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Abstract

Background: The PediBIRN 4-variable clinical decision rule (CDR) detects abusive head
trauma (AHT) with 96% sensitivity in pediatric intensive care (PICU) settings. Preliminary
analysis of its performance in Pediatric Emergency Department settings found that elimination
of its fourth predictor variable enhanced screening accuracy.

Objective: To compare the AHT screening performances of the “PediBIRN-4" CDR vs. the
simplified 3-variable CDR in PICU settings.

Participants and Settings: 973 acutely head-injured children <3 years hospitalized for
intensive care across 18 sites between February 2011 and March 2021.

Methods: Retrospective, secondary analysis of the combined, prospective PediBIRN data sets.
AHT definitional criteria and physicians’ diagnoses were applied iteratively to sort patients

into abusive vs. other head trauma cohorts. Outcome measures of CDR performance included
sensitivity, specificity, predictive values, likelihood ratios, ROC AUC, and the correlation between
each CDR’s patient-specific estimates of AHT probability and the overall positive yield of
patients’ completed abuse evaluations.

Results: Applied accurately and consistently, both CDR’s would have performed with sensitivity
>93% and negative predictive value =291%. Eliminating the PediBIRN-4’s fourth predictor variable
resulted in significantly higher specificity (1’d 219%), positive predictive value (*’d =8%), and
ROC AUC (1°d =5%), but a 3% reduction in sensitivity. Both CDRs provided patient-specific
estimates of abuse probability very strongly correlated with the positive yield of patients’
completed abuse evaluations (Pearson’s r =.95 and .91, p=.13).

Conclusion: The PediBIRN 3-variable CDR performed with greater AHT screening accuracy
than the 4-variable CDR. Both are good predictors of the results of patients’ subsequent completed
abuse evaluations.

Keywords
abusive head trauma; child abuse; screening test; clinical decision rule; clinical prediction rule

INTRODUCTION

To protect young victims of abusive head trauma (AHT) from further abuse, physicians
must consider, recognize, evaluate, diagnose, and report suspected abuse. Unfortunately,
physicians’ responses to child maltreatment have been inconsistent (Jenny, Hymel, Ritzen,
Reinert, & Hay, 1999; Lane, & Dubowitz, 2007; Lane, Rubin, Monteith, & Christian, 2002;
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Wood et al., 2010; Hymel et al., 2018), the prevalence of AHT has remained consistently
high (Hymel et al., 2013; 2014; 2021), and victims of AHT continue to be missed (Jenny, et
al., 1999; Letson et al., 2016).

To minimize missed cases, Pediatric Brain Injury Research Network (PediBIRN)
investigators conducted sequential, prospective, multicenter studies to derive, validate, and
implement a 4-variable clinical decision rule (CDR) for AHT (Hymel et al., 2013; 2014;
2021). Applied as a screening tool, the “PediBIRN-4” CDR directs physicians to complete
thorough abuse evaluations on all young, acutely head-injured, “higher risk” patients

who present for intensive care with any one or more of its four predictor variables: (1)
acute respiratory compromise; (2) bruising of the torso, ear(s), or neck; (3) bilateral or
interhemispheric subdural hemorrhage(s) or collection(s); and (4) complex skull fracture(s).
Applied accurately and consistently, the PediBIRN-4 will “miss” (stratify as lower risk)
approximately 4% of cases (Hymel et al., 2013; 2014; 2015; 2021).

In a recent, external validation study of its potential AHT screening performance in pediatric
emergency department (ED) settings (Hymel et al., in press), using data captured by an
independent research network, the PediBIRN-4 again demonstrated sensitivity of 0.96

[95% CI: 0.88-0.99], correctly categorizing 75 (96%) of 78 AHT patients as higher risk.
Specificity in the ED setting was only 0.29 [95% CI: 0.16-0.46]. Sensitivity analysis of the
external ED data set (N=116) revealed that application of a simplified CDR—based solely
on the PediBIRN-4’s first three predictor variables—would have increased specificity to
0.84 [95% ClI: 0.68-0.93] without compromising sensitivity.

To help confirm or exclude a relative advantage in CDR simplification for application

in pediatric intensive care unit (PICU) settings, we conducted a retrospective secondary
analysis of the much larger (N=973), combined, PediBIRN derivation, validation, and
implementation study data sets (Hymel et al., 2013; 2014; 2021). Our objective was

to measure and compare the PICU-based AHT screening performances of the original
4-variable CDR to that of a simplified 3-variable CDR (the “PediBIRN-3") based solely on
the PediBIRN-4’s first three predictor variables (see Table 1). We hypothesized that, applied
as directive clinical gecision rules, the 3-variable CDR would perform with significantly
higher specificity, but lower sensitivity. Applied instead as informative clinical prediction
rules, we hypothesized that both CDRs would provide patient-specific estimates of AHT
probability that correlated strongly with the overall positive yield of PediBIRN patients’
subsequent, completed, skeletal surveys and retinal exams.

MATERIALS AND METHODS

This was a novel, retrospective, secondary analysis of the existing, combined, de-identified
PediBIRN data sets. Data were captured between February 2011 and March 2021 in
sequential, multicenter studies conducted across 18 North American pediatric intensive care
units (PICU). All three PediBIRN studies (Hymel et al., 2013; 2014; 2021) used the same
inclusion and exclusion criteria, a priori definitional criteria for AHT (see Table 2), and
patient-related data forms. For patients and their families, all three studies were strictly
observational. Therefore, at every participating PICU, local institutional review boards
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approved study participation with waivers of parental informed consent. The Institutional
Review Board at Penn State Health Hershey Medical Center determined that this secondary
analysis was not human subject research.

Eligible PediBIRN patients were children under 3 years of age hospitalized for intensive
care of acute, closed, traumatic, cranial or intracranial injuries confirmed on initial
neuroimaging. Patients with preexisting brain abnormalities and patients whose head injuries
resulted from collisions involving motor vehicle(s) were excluded. In all three prior
PediBIRN studies: (1) participating PICUs captured complete data regarding >90% of their
consecutive eligible patients; (2) prospective study design facilitated capture of uniform
demographic, historical, clinical, and radiological data; and (3) data inconsistencies were
tracked until resolution (Hymel et al., 2013; 2014; 2021).

To compare 3- vs. 4-variable CDR screening performances, we (1) sorted PediBIRN patients
iteratively into AHT vs. other head trauma cohorts based on the network’s longstanding
AHT definitional criteria (see Table 2), and based on PICU and child abuse pediatric (CAP)
physicians’ final, consensus, diagnostic impressions of definitive/probable AHT vs. other
head trauma; (2) applied the PediBIRN 3- and 4-variable CDR’s (see Table 1) iteratively

to stratify patients as higher vs. lower risk; (3) created four 2x2 contingency tables; (4)
populated their cells with counts that sorted patients’ as abusive vs. other head trauma and
higher vs. lower risk; (5) calculated 3- and 4-variable CDR test characteristics (sensitivity,
specificity, predictive values, likelihood ratios, ROC AUC) within 95% confidence intervals;
and (6) compared 3- vs. 4-variable CDR test characteristics using the McNemar’s test (for
sensitivity and specificity), the relative predictive values approach (for predictive values), the
regression model approach (for likelihood ratios), or the DeLong’s method (for ROC AUC),
as appropriate. The analyses were conducted using the package of DTComPair (Stock &
Hielscher, 2014) in R version 4.0.2.

To compare 3- vs. 4-variable CDR prediction performances, we: (1) applied the network’s
AHT definitional criteria (see Table 2) to sort patients into abusive vs. other head

trauma cohorts; (2) applied the CDRs iteratively to divide the study population into
subpopulations that presented for intensive care with unique combinations of each CDR’s
predictor variables; (3) calculated the percentage of patients sorted as AHT within each
subpopulation; (4) assigned that same value, expressed as an estimate of abuse probability,
to every patient within that specific subpopulation; (5) calculated the percentage of

patients within each subpopulation who revealed findings moderately or highly specific

for abuse on their completed skeletal surveys and/or retinal exams; (6) calculated Pearson
correlation coefficients, across CDR-defined patient subpopulations, comparing patient
specific estimates of abuse probability and the overall positive yield of patients’ subsequent,
completed, abuse evaluations; and (7) applied Meng, Rosenthal, and Rubin’s method (1992)
for comparing correlated correlation coefficients.

To provide a measure of clinical context, we also completed a post hoc analysis designed
to estimate physicians’ relative willingness or reluctance to complete abuse evaluations
on patients presenting with the PediBIRN-4’s fourth predictor variable (complex skull
fractures). Having segregated the PediBIRN-4’s higher risk patient population into 15
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unique subpopulations, we calculated the proportion of patients in each higher risk
subpopulation evaluated with skeletal survey and/or retinal exam, and the overall positive
yield of their completed abuse evaluations.

RESULTS

Significant differences were observed in the demographics of comparative patient groups
(see Table 3). Our overall results can be summarized as follows: Applied accurately and
consistently as a directive decision rule, the PediBIRN-3 would have performed with greater
AHT screening accuracy than the PediBIRN-4 in our study population of 973 young,
acutely head-injured patients hospitalized for intensive care. The PediBIRN-3 demonstrated
significantly higher specificity (0.56 vs. 0.37, p<.001 and 0.65 vs. 0.44, p<.001, applying
AHT definitional criteria and physicians’ final diagnoses, respectively), positive predictive
value (0.62 vs. 0.54, p<.001 and 0.74 vs. 0.64, p<001), positive likelihood ratio (2.10

vs. 1.52, p<.001 and 2.69 vs. 1.74, p<.001), and ROC AUC (0.83 vs. 0.77, p=.002 and
0.89 vs. 0.82, p<.001). These performance enhancements exacted a smaller yet statistically
significant reduction in sensitivity (0.96—0.93, p=.002 and 0.98—0.95, p=.001). Detailed
results are presented in Table 4. Applied instead as evidence-based prediction rules, both
CDRs provided patient-specific estimates of abuse probability that were highly correlated
with the positive yield of patients’ subsequent, completed abuse evaluations (Pearson’s /=.95
[95% CI: 0.73-0.99] and .91 [95% CI: 0.76-0.97], p=.13; see Table 5 and Figure 1).

Our post hoc analysis revealed that the PediBIRN-4’s two higher risk subpopulations

that physicians across 18 participating sites evaluated least often for abuse were patients
presenting with complex skull fracture(s); with or without acute respiratory compromise; but
no bruising of the torso, ear(s), or neck; and no subdural hemorrhage(s) or collection(s).
These same two patient subpopulations (see Table 5, data in bold font) also had the lowest
positive yields on their completed abuse evaluations—yields on par with patients that the
PediBIRN-4 categorized as “lower risk” (see Table 5 and Figure 1, arrow and legend).

DISCUSSION

The PediBIRN-4’s potential AHT screening sensitivity of 96% has been validated in
pediatric inpatient (Pfeiffer et al., 2018), intensive care (Hymel et al., 2014), and ED

(Hymel et al., in press) settings; applying diverse criteria or methods to define AHT;

through analysis of prospective data captured by three independent research networks; and
in populations with divergent AHT prevalence. To achieve such high sensitivity, it casts a
very wide net. In contrast, the simplified 3-variable CDR casts a smaller net more accurately.

Because missing AHT creates substantial risk (Jenny, et al., 1999), we speculate that many
PICU and CAP physicians would opine that casting a wide net is necessary. Given a choice,
these physicians would likely deem a 3% reduction in sensitivity to be unacceptable, and
would opt to adopt the PediBIRN-4 as their AHT screening tool, even if doing so requires
that more “higher risk” patients with non-AHT are evaluated for abuse (see Table 4).

We speculate that those physicians who disagree would cite concern that completing too
many “avoidable” abuse evaluations—to miss fewer cases of AHT—increases parental stress
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and distrust, increases health care costs, prolongs hospitalizations, and exposes patients to
additional risks (false positive results, radiation exposure). Given a choice, these physicians
would likely deem a 3% reduction in sensitivity to be a reasonable cost to secure the benefits
of a 19-21% increase in specificity and 8-10% increase in PPV (see Table 4).

Our post hoc analysis revealed that many PICU and CAP physicians elected to defer

abuse evaluations on their higher risk patients who presented with the PediBIRN-4’s
fourth predictor variable (complex skull fractures); but no bruising of the torso, ear(s), or
neck; and no subdural hemorrhages or collections (see Table 5, data in large bold font).
Interestingly, these two higher risk patient subpopulations were also those least likely to
reveal corroborating findings of abuse on their subsequent, completed abuse evaluations. In
fact, the overall positive yields of completed skeletal surveys and retinal exams in these
two “higher risk” patient subpopulations were on par with patients that the PediBIRN-4
categorized as “lower risk” (see Table 5 and Figure 1, arrow and legend). These results
support an impression that many physicians have judged correctly that these two patient
subpopulations are not at higher risk for abuse. Given a choice, these physicians would
likely adopt the simplified 3-variable CDR as their AHT screening tool. Doing so provides
assurance that patients who present with any one or more of its three predictor variables will
have estimated probabilities of abuse =0.20 (see Table 5 and Figure 1).

Applied to the external pediatric ED data set (N=116), elimination of the PediBIRN-4’s
fourth predictor variable improved AHT screening performance significantly (Hymel et

al., in press). High sensitivity was maintained (0.96 [95% CI: 0.88-0.99]), specificity

and positive likelihood ratio increased (0.29 [95% CI: 0. 16-0.46] — 0.84 [95% ClI:
0.68-0.93] and 1.35 [95% CI: 11.10-1.67] — 6.09 [95% CI: 2.92-12.71], respectively), and
negative likelihood ratio decreased (0.13 [95% CI: 0.04-0.46] — 0.05 [95% CI: 0.01-0.14]).
Although larger, prospective, validation studies of its performance in ED settings are clearly
warranted, these results support an impression that the PediBIRN-3 is the preferred CDR
for AHT screening in pediatric ED settings, where high volumes of young children are
diagnosed with accidental skull fractures attributed to simple falls.

Looking back, it is interesting to note that the PediBIRN-3 was one of four candidate CDRs
considered by PediBIRN investigators in our original, multicenter, CDR derivation study
(Hymel et al., 2013). Each performed with sensitivity 20.92. Seeking first and foremost

to minimize missed cases of AHT, we opted to cast the widest possible net, and thus
adopted the PediBIRN-4 for subsequent validation and implementation (Hymel et al., 2014;
2021). The results of this secondary analysis have returned us “full circle” to reconsider the
PediBIRN-3. A screening tool only has value if/when physicians accept and apply it.

The PediBIRN 3- and 4-variable CDRs were developed to inform clinical judgement. They
were not designed to replace it. The presenting history, past and family medical history,
psychosocial risk assessment, results of tests to confirm or exclude medical mimics, and
input from investigators must all be considered. In many cases, these additional data provide
clarity. In the remaining cases, when uncertainty regarding the need to evaluate for abuse
persists, following the recommendation of a validated, directive, AHT screening tool could
lessen practice disparities, missed AHT, and the impacts of physician inexperience and
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implicit bias (Jenny, et al., 1999; Lane, et al., 2007, 2010; Letson et al., 2016; Hymel et al.,
2018; Wood, et al., 2010).

Clinical care units will now have the option of adopting either the 3- or 4-variable CDR as
their AHT screening tool. Applied accurately and consistently as directive AHT screening
tools, both perform with higher sensitivity than current AHT screening practices, estimated
to be <87% (Letson et al., 2016; Hymel et al., 2015). Physicians who reject the PediBIRN
CDRs’ directive recommendations can opt instead to apply either CDR as an evidence-based
prediction tool (see Table 5 and Figure 1), knowing that both facilitate patient-specific
estimation of AHT probability—at or near the time of acute clinical presentation—that

is highly correlated with the positive yield of patients’ subsequent, completed, abuse
evaluations. To apply the PediBIRN-3 and PediBIRN-4 “AHT probability calculators”, visit
www.pedibirn.com.

With this study, the AHT screening performances of the PediBIRN-3 and PediBIRN-4
CDRs have now been validated in both pediatric intensive care and ED settings (Hymel
etal., 2014; Hymel et al., in press). Other evidence-based decision rules and prediction
tools can/will provide decision support for other consequential decisions regarding possible
child physical abuse. Berger et al’s PIBIS (Pittsburgh brain injury score) identifies infants
at risk for brain injury or AHT who might benefit from neuroimaging (Berger et al., 2016).
Pierce et al’s BCDRs (bruising clinical decision rules) identify young children with bruising
who need evaluation for abuse (Pierce, Kaczor, Aldridge, O’Flynn, & Lorenz, 2010; Pierce
etal., 2021). Maguire and colleagues’ PredAHT (predicting abusive head trauma) and the
PediBIRN-7 are prediction tools that apply the (positive or negative) results of completed
abuse evaluations to estimate AHT probability (Cowley, Morris, Maguire, Farewell, &
Kemp, 2015; Maguire, Kemp, Lumb, & Farewell, 2011; Hymel et al., 2019).

This study had strengths. The study population was relatively large (N=973). Uniform,
complete, patient-specific, clinical, historical, and radiological data were collected
prospectively across 18 PICUs. The differences in 3- vs. 4-variable CDR screening
performance (see Table 4) were similar using two different methods for sorting AHT

vs. other head trauma. We conducted post-hoc analyses that provided insight into

the PediBIRN-3’s likely acceptability to physicians. Whereas our network’s previously
published, patient-specific estimates of AHT probability (Hymel et al., 2015) were based on
uniform, prospective data from 500 patients, the revised estimates provided in Table 5 are
based on equivalent prospective data regarding 973 patients.

The study also had limitations. The study population was limited to young, acutely head-
injured patients hospitalized for intensive care. Data regarding PediBIRN CDR performance
in other clinical settings is limited (Hymel et al., in press; Pfeiffer et al, 2018). Because
there is no gold standard for the diagnosis of AHT, our estimates of CDR test performance
and abuse probability are likely inaccurate (see Tables 4 and 5 and Figure 1). Because

not every PediBIRN patient underwent skeletal survey and retinal exam, estimates of the
overall positive yield of completed abuse evaluations in specific patient subpopulations (see
Table 5 and Figure 1) are likely inaccurate as well. Although our results inform estimates

of each CDR’s performance, substantial additional research is needed to measure, compare,
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and contrast their actual acceptability, adoption, and effectiveness as AHT screening and
prediction tools, in PICU and in other clinical settings.

CONCLUSION

The AHT screening performances of the directive PediBIRN 3- and 4-variable CDRs have
now been validated in both PICU and pediatric ED settings. Applied as prediction tools,
both facilitate early, patient-specific estimation of AHT probability highly predictive of the
positive results of patients’ subsequent, completed, abuse evaluations. Applied accurately
and consistently as a directive decision rule in our PICU study population, the PediBIRN

3 would have performed with greater overall accuracy, but with 3% lower sensitivity. Both
CDRs have demonstrated the potential to reduce missed AHT cases below recent estimates.
Physicians who make decisions to launch or forgo abuse evaluations must weigh the relative
costs vs. benefits of adopting either CDR as an AHT screening tool. PediBIRN investigators
welcome independent studies of PediBIRN-3 and PediBIRN-4 effectiveness in more diverse
clinical settings.
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HIGHLIGHTS
. Two PediBIRN clinical decision rules (CDR) screen effectively for abusive
head trauma.
. The PediBIRN 4-variable clinical decision rule casts a broad net to detect
96% of cases.
. The PediBIRN 3-variable clinical decision rule detects 93% of cases with

fewer false positives.

. Both CDRs predict the positive yield of patients’ subsequent completed abuse
evaluations.
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Figure 1.

The two plots present the intersections of ‘estimated probabilities of abuse” and “overall
diagnostic yield’ across patient subpopulations presenting with different combinations of
each clinical decision rule’s predictor variables. The estimated probabilities of abuse were
calculated applying definitional criteria for abusive head trauma (see Table 2). The data used
to create the plots can be found in Table 5. The two correlations did not differ significantly
(p=.13). In the plot on the right, the cluster of three data points marked by the arrow
presents data regarding the 4-variable decision rule’s “lower risk” patients, and its two
“higher risk” patient subpopulations highlighted in large bold font in Table 5.
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Table 1.

The Pediatric Brain Injury Research Network’s directive 3- and 4-variable clinical decision rules for abusive
head trauma.

To minimize missed cases, every acutely head-injured infant or young child hospitalized for intensive care who presents with one or more of
these predictor variables should be considered higher risk and thoroughly evaluated for abuse.

Any clinically-significant
respiratory compromise at
the scene

of injury, during transport,
in the ED, or prior to
admission

Any bruising involving the “PediBIRN-3"

child’s torso, ear(s), or
— neck

“PediBIRN-4" Any subdural hemorrhages
or fluid collections

that are bilateral or
interhemispheric

Any skull fracture(s)
other than an isolated,

— unilateral, nondiastatic,
linear, parietal skull
fracture

Abbreviations: PediBIRN=pediatric brain injury research network
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Table 2.

The PediBIRN network’s a priori definitional criteria for pediatric abusive head trauma.

Patients meeting any one or more of these criteria were sorted as AHT.

* Primary caregivera admission of abusive acts
« Abusive acts by the primary careg iver? that were witnessed by an unbiased, independent observer

« Specific primary caregivera denial of any head trauma, even though the pre-ambulatory child in his or her care became acutely, clearly and
persistently ill with clinical signs subsequently linked to traumatic cranial injuries visible on CT or MR imaging

* Primary caregivera account of the child’s head injury event that was clearly historically inconsistent with repetition over time

* Primary caregivera account of the child’s head injury event that was clearly developmentally inconsistent with child’s known (or expected)
gross motor skills

» Two or more categories of extra-cranial injuries considered moderately or highly suspicious for abuse

Abbreviations: AHT=abusive head trauma, CT=computed tomography, MR=magnetic resonance, PediBIRN=pediatric brain injury research
network

a. . . . - ) . I
Defined as the person responsible for the child when he or she was acutely head injured and/or first became clearly and persistently ill with
clinical signs subsequently linked to traumatic cranial injuries visible on CT or MR imaging.

blncluding classic metaphyseal lesion fracture(s) or epiphyseal separation(s); rib fracture(s); fracture(s) of the scapula or sternum; fracture(s) of
digits; vertebral body fracture(s), dislocation(s) or fracture(s) of spinous process(es); skin bruising, abrasion(s) or laceration(s) in two or more
distinct locations other than knees, shins or elbows; patterned skin bruising or dry contact burn(s); scalding burn(s) with uniform depth, clear

lines of demarcation and paucity of splash marks; confirmed intra-abdominal injuries; retinoschisis confirmed by an ophthalmologist; retinal

hemorrhages described by an ophthalmologist as dense, extensive, covering a large surface area and/or extending to the ora serrata.
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Table 3.

Patient demographics in comparative patient cohorts.

Page 14

Patients Sorted as Abusive Head Trauma

Patients Sorted as Other Head Trauma

(n=428) (n=545) p<.05?
Sex
Male, n (%) 269 (63) 328 (60)
Age (months) Vv
Mean (Median, SD, Range) 6.9 (4.0, 7.8, 0-35) 10.5 (7.0, 9.4, 0-36)
Race v
White or White Hispanic, n (%) 280 (65) 411 (75)
Black, AA, or Black Hispanic, n (%) 92 (21) 71(13)
Other, n (%) 56 (13) 63 (12)
Ethnicity Vv
Hispanic or Latino, n (%) 96 (22) 149 (27)
Not Hispanic or Latino, n (%) 290 (68) 370 (68)
Unknown or Other, n (%) 42 (10) 26 (5)
Patients Diagnosed with Abusive Head Patients Diagnosed with Other Head
Trauma Trauma
(n=496) (n=477) p <.05?
Sex Vv
Male, n (%) 321 (65) 276 (59)
Age (months) v
Mean (Median, SD, Range) 7.6 (4.0, 8.1, 0-35) 10.3 (7.0, 9.5, 0-36)
Race v
White or White Hispanic, n (%) 327 (66) 364 (76)
Black, AA, or Black Hispanizz%r; 94 (19) 69 (14)
Other, n (%) 75 (15) 44 (9)
Ethnicity Vv
Hispanic or Latino, n (%) 113 (23) 132 (28)
Not Hispanic or Latino, n (%) 337 (68) 323 (68)
Unknown or Other, n (%) 46 (9) 22 (5)

Abbreviations: AA=African American, SD=standard deviation
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Table 4.

Page 15

2x2 contingency tables comparing the test characteristics of the PediBIRN network’s 3- and 4-variable clinical

decision rules.

Applying the PediBIRN-4 and AHT Definitional Criteria Applying the PediBIRN-3 and AHT Definitional Criteria  p values
AHT Other AHT Other
Higher Risk 409 343 Higher Risk 399 242
Lowver risk 19 202 Lower risk 29 303
Value (95% Cl) Value (95% ClI)
Sensitivity .96 (.94-.98) Sensitivity .93 (.91-.96) .002
Specificity 37 (.33-.41) Specificity .56 (.51-.60) <.001
PPV .54 (.51-.58) PPV .62 (.58-.66) <.001
NPV 91 (.88-.95) NPV 91 (.88-.94) .901
(*)LR 1.52 (1.42-1.62) (+)LR 2.10 (1.90-2.31) <.001
(-)LR 12 (.08-.19) (-)LR 12 (.09-.17) .902
ROC AUC a7 (.74-.80) ROC AUC .83 (.80-.85) .002
Applying the PediBIRN-4 and Physicians’ Final Diagnoses  Applying the PediBIRN-3 and Physicians’ Final Diagnoses  p values
AHT Other AHT Other
Higher Risk 484 268 Higher Risk 472 169
Lower risk 12 209 Lower risk 24 308
Value (95% ClI) Value (95% Cl)
Sensitivity .98 (.96-.99) Sensitivity .95 (.93-.97) .001
Specificity 44 (.39-.48) Specificity .65 (.60-.69) <.001
PPV .64 (.61-.68) PPV 74 (.70-.77) <.001
NPV .95 (.92-.98) NPV .93 (.90-.96) 107
(#)LR 1.74 (1.60-1.88) (+) LR 2.69 (2.38-3.04) <.001
(=) LR .06 (.03-.10) (-)LR .07 (.05-.11) 142
ROC AUC .82 (.80-.85) ROC AUC .89 (.87-.91) <.001

Abbreviations: AHT=abusive head trauma, Cl=confidence interval, PediBIRN=pediatric brain injury research network; LR=likelihood ratio,

NPV=negative predictive value, PPV=positive predictive value, ROC AUC=area under the receiver operating characteristics curve
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