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BACKGROUND: Abusive head trauma is the leading cause of death from physical abuse.

abstract

Misdiagnosis of abusive head trauma as well as other types of brain abnormalities in infants
is common and contributes to increased morbidity and mortality. We previously derived the
Pittsburgh Infant Brain Injury Score (PIBIS), a clinical prediction rule to assist physicians
deciding which high-risk infants should undergo computed tomography of the head.
METHODS: Well-appearing infants 30 to 364 days of age with temperature <38.3°C, no history

of trauma, and a symptom associated with an increased risk of having a brain abnormality
were eligible for enrollment in this prospective, multicenter clinical prediction rule
validation. By using a predefined neuroimaging paradigm, subjects were classified as cases
or controls. The sensitivity, specificity, and negative and positive predictive values of the
rule for prediction of brain injury were calculated.
RESULTS: A total of 1040 infants were enrolled: 214 cases and 826 controls. The 5-point PIBIS
included abnormality on dermatologic examination (2 points), age ≥3.0 months (1 point),
head circumference >85th percentile (1 point), and serum hemoglobin <11.2g/dL (1 point).
At a score of 2, the sensitivity and specificity for abnormal neuroimaging was 93.3% (95%
confidence interval 89.0%–96.3%) and 53% (95% confidence interval 49.3%–57.1%),
respectively.
CONCLUSIONS: Our data suggest that the PIBIS accurately identifies infants who would benefit

from neuroimaging to evaluate for brain injury. An implementation analysis is needed
before the PIBIS can be integrated into clinical practice.
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WHAT’S KNOWN ON THIS SUBJECT: Abusive head
trauma (AHT) is the leading cause of death from
physical abuse. Identiﬁcation of AHT, particularly in
its mild forms, is difﬁcult; missing the diagnosis can
result in increased morbidity and mortality.
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WHAT THIS STUDY ADDS: The Pittsburgh Infant
Brain Injury Score may be able to assist physicians
to decide whether an infant at increased risk for
AHT would beneﬁt from computed tomography of the
head.
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Abusive head trauma (AHT) is the
leading cause of death from traumatic
brain injury in infants1–3 and the
leading cause of death from physical
abuse in the United States.4
A retrospective study using the
Centers for Disease Control and
Prevention definition of AHT
demonstrated a rate of ∼1 in 3000
infants.5 Studies in other countries
suggest similar incidences.6,7
Proper diagnosis of mild AHT is
difficult because caretakers rarely
provide an accurate history,8 infants
present with nonspecific symptoms,
such as vomiting or fussiness,
and physical examination is often
normal.9–11 As a result, misdiagnosis
is common and can have catastrophic
medical consequences.11–13 In a
landmark study,12 31% (54/173) of
children diagnosed with AHT were
evaluated previously by a physician
for symptoms compatible with brain
injury. A multicenter study 15 years
later demonstrated a similar rate
of missed diagnoses (M. Letson,
MD, MEd, personal communication,
2016), suggesting that early, accurate
diagnosis of AHT continues to be
challenging.
Although AHT is the leading cause
of morbidity and mortality from
brain injury in infants, infants with
atraumatic neurologic abnormalities,
such as hydrocephalus or a brain
tumor, and infants with traumatic
injuries that are not due to abuse, can
present with the same symptoms as
infants with AHT. Timely diagnosis
of these non-AHT–related brain
abnormalities also can be difficult for
the same reasons as early recognition
of AHT can be difficult: physicians
may not consider a brain abnormality
as a cause of the infant’s symptoms.
Clinical prediction rules (CPR)
are tools that quantify the
contributions that components of
the history, physical examination,
and laboratory tests make toward
a patient’s diagnosis.14 CPRs are
particularly useful in diseases in

2

which clinical stakes are high and
clinical experience and intuition are
insensitive.15
The Pittsburgh Infant Brain
Injury Score (PIBIS) CPR was
retrospectively derived based on data
from 187 infants (150 without brain
injury and 37 with mild AHT) who
presented to a tertiary care children’s
hospital for evaluation of nonspecific
symptoms (R.P.B., unpublished data).
A 5-step CPR derivation process was
performed.16 Five predictor variables
were identified: age ≥3 months,
head circumference percentile >90%,
serum hemoglobin <11.2 g/dL,
abnormality on neurologic or
dermatologic examination, and a
previous emergency department
(ED) visit for a high-risk symptom.
The receiver operator characteristic
(ROC) curve using these predictor
variables showed an area under the
curve (AUC) of 0.87 (95% confidence
interval [CI] 0.80–0.95).
The current study was designed as a
multicenter, prospective validation
and refinement of the PIBIS CPR.

METHODS
Subjects
The protocol was approved by
the institutional review boards at
Children’s Hospital of Pittsburgh
of UPMC (CHP), Primary Children’s
Hospital in Salt Lake City, Utah
(SLC), and Ann & Robert H. Lurie
Children’s Hospital of Chicago
(CHG). Enrollment at CHP started
on October 1, 2006, SLC on June 1,
2010, and CHG on January 1, 2011.
Consent was obtained except in cases
of suspected abuse in which a waiver
of informed consent was approved by
all 3 institutional review boards.

Enrollment Criteria
Children were eligible if they were
30 to 364 days of age, well-appearing,
and presented to a participating ED
with a temperature <38.3°C, without
a history of trauma and for evaluation

of a symptom that is associated with
an increased risk of AHT11,12 (Table 1).
The only exclusion criterion was
having a previously abnormal
computed tomography (CT) scan of
the head.

Measures
At Enrollment
History of present illness, past
medical history including previous
ED visits, results of laboratory
and radiologic testing, neurologic
and dermatologic examination
findings, serum hemoglobin, head
circumference, and discharge
diagnoses were collected. Neurologic
and dermatologic examinations
were recorded prospectively by the
attending ED physician by using a
checklist (Fig 1). If serum hemoglobin
or neuroimaging were not done for
clinical care, consent was obtained
to participate in research. Due to
increasing concern by treating
physicians regarding radiation
exposure, no research CTs were
performed after May 1, 2012. No data
about socioeconomic status or social
history were collected.

Follow-up
Subjects were tracked by medical
record review for 6 months after
enrollment or up to 1 year of age,
whichever came later. The goal of
follow-up was to identify subjects
with abnormal neuroimaging during
the follow-up period and/or those
who had neuroimaging performed
to follow up on symptoms at
enrollment.

Classiﬁcation of Subjects
Subjects were classified as cases
or controls based on the results
of neuroimaging. Neuroimaging
was classified dichotomously by
using a paradigm developed a
priori (Table 2). Controls included
subjects with normal neuroimaging
or no neuroimaging at enrollment
and during follow-up. Cases
included subjects with abnormal
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TABLE 1 Study Inclusion Criteria
Inclusion Criteria: All 4 Criteria Must Be Met
30–364 d of agea AND
Well-appearing AND
Temperature <38.3°C AND
No history of trauma AND

Seeking medical evaluation for 1 of the following
symptoms
(1) ALTE/apnea

Deﬁnition
Self-explanatory
Deﬁned as GCS score of 13–15 OR by description of the
attending physician when no GCS score assigned
Deﬁned as no measured temperature ≥38.3°C in the
previous 24 h
History of trauma not given by caretaker as the reason
for seeking medical care. If history of trauma
was later provided by caretakers, this was not
considered to be a history of trauma for purposes
of eligibility
ALTE as deﬁned by the National Institutes of Health17
Vomiting without diarrhea deﬁned as >4 episodes of
vomiting in the previous 24 h OR ≥3 episodes of
vomiting per 24 h for the previous 48 h

(2) vomiting without diarrhea
(3) seizures or seizurelike activity
(4) soft tissue swelling of the scalp
(5) bruising
(6) other nonspeciﬁc neurologic symptom
not described above, such as lethargy,
fussiness, or poor feeding

CTs and MRIs were interpreted
as part of clinical care and by a
study neuroradiologist (L.F.).
When there was a difference
between interpretations, a pediatric
neurosurgeon (E.C.T.K.) reviewed
the images and consensus was
reached. SLC and CHG images were
de-identified.
AHT diagnosis was defined as a brain
injury that was assessed by each
site’s hospital-based Child Protection
Team (CPT) as being due to definite
or probable, but not possible, abuse.
Using the assessment of the CPT is a
common way to define AHT in clinical
research.1,12,18

Statistical Analysis
Demographics, descriptive data,
and site-to-site comparisons were
calculated by using descriptive
statistics. A P < .05 was considered

Weights were assigned to each
variable based on the relative
magnitude of the regression
coefficients in the logistic regression
and these were used to generate the
PIBIS. The formulas developed with
these weights were evaluated by
using ROC curves.

RESULTS

GCS; Glasgow Coma Scale Score.
a Children <30 d of age were excluded because the validation of PIBIS was part of a larger study evaluating the use of
serum biomarkers to identify brain injury. Because serum biomarkers of brain injury are often abnormal in healthy
infants <30 d of age, neonates were excluded from the entire study.

neuroimaging at enrollment or
during follow-up. Cases were
further classified into those with
possible traumatic, probable/
definite traumatic, and atraumatic
abnormalities.

11.2, 11.4, and 11.5g/dL were,
therefore, tested. Each predictor
variable was then recoded as a binary
value and logistic regression was
used to evaluate the relationship
between each binary predictor
variable and group.

statistically significant. Listwise
deletion was used to handle missing
data. All statistics were performed
using IBM SPSS version 22.0 (IBM
SPSS Statistics, IBM Corporation,
Chicago, IL).

PIBIS Validation and Reﬁnement
The 5 predictor variables identified
in the retrospective derivation
were reevaluated; variables with a
nonsignificant log odds ratio and that
failed to increase logistic regression
model fit statistics when predicting
group (case versus control) were
dropped from further analysis. For
the remaining predictor variables,
the cut-points identified in the
retrospective derivation, as well as
several additional cut-points, were
tested. Additional cut-points were
examined to see whether minor
changes would improve the odds
ratio, model fit statistics, and/or
accuracy of PIBIS. The additional cutpoints were based on mathematical,
rather than clinical, criteria. For
example, the previous cutoff for
hemoglobin was 11.3 g/dL; 11.1,

From October 2006 to April 2014,
1040 subjects were enrolled: 801
at CHP, 138 at SLC and 101 at CHG.
Mean (SD) age was 4.7 (3.1) months;
52% were boys and 78% were white.
Fifty-nine percent came directly to
the ED and 40% were transferred
from a physician office (30%) or
referring hospital (10%). Subjects
presented due to seizurelike activity
(25%), apparent life-threatening
event (ALTE) (19%), vomiting (16%),
fussiness (16%), scalp swelling (8%),
bruise (6%), or a combination of
symptoms (10%).

Classiﬁcation of Subjects as Cases
Versus Controls
Of the 1040 subjects, 826 (79%)
were classified as controls and
214 (21%) as cases. There was
no difference between sites in the
proportion of cases. Overall, 507
(61%) of 826 of controls underwent
head CT and/or MRI at enrollment
or during follow-up. Eighty-three
(10%) of the CTs were performed for
research.
Among the 214 cases, 213 had
neuroimaging at enrollment. The
case without imaging at enrollment
presented with seizures 2 weeks
after enrollment; MRI showed
chronic subdural hemorrhage. Of the
214 neuroimaging abnormalities,
166 (78%) were probable/definite
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Evaluation of Predictor Variables By
Using Logistic Regression
The variables “a previous ED visit for
a high-risk symptom” and “neurologic
examination” had nonsignificant log
odds ratio and failed to increase the
logistic regression model fit statistics
and were, therefore, removed from
further analysis. The previously
established cut-points for the other
predictor variables were robust; the
only variable for which there was a
change in the cutoff relative to the
derivation was head circumference,
which decreased from 90% to 85%.
When all 3 sites were included,
the overall χ2 test was statistically
significant (χ2 = 243.18, P < .001).
Using the cut-points in the logistic
regression yielded sensitivity and
specificity that were nearly identical
to the data in their continuous form
(Table 3).

ROC Curve

FIGURE 1
Physical Examination Assessment for Clinical Prediction Rule Study.

trauma, 29 (13%) were
possible trauma, and 19 (9%)
were atraumatic abnormalities that
included hydrocephalus
(n = 6), cortical dysplasia
(n = 7), tumors (n = 2), stroke (n = 1),
arteriovenous malformation
(n = 1), craniosynostosis (n = 1),
and tuberous sclerosis (n = 1).
AHT was diagnosed in 109 subjects;
all 109 were classified as probable/
definite trauma by the paradigm in
Table 2. There were also 51 subjects
assessed by the CPT as having
possible AHT; 28 had skull fractures
without intracranial hemorrhage,
12 had skull fractures with an
underlying hemorrhage, 5 had
chronic subdural hemorrhages, and
5 had acute extra-axial hemorrhage

4

with atypical clinical circumstances
(eg, moderate/severe volume loss).
With the exception of children who
presented with scalp swelling, in
whom 75 (87%) of 86 were cases,
a similar proportion of subjects
with each presenting symptom was
classified as cases: 35 (14%) of 260
infants with a seizure, 23 (12%) of
197 with an ALTE/apnea, 24 (15%)
of 165 with fussiness, 19 (12%) of
161 with vomiting, and 13 (20%) of
65 with a bruise.

Subjects With Noncranial Abuse
Sixty-nine subjects without brain
injury were diagnosed with
noncranial abuse; 34 had abusive
fracture(s) and 35 had abusive
dermatologic injury.

The 5-point PIBIS was computed
by using the following weights:
abnormal dermatologic examination
(2 points), age ≥3.0 months (1 point),
head circumference >85th percentile
(1 point), and serum hemoglobin
<11.2 g/dL (1 point) (Table 4). The
ROC curve using these cutoffs had
an AUC of 0.83 (95% CI 0.80–0.86)
(Fig 2). The AUCs for each site were
similar: CHP 0.83 (95% CI 0.80–0.86),
CHG 0.82 (95% CI 0.72–0.91), and
SLC 0.83 (95% CI 0.74–0.91).

Missing Data
Eighty-one percent of subjects had
data available for all 4 CPR variables,
18% had 1 missing variable, and 1%
had 2 missing variables. There was
no difference between sites in terms
of the proportion of subjects with
full data (χ2 = 9.35, P = .53). There
was a difference in the proportion
of subjects with missing data by
group: 3% of subjects with abnormal
neuroimaging, 11% of subjects with
normal neuroimaging, and 41% of
subjects without neuroimaging had
missing data.
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TABLE 2 Neuroimaging Classiﬁcation Paradigm
Classiﬁcation

Deﬁnition and Examples

Normal/
clinically
insigniﬁcant
abnormality

Clinically insigniﬁcant abnormality deﬁned as an incidental ﬁnding that does not result in
any follow-up or is unrelated to the clinical presentation. These include the following:
(1) mild prominence/enlargement or asymmetry of ventricles
(2) prominent suture(s) or vascular grooves
(3) enlarged posterior fossa
(4) plagiocephaly
(5) mild volume loss
(6) resolving cephalohematomaa
(7) small cysts
(8) isolated soft tissue swellingb
(9) sequelae of birth trauma (eg, periventricular leukomalacia, intraventricular
hemosiderin, incidental ﬁnding of posterior fossa subdural)
(10) benign extra-axial ﬂuid of infancy
Equivocal deﬁned as an interpretation prefaced by “possible,” “probable,” “suspicious
for,” “cannot rule out,” or “versus.” All ﬁndings initially assessed as equivocal
were subsequently categorized as “normal/clinically insigniﬁcant abnormality”
or “abnormal” based on clinical testing (eg, additional CTs or MRIs) occurring
during the follow-up period. If no follow-up testing was performed during the
follow-up period, then the equivocal ﬁnding was considered to be “normal/clinically
insigniﬁcant.”
Three categories:
Probable/deﬁnite traumac
(1) most cases of acute extra-axial hemorrhage
(2) skull fracture/skull fracture with underlying intracranial hemorrhage
(3) intraparenchymal contusion/hemorrhage
Possible trauma
(1) cases of acute extra-axial hemorrhage with atypical clinical circumstance (eg,
underlying bleeding disorder, with moderate/severe volume loss, with signiﬁcant
extra-axial spaces)
(2) chronic SDH (without acute SDH)
(3) moderate or severe volume loss
(4) laminar necrosis
(5) encephalomalacia
(6) cerebral edema (vasogenic or cytotoxic/stroke): localized or diffuse
Not trauma
(1) mass lesions/tumors/cavernoma
(2) hydrocephalus
(3) craniosynostosis/skeletal dysplasias/other bony abnormalities
(4) any type of cortical dysplasia
(5) Misc including tuberous sclerosis, Dandy-Walker malformation, arteriovenous
malformation, stroke

Equivocal

Abnormal

SDH, subdural hemorrhage.
a Can be traumatic, but is so commonly related to birth trauma in infants that it would not inﬂuence clinical care.
b Can be traumatic, but in the absence of a skull fracture or other evidence of trauma, it is far more likely to be due to
positioning or a normal variant and would not inﬂuence clinical care.
c All cases of AHT were classiﬁed as probable/deﬁnite trauma.

predictive value (PPV) were
calculated for the 862 subjects
with complete data. The sensitivity
for identification of abnormal

Sensitivity, Speciﬁcity, and Negative
and Positive Predictive Values
Sensitivity, specificity, negative
predictive value (NPV) and positive

neuroimaging at a score of 2 was
93.0% (95% CI 89.0%–96.0%). The
specificity for detection of abnormal
neuroimaging at a score of 2 was
53.0% (95% CI 49.0%–57.0%). The
NPV of a score of <2 for detection of
abnormal neuroimaging was 96.0%
(95% CI 93.6%–97.9%), meaning
that if a patient had a score of 0 or 1,
the clinician could be 96% confident
that the infant did not have a brain
injury. The PPV of a score ≥2 for
detection of abnormal neuroimaging
was 39.0% (95% CI 34.8%–43.6%).
There was no difference in the
sensitivity, specificity, NPV or PPV
among sites (Table 5).
Of the 69 subjects with noncranial
abuse, 64 had data available for all 4
predictor variables and 89% (57/64)
had a PIBIS score ≥2.

DISCUSSION
This multicenter prospective CPR
validation demonstrates that 4
easily measureable clinical variables
(dermatologic examination, age,
head circumference, and serum
hemoglobin) can help physicians
assess which well-appearing highrisk infants might benefit from a
head CT. The consistency in the data
among the 3 sites and between the
retrospective derivation and the
prospective validation support the
robustness of this CPR. As with all
CPRs, PIBIS is meant to supplement,
not replace, clinical judgment. PIBIS
was designed to be used in wellappearing infants in whom brain
injury may not be part of the initial
differential diagnosis; it should not
be used on infants needing emergent
neuroimaging.

TABLE 3 Logistic Regression Coefﬁcients for PIBIS
Variables

Abnormality on dermatologic
examination
Age ≥3.0 mo
Head circumference >85th percentile
Hemoglobin <11.2 g/dL

B

SE

Wald

df

P

Exp(B)

Lower

Upper

2.242

0.201

124.833

1

.000

9.414

6.353

13.951

0.730
1.221
0.950

0.216
0.227
0.201

11.391
28.952
22.433

1
1
1

.001
.000
.000

2.075
3.392
2.586

1.358
2.174
1.745

3.171
5.292
3.832
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TABLE 4 PIBIS

TABLE 5 Sensitivity and Speciﬁcity of the PIBIS
Variable

Abnormality on dermatologic
examination
Age ≥3.0 mo
Head circumference >85th percentile
Hemoglobin <11.2 g/dL

2

Score
1
1
1

The goal of PIBIS is not to decrease
the number of infants who undergo
the screening test, head CTs in this
case. Instead, the goal is to target
head CTs to those infants who are
most likely to have a positive result,
an important goal given the growing
concern about head CT use in young
children.19 Consistent with this goal
is that the proportion of infants who
would undergo head CT by using
PIBIS (55%) is almost identical to
the proportion who underwent
head CT as part of routine clinical
care (59%). In the case of mild
AHT in which published data
suggest that clinical judgment
has a sensitivity of ∼70%,12
our validation suggests that this
sensitivity can be increased to >90%
without an increase in head CT use.
At the same time, the very high NPV
when the PIBIS is 0 or 1 (96% [95%
CI 93.6%–97.9%]) demonstrates
that there is a cohort of low-risk
infants who can be safely discharged
without neuroimaging.
PIBIS is not designed to diagnose
AHT, but to prompt the treating
physician to consider the brain
as a possible etiology of an
infant’s symptoms. This is an
important distinction because
brain abnormalities, such as a
brain tumor, can present with the
same symptoms as AHT. That just
>50% (109/214) of the children
with abnormal neuroimaging
had definite/probable AHT is
evidence that AHT is just one of
many conditions that may present
with soft neurologic signs. At the
time PIBIS is applied, the cause
of the presenting symptom is not
known; as a result, sensitivity,

6

for Abnormal Neuroimaging at Each
Score

Points

0
1
2
3
4
5

FIGURE 2
ROC for 3 sites combined, ROC curve demonstrating ability to discriminate cases from
controls. AUC = 0.83 (95% CI 0.80–0.86), P < .00.

specificity, NPV, and PPV were
calculated for brain abnormalities
in general rather than for AHT
in particular. Importantly, PIBIS
appears to be able to identify
infants with both atraumatic and
traumatic abnormalities. If a head
CT demonstrates abnormalities that
may be consistent with AHT, then
a full evaluation for AHT would
need to be strongly considered.
The relatively small number of
patients with atraumatic conditions
relative to the number of patients
with AHT is consistent with the
fact that the incidence of AHT is
higher than that of brain tumors20
or hydrocephalus.21 The incidence
of AHT in this study was higher
than what we predicted when
performing our initial sample size
calculation. This was likely because
the study took place over a period
that included the Great Recession
when the rate of AHT increased
in multiple regions of the country,
including western Pennsylvania,
where most of the study subjects
were enrolled.22,23
PIBIS was developed to maximize
sensitivity with the goal of being able
to identify >90% of well-appearing
infants with AHT. Our data suggest
that using PIBIS with a cutoff score
of 2 would identify >90% of children
with abnormal neuroimaging with a

Sensitivity

Speciﬁcity

1.00
0.99
0.93
0.81
0.45
0.12

0
0.12
0.53
0.75
0.90
1.00

specificity of just >50%. Increasing
the cutoff to 3 would decrease
sensitivity to 81%, but would
increase the specificity to 75%.
Deciding whether to recommend a
cutoff of 2 or 3 depends, in part, on
the risk of neuroimaging. Although
head CT is currently the goldstandard test to evaluate for brain
injury in an ED setting and the one
that was used in the current study,
new data suggest that a rapid brain
MRI may be a viable alternative.24–26
By eliminating radiation exposure,
a rapid brain MRI would change
the risk-benefit ratio and the PIBIS
score at which one might obtain
neuroimaging.
The fact that close to 90% of the
subjects with noncranial abuse
had a PIBIS score of ≥2 is related
to the dermatologic variable.
Only dermatologic abnormalities
consistent with trauma, and not
atraumatic findings, such as rashes,
were included in this assessment.
Studies have demonstrated high
rates of abnormal head CTs in infants
with bruising,13,27 which has led the
American Academy of Pediatrics
to recommend neuroimaging in
nonmobile infants with noncranial
abuse.28 PIBIS is, therefore,
consistent with current clinical
recommendations.
The lack of predictive value of
“a previous ED visit for a highrisk symptom” and “neurologic
examination” was surprising given
their predictive strength in the
derivation. We hypothesize that
the lack of predictive value of the
previous ED visit relates to recall
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bias in the retrospective derivation.
Physicians routinely ask about
previous ED visits when evaluating
an infant for suspected abuse, but
may not ask about this history
for all infants presenting with
nonspecific complaints. The lack of
predictive value of the neurologic
examination likely relates to the
transient and subtle nature of
neurologic abnormalities, such as
fussiness.
We recognize that there is controversy
about whether to dichotomize
continuous predictor variables.29
Although accuracy is clearly important,
ease of use is also critical for success
of any CPR. For this reason, we
dichotomized the predictor variables,
similar to other studies.16,30,31
Because not all subjects had
neuroimaging, some cases may
have been misclassified as controls.
By tracking all subjects during
the follow-up period, we sought
to decrease the possibility of
misclassification. Furthermore, both
CHP and SLC, in which 90% of the
subjects were enrolled, are the only
regional level I trauma centers; all
children with suspected AHT in these
regions would be evaluated at the
participating hospital.
We cannot assess whether the
study itself affected physicians’
practice. In most cases, the treating
physician obtained consent to allow

investigators to approach families
and was, therefore, aware that the
study was designed to develop
a CPR for identification of brain
injury. This may have prompted the
treating physician to consider brain
injury in the differential diagnosis
and, therefore, order a head CT.
A final limitation is this was a
convenience sample. During the
study period, other children with
similar symptoms were evaluated
in the study EDs but were not
approached for enrollment. There
is no reason to believe, or are there
data to suggest, that infants who
come to an ED with nonspecific
symptoms at 2 AM, for example, are
different from infants who come at
4 PM as it relates to the variables in
PIBIS or to the likelihood of having
a brain abnormality.

CONCLUSIONS
In conclusion, our study suggests
that PIBIS can identify infants at
increased risk for brain injury who
should undergo neuroimaging. As
with all CPR, implementation analysis
is essential before incorporating
PIBIS into clinical practice to
determine whether PIBIS improves
identification of AHT and/or changes
the use of neuroimaging to screen for
brain injury in the ED setting.

ACKNOWLEDGMENTS
We thank Pamela Rubin, RN
(Children’s Hospital of Pittsburgh
of UPMC), Jane Flores, RN (Ann
& Robert H. Lurie Children’s
Hospital in Chicago), and Kammy
Jacobson, RN (Primary Children’s
Hospital) for data collection, and
Lauren McCullaugh, MPH (Hofstra
North Shore Long Island School
of Medicine) for data analysis and
interpretation.

ABBREVIATIONS
AHT: abusive head trauma
ALTE: apparent life-threatening
event
AUC: area under the curve
CHG: Ann & Robert H. Lurie
Children’s Hospital in
Chicago, IL
CHP: Children’s Hospital of
Pittsburgh of UPMC
CI: confidence interval
CPR: clinical prediction rule
CPT: Child Protection Team
CT: computed tomography
ED: emergency department
NPV: negative predictive value
PIBIS: Pittsburgh Infant Brain
Injury Score
PPV: positive predictive value
ROC: receiver operator characteristic curve
SLC: Primary Children’s Hospital
in Salt Lake City, Utah

for important intellectual content, and obtaining funding; Dr Richichi was involved with the design of the study, analysis and interpretation of data, drafting of the
manuscript, critical revision of the manuscript for important intellectual content, and statistical analysis; and Dr Kochanek was involved with the conception and
design of the study, critical revision of the manuscript for important intellectual content, and obtaining funding.
DOI: 10.1542/peds.2015-3756
Accepted for publication Apr 5, 2016
Address correspondence to Rachel P. Berger, MD, MPH, Department of Pediatrics, Division of Child Advocacy, Children’s Hospital of Pittsburgh of UPMC, 4401 Penn
Ave, Pittsburgh, PA 15224. E-mail: rachel.berger@chp.edu
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2016 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: The study was funded by National Institutes of Health grant R01HD055986 from the Eunice Kennedy Shriver National Institute of Child Health and Human
Development. The National Institutes of Health was involved in the design of the study. Funded by the National Institutes of Health (NIH).
POTENTIAL CONFLICT OF INTEREST: Dr Herman has served as a paid expert witness in cases of alleged physical abuse. The other authors have indicated they
have no potential conﬂicts of interest to disclose.
COMPANION PAPER: A companion to this article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2016-1190.

from http://pediatrics.aappublications.org/ by guest on November 30, 2017
PEDIATRICS Volume 138, number 1, Downloaded
July 2016

7

REFERENCES
1. Keenan HT, Runyan DK, Marshall SW,
Nocera MA, Merten DF, Sinal SH. A
population-based study of inﬂicted
traumatic brain injury in young
children. JAMA. 2003;290(5):621–626
2. Duhaime AC, Christian CW, Rorke
LB, Zimmerman RA. Nonaccidental
head injury in infants—the “shakenbaby syndrome.” N Engl J Med.
1998;338(25):1822–1829
3. Parks S, Annest J, Hill A, Karch D.
Pediatric Abusive Head Trauma:
Recommended Deﬁnitions for Public
Health Surveillance and Research.
Atlanta, GA: Centers for Disease
Control and Prevention; 2012
4. US Department of Health and Human
Services, Administration on Children,
Youth and Families, Children's Bureau.
Child maltreatment 2013. http://www.
acf.hhs.gov/programs/cb/researchdata-technology/statistics-research/
child-maltreatment. Published 2015
5. Shanahan ME, Zolotor AJ, Parrish JW, Barr
RG, Runyan DK. National, regional, and
state abusive head trauma: application of
the CDC algorithm. Pediatrics. 2013;132(6).
Available at: www.pediatrics.org/cgi/
content/full/132/6/e1546
6. Barlow KM, Minns RA. Annual
incidence of shaken impact
syndrome in young children. Lancet.
2000;356(9241):1571–1572
7. Sibert JR, Payne EH, Kemp AM, et al.
The incidence of severe physical child
abuse in Wales. Child Abuse Negl.
2002;26(3):267–276
8. Flaherty EG. Analysis of caretaker
histories in abuse: comparing initial
histories with subsequent confessions.
Child Abuse Negl. 2006;30(7):789–798
9. Haviland J, Russell RI. Outcome after
severe non-accidental head injury.
Arch Dis Child. 1997;77(6):504–507
10. Morris MW, Smith S, Cressman J,
Ancheta J. Evaluation of infants
with subdural hematoma who lack
external evidence of abuse. Pediatrics.
2000;105(3 pt 1):549–553
11. Oral R, Yagmur F, Nashelsky M,
Turkmen M, Kirby P. Fatal abusive
head trauma cases: consequence of
medical staff missing milder forms of
physical abuse. Pediatr Emerg Care.
2008;24(12):816–821

8

12. Jenny C, Hymel KP, Ritzen A, Reinert
SE, Hay TC. Analysis of missed cases
of abusive head trauma. JAMA.
1999;281(7):621–626
13. Rubin DM, Christian CW, Bilaniuk LT,
Zazyczny KA, Durbin DR. Occult head
injury in high-risk abused children.
Pediatrics. 2003;111(6 pt 1):1382–1386
14. Laupacis A, Sekar N, Stiell IG.
Clinical prediction rules. A review
and suggested modiﬁcations of
methodological standards. JAMA.
1997;277(6):488–494
15. McGinn TG, Guyatt GH, Wyer PC, Naylor
CD, Stiell IG, Richardson WS; EvidenceBased Medicine Working Group. Users’
guides to the medical literature: XXII:
how to use articles about clinical
decision rules. JAMA. 2000;284(1):79–84
16. Kharbanda AB, Taylor GA, Fishman
SJ, Bachur RG. A clinical decision
rule to identify children at low
risk for appendicitis. Pediatrics.
2005;116(3):709–716
17. Infantile apnea and home monitoring.
Natl Inst Consens Dev Conf Consens
Statement. 1986 Oct;6(6):1–10
18. Berger RP, Dulani T, Adelson PD,
Leventhal JM, Richichi R, Kochanek PM.
Identiﬁcation of inﬂicted traumatic
brain injury in well-appearing infants
using serum and cerebrospinal
markers: a possible screening tool.
Pediatrics. 2006;117(2):325–332
19. Miglioretti DL, Johnson E, Williams A,
et al. The use of computed
tomography in pediatrics and the
associated radiation exposure and
estimated cancer risk. JAMA Pediatr.
2013;167(8):700–707
20. Ostrom QT, Gittleman H, Liao P, et al.
CBTRUS statistical report: primary
brain and central nervous system
tumors diagnosed in the United
States in 2007-2011. Neuro-oncol.
2014;16(suppl 4):iv1–iv63
21. Garne E, Loane M, Addor MC, Boyd
PA, Barisic I, Dolk H. Congenital
hydrocephalus—prevalence, prenatal
diagnosis and outcome of pregnancy
in four European regions. Eur J
Paediatr Neurol. 2010;14(2):150–155
22. Berger RP, Fromkin JB, Stutz H,
et al. Abusive head trauma during
a time of increased unemployment:

a multicenter analysis. Pediatrics.
2011;128(4):637–643
23. Huang MI, O’Riordan MA, Fitzenrider
E, McDavid L, Cohen AR, Robinson S.
Increased incidence of nonaccidental
head trauma in infants associated with
the economic recession. J Neurosurg
Pediatr. 2011;8(2):171–176
24. Ho C, Yasrebi M, Kralik S, Hicks R,
Harris M, Hibbard R. Preliminary
ﬁndings comparing ultrafast MRI brain
and conventional MRI brain techniques
in the non-accidental trauma pediatric
population. In: The 53rd Annual
Meeting of the American Society of
Neuroradiology; April 25-30, 2015;
Chicago, IL
25. Becker J, Kubal W, Hur S, et al. The
utility of a rapid 13-minute MRI
protocol for evaluation of the pediatric
brain following intracranial trauma.
In: The 53rd Annual Meeting of the
American Society of Neuroradiology;
April 25-30, 2015; Chicago, IL
26. Flom L, Fromkin J, Panigrahy A, TylerKabara E, Berger RP. Development of
a screening MRI for infants at risk for
abusive head trauma. Pediatr Radiol.
2016;46(4):519–526
27. Laskey AL, Holsti M, Runyan DK, Socolar
RR. Occult head trauma in young
suspected victims of physical abuse.
J Pediatr. 2004;144(6):719–722
28. Christian CW; Committee on Child Abuse
and Neglect, American Academy of
Pediatrics. The evaluation of suspected
child physical abuse. Pediatrics.
2015;135(5). Available at: www.pediatrics.
org/cgi/content/full/135/5/e1337
29. Royston P, Altman DG, Sauerbrei W.
Dichotomizing continuous predictors
in multiple regression: a bad idea. Stat
Med. 2006;25(1):127–141
30. Whooley MA, Avins AL, Miranda J,
Browner WS. Case-ﬁnding instruments
for depression. Two questions are
as good as many. J Gen Intern Med.
1997;12(7):439–445
31. Wisnivesky JP, Henschke C,
Balentine J, Willner C, Deloire AM,
McGinn TG. Prospective validation
of a prediction model for isolating
inpatients with suspected pulmonary
tuberculosis. Arch Intern Med. 2005;
165(4):453–457

Downloaded from http://pediatrics.aappublications.org/ by guest on November 30, 2017

BERGER et al

Validation of the Pittsburgh Infant Brain Injury Score for Abusive Head
Trauma
Rachel Pardes Berger, Janet Fromkin, Bruce Herman, Mary Clyde Pierce, Richard A.
Saladino, Lynda Flom, Elizabeth C. Tyler-Kabara, Tom McGinn, Rudolph Richichi
and Patrick M. Kochanek
Pediatrics originally published online June 23, 2016;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/early/2016/06/21/peds.2
015-3756

References

This article cites 27 articles, 8 of which you can access for free at:
http://pediatrics.aappublications.org/content/early/2016/06/21/peds.2
015-3756.full#ref-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Head and Neck Injuries
http://classic.pediatrics.aappublications.org/cgi/collection/head_neck
_injuries_sub
Traumatic Brain Injury
http://classic.pediatrics.aappublications.org/cgi/collection/traumatic_
brain_injury_sub
Child Abuse and Neglect
http://classic.pediatrics.aappublications.org/cgi/collection/child_abus
e_neglect_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.pediatrics.aappublications.org/content/reprints

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2016 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on November 30, 2017

Validation of the Pittsburgh Infant Brain Injury Score for Abusive Head
Trauma
Rachel Pardes Berger, Janet Fromkin, Bruce Herman, Mary Clyde Pierce, Richard A.
Saladino, Lynda Flom, Elizabeth C. Tyler-Kabara, Tom McGinn, Rudolph Richichi
and Patrick M. Kochanek
Pediatrics originally published online June 23, 2016;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2016/06/21/peds.2015-3756

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2016 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on November 30, 2017

