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Learning Objectives
1. Define risks associated with ionizing radiation in children

2. Understand resources available to guide imaging decisions in pediatric trauma 

patients

3. Describe how indications for radiologic evaluation of injured children differ from 

adults
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Why does it matter how we image children??

A) Actually it doesn’t matter, radiation isn’t that 

bad 

B) Kids are basically little adults so we should 

image them the same

C) Management of kids’ injuries is similar to 

adults so we can treat them the same

D) None of the above



We all know children are not little adults
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It makes sense that they SHOULD NOT be 

imaged like adults
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• Ionizing radiation 
– 100 to 500 times greater 

with CT compared to 
conventional radiography

• Children – more sensitive 
to radiation induced 
carcinogenesis
– Tissues are still growing

– More years ahead of 
them to develop cancer

Risks of Radiation



Age Girls Boys

<5 300 670

5-9 390 730

10-14 370 760

Number of CT scans leading to 1 case of cancer

Miglioretti et al JAMA Pediatr 2013

Radiation Exposure with Abdominal CT



• No amount of radiation is documented safe 

in kids

– 50 mGy TRIPLES the risk of Leukemia

– 60 mGy TRIPLES the risk of brain cancer

– One neck CTA=600 CXR!!

• Injury patterns are different in kids

• Management of trauma is different in kids

Radiation Risk



Variation in radiation dose across centers

• American College of 

Radiology benchmarks 

for radiation in kids

• CT head – 23-55 mGy

• CT A/P – 2.7 – 26 mGy



• Nationwide population-based cohort study in South 

Korea

• Assessed 825,820 pts who underwent appendectomy 

from 2005-15

• Pts divided into CT-exposed (n = 306,727) or CT-

unexposed (n = 519,093) groups

• CT-exposed group had an elevated risk only for 

leukemia (IRR 1.40, P = .005).

Lee KH et al JAMA Surg 2021



• Follow ATLS

• Perform primary survey and use imaging as an adjunct 

based on clinical info-NOT MECHANISM (for the most part)

With that being said:



If you are 

going to image 

kids, don’t do it 

halfway!





Starting 

from 

the top: 

head
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A 3 mo falls off the counter onto a tile floor, 

vomited x 2, now sleepy, and has “boggy” scalp  

What do you do:

   
A) Tell mom to give Tylenol and call PCP in the 

AM if pt not back to normal

B) Direct pt to hospital-baby needs head CT

C) Apply an ice pack and hope for the best

D) None of the above



Who does not need a CT – PECARN Rule

• Rule negative if none present

• Under 2 years
– GCS <15 or altered mental status (slow to 

respond, agitation, sleepiness, confusion, 

repetitive questioning)

– Non-frontal scalp hematoma

– LOC >5 seconds (under 2)

– Palpable skull fracture or unclear due to 

swelling

– Acting abnormal per parent/guardian

– Severe mechanism (MVC with ejection, death 

of another passenger, rollover, pedestrian or 

bicyclist without helmet, fall >3 ft, head struck 

by high impact object)

• Rule negative if none present

• Over 2 years
– GCS <15 or altered mental status (slow to 

respond, agitation, sleepiness, confusion, 

repetitive questioning)

– Any LOC

– Vomited since injury

– Clinical signs of basilar skull fracture

– Severe headache (8-10)

– Severe mechanism (MVC with ejection, death 

of another passenger, rollover, pedestrian or 

bicyclist without helmet, fall >3 ft, head struck 

by high impact object





19

12yo m unhelmeted skateboarder, falls and hits 

head.  He has a headache, vomited x 3, and asked 

you, “Hey, what happened?” repeatedly in the last 5 

min.   What do you do:

   A) Tell mom to give Tylenol and call PCP in the 

AM if pt not back to normal

B) Direct pt to hospital-child needs head CT

C) Apply an ice pack and hope for the best

D) None of the above





Cervical 

Spine

Clearance





When/how to clear a c spine

• When can you clear without imaging:
• GCS 14 or 15

• No pain on exam

• No focal sensory/motor deficits

• No abnormal head/neck posture

• No limitation to range of motion

• When to get a 2-view plain film (need lateral view):
• Any of the above

• When to clear after 2-view plain film
• Xray normal (need lateral view)

• Physical exam findings resolved

• What to do if Xray normal but still pain on exam
• Leave in c-collar

• Spine consult
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C Spine Clearance in an obtunded child

• Negative helical CT is adequate to clear a c-spine and 

remove a collar in adults

• This is not true in kids, still need an MRI to clear the C-

spine

• Age at which children become adults is unknown

• Recent data from Western Pediatric Surgery Research 

Consortium – 6 children (0.4%) with normal CT of the 

c spine required surgical fixation, halo placement or 

long term immobilization



Bottom line – It is always safe 

to leave c-collar on and 

transfer
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3 yo f involved in an MVC with image below.  Child is 

running around, reports no pain, parents says she’s acting 

normal.  What do you do:

   
A) Tell mom to give Tylenol and call PCP in 

the AM if pt has issues

B) Direct pt to hospital/ED-child needs CTA 

of the neck

C) Apply an ice pack and hope for the best

D) None of the above



Blunt Carotid or 

Vertebral artery 

Injury (BCVI)



BCVI

• Rare injury related to blunt trauma to the head, face, or 

neck

• Difficult to diagnose based on physical exam

• Associated with stroke and high mortality rate

• Need prompt diagnosis and anticoagulation

• Risk in adults – 1-3%; 5-20% stroke risk

• Risk in pediatrics – up to 1.3%
– Stroke rate may be as high as 29%

– Mortality 3-19%

Nickoles et al. J Trauma Acute Care Surg 2023



TQIP Data – Pediatric Stroke Risk
Grade N Stroke 

Rate (%)

1-2 1657 58 (3.5)

3 47 2 (4.3)

4 490 25 (5.1)

5 838 26 (3.1)

Age N Stroke 

Rate (%)

Number 

untreated (%)

0-6 301 19 (6.3) 222 (77.4)

7-11 300 6 (2) 245 (64.5)

12-14 400 12 (3) 245 (64.5)

15-18 2055 74 (3.6) 677 (33.9)

Catherine Dawson-Gore MD
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Many screening tools available

None are great in kids

• Prospective cohort of pediatric 

blunt trauma patients – 2,284

• 6 institutions

• CTA or 2 week follow up to 

determine rate of missed BCVI

• Rate of BCVI – 1.6%

• Two patients with BCVI who met 

no screening criteria

Nickoles et al. J Trauma Acute Care Surg 2023



Memphis Criteria Expanded Denver Criteria





Found kids w/BCVI more commonly had the following when compared to adults w/BCVI:

• GCS≤8, seatbelt sign

• basilar skull fracture

• mid-facial fracture

• mandibular fracture

• Coma

Isolated seat belt sign does not indicate increased risk of 

BCVI nor does in mandate CTA Neck
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You are in the ED and asked to evaluate a 5 yo child 

involved in an MVC, reported as “high speed w/rollover, 

possible fatality at the scene.” Child is talking easily, 99% 

on RA, no chest wall injuries on exam  

   
A) CT chest/abdomen/pelvis, sounds like a 

scary mechanism and you don’t want to 

miss an injury

B) Obtain a CXR

C) Watch him for 8 hours in the ED and send 

him home if no need for O2

D) None of the above



Chest
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If the CXR is normal, 

very low risk of 

clinically significant 

injury on CT chest



• Obtain CXR in ALL ACTIVATED TRAUMAS 
– If they meet trauma criteria, they probably need a 

CXR

– Obtain before any other imaging

• ONLY CT chest if:
– Wide mediastinum on CXR

– Concern for vascular injury w/penetrating trauma

• CT chest NOT RECOMMENDED for:
– Simple PTX or hemothorax

– Pulm contusion

– Single rib fx
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You evaluate a pt involved in an MVC and see this on 

exam.  What do you do:

   
A) FAST exam and only scan the abdomen if 

FAST positive

B) Order a CT abdomen WITHOUT IV 

contrast

C) Order a CT abdomen WITH IV contrast

D) None of the above



FAST in Pediatric Blunt Abdominal Trauma

• Focused abdominal sonography for trauma (FAST)

– Widely used in adult settings to rapidly identify bleeding

– High sensitivity and specificity (>95%)

• FAST in children to specifically dx intraabdominal 

injury (IAI) more challenging

– Small spaces

– Technically more difficult

– Spleen/liver capsule less likely to tear

• CT higher sensitivity

– Risk of malignancy from radiation exposure 



Is the Child Hemodynamically stable?

• If yes – you have time and can think about CT scan vs 

observation

• If No – Use FAST

• FAST – Focused Abdominal Sonography for Trauma
• Sensitivity – 51% (95% CI 31-73%)

• Specificity – 96% (95% CI 93-98%)

• Positive predictive value – 48% (95% CI 28-69%)

• Negative predictive value – 97% (95% CI 94-98%)

• Positive FAST suggests hemoperitoneum

• Negative FAST aids little in decision making



• Adult Retrospective Study

• 2,105 patients; 118 false negative FASTs, 37% required surgery

• Conclusions:

• Negative FAST without confirmatory CT will lead to missed injuries

• Positive FAST requires CT confirmation to characterize injuries and 

decide on operative vs non-operative management



• Prospective enrollment, 14 level 1 PTCs
• Children <16 with blunt abdominal trauma

• 2188 kids; 829 had a FAST; 340 had a CT; 97 with IAI
• 27 received acute intervention

• Accuracy did not improve at centers who did more FAST

• CT utilization – low correlation between FAST and CT use
• Rate of CT after FAST – 41%

• Rate of CT without FAST – 46%

• 81 injuries among 70 false negative FASTs



• Eight prospective studies with 2135 pts

• Pooled sensitivity 35%, specificity 96%

• Hemodynamically stable child presenting with BAT, 

positive FAST means IAI likely

– But FAST was designed for hemodynamically unstable

• Negative FAST exam cannot preclude further 

diagnostic workup for IAI 

• So……..what are the indications for CT

Liang T Pediatr Emerg Care. 2021 Feb 1;37(2):108-118



Abdomen/Pelvis



What is the PECARN rule?





PEDSRC Rule
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Risk of Intraabdominal Injury based on number of positive variables

Number positive 

variables

IAI IAI requiring 

intervention

1 4.5% 0.6%

2 16.8% 4.8%

3 37.8% 8.9%

4+ 62.6% 15.2%

Interventions – surgery, 

angioembolization, transfusion, 

death from IAI



Summary points

• Hemodynamically stable patients
• 97% of activations have normal BP for age

• <3% pediatric trauma patients needed acute intervention

• Majority of IAI needing intervention have an abnormal abdominal exam

• There is time to get labs and plain films

• Unnecessary abdominal CT scans can be reduced

• 25% of “very low risk” population scanned

• Significant variability in CT use between PTCs

• >90% of patients initially seen at adult centers

• Scanning based on “significant blunt mechanism” alone will result in 1/3 to 

½ of all abdominal CTs being negative



Can the Rule be applied: Preverbal or low GCS?

Group Sensitivity IAI
Sensitivity IAI-

I
Specificity IAI

Specificity IAI-

I
NPV IAI NPV IAI-I

Whole Pop. 

(n=2,435)
97.5% 100.0% 36.9% 34.5% 99.4% 100.0%

Preverbal 

(15.5%)

(n= 293)

100.0% 100.0% 47.5% 45.9% 100.0% 100.0%

GCS 14-15 

(88.9%)

(n= 2,165)

98.4% 100.0% 36.0% 33.6% 99.6% 100.0%

GCS 9-13

(6.2%)

(n= 150)

94.1% 100.0% 47.4% 44.4% 98.4% 100.0%

GCS 3-8

(4.9%)

(n=120)

92.0% 100.0% 42.1% 38.9% 95.2% 100.0%

Preverbal: Age 0-2 years, GCS 14-15
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Abrasions and Seat Belt Signs

Sub-population %IAI %IAI-I %Admitted

Seat Belt Signs 

(n=166)

n = 38 

 22.9%

n = 18 

10.8%
75.3%

Abrasion as only 

abdominal exam 

finding (n=73)

7 of 73 = 9.6%
N =2,

2.7%
79.5%

Abrasions, no 

other +rule 

variables present 

(n=45)

0 of 45 = 0%
N =0,

0.0%
73.0%



Missed by PEDSRC rule

• Grade 1 Kidney x2

• Grade 2 liver x2

• Grade 2 spleen x1

• All admitted with other injuries

Missed by PECARN rule

• 20 liver injuries 
• 16 with AST >200

• 5 kidney injuries
• All with lab or plain film finding

• 4 spleen injuries
• 3 with lab or plain film finding

Missed Injuries
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T/L/S Spine



NO GUIDELINES

• Any neurologic deficit following trauma: 
– Spine consult

• If pain but normal exam:
– Start with plain films

• If pain and normal plain films:
– Trauma/Spine consult vs CT vs MR…no right answer

 



Remember:

• Kids are not adults: don’t image them the same but 
teenagers +/-

• PECARN for head imaging

• AAP guide for C-Spine 

• Multiple options for BCVI

• CXR, very few pts need a chest CT

• Abdomen/pelvic CT based on clinical picture (NOT 
mechanism)

• Follow ATLS: do not delay transfer for imaging
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