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Objective: To estimate the impact of the PediBIRN (Pediatric Brain Injury Research Network)
4-variable clinical decision rule (CDR) on abuse evaluations and missed abusive head trauma in
pediatric intensive care settings.

Study design: Cluster randomized trial. Participants were 8 pediatric intensive care units
(PICUs) in US academic medical centers; PICU and child abuse physicians; and consecutive
acutely head-injured patients <3 years (n=183 and n=237, intervention vs. control). PICUs were
stratified by patient volumes, pair matched, and randomized equally to intervention or control
conditions. Randomization was concealed from the biostatistician. Physician-directed, cluster level
interventions included initial and booster training, an abusive head trauma probability calculator,
and information sessions. Outcomes included “higher risk™ patients evaluated thoroughly for abuse
(with skeletal survey and retinal examination), potential cases of missed abusive head trauma
(patients lacking either evaluation), and estimates of missed abusive head trauma (among potential
cases). Group comparisons were performed using generalized linear mixed-effects models.

Results: Intervention physicians evaluated a greater proportion of higher risk patients thoroughly
(81% vs. 73%, P=. 11) and had fewer potential cases of missed abusive head trauma (21%

vs. 32%, P=.05), although estimated cases of missed abusive head trauma did not differ (7%

vs 13%, P=.22). From baseline (in prior studies) to trial, the change in higher risk patients
evaluated thoroughly (67%—81% vs. 78%—73%, P=.01), and potential cases of missed abusive
head trauma (40%—21% vs. 29%—32%, P=.003), diverged significantly. We did not identify a
significant change in the number of estimated cases of missed abusive head trauma (15%—7% vs.
11%—13%, P=.22).

Conclusion: PediBIRN-4 CDR application facilitated changes in evaluations that reduced
potential cases of missed abusive head trauma in PICU settings.

Trial registration.—ClinicalTrials.gov: NCT03162354
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Abusive head trauma is the leading cause of traumatic death and disability during early
childhood, with an estimated annual incidence of 20-30 cases per 100,000 children under
two years of age.1~7 Survivors are frequently burdened with lifelong physical and cognitive
deficits.811 In their landmark single institutional study, Jenny et al found that 15 (28%) of
54 patients with unrecognized abusive head trauma were reinjured when returned to their
abusive caregivers, and that 5 (10%) subsequently died or were killed.12 Unfortunately,
physicians continue to miss this diagnosis.13

To reduce missed abusive head trauma, Pediatric Brain Injury Research Network
(PediBIRN) investigators derived and validated an abusive head trauma screening tool that
comes in the form of a directive clinical decision rule (CDR).141> The “PediBIRN-4”

CDR recommends thorough abuse evaluations for young, acutely head-injured, “higher risk
patients who present with any one or more of its four predictor variables: acute respiratory
compromise; bruising of the torso, ear(s), or neck; bilateral or interhemispheric subdural
hemorrhage(s); and complex skull fracture(s)(Table I).
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Observational studies!>17.18 suggest that, if applied perfectly, the CDR will miss (stratify
as lower risk) approximately 4% of abusive head trauma cases. However, these data do
not account for real-life implementation variability.1%:20 It follows that widespread CDR
implementation must await an efficacy study that demonstrates physician behavior can be
altered to reduce missed abusive head trauma.

Our objective was to apply the rigor of a cluster randomized trial (CRT) to estimate

the actual impact of the PediBIRN-4 on abuse evaluations and missed abusive head
trauma when applied prospectively in pediatric intensive care unit (PICU) settings. Cluster
randomization was chosen for practical reasons (administrative convenience, cost savings,
the ability to study interventions best applied at the PICU level) and to minimize
contamination resulting from physician selection bias.20-22 Stratification was imposed on
randomization in an attempt to minimize imbalance between intervention groups.

Hypotheses were generated and outcomes measured at the individual patient participant
level. We hypothesized that our physician-directed, cluster level interventions would trigger
more frequent “thorough” abuse evaluations of higher risk patients (with skeletal survey and
retinal examination), less frequent evaluations of the remaining lower risk patients (with
either or both abuse evaluations), fewer potential cases of missed abusive head trauma
(patients lacking skeletal survey and/or retinal examination), and lower estimates of missed
abusive head trauma (among potential cases), at intervention vs. control PICUs, respectively.

Clusters were eight PICUs (4 intervention, 4 control) in academic medical centers from
across the United States (Table 2; available at www.jpeds.com). Stratification was based on
projected patient volumes. The CRT was extended from 24 months to 32 based on lower
than projected eligible patients at intervention PICUs. No other changes in trial design or
procedures were required. Data and safety were monitored by a data safety monitoring
board.

PICU recruitment and stratification.

Candidate PICUs included 18 that had participated in prior observational studies to derive
and validate the CDR.14.15 The seven PICUs whose lead PediBIRN investigator was no
longer available were eliminated from initial consideration. The remaining PICUs were
stratified based on each PICU’s mean monthly count of eligible patients in prior studies (<1,
1-2, 2-3, or >3). The two PICUs within each stratification with the highest mean counts
were invited and agreed to participate.

Participants.

Physician participants were the licensed, credentialed, PICU and child abuse pediatric
(CAP) physicians in active practice who made decisions to launch or forgo child

abuse evaluations in their young, acutely head-injured patients. Patient participants were
consecutive children under three years of age admitted for intensive care of symptomatic,
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acute, closed, traumatic, cranial or intracranial injuries confirmed on initial neuroimaging.
Victims of motor vehicle collisions and patients with pre-existing brain abnormalities were
excluded.

Randomization.

PICUs served as the units of randomization. The study principal investigator (PI)

matched participating PICUs into four pairs based on projected patient volumes. A senior
biostatistician randomized one PICU from each pair to the intervention arm. Randomization
was concealed from a second biostatistician responsible for data analysis. At intervention
PICUs, physician participants were not blind to allocation. At control PICUs, the CRT was
strictly observational.

Interventions.

Interventions designed to support CDR application as an abusive head trauma screening
tool were targeted toward physician participants at the cluster level. They included: (1) an
initial online 15 minute training that provided an overview regarding abusive head trauma;
missed abusive head trauma; and the CDR’s derivation, validation, application, and potential
impact; (2) CDR badge cards; (3) prompts by local research coordinators to apply the

CDR,; (4) monthly “booster training” emails; (5) access to an online “abusive head trauma
probability calculator” (accessible at www.pedibirn.com) that applied the PediBIRN-4 as an
prediction tool1® rather than a directive decision rule; (6) progress reports (every 6 months
x4) that compared PICU-specific measures of CRT progress, provider engagement, and
adherence to the CDR’s recommendations; and (7) local “information sharing sessions”
(every 6 months x4) led by the site PI (x3) or study PI (x1) to discuss barriers to CDR
acceptance and utilization. Strict compliance with the CDR’s recommendations was not
required.

Outcomes measures.

Primary and secondary measures of patient safety, practice efficiency, and clinical outcomes
are described in Table 3. All were measured at the individual patient participant level. To
enhance understanding of methods and results, one outcome measure (potential cases of
missed abusive head trauma) was added after trial launch.

Our selection of clinical outcome measures was based on four assumptions adopted to
facilitate estimation of missed abusive head trauma in the absence of a gold standard: (1)
patients who underwent both skeletal survey and retinal examination had been thoroughly
evaluated for abuse; (2) the discovery of moderately or highly specific findings of abuse on
either abuse evaluation corroborated a patient’s head trauma as abusive; (3) patients lacking
skeletal survey and/or retinal examination represented potential cases of missed abusive head
trauma; and (4) actual cases of missed abusive head trauma—among potential cases—could
be estimated as (potential cases of missed abusive head trauma) x (their mean estimate of
abuse probability).

To clarify, actual cases of missed abusive head trauma, among larger cohorts of potential
cases, were estimated by applying the PediBIRN-4 as a prediction tool (the “abusive head
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trauma probability calculator”). PediBIRN investigators had demonstrated previously that
the PediBIRN-4’s patient-specific estimates of abuse probability correlated positively and
strongly (Pearson R=.71) with the overall diagnostic yield of their patients’ completed
skeletal surveys and/or retinal examinations.16 Thus, the estimates of missed abusive head
trauma cases at intervention and control PICUs were estimates of the proportion of their
potential cases whose missing abuse evaluations would have yielded corroborating findings
of abuse.

Human subjects protections.

At every participating PICU, local institutional review boards (IRB) approved CRT
participation with waivers of parental informed consent for eligible patients. At control
PICUs, where the CRT was to be strictly observational, local IRBs also approved waivers
of informed consent for PICU and CAP physicians. At intervention PICUs, PICU and CAP
physicians provided written informed consent for participation. Consent was secured after
randomization prior to trial launch.

Data capture and management.

PICUs were required to capture complete data regarding >90% of eligible patients based on
monthly audits. Patient-specific data were abstracted from medical records. Intervention
physicians self-reported their abusive head trauma screening and evaluation logic and
decisions. Captured data were uploaded into access-controlled Research Electronic Data
Capture (REDCap) software hosted at Penn State Hershey Medical Center. Data integrity
rules programmed in REDCap facilitated identification of data inconsistencies that were
tracked until resolution. Completed data forms regarding 15% of eligible patients were
selected at random for upload and reviewed to verify the accuracy of data entry.

Power and sample size calculations.

Matched PICUs were assigned randomly to intervention and control groups in a 1:1
allocation ratio (4 intervention, 4 control). In prior strictly observational studies5-16,
physicians at the same eight PICUs evaluated 73% of their higher risk patients thoroughly
for abuse. We predicted that intervention physicians would increase thorough abuse
evaluations of higher risk patients (with both skeletal survey and retinal examination) from
73% to 90%. Thus, we powered our primary hypothesis to detect a 17% increase. To test
the hypothesis, we utilized the simulation technique for power analysis. Generalized linear
mixed-effects models were adopted via SAS PROC GLIMMIX, version 9.4 to analyze 1,000
Monte Carlo datasets from simulation. For the target sample size of 304 higher risk patients
(152 in each arm), the proportion of simulated datasets that yielded a statistically significant
result for the primary hypothesis was 95.7%, indicating sufficient statistical power.

Post hoc analyses.

We completed two post hoc analyses. First, using equivalent data from the same eight
PICUs (captured prospectively between 2010 and 2013 in comparable patient cohorts),
we compared outcome measures in the current study to equivalent measures in prior
observational studiesl412, at intervention vs. control PICUs, respectively. Second, to re-
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verify the CDR’s potential abusive head trauma screening performance over time and across
trial arms, we: (1) combined cases of corroborated abusive head trauma and estimates of
missed abusive head trauma to estimate abusive (and non-abusive) head trauma prevalence
in higher and lower risk subpopulations, (2) entered values into 2x2 contingency tables,

and (3) calculated CDR test characteristics (sensitivity, predictive values, likelihood ratios),
assuming physicians evaluated every higher risk patient thoroughly for abuse and deferred
abuse evaluations in all lower risk patients.

Statistical analyses.

Results

Patients.

Physicians.

Intent-to-treat analyses were used for all statistical analyses examining group differences,
making use of all available data from all randomized patient participants. Data regarding
categorical variables were characterized as frequencies with proportions. Group comparisons
(intervention vs. control) of outcome measures (including pre-post changes from baseline
to CRT) were analyzed using generalized linear mixed-effects models. In particular, the
random intercept in the statistical model captured the PICU-level heterogeneity. The
covariates in the statistical model included a group indicator, pre-post interventions, and
their interactions. Results were characterized using P values and odds ratios (OR) with 95%
confidence intervals (Cl). Analyses were undertaken using Statistical Analysis Software
(SAS), version 9.4 (Cary, NC). For additional information regarding model fitting and
parameter set-ups, see Methods in the Appendix (available at www.jpeds.com).

Prospective data capture began August 1, 2017, and ended March 31, 2020, when enroliment
targets based on power analysis were reached. Over these 32 months, 631 acutely head-
injured patients under 3 years of age were hospitalized for intensive care in a participating
PICU. Of these, 211 (33%) were excluded, including 176 victims of motor vehicle
accidents, 15 patients with preexisting brain abnormalities, and 20 patients lacking data

to confirm eligibility. Investigators captured complete requested data regarding all of the
remaining 420 eligible patients. Of these, 183 (44%) were hospitalized in intervention
PICUs; the remaining 237 (56%) in control PICUs (Figure 1). Significant differences in
patient race/ethnicity were noted across trial arms (Table 4; available at www.jpeds.com).

Ninety (99%) of 91 PICU and CAP physicians practicing at intervention PICUs consented
to participate and completed initial training. They included 57 pediatric intensivists, 18 CAP
physicians, and 15 pediatric trauma- or neuro-surgeons. Their demographics are summarized
in Table 4. Fourteen (16%) of 90 consented physicians relocated or retired prior to trial
completion.

Interventions.

Over the course of the 32-month CRT, intervention coordinators facilitated 333 physician
prompts to apply the PediBIRN-4 CDR as a directive abusive head trauma screening tool,
86 (96%) of 90 consented physicians acknowledged 1979 (76%) of 2594 booster training
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emails, 50 (56%) accessed the abusive head trauma probability calculator, 38 (42%) attended
>2 of 4 information sharing sessions, and 66 (73%) had an opportunity to apply the CDR
during patient care.

CDR application.

Outcomes.

Harms.

The PediBIRN-4 stratifies acutely head-injured children under 3 years of age into higher and
lower risk cohorts, and directs physicians to evaluate every higher risk patient thoroughly for
abuse (Table 1). Intervention physicians and coordinators correctly categorized 158 (86%)
of 183 eligible patients as higher risk and 25 (14%) as lower risk. None were categorized
incorrectly. At control PICUs, where the CRT was strictly observational, CDR application
would have categorized 175 (74%) of 237 eligible patients as higher risk and 62 (26%) as
lower risk (Figure 1).

Figure 1 demonstrates the approach used to calculate outcome measures (Table 3) at
intervention vs. control PICUs. Equivalent methods were applied to calculate these

same outcome measures at baseline, in comparable patient cohorts (n=172 and n=165

at intervention and control PICUs respectively) and using equivalent data from prior
observational studies.1415 Complete results are detailed in Table 5 and Figure 2 (available at
www.jpeds.com). Key results include the following:

From baseline to CRT, intervention physicians significantly increased the proportions of
their higher risk patients evaluated thoroughly for abuse (67%—81%, £=.01), and their
lower risk patients evaluated at least partially (43%—68%, £ =.05), thus significantly
lowering their rate of potential missed abusive head trauma (40%—21%, £<.001). At
control PICUs, there were no significant changes from baseline in these same outcome
measures. The divergence (from baseline to CRT) in potential cases of missed abusive head
trauma at intervention vs. control PICUs was significant (40%—21% vs. 29%—>32%; P=
.003), as was the difference in potential cases of missed abusive head trauma at intervention
vs. control PICUs over the course of the CRT (21% vs. 32%, £ =.05).

Post hoc analyses re-confirmed that, applied accurately and consistently, the PediBIRN
4-variable CDR would have screened effectively for abusive head trauma, with sensitivity
94%-99% and negative predictive value 90%—-96% (Table 6; available at www.jpeds.com).

Over the course of the CRT, no harms or adverse events were reported by physicians,
coordinators, or patients’ families.

Discussion

Our results support the following impressions: (1) our interventions facilitated CDR
application as an abusive head trauma screening tool, (2) CDR application effected changes
in abusive head trauma evaluation practices that reflected heightened overall concern for
missed abusive head trauma (rather than strict fidelity to the CDR’s recommendations),
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(3) the changes in abusive head trauma evaluation practices reduced potential cases

of missed abusive head trauma, (4) the estimated rate of missed abusive head trauma

at intervention PICUs (7%) was higher than that predicted with full adherence to the
PediBIRN-4’s recommendations (4%), and (5) the CDR’s potential abusive head trauma
screening accuracy was preserved.

The PediBIRN-4’s screening recommendations must be interpreted in the context of other
relevant information, such as the presenting history, past and family medical history,
psychosocial risk assessment, the results of tests to confirm or exclude medical mimics, and
input from investigators. The CDR was designed to inform and enhance clinical judgement,
not supplant it.

Toward that end, the CDR focuses attention on patients it stratifies as higher risk. In

prior studies!#15, intervention physicians evaluated 67% (89 of 132) of higher risk patients
thoroughly for abuse, and their estimated rate of missed abusive head trauma was 15% (11
of 74, Table 5). During the CRT, they evaluated 81% (128 of 158), and the estimated rate

of missed abusive head trauma dropped to 7% (6 of 81, Table 5). Had they evaluated all

158 higher risk patients thoroughly for abuse during the CRT, the estimated rate of missed
abusive head trauma would have been 1% (1 of 81, Table 6). Our estimates suggest that
recognition of these 5 additional victims of abuse required thorough abuse evaluations of 30
additional higher risk patients, 18 of whom had already undergone skeletal survey or retinal
examination, but not both (Figure 1).

Multiple investigators have developed CDRs for child physical abuse. Like the PediBIRN-4,
some were designed to function as screening tools. Examples include Berger et al PIBIS
(Pittsburgh brain injury score), which identifies infants at risk for brain injury or abusive
head trauma who might benefit from neuroimaging?3, and Pierce et al BCDR (bruising
clinical decision rule), which identifies young children with bruising who need further
evaluation for abuse24. Other CDRs apply the (positive or negative) results of completed
abuse evaluations to estimate abuse probability. Examples include Maguire et al PredAHT
(predicting abusive head trauma)2>26 and the PediBIRN-7 prediction tool?” for abusive head
trauma. The PediBIRN-4 is the first of these CDRs to be introduced into clinical practice via
a randomized trial.

We hypothesized incorrectly that the CDR’s focus on higher risk patients would prompt
fewer abuse evaluations of lower risk patients. Those lower risk patients selected for
evaluation may have presented with historical, psychosocial, and/or physical findings that
elevated concerns for abuse. And yet, over time and across trial arms, only 3 (3%) of 99
lower risk patients evaluated at least partially for abuse revealed corroborating findings. It
follows that many evaluations of lower risk patients were avoidable. Decreasing the number
of avoidable abuse evaluations will lessen parental stress and distrust, reduce costs, and
increase the accuracy of abusive head trauma screening.

Our study had multiple strengths. Its overall design embedded a pre-post study into the
larger CRT. We calculated outcome measures reflective of both patient safety and practice
efficiency. Decisions regarding PICU group assignment, patient risk stratification, and
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abusive head trauma evaluations were blinded to baseline differences between intervention
groups. The biostatistician assessing outcomes was blinded to PICU randomization.

Our study also had limitations. By chance, baseline rates of abuse evaluations were lower

in intervention PICUs than control PICUs, suggesting that regression toward the mean may
have affected our results. CDR implementation supports may not have been delivered or
received with fidelity across intervention PICUs and physicians. Because patient participants
2 to 3 years of age are not routinely evaluated for abuse with skeletal survey, calculations

of potential and estimated cases of missed abusive head trauma may have been inflated.

We failed to capture prospective data that might explain some absent or incomplete abuse
evaluations (eg, early death). Absent a gold standard, we relied on patient-specific estimates
of abusive head trauma probabilityl6 to predict the results of abuse evaluations never
completed. Finally, our results are not generalizable to non-PICU settings, to PICUs in
non-academic centers, or to PICUs lacking access to CAP physicians.

Physician failures to recognize, diagnose, and report suspected abusive head trauma

place young victims at risk for repetitive abuse and even death.12.13 Application of the
PediBIRN 4-variable CDR facilitated changes in abuse evaluations that reduced potential
cases of missed abusive head trauma in PICU settings. In anticipation of future CDR
effectiveness studies (in non-PICU settings and/or under less controlled conditions),
secondary analyses are planned to discern which interventions were most impactful; to
identify site-, physician-, and patient-specific variables that impacted providers’ adherence
to the CDR’s recommendations; and to estimate the cost-effectiveness and sustainability of
our interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients <3 Years Hospitalized in Participating PICUs Over the Course of the CRT

for Treatment of Acute Closed Head Injuries Confirmed on Neuroimaging
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CNS abnormalities (n=15)
Lacking eligibility data (n=20)
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Figure 1. Patient attrition and the impacts of abusive head trauma screening and evaluation
practices at intervention vs. control sites over the course of the CRT.

Of the 631 acutely head-injured patients under 3 years of age hospitalized in a participating
PICU over the course of the 32-month CRT, 211 (33%) were excluded from study
participation. 183 (44%) of the remaining 420 eligible patients were admitted to an
intervention PICU, where clinicians were encouraged to apply the PediBIRN-4 CDR as

an abusive head trauma screening tool. The remaining 237 patients (56%) were hospitalized
in a control PICU, where providers practiced abusive head trauma screening as usual. The
yellow boxes track abusive head trauma screening and evaluation practices—and relevant
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clinical impacts of those practices—in patients the CDR categorized as higher risk. Green
boxes track the equivalent practices and outcomes in the remaining lower risk patients. Red
boxes highlight corroborated cases of abusive head trauma and estimates of missed abusive
head trauma in higher vs. lower risk patients in each arm of the CRT.

Abbreviations: CDR=clinical decision rule, CNS=central nervous system, CRT=cluster
randomized trial, PediBIRN=pediatric brain injury research network, PICU=pediatric
intensive care unit, MVA=motor vehicle accident
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Table 1.

The PediBIRN 4-variable clinical decision rule 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 4 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 Emergency Department, or prior to admission
Any bruising involving the child’s torso, ear(s), or neck
Any subdural hemorrhage(s) or fluid collection(s) that are bilateral or involve the interhemispheric space

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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Outcome Measure

Description

Category

Higher risk patients
evaluated thoroughly for
abuse

Patients who presented with any one or more of the CDR’s four predictor variables
and were evaluated with skeletal survey AND retinal exam.

A primary measure of
patient safety

Lower risk patients evaluated

even partially for abuse

Patients who presented with none of the CDR’s four predictor variables and were
nevertheless evaluated with skeletal survey AND/OR retinal exam.

A primary measure of
practice efficiency

Eligible patients evaluated at

least partially for abuse

A composite representation of abusive head trauma evaluation practices, capturing all
patients evaluated with skeletal survey AND/OR retinal exam.

A secondary measure
of patient safety

Corroborated cases of
abusive head trauma

Patients whose completed skeletal survey and/or retinal exam revealed findings

considered moderately or highly specific for abuse.? A measure of overall diagnostic
yield.

A secondary measure
of practice efficiency

Potential cases of missed
abusive head trauma

Patients lacking skeletal survey AND retinal exam, and, patients whose partial abuse
evaluation (with skeletal survey OR retinal exam) revealed no corroborating findings
of abuse.

A primary clinical
outcome measure

Mean estimate of abusive

head trauma probability

Calculated using the patient-specific estimates of abusive head trauma probability
accessed by applying the PediBIRN- 4 CDR as a prediction tool (“abusive head
trauma probability calculator”). Needed/Used to calculate estimated cases of missed
abusive head trauma among potential cases of missed abusive head trauma.

A secondary clinical
outcome measure

Estimated cases of missed

abusive head trauma

An estimate of missed abusive head trauma cases among potential cases of missed
abusive head trauma. Calculated by multiplying [potential cases of missed abusive

head trauma] x [their mean estimate of abusive head trauma probability].b Needed/
Used to calculate estimated rates of missed abusive head trauma among all cases of
abusive head trauma.

A secondary clinical
outcome measure

Estimated rate of missed
abusive head trauma

An estimate of cases of missed abusive head trauma among all cases of abusive

head trauma. Calculated by dividing [estimated cases of missed abusive head trauma]
by [estimated cases of missed abusive head trauma + corroborated cases of missed
abusive head trauma].

A primary clinical
outcome measure

Abbreviations: CDR=clinical decision rule, PediBIRN=pediatric brain injury research network
a A . . . .

Including rib fracture(s), classic metaphyseal lesion fracture(s), epiphyseal separation(s), fracture(s) of the scapula or sternum, fracture(s) of
digit(s), vertebral body fracture(s) or dislocation(s), fracture(s) of spinous process(es), retinoschisis, and/or retinal hemorrhages described as dense,

extensive, covering a large surface area, and/or extending to the ora serrata.

bThe PediBIRN-4 CDR’s patient-specific estimates of abuse probability were previously shown to correlate positively and strongly (Pearson’s R =
0.71) with the overall diagnostic yield of PediBIRN patients’ completed skeletal surveys and/or retinal examinations (see reference 16).
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The impacts of changing abusive head trauma evaluation practices on relevant clinical outcomes.

Table 5.
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Columns

A

B

C

D

Intervention PICUs (n=4)

Matched Control PICUs (n=4)

At Baseline During the CRT At Baseline During the CRT
(n=172) (n=183) (n=165) (n=237)
All patients evaluated at least partially for
a 126 (73) of 172 163 (89) of 183  135(82) of 165 189 (80) of 237
abuse, n (%)
Higher risk patients evaluated thoroughly for
b 89 (67) of 132 128(81)of 158 97 (78) of 124 128 (73) of 175
abuse, n (%)
Lower risk patients evaluated even partially
for abuse, n (%) a 17 (43) of 40 17 (68) of 25 28 (68) of 41 37 (60) of 62
Patients with corroborating findings of abuse,
63 (50) of 126 75(46)of 163 54 (40) of 135 93 (49) of 189

n©)°

Potential cases of missed abusive head
trauma, n (%) a

68 (40) of 172

38 (21) of 183

48 (29) of 165

75 (32) of 237

Mean estimate of abusive head trauma

17 16 14 19
probability, (%) & ) (16) (1) (19)
Estimated cases of missed abusive head
f 1 6 7 14
trauma, n
Estimated rate of missed abusive head
P 11 (15) of 74 6 (7) of 81 7(11)of 61 14 (13)of 107
trauma, n (%),
Odds Ratio (95% CI), P values
Comparing columns... Avs. B Cvs. D Avs C Bvs. D A’jgfgs
All patients evaluated at least partially for 2.97 0.88 1.64 0.48 0.29
2 (1.67-5.29) (0.53-1.45) (0.95-2.83) (0.27-0.85) (0.14-0.64)
abuse P P=61 P=.06 P P
<.001 =01 =.002
Higher risk patients evaluated thoroughly for 2.02 0.75 1.74 0.64 0.37
A (1.16-3.52) (0.43-1.30) (0.96-3.13) (0.37-1.11) (0.17-0.80)
abuse P=01 P=30 P=.07 P=11 P
=01
Lower risk patients evaluated even partially 2.84 0.70 2.79 0.69 0.25
2 (0.98-8.19) (0.30-1.63) (1.01-7.70) (0.24-1.98) (0.60-0.96)
for abuse P=.05 P=41 P P=.49 P
=.05 =.04
Patients with corroborating findings of abuse 0.94 1.27 0.81 1.09 135
c (0.58-1.53) (0.79-2.06) (0.32-2.02) (0.46-2.60) (0.68-2.67)
P=.81 P=.32 P=.65 P=.84 P=.39
Potential cases of missed abusive head 0.42 113 0.68 1.84 2.71
o (0.26-0.67) (0.73-1.76) (0.36-1.27) (1.00-3.38) (1.41-5.21)
trauma P P=58 P=22 P P
<.001 =.05 =.003
Estimated rate of missed abusive head trauma 0.46 116 0.74 1.88 2.53
P (0.16-1.31) (0.44-3.05) (0.27-2.05) (0.69-5.13) (0.61-10.56)
P=.14 P=.76 P=.20 P=.22 P=.22
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Abbreviations: Cl=confidence interval, P=probability, CRT=cluster randomized trial, PICU=pediatric intensive care unit

aWith skeletal survey AND/OR retinal examination by an ophthalmologist.

bWith skeletal survey AND retinal exam by an ophthalmologist.

clncluding rib fracture(s), classic metaphyseal lesion fracture(s), epiphyseal separation(s), fracture(s) of the scapula or sternum, fracture(s) of
digit(s), vertebral body fracture(s) or dislocation(s), fracture(s) of spinous process(es), retinoschisis, and/or retinal hemorrhages described as dense,

extensive, covering a large surface area, and/or extending to the ora serrata.

Including patients lacking skeletal survey AND retinal exam, and, patients whose partial abuse evaluation (with skeletal survey OR retinal exam)
revealed no corroborating findings of abuse.

EThe patient-specific estimates of abuse probability used to calculate the means were accessed by applying the PediBIRN-4 as a prediction tool (see
reference 16).

Calculated as [potential cases of missed abusive head trauma] x [their mean estimate of abuse probability].

gCaIcuIated as [estimated cases of missed abusive head trauma] / [estimated cases of missed abusive head trauma + patients with corroborating
findings of abusive head trauma].
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