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Abstract
Objective: Correlate presenting clinical characteristics of abusive head trauma (AHT) patient with neurological outcome
and late seizures.

Design: We review 52 cases of presumed abusive head trauma (AHT) in children < 24 months of age admitted to a single
center Pediatric Intensive Care Unit (PICU) between 2008 and 2017. Clinical variables were analyzed for association with
neurological outcome > 6 months post-injury using the Glasgow outcome score-extended for pediatrics (GOS-E Peds) and
late seizures. Only patients with > 4 hours of EEG within the first 72 hours of admission were included. Patients with coma
and bilateral fixed and dilated pupils on presentation were excluded.

Results: Neurological outcome was assessed in 43 patients, of which 19 (44%) had a poor outcome (GOS-E > 5). Cardiac
arrest, GCS < 8 on presentation, parenchymal injury and longer stay in the PICU were identified as risk factors for
poor outcome. Late seizures were present in 35% patients and were predicted by parenchymal injury but not acute
symptomatic seizures.

Conclusions: Cardiac arrest and GCS < 8 were associated with poor outcome after AHT. Late seizures were not predicted by
acute symptomatic seizures. Parenchymal injury was associated with both poor neurological outcome and late seizures.

What’s Known on This Topic

¢ Children who suffer abusive head trauma are at high risk for long term neurological disability and epilepsy.

What This Study Adds

¢ Cardiac arrest on presentation and longer stay in the intensive care unit are associated with poor neurological outcome
after AHT.

e Parenchymal injury on MRl is correlated with late seizures while acute symptomatic seizures are not.

Table of Contents Summary

Outcome after abusive head trauma is associated with presenting variables such as cardiac arrest and low GCS, as well
as parenchymal injury on MRI.

Copyright: © 2021 Carpenter JL, et al. This is an open-access article distributed under the terms a
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and ': SCHOLARS.DIRECT
reproduction in any medium, provided the original author and source are credited.

Open Access | Page 110 |


http://crossmark.crossref.org/dialog/?doi=DOI: 10.36959/595/418&domain=pdf

Citation: Carpenter JL, Moeller RF, Jones AH, et al. (2021) Abusive Head Trauma in Infants and Children: Identifying Presenting Variables

Associated With Outcome. J Pediatr Neurol Neurosci 5(1):110-118

Abbreviations

ADC: Apparent Diffusion Coefficient; AHT: Abusive Head Trauma; ASM: Anti-seizure medications; CAP: Child Abuse
Pediatrics; Cl: Confidence Interval; CPR: Cardiopulmonary Resuscitation; CT: Computed Tomography; DWI: Diffusion
Weighted Imaging; ED: Emergency Department; EEG: Electroencephalogram; EMR: Electronic Medical Record; EMS:
Emergency Medical Services; EPTS: Early Post-Traumatic Seizures; GCS: Glasgow Coma Scale; GOS-E: Extended Glasgow
Outcome Scale; HIl: Hypoxic Ischemic Injury; ICP: Intracranial Pressure; IQR: Interquartile Range; MRI: Magnetic
Resonance Imaging; NCC: Neurocritical Care; OR: Odds Ratio; PICU: Pediatric Intensive Care Unit; SES: Socioeconomic
Status; SUDEP: Sudden Unexplained Death in an Epilepsy Patient

Introduction

Abusive head trauma (AHT) is a major cause of neurologic
injury in young children with an estimated incidence of 12.8
to 17 per 100,000 in children < 2-years of age and 21 to 33.8
per 100,000 in children < 1-year [1]. The mortality rate can be
as high as 36% [2] and survivors of AHT are subject to signifi-
cant morbidity [3]. The majority of patients require long-term
rehabilitation (up to 83%) [4] and estimates of life time cost
per single AHT patient are > $200,000 [5-7].

Despite the high incidence of AHT, study of these patients
is largely limited to descriptors of small cohorts identified ret-
rospectively. Age at the time of inflicted injury and presenting
Glasgow Coma Score (GCS) are reported as variables predic-
tive of poor outcome at discharge [8]. Acute symptomatic
seizures occur in up to 57% of AHT patients [5] and are often
non-convulsive [9]. While many studies have investigated the
incidence and characteristics of early posttraumatic seizures
[9,10], far less is known about the presenting variables associ-
ated with late seizures which are common after AHT. Predic-
tors for developing epilepsy remain poorly defined.

Given the complexities of care associated with AHT, a mul-
tidisciplinary approach to the evaluation and management of
these patients is critical [11]. Over the last decade, pediatric
neurocritical care (NCC) programs specializing in the care of
critically ill children with acute brain injury have become more
common [12,13]. Many hospitals also have access to child
abuse pediatricians (CAPs), who specialize in the evaluation
of children who may be victims of abuse or neglect. When
NCC teams combine with CAPs, they collectively provide AHT
patients with a high level of care by clinicians who are famil-
iar with the intricacies of AHT. Historically, AHT patients were
subject to heterogeneity of evaluation and management,
factors which may contribute to outcome differences. We
performed a review of presumed AHT patients prospectively
identified and cared for in a standardized fashion. We aimed
to investigate patient characteristics and clinical variables as-
sociated with poor long term neurological outcome. Risk fac-
tors for the development of late seizures were assessed as a
secondary outcome measure.

Study Design

Children with a diagnosis of presumed AHT admitted to
a single tertiary care Pediatric Intensive Care Unit (PICU) be-
tween 2008 and 2017 were analyzed. Patients were identi-
fied from a NCC database. Additional clinical variables were
retrospectively ascertained through review of the electronic
medical record (EMR), including records from referring facil-

ities and Emergency Medical Services (EMS). The study was
approved by Children’s National Hospital Institutional Review
Board, Pro 00001916.

Consecutive patients < 24 months of age with presumed
AHT were included in the analysis. The diagnosis of presumed
AHT was determined by our child protection team after com-
prehensive clinical consultation and multidisciplinary input.
Standard institutional practice is for patients with a new di-
agnosis of intracranial hemorrhage to be initially admitted to
the PICU independent of mental status at the time of pre-
sentation. All patients were evaluated by the NCC team with-
in 24 hours of presentation and subject to institutional AHT
management recommendations (Supplement 1). Corrected
gestation age was used for patients with a history of prema-
turity. Only patients with at least 4 hours of continuous elec-
troencephalogram (EEG) monitoring during the first 72 hours
of admission were included. Patients with coma associated
with bilateral fixed and dilated pupils on presentation were
excluded due to the concern of imminent mortality.

Clinical characteristics

Patient characteristics assessed for impact on functional
outcome included gender, age, prematurity and SES. Pre-
senting factors, including site of presentation (i.e. regional
vs. tertiary ED), initial GCS, retinal hemorrhage, extra-cranial
fractures and cardiac arrest were also evaluated as potential
risk factors for severe neurological disability. Absent or public
insurance at the time of presentation was used as a surro-
gate marker of low SES. Site of presentation was captured as
tertiary care versus non-tertiary care center. Presenting GCS
was captured as the first pediatric GCS assigned by EMS. In
the absence of EMS documents, the first GCS recorded at the
presenting ED were used. GCS < 8 was used as a marker of
severe injury, per TBI convention [14]. All AHT patients were
evaluated by a pediatric ophthalmologist as per institutional
practice. Only retinal hemorrhages diagnosed and described
by an ophthalmologist were considered. Finally, only children

*Corresponding author: Jessica L Carpenter, MD, Department
of Child Neurology, Children’s National Hospital, 111 Michigan
Avenue, Washington DC 20010, USA, Tel: 202-476-2120

Accepted: June 02, 2021
Published online: June 04, 2021

Citation: Carpenter JL, Moeller RF, Jones AH, et al. (2021)
Abusive Head Trauma in Infants and Children: Identifying
Presenting Variables Associated With Outcome. J Pediatr
Neurol Neurosci 5(1):110-118

Carpenter et al. J Pediatr Neurol Neurosci 2021, 5(1):110-118

Open Access | Page 111 |


https://www.scholars.direct/Articles/pediatric-neurology/jpnn-5-024-supply-file-1.pdf

Citation: Carpenter JL, Moeller RF, Jones AH, et al. (2021) Abusive Head Trauma in Infants and Children: Identifying Presenting Variables

Associated With Outcome. J Pediatr Neurol Neurosci 5(1):110-118

who received cardiopulmonary resuscitation (CPR) by either
EMS or hospital staff were documented as having a cardiac
arrest on presentation. Length of PICU stay and total hospital
stay were calculated and included in the analysis.

Radiographic characteristics

Intracranial injuries were diagnosed through a combina-
tion of head computed tomography scan (CT) and magnetic
resonance imaging (MRI) of the brain. The presence of intra-
cranial hemorrhage, parenchymal injury and/or skull fracture
was noted. Parenchymal injury was defined as abnormalities
of the cerebrum seen on MRI, including intra parenchymal
hemorrhage, contusion or ischemia. The clinical report gen-
erated by a pediatric neuroradiologist was used to establish
the radiographic findings. For any report with unclear or am-
biguous language, images were reviewed by a pediatric neu-
rologist to define the injuries.

Clinical and electrographic seizures

Per institutional routine, all children with intracranial
hemorrhage and GCS < 12 are monitored with continuous
EEG. Due to the high risk of seizures associated with AHT, it is
recommended that all patients with presumed AHT be moni-
tored independent of altered consciousness. While 24 hours
of monitoring is recommended, in practice, the duration of
monitoring varies based on the patient’s stability, physician
practice and resource allocation. All EEGs were obtained with
a standard or modified 10-20 montage.

Seizure on presentation was defined as any seizure oc-
curring in the field, EMS transport or emergency department
(ED). Events were included only if there was a clear clinical
description documented where the most likely explanation
of the event was a clinical seizure. Events that could not be
distinguished from posturing, focal neurological deficits (e.g.
gaze palsy) and/or altered consciousness were not captured
as seizure on presentation. Acute symptomatic seizure was
defined as any clinical or electrographic seizure occurring
within 7 days of the AHT. Seizures on presentation were in-
cluded as acute symptomatic seizures. All continuous infusion
medications with anti-seizure properties were evaluated for
intent of use (e.g. sedation vs. seizure treatment).

Outcome measures

Neurological outcome was measured utilizing the Glasgow
Outcome Scale - Extended for pediatrics (GOS-E Ped). The
GOS-E Ped is validated in young children and is composed of
eight categories ranging from normal function (1) to death (8)
[15]. GOS-E Ped scores were assigned based on the neurolo-
gy, neurosurgery and/or physical medicine and rehabilitation
clinic notes. Scores were assigned = 6 months post-injury and
determined to be favorable if the GOS-E was < 5 (4 = lower
moderate disability) and unfavorable if the GOS-E was = 5 (5
= upper severe disability). When multiple clinic notes existed
for a given patient, the most recent was used to allow for the
longest possible recovery.

Incidence of late seizures was used as a secondary out-
come measure. Late seizure was defined as any seizure occur-
ring > 7 days after the acute brain insult. The day of the insult

was reported as the day of presentation for all patients. Both
inpatient and outpatient documents were used to assess for
the presence of late seizures.

Data analysis

Descriptive statistics were used to identify differences
in clinical characteristics and elements of the clinical course
among patients with and without poor neurologic outcome
as well as those with or without late onset seizures.

For categorical variables, comparisons were made using
Fisher exact test; for continuous variables, the Mann-Whit-
ney U test was used. The candidate predictors with a signif-
icance level of p < 0.5 were identified by univariate analysis.
For the categorical variables significant in univariate analyses,
odds ratios were calculated using the Fisher exact test as our
small sample size did not permit logistic regression analyses.
Post-hoc false discovery rate testing was conducted using the
Benjamini-Hochberg procedure to adjust for multiple com-
parisons, and a False Discovery Rate of 0.1 was used. All uni-
variate analyses were conducted using XLSTAT. Odds Ratios
(OR) were generated using Med Calc Statistical Calculator
(Medcalc.org, 2019).

Results

Demographics

A total of 82 patients with presumed AHT were identified,
of which 52 met inclusion criteria (Figure 1). Eighteen pre-
sented with coma associated with bilateral fixed and dilated
pupils and thus were excluded from the analysis. All but one
of these patients suffered inpatient mortality. Twelve pa-
tients were excluded due to insufficient EEG monitoring.

Patient characteristics are summarized in Table 1. The
median age at presentation was 3.7 months (range 0.6 -20
months corrected gestational age). Twelve patients had a his-
tory of prematurity (23%, range 26-36 weeks estimated ges-
tational age). A majority of patients (75%) were estimated to
be of low SES based on insurance type.

Clinical presentation

Thirty-nine patients (75%) presented initially to a local
hospital prior to transfer to our tertiary care center. One
patient was not included in the GCS analysis because the re-
cords from the outside hospital were not available for review.
Less than half of patients had an initial GCS < 8 (45 %, n =
23/51), of which eight had a GCS of 3. Retinal hemorrhages
were present in all but 7 patients (87%, n = 45/52). There
were 7 patients with cardiac arrest (13%).

Radiological findings

All patients had at least one head CT and one brain MRI.
All had some degree of subdural hemorrhage. Thirty-nine pa-
tients (75%, n = 39/52) had parenchymal injury. Nine patients
suffered a skull fracture and twenty-one had extra cranial
fractures.

Seizures

The overall incidence of symptomatic seizures was 75%
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Patients with presumed AHT (n =382)

v

Coma with bilateral fixed and dilated pupils (n =18)
Inpatient mortality (n=17)

v

Incomplete EEG data (n=12)

EEG started > 72 hrs. from admission (n = 3)
EEG monitoring <4 hrs. (n=4)
No EEG (n =5)

v

AHT patients included (n =52)

Figure 1: Flowchart of patient selection.

Table 1: Demographics and clinical characteristics (patients excluded due to insufficient EEG monitoring presented for comparison).

Presumed AHT patients with inclusion &
exclusion criteria met

(n=52)
Patient Characteristics
Male, n (%) 35 (67)
Age at presentation, median (IQR)£ 3.7(2.1-5.4)
Prematurity, n (%) 12 (23)
Insurance type - Medicaid 39 (75)
Clinical course
Initial presentation to OSH, n (%) 39 (75)
Cardiac arrest, n (%) 7 (13)
Patients with acute HCT and brain MRI 52 (100)
MRI with parenchymal injury, n (%) 39 (75)
Inpatient mortality, n (%) 3(6)
Days of ICU admission, median (IQR) 7 (3-10)
Hospital length of stay, median (IQR) 14 (8-20)
Year of admission, median (IQR) 2012 (2010-2015)
Follow up 26 months post injury, n (%) 43 (83)

Presumed AHT patients excluded for
insufficient EEG monitoring

(n=12)

8 (67)
4.1(3-9.5)
3(25)
9(75)

7 (58)

0

12 (100)

4(33)

0

3(1.8-3.3)
7(5-13.3)

2012 (2009 -2012)
8 (67)

fCorrected for gestational age (measured in months); "n = 51 (one patient did not have a peds GCS assigned)

(n =39/52) with 56% (n = 29/52) having seizures on presen-
tation. Of patients with symptomatic seizures, 28% (11/40)
were documented to have their first seizure after admission
to the PICU. Thirty eight percent (20/52) had electrograph-
ic seizures. Only one patient had non convulsive seizures
without a clinical seizure. Fourteen children had refractory

seizures requiring treatment with a continuous infusion of
an anti-seizure medication (ASM). Twelve patients (23%) re-
ceived an infusion of a medication with anti-seizure proper-
ties for the intended use of sedation; three of which had the
infusion up-titrated for the purpose of seizure control once
seizures were identified. Patients with symptomatic seizures
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Table 2: Patient characteristics and clinical variables associated with poor neurological outcome and late seizures.

GOS-E Assessed at Least 6 months Post Injury Persistent Seizures After 7 days Post Injury
(n=52) (n=51)
No GOS-E GOS-E>5 Late seizures Absent | Late seizures
Patient Characteristics n=9 GOS-E<5n (%) n (%) P-Value n (%) Present n (%) | P-Value
Gender
Male 6 18 (62.1) 11 (37.9) 0.329 24 (70.6) 10 (29.4) 0.531
Female 3 6 (42.9) 8(57.1) 10 (58.8) 7(41.2)
Mean age 5.4 4.6 5 0.774 4.2 6.3 0.119
Prematurity
No 7 20 (60.6) 13 (39.4) 0.295 26 (65.0) 14 (35) 0.731
Yes 2 4 (40.0) 6 (60.0) 8(72.7) 3(27.3)
Insurance type
Private 2 5(45.4) 6 (54.6) 0.495 7(53.8) 6(46.2) 0.315
Medicaid/None 7 19 (59.4) 13 (40.6) 27 (71.1) 11 (28.9)
Presenting factors

Outside Hospital
No 2 6 (54.6) 5 (45.4) 0.995 9(69.2) 4(30.7) 1
Yes 7 18 (56.3) 14 (43.7) 25 (65.8) 13 (34.2)

Glasgow Coma Scale

GCS > 8 (mild to moderate

TBI) 9 14 (73.7) 5(26.3) 0.033 | 20(74.1) 7(25.9) 0.228
GCS < (severe TBI) 0 9(39.1) 14 (60.9) 13 (56.5) 10 (43.5)

Retinal hemorrhages (Y/N)

No 1 6 (100.0) 0(0) 0.027 6(85.7) 1(14.3) 0.401
Yes 8 18 (48.7) 19 (51.3) 28(77.8) 16 (28.2)

Cardiac arrest

No 9 24 (66.7) 12(33.3)  0.002  31(68.9) 14 (31.1) 0.387
Yes 0 0(0) 7 (100.0) 3(50.0) 3(50.0)

Radiology

Parenchymal injury

No 4 9 (100) 0(0) 0.002 | 12(92.3) 1(7.7) 0.038
Yes 5 15 (44.9) 19 (55.1) 22 (57.9) 16 (42.1)

Skull fracture

No 7 22 (61.1) 14 (38.9) 0.211 28 (66.7) 14 (33.3) 1

Yes 2 2(28.6) 5(71.4) 6 (66.7) 3(33.3)

Other fractures

No 5 15 (57.7) 11 (42.3) 1

Yes 4 9(52.9) 8(47.1)

Seizures

Seizures on presentation

No 2 10 (47.6) 11 (52.4) 0.364 13 (59.1) 9 (40.9) 0.377
Yes 7 14 (63.6) 8 (36.4) 21(72.4) 8(27.6)

Seizure within 7 days of injury

No 2 4 (40.0) 6 (60.0) 0.295  8(72.7) 3(27.3) 0.731
Yes 7 20 (60.6) 13 (39.4) 26 (65.0) 14 (35.0)
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Seizures treated with infusion
No 7 21 (63.6) 10 (36.4) 0.017 27 (73.0) 10 (27.0) 0.183
Yes 2 3(25.0) 9 (75) 7 (50.0) 7 (50.0)
Clinical course
Average length of ICU stay 3.4 6.2 14 0.001 7.2 11.6 0.025
Average Length of hospital
stay 8.9 12.8 22.8 0.005 13.9 20.5 0.01
Frequency of Individual GOS-E Scores
14 -
12 -
10 -
o
Il
£
g
S 6
2
£
=}
=z
4 4
0 ‘ ‘
1 2 3 4 5 6 7 8
GOS-E Score
Figure 2: Individual GOS-E scores assigned > 6 months post injury.

had a median age of 2.9 months (inter quartile range (IQR)
2-4 months) compared to 6.7 months (IQR 5-12 months) for
those without seizures. No child in the study had a pre-exist-
ing diagnosis of epilepsy.

For the patients who survived beyond seven days from
presentation, late seizures occurred in 17 (33%, 17/51). Only
one patient developed late seizures during the initial hospi-
talization, the rest had their first late seizure in the outpatient
setting. The median follow up for assessment of late seizures
was 28 months (IQR8 to 58 months). Parenchymal injury and
longer PICU stay were correlated with an increased risk for
late seizures (p = 0.038 and 0.025, respectively). Symptom-
atic seizures did not predict late seizures, nor did refractory
seizures treated with infusion medications (Table 2). Of the
49 patients who survived to discharge, 44 (90%) continued to
receive an ASM at discharge and 22(45%) were prescribed an
AMS at the most recent follow up.

Hospital course

Length of PICU stay and total length of hospital admis-
sion were highly varied. Median duration of intensive care
admission was 7 days (range 1-42) and median duration of
total hospital stay was 14 days (range 3-54 days). Only 3 pa-

tients suffered inpatient mortality. An additional 3 died after
discharge, for a total mortality of 12%.

Neurological outcome

Forty-three patients were assigned a > 6 month post-in-
jury GOS-E Ped score. Outcomes were highly varied (Figure
2). Follow up assessments were performed on visits a median
of 40 months after injury (range 0-130 months, Supplement
2). Twenty-four patients had a favorable neurologic outcome
(GOS-E < 5) and 19 had severe neurological disability or death
(GOS-E > 5). Six died (5 deaths occurred < 6 months post inju-
ry). One died > 3-years after the insult, likely from sudden un-
explained death in an epilepsy patient (SUDEP). Variables pre-
dictive of a poor outcome were cardiac arrest (p = 0.002), pre-
senting GCS < 8 (p = 0.033), retinal hemorrhages (p = 0.027)
parenchymal injury (p = 0.002), refractory seizures requiring
treatment with an infusion (p = 0.017), length of PICU stay
(p = 0.001) and duration of total hospital course (p = 0.005)
(Table 3). SES was not predictive of poor outcome.

Discussion

We describe a single center, case series of AHT patients
cared for by an NCC team in a standardized fashion and re-
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Table 3: Predictors of Poor Neurologic Outcome after Abusive Head
Trauma.

Predictors of Poor GOS-E

OR 95% CI p-Value
Seizures Treated with
Infusion 6.3 1.39-28.47  0.017
Cardiac Arrest 29.6 1.6-557.6 0.024
GCS</=8 4.36 1.16-16.31 0.029
Parenchymal Brain Injury 23.9 1.29-443.65 | 0.033
Retinal Hemorrhage 13.7 1 0.72-260.7 | 0.082

port factors associated with poor neurologic outcome and
late seizures. Cardiac arrest, initial GCS, retinal hemorrhage,
parenchymal brain injury and refractory seizures necessitat-
ing treatment with a continuous infusion medication were all
associated with unfavorable neurologic outcome = 6 months
after injury. Children with unfavorable neurologic outcome
also had longer hospitalizations and more prolonged PICU
stays. Late seizures were associated with parenchymal injury
as well as longer hospitalization.

The distribution of ages in this cohort is similar to prior
publications reporting on the epidemiology of inflicted trau-
ma [2,6,16]. Neither age nor prematurity influenced neuro-
logical outcome. This is dissimilar to Chen, et al.’s finding of
older age as an independent risk factor for poor outcome,
though their study included patients up to 4 years of age [8].

A majority of the patients (75%) in this study were esti-
mated to be of low SES, similar to other studies [6,16,17]. In
this series, SES was not correlated with a poor outcome as
previously reported [4,18]. Likely because our analysis was
under powered as a product of the small number with private
insurance.

Retinal hemorrhages were present in 87% of patients, also
consistent with the AHT literature. Extensive retinal hemor-
rhages are reported to be associated with worse neurologic
outcomes and are theorized to be reflective of a more violent
infliction of trauma [19]. While we did not evaluate the extent
of retinal hemorrhage, our study suggests the presence of ret-
inal hemorrhage itself may be a hallmark for worse outcome.

In this series, presenting GCS (< 8) was also predictive of
poor long term outcome, similar to other AHT studies report-
ing poor outcome at discharge [8]. While a minority of pa-
tients received CPR (n = 7), the effect on outcome was con-
sistent and profound. All seven patients either died or were
profoundly disabled (GOS-E 7 or 8). The negative impact of
hypoxic ischemic injury (HIl) is previously established. Ichord,
et al. [20] reported AHT patients with HIl by MRI had an in-
creased need for inpatient rehabilitation compared to those
without.

One of the strengths of this study is the uniformity of im-
aging obtained. All patients, consecutively captured, had at
least one head CT and brain MRI. Median time from admis-
sion to brain MRI was 1.5 days (IQR 1.0-3.3) and 12 patients
had multiple MRIs. Subdural hemorrhages were universal,
likely due to the established clinical guidelines to diagnose

AHT [21]. Parenchymal injury was described in 75%, which is
similar to other reports of AHT including MRI imaging [22-25].
Based on this analysis, identification of parenchymal injury is
critical not only because it is associated with poor neurologi-
cal outcomes, but because it is also predictive of late seizure
development.

A high rate of symptomatic seizures (75%) was present
in this cohort, consistent with other investigations [25-28].
All but one patient had a clinical seizure prior to developing
electrographic seizures. This low rate of electrographic-only
seizures is significant because it demonstrates the AHT pa-
tients most likely to benefit from EEG monitoring for the de-
tection of non-convulsive seizures are those with a preceding
clinical event. In this study, “seizures on presentation” were
characterized as symptomatic seizures. This is distinct from
some authors who define seizure on presentation as “impact
seizures” and seizures occurring within the first week after
injury but not immediately after impact as “early post-trau-
matic seizures (EPTS)” [28].

The close correlation between HIl and seizure burden in
AHT patients, established by Dingman, et al., highlights the
importance of both EEG monitoring and MR imaging to guide
acute management in this population [25]. Our analysis also
suggests seizures on presentation and neuroimaging with HIl
are presenting features which distinguish patients in greatest
need of EEG monitoring.

Thirty five percent of patients who survived beyond 7 days
(n=17/51) experienced late seizures, which is similar to other
studies describing the incidence of epilepsy after AHT [4,29]
Parenchymal injury, but not acute symptomatic seizures, was
correlated with late seizures.

The duration of PICU stay was highly varied in this cohort.
The analysis demonstrated an association of longer admission
with worse functional outcome. While it is generally accepted
that patients with more severe disease have longer hospital
courses due to the complexity of their disease, it is also in-
creasingly recognized that longer PICU stays may contribute
to morbidity of patients with acute brain injury [30,31].

Several studies have reported on neurological outcome
after AHT [4,8,29]. This cohort is unique in that we are able
to describe long term outcomes in a cohort of consecutive
AHT patients identified prospectively and treated with rela-
tive uniformity. Similar to the existing literature, a high rate
of neurological disability and death was noted. Less well de-
scribed is the full spectrum of outcomes noted (Figure 2).

In 2016, Lind, et al, reported on long term outcomes of a
cohort of AHT patients identified from a single rehabilitation
center [4]. They also noted a high incidence of severe neuro-
logical disability (40%, median follow up 8-years after injury)
by GOS. Despite the difference in scoring systems used, out-
comes were similar. In our cohort, 44% of patients suffered
severe disability or death.

More recently, a large series of AHT patients (n = 940)
identified from a Truven Health Market Scan Research Data
base also reported poor long-term outcomes [29]. This publi-
cation emphasized that although developmental delay/intel-
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lectual disability, motor deficits, and epilepsy may be recog-
nized at early follow up (3-9 months post-injury), factors such
as behavioral disorders, communication deficits and visual
impairment are often not recognized until much later (24-
46 months post-injury). In our series, excluding patients who
died, the median GOS-EP eds score was assigned at 43months
(range 6-130 months) post-injury.

Our case series has several limitations. The small sam-
ple size limited our ability to perform multivariate analyses.
The 12 patients without sufficient EEG monitoring that were
excluded represented milder forms of AHT (Table 1), and by
not including them we introduced a selection bias. The indi-
rect measure (i.e. Medicaid coverage) of low SES contributed
to an under representation of children living in low income
households. Nine patients were not eligible for outcome
analysis because they were lost to follow up. None of these
patients suffered a cardiac arrest and all had a presenting
GCS > 8. These patients collectively also likely represent in-
dividuals with milder forms of AHT. Finally, because children
with coma associated with bilateral fixed and dilated pupils
were excluded from the analysis the mortality rate is under-
estimated (mortality for all AHT patients identified was 28 %,
23/83). Finally, the follow up range selected was broad. This
approach was taken to allow for maximal recovery and the
most accurate assessment possible using the outcome scores
selected. By taking this approach, we sacrificed uniformity in
the recovery interval.

Conclusion

This study reinforces that AHT is associated with a high
risk for poor long-term neurological outcome (44%), and late
seizures (33%). Retinal hemorrhages, presenting GCS < 8 and
cardiac arrest were associated with poor neurologic outcome.
Parenchymal injury was the strongest predictor of outcome
and was associated with both poor neurologic outcome and
late symptomatic seizures.
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