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Abstract
Objective—We sought to identify risk factors for mortality in a large clinical cohort of children
with abusive head trauma.

Study design—Bivariate analysis and multivariable logistic regression models identified
demographic, physical examination and radiologic findings associated with in-hospital mortality
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of children with abusive head trauma at four pediatric centers. An initial Glasgow Coma Scale
(GCS) ≤ 8 defined severe abusive head trauma. Data are shown as OR (95% CI).

Results—Analysis included 386 children with abusive head trauma. Multivariable analysis
showed children with initial GCS either 3 or 4 – 5 had increased mortality versus children with
GCS 12 – 15 (OR 57.8 [12.1 – 277.6] and 15.6 [2.6 – 95.1], respectively, p < 0.001). Additionally,
retinal hemorrhage (RH), intraparenchymal hemorrhage and cerebral edema were independently
associated with mortality. In the subgroup with severe abusive head trauma and RH (n = 117),
cerebral edema and initial GCS of 3 or 4 – 5 were independently associated with mortality.
Chronic subdural hematoma was independently associated with survival.

Conclusions—Low initial GCS score, RH, intraparenchymal hemorrhage and cerebral edema
are independently associated with mortality in abusive head trauma. Knowledge of these risk
factors may enable researchers and clinicians to improve the care of these vulnerable children.

Keywords
child physical abuse; Glasgow Coma Scale; retinal hemorrhage; subdural hematoma; pediatric;
traumatic brain injury

Recent studies suggest that more than 120,000 children are victims of physical child abuse
annually in the United States[1]. More than 600 children died in 2009 in the US as a result
of physical abuse[1]. Survivors may have life-long physical, developmental and emotional
sequelae.

Abusive head trauma is responsible for the vast majority of fatalities from physical child
abuse[2] and is a unique subset of traumatic brain injury (TBI). Abusive head trauma is
pathophysiologically distinct from non-abusive (accidental) TBI, as evidenced by
differences between abusive head trauma and accidental TBI in neuroimaging findings[3]
and the incidence of seizures[3], certain extra-cranial fractures (i.e. rib fractures)[3], retinal
hemorrhage (RH)[3, 4] and acute cardiopulmonary compromise[5]. Abusive head trauma
has a reported incidence of 29.7 per 100,000 person-years during the first year of life [6].
The mortality rate for children with abusive head trauma ranges up to 35.7% [6–13]. Among
survivors, 42% – 96% suffer long-term neurologic morbidity [8–11, 14–18]. Both mortality
and survivor neurologic outcome are worse in abusive head trauma compared with
accidental TBI [3, 5, 11, 16].

Risk factors for adverse outcome and death for the entire population of children with TBI
include cerebral edema [19–23], intracranial bleeding [20, 22–26], age [23, 26–28], low
Glasgow Coma Scale (GCS) score [19, 20, 22, 24–35] and various physiologic variables
(e.g. hypotension, intracranial hypertension) [21, 22, 24, 25, 29–39]. However, despite a
distinct pathophysiology and greater morbidity and mortality in abusive head trauma, risk
factors for adverse outcome for infants with abusive head trauma have been less well
described, possibly because a large enough series of children with abusive head trauma has
not been studied. In the current study, we analyzed a large pre-existing dataset of children
with abusive head trauma of varying severity (GCS 3 – 15) from multiple centers to
determine factors associated with in hospital mortality. With this unique dataset, we were
able to test for clinical characteristics that might influence the relationship between the
variables and in-hospital mortality. We hypothesized that physical, neurologic, radiologic
and demographic factors are associated with mortality in this population.
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Methods
All procedures were approved by the Institutional Review Boards of the institutions
involved. A database of children who had been diagnosed with unequivocal abusive head
trauma by the Child Protection Team at one of four pediatric institutions (Nationwide
Children’s Medical Center [Columbus, OH], Seattle Children’s Hospital/Harborview
Medical Center [Seattle, WA], Cincinnati Children’s Hospital Medical Center [Cincinnati,
OH] and Children’s Hospital of Pittsburgh of UPMC [Pittsburgh, PA]) was developed with
the intent of determining the relationship of socioeconomic factors on the prevalence of
abusive head trauma[40]. For this database, each institution included cases that occurred
between January 1, 2004 and June 30, 2009. Cases were eligible if the child was diagnosed
with unequivocal abusive head trauma by the Child Protection Team at the participating
hospital. Defining whether an injury is the result of abuse based on the conclusion of a Child
Protection Team is frequently used in studies of abusive head trauma [6, 41–43]. Severe
abusive head trauma was defined as initial GCS ≤ 8. GCS scores were further stratified into
mild injury (GCS 12 – 15), moderate injury (GCS 9 – 11) and multiple levels of severe
injury (GCS 3, 4 – 5 and 6 – 8).

For this secondary analysis, a number of data elements were extracted from the medical
record including demographic data (age, sex, race and treatment center), physical
examination findings (RH [categorized as present, absent or not evaluated] and the initial
GCS score assigned), radiologic findings (skull fractures, epidural hematomas [EDH], acute
subdural hematomas [SDH], chronic SDH, acute subarachnoid hemorrhage [SAH],
intraparenchymal hemorrhage, ischemia/infarction and cerebral edema) and outcome (death
prior to hospital discharge or survival to discharge). Routine care at all institutions included
a head CT after initial stabilization; additional imaging (e.g. MRI, repeat CT scan) was case
specific. Radiologic findings of initial CT and initial MRI studies were obtained from
original attending Neuroradiologist reports and were dichotomized as present or absent.
When the database was constructed, acute SAH and acute SDH were combined into a single
variable. GCS scores are routinely assigned in the Emergency Department at all
participating centers. Children without a documented GCS score were excluded.

Bivariate analysis was completed using a χ2 test to test if particular variables were
associated with death before hospital discharge. A multivariable stepwise logistic regression
model was then used to identify factors independently associated with mortality and odds
ratios were calculated (OR [95% confidence interval]). Children who were missing any data
points were excluded from the regression model. Bivariate and multivariable analyses were
separately performed on children with severe abusive head trauma. For all analyses, p < 0.05
was considered significant. All calculations were performed using SAS software. Data are
reported as mean ± SEM unless otherwise specified.

Results
The inclusion and exclusion of children into this study is described in the Figure. The
overall database contained 460 children. Exclusion of 74 children with no GCS score
reported yielded a total of 386 children for bivariate analysis. An additional 28 children were
excluded from the multivariable analysis because of individual missing data points. The
mean age of all 386 included children was 9.6 ± 0.6 months and the mean initial GCS score
was 10.6 ± 0.3 (Table I). Overall, 69 children died prior to hospital discharge for an in-
hospital mortality rate of 17.9%

Table I shows the results of the bivariate analysis for all children with abusive head trauma.
There were no associations between mortality and either sex, race or institution. Decreased
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GCS score was associated with mortality (p < 0.001) and the mortality increased
sequentially with more severe TBI (1.4% for GCS 12 – 15 to 60.7% for GCS 3). Age (≥ 12
months old), presence of RH, and three radiological findings (acute SAH/SDH, ischemia/
infarction and cerebral edema) were associated with increased mortality in the bivariate
analysis. The presence of a chronic SDH was associated with decreased mortality. Bivariate
analysis of children with complete records (n = 358) had similar results (Table II, available
at www.jpeds.com), though intraparenchymal hemorrhage was significantly associated with
mortality in this subgroup (p = 0.030). In the multivariable analysis, children with an initial
GCS of either 3 or 4 – 5 had increased mortality compared with children with an initial GCS
of 12 – 15 (OR 57.8 [12.1 – 277.6] and 15.6 [2.6 – 95.1], respectively, p < 0.001) (Table
III). Additionally, presence of RH (OR 20.3 [2.4 – 169.8], p = 0.006), intraparenchymal
hemorrhage (OR 5.0 [1.4 – 17.5], p = 0.012) and cerebral edema (OR 6.0 [2.2 – 15.9], p <
0.001) were all independently associated with mortality. The area under the curve (AUC) for
the multivariate model including these variables was 0.941. EDH was not included as a
variable in this model because of the absence of any deaths in children with EDH (n = 11).

Severe abusive head trauma was diagnosed in 142 children (Figure, B). Fundoscopic exam
revealed absence of RH in 16 of these children, all of whom survived. Because of this co-
linearity, the severely injured subgroup was defined as severe abusive head trauma and the
documented presence of RH. The demographic information for these 118 children is shown
in Table IV (8 children did not have a documented fundoscopic exam). Bivariate analysis of
these cases demonstrated that GCS score and cerebral edema were associated with mortality
(p < 0.001). The presence of a chronic SDH was associated with decreased mortality. In the
multivariable model (n = 117, 1 child with incomplete records), the findings of the bivariate
analyses were confirmed (Table III). Specifically, initial GCS scores of 3 and 4 – 5 were
both independently associated with increased mortality compared with GCS 6 – 8 (OR 15.5
[4.4 – 53.8]) and 4.9 [1.1 – 22.3], respectively, p < 0.001) as was the finding of cerebral
edema (OR 6.5 [2.0 – 21.3], p = 0.002). Chronic SDH was independently associated with
decreased mortality (OR 0.19 [0.04 – 0.81], p = 0.026). The AUC for multivariate model
including these variables was 0.830. Again, EDH was not included as a variable in the
multivariable analysis due to 100% survival.

DISCUSSION
We found that incrementally decreased GCS scores, RH, intraparenchymal hemorrhage and
cerebral edema are independently associated with death in the hospital. In the subgroup of
children with severe abusive head trauma and RH, mortality was associated with decreased
initial GCS score and cerebral edema. Interestingly, chronic SDH was significantly
associated with decreased mortality in this subgroup.

Knowledge of risk factors for mortality can aid clinicians and researchers in improving the
care of these extremely vulnerable children, whose mortality rate is among the highest of
any pediatric patients. In our series, the mortality rate for abusive head trauma was 17.9%,
which is similar to both the control (12.0%) and experimental (21.3%) arms in the most
recently completed study of hypothermia for severe TBI in children[44], despite our study
including mild, moderate and severe injuries. The mortality in our cohort is greater than
rates for children with severe sepsis (10.3%)[45] and acute lymphoblastic leukemia (5 year
mortality = 14.3%)[46]. Children with severe abusive head trauma and RH in our cohort had
a 50% mortality, equivalent to that observed for children with complete cardiopulmonary
failure requiring extracorporeal membrane oxygenation (ECMO)[47].

Several researchers have published analyses of smaller cohorts of children with abusive
head trauma. Barlow and Minns demonstrated that lower GCS score was associated with
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poor outcome in 25 children with abusive head trauma[18]. Kemp found that a Bender score
of 4 (“comatose”), apnea and particular neuroimaging findings (diffuse brain swelling or
hypoxic ischemia) were associated with a poor outcome in 65 children with abusive head
trauma [15]. Bonnier showed that GCS score ≤ 8, retinal detachment and skull fractures
were risk factors associated with poor outcome in 23 children with abusive head trauma[14].
More recently, Scavarda showed that the Pediatric Risk of Mortality score was associated
with poor outcome in multivariable analysis [13] and Ilves et al showed that GCS score ≤ 8
and several neuroimaging findings were associated with poor neurodevelopmental outcome
[17]. Collectively, these findings are similar to ours. However, our much larger, multi-center
cohort was robust enough to control for several potential covariates through multivariable
stepwise logistic regression.

King studied 364 children with abusive head trauma [8] and showed that respiratory
difficulty, bruising and SDH were each associated with an increased odds ratio for mortality
[8]. As in our study, cerebral edema and “decreased level of consciousness” were associated
with mortality, though only 24% of their subjects had a GCS score recorded on admission
compared with 84% in our study. Falcone reported 443 patients from a single center that
showed that African-American race and lower respiratory rate on admission were
significantly associated with mortality[7]. Similar to our findings, a GCS score ≤ 8 was
associated with mortality. It was not included in their multivariable model due to an
excessive amount of patients without a GCS score. Their cohort was their hospital’s entire
trauma registry, with only 73% of the subjects being “considered to be probable or definite
abuse cases,” an important distinction from our inclusion criteria. These studies’ results are
again similar to ours.

Parks recently used ICD-10 codes to study fatal abusive head trauma[48]. They showed that
most children who have fatal abusive head trauma are <12 months of age and are males. The
majority of children in our cohort who died from abusive head trauma were in their first year
of life and most were males. However, as our multivariate analysis was not limited to only
fatal cases, we were able to show that neither age nor sex is significantly associated with
mortality in children with abusive head trauma.

There is surprisingly little evidence showing an association between GCS score and
mortality in pediatric TBI[49]. Several early reports demonstrated a loose association after
TBI [24–26, 50–52]. An association between GCS score and Glasgow Outcome Scale score
has been widely reported [20, 28–31, 53–55], though mortality per se was not analyzed in
these studies as it was in ours. GCS score has been associated with mortality in general
pediatric trauma [56–59] and in bivariate analysis of pediatric TBI [19, 27, 32]. Our
database was large enough to perform multivariable analysis to reduce effects of
confounding variables. The importance of this additional analysis is evidenced by prior work
by Michaud [22] and Hackbarth [34] that showed that GCS score was associated with
mortality in bivariate analysis of pediatric TBI, but not when multivariable models were
created.

Our study shows a significant association between multiple GCS categories and mortality in
children with TBI. This is an important distinction from Ducrocq et al who showed an
association between dichotomized GCS score (> 5 and ≤ 5) and mortality in a multivariable
analysis of a cohort of 585 pediatric severe TBI patients [33], 17 of whom had abusive head
trauma. Although these results may be more applicable to accidentally injured children, our
finding of incrementally worsening mortality for lower GCS score categories indicates that
GCS depression is not an all-or-none phenomenon.
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Though not significant in multivariable analysis, it is also notable that children with only
moderately depressed GCS scores of 9 – 11 had a six-fold higher mortality than children
with GCS scores of 12 – 15 (9.5% vs. 1.4%, p <0.001 in bivariate analysis). This suggests
that children with abusive head trauma and moderately depressed GCS scores have a
mortality rate similar to children with severe TBI who were accidentally injured[30, 35, 60].
Given this alarming mortality risk, close monitoring and earlier interventions may be
justified in children with abusive head trauma and moderately depressed GCS scores.

In our database, 16% of children did not have a GCS score recorded. Although this is a
lower rate than in other studies[8, 18], it still shows that many children with abusive head
trauma do not receive an initial GCS classification, potentially related to uncertainty about a
traumatic etiology or pre-arrival interventions (i.e. paralysis for intubation). As GCS score is
related to mortality, assigning a GCS score could have important implications on patient
management.

Levin et al showed that RH was more common in children who died from abusive head
trauma than in neurologically intact survivors[61]. RH severity is associated with injury
severity[4] and in our cohort of children with severe abusive head trauma, absence of RH
was uniformly associated with survival. Though this co-linearity prevented a statistical
analysis of the relationship between RH and outcome in children with severe TBI, we feel
our data support the hypothesis that RH may be a marker of life-threatening injury in
children with abusive head trauma. Although further study is needed to fully explore this
theory, our findings suggest that early examination for RH may be warranted in children
with abusive head trauma, though the risk of masking clinically important mydriasis or
anisocoria must be weighed. Children with abusive head trauma and RH may warrant close
monitoring.

Surprisingly, chronic SDH was independently associated with decreased mortality in our
severely injured cohort. There are a number of possible mechanisms. Animal models have
shown that brains exposed to a non-injurious stimulus (such as hypoxia/ischemia) can
exhibit neurological protection from a second larger injury – so called preconditioning[62,
63]. It is theoretically possible that children with chronic SDH have experienced such a
pattern of injury. The preexisting chronic SDH may have altered the compliance of the
cranial vault (i.e. by causing sutures to open), allowing the brain to swell after a subsequent
injury without causing intracranial hypertension. Alternatively, the brain of a child that has
suffered an injury causing a chronic SDH may be more sensitive to a subsequent minor
injury. In this case, symptoms may be of sufficient severity that caregivers seek medical
attention for this non-fatally injured child, leading to our observation of decreased mortality
with this chronic finding. Lastly, the presence of an abnormal finding on neuroimaging may
lead to medical providers altering their clinical decisions. This treatment bias could lead to a
better outcome through closer monitoring for signs of neurologic deterioration and better
prevention of secondary insults (e.g. hypoxia and hypotension). As our sample size of
children with severe abusive head trauma, RH and chronic SDH was small, further research
is needed to elucidate the true magnitude and mechanism of this association with survival as
it may lead to improved care of children with abusive head trauma.

Our analysis had several limitations. Because the database was designed to test the
relationship between economic factors and the incidence of abusive head trauma, a number
of clinical and physiologic characteristics that may be associated with outcome (e.g. blood
pressure, pulse oximetry, intracranial pressure, seizures, medication use, pupil exam,
repeated GCS scores, systemic injuries, etc.) were not collected. Details regarding GCS
assignment (e.g. location, concurrent medication usage) and death (e.g. timing, proximate
cause) were also not collected. Moreover, detailed neuropsychological assessments at
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relevant times after injury (3, 6 or 12 months) were not performed. Because of these
limitations, it is impossible to interrogate if traditional secondary injury factors (e.g.
hypotension, hypoxia and intracranial hypertension) had important effects on outcomes.
Similarly, it was impossible to test for risk factors for morbidity (i.e. neurologic impairment)
using this database. We were also unable to stratify neuroimaging diagnoses by imaging
modality. Lastly, approximately one-fourth of the original abusive head trauma database had
to be excluded, due to either missing data or to allow for creation of statistical models (i.e.
those children with severe TBI and no RH), and additional data points were missing for
some children included in the bivariate analysis (i.e. race not documented in 3 cases).
Nevertheless, we still had sufficient statistical power to detect important associations
between mortality and several variables.
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Figure 1.
Flow diagrams of selection of final cohort of (A) all children with Abusive Head Trauma
(AHT) and (B) the severe AHT subgroup (GCS ≤8 and retinal hemorrhage)
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Table 1

Characteristics and bivariate analysis of total cohort of children with AHT (n = 386)

n (% of cohort) Mortality Rate (%) p

Race (3 cases missing) White 254 (66.3) 16.9 0.836

Black 68 (17.8) 19.1

Other 61 (15.9) 19.7

Sex (0 cases missing) Male 216 (56.0) 17.1 0.666

Female 170 (44.0) 18.8

Age (in months) (0 cases missing) Mean (SEM) 9.6 (0.6) 0.001

<12mo 293 (75.9) 14.3

≥12mo 93 (24.1) 29.0

Initial GCS Score (0 cases missing) Median (IQR) 13.5 (4 – 15)

12 –15 223 (57.8) 1.4 <0.001

9 – 11 21 (5.4) 9.5

6 – 8 37 (9.6) 13.5

4 – 5 21 (5.4) 38.1

3 84 (21.7) 60.7

Retinal Hemorrhage (23 cases missing) Present 229 (59.3) 27.1 <0.001

Not present 134 (34.7) 0.8

Hospital (0 cases missing) Center 1 63 (16.3) 19.1 0.982

Center 2 127 (32.9) 18.1

Center 3 125 (32.3) 16.8

Center 4 71 (18.4) 18.3

Skull Fracture (0 cases missing) Present 145 (37.6) 15.2 0.282

Not present 241 (62.4) 19.5

Acute SDH/SAH (1 case missing) Present 310 (80.3) 20.3 0.005

Not present 75 (19.4) 6.7

Chronic SDH (0 cases missing) Present 96 (24.9) 5.2 <0.001

Not present 290 (75.1) 22.1

Intraparenchymal Present 47 (12.2) 27.7 0.056

Hemorrhage (2 cases missing) Not present 337 (87.3) 16.3

Ischemia/Infarction (1 case missing) Present 103 (26.7) 37.9 <0.001

Not present 282 (73.1) 10.3

Cerebral Edema (1 case missing) Present 141 (36.5) 42.6 <0.001

Not present 244 (63.2) 3.3

EDH (2 cases missing) Present 11 (2.8) 0.0 0.119

Not present 373 (96.6) 18.2

Overall mortality 69 (17.9)

GCS, Glasgow Coma Scale; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; EDH, epidural hematoma
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Table II

Characteristics and bivariate analysis of total cohort of children with AHT who were included in multivariate
analysis (n = 358, 296 survived, 62 died)

n (% of cohort) Mortality Rate (%) p

Race White 236 (66.0) 16.5 0.935

Black 62 (17.3) 16.1

Other 60 (16.7) 18.3

Sex Male 199 (55.6) 16.1 0.581

Female 159 (44.4) 18.8

Age (in months) Mean (SEM) 9.6 (0.6) 0.011

<12mo 273 (76.3) 14.3

≥12mo 85 (23.7) 27.1

Initial GCS Score Median (IQR) 13 (4 – 15)

12 –15 204 (60.0) 1.0 <0.001

9 – 11 21 (5.9) 9.5

6 – 8 36 (10.0) 11.1

4 – 5 19 (5.3) 36.8

3 78 (21.8) 60.2

Retinal Hemorrhage Present 227 (63.4) 26.9 <0.001

Not present 131 (36.6) 0.8

Hospital Center 1 62 (17.3) 19.4 0.867

Center 2 109 (30.4) 18.3

Center 3 120 (33.5) 15.0

Center 4 67 (18.7) 17.9

Skull Fracture Present 131 (36.6) 15.3 0.756

Not present 227 (63.4) 18.5

Acute SDH/SAH Present 290 (81.0) 20.0 0.010

Not present 68 (19.0) 5.8

Chronic SDH Present 94 (26.3) 5.3 <0.001

Not present 264 (73.7) 21.6

Intraparenchymal Hemorrhage Present 43 (12.0) 30.2 0.030

Not present 315 (88.0) 15.6

Ischemia/Infarction Present 94 (26.3) 36.2 <0.001

Not present 264 (73.7) 10.6

Cerebral Edema Present 131 (36.6) 42.0 <0.001

Not present 227 (63.4) 3.1

EDH Present 11 (3.1) 0.0 0.255

Not present 347 (96.9) 17.9

Overall mortality 62 (17.3)

GCS, Glasgow Coma Scale; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; EDH, epidural hematoma
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Table III

Risk factors independently and significantly associated with in-hospital mortality from AHT in multivariable
stepwise logistic regression

Total Cohort (n=358) Severe AHTb Cohort (n=117)

Finding OR (95% CI) p OR (95% CI) p

GCS 3 57.8a (12.1 – 277.6) <0.001 15.5c (4.4 – 53.8) <0.001

GCS 4–5 15.6a (2.6 – 95.1) 4.9c (1.1 – 22.3)

Intraparenchymal Hemorrhage 5.0 (1.4 – 17.5) 0.012 not significant

Cerebral Edema 6.0 (2.2 – 15.9) <0.001 6.5 (1.99 – 21.3) 0.002

Retinal Hemorrhage 20.3 (2.4 – 169.8) 0.006

Chronic SDH not significant 0.19 (0.04 – 0.81) 0.026

a
compared with GCS 12 – 15

b
GCS ≤ 8 and retinal hemorrhage

c
compared with GCS 6 – 8
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Table IV

Characteristics and bivariate analysis of children with severe AHT (GCS ≤ 8 and retinal hemorrhage) (n =
118)

n (% of cohort) Mortality Rate (%) p

Race White 71 (60.1) 49.3 0.997

Black 22 (18.6) 50.0

Other 24 (20.3) 50.0

Sex Male 61 (51.7) 50.8 0.854

Female 57 (48.3) 49.1

Age (in months) Mean (SEM) 13.4 (1.4) 0.701

<12mo 76 (64.4) 48.7

≥12mo 42 (35.6) 52.4

Initial GCS Score Mean (SEM) 4.2 (0.2) <0.001

6 – 8 30 (25.4) 13.3

4 – 5 17 (14.4) 41.2

3 71 (60.1) 67.6

Hospital Center 1 20 (16.9) 60.0 0.799

Center 2 39 (33.1) 48.7

Center 3 33 (28.0) 48.5

Center 4 26 (22.0) 46.2

Skull Fracture Present 28 (23.7) 60.7 0.194

Not present 90 (76.3) 46.7

Acute SDH/SAH Present 111 (94.1) 50.5 0.697

Not present 7 (5.9) 42.9

Chronic SDH Present 17 (14.4) 17.7 0.004

Not present 101 (85.6) 55.5

Intraparenchymal Hemorrhage Present 17 (14.4) 64.7 0.19

Not present 101 (85.6) 47.5

Ischemia/Infarction Present 60 (50.9) 55.0 0.269

Not present 58 (49.2) 44.8

Cerebral Edema Present 89 (75.4) 60.7 <0.001

Not present 29 (24.6) 17.2

EDH Present 1 (0.9) 0.0 0.315

Not present 117 (99.2) 50.4

Overall mortality 59 (50.0)

GCS, Glasgow Coma Scale; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; EDH, epidural hematoma
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