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A B S T R A C T

Background: Abusive Head Trauma (AHT) is a leading cause of morbidity and mortality in infants requiring rapid 
neuroimaging performance and prognostic rapid diagnosis. The Pittsburgh Infant Brain Injury Score (PIBIS) 
clinical prediction rule (CPR) was derived to identify infants most likely to present brain injury, whose diagnosis 
would benefit from head CT. Our study aimed to externally validate the PIBIS CPR in a pediatric French 
population.
Methods: A retrospective study was conducted in a French pediatric emergency department between 2015 and 
2017. We included all consecutive infants who underwent a neurological imaging. Medical data were collected, 
and PIBIS score was determined, both retrospectively.
Results: We included 129 infants among which 33 cases (including 20 with a diagnosis of AHT). The sensitivity 
and specificity of the PIBIS CPR were 75.8 % (95 % CI 57.7-88.9) and 61.4 % (51.0-71.2) and negative and 
positive predictive values 88.1 % (77.8-94.7) and 40.3 % (33.0-48.2). Among the 20 infants with a diagnosis of 
AHT, 19 (95.0 %) were correctly identified by the PIBIS CPR.
Conclusion: Our external validation study found a lower diagnostic value of the PIBIS CPR than in the original 
study. This argues for adding biomarkers to improve its performance, notably in the context of suspected AHT.

1. Introduction

Abusive head trauma (AHT), formerly known as “shaken baby syn
drome” or “whiplash syndrome”, is defined by the French High Au
thority for Health as a cephalic injury caused by violent shaking that can 
be associated with a direct cephalic impact [1]. The shaking induces 
intracranial bleeding, mostly plurifocal subdural hematomas due to 
breakdown of bridging veins [2,3]. These hematomas may be associated 
with retinal bleeding, spinal cord injury and bone fractures [3]. Because 
of its severity and frequency, AHT is a major public health issue [4]. It 
may lead to death in a physical abuse setting and is a cause of morbidity 
and mortality in infants under age 1 year [2,5,6].

The mortality rate of AHT is high, from 7 % to 27 % depending on the 
published series [7–10]. The incidence of neurological sequelae (epi
lepsy, motor or cognitive deficits, behavioral disorders, learning dis
abilities) ranges from 63 % to 85 % of survivors [9,11,12]. The estimated 

annual incidence is from 14 to 38 per 100,000 infants under age 1 year 
[10,13–17], but this is probably underestimated [18,19]. First, symp
toms of AHT can be moderate and do not always lead to a medical 
consultation. Second, AHT could be difficult to diagnose, as described by 
Jenny et al [20]. Indeed, the authors showed that 30 % of children with a 
diagnosis of AHT had already been examined by a physician for similar 
symptoms during the previous days, weeks or months before admission. 
Therefore, 30 % of shaken babies were likely not identified [20]. More 
recent studies showed that 13 % to 31 % of pediatric victims of abuse 
have a history of missed diagnosis [21,22]. However, delay in diagnosis 
represents a major risk factor for further additional abuse for these in
fants. Indeed, in a study based on confessions from perpetrators, shaking 
was repeated in 55 % of cases [2].

Difficulties in diagnosing AHT could be related to the absence of 
reported head trauma or shaking by perpetrators [23]. Moreover, the 
broad and non-specific clinical spectrum[24] and the need to perform 
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head computed tomography (CT) to formally identify traumatic cerebral 
lesions induce additional difficulties in diagnosing AHT. Head CT is 
indeed the most sensitive and specific paraclinical exam for the diag
nosis of subdural hematoma. It is also the imaging most easily available 
in an emergency situation [9]. However, head CT must be used with 
caution, especially in young children, considering the radiation expo
sure and potential risk of secondary carcinogenesis [25,26]. Further
more, organization of such neuroimaging can sometimes be challenging 
in overcrowded pediatric emergency departments (EDs), considering the 
potential need for sedation.

In this context, the Pittsburgh Infant Brain Injury Score (PIBIS) 
clinical prediction rule (CPR) was derived to prompt the treating 
physician to consider the brain as a possible etiology of an infant’s 
symptoms. It aims to help clinicians in pediatric EDs better select infants 
most likely to present brain injury, whose diagnosis would benefit from 
head CT. This CPR was externally validated in a prospective, multi
centric US study that enrolled 1,042 individuals (216 cases and 826 
controls) in EDs of three children’s hospitals from 2006 to 2014. 
Included patients were children who appeared well and for whom brain 
injury may not be part of the initial differential diagnosis (presenting 
apnea or vomiting without diarrhea, seizure, soft tissue swelling of the 
scalp, bruising). The PIBIS CPR was evaluated for its ability to target 
infants presenting both traumatic and non-traumatic cephalic abnor
malities. This study had encouraging results, with a sensitivity for pre
dicting neuro-radiological abnormalities of 93.3 % (95 % confidence 
interval [CI] 89.0–96.3) and a specificity 53.0 % (95 % CI 49.3–57.1) 
[27]. Nevertheless, this innovative study was limited by its convenience 
sample and the fact that neurological imaging was not performed in all 
participants, which led to potential misclassification among control 
patients. It also did not allow for strong conclusions on the impact of the 
PIBIS CPR on identifying traumatic and non-traumatic cerebral lesions.

Our study aimed to validate the PIBIS CPR in a French pediatric 
population by assessing its clinical performance in predicting abnormal 
neuroimaging results in children with moderate symptoms of neuro
logical impairment, particularly in a context of suspected AHT.

2. Material and methods

2.1. Study design and setting

We conducted a retrospective external validation study in the pedi
atric ED of the University Hospital of Nantes between January 1, 2015 
and December 31, 2017. The procedures used in this study adhere to the 
tenets of the Declaration of Helsinki. The protocol was approved by the 
local ethics committee of the Nantes University Hospital (RC16_0175). 
The parental information for the study was displayed on billboards 
placed in all public places in the hospital. The message on billboards 
indicated that data collected for routine medical care could be reused for 
observational studies if parents did not express their opposition to this 
use. We followed the Transparent Reporting of a multivariable predic
tion model for Individual Prognosis Or Diagnosis (TRIPOD) guidelines 
for reporting this study (Supplemental Table S1).

2.2. Participating patients

Eligible participants were all consecutive infants from 30 to 365 days 
old who underwent a first neuroimaging such as head CT or MRI be
tween January 2015 and December 2017. Infants aged less than 30 days 
(born at term) or less than 30 days corrected age (born premature), with 
fever (temperature ≥ 38.3◦C) during the 24 hours before admission were 
excluded,with neurological impairments (Glasgow Coma Scale < 13 or 
clinical description in case of unrated Glasgow Coma Scale), and/or with 
blood coagulation disorders (hemophilia, current anticoagulant therapy 
and/or cardiopulmonary bypass procedures < 1 month old, platelet 
count <100,000/mm3, and other documented coagulation abnormal
ities) were excluded. We also excluded infants with a reported history of 

head trauma with severe mechanism of injury because the indication for 
performing neuroimaging was based on the head trauma clinical deci
sion rules of Pediatric Emergency Care Applied Research Network in this 
specific setting. However, contrary to the first validation study [27], 
some included infants presented with a history of trivial head trauma 
notably if there was a discrepancy between the clinical presentation and 
the described severity of the trauma. Finally, we excluded infants with 
missing data such as indications for neuroimaging and criteria for the 
PIBIS CPR (clinical and dermatological examinations, head circumfer
ence and/or hemoglobin level).

2.3. Patient classification

Infants were classified according to the neuroimaging results (the 
gold standard test) as detailed in Table 1. As previously reported, infants 
who presented abnormal neuroimaging results with cephalic lesions, 
traumatic or non-traumatic, considered responsible for the symptom
atology, were classified as cases [27]. Among them, infants presenting a 
traumatic cephalic lesion were considered to have potential AHT. The 
diagnosis of AHT was then stated as “certain” or “probable” by a 
multidisciplinary team specialized in child protection and following the 
recommendations of the French Health Authority [1]. All the children 
with suspected AHT underwent the recommended paraclinical exami
nations, to search for other lesions suggesting the inflicted trauma and 
possible differential diagnoses. In case of confirmed AHT diagnosis, 
neuroimaging results were proofread by an experienced pediatric radi
ologist. Infants with normal neuroimaging results or those with a ce
phalic or brain abnormality not responsible for any symptom (Table 1) 
were classified as controls. The neuroimaging results were interpreted 
either by the multidisciplinary team specializing in child protection or 
by the experienced pediatric radiologist, blind to the PIBIS rule result.

2.4. Data collection

Medical data were collected from medical records of infants. De
mographic data, symptomatology, indications for neuroimaging, clin
ical (including head circumference) and dermatological examinations, 
neuroimaging and biological results (hemoglobin levels) were 
registered.

Table 1 
Neuroimaging classification.

Neuroimaging classification Description

Cephalic or brain lesion of 
probable traumatic origin

Subdural hematoma 
Extradural hematoma 
Subarachnoid hemorrhage 
Parenchymental hemorrhage (including 
petechial hemorrhage) 
Cerebral edema (without non-traumatic origin 
detectable) 
Skull fracture

Cephalic or brain abnormality of 
non-traumatic origin

Mass lesions (tumors, cavernoma, meningocele) 
Skull abnormality / defect (tumors, 
craniosynostosis) 
Hydrocephalus 
White matter abnormality 
Cortical dysplasia 
Arteriovenous malformation 
Ischemic or hemorrhagic stroke 
Encephalomalacia 
Significant unilateral extra-axial space, without 
recent bleeding, without clue for traumatic 
origin

Normal or clinically insignificant 
abnormality

No significant abnormality detectable 
Resolving cephalohematoma 
Benign extra-axial fluid of infancy 
Small cerebral cyst 
Sequelae of birth trauma or prematurity
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2.5. PIBIS CPR

The PIBIS CPR was calculated, retrospectively, i.e. after the inter
pretation of the neuroimaging results, by using four objective criteria: 
suspicious dermatological abnormality (2 points), head circumference 
greater than the 85th percentile (1 point), serum hemoglobin level <
11.2 g/dl (1 point), and chronological age at neuroimaging ≥ 3 months 
(1 point). The hemoglobin level was measured in a 7-day range around 
the neuroimaging date. Head circumference was measured up to 48 
hours before neuroimaging. A positive score was defined as a PIBIS CPR 
≥ 2 points. Because it uses objective criteria, and the interpretation of 
the PIBIS rule result was not blinded to the neuroimaging results, the 
results cannot be affected by the non-blindness of gold standard results.

2.6. Statistical analysis

We described and compared the characteristics of cases and controls. 
Quantitative data are described with median and interquartile range 
(IQR) and categorical variables with number and percentage. We 
assessed the clinical performance of the PIBIS CPR in terms of sensi
tivity, specificity, and negative and positive predictive values and like
lihood ratios with corresponding 95 % CIs by using the exact binomial 
method. We graphically represented the performance in terms of pre- 
test and post-test probabilities plotted in a Fagan nomogram. We then 
studied the frequency of infants diagnosed with ATH well identified or 
not by the PIBIS CPR. All analyses involved using R 3.4.2 (R Foundation 
for Statistical Computing, Vienna, Austria). P<0.05 was considered 
statistically significant.

3. Results

3.1. Characteristics of participants

Of 443 eligible symptomatic infants from 30 to 365 days old who 
underwent a first neuroimaging, 129 were included: 33 (25.6 %) cases 
and 96 (74.4 %) controls. Symptoms presented by included patients are 
detailed in Table 2 and comprised discomfort, hematoma, vomiting, 
cardiac, tonicity, and dermatological, eating or behavioral disorders. 
Overall, 33 (25.6 %) infants had abnormal neuroimaging results, with 
cephalic lesions, including 20 (60.6 %) with a confirmed AHT diagnosis 
(Fig. 1). For these 20 patients, traumatic cephalic lesions were diverse 
and/or multiple: 18 had a subdural hematoma, 7 subarachnoid hem
orrhage, 4 skull fracture, 2 parenchymental hemorrhage, and 1 extra
dural hemorrhage. Thirteen patients (39.4 %) presented non-traumatic 
cephalic lesions: 4 hydrocephalus, 1 complex brain malformation, 1 
stroke, 1 parenchymal non-traumatic bleeding, 3 mass lesion and 3 
white or grey matter abnormality. Characteristics of cases and controls 
are in Table 2.

3.2. Clinical performance of PIBIS CPR

The mean (SD) PIBIS CPR for the 129 infants was 1.8 (1.3): 2.7 (1.4) 
for cases and 1.5 (1.1) for controls. The sensitivity and specificity of 
PIBIS CPR for identifying infants with abnormal neuroimaging results 
(traumatic or non-traumatic cephalic lesions) were 75.8 % (n=25/33) 
(95 % CI 57.7-88.9) and 61.4 % (n=59/96) (51.0-71.2). The pre-test 
probability of abnormal neuroimaging results with cephalic lesions 
was 25.6 % in this pediatric population. By applying the PIBIS score rule, 
the positive likelihood ratio (1.97, 1.43-2.70) and negative likelihood 
ratio (0.39, 95 % CI 0.21-0.74) yielded a positive post-test probability of 
disease (or PPV) of 40.3 % (95 % CI 28.1-53.6) and negative post-test 
probability (1-NPV) of 11.9 % (5.3-22.2) (Fig. 2).

3.3. Identification of AHT cases by the PIBIS CPR

Among the 20 infants with a diagnosis of AHT, 19 (95.0 %) were 

correctly identified by the PIBIS CPR. Eight infants with abnormal 
neuroimaging results had a negative PIBIS CPR result and thus were not 
correctly identified. Among them, one had a diagnosis of AHT; the 
remaining 7 patients had non-traumatic cephalic lesions. The one infant 
with a diagnosis of AHT, 3.5 months old, was admitted to the ED for 
minor behavioral, and tonicity disorders and vomiting, without a re
ported history of head trauma. In light of these multiple symptoms, head 
CT was rapidly performed and revealed a plurifocal subdural hematoma. 
Regardless, the hemoglobin level and head circumference were normal. 
Clinical examination did not reveal any dermatological abnormalities. 
Among the 7 infants with a diagnosis of non-traumatic cephalic lesions, 
4 presented lesions that do not usually induce anemia or increased head 
circumference (white or grey matter anomaly, stroke, petechial paren
chymal bleeding). Two presented a mass lesion and one had 
hydrocephalus.

4. Discussion

This study allowed for testing the PIBIS CPR in a French pediatric 
population admitted to the ED who underwent a neurological imaging. 
In our population, the sensitivity and specificity of the PIBIS CPR to 
detect infants with abnormal neuroimaging were 75.8 % and 61.4 %. 
The NPV and PPV for detecting abnormal neuroimaging results were 
88.1 % and 40.3 %. Regarding AHT detection, among 20 infants with a 
diagnosis of AHT, 95 % were correctly identified by this rule. In the 
context of diagnosis difficulty, the PIBIS CPR seems not entirely accurate 
to help clinicians to select infants most likely to present brain injury, 
whose diagnosis would benefit from a head CT, and limit the delayed or 
missed diagnosis of AHT, a key point in abuse prognosis.

Regarding the prediction performance of the PIBIS CPR in detecting 
abnormal brain imaging results, the results from our study were lower 
than those from the original study [27] Although the specificity of PIBIS 
CPR was satisfying and similar to that from the original study (61.4 % 
[95 % CI 51.0-71.2] vs 53.0 % [95 % CI 49.0–57.0]), the sensitivity of 
the PIBIS CPR to detect abnormal neuroimaging results was lower in our 

Table 2 
Characteristics of 129 infants included.

Mean (±SD) median (IQR) 
unless otherwise stated

Abnormal  
neuroimaging 
(n=33; 25.6 %)

Normal  
neuroimaging 
(n=96; 74.4 %)

Sex, girls, n ( %) 12 (36.4 %) 35 (36.5 %)
Chronological age at neuroimaging 

(days)
154.0 (77.8) 
155.0 (93.0- 
211.0)

147.0 (90.1) 
130.0 (61.0- 
208.8)

Hemoglobin level (gr/dL) 10.1 (1.5) 
10.1 (9.7-10.9)

11.5 (1.1) 
11.5 (10.7-12.1)

Head circumference (cm) 43.3 (3.7) 
43.5 (41.0-45.8)

41.1 (3.3) 
41.0 (38.5-43.5)

Age of onset of first symptoms (days) 133.5 (82.2) 
110.0 (70.0- 
194.5)

126.4 (89.7) 
112.0 (53.3- 
179.5)

PIBIS CPR score 2.7 (1.4) 
2.0 (2.0-4.0)

1.5 (1.1) 
1.0 (1.0-2.0)

Symptoms, n (%) ​ ​
Cardiac disorders 9 (27.3) 2 (2.1)
Tonicity disorders 17 (51.5) 33 (34.4)
Consciousness disorders 10 (30.3) 5 (5.2)
Behavioral disorders 14 (42.4) 29 (30.2)
Dermatological disorders 8 (24.2) 19 (19.8)
Eating disorders 8 (24.2) 22 (22.9)
Ophthalmic disorders 2 (6.1) 10 (10.4)
Respiratory disorders 0 (0.0) 2 (2.1)
Cephalohematoma 4 (12.1) 2 (2.1)
Vomiting 10 (30.3) 21 (21.9)
Discomfort 17 (51.5) 35 (36.5)
Seizure 6 (18.2) 21 (21.9)
Hematoma 10 (30.3) 19 (19.8)

CPR, clinical prediction rule; IQR, interquartile range; PIBIS, Pittsburgh Infant 
Brain Injury Score; SD, standard deviation.
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study than the original study (75.8 % [95 % CI 57.7-88.9] vs 93.3 % [95 
% CI 89.0–96.3]). This discrepancy in the predictive ability of the PIBIS 
CPR may be explained by differences between the validation pop
ulations [28,29]. All infants in our study underwent neuroimaging, 
whereas in the Berger et al. original study, a substantial number of in
fants (39 % of controls) did not undergo brain imaging. This situation 
could have led to a high bias in the Berger et al. classification because 
some missed AHT victims could have been considered as controls. 
Indeed, developmental, cognitive or behavioral consequences of AHT 
can appear very late (later than 6 months) [30,31], and furthermore 
around a quarter of the victims remain asymptomatic and have no 
visible sequelae [11,12]. This classification bias in the princeps study 
may also have affected the sensitivity value of the PIBIS CPR. Also, the 
prevalence of cerebral lesions was slightly higher in our study than in the 
original study (25.6 % vs 20.7 %) [27]. It should be noted that half of the 
eligible infants were excluded from this study due to missing data on 
either hemoglobin level or head circumference. These infants, who are 
likely to be less severe, would have had normal neuroimaging, leading to 
an underestimation of the specificity of PIBIS CPR in this study.

The PIBIS CPR was developed to maximize the detection of AHT in 
infants who appear well. This is the reason why patients who reported 
benign head trauma were not excluded from this study sample in 
contrast to the original study [27]. Indeed, several studies have well 
demonstrated that in a significant number of AHT cases, the caregiver of 
the child reported a history of accidental head trauma (often benign and 
incompatible with the severity of the lesions observed on brain imaging) 
[23,32–34]. Thus, we considered that this rule could be used in situa
tions of reported benign head trauma also or in case of a dubious re
ported history. It should also be noted that only patients with a 
neuroimaging assessment were included in this study. This may have led 
to a selection bias since some patients with AHT should not have had 
neuroimaging [25,26]. Nevertheless, in our study, the NPV (88.1 %) and 
PPV (40.3 %) for detecting abnormal neuroimaging results were low and 
not appropriate for the clinician’s concerns. Moreover, among 20 pa
tients presenting AHT diagnosed by neuroimaging, one infant had a 
negative PIBIS CPR and would not have been identified to undergo 
neuroimaging based on this score alone. Therefore, we should remember 
that the PIBIS CPR remains an aid but not a substitute for clinical 
evaluation in the context of AHT. Clinicians should discuss 

neuroimaging according to all the clinical signs of AHT and the medical 
history, even with a negative PIBIS CPR result. However, when an infant 
presents with mild neurological symptoms in pediatric EDs, the pedia
tricians must quickly decide whether or not to perform neuroimaging, 
taking into account the potential risks associated with sedation or ra
diation and the risk of missing a diagnosis of brain injury or AHT. In this 
context, the use of PBIS CPR with a high NPV should help allow safe 
discharge without neuroimaging of children presenting with moderate 
symptoms.

Our findings require some improvements to the PIBIS CPR. Some 
criteria could be added, especially for detecting AHT. Indeed, relative 
macrocephaly defined by a head circumference abrupt increase instead 
of an absolute head circumference value (greater than the 85th percen
tile as proposed in the PIBIS CPR) could be added. As an example, in our 
study, the infant with AHT not identified by the PIBIS CPR alone had a 
normal head circumference, but the head circumference had abruptly 
increased at the time of the examination. Using criteria as continuous 
parameters instead of dichotomized variables could also allow for better 
clinical performance of the PIBIS CPR, as suggested by Berger et al [35]. 
Finally, several studies have suggested panels of serum biomarkers to 
detect intracranial lesions, with encouraging results [36].

Our study has a few limitations, including its retrospective design 
and some different inclusion criteria from the original study. Indeed, in 
addition to well-classified cases and controls, all infants included had 
undergone brain imaging, in contrast to the princeps study. This situa
tion would have led to discrepancies in validation populations between 
the princeps study and our study, which could explain the observed 
differences in the clinical performance of the PIBIS CPR [27–29]. In 
addition, the limited number of cases and control in this study may have 
led to a lack of power.

5. Conclusion

Our external validation study showed the PIBIS CPR performed 
poorly in detecting infants with abnormal neuroimaging results as 
compared with the original study. This CPR could probably be refined by 
adding and/or modifying clinical and biological criteria and/or adding 
new biomarkers to be applied to our set of patients and to improve its 
clinical performance, particularly in the context of suspected AHT. A 

Fig. 1. Flow chart of participants. 
AHT, abusive head trauma; CT, computed tomography.
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larger, prospective external validation study is needed to confirm these 
findings and to improve the clinical performance of the PIBIS CPR so as 
to help emergency clinicians with imaging prescription.
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