
ORIGINAL CONTRIBUTION

The Infant Scalp Score: A Validated Tool
to Stratify Risk of Traumatic Brain Injury in
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ABSTRACT

Objectives: The objective was to validate the previously derived Infant Scalp Score (ISS) that uses clinical signs
in infants with isolated scalp hematoma (ISH) after head trauma to stratify risk for clinically important traumatic
brain injury (ciTBI) or TBI on computed tomography (CT).

Methods: Using the publicly available Pediatric Emergency Care Applied Research Network TBI data set, we
selected infants ≤ 1 year with GCS 14 to 15 who had ISH (defined as hematoma without other signs/symptoms
of TBI). CT scans were obtained at the treating physician’s discretion. We calculated ISS based on age,
hematoma size, and location (range = 0–8) for each patient and calculated the sensitivity and specificity of the
score for ciTBI and TBI on CT across a range of ISS cut-points.

Results: We included 1,289 infants ≤ 1 year of whom 462 (36%) had CT performed. Twelve had ciTBI and 59
had TBI on CT. An ISS cutoff ≥ 4 had sensitivity of 100% for ciTBI (95% confidence interval [CI] = 0.74 to 1.0)
and TBI with specificity of 0.49 (95% CI = 0.46 to 0.51). An ISS cutoff of ≥5 had a sensitivity of 100% for ciTBI
(95% CI = 0.74 to 1.0) and specificity of 0.68 (95% CI = 0.66 to 0.71), but missed three infants with TBI on CT
(none of whom required intervention). The receiver operating characteristic curves for clinical score to detect ciTBI
and TBI had areas under the curve of 0.916 and 0.807, respectively.

Conclusions: The ISS accurately stratified risk for ciTBI and TBI on CT in infants with ISH and is a useful tool to
help guide clinical decision making.

Scalp swelling can be the only sign of traumatic
brain injury (TBI) in many head-injured infants,

and nonfrontal scalp hematoma was found to be one
of six factors associated with a clinically important TBI
(ciTBI) in the validated clinical prediction rule derived
in the Pediatric Emergency Care Applied Research
Network (PECARN) large multicenter cohort study of
infants and children with minor head trauma.1 How-
ever, most infants with a scalp hematoma will not

have a clinically significant head injury. Risk stratifica-
tion to determine who should have computed tomog-
raphy (CT) imaging is of particular importance in
these youngest patients because they are the most diffi-
cult to assess and also the most sensitive to the effects
of ionizing radiation.2,3

Among young children with scalp hematoma,
patient age, hematoma size, and hematoma location
have each been associated with TBI. The previously
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derived Scalp Score (range = 0–8) combined these pre-
dictors to stratify risk of skull fracture and TBI and
was validated in a prospective cohort of 203 head-in-
jured patients younger than 2 years with blunt minor
head trauma presenting to a single emergency depart-
ment (ED).4,5 A planned subanalysis of the PECARN
data set for 2,998 children younger than 2 years with
isolated scalp hematoma (ISH) found that these same
variables as well as mechanism of injury were associ-
ated with TBI;6 however, the presence or absence of
individual predictors is less informative for an individ-
ual patient’s specific risk and provides more limited
guidance about need for imaging than a composite
score that incorporates multiple predictors. Prior stud-
ies of scalp hematoma as a risk factor for TBI have
included infants and children younger than 2 years of
age; however, the risk of TBI in children age 1 to
2 years with ISH is very low.4–7

Our objective was to use the large publicly available
PECARN TBI data set to determine the ability of the
scalp score to identify infants younger than 1 year with
ISH who have ciTBI and TBI on CT with the goal of
enabling clinicians to better determine which infants
can safely forgo imaging, thus limiting unnecessary
radiation exposure.

METHODS

Study Design and Setting
Our study utilizes the publicly available PECARN TBI
data set, collected during a prospective observational
cohort study conducted at 25 PECARN centers
between June 2004 and September 2006.1 Full proto-
col details have been previously described. The institu-
tional review board (IRB) approved study procedures
at each participating center; our IRB determined that
this secondary analysis was exempt from review.

Selection of Participants
The parent TBI study included a consecutive sample of
children with Glasgow Coma Scale scores of 14 or 15 after
blunt head trauma who presented to the ED within
24 hours of the initial injury. Patients with trivial head
trauma mechanisms were excluded as well as those with
penetrating trauma, preexisting neurologic disorders includ-
ing brain tumors, ventricular shunts, bleeding disorders, or
neuroimaging performed prior to study enrollment.
For this study we selected infants younger than

1 year of age with ISHs defined as scalp hematoma
without other clinical findings on initial ED history

and physical examination (Table 1), utilizing the
PECARN “extensive” definition for ISH and adding
“no bulging fontanel.”6 We did not include children
missing any of the listed signs or symptoms because
we could not be certain that the child had an ISH.

Method of Measurement
A faculty or fellow physician performed a standardized
history and physical examination at the time of initial
evaluation and documented the findings on the study
data form. Cranial CT scans were obtained at the discre-
tion of the treating clinician. Physicians categorized scalp
hematoma size as small (<1 cm or barely palpable), med-
ium (1 to 3 cm), or large (>3 cm). As part of the TBI par-
ent study, interobserver agreement of findings from
patient history and physical examination was determined
on a convenience sample of 4% of patients. Presence of
scalp hematoma (j = 0.66, 95% lower confidence limit
[LCL] = 0.62), scalp hematoma location (j = 0.87, 95%
LCL = 0.79), and hematoma size (j = 0.74, 95%
LCL = 0.68) had substantial interobserver agreement.8

Follow-up
In the PECARN TBI study, study staff reviewed medi-
cal records of all hospitalized children and conducted
standardized telephone interviews at least 7 days after
the initial ED visit for children discharged without a
CT performed (79% successfully contacted). For chil-
dren who could not be contacted, study teams
reviewed medical records, trauma registries, process
improvement reports and morgue records to ensure
identification of children with a ciTBI.

Scalp Score
We calculated the previously derived scalp score using
patient age, hematoma size, and hematoma location
for every subject (Table 2). Scalp scores ranged from 1
(lowest risk) to 8 (highest risk), since only infants

Table 1
Definition of ISHs for Children Younger Than 1 Year of Age (All of
the Following)

No history of loss of consciousness.
Acting normally per parents/guardian
Pediatric GCS score of 15.
No signs of altered consciousness
No palpable skull fracture.
No signs of basilar fracture.
No neurologic deficits.
No vomiting after the head trauma.
No seizure after the head trauma.
No bulging fontanel.

GCS = Glasgow Coma Scale; ISH = isolated scalp hematoma.
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younger than 1 year were included. For children with
more than one scalp hematoma, we selected the one
with highest score.

Outcome Measures
Our primary outcome was ciTBI and our secondary
outcome was TBI on CT. For infants who did not
have a cranial CT performed, clinical follow-up was
used to assess for the presence or absence of the pri-
mary outcome. ciTBI was defined as death from TBI,
requiring a neurosurgical procedure for TBI, intuba-
tion for at least 24 hours for TBI, or hospitalization
for 2 or more nights for head trauma associated with
TBI on CT. TBI on CT was defined as the presence
of any intracranial bleeding, pneumocephalus, cerebral
edema, skull fracture depressed by at least the thick-
ness of the skull, or diastasis of the skull.

Primary Data Analysis
First, we used descriptive statistics to describe the
study population. Next, we calculated the rates of
imaging, TBI, and ciTBI by score. We then con-
structed receiver operator characteristic curves for the
Infant Scalp Score (ISS) to detect TBI and ciTBI.
Confidence intervals (CIs) around test statistics were
derived using the method of Clopper and Pearson for
binomials. Statistical analyses were performed using
Stata v 14 (StataCorp).

RESULTS

Characteristics of Study Subjects
Of the 43,904 children enrolled in the parent study
1,289 infants younger than 1 year met the definition
of ISH. Clinical characteristics and disposition for
infants with an ISH are described in Table 3.

Main Results
1,289/5,441 (24%) infants < 1 year had an ISH of
whom 462 (36%) had cranial CT performed. Of
these, 12 (2.6% of imaged and 0.9% of entire group)

had a ciTBI and 59 (12.7% of imaged and 4.6% of
the entire group) had a positive CT. The rate of
obtaining a cranial CT, TBI, and ciTBI increased with
higher scalp scores (Table 4).
No infant with an ISH and a scalp score < 5 had a

ciTBI and no infant with an ISH and a scalp score < 4
had TBI on CT. Scores higher than these indicated

Table 2
Scalp Score

Risk Points
Patient

Age (months)
Hematoma

Size
Hematoma
Location

0 >12 None Frontal

1 6–11 Small Occipital

2 3–5 Medium Temporal/Parietal

3 0–2 Large

Table 3
Characteristics of Children Younger Than 1 year

Total Patients
With ISH
(n = 1,289)

Patients With
ISH Who Had
CT (n = 462)

Age (months)

<3 193 (15.0) 132 (28.6)

3–6 239 (18.5) 116 (25.1)

6–12 857 (66.5) 214 (46.3)

Male 703 (54.5) 251 (54.3)

Scalp score

1 22 (1.7) 5 (1.1)

2 165 (12.8) 17 (3.7)

3 433 (33.6) 84 (18.2)

4 252 (19.6) 87 (18.8)

5 205 (15.9) 99 (21.4)

6 116 (9.0) 84 (18.2)

7 73 (5.7) 64 (13.9)

8 23 (1.8) 22 (4.8)

Disposition

Home 1,186 ( 92.0) 361 (78.1)

OR 0 0

Admit–general 54 (4.2) 54 (11.7)

Admit–short-stay 24 (1.9) 23 (5.0)

ICU 17 (1.3) 17 (3.7)

Transferred/other 8 (0.6) 7 (1.5)

Death in ED 0 0

Data are reported as n (%).
ICU = intensive care unit; ISH = isolated scalp hematoma; OR =
odds ratio.

Table 4
Rates of Imaging, TBI, and ciTBI by Score

Score N = 1,289
CT Performed CT With TBI ciTBI
(n = 462) (n = 59) (n = 12)

1 22 (1.7) 5 (1.1) 0 0

2 165 (12.8) 17 (3.7) 0 0

3 433 (33.6) 84 (18.2) 0 0

4 252 (19.6) 87 (18.8) 3 (5.1) 0

5 205 (15.9) 99 (21.4) 8 (13.6) 2 (16.7)

6 116 (9.0) 84 (18.2) 20 (33.9) 3 (25.0)

7 73 (5.7) 64 (13.9) 18 (30.5) 4 (33.3)

8 23 (1.8) 22 (4.8) 10 (17.0) 3 (25.0)

ciTBI = clinically important traumatic brain injury; TBI = traumatic
brain injury.
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increasingly higher risk for complications (Figures 1
and 2). The sensitivity and specificity for detecting ciTBI
and TBI at various clinical score cutoffs are described
graphically in receiver operating characteristic curves
(Figures 3 and 4). The areas under the curve for ciTBI
and TBI are 0.916 and 0.807, respectively.

Using a scalp score cutoff of ≥4 to obtain a cranial
CT, no TBI and no ciTBI would be missed; however,
669 of 1,289 (52%) patients would have been imaged.
Using a cutoff of ≥5, no infants with ciTBI and three
with TBI would have been missed, but only 417 of
1,289 (32%) would have imaged.
The three patients with a scalp score of 4 who had

TBI on CT were as follows: 1) a 1-month-old with
cerebral hemorrhage, 2) a 1-month-old with an extraax-
ial hematoma, and 3) a 5-month-old with epidural
hematoma and skull fracture. Sizes of the intracranial
hemorrhages were not recorded. However, none of
these infants required neurosurgery nor hospital
admission more than 1 night.

DISCUSSION

The ISS reliably stratified the risk for both ciTBI and
TBI on CT in a secondary analysis of more than
1,200 prospectively enrolled infants with an ISH after
minor blunt head trauma included in the PECARN
TBI study.
The clinician’s goal is to identify infants and chil-

dren with complications of head trauma while limiting
cranial CT utilization, given concerns for both ioniz-
ing radiation exposure and resource utilization. The
three highest-quality minor head trauma clinical predic-
tion rules for children each include scalp hematoma
as a predictor for TBI.1,9,10 However, the overall inci-
dence of TBI in infants with ISH is low and not all
of these patients require imaging. In a secondary anal-
ysis of the PECARN TBI study of children < 2 years
of age with an ISH, younger age, nonfrontal location

0.9 2.3
2.2 3.6
6.3 8.1
9.4 11.4

20.4 22

0
5
10
15
20
25
30
35
40
45
50
55
60
65

1 2 3 4 5 6 7 8

% TBI

Scalp Score

Figure 1. TBI by scalp score. TBI = traumatic brain injury.
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Figure 2. Clinically important TBI by scalp score. TBI = traumatic
brain injury.

Figure 3. Receiver operating characteristic (ROC) curve for ISS to
detect ciTBI. ISS = Infant Scalp Score; TBI = clinically important
traumatic brain injury.

Figure 4. Receiver operating characteristic (ROC) curve for ISS to
detect TBI on CT. ISS = Infant Scalp Score; TBI = traumatic brain
injury.
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and larger hematoma size location as well as mecha-
nism of injury were each associated with higher risk of
TBI; however, each predictor in isolation gives limited
guidance regarding an individual infant’s specific risk.6

A more recent study compared PECARN and CHA-
LICE prediction rules for risk of ciTBI/TBI in infants
with ISH using a large prospective cohort of head-in-
jured children enrolled in EDs located in Australia
and New Zealand.11 Using the PECARN rule the risk
of ciTBI in infants younger than 1 year with ISH was
0% (95% CI = 0.3% to 3.3%), compared with 20%
(95% CI = 8.4% to 36.9) using the CHALICE predic-
tion rule. However, for the PECARN analysis the
numbers were low (109 infants) and 12.5% had TBI
on CT. Additionally, only overall risk for ciTBI and
TBI on CT were reported without more granular anal-
ysis of specific predictors.
The scalp score, similar to other scoring systems

(e.g., the Pediatric Appendicitis Score), combines pre-
dictor variables in a multivariate model to more pre-
cisely risk stratify head-injured infants.12 Although the
PECARN secondary analysis identified similar individ-
ual risk factors for ciTBI and TBI as the scalp score
(as well as mechanism of injury), it does not provide
the clinician with the specific risk for any one patient.
The scalp score is a convenient tool that provides a
quantified risk of ciTBI/TBI for any head-injured
infant with ISH, better enabling the clinician to make
informed decisions about the need for cranial CT.
Despite high-quality predictive models, the rates of

cranial CT for head-injured children have remained
constant in many settings. A recent study using the
National Hospital Ambulatory Care Medical Survey, a
database of nationally representative ED visits, found
no decrease in CT use for head trauma from 2007 to
2015, spanning the time before and after the
PECARN publication.13 Although overall rates for
children younger than 2 years were lower than older
children, rates over time were not reported by age
group. The scalp score further refines recommenda-
tions for infants with ISH, which account for 24% of
head-injured infants in this age group. Using the scalp
score, a validated tool providing specific risk for com-
plications, might enable and encourage clinicians
(many of whom are uncomfortable assessing preverbal
infants) to forego cranial CT for lower risk patients, a
desirable goal in patients at highest risk for sequelae
from ionizing radiation. Of note, in the PECARN
study 107 CTs (23% of all CTs obtained for infants
with ISH) were in low-risk infants with a scalp score

of 3 or less. Further refined recommendations are of
particular value in this group as observation prior to
CT decision-making, a powerful strategy for the man-
agement of many head-injured children, is of more
limited utility for infants with ISH as the hematoma
will not resolve during observation.14

We calculated the scalp score’s predictive ability for
both ciTBI as well as TBI to inform clinical decision
making for both. The long-term clinical impact of TBI
on CT that does not require an acute intervention has
not been established as long-term follow-up studies of
these infants are lacking. Regardless of need for interven-
tion, clinicians and caregivers may be reluctant to miss a
young infant’s TBI on CT as its importance with respect
to developmental and neurocognitive sequelae is unclear.
It is important to note that because the score is a

composite, a given score may represent a heteroge-
neous population (e.g., a “6” could represent a 1-
month-old with a medium occipital hematoma or a 7-
month-old with a large parietal hematoma). It is possi-
ble that their risks are not identical; however, the score
performed well taking all of these variables into con-
sideration.
It would be possible to make a more specific rule

(e.g., adding in mechanism, having a higher score for
age < 3 months); however, it would be a tradeoff with
the rule’s ease of use. Given the performance of the
current rule, we chose to not alter it so as to maintain
a user-friendly rule for clinicians.
The scalp score was not designed to be applied to,

nor should it be used for, head-injured infants for
whom nonaccidental trauma is a concern. Studies
have shown that abused infants with TBI may have
no signs or symptoms of head trauma and the
PECARN clinical prediction rule was less sensitive for
identifying ciTBI in physically abused young chil-
dren.15,16 Treating clinicians must maintain a high
level of clinical suspicion for nonaccidental trauma
when caring for young head-injured infants.

LIMITATIONS

Our study has several limitations. First, the patient data
were obtained from the publicly available PECARN
head trauma data set; therefore, assessment of more
granular data was limited. Additionally, infants who did
not undergo CT may have had an unrecognized TBI on
CT. However, all infants had standardized clinical fol-
low-up and none were reported to have a TBI or ciTBI
diagnosed after the index ED encounter.
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CONCLUSIONS

The previously described scalp score accurately strati-
fied the risk of clinically important traumatic brain
injury and traumatic brain injury on computed tomog-
raphy in infants with an isolated scalp hematoma.
This score can aid clinicians to better determine which
infants with an isolated scalp hematoma should have
a cranial computed tomography to avoid missing clini-
cally important traumatic brain injury or traumatic
brain injury while avoiding unnecessary ionizing radia-
tion exposure for low-risk infants.
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