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Identification of Prognostic Factors in Surgically Treated Patients with

Acute Epidural Hematoma

Abstract

Context: Only few comprehensive studies have investigated acute epidural hematoma (AEDH), and a
low incidence of the lesion has been observed in comparison with other types of traumatic brain injuries
such as subdural hematoma, traumatic subarachnoid hemorrhage, and contusion. Aim: This study
aims to identify the prognostic factors of surgically treated AEDH. Settings and Design: The medical
records of 58 consecutive patients with surgically treated AEDH between September 2011 and 2018
were retrospectively reviewed. Subjects and Methods: All patients were diagnosed with AEDHs
using 5-mm-slice computed tomography (CT). Information regarding the following demographic and
clinical characteristics was collected: age, sex, antithrombotic drug use, mechanisms of injury, time
from onset to operation, neurological examination, vital signs, blood examination, and CT findings.
Statistical Analysis Used: We analyzed prognostic factors in patients with AEDH using univariate
and multivariate regression analyses. Results: Univariate and multivariate regression analyses
revealed that age (P < 0.01) and the Glasgow Coma Scale (GCS; P < 0.01) were independent
predictive factors for good prognosis. In addition, receiver operating characteristics (ROC)
analysis showed that an age of <55 years and a GCS score of >12 were optimal cutoff values for
predicting good prognoses, with the areas under the ROC curve of 0.827 and 0.810, respectively.
Conclusions: Age and GCS are useful predictors of prognosis in patients with surgically treated
AEDH. These findings are appropriate prognostic indicators for urgent surgery performed to treat
AEDH and intended to help clinicians make a prompt diagnosis.
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reviewed. All patients were diagnosed
with AEDHs using 5-mm-slice computed
tomography (CT). Information regarding
the following demographic and clinical
characteristics was collected: age, sex,
antithrombotic drug use, mechanisms of
injury (MOIs), time from onset to operation,
neurological examination, vital signs, blood
examination, and CT findings [Table 1].
The requirement for informed consent was
waived due to the retrospective nature of
this study. The Institutional Review Board
of Saitama Medical University International
Medical Center approved all aspects of this
study (application number, 18-283).

Introduction

Many studies have investigated traumatic
brain injury (TBI) and acute subdural
hematoma (ASDH);!*! however, only
few comprehensive studies that focus
on acute epidural hematoma (AEDH), a
lesion observed at a much lower incidence
in comparison with other types of TBIs,
are available. In the present study, we
retrospectively analyzed outcomes when
urgent surgery was used to treat patients
with AEDH in a single medical center
to identify the prognostic factors for this
relatively rare condition.

Subjects and Methods
Study population and data collection

The medical records of 58 consecutive
patients with surgically treated AEDH
admitted to our hospital between September
2011 and 2018 were retrospectively
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Radiographical analysis

A computer-assisted calculation was used
to measure the thickness, length, volume,
and midline shift of preoperative AEDHs.
The margins were traced using SYNAPSE
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Table 1: Patient demographics and univariate analysis of prognostic factors and comparison between good and poor
prognosis (n=58)

Variables Total Good outcome Poor outcome (SD, P
(n=58) (GR, MD) (n=29) VS, D) (n=29)
Age (years) 49.8+24.3 35.7422.4 63.9+16.8 <0.01%*
Male sex, n (%) 39 (67.2) 20 (69.0) 19 (65.5) 0.78
Antithrombotic drug, n (%) 3(5.2) 1(3.4) 2 (6.9) 0.50
MOI, n (%) 0.36
Motor vehicle 16 (27.6) 10 (34.5) 6 (20.7)
Fall 37 (63.8) 17 (58.6) 20 (69.0)
Unknown 4(6.9) 1(34) 3(10.3)
Others 1(1.7) 134 0(0)
Time to operation (min) 441+308 478+336 3834271 0.39
Neurological factors
GCS score, median (IQR) 12 (7-14) 14 (13-15) 6 (6-12) <0.01*
GCS decrease, n (%) 14 (24.1) 8 (27.6) 6 (20.7) 0.54
Anisocoria, n (%) 12 (20.7) 4(13.8) 8 (27.6) 0.15
Vital signs
sBP (mmHg) 147+32 141+31 154+33 0.152
dBP (mmHg) 80+18 83£16 79+18 0.73
BT (°C) 36.3+0.7 36.3+0.7 36.4+0.8 0.71
Blood examination
Hb (g/dL) 12.9+2.0 13.6+2.2 12.2+1.5 0.01*
AST (U/L) 36+19 34.4+4.8 37.9+2.8 0.07
ALT (U/L) 25+14 22.743.0 27.1+2.4 0.11
Creatinine (mg/dl) 0.63+0.25 0.66+0.07 0.62+0.03 0.89
APTT (s) 30+6.5 30.2+1.1 30.6+1.3 0.75
PT (s) 12.5+1.1 12.5+1.0 12.4+1.2 0.80
PT-INR 1.07+0.09 1.07+0.09 1.07+0.10 0.90
D-dimer (pug/ml) 68.1+£70.4 22.0+19.1 109+70 <0.01*
EDH characteristics
Thickness (mm) 28+11 25.5£9.6 30.1£12.8 0.12
Length (mm) 80+19 75.4+18.5 83.4+18.4 0.11
Volume (ml) 73+49 79.5+13.8 76.6+12.5 0.22
Midline shift (mm) 5.844.8 5.244.8 6.4+5.0 0.37
Location of EDH, n (%) 0.62
Supratentorial 51(87.9) 25 (86.2) 26 (89.7)
Infratentorial 7(12.1) 4(13.8) 3(10.3)
CT findings of ICH with EDH?, n (%)
Contusion 30 (51.7) 10 (34.5) 20 (69.0) <0.01%*
Traumatic SAH 44 (75.9) 17 (58.6) 27 (93.1) <0.01*
ASDH 26 (44.8) 9 (31.0) 17 (58.6) 0.04*
Skull fracture 50 (86.2) 25 (86.2) 25 (86.2) 0.65

Data presented as mean+SD, median (IQR) or number of patients (%). ‘Because patients can have more than one CT finding, the
total is >58; *P<0.05. MOI — Mechanism of injury; GCS — Glasgow Coma Scale; IQR — Interquartile range; sBP — Systolic blood
pressure; dBP — Diastolic blood pressure; BT — Body temperature; EDH — Epidural hematoma; ICH — Intracranial hemorrhage;
SAH - Subarachnoid hemorrhage; ASDH — Acute subdural hematoma; CT — Computed tomography; SD — Standard deviation;
Hb — Hemoglobin; APPT — Activated partial thromboplastin time; AST — Aspartate transaminase; ALT — alanine aminotransferase;
PT — Prothrombin time; INR — International normalized ratio; GR — Good recovery; MD — Moderate disability; SD — Severe disability;

VS — Vegetative state; D — Dead

software (version 4.1, Fujifilm, Tokyo, Japan) for
every axial slice and automatically analyzed to measure
the volume of AEDHs. The sum of all the slides was
calculated as the overall hematoma volume. In addition,
the location of AEDH (supratentorial or infratentorial)
with or without intracranial hemorrhage (contusion,

traumatic subarachnoid hemorrhage [SAH], and ASDH)
was analyzed.

Statistical analysis

Surgically treated patients were categorized into the
following two groups according to the measure of disability
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Figure 1: Receiver operating characteristics curve analysis reveals the optimal cutoff value for predicting a good prognosis of acute epidural hematoma.
The cutoff value for years of age is 55. The cutoff value for Glasgow Coma Scale before the operation is 12

Table 2: Multivariate regression analysis of factors
related to good prognostic factors

Variables OR 95% CI P
Age (years) 1.08 1.03-1.14 <0.01%*
GCS 1.48 1.17-1.87 <0.01*
AST (U/L) 1.02 0.97-1.07 0.40
Hb (g/dl) 1.09 0.66-1.81 0.74
D-dimer (pg/ml) 1.02 0.98-1.03 0.12
Contusion (yes vs. no) 1.08 0.10-11.11 0.95
Traumatic SAH (yes vs. no) 2.63 0.11-62.50 0.54
ASDH (yes vs. no) 1.97 0.28-13.7 0.49

*P<0.05. OR — Odds ratio; CI — Confidence interval;

GCS — Glasgow Coma Scale; SAH — Subarachnoid hemorrhage;
ASDH — Acute subdural hematoma; Hb — Hemoglobin;

AST — Aspartate transaminase

using the Glasgow Outcome Scale at discharge [Table 1]:
good (good recovery, moderate disability) and poor
(severe disability, vegetative state, dead). Demographic and
clinical characteristics were compared between these two
groups using univariate analysis with Chi-square, Fisher’s
exact test, Student’s #-test, and Mann—Whitney U-test. After
univariate analysis, multivariate regression analysis was
conducted to identify independent factors related to a good
prognosis [Table 2]. Factors with P < 0.010 were selected for
stepwise multivariate regression analysis. Odds ratios (ORs)
with 95% confidence intervals (Cls) were obtained from the
regression analysis. P < 0.05 was considered statistically
significant. Receiver operating characteristics (ROC) curve
was used to predict the prognostic factors of AEDHs and
decide the cutoff value where the risk for a good prognosis
was significantly high [Figure 1]. Statistical data were
analyzed using IBM SPSS Statistics (version 24; IBM Corp,
Armonk, NY, USA).

Results

The demographic and clinical characteristics of the
58 patients (39 men and 19 women) are summarized in
Table 1. The mean age was 49.8 + 24.0 years and the
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mean time from the onset of AEDH to the operation was
441 + 308 min. The median Glasgow Coma Scale (GCS)
score before the operation was 12 (range, 7-14). Among
the 58 patients, 14 (24.1%) had progressive neurological
deterioration (a decreased GCS score) between arrival and
operation and 12 (20.7%) had anisocoria before surgery.
Blood examination results were as follows: mean hemoglobin
level, 12.9 £ 2.0 g/dL; mean aspartate aminotransferase and
alanine aminotransferase levels, 36 = 19 and 25 + 14 U/L,
respectively; mean creatinine value, 0.63 + 0.25 mg/dL;
and mean D-dimer value, 68.1 + 70.4 ug/mL. The mean
thickness, length, and volume of AEDHs were 28 + 11 mm,
80 £ 19 mm, and 73 + 49 ml, respectively. CT findings
revealed that the mean distance of midline shift was
5.8 + 4.8 mm. AEDH was localized in the supratentorial and
infratentorial regions in 51 (87.9%) and 7 (12.1%) patients,
respectively. Furthermore, majority of patients (48; 82.8%
patients) presented with other types of traumatic hemorrhages
including contusion (30; 51.7%), traumatic SAH (44; 75.9%),
and ASDH (26; 44.8%). Univariate analysis of prognostic
factors demonstrated that age, GCS score, hemoglobin level,
D-dimer, incidence of contusion, traumatic SAH, and ASDH
were significantly associated with prognosis.

The results of multivariate regression analysis of factors
related to a good prognosis are shown in Table 2.
Age (P <0.01) and GCS (P < 0.01) had significant effects on
good prognoses. In addition, ROC curve analysis revealed the
relationship of age and GCS to a good prognosis with areas
under the curve of 0.827 and 0.810, respectively [Figure 1].
The optimal cutoff value of age was 55 years, yielding
optimal sensitivity and specificity of 72.4% and 79.3%,
respectively. In addition, the optimal cutoff value of GCS
before the operation was 12, yielding optimal sensitivity and
specificity of 75.9% and 82.1%, respectively.

Discussion

To date, very few comprehensive studies of AEDH have
been conducted and its incidence is very low. Orlando
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et al. investigated 125 patients with TBI who had surgical
intervention and found that the number of patients with
isolated SDH, SAH, contusion, or epidural hematoma
was 97, 1, 2, or 0, respectively;® furthermore, multiple
hemorrhages were present in 25 patients. Our findings also
support the notion of the very low incidence of isolated
AEDH in patients with TBI; among 58 patients undergoing
urgent surgical evacuation of AEDH, only 10 had isolated
AEDH.

Previous TBI studies have indicated that the prognosis
is affected by MOI and falls are likely to result in poor
prognosis. Fu et al. demonstrated that falls correlate
with 69% nonsurvivors and 49% survivors (P < 0.01).
However, in the present study, falls did not significantly
differ between the good and poor prognosis groups.
Our findings indicate that in the context of AEDH, the
mechanisms of TBI may not affect the outcome.

Some studies on chronic subdural hematoma (CSDH) or
ASDH demonstrated the association of hematoma volume
with the recurrence of CSDH or increased mortality with
ASDH.?#1 However, to the best of our knowledge, no studies
have investigated the association of hematoma volume of
AEDH with prognosis. A higher volume of hematoma in
the brain possibly causes irreversible damage; therefore, we
assessed the mean thickness, length, volume, and the mean
distance of midline shift of AEDH and examined whether
increase in these parameters correlated with poor prognosis.
However, our findings revealed no relationships between
these parameters and the prognosis, probably because all
patients included in the study had large hematoma volumes,
which were immediately eliminated by surgery before they
lead to irreversible brain injury. Accordingly, the time from
the onset to operation was not distinctively different between
the good and poor prognosis groups.

Previous TBI and ASDH studies revealed that the
probability of a favorable outcome decreases with
increasing age.l'” In the present study, age affected the
prognosis of patients with AEDH. No patients required
additional surgical interventions to treat other organs; this
indicates that cerebral damage caused poor prognoses
as observed in older patients. Although hematoma
characteristics (mean thickness, length, and volume and the
mean distance of midline shift) of AEDH had no correlation
with the prognosis, the potential cerebral damage caused
by hematoma may have influenced this result because the
brains of older individuals are more fragile and susceptible
to traumatic damage. Moreover, it is hypothesized that
brain plasticity decreases as age advances and physiological
reserves decline due to the accumulation of minor but
repetitive damage.!'!!?]

Regardless of the distinct age difference (P < 0.01), we
found no significant differences between vital signs such
as blood pressure and body temperature between patients
with good and poor prognosis of AEDH. However, in the

present study, the GCS score was the second independent
factor of good prognosis of AEDH, and a GCS score of
12 was the optimal cutoff value to reflect patient prognosis,
as reported in previous studies on ASDH and TBIL.[2!1014-19]
Indeed, functional brain damage could be reflected by
neurological evaluation, not by radiographical findings,
and a GCS score of 12 could be the threshold to indicate
whether the brain damage is irreversible.

The present study has several limitations. The results in
this study are subject to the well-known methodological
limitations of retrospective analysis of single-center data.
In addition, surgical selection bias could exist because
only patients with severe CT findings and neurological
conditions underwent surgical treatment. Furthermore, only
ten patients developed isolated AEDH, and the majority of
patients had other types of traumatic brain hemorrhages.
Multivariate analyses revealed no significant associations
between prognosis and other types of traumatic brain
hemorrhages; however, such types of traumatic brain
hemorrhages might cause primary axonal injury, which
could not be evaluated in the present study.

Conclusion

We analyzed the outcomes of urgent surgery in patients
with AEDH who had undergone surgical intervention.
Univariate and multivariate regression analyses revealed
that age and GCS were independent prognostic factors,
and the optimal cutoff values for age and GCS were 55 and
12, respectively. These findings can help clinicians predict
the prognosis of AEDH and make decisions for optimal
surgical interventions in patients with AEDH.
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