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Abusive Head Trauma in Children Presenting with an Apparent
Life-Threatening Event

Elisabeth Guenther, MD, MPH, Annie Powers, MD, PhD, Rajendu Srivastava, MD, FRCP, MPH,
and Joshua L. Bonkowsky, MD, PhD

Objective To identify rates of abusive head trauma and associated clinical risk factors in patients with an apparent
life-threatening event (ALTE).

Study design Retrospective study of infants, 0 to 12 months, admitted for an apparent life-threatening event
(ALTE; 1999-20083). Patients with abusive head trauma were identified at presentation or on follow-up; statistical
analysis identified characteristics associated with abusive head trauma.

Results Of 627 patients with ALTE, 48% were male. Nine (1.4%) were diagnosed with abusive head trauma, of
whom 5 were diagnosed in the emergency department. All cases detected in the emergency department had phys-
ical examination findings indicative of abusive head trauma. Patient age, male sex, or ethnicity were not significantly
different between those with and without abusive head trauma. More children with abusive head trauma had a docu-
mented 911 call (56% vs 22%, P = .029), vomiting (56% vs 19%, P = .018), or irritability (22% vs 3%, P = .033). Mul-
tivariate analysis revealed odds ratio for abusive head trauma were 4.9 with a 911 call (P = .037), 5.3 with vomiting (P
=.024), and 11.9 with irritability (P = .0197).

Conclusions Abusive head trauma is in the differential for infants with an ALTE, although almost half of the cases
are missed by current emergency department management. Vomiting, irritability, or a call to 911 are significantly
associated with heightened risk for abusive head trauma. (J Pediatr 2010;157:821-5).

nfants presenting to the emergency department after an apparent life-threatening event (ALTE) pose a diagnostic challenge

for health care providers. An ALTE was defined by a National Institutes of Health consensus statement as “an episode that

is frightening to the observer and that is characterized by some combination of apnea (central or occasionally obstructive),
color change (usually cyanotic or pallid), marked change in muscle tone, choking or gagging. In some cases, the observer fears
that the infant has died.”' Documented diagnoses after ALTE presentations include gastroesophageal reflux, seizure, cardiac
abnormalities, inborn errors of metabolism, lower respiratory tract infection, and nonaccidental trauma, as well as numerous
others.”* Bonkowsky et al® found that 11% of well-appearing patients presenting with an ALTE were found to have substan-
tiated abuse in follow-up of the cohort, including physical or sexual abuse, domestic violence exposure, or a sibling with child
abuse. However, previous studies report that as many as 54%" of infants presenting with an ALTE episode appear perfectly
well on initial clinical examination, and 23% to 39%* of these infants are discharged without a diagnosis. Some ALTE cases
lacking definitive discharge diagnoses therefore could be patients in whom nonaccidental trauma was not detected.”> The po-
tential consequences of any missed diagnoses of abuse® warrants the inclusion of nonaccidental trauma in the differential di-
agnosis of any patient presenting with an ALTE, although to date there are no clear guidelines regarding a recommended,
evidence-based diagnostic work-up for child abuse at the time of presentation to the emergency department (ED) with an
ALTE.

The objective of our study was to identify the occurrence of abusive head trauma in patients with ALTE and to deter-
mine the clinical characteristics associated with abusive head trauma. We hypothesized that certain characteristics concern-
ing for abusive head trauma may be identified on initial evaluation in the ED, with the hope that recognition of these risk
factors by the ED health care provider will result in improved diagnostic testing and fewer missed cases of abusive head
trauma.
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ulation of >1 million children®” and is part of a 21-hospital
not-for-profit health care system. Because ALTE is not used
as a billing diagnosis, all records of children younger than
12 months of age were searched for keywords ALTE, altered
mental status, apnea, breath-holding spell, choking, gastro-
esophageal reflux disease, hypotonia, lethargy, other con-
vulsions, other neurology diagnosis, other respiratory
diagnosis, pallor, seizures, sleep apnea, stiff, syncope, and
unresponsiveness. Of 1148 patients identified through these
criteria, 7 charts could not be located.” All 1141 charts were
reviewed to determine whether a patient met inclusion and
exclusion criteria listed below (Figure 1).

Patients were included if they were 12 months of age or
younger and had a clinical history of an ALTE defined as
a sudden event consisting of one or more of the following
that was concerning to the caregiver: (1) breathing irregular-
ity (including apnea, choking, gagging); (2) color change (in-
cluding cyanosis and pallor); (3) altered muscle tone
(including hypotonia, hypertonia); (4) abnormal movements
(including clonus); (5) altered mental status (including unre-
sponsiveness).”

Exclusion criteria included seizure associated with fe-
ver and age greater than 6 months, known seizure disor-
der, known history of intracranial or central nervous
system disease (including shunt placement, hydrocepha-
lus, or brain structural abnormalities), bronchiolitis or
pneumonia diagnosed in the ED, abnormalities found
on lumbar puncture consistent with infection, and
known ingestion or medication overdose. Known genetic
syndromes or metabolic disease with central nervous sys-
tem involvement, known severe gastroesophageal reflux
disease that was on treatment, known heart disease, and
known lung disease requiring chronic home oxygen ther-
apy (including bronchopulmonary dysplasia) were also
excluded.

For those patients admitted more than once for an ALTE,
data from the first admission only was included for analysis.
The study was approved by the Institutional Review Boards
of the University of Utah and the Utah Department of Hu-
man Services.

Data Collection

Data abstracted from the charts included date of presenta-
tion, sex, race, whether parents called 911, whether “rescue
breaths” were given by the parents, history of prior similar
event(s), past medical history, history of prematurity, physi-
cal examination findings, the caretaker at the time of the
ALTE, story discrepancy noted in the history provided by
the parents, and a history of vomiting or irritability. Finally,
we abstracted information on diagnostic management in the
ED or hospital including any central nervous system imaging
(head ultrasonography, computed tomography, or magnetic
resonance imaging) and the result(s), skeletal survey and re-
sults, consults by ophthalmology and results, consults by the
hospital child protection team, involvement of the State of
Utah Division of Child and Family Services, and discharge
diagnosis.
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187 903 Patients Screened
Neurology consults: 2486
Hospital admissions: 49 134
ED visits: 136 283

Computer-based screen

1148 Patients Identified

Physician review

514 Excluded
178 preexisting disorder
169 bronchiolitis
63 known seizure disorder
74 CNS pathology
33 febrile seizure
10 medication misdose
10 trauma

7 Missing Charts [

Y

Yy

627 Included

Figure 1. Patient enroliment. Flow diagram for enrollment of
the ALTE cohort. A computer-based ICD-9 and keyword
search was performed on a total of 187 903 patients during
the study time period, including pediatric neurology in-patient
consults, hospital admissions, and ED visits. A total of 1148
unique patients were identified, for whom 7 charts could not
be located. A total of 514 patients were excluded. The final
ALTE cohort for analysis consisted of 627 patients. (See
Methods for complete details.)

Main Outcome Measures

All patients in the ALTE cohort were reviewed for diagnosis of
abusive head trauma, both at the time of admission, as well as in
follow-up (through December 31, 2003). Abusive head trauma
was identified with the computerized medical record and also
by cross-referencing the ALTE cohort to the Utah Division of
Child and Family Services. Child abuse is defined by the State
of Utah Division of Child and Family Services in conjunction
with the Utah Code (Utah Code Ann.76-5-109) as “actual or
threatened non-accidental physical or mental harm, negligent
treatment, sexual exploitation, or sexual abuse.”® All cases in-
cluded in the analysis were substantiated in a formal process
by the state Division of Child and Family Services.®

Statistical Analysis
Descriptive statistics were used to characterize the study co-
hort. The x* tests were performed to calculate odds ratios; the
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Fisher exact test was used to calculate P values. Unadjusted
bivariable analysis (contingency analysis) and multiple vari-
able regression models to determine odds ratios were per-
formed. To obtain the regression model, a model
containing the predictor variables (added in forward, step-
wise fashion) age, sex, preterm history, 911 call, seizure his-
tory, vomiting and history of irritability was performed.
SAS software (SAS Institute, Inc., Cary, North Carolina) ver-
sion 9.1.3 was used for analyses.

From a total of 187 903 patients, there were 1148 patients
with an ALTE, of whom 627 met inclusion criteria
(Figure 1). Of the total patients, 301 (48%) were male, and
the mean age was 2.8 months with a median age of 1
month. There were 104 (16.5%) patients born prematurely
(gestational age less than 37 weeks), and most were white
(Table I).

Of the total 627 patients, 9 (1.4%) were determined by the
Division of Child and Family Services to have experienced
abusive head trauma (Table II). Of the 9, the 5 patients
who were diagnosed in the ED with abusive head trauma
were reported to have abnormal physical examination
findings including bruising (n = 2), bilateral retinal
hemorrhages (n = 3), or a bulging anterior fontanel (n =
2). The diagnosis of abusive head trauma was not made in
4 patients until either their hospitalization or a subsequent
presentation and readmission.

Of the 4 patients in whom the diagnosis of abusive head
trauma was not initially made, all were noted to have unre-
markable physical examination results. Two of the children
were observed in the hospital without neuroimaging studies
but were then noted to have subdural hemorrhages on ED
visits immediately after hospital discharge, and a retrospec-
tive review of a chest x-ray film of 1 of the children revealed
evidence of rib fractures. Similarly, a third child was dis-
charged to home from the ED having presented with apnea,

4 N
Table I. Selected demographic, hospitalization, and
follow-up characteristics of infants with an ALTE

Characteristic Number (n = 627) Percentage
Sex
Male 301 48%
Female 326 52%
Age
Mean 2.8 months
Median 1 month
Race
Caucasian 347 78%
Hispanic 63 14%
Pacific-Islander 6 1.3%
Black 4 0.9%
Native American 3 0.6%
Asian 2 0.4%
Unknown 19 4.2%
Premature (<37 weeks) 104 16.5%
W J
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Table II. Characteristics of abusive head trauma in the
ALTE cohort

Outcome Number Percentage
Abusive Head Trauma 9 1.4%
Diagnosed in emergency department 5 0.8%
Diagnosed in first hospitalization 2 0.3%
Diagnosed at second presentation 2 0.3%
Abnormal head CT scan result 9 (of 9)
computed tomography scan result
Abnormal skeletal survey 1(of 7)
Abnormal fundoscopic exam 7 (of 7)
Suggestive physical exam 5 (of 7) )
"

Total number of patients was 627.

vomiting, and lethargy, without neuroimaging but was found
within 48 hours to have subdural hemorrhages. The fourth
child underwent head computed tomography, the result of
which was initially read as normal, but then was transferred
to a tertiary care center with persistent seizures where the
head computed tomography scan was noted to show sub-
dural hemorrhages.

When compared with all patients with ALTE and adjusted
for patient age, sex, and preterm history, the odds that a pa-
tient with ALTE had an abusive head trauma diagnosis were
27 times greater if pertinent physical examination findings
were reported (P < .0001). Similar to physical examination
findings, documented story discrepancy was a high marker
for abusive head trauma. When adjusted for patient age,
sex, and preterm history, patients were 149 times more likely
to be diagnosed with abusive head injury if story discrepancy
was reported (P = .0002).

When physical findings consistent with abusive head in-
jury and story discrepancy were removed from the analysis,
an unadjusted bivariate model showed no significant differ-
ences between patients with ALTE who had abusive head in-
jury or not for patient age (4 vs 2.8 months, P =.32), male sex
(67% vs 48%, P = .27), history of prematurity (30% vs. 20%,
P = .40), reported ethnicity (P = .20), seizures (44% vs 18%,
P =.068), or reported rescue breaths (11% vs 8%, P = .54).
However, more children with abusive head injury had a docu-
mented 911 call (56% vs 22%, P = .029), had a history of
vomiting (56% vs 19%, P = .018), or irritability (22% vs
3%, P = .033) (Figure 2).

Similarly, once suggestive physical examination findings
for abusive head trauma and discrepancy with history were
removed from the model, a multiple variable regression
model containing the predictor variables (added in forward,
stepwise fashion) age, sex, preterm history, 911 call, history of
prior ALTE, seizure history, vomiting, and history of irrita-
bility revealed the odds a patient with ALTE had an abusive
head trauma diagnosis were as follow: 4.93 times greater if
a 911 call is reported or documented (P = .037), 2.39 times
greater with a history of prior ALTE event (P = .45), 9.4 times
if reporting seizures (P = .011), 5.30 times if vomiting (P =
.024), and 11.89 times if irritable (P = .020). Although data
were collected on the child’s primary caretaker at the time
of the ALTE, following adjustment for patient age, sex, and
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Figure 2. Percentages of clinical characteristics predicting
abusive head trauma. Percentages (y-axis) were calculated
for the percentage of infants with ALTE who had abusive head
trauma (solid bars), compared with the nonabuse ALTE cohort
(clear bars), comparing different clinical risk factors (x-axis), by
use of bivariate analysis. Asterisk indicates P < .05.

preterm history, the model containing the caretaker variable
was too unstable to interpret.

Our study shows that abusive head trauma is a significant di-
agnosis in the ALTE patient, making up more than 1% of
cases, yet in cases without physical examination findings
the diagnosis is often missed in the ED setting. Although
the differential diagnosis for ALTE remains extensive and di-
verse,”* abusive head trauma has consistently been included
in this differential.>*'° In our study, however, almost one-
half of patients with abusive head trauma were not diagnosed
in the ED setting despite the fact that this study was per-
formed at a tertiary children’s hospital staffed by physicians
with pediatrics certifications. In cases in which pertinent
physical examination findings were documented, the diagno-
sis was consistently made. This may be due to the nature of
the physical examination findings, such as bruising in the
premobile infant'' and retinal hemorrhages, both of which
are highly suggestive for abusive head trauma in infants.'>"?
It is also likely that, once abusive head trauma is considered,
there is better documentation of possible discrepancies in the
history. It is the cases in which there are no documented
physical examination findings that the diagnosis appears to
have been missed.

It is difficult to ascertain from this study whether there
were pertinent findings that were missed and therefore not
documented, or whether there is a group of patients in
whom there are no appreciable findings on physical examina-
tion despite abusive head trauma resulting in intracranial
hemorrhage. Previous literature supports the unique chal-
lenge of making the diagnosis of abusive head trauma both
in the ED'*'® and inpatient settings.'® This may stem from
many reasons including a lack of comfort with recognition
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of abusive head trauma'*'” and the legal repercussions of di-

agnosing abuse.'® Furthermore, as in our study, Loiselle et
al'® found that children diagnosed as inpatients with physical
abuse were less likely to have physical findings. It appears that
the difficulty in making this diagnosis transcends the present-
ing chief complaint and makes the recognition of clinical pre-
dictors that much more significant.

Importantly, we found that in those patients in whom no
suggestive physical examination findings were appreciated,
either in the ED or the inpatient settings, there are several
clear historical clinical predictors in the child with ALTE
for the increased risk for abusive head trauma. These in-
cluded a history of vomiting, irritability, seizures, or a call
by the caretaker to emergency medical services (911 call). Be-
cause the overall rate of either positive ED diagnostic evalu-
ations or significant medical interventions during ED
evaluation of infants after an ALTE is low, limited ED diag-
nostic evaluation and a period of observation has been rec-
ommended.'® The findings of our study, however, support
previously published recommendations that occult head
trauma caused by physical child abuse should be considered
in all well-appearing patients presenting with ALTE.>® Thus
the ED health care provider should consider brain neuroi-
maging or ophthalmologic consultation in the evaluation
of patients with ALTE with nonsuggestive initial presenta-
so as not to miss abusive head injury. This possibly
could result in catastrophic outcomes for the child if
missed.””*** Furthermore, recent recommendations from
the American Academy of Pediatrics encourage pediatricians
to develop skills in the recognition of signs and symptoms of
abusive head injury, and “consult with pediatric sub-
specialists when necessary.”> Finally, future research will
need to explore a cost/benefit analysis of obtaining these
studies in high-risk subgroups of patients presenting with
ALTE.

There were several limitations to this study. First, despite
the extensive size of our ALTE cohort, the overall number
of abusive head trauma cases was limited, and both the small
numbers of abusive head trauma cases and random varia-
tions might have had statistically significant effects on our
conclusions. Second, the data were collected retrospectively.
Third, it is possible that there may have been migration of
children out of the state during the study period, which
may have resulted in underascertainment of subsequent abu-
sive head trauma cases. Fourth, we excluded some patients
with known prior medical history (such as a history of sei-
zures) who could still have been at risk for abusive head
trauma. Finally, the single setting may impact generalizability
of our findings.

Strengths of this study include the large size of the ALTE
cohort, our inclusion of both well- and ill-appearing infants
presenting to the ED with the diagnosis of ALTE, our ability
to access state records for extended follow-up, and the avail-
ability of reliable data on these cases.

We conclude that the infant presenting to the ED with
a history of ALTE is at risk for abusive head trauma even in
the absence of exam or history findings. Almost half of all
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infants with abusive head trauma presenting as ALTE are
missed by current ED management. The presence of vomit-
ing, irritability, seizures, or a call to 911 are significantly asso-
ciated with heightened risk for abusive head trauma. =
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