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Disclosures

▸ None

▸ I am sort of an amateur trauma surgeon



Summary

• 10,000 foot view of pediatric trauma

• Head imaging

• Evaluating the pediatric cervical spine

• Selective imaging for blunt trauma

• Child abuse 



Pediatric Trauma Care at MUSC

ACS Pediatric Level 1 Trauma 
Center 

~700 patients annually

Patients 16 years of age or less

~20% penetrating trauma

5 pediatric surgeons
The Medical University of South Carolina 

Shawn Jenkins Children’s Hospital



Pediatric Trauma Care at MUSC
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Rules of Pediatric Trauma

• Unstable patients need therapeutics before diagnostics
• An arterial line never saved a kid’s life
• The younger the kid, the more likely they are to injure their head
• The older the kid, the more likely likely they are to injure their body
• “It takes a village”
• Listen to moms (and dads)
• Think about child abuse
• Children are not small adults
• Kids’ clotting mechanisms are amazing
• Hypotension in a child is bad news



Why Should You Care?
▸ Trauma is the leading cause of death in children after 1 year of age
‣ National Center for Injury Prevention and Control
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Children are not little adults

▸Mechanistically

▸Anatomically

▸Physiologically

▸Psychologically

▸Developmentally

Trauma



Physiologic Differences

Trauma



Not a lot of blood to bleed

Trauma



Physiologic Cliff

Percent Blood Volume Loss

Heart Rate

Blood Pressure

Cardiac Output



Why discuss pediatric imaging?

▸ Accurate/prompt diagnoses important to prevent 
morbidity/mortality

▸ Facilities have different capabilities
‣ Less comfort with pediatric trauma care – lower 

volume, high stakes

▸ Must consider long-term consequences along with 
short term

▸ American Pediatric Surgical Association (APSA) 
Committee on Trauma has made minimizing 
unnecessary radiation a priority



Balancing injury diagnoses with radiation dose



The perfect trauma imaging study

▸Must have excellent sensitivity for diagnosing injuries
▸Must be performed rapidly
▸Must be useful for all age groups
▸Must not require sedation 
▸Must not be associated with ionizing radiation
▸Must be cheap 
▸Must be able to be read by surgeons



Anatomy: Head

▸ Proportionally larger
‣ Greater incidence of injury

▸ Thinner skull
‣ Less protective

▸ Incompletely ossified
‣ Less protective

▸ Open fontanels

▸ Brain plasticity

▸ Prominent occiput in young children
‣ Can make C-spine stabilization difficult

Trauma



Imaging the pediatric head

 < 2 years of age

> 2 years of age 



The pediatric cervical spine 

▸ Incidence of injury in children is low (~1.5% of trauma activations)

▸ Neurologic impairment in a child is devastating for both child and families

▸ Anatomy/physiology differs in significant ways

▸ Must weight costs/benefits carefully

▸ Radiation exposure to the neck not without consequences



The pediatric cervical spine 

▸ Intrinsic elastic properties
‣ Causes immediate reduction in injuries bones are aligned 
 SCIWORA

▸ Physiologic pseudosubluxation (C2/C3)

▸ Underdeveloped facet joints

▸ Variable ossification



The pediatric cervical spine 

▸ Prominent occiput in young children  increased 
flexion

‣ Thoracic elevation or occipital recess on spine board



International Society for Pediatric Neurosurgery

There is good data for the 
value of AP/Lateral plain film 
in younger children
Odontoid view of limited 

value

 Should consider plain films as 
initial study in a non-
communicative child or those 
< 3 years of age



The pediatric cervical spine – future directions?

▸ Some centers are scanning C1-C3 along with the head in younger 
children
‣ Injuries less likely in C4-8 
‣ Avoids thyroid radiation

▸ “Fast” MRI of head/C spine
‣ AKA no sedation MRI, can be performed in 5-20 minutes
‣ Motion-insensitive sequences
‣ Can be performed in stable patients along with MRI head
‣ Parent can “ride-along” in MRI 
‣ Babies can get a feed and a swaddle and will sleep through entire 

exam



The pediatric chest

▸ Increase rib flexibility and 
compliance until 8-10 years of age

▸Decreased ossification

▸Small size to body surface area

▸Transmission of traumatic energy 
internally



▸A CT scan may triple the risk of 
leukemia and brain cancer over 
subsequent 10 years

▸ In absolute terms: for every 10,000 CT 
scans  1 additional brain cancer, 1 
additional leukemia

▸CT did not change 
management, only changed 
radiation exposure



Guidelines for CT scans in pediatric blunt thoracic injury

Concern for injury   CXR.  If abnormal findings   CT





The pediatric abdomen

▸Abdominal wall poorly developed

▸Compliant chest wall/diaphragm

▸Reduced visceral/perinephric fat

▸Transmission of traumatic energy 
internally

▸Organ specific differences exist



Who gets a CT A/P?
▸ PECARN Data; 12K enrolled children; 6.3% had intra-abdominal injury (IAI)

Holmes et al. Identifying children at very low risk of 
clinically important blunt abdominal injuries. Ann Emerg
Med. 2013 Aug;62(2):107-116

• Consider CT if LFTs > 200 or pancreatic enzymes 
elevated

• Also: scan if abnormality on FAST



Seat belt sign

▸ Triad of abdominal wall ecchymosis, intra-
abdominal injury, and chance fracture of 
lumbar vertebrae

‣ May result in injury to hollow viscus, 
occasionally pancreaticoduodenal complex

‣ Injury to visceral vessels, especially the aorta

▸ All children with true seat belt sign  CT



Seat belt sign

▸ 8 year-old male

▸ Free fluid in the pelvis 
 either blood or 
succus or both



Seat belt sign

▸ 8 year-old male

▸ Intra-operative 
findings



Seat belt sign

▸ 8 year-old male

▸ Intra-operative 
findings



Seat belt sign

▸ 8 year-old male

▸ Intra-operative findings

▸ Mesenteric bleed (~1L blood in 
abdomen)
‣ Note: slightly tachycardic but no 

evidence of shock otherwise

▸ Multiple enterotomies  small bowel 
resection



Seat belt sign

4 year old, aortic transection 9 year old, chance fracture



Seat belt sign of the neck?

▸ Consider CTA to evaluate blunt cerebrovascular injury

▸ Limited data in pediatric trauma patients to guide imaging for blunt 
cerebrovascular injury



Blunt cerebrovascular injury



Child abuse

▸ Liberalize CT scanning a bit 

▸ If AST/ALT are elevated above 80, then there is good data to suggest it is worth scanning

‣ injuries may present in a delayed fashion  lower threshold to scan

‣ Need for documentation/understanding of injuries

▸ Need a high index of suspicion



The final word about trauma imaging in children

▸ A complex issue – competing interests

▸ ALARA principle (As Low As Reasonably Achievable)

▸ “Pan-scanning children should be condemned” – APSA 
Committee on Trauma

▸ BUT--if something just isn’t right, don’t be afraid to scan 
(except for the chest; don’t scan the chest)



THANK YOU


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