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Prevalence of Clinically Important Traumatic Brain
Injuries in Children With Minor Blunt Head Trauma
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Objective: To determine the prevalence of clinically important traumatic brain injuries (TBIs) with severe injury mechanisms in children with minor blunt head
trauma but with no other risk factors from the Pediatric
Emergency Care Applied Research Network (PECARN)
TBI prediction rules (defined as isolated severe injury
mechanisms).

hours, or hospital admission for at least 2 nights. We investigated the rate of clinically important TBIs in children with either severe injury mechanisms or isolated severe injury mechanisms.

Patients: Children with minor blunt head trauma and
Glasgow Coma Scale scores of at least 14.

Results: Of the 42 412 patients enrolled in the overall
study, 42 099 (99%) had injury mechanisms recorded,
and their data were included for analysis. Of all study patients, 6263 (15%) had severe injury mechanisms, and
3630 (9%) had isolated severe injury mechanisms. Overall, 367 children had clinically important TBIs (0.9%; 95%
CI, 0.8%-1.0%). Of the 1330 children younger than 2 years
with isolated severe injury mechanisms, 4 (0.3%; 95%
CI, 0.1%-0.8%) had clinically important TBIs, as did 12
of the 2300 children 2 years or older (0.5%; 95% CI, 0.3%0.9%).

Intervention: Treating clinicians completed a struc-

Conclusion: Children with isolated severe injury mecha-

tured data form that included injury mechanism (severity categories defined a priori).

nisms are at low risk of clinically important TBI, and many
do not require emergent neuroimaging.

Main Outcome Measures: Clinically important TBIs
were defined as intracranial injuries resulting in death,
neurosurgical intervention, intubation for more than 24
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Design: Secondary analysis of a large prospective ob-

servational cohort study.
Setting: Twenty-five emergency departments participating in the PECARN.

W

HILE MINOR BLUNT

head trauma in
childhood is a common reason for
emergency department (ED) evaluation, the risk of traumatic brain injury (TBI) in these children
is low.1 Cranial computed tomography (CT)
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is the reference standard for diagnosing children with TBI, and ED use of CT has been
increasing substantially over the past several decades.2,3 However, unnecessary CT
scans expose children to an increased life-

ARCH PEDIATR ADOLESC MED/ VOL 166 (NO. 4), APR 2012
356

time risk of lethal malignancy.4-7 Clinical
prediction rules can be used to identify children at very low risk of TBI after blunt head
trauma for whom cranial CT can be safely
withheld.8-15

Journal Club slides available
at www.archpediatrics.com
See also page 396
Injury mechanism has been previously identified as an independent predictor of TBI in children.9,13-15 Mechanisms associated with increased risk of TBI
in children after blunt head trauma include all of the following: high-speed motor vehicle accident (for both a vehicular
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occupant or a pedestrian struck),9,14,15 bicycle-related injury,13 impact from high-speed projectile,9,14 and fall from
a height or down stairs.9,14,15 However, the risk of TBI in
children with isolated severe injury mechanisms (ie, a
severe mechanism but with no or few signs or symptoms of TBI) has not been defined, and it is unclear
whether emergent neuroimaging is needed on the basis
of injury mechanism alone.
The Pediatric Emergency Care Applied Research
Network (PECARN) head trauma clinical prediction
rules were derived and validated using a prospective
observational cohort of almost 45 000 children with
minor blunt head trauma evaluated in 25 participating
EDs.14 A severe injury mechanism was identified as an
independent risk factor in both of the resulting clinical
prediction rules (one for children ⬍2 years and another
for children ⱖ2 years). However, it is unclear whether
children with a severe injury mechanism with none of
the other PECARN rule risk factors always require
emergent neuroimaging. To address this question, we
performed a secondary analysis of this large prospective
cohort to determine the risk of clinically important TBI
in children with isolated severe injury mechanisms to
determine the risk of clinically important TBI when
injury mechanism is the only clinical predictor from the
PECARN TBI prediction rules. Ultimately, we were
driving at the conundrum of whether emergent CT use
is indicated on the basis of severe injury mechanism
alone, as is common practice in the ED.
METHODS

STUDY DESIGN
We performed a planned secondary analysis of a large prospective cohort study of children younger than 18 years with nontrivial head trauma. The study was conducted at 25 participating PECARN EDs from 2004 through 2006. The institutional
review board of each participating institution approved the study
protocol. Study methods have been previously described in detail.14 Specific substudy methods are described in the following subsections.

INCLUSION AND EXCLUSION CRITERIA
FOR MAIN COHORT STUDY
Children with blunt head trauma and initial Glasgow Coma Scale
(GCS) scores of 14 or 15 who presented to the ED within 24
hours of the traumatic event were eligible for enrollment. We
defined trivial injury mechanisms as ground-level falls or running into stationary objects. We excluded patients with trivial
injury mechanisms and no signs or symptoms of head injury
or just scalp abrasions or lacerations. We also excluded children with penetrating trauma, comorbidities (eg, ventricular
shunts, bleeding disorders), or previous neuroimaging at a transferring hospital.14

INJURY MECHANISM
For all enrolled patients, the treating staff physician completed a structured case report form, which included injury
mechanism. Study investigators divided injury mechanisms into
3 categories (severe, moderate, and mild) determined a priori
based on prior literature and biological plausibility. A severe

injury mechanism was defined as a motor vehicle collision with
patient ejection, death of another passenger, or rollover; a pedestrian or bicyclist without helmet struck by a motorized vehicle; falls (at a height of ⬎3 feet for children ⬍2 years and
⬎5 feet for children ⱖ2 years); or the head struck with a highimpact object. Mild injury mechanisms were defined as groundlevel falls or running into stationary objects with clinical symptoms or signs suggestive of TBI. All other nontrivial injury
mechanisms not specifically listed herein were considered a moderate injury mechanism. Patients without an injury mechanism recorded on the study form were excluded from this secondary analysis.

PECARN PREDICTION RULES
CLINICAL PREDICTORS
The published PECARN clinical prediction rules for both age
groups include severe injury mechanism plus 5 additional clinical predictors.14 For children younger than 2 years, the following clinical predictors were included in the rule: altered mental status (defined as a GCS score ⬍ 15, agitation, sleepiness,
slow responses, or repetitive questioning), nonfrontal scalp hematoma, loss of consciousness for 5 seconds or greater, palpable skull fracture, and not acting normally per parents. For
children 2 years or older, the following clinical predictors were
included in addition to severe injury mechanism: altered mental status, any loss of consciousness, history of vomiting, clinical signs of basilar skull fracture, and severe headache.
For purposes of the main analysis, children with an isolated severe injury mechanism were defined as having a severe
injury mechanism and none of the other clinical predictors in
the age-specific PECARN prediction rules. In a separate
analysis, we expanded the isolated severe mechanism definition by adding the following additional symptoms and signs
known to be associated with TBI: seizures, neurologic deficits
on examination, any scalp hematoma, any signs of skull fracture, any loss of consciousness, vomiting (in children of any
age), any headache (in children ⱖ2 years), and amnesia (in
children ⱖ2 years). Patients missing documentation of any of
the PECARN TBI predictors were excluded from the corresponding analysis.

OUTCOME MEASURES
The primary outcome measure was clinically important TBI,
which was defined as any of the following: intracranial injury
resulting in death, neurosurgical intervention, intubation for
more than 24 hours for management of TBI or hospital admission for 2 or more nights due to the head trauma, in association with TBI on CT scan. After patient enrollment, study staff
unaware of the clinical data from the ED reviewed patient medical records to determine the frequency of clinically important
TBI. Cranial CT scans were obtained at the discretion of the
treating health care provider and according to institutional practice guidelines. For children discharged from the ED after head
injury, clinical follow-up was performed.14

STATISTICAL ANALYSIS
We performed all analyses for children younger than 2 years
and 2 years or older separately using counts, percentages,
and 95% CIs for categorical variables and the median and
interquartile range (IQR) (25th-75th percentiles) for continuous variables. We calculated the rate of clinically important TBI in the following 4 injury mechanism groups: (1) all
severe injury mechanisms, regardless of associated signs or
symptoms of TBI; (2) isolated severe injury mechanism (ie, a
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Table 1. Distribution of Injury Mechanisms (IMs) and Clinically Important Traumatic Brain Injuries (ciTBIs) by Patient Age
SIM
MIM
MV
Collision a

Pedestrian
or Bicyclist
w/o Helmet
Struck by MV

Falls b

No. with IM
(row %)
No. with ciTBI
Col % (95% CI)

40
(0.4)
5 of 40
13
(4-27)

39
(0.4)
0 of 39
0
(0-9)

2240
(21)
41 of 2240
2
(1-2)

No. with IM
(row %)
No. with ciTBI
Col % (95% CI)

555
(2)
17 of 555
3
(2-5)

1551
(5)
43 of 1551
3
(2-4)

957
(3)
30 of 957
3
(2-4)

IM

Mod IM
All Other
IMs NOL

GroundLevel Falls

Running Into
Stationary
Objects

All
MIMs

Age ⬍2 y (10 610 Patients)
20
2339
(0.2)
(22)
0 of 20
46 of 2339
0
2
(0-17)
(1-3)

6700
(63)
42 of 6700
0.6
(0.5-0.8)

969
(9)
3 of 969
0.3
(0.1-0.9)

602
(6)
1 of 602
0.2
(0-0.9)

1571
(15)
4 of 1571
0.3
(0.1-0.7)

Age ⱖ2 y (31 489 Patients)
861
3924
(3)
(12)
13 of 861
103 of 3924
2
3
(0.8-3)
(2-3)

22 030
(70)
155 of 22 030
0.7
(0.6-0.8)

3697
(12)
15 of 3697
0.4
(0.2-0.7)

1838
(6)
2 of 1838
0.1
(0-0.4)

5535
(18)
17 of 5535
0.3
(0.2-0.5)

Head Struck
With HIO

All
SIMs

Abbreviations: Col %, percentage of children within injury mechanism type; HIO, high-impact object; MIM, mild injury mechanism; mod, moderate; MV, motor
vehicle; NOL, not otherwise listed; row %, percentage of children within age group; SIM, severe injury mechanism; TBI, traumatic brain injury; w/o, without.
a With patient ejection, death of another passenger, or rollover.
b More than 3 feet for a child younger than 2 years and more than 5 feet for a child 2 years or older.

Table 2. Bivariable Analysis Comparing the Rate of Clinically Important TBIs in Children With SIMs (Isolated vs Nonisolated SIM)
for Patients Younger Than 2 Years or 2 Years or Older
Prevalence of Clinically Important TBIs
In Children With an Isolated SIM a
Patient Age Group, y

No.

⬍2
ⱖ2

4 of 1330
12 of 2300

In Children With a Nonisolated SIM b Clinically Important TBI in Children
With Isolated vs Nonisolated SIM,
Row % (95% CI)
No.
Row % (95% CI)
RR (95% CI)
0.3 (0.1-0.8)
0.5 (0.3-0.9)

40 of 988
90 of 1553

4 (3-5)
6 (5-7)

0.07 (0.03-0.21)
0.09 (0.05-0.16)

Abbreviations: PECARN, Pediatric Emergency Care Applied Research Network; row %, percentage of children within age group; RR, relative risk; SIM, severe
injury mechanism; TBI, traumatic brain injury.
a A SIM with no other PECARN head trauma prediction rule predictors.
b A SIM with 1 or more additional PECARN head trauma prediction rule predictors.

severe injury mechanism with no other age-specific PECARN
TBI predictors); (3) severe injury mechanism plus 1 additional PECARN TBI predictor; and (4) isolated severe injury
mechanism using an expanded definition of isolated (ie, with
no signs or symptoms of TBI extending beyond the clinical
predictors in the PECARN TBI rules). For all the analyses, we
used SAS/STAT software (version 9.2; SAS Institute Inc, Cary,
North Carolina).
RESULTS

We enrolled 42 412 patients in the overall cohort study
(78.3% of the 54 161 eligible patients). Enrolled and
missed eligible patients had a similar rate of TBIs identified on CT scan.14 Of these, 42 099 (99%) had an injury mechanism recorded and thus were included in the
current substudy. The median patient age was 5.7 years
(IQR, 2.0-12.0 years), and 26 209 (62%) were male.
Cranial CT scans were obtained for 14 696 (35% of
study patients); 367 (0.9%) had clinically important
TBIs.
Of the study patients, 6263 (15%) had severe injury
mechanisms, 28 730 (68%) had moderate injury mecha-

nisms, and 7106 (17%) had mild injury mechanisms. Injury mechanism varied by patient age (Table 1). For children younger than 2 years, most severe injury mechanisms
were falls from a height greater than 3 feet. For children
2 years or older, being a pedestrian or bicyclist without
helmet struck by a motor vehicle was the most frequent
severe mechanism. Children with severe injury mechanisms had a higher rate of clinically important TBIs than
those with mild to moderate injury mechanisms (Table 1).
In addition, the cranial CT rate was associated with severity of injury mechanism: 3237 of 6263 of patients with
severe injury mechanisms (52%) had a CT performed,
9565 of 28 730 of patients with moderate injury mechanisms (33%), and 1894 of 7106 of patients with mild injury mechanisms (27%) (P⬍.001).
Children with isolated severe injury mechanisms (ie,
no other PECARN age-specific TBI predictors) had a lower
rate of clinically important TBI than those with severe
injury mechanisms and other PECARN predictors
(Table 2), both for patients younger than 2 years and
those 2 years or older. The risk of clinically important
TBI increased for patients with severe injury mecha-
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nisms and 1 additional PECARN TBI prediction rule criteria (Table 3).
The rate of clinically important TBIs for children with
isolated severe injury mechanisms who met none of the
PECARN predictors and none of the variables in the expanded definition of isolated severe injury mechanism
was 1 of 758 (0.1%; 95% CI, 0%-0.7%) for children
younger than 2 years and 2 of 876 (0.2%; 95% CI, 0%0.8%) for children 2 years or older. The 3 children with
clinically important TBIs and severe injury mechanisms
and no other TBI symptoms listed herein were as follows: (1) a 4-month-old child who had fallen more than
3 feet, with evidence of facial trauma, who had a subarachnoid hemorrhage and a subdural hematoma; (2) a
10-year-old child ejected during a motor vehicle collision who sustained multisystem trauma and a traumatic
hyphema, who also had a cerebral hemorrhage; and (3)
a 12-year-old child struck by a motor vehicle who sustained multisystem trauma and facial trauma and had a
subarachnoid hemorrhage and subdural hematoma. None
of these children required neurosurgery.
COMMENT

In this study, we measured the rate of clinically important TBIs in children with severe injury mechanisms in
a large prospective cohort of children with minor blunt
head trauma. Overall, children with severe injury mechanisms were at higher risk of clinically important TBI when
compared to those with mild or moderate injury mechanisms. However, the risk of clinically important TBI was
very low for children with isolated severe injury mechanisms (ie, with none of the other PECARN TBI predictors). In this group, clinically important TBIs occurred
in only 0.3% of children younger than 2 years and in 0.5%
of children 2 years or older. These risks were even lower
for children with isolated severe injury mechanisms and
no other signs or symptoms of TBI in addition to those
of the PECARN TBI predictors.
Similar to several previously published studies, injury mechanism was an important risk factor for TBI in
children with blunt head trauma.9,13,15,16 However, the definitions of injury mechanism as well as TBI varied greatly
between studies. Although expanding the severe injury
mechanism definition may have identified additional patients with clinically important TBI, injury mechanisms
were categorized a priori based on previous literature and
biological plausibility. Of greatest importance, our study
reports the risk of clinically important TBI in children
with a severe injury mechanism and no other signs of TBI,
defined by either the absence of other PECARN TBI rule
predictors or the absence of any other signs or symptoms
suggestive of TBI.
The published PECARN TBI prediction rules identify a subset of children who are at very low risk of clinically important TBI for whom clinicians can safely forgo
an emergent CT scan. However, not all children who are
not classified as very low risk by the PECARN TBI rules
require neuroimaging because other clinical factors and
clinician judgment are pertinent. In our study, we demonstrate that the risk of clinically important TBI is quite

Table 3. Risk of Clinically Important TBIs for Children With
Isolated SIMs With 1 Additional Age-Specific PECARN
Head Trauma Prediction Rule Criterion for Patients
Younger Than 2 Years or 2 Years or Older
Clinically Important TBI
PECARN Head Trauma
Prediction Rule Factors
Children ⬍2 y
Isolated severe injury mechanism
Plus 1 additional PECARN clinical
predictor
Altered mental status a
Nonfrontal scalp hematoma
Loss of consciousness ⱖ5 s
Palpable skull fracture
Not acting normally per parent
Children ⱖ2 y
Isolated severe injury mechanism
Plus 1 additional PECARN clinical
predictor
Altered mental status a
Any loss of consciousness
History of vomiting
Clinical signs of basilar skull
fracture
Severe headache

No.

Row % (95% CI)

4 of 1330

0.3 (0.1-0.8)

3 of 103
9 of 258
2 of 57
0 of 22
1 of 156

3 (0.6-8)
3 (2-7)
4 (0.4-12)
0 (0-15)
0.6 (0-4)

12 of 2300

0.5 (0.3-0.9)

11 of 272
16 of 622
5 of 125
0 of 13

4 (2-7)
3 (1-4)
4 (1-9)
0 (0-25)

0 of 28

0 (0-12)

Abbreviations: PECARN, Pediatric Emergency Care Applied Research
Network; row %, percentage of children within predictor group; SIM, severe
injury mechanism; TBI, traumatic brain injury.
a Defined as a Glasgow Coma Scale score lower than 15, agitation,
sleepiness, slow responses, or repetitive questioning.

low in children with severe injury mechanisms without
other PECARN TBI predictors. The presence of additional predictors, however, increases this risk in a nonnegligible fashion. For example, the risk of clinically important TBI increases substantially when a second factor is
present in addition to severe injury mechanism (although
the number of children in some of these subgroups was quite
small). The risk of clinically important TBI is substantially lower in patients with no PECARN predictors other
than a severe injury mechanism. Of note, the 3 children
with a severe injury mechanism and no other apparent
symptoms or signs of TBI who nevertheless had a clinically important TBI did not require neurosurgery. All 3 of
these patients had evidence of facial trauma, however, and
2 had multisystem trauma. Therefore, many children with
blunt head trauma with isolated severe injury mechanisms and no initial signs or symptoms of TBI may be observed for a period of time before CT decision making, and
CT may be obviated if no signs or symptoms appear.
Our study has several potential limitations. Only 76%
of all eligible patients seen at participating sites during
the study period were included in this substudy. However, patients enrolled in the original study did not differ significantly from those not enrolled, either by patient age or prevalence of TBI identified by CT scan,
suggesting that we enrolled a nonbiased sample.14 Furthermore, not all children had a cranial CT performed,
although all study patients had some form of clinical follow-up allowing accurate assessment of the primary outcome (clinically important TBI). In addition, the possibility exists that clinicians completing study forms may
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not have used standardized definitions for injury
mechanisms. However, a previous analysis of this study
population has demonstrated excellent interrater reliability for injury mechanism ( statistic, 0.83; lower
confidence limit, 0.81).17 It is important to note that
caregivers of children after nonaccidental trauma may
not report injury mechanism accurately. Therefore, ED
clinicians must always maintain a high index of suspicion of child abuse when evaluating any child with
injuries.
Children with blunt head trauma and isolated severe
injury mechanisms are at very low risk for having clinically important TBIs. All children with blunt head trauma
and severe injury mechanisms require a careful history
and physical examination by an ED health care provider
skilled in the evaluation of children. Clinical observation for development of symptoms or signs of TBI may
provide an effective clinical strategy for many of these
patients with isolated severe injury mechanisms. After
careful evaluation and observation without development of signs or symptoms of TBI, many children with
isolated severe injury mechanisms may not require emergent neuroimaging.
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