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Indications for Surgery
● An epidural hematoma (EDH) greater than 30 cm3 should be surgically evacuated
regardless of the patient’s Glasgow Coma Scale (GCS) score.
● An EDH less than 30 cm3 and with less than a 15-mm thickness and with less than
a 5-mm midline shift (MLS) in patients with a GCS score greater than 8 without focal
deficit can be managed nonoperatively with serial computed tomographic (CT)
scanning and close neurological observation in a neurosurgical center.
Timing
● It is strongly recommended that patients with an acute EDH in coma (GCS score ⬍
9) with anisocoria undergo surgical evacuation as soon as possible.
Methods
● There are insufficient data to support one surgical treatment method. However,
craniotomy provides a more complete evacuation of the hematoma.
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Incidence
Since the introduction of CT scanning as the
imaging study of choice to detect intracranial
lesions after trauma, the incidence of surgical
and nonsurgical EDH among traumatic brain
injury (TBI) patients has been reported to be in
the range of 2.7 to 4% (8, 11, 25, 41). Among
patients in coma, up to 9% harbored an EDH
requiring craniotomy (10, 35). The peak incidence of EDH is in the second decade, and the
mean age of patients with EDH is between 20
and 30 years of age ( 3, 8, 9, 13, 16–18, 20, 22,
26, 29, 32, 37, 39). EDH are a rare entity in
patients older than 50 to 60 years of age. In
pediatric patients, the mean age of patients
harboring EDH is between 6 and 10 years (21,
34), and EDH is less frequent in very young
children and neonates (27, 30).
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7–52%), and 8% (range, 1–19%), respectively,
of all EDH (3, 8, 20, 22, 26, 27, 36, 40). In
pediatric patients, falls are the leading cause
of EDH in 49% of cases (range, 25–59%) and
traffic-related accidents are responsible for
34% (range, 25–41%) of all EDH (21, 25–27, 30,
34). EDH can result from injury to the middle
meningeal artery, the middle meningeal vein,
the diploic veins, or the venous sinuses. Historically, bleeding from the middle meningeal
artery has been considered the main source
for EDH. In a recent report on EDH in 102
pediatric patients and 387 adults, arterial
bleeding was identified as the source of the
EDH in 36% of the adults and only in 18% of
the children (27). In 31% of the pediatric patients, a bleeding source could not be identified and venous bleeding accounted for approximately 32% of EDH in both age groups.

Location
Pathogenesis
Traffic-related accidents, falls, and assaults
account for 53% (range, 30–73%), 30% (range,

In surgical series, EDH are more frequently
located in the temporoparietal and temporal regions as compared with other locations (3, 6, 25,
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27, 29, 32). In 2 to 5% of patients, bilateral EDH are found (11, 18,
40), and there seems to be a slight predominance of right-sided
EDH over left-sided lesions (6, 40).

Clinical Presentation
In patients with EDH, 22 to 56% are comatose on admission
or immediately before surgery (3, 17, 20, 22, 25, 32). The
classically described “lucid interval,” i.e., a patient who is
initially unconscious, then wakes up and secondarily deteriorates, was observed in a total of 456 of 963 patients (47%)
undergoing surgery for EDH in seven studies (3, 8, 18, 22, 28,
31, 39). Between 12 and 42% of patients remained conscious
throughout the time between trauma and surgery (3, 8, 17, 22).
Pupillary abnormalities are observed in between 18 and 44%
of patients, and up to 27% (3–27%) of patients are neurologically intact. Other presenting symptoms include focal deficits,
such as hemiparesis, decerebration, and seizures. Early seizures are noted in 8% of pediatric patients presenting with
EDH (21).

Mortality
The mortality in patients in all age groups and GCS scores
undergoing surgery for evacuation of EDH is approximately
10% (range, 7–12.5%) (7, 8, 14, 17, 18, 20, 22, 28, 31, 32).
Mortality in comparable pediatric case series is approximately
5% (25, 30).

Determinants of Outcome in Patients Undergoing
Surgical Evacuation of an EDH
GCS, age, pupillary abnormalities, associated intracranial
lesions, time between neurological deterioration and surgery,
and intracranial pressure (ICP) have been identified as important factors determining outcome from EDH.

Age and GCS
The influence of age on outcome in the subgroup of patients
with EDH is not as pronounced as it is in TBI patients overall.
Three studies using multiple regression analysis found that
GCS was a better predictor of outcome than age in patients
undergoing surgery for EDH (20, 22, 38). In a retrospective
analysis of 98 patients of all age groups with EDH undergoing
craniotomy, van den Brink et al. (39) investigated determinants of outcome at 6 months. They identified GCS, age, and
the CT diagnosis of subarachnoid hemorrhage as significant
factors correlated with outcome, using multivariate analysis.
Admission GCS or GCS before surgery is the single most
important predictor of outcome in patients with EDH undergoing surgery (3, 10, 20, 22, 24, 38, 39). In three studies using
multivariate analysis in a total of 284 patients, the admission
GCS score was identified as the most significant factor determining outcome at 6 months (20, 38, 39). In one study with 200
patients undergoing craniotomy, admission and preoperative
GCS both correlated with functional outcome at 1 year (22).
Gennarelli et al. (10) analyzed the relationship between type of
lesion, GCS score on admission, and 3-months outcome in
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1107 comatose patients with TBI. The highest mortality was
found in patients with a subdural hemorrhage and a GCS
between 3 and 5 (74%). Patients with an EDH and a GCS of 3
to 5 had a mortality of 36%, and patients with an EDH and a
GCS of 6 to 8 had a mortality of only 9%.

Pupils
Pupillary abnormalities, such as pupillary asymmetry or
fixed and dilated pupils occur in approximately 20 to 30% of
patients with EDH undergoing surgery (3, 16, 20, 40) and in
62% of patients who are comatose on admission (32). One
study showed that ipsilateral mydriasis was not associated
with adverse outcome and was reversible when operated on
within 70 minutes after pupillary dilation (6). Bilateral mydriasis, however, is associated with a high mortality (3, 6, 8, 24,
32, 39). Mydriasis contralateral to the hematoma is also associated with high mortality (24, 32). Van den Brink et al. (39), in
a multivariate model evaluating the relative prognostic value
of predictive parameters, found that, in patients in all age
groups and GCS scores, pupillary abnormalities were significantly related to unfavorable outcome. Adverse outcome was
observed in 30% of normal pupillary responses, in 35% of
unilateral fixed pupils, and in 50% of bilateral fixed pupils.
Bricolo and Pasut (3) achieved a good outcome in 100% of
patients who presented with anisocoria and in 90% of patients
who presented with anisocoria and hemiparesis. The only
patient with bilateral mydriasis in their case series died.

Associated Lesions
Associated intracranial lesions are found in between 30 and
50% of adult patients with surgically evacuated EDH (3, 8, 13,
16, 20, 22, 23, 27, 29, 31, 32, 35). These are predominantly
contusions and intracerebral hemorrhage followed by subdural hematoma (SDH) and diffuse brain swelling (8, 16, 29,
32, 35). The incidence of associated lesions is less in the pediatric age group (25, 27, 30). SDH and/or parenchymal lesions
in association with EDH lower the chance of a good outcome.
In two studies with a total of 315 patients operated on for
evacuation of an EDH, the frequency of associated intracranial
lesions was 33% (20, 22). In both studies, a significant relationship was found between the presence of other lesions in
addition to the EDH and an adverse outcome. Lee et al. (22)
identified associated brain lesions as one of four independent
predictors of unfavorable outcome after surgery for EDH and
this has been confirmed by several others (8, 13, 16, 23, 32).
Cranial fractures are present in between 70 and 95% of cases
(15, 17, 20, 25, 30, 37). The impact of fractures on outcome is
controversial. Kuday et al. (20) observed a significant relationship between cranial factures and adverse outcome in 115
patients undergoing surgery for EDH. Lee et al. (22) did not
see this relationship in a series of 200 patients managed similarly, and Rivas et al. (32) actually reported a significantly
lower mortality rate in patients with cranial fractures. Significant extracranial injury is present in 7 to 23% of patients
operated on for an EDH (8, 13, 17, 24, 27). Lobato et al. (24)

www.neurosurgery-online.com

ACUTE EPIDURAL HEMATOMAS

found extracranial injury in 20% of their patients, and the
mortality rate in this subgroup was lower than the overall
mortality (7.6% versus 28%). No data were found on the
association of hypotension and outcome in patients with an
acute EDH.

ICP
There is only one study available in which postoperative
ICP and its relationship to outcome 6 months after trauma was
studied. Lobato et al. (24) monitored ICP in 54 (83%) of 64
comatose patients after removal of an EDH. Elevated ICP (⬎15
mm Hg) was found in 67% of cases, and ICP greater than 35
mm Hg was significantly associated with a higher mortality.

PROCESS
A MEDLINE computer search using the following keywords for the years 1975 to 2001 was performed: “traumatic
brain injury” or “head injury” and “epidural” or “extradural”
and “hematoma” or “hematoma” or “hemorrhage.” The
search was narrowed by including the keywords “surgical
treatment” or “surgery” or “operation” or “craniotomy” or
“craniectomy” or “craniostomy” or “burr holes” and excluding “spinal.” These searches combined yielded 168 articles.
The reference lists of these publications were reviewed and an
additional 22 articles were selected for analysis. Case reports,
publications in books, and publications regarding penetrating
brain injuries on spinal EDH and on exploratory burr holes
without a preoperative CT scan were not included. Articles
were excluded if the diagnosis of EDH was not based on CT
scanning, or if subgroups of patients who did not undergo CT
scanning were not clearly identified. Publications with fewer
than 10 patients or publications that did not include information on outcome were excluded. Of these 190 articles, 18 were
selected for analysis.

SCIENTIFIC FOUNDATION
Indication for Surgery
The decision to operate on an acute EDH is based on the
patient’s GCS score, pupillary exam, comorbidities, CT findings, age, and, in delayed decisions, the patient’s ICP. Neurological deterioration over time is also an important factor
influencing the decision to operate. Trauma patients presenting to the emergency room with altered mental status, pupillary asymmetry, and abnormal flexion or extension are at high
risk for either an SDH and/or EDH compressing the brain and
brainstem.

CT Characteristics and Outcome
CT is the imaging study of choice for the diagnosis of an
EDH. CT scanning is recommended in patients at risk for
harboring an acute EDH. It allows not only diagnosis of the
primary lesion but also identification of additional features
that affect outcome, such as MLS, traumatic subarachnoid
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hemorrhage, obliteration of the basal cisterns, thickness of the
blood clot, and hematoma volume.
In a series of 200 patients who were treated surgically for
EDH, Lee et al. (22) found that a hematoma volume greater
than 50 cm3 was significantly related to higher mortality and
unfavorable functional outcome. Unfavorable functional recovery was observed in 6.2% of patients with a hematoma
volume less than 50 cm3, and in 24% of patients with a
hematoma volume greater than 50 cm3. Mixed density of the
blood clot, indicating acute bleeding, was observed in 32% of
their patients and correlated with unfavorable outcome but
not with mortality. Patients with an MLS greater than 10 mm
showed a higher mortality and more unfavorable outcome
when compared with those with less displacement. Partial or
total obliteration of the basal cisterns was observed in 59% of
their patients and correlated with both mortality and functional outcome. Multivariate analysis identified only hematoma volume as an independent predictor of unfavorable
outcome.
In contrast, in 98 patients with EDH who underwent surgery, van den Brink et al. (39) found that the status of the basal
cisterns, MLS, and hematoma volume were not related to
outcome. The authors only identified the presence of traumatic subarachnoid hemorrhage to be significantly associated
with unfavorable outcome. Patients with favorable outcome
had a hematoma volume of 56 ⫾ 30 cm3 and, with unfavorable
outcome, the hematoma volume was 77 ⫾ 63 cm3, but this
difference was not significant.
Rivas et al. (32) found that hematoma volume and severity
of MLS were related to preoperative coma in patients with
EDH. In comatose patients, a hematoma volume greater than
150 cm3 and an MLS greater than 12 mm were associated with
increased mortality. Mixed-density blood clots were observed
in 62% of their patients and were related to poor outcome.
Location of the lesion did not influence outcome. Seelig et al.
(35) did not find a relationship between location of blood clot,
MLS, and outcome in 51 comatose patients undergoing surgery for EDH.
In summary, most authors could not detect a relationship
between blood clot location and outcome. However, it is likely
that hematoma volume, MLS, mixed density of the blood clot,
and traumatic subarachnoid hemorrhage are related to outcome, but more studies are needed to clarify this issue.

Surgery and Nonoperative Treatment
Prospective, randomized trials comparing surgical treatment with nonoperative management are not available. Some
studies compared patients who were treated either surgically
or nonoperatively, and used logistic regression analysis and
multivariate analysis models to determine factors that were
associated with either treatment (36, 37). Some investigators
looked at patient series that were initially all treated nonoperatively and analyzed the factors associated with subsequent,
delayed surgery (2, 7, 19, 37). There are no studies on nonoperative treatment of comatose patients with EDH.
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What are the factors leading to surgery? The following
studies compared characteristics between patients who were
treated with either surgery or were managed nonoperatively.
The value of such analyses is doubtful because it merely
documents the criteria used to select patients for surgery.
Servadei et al. (36) conducted a prospective study including
158 consecutive patients with GCS 14 and 15 with EDH who
were admitted to three neurosurgical units. A treatment protocol was not defined for these hospitals. One hundred-sixteen
patients underwent surgery and 42 patients were managed
nonoperatively. Ninety-three percent of patients with an MLS
greater than 5 mm, and 91% of patients with a hematoma
thickness greater than 15 mm underwent surgery. A logistic
regression analysis identified hematoma thickness and MLS as
the factors associated with surgery. Location and the presence
of associated lesions did not reach significance. Outcome was
good in all patients. Similar results were obtained in 33 pediatric patients, 20 of whom were treated surgically (1). Both
groups did not differ in terms of age, GCS, and outcome.
Multivariate logistic regression analysis revealed that MLS,
hematoma thickness, and volume, as well as temporal location
of the blood clot were related to surgery. Hematoma volume
and MLS were 41 cm3 and 8 cm3, and 4 mm and 0.5 mm, for
the surgical and nonsurgical groups, respectively.
A review of 30 patients who were treated with craniotomy
and 18 patients treated nonoperatively revealed that patients
managed with surgery had lower GCS scores, were more
likely to present with pupillary abnormalities and hemiparesis, and had larger blood clots and more MLS (12). Temporal
location of the hematoma and the presence and location of a
fracture were not related to surgery.

Factors Determining Delayed Surgery
Bezircioglu et al. (2) conducted a prospective study on the
nonoperative management of 80 patients with EDH and GCS
scores between 9 and 15. Patients with a GCS score greater
than 8, an EDH volume less than 30 ml, a hematoma thickness
less than 2 cm, and without neurological deficit were treated
nonoperatively. Five patients deteriorated and underwent craniotomy. One of these patients died, the others had good
outcomes. The only factor significantly associated with delayed surgery was a temporal location of the hematoma,
which was observed in all five surgical patients but only in
24% of the 75 patients treated without operation.
In a study of 74 patients with initially asymptomatic EDH
managed nonoperatively, 14 required delayed surgery because of neurological deterioration or increase in the size of
the hematoma (5). The authors found that a hematoma volume
greater than 30 cm3, a hematoma thickness greater than 15
mm, and an MLS greater than 5 mm were significantly more
frequent in patients requiring surgery. A hematoma volume
greater than 30 cm3, an EDH thickness greater than 15 mm,
and an MLS greater than 5 mm were observed in 5%, 27%, and
28% of patients managed without surgery, and in 57%, 71%,
and 79% of patients who had surgery, respectively. The au-
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thors used the “ellipsoid” or “ABC/2” method to estimate the
volume of EDHs (see Appendix I). Hematoma location, bone
fractures, and time-to-initial CT scan were not related to outcome. In a small study on 22 patients, 7 of whom required later
surgery, a time interval of less than 6 hours after injury to the
first CT scan and a cranial fracture that crossed a major vessel
were significantly related to surgery (19).

Studies Describing Successful Nonsurgical Management
Bullock et al. (4) treated 12 of 123 patients presenting with
EDH nonsurgically. All patients were conscious (GCS 12–15)
with a hematoma volume between 12 and 38 cm3 (mean, 26.8
cm3) and an MLS less than 10 mm on the initial CT scan. None
of the hematomas were in the temporal region. All patients
made a good outcome. Cucciniello reported on 57 patients
with EDH who were treated nonoperatively (9). Initial GCS
was between 10 and 15. Five hematomas were in the temporal
region. The maximum hematoma thickness ranged between 6
and 12 mm. Only one patient had an MLS. All patients made
a good recovery.

Timing of Surgery
Time between Injury and Surgery
The effect of surgical timing on outcome from EDH is
relevant for a subgroup of patients in whom the EDH causes
compression of brain structures that, with time, could cause
poor outcome. This subgroup is usually categorized as having
pupillary abnormalities and/or a GCS score less than 9
(coma). Generally, studies of EDH reveal that only 21 to 34%
of patients present to the hospital with a GCS score less than
8 or 9 (3, 20, 22, 25). Studies do not find a relationship between
surgical timing and outcome if patients of all GCS scores are
included. In 200 patients with EDH that were surgically evacuated, Lee et al. (22) failed to demonstrate a significant relationship between surgery within 4 hours of trauma or surgery
within 2 hours of admission and outcome, using multivariate
analysis. However, a significant correlation was observed between the duration of brain herniation, as evidenced by anisocoria, and the outcome. The time lapse between the onset of
pupillary abnormalities and surgery is related to outcome.
Cohen et al. (6) studied 21 patients with EDH and GCS score
less than 9 who underwent surgery. Ten of these patients
developed anisocoria after admission. All 5 patients with
anisocoria for longer than 70 minutes before surgical evacuation of the EDH died. Patients with anisocoria for shorter than
70 minutes achieved a good outcome. Haselsberger et al. (13)
studied 60 patients with EDH, and 34 patients developed
coma before surgery. They found that patients treated within
2 hours after loss of consciousness exhibited a mortality rate of
17% and good recovery in 67%, compared with a mortality
rate of 56% and good results in 13% in patients operated on
later. Sakas et al. (33) found that all patients with either SDH
or EDH with fixed and dilated pupils for longer than 6 hour
died.
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Patient Transfer and Timing of Surgery
The question of whether a patient with acute EDH should
be treated at the nearest hospital or transferred to a specialized
trauma center has been debated but poorly documented in
studies. This is an important timing issue and is significant in
the group of patients who are deteriorating. Another issue is
the surgical evacuation of EDH by nonneurosurgeons with
subsequent transfer to a neurosurgical center. Obviously,
these studies are uncontrolled with regard to the efficacy of
surgery and the type of patients included in both arms. In the
above timing of surgery, the group of patients in a coma and
with pupillary abnormalities can be expected to do worse the
longer the interval to evacuation of the EDH. Thus, because of
the delay, transferred patients would have longer interval
times to surgery.
Wester (40) studied 83 patients with acute EDH that underwent craniotomy. Twenty-eight patients were transferred
from other hospitals and 11 of these underwent emergency
surgery at those outside institutions. Patients who underwent
surgery outside the parent institution by nonneurosurgeons
had a significantly worse outcome at 3 months as compared
with patients who were directly admitted to the study hospital. This was mainly attributed to the technical inadequacy of
the primary operation at the outside institution. The authors
interpreted this as support for the strategy of directly transferring patients to an adequate trauma center, but they did not
control for other confounding variables, such as admission
GCS and pupillary exam.
Another study analyzed 107 patients operated on for EDH
(3). The majority (67%) of these patients were transferred from
outlying hospitals. The authors noted that only 6% of the
direct admissions experienced a poor outcome, as compared
with 18% of patients who were transferred after undergoing
CT scanning at an outside institution. This difference failed to
reach statistical significance. Poon and Li (31) studied 71 patients with EDH managed surgically primarily at a neurosurgical hospital and 33 patients transferred from an outside
institution. Time delay from neurological deterioration to surgery was 0.7 ⫾ 1 hour and 3.2 ⫾ 0.5 hours for the direct versus
indirect transferred group, respectively. Six-months outcome
was significantly better in patients who were directly admitted
with a minimal delay from deterioration in neurological exam
to surgery.

SUMMARY
In patients with an acute EDH, clot thickness, hematoma
volume, and MLS on the preoperative CT scan are related to
outcome. In studies analyzing CT parameters that may be
predictive for delayed surgery in patients undergoing initial
nonoperative management, a hematoma volume greater than
30 cm3, an MLS greater than 5 mm, and a clot thickness greater
than 15 mm on the initial CT scan emerged as significant.
Therefore, patients who were not comatose, without focal
neurological deficits, and with an acute EDH with a thickness
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of less than 15 mm, an MLS less than 5 mm, and a hematoma
volume less than 30 cm3 may be managed nonoperatively
with serial CT scanning and close neurological evaluation in a
neurosurgical center (see Appendix II for measurement techniques). The first follow-up CT scan in nonoperative patients
should be obtained within 6 to 8 hours after TBI. Temporal
location of an EDH is associated with failure of nonoperative
management and should lower the threshold for surgery. No
studies are available comparing operative and nonoperative
management in comatose patients. The literature supports the
theory that patients with a GCS less than 9 and an EDH
greater than 30 cm3 should undergo surgical evacuation of the
lesion. Combined with the above recommendation, it follows
that all patients, regardless of GCS, should undergo surgery if
the volume of their EDH exceeds 30 cm3. Patients with an
EDH less than 30 should be considered for surgery but may be
managed successfully without surgery in selected cases.
Time from neurological deterioration, as defined by onset of
coma, pupillary abnormalities, or neurological deterioration to
surgery, is more important than time between trauma and
surgery. In these patients, surgical evacuation should be performed as soon as possible because every hour delay in surgery is associated with progressively worse outcome.

KEY ISSUES FOR FUTURE INVESTIGATION
•Effect of transfer versus direct admission to a trauma
center on timing of surgery and outcome from EDH.
•Identification of subgroups that do not benefit from surgery: old patients with low GCS scores, pupillary abnormalities, and associated intracerebral lesions.
•Surgical technique.
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Bricolo and Pasut (3)

Chen et al. (5)

74

12

80

Bezircioglu et al. (2)

Bullock et al. (4)

33

III

III

III

III

III

GCS ⬎ 12

GCS 12–15

Surgery and
nonsurgical

Nonsurgical

All surgery

Surgery and
nonsurgical

GCS ⬎ 8

All GCS

Surgery and
nonsurgical

Treatment

All GCS

No. of
Inclusion
Class
patients
GCS

Bejjani et al. (1)

Authors
(ref. no.)

TABLE 1. Surgical management of acute epidural hematomasa

Mass effect, temporal location of blood clot, MLS, thickness of clot, and
volume were independently related to surgery. Other clinical factors, such
as age, GCS, and associated fractures were not. Outcome was good in
⬎90% of patients.

Conclusion

Retrospective analysis of the nonoperative
treatment of 12 patients with EDH.

MLS ⬎ 5 mm
EDH ⬎ 15 mm
thickness

No. of patients
Temporal/
frontotemporal
location of
EDH
EDH ⬎ 30 cm3

8
11
10

Operative
treatment
14
42.8%

3
17
16

Nonoperative
treatment
97
36.6%

(Table continues)

P ⬍ 0.001
P ⬍ 0.001
P ⬍ 0.01

n.s.

P value

None
17
100
One dilated pupil
8
100
Hemiparesis only
23
91
Hemiparesis and one
10
90
dilated pupil
Decortication
9
44
Decerebration
4
25
Both pupils fixed
1
0
GCS on
No. of
GR/MD (%)
SD/VS (%)
Dead (%)
admission
patients
3– 4
4
25
25
50
5–7
32
78
13
9
8 –15
71
97
3
0
All patients made a good recovery. No temporal EDH patients were
included, and basal cisterns were open or only partially effaced in all
patients. MLS was ⬍10 mm in all patients. Mean volume of the EDH was
26.8 cm3.
All patients achieved a good GOS. Patients requiring delayed surgery
presented more frequently with an EDH volume ⬎30 cm3, clot thickness
⬎15 mm, or MLS ⬎ 5 mm on the initial CT scan.

EDH
Operative treatment
Nonoperative treatment
Thickness
20
9
(mm)
41
8
Volume (cm3)
MLS (mm)
4
0.5
Prospective study on nonoperative
Of 80 patients who were treated nonoperatively, 5 deteriorated and needed
management of patients with EDH. Patients surgery. One died, and 4 had a good outcome. Temporal lobe EDH was
with a EDH volume ⬍30 ml, thickness ⬍2 related to delayed surgery.
cm, GCS ⬎ 8, no neurological deficit, and
admitted within 24 h of TBI were treated
nonoperatively.
Good
Neurological signs on
No. of patients
outcome
admission
(%)

Retrospective analysis of factors affecting
the decision to operate in 33 pediatric
patients with EDH. 13 patients underwent
operative treatment.

Description

GOS at 1 mo Retrospective analysis of 111 of 465
patients with EDH who underwent initial
nonoperative treatment. All nonoperative
cases had a GCS ⬎ 12, and 14 patients
underwent delayed surgery because of
neurodeterioration or increase in the size
of the EDH. 37 patients were excluded
because of incomplete CT data.

Discharge

GOS at
6 mo

GOS at
2 mo

Discharge

Outcome
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22

Knuckey et al. (19)

200

60

Haselsberger et al. (13)

Lee et al. (22)

48

Hamilton and Wallace
(12)

115

57

Cucciniello et al. (9)

III

III

III

III

III

III

III

All GCS

All GCS

All GCS

All GCS

All GCS

GCS 10 –15

GCS ⬍ 8

All surgery

All surgery

Surgery and
nonsurgical

All surgery

Surgery and
nonsurgical

Nonsurgical

All surgery

Treatment

GOS at 1 yr

GOS at 6 mo

Not documented

Not documented

Discharge

Not documented

Not documented

Outcome
Anisocria for more than 70 min was associated with 100% mortality, and
for less than 70 min with GOS 4 and 5.

Conclusion

Retrospective analysis of 22 patients of all
age groups who were initially treated
nonoperatively. 7 patients needed
subsequent craniotomy.
Retrospective analysis of prospectively
collected data on 115 patients of all age
groups undergoing surgery for ⬙signs of
herniation.⬙
A retrospective study of 200 patients with
epidural hematomas requiring operation.
Analysis of factors leading to a poor
outcome.

Functional outcome correlated with decreased length of herniation time,
no posturing, normal pupils, and a high GCS score. Unfavorable
radiological signs were associated brain injury, MLS ⬎1 cm, obliterated
basal cisterns, and size and density of the blood clot.
Interval between
anisocoria and
No. of patients
SD/VS/D (%)
decompression (h)
No
126
7.9
⬍1.5
18
22.2
1.5–2.5
27
25.9
2.5–3.5
13
30.8
3.5– 4.5
13
53.8
⬎4.5
3
66.7
Hematoma volume (ml)
No. of patients
SD/VS/D (%)
⬍50
81
6.2
51–100
81
14.8
101–150
31
38.7
⬎150
7
71.4
MLS (mm)
No. of patients
SD/VS/D (%)
⬍5
85
9.4
6 –10
69
8.7
11–15
35
37.1
⬎15
11
63.6
(Table continues)

GCS is the parameter correlating most closely with outcome. The
presence of a cranial fracture and “long” interval between onset of
symptoms and intervention also affect outcome.

⬍2 h
18
67
16
17
⬎2 h
16
13
31
56
Early CT scan ⬍6 h after trauma and cranial fractures crossing big vessels
or the middle meningeal artery were associated with deterioration. Initial
GCS, age, and size of the EDH were not.

Time from anisocoria to
No. of patients GR/MD (%) Dead (%)
craniotomy
⬍71 min
5
100
0
⬎89 min
5
0
100
Retrospective analysis of a case series of 57 All patients had good outcome. Only one patient demonstrated MLS and
patients out of 144 with EDH who were
maximum hematoma thickness was between 6 and 12 mm.
managed nonoperatively.
Retrospective analysis of patients who
Patients who underwent surgical treatment had lower GCS scores, more
underwent surgical and nonoperative
pupillary abnormalities, larger EDH, greater MLS, and were more likely to
treatment for EDH.
show uncal herniation on CT.
A review of 171 patients who presented
Patients with an acute subdural or epidural hematoma had a lower
with either subdural (111 patients) or
mortality and improved functional recovery when operated on ⬍2 h after
epidural (60 patients) hematoma. The
onset of coma.
influence of surgical timing on mortality
and functional recovery was analyzed.
Time from
No. of
coma onset to patients
GR/MD (%)
SD/VS (%)
D (%)
surgery

Prospective data collection on 21 adult
patients admitted during 3 yr with acute
EDH and GCS ⬍ 8, who underwent
surgery. 10 patients developed new
anisocoria after admission. Only 14
patients had CT scans. 3 patients had
emergency craniotomy without
radiographic studies.

Description

OF

Kuday et al. (20)

21

No. of
Inclusion
Class
patients
GCS

Cohen et al. (6)

Authors
(ref. no.)

TABLE 1. Continued
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51

Seelig et al. (35)

83

Wester (40)

III

III

III

III

III

III

All GCS

All GCS

GCS 14/15

“Comatose”

“Comatose”

All GCS

All surgery

All surgery

Surgery and
nonsurgical

All surgery

All surgery

All surgery

Treatment

GOS at
3 mo

GOS at
6 mo

GOS at
6 mo

GOS at 3
mo–2 yr

GOS at 1 yr

GOS at
6 mo

Outcome
A significant increase in mortality and morbidity was related to increased time
from neurological deterioration to surgery.

Conclusion

No. of
patients

Time between
deterioration of
VS/SD/MD GR (%)
D (%)
conscious level and
(%)
surgery (h)
71
0.7 ⫾ 1
4
10
86
33
3.2 ⫾ 0.5
24
27
49
Analysis of 40 severe TBI patients who
Patients with SDH had a significant increase in mortality (64%) compared with
underwent craniotomy after developing
those with EDH (18%). Patients who underwent delayed (⬎3 h) surgery had a
bilateral fixed and dilated pupils.
worse outcome.
Time from
pupillary
GR/MD (%)
SD (%)
VS/D (%)
nonreactivity to No. of patients
surgery
⬍3 h
20
30
30
40
⬎3 h
16
25
12
63
Prospective multicenter database analyzed The most powerful indicator of outcome was motor score before surgery.
retrospectively, looking at the factors
influencing outcome after surgery for EDH.
Motor score
No. of patients
GR/MD/SD (%)
VS/D (%)
1–3
19
32
68
4–6
32
69
31
Prospective study of 158 consecutive
116 patients underwent surgery and 42 patients were managed nonoperatively.
patients with minor TBI (GCS 14/15)
Of all factors analyzed, only thickness of hematoma and MLS were related to the
admitted to 3 neurosurgical units. No
decision to operate. Outcome was the same in both groups.
treatment protocol was specified and a
logistic regression analysis was conducted
to identify the factors leading to surgery.
Nonoperative
MLS (mm)
No. of patients
Craniotomy (%)
management (%)
0 –5
130
70
30
6 –10
19
89.5
10.5
⬎10
8
100
0
Retrospective analysis of CT parameters
Volume of the EDH did not correlate with outcome. Subarachnoid blood and
and outcome in 98 patients of all age
pupillary dysfunction, age ⬎20 yr, and GCS on admission were parameters
groups with acute EDH.
correlating with outcome.
Age (yr)
SD/VS/D (%)
⬍20
6
21– 40
17
41– 60
31
⬎60
50
Motor score
SD/VS/D(%)
1–3
50
4–6
7
Pupils
SD/VS/D(%)
Normal
3
Unilateral fixed and dilated
35
Bilateral fixed and dilated
50
Retrospective study of the management of The outcome of 11 patients treated at the primary hospital was worse than the
pure EDH in patients of all age groups in outcome of patients that were admitted directly. The authors conclude that
Norway. Information on their initial
patients should be transferred directly for neurosurgical management.
neurological exam is limited.

A prospective study of 104 patients of all
age groups with isolated EDH. One-third
of the patients were transferred from an
outside hospital.

Description

GCS, Glasgow Coma Scale; EDH, epidural hematoma; MLS, midline shift; GOS, Glasgow outcome score; TBI, traumatic brain injury; GR, good recovery; MD, moderate disability; SD, severe
disability; VS, vegetative state; D, death; CT, computed tomographic scan; n.s., not significant.

a

98

van den Brink et al. (39)

158

11

Sakas et al. (33)

Servadei et al. (36)

104

No. of
Inclusion
Class
patients
GCS

Poon and Li (31)

Authors
(ref. no.)
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