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! ŎŀǎŜΧ

Å8 yo bike crash

ÅNo loss of consciousness

ÅComplains of shoulder and 
abdominal pain

ÅVitals normal for age 

ÅάƘŀƴŘƭŜ-ōŀǊέ ƳŀǊƪ ƻƴ 
abdomen



Leading cause of death, 2010



Intentional and unintentional deaths in children 
ages 1-14 years, 2014
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World report on child injury prevention

üWorld Health Organization and UNICEF

üPublished December 10, 2008

Å 830,00 die yearly as a result of unintentional 

injuries

Å Road traffic injuries are leading cause of death 

for children over 9 years

Å Road traffic injuries and falls are the main 

causes of injury-related child disabilities

Å Injury prevention initiatives work and are cost 

effective



.ƻǘǘƻƳ ƭƛƴŜΧ

ÅInjuries are the number 1 killer of kids

ÅThe most frequent mechanisms of injury are 
low velocity (like falls)

Å.¦¢ ǎƻƳŜ ŀǊŜ ƴƻǘΧƳƻǘƻǊ ǾŜƘƛŎƭŜ ŎǊŀǎƘŜǎΣ 
firearms

Å!ƴŘ ƛǘΩǎ ƻŦǘŜƴ ŘƛŦŦƛŎǳƭǘ ǘƻ ǘŜƭƭ Ƙƻǿ ǎŜǾŜǊŜƭȅ 
ƛƴƧǳǊŜŘ ŀ ŎƘƛƭŘ ƛǎΧ



.ŀŎƪ ǘƻ ǘƘŜ 95Χ±ŜǘŜǊƛƴŀǊȅ 
Medicine???  

ÅHard to evaluate

ÅNon verbal

ÅScared

ÅDistracting injuries

Å²ƻǳƭŘƴΩǘ ƛǘ ōŜ ƴƛŎŜ ǘƻ 
wave a wand and figure 
out who was injured 
and who was OK???



CT scans

Å Disproportional amount of 
radiation exposure
ï 15% procedures

ï 75% radiation dose

Å Indications and numbers of scans 
have increased dramatically
ï Over 10% of all CT scans are 

performed on children

ï Estimated 7 million scans/year

Å CT scanning can be performed 
using a wide range of techniques 
with variable radiation exposure



What is the risk of diagnostic radiation in the 
pediatric population?

ÅRisk assessment based upon computer models and 
epidemiologic data from survivors of atomic bomb 
radiation
ïOne estimate: 1 fatal cancer/1000 CT scans performed in a 

young child

ÅLow dose radiation
Åbŀǘƛƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ όнллрύΥ άǘƘŜ Ǌƛǎƪ ƻŦ 

cancer proceeds in a linear fashion at lower doses 
without a thresholdand the smallest dose has the 
ǇƻǘŜƴǘƛŀƭ ǘƻ ŎŀǳǎŜ ŀ ǎƳŀƭƭ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪ ǘƻ ƘǳƳŀƴǎΦέ



Population-based studies relating CT 
scans to cancer in children

ÅUK-NCI: positive association between CT 
radiation dose and risk of brain tumors (Pearce, 

Lancet, 2012)

ÅAustralia: increased risk of brain tumors and 
leukemia in children exposed to CT (Mathews 

BMJ, 2013)

ÅDenmark: exposure to CT radiation increased 
brain tumor risk (Meulepas, J NatlCancer Inst, 2019)

MOST OF THIS DATA IS REGARDING BRAINIMAGING 
AND CHILDREN RECEIVING MULTIPLECT SCANS



Ionizing RadiationΧcirca, 2000

mSv CXR 

equiv

3-view ankle 0.0015 1/14th

2-view chest 0.02 1

Tx 99m radionuclide gastric 

emptying

0.06 3

Natural background 

(Denver)

3.5 175

Head CT 4 200

Chest CT 3 150

Abdomen CT 5 250

ÅChildren more sensitive to 
radiation effects than 
adults
ïGrowing organs

ïLong latent period of 
oncogenic effect (varies 
with type of cancer)

ïFor CT, any given exposure 
results in a dose that is 
ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘŜǊ ǎƛƴŎŜ ƪƛŘΩǎ 
have a smaller cross-
sectional area

TABLE 1 Estimated Medical Radiation 

Doses for a 5-Year Old Child

Brody, Pediatrics, 2007

Rice, JPS, 2007



Radiation is all around us (its natural)

ÅBreathingΧ2.2 mSv/yr

ÅBreathing in Denver (or the Alps)Χ3.5 mSv/yr

ÅFlyingΧ0.03mSV/flightΧor one CXR 
(depending on duration and altitude)



Image Gently

ÅAlliance of organizations 
ŘŜŘƛŎŀǘŜŘ ǘƻ άǊŀƛǎƛƴƎ ŀǿŀǊŜƴŜǎǎ 
in the imaging community of the 
need to adjust radiation dose 
ǿƘŜƴ ƛƳŀƎƛƴƎ ŎƘƛƭŘǊŜƴέ

ÅDownloadable pediatric dose-
adjustment protocols

Å Information for parents and 
physicians

Åwww.imagegently.org



ALARA
(As Low as Reasonably Achievable)

ÅIs an alternative technology suitable?
ïMRI (often requires sedation)
ïUltrasound

ÅCT parameters should be adjusted for pediatric 
patients
ÅLimit the number of times (or phases) the child is 

scanned
ïArterial/venous phase scans
ïWith/without contrast scans

ÅLimited scans



!ƴŘ ǘƘƛǎ ƛǎƴΩǘ Ƨǳǎǘ ǘƘŜ ǊƛƎƘǘ ǘƘƛƴƎ ǘƻ ŘƻΧ

ÅIn the US, REIMBURSEMENT for CT tied to 
ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ άǎƳŀǊǘ ŘƻǎƛƴƎέ όƛƴ ŜŦŦŜŎǘ нлмсύ

ÅNEMA XR-29 standard

ïStandardized reporting of dose

ïDose check features

ïAutomatic exposure control

ïAdult and pediatric protocols

ÅUp to 15% decrease in medicarereimbursement



1.Reduce the dose (ALARA principles)
2.Only scan kids who NEED scans



Wide variation of imaging practice 
within the trauma community

Marin, J Pediatr, 2015

Brinkman, JTACS, 2015

Å Head CT is the most commonly 
performed scan

Å Pediatric Level 1 Trauma 
Centers perform the fewest CT 
scans

Å Lower radiation exposure at 
pediatric centers





Traumatic Brain Injury

ÅLeading cause of death in 
kids

ÅOver 3000 deaths/yr in 
children less than 14 
years

ÅOver 3 million kids suffer 
concussions

ÅWHO NEEDS TO BE 
IMAGED???



Lancet 2009: 374: 1160-70

Å Abnormal GCS/mental 
status

Å Occipital, parietal, temporal 
hematomas

Å Palpable skull fracture, 
basilar skull fracture

Å LOC, severe mechanism of 
injury, vomiting

14%

33%

14%

29%



Example of application of the PECARN 
head injury guidelines

Mihindu, American Surgeon, 2015

From the University of Florida, Jacksonville



PECARN head injury guidelines

ÅAt least 80+ pubmedcitations

ÅMultiple validation studies, across different 
populations, mechanisms of injury, countries

ÅDemonstrated to be cost-effective (Ann EmergMed, 
2015)

Åά!ǳƎƳŜƴǘέ ŎƭƛƴƛŎŀƭ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ

ÅIdentifies a population at very low risk of injury

ÅNOTE: guidelines do NOT apply to abusive head 
trauma (no accurate history)



Bottom line

ÅDecision rule can help determine which kids 
with a head injury would NOT benefit from CT 
imaging

Åaƻǎǘ ƪƛŘǎ ǿƛǘƘ ŎƻƴŎǳǎǎƛƻƴǎ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŀ 
ƘŜŀŘ /¢Χ.¦¢ Řƻ ǊŜǉǳƛǊŜ Ŧƻƭƭƻǿ ǳǇ ŀƴŘ 
guidelines regarding when to return to 
cognitive and physical activity





²Ƙŀǘ ŀōƻǳǘ ǘƘŜ ŎŜǊǾƛŎŀƭ ǎǇƛƴŜΧŀ ŦŜǿ 
pearls about C-spine injuries in kids

ÅLarge head size provides 
increased momentum

ÅLack of muscle strength

ÅFulcrum of cervical mobility:  
C2-C3-- 60-70% of C-spine 
fractures in kids <8 years 
occur at C1 or C2

ÅWhat is the role of CT scan 
in diagnosis

Zuckerbraun, JPS, 2004



Clinical Clearance of the Cervical Spine in Blunt Trauma Patients
Younger Than 3 Years: A Multi-Center Study of the American
Association for the Surgery of Trauma

The Journal of TRAUMA® Injury, Infection, and Critical Care ω ±ƻƭǳƳŜ стΣ 
Number 3, September 2009

Å Abnormal GCS
Å Motor vehicle crash



Trauma Association of Canada Pediatric Subcommittee National
Pediatric Cervical Spine Evaluation Pathway: Consensus Guidelines

Å Clinical clearance
Å Neurologic examination
Å Plain films


