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Background: Acute epidural and subdural
haematomas remain among the most common
causes of mortality and disability resulting from
traumatic brain injury. In the last three decades
improvements in rescue, neuromonitoring and
intensive care have led to better outcomes. The
purpose of this study was to evaluate the impact of
these strategies on outcome in patients treated in
a single institution in Switzerland.

Methods: A total of 76 consecutive patients
who underwent emergency craniotomy for acute
traumatic epidural and subdural haematoma at
University Hospital Bern between January 2000
and December 2003 were included in this study 

Results: Thirty-seven patients presented with
an epidural haematoma and 46 with a subdural
haematoma. In seven patients both haematomas
could be documented. The median age was 54
years (IQR 28). The median initial GCS score
was 7 (IQR 6). The median time from primary in-
jury to surgery was 3 hours (IQR 2.5 hours). The

median stay in the ICU was 3 days (IQR: 3 days).
The outcome was favourable (GOS 4 and 5) in 43
patients (57%). Thirteen patients (17%) re-
mained severely or moderately disabled (GOS 3).
Finally, a total of 21 patients (28%) died or
 remained in a persistent vegetative state (GOS 1
and 2). Mortality was 41% for acute subdural
haematoma (19/46) and 3% (1/37) for patients
with epidural haematoma. Only age, GCS at
 admission and pupil abnormalities seemed to be
associated with outcome. Time to surgery was
not.  

Conclusion: In patients admitted with acute
traumatic epidural and subdural haematomas that
are treated within a median of 3 hours after pri-
mary injury, factors such as age, initial GCS and
pupil abnormalities still appear to be the most im-
portant factors correlating with outcome.
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Summary

In Western countries, accidents are the lead-
ing cause of death among individuals aged under
45. Traumatic brain injury (TBI) accounts for ap-
proximately 70% of these traumatic deaths and
most of the persisting disabilities in accident sur-
vivors [1]. The most important complication of
traumatic brain injury is the development of in-
tracranial haematomas. It is estimated that in-
tracranial haematomas occur in 25–45% of severe
traumatic brain injuries, 3–12% of moderate
cases, and approximately 1 in 500 patients with
mild TBI [2]. As a result, acute traumatic epidural
haematomas (EDH) and subdural haematomas
(SDH) are among the most common clinical enti-
ties encountered by any neurosurgical service.

Since the 1970s enormous changes have
taken place in the treatment of TBI, thanks to im-

provements in diagnostic and monitoring tools,
evacuation and rescue, and early treatment op-
tions. These improvements have included, to
name but a few, the introduction of the Glasgow
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Abbreviations

GCS Glasgow Coma Scale

GOS Glasgow Outcome Scale (1: death; 2: persistent vegetative 
state; 3: severe disability; 4: moderate disability; 
5: good recovery)

CT computerised tomography

IQR interquartile range

SDH subdural haematoma

EDH epidural haematoma 

ICP intracranial pressure

ICU intensive care unit.
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Coma Scale (GCS), computed tomography (CT),
continuous recording of intracranial pressure
(ICP), aggressive rescue and evacuation to
 specialised trauma centres and introduction of
standardised surgical techniques for removal of
intracranial haematomas [3–8]. In spite of these
improvements, the quality of outcome after TBI
has been shown to vary dramatically between hos-
pitals [9–10]. The impact in Switzerland of the
above-mentioned developments in modern neu-
rotraumatology has not yet been reported. 

The aim of this study was to evaluate the im-
pact of these strategies on outcome in patients
treated for traumatic intracranial haematoma in a
single institution in Switzerland. Special emphasis
was placed on outcome with respect to initial
GCS, age, pupillary status and time to surgery.
Other demographic factors analysed included
presence of hypoxia/hypotension during rescue,
duration of ICU stay and use of intracranial-pres-
sure (ICP) monitoring.
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Materials and methods

This retrospective study included 76 consecutive
 patients with acute traumatic EDH and/or SDH who
 underwent craniotomy between January 1, 2000, and De-
cember 31, 2003, in the Department of Neurosurgery,
University Hospital Bern, Switzerland. Data sources in-
cluded patients’ hospital records, rescue and evacuation
records, rehabilitation summaries and personal phone
calls to general practitioners caring for the patients after
discharge from rehabilitation facilities.

The records were analysed for demographic charac-
teristics such as gender, age, GCS on admission, pupil ab-
normalities, mechanism of injury, and time elapsed from
accident to surgery on the basis of rescue team reports.
Vital parameters analysed included initial GCS, blood
pressure and arterial oxygen saturation (SaO2) during res-
cue, perioperative ICP, performance of decompressive
craniectomy and duration of stay in the intensive care
unit (ICU).

All patients with a GCS <8 were intubated at the
scene of the accident and mechanically ventilated. All pa-
tients were maintained normocapnic prior to hospital ad-
mission. After initial cardiorespiratory stabilisation in the
emergency room, computed tomography (CT) of the
skull was performed immediately. If relevant EDH or
SDH were documented the patients were brought to the
operating room. The indications for surgical treatment of
intracranial haematomas in our institution include rapid
deterioration of the level of consciousness and the pres-
ence of neurological deficits. In asymptomatic patients
surgery is indicated if the diameter of the haematoma is 
1 cm or greater. The decision whether to operate on pa-

tients aged over 70 was usually taken by the attending
staff neurosurgeon and includes consideration of factors
which may influence the outcome, such as comorbidities,
previous quality of life, time to surgery, clinical presenta-
tion and documented wishes of patients and their rela-
tives.

Initial hypotension (at the accident scene or on
 admission) was defined as systolic blood pressure values
of 90 mm Hg or lower. Hypoxia was defined as SaO2 of
90% or lower. The surgical technique for intracranial
haematomas has been described elsewhere in detail [7].  

Monitoring of ICP was performed using an infrared
parenchymal catheter (Camino, Integra Life Science
Corporation, Plainsboro, NJ, USA). Abnormal ICP val-
ues were defined as 20 mmHg or greater. The surgeon
decided whether to implant the bone flap depending on
the intraoperative presence of brain oedema. If the bone
flap was not implanted a “decompressive craniectomy”
after haematoma removal was described in the surgical
summary. The bone flaps not inserted during the first sur-
gery were frozen and stored to be reimplanted six months
after TBI.

Perioperative mortality was defined as mortality
within 30 days after surgery. Outcome was assessed ac-
cording to the Glasgow Outcome Scale (GOS) at the
time of discharge from hospital or rehabilitation centre.

Since we present observational data of a small popu-
lation size only, no inferential statistics was performed.
Results are expressed as mean or, in case of skewed data or
ordinal scale variables, as median with interquartile range
(IQR). 

Results

Demographic characteristics 
and vital parameters

During the study period 76 consecutive pa-
tients were admitted. Fifty-five patients (73%)
were male and 21 (27%) female. The demo-
graphic characteristics are summarised in table 1.
The median age was 54 years (IQR 28). This se-
ries included only one child aged 7 years. The me-
dian GCS score on admission was 7 (IQR: 6). A
total of 37 patients (48.6%) presented with an
EDH and 46 (60.5%) with an SDH. Seven pa-
tients (9.2%) presented with both haematomas in-
volving one or both hemispheres. 14 patients
(18%), had intracerebral haemorrhagic contu-

sions, all of whom presented with SDH. The
mechanisms of injury included falls (59%), bicycle
accidents (13%), motor cycle accidents (8%), car
accidents (7%), assaults (7%), ski accidents (3%)
and accidents involving pedestrians (3%). Initial
pupillary abnormalities were documented as fol-
lows: 43 patients (57%) had symmetrical reactive
pupils, 11 (14%) presented homolateral reactive
mydriasis and 22 (29%) homolateral unreactive
mydriasis. The median time elapsing from acci-
dent to surgery was 3 hours (IQR: 2.5 hours). Hy-
potension at the site of the accident or on admis-
sion was recorded in 7 patients (9%). A total of 16
patients (21%) were hypoxic at the rescue site. In
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12 patients (16%) alcohol intoxication was docu-
mented. Perioperative ICP probes were inserted
in 11 patients (15%). Decompressive craniectomy
was performed in 35 (46%). The median duration
of ICU stay was 3 days (IQR: 3 days).

Analysis of demographics 
The overall perioperative mortality was 26%

(20 patients). Of these only one of the patients
who died presented with an epidural haematoma
(initial GCS 3), while all other mortalities in-
volved an acute subdural haematoma (table 1).
Two patients with SDH who died had an associ-
ated contralateral EDH. This translates into a
mortality rate of 41% for patients with SDH and
of 3% for patients with EDH. Over half the
 patients (52%) died within the first 3 days after
surgery despite maximum treatment in the ICU.
Median outcome as assessed by the GOS was 
4 (IQR: 4). The outcome was favourable (GOS 
4 and 5) in 43 patients (57%). Thirteen patients
(17%) remained severely or moderately disabled
(GOS 3). Finally, a total of 21 patients (28%) died
or remained in a persistent vegetative state (GOS
1 and 2). 

We analysed possible factors affecting out-
come, specifically age, initial GCS, time to sur-
gery and pupillary status. The association of these
variables in respect to outcome is demonstrated in
box plots figures 1–4. While graphically there
 appears to be a clear association of outcome and
age (figure 1), initial GCS (figure 2) and pupillary
status (figure 4), time to surgery (figure 3) shows
clearly there is no difference with respect to vari-
ous outcomes. 

Initial GCS was an important predictor of
outcome in our patient population. Of the 21 pa-
tients with a bad outcome, only 3 (14%) had a
GCS >8 on admission, whereas 86% had a GCS
<8. Of the patients with a favorable outcome
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Total # of patients 76

Median age (years) 54 (IQR 28)

Gender (m:f) 55 (72%):21 (28%) 

Type of haematoma

SDH 46 (61 %)

EDH 37 (49 %)

SDH + EDH 7  (9 %)

Initial median GCS score 7

Patients with GCS >8 28 (36.8%)

Patients with GCS ≤8 48 (63.1%)

Pupil examination

reactive to light 43 (57%)

anisocore but reactive to light 11 (14%)

areactive to light 22 (29%)

Decompressive craniectomy 35 (46%)

Median time to surgery (hours) 3 

Hypotension at rescue 7 (9%)

Hypoxia at rescue 16 (21%)

Perioperative ICP monitoring 11 (14%)

Median duration of ICU stay (days) 3

Outcome

GOS 1 and 2 21 (28%)

GOS 3 12 (16%)

GOS 4 and 5 43 (57%)

Table 1

Summary of demo-
graphic characteris-
tics, clinical findings
and outcome.

Figure 1

Documenting the
 association of age
with overall outcome,
showing a clear
 decline in age with
improved outcome. 
Abbreviations: GOS:
Glasgow Outcome
Scale (1: death; 2:
persistent vegetative
state; 3: severe dis-
ability; 4: moderate
disability; 5: good
 recovery).
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Figure 3

Impact of time to surgery on final outcome showing almost
identical distribution of time to surgery for all outcomes
(favourable and unfavourable).
Abbreviations: GOS: Glasgow Outcome Scale (1: death; 
2: persistent vegetative state; 3: severe disability; 
4: moderate disability; 5: good recovery).
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Figure 2

Analysing the impact
of initial GCS on
overall outcome:
Similar distribution
of initial GCS for un-
favourable outcome
(GOS1-3); with
favourable outcome
(GOS 4 and 5) associ-
ated with a higher
initial GCS (GOS 
4 and 5). 
Abbreviations: GCS:
Glasgow Coma Scale;
GOS: Glasgow Out-
come Scale (1: death;
2: persistent vegeta-
tive state; 3: severe
disability; 4: moder-
ate disability; 5: good
recovery).
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(GOS 4 and 5), only 13 (30%) had a GCS of 8 or
lower at admission, whereas 31 (70%) had a GCS
greater than 8. 

Age appeared to be associated with outcome,
with 89% of patients under 20 having a
favourable outcome (GOS 4 and 5), and only one
(11%) dying. Conversely, in the group of patients
aged 60 or over, 48% had a poor outcome (GOS 1
and 2), and only 29% a favourable one (GOS 4
and 5).

The median time elapsed from primary injury
or accident to surgery was 3 hours (IQR: 2.5
hours). Interestingly, as figure 3 shows, there
 appears to be no association between time to
 surgery and outcome. Results for time to surgery
are almost identically distributed with respect to
unfavourable (GOS 1 and 2) and favourable
(GOS 4 and 5) outcome.
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Figure 4

Documenting out-
come with respect to
initial pupillary status
classified as aniso-
core areactive, aniso-
core reactive and iso-
core reactive. Aniso-
core areactive pupil-
lary status associated
with a higher
 percentage of un-
favourable outcome
as opposed to iso-
core reactive status
showing a higher per-
centage of favourable
outcome.
Abbreviations: 
GOS: Glasgow Out-
come Scale (1: death;
2: persistent vegeta-
tive state; 3: severe
disability; 4: moder-
ate disability; 
5: good recovery).
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Discussion

To the best of our knowledge the present
study is the first to analyse outcome after acute
traumatic EDH and SDH since the introduction
of new rescue strategies and modern intensive
care management strategies for the treatment of
patients admitted with TBI in the last two decades
in Switzerland. Consequently, we were interested
to compare our results with earlier similar pub-
lished series so as to evaluate our therapeutic
strategies. The majority of studies conducted
since CT scanning has become widely available
have reported mortality of around 12% for acute
traumatic EDH and 50–70% for acute SDH [11–
15]. The results of this study demonstrated an im-
provement in terms of overall mortality (26%)
and number of patients with a favourable outcome
(GOS 4 and 5) (57%) compared to these series. 

While we believe that these results can be as-
cribed to improvements in rescue and evacuation
practices in Switzerland, they must be interpreted
with caution. Time elapsed from accident to sur-
gery was not correlated with outcome for our pa-
tient population. However, considering the short
time documented from accident to surgery,
namely a median time frame of 3 hours, and early
prevention of hypoxia and hypotension at the
scene of the accident in most of the patients, time
to surgery may not play the important role in out-
come documented in prior studies.

Cohen et al. reported 100% mortality in a se-
ries of patients with acute EDH and mydriatic

pupils for more than 70 minutes. Moreover, the
authors reported that the presence of mydriatic
pupils for less than 70 minutes was associated with
GOS 4 and 5 [14]. In a series of patients with
acute SDH and EDH, Haselsberger et al. docu-
mented that patients undergoing surgery within 
2 hours of coma had a mortality rate of 17%,
whereas patients operated on later had a mortality
of 56% [15]. Similar results were reported by
Sakas et al., with a time frame of 3 hours [16].
Seelig et al. documented that the timing of sur-
gery (4 hours from injury) was of prognostic sig-
nificance in severely injured patients with acute
subdural haematoma [4].

Although other studies have reported no evi-
dence of a correlation between outcome and time
to surgery [17–20], we still believe that time to sur-
gery plays a crucial role in overall outcome. It is pos-
sible that time to surgery was not correlated with
outcome in our study due to aggressive resuscita-
tion management by the rescue services at the ac-
cident site (the “stay and play” approach), as well as
the extremely short overall time elapsed from acci-
dent to surgery. In summary, we assume that within
the time frame from accident to surgery in our pa-
tient series (median 3 hours), and aggressive resus-
citation management at the site of the accident with
rapid correction of hypotension and hypoxia, other
traditional factors (initial GCS, age, pupillary sta-
tus) are factors determinant of final outcome in pa-
tients presenting with acute traumatic SDH and
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EDH. The correlation of outcome with age, GCS
on admission and pupillary abnormalities, as
demonstrated in our series, has been well estab-
lished by earlier studies [3, 7, 11–14].

This study has a number of limitations. First,
the main one is the fact that our study was based
on a retrospective analysis of the records. Since
patients with TBI are not routinely followed up in
our department, we used discharge notes either
from our hospital or the rehabilitation centre. If
there was a lack of outcome information we con-
tacted the general practitioners for further clini-
cal information. However, in most of the patients
there was a lack of standardised neuropsychologi-
cal evaluation, which has to be considered an
 important part of outcome evaluation [26–29].
 Secondly, a detailed description of additional CT
findings was not possible. Associated radiological
factors such as extent of midline shift, compressed
basal cistern and the presence of traumatic sub-
arachnoid haemorrhage were not documented
and may have played an additional role in the out-
come of this series [12, 22–25].

In terms of quality control we were surprised

to find that ICP monitoring was performed in
only 11 of 48 patients (23%) who arrived with a
GCS of 8 or lower. Not only does raised ICP cor-
relate with poor outcome, but its aggressive treat-
ment in an ICU setting has been associated with
an improvement in outcome [30–33]. Conse-
quently, all patients admitted with TBI and pre-
senting with a GCS score of 8 or less should un-
dergo ICP monitoring.

Taking into account the analysis of the differ-
ent factors influencing the outcome in this series,
as well as the results presented in this study, we
believe that prospective studies are needed in
Switzerland to further improve current treatment
strategies.
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