQUESTS@LHS.ORG FOR ASSISTANCE

FOR MORE INFORMATION VISIT
WWW.LEGACYHEALTH.ORG/PEDINET
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