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ORIGINAL ARTICLE

Do older patients with acute or subacute subdural hematoma benefit
from surgery?

Sander Busa, Dagmar Verbaana, Bertjan J. Kerklaanb, Marieke E.S. Sprengersc, William P. Vandertopa, Jan Stamd,
Gerrit J. Boumaa and Pepijn van den Munckhofa

aNeurosurgical Centre Amsterdam, Academic Medical Centre, Amsterdam, The Netherlands; bDepartment of Neurology, Onze Lieve Vrouwe
Gasthuis, Amsterdam, and Zaans Medical Centre, Zaandam, The Netherlands; cDepartment of Radiology, Academic Medical Centre, Amsterdam,
The Netherlands; dDepartment of Neurology, Academic Medical Centre, Amsterdam, The Netherlands

ABSTRACT
Purpose: According to the international guidelines, acute subdural hematomas (aSDH) with a thickness of
>10mm, or causing a midline shift of >5mm, should be surgically evacuated. However, high mortality
rates in older patients resulted in ongoing controversy whether elderly patients benefit from surgery. We
identified predictors of outcome in a single-centre cohort of elderly patients undergoing surgical evacu-
ation of aSDH or subacute subdural hematoma (saSDH).
Materials and methods: This retrospective study included all patients aged �65 years undergoing surgi-
cal evacuation of aSDH/saSDH from 2000 to 2015. One-year outcome was dichotomized into favourable
(Glasgow Outcome Scale (GOS) 4–5) and unfavourable (GOS 1–3). Predictors of outcome were identified
by analysing patient characteristics.
Results: Eighty-four patients aged �65 years underwent craniotomy for aSDH/saSDH during the 16 year
time period. Twenty-five percent regained functional independence, 11% survived severely disabled, and
64% died. Most patients died of respiratory failure following withdrawal of artificial respiration or following
restriction of treatment. Age of the SDH or Glasgow Coma Scores �8/intubation did not predict unfavour-
able outcome. All patients with bilaterally absent pupillary light reflexes died, also those who still exhib-
ited one normal-sized pupil.
Conclusion: The low number of operated patients per year probably suggests that this cohort represents
a selection of patients who were judged to have good chances of favouring from surgery. Functional
independence at one-year follow-up was reached in 25% of patients, 64% died. Patients with bilaterally
absent pupillary light reflexes did not benefit from surgery. The tendency to restrict treatment because of
presumed poor prognosis may have acted as a self-fulfilling prophecy.
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Introduction

According to the international guidelines for the management of
acute subdural hematomas (aSDH), an aSDH with a thickness
greater than 10mm, or causing a midline shift greater than 5mm,
on computed tomography (CT) scan should be surgically evacuated
by craniotomy.1 However, reported mortality rates as high as
68–88% in patients older than 70 years undergoing craniotomy for
aSDH in the 1970s-1990s, together with poor neurological outcome
in those surviving, have resulted in an ongoing controversy whether
elderly patients truly benefit from surgery.2–5 A recent Swiss retro-
spective study by Taussky et al. reported a mortality rate of only
35% and favourable outcome in 41% among 37 patients aged 65
years and older who were operated for traumatic aSDH between
2002 and 2007.6 The authors hypothesised that improvements in
the treatment of traumatic brain injury since the 1970s and 1980s,
the better health status of elderly individuals nowadays, the high
percentage of low velocity traumas in their cohort, and the applica-
tion of strict criteria for undertaking surgery were possible explana-
tions for their good results.

In their chapter on the international guidelines for the man-
agement of aSDH, Bullock et al. stressed the importance of future
studies identifying subgroups that do not benefit from surgery.1

To address these issues, we analysed the outcome of patients
aged 65 years and older who underwent craniotomy for aSDH or
subacute SDH (saSDH) in our Level I trauma centre between
2000 and 2015.

Materials and methods

Patients

The Academic Medical Centre (AMC) is a university hospital in
the Amsterdam metropolitan area with a total population of
approximately 2.5 million people. This retrospective study was
designed to include all patients aged 65 years and older, who
underwent craniotomy for aSDH or saSDH in the AMC in the
period 2000–2015. Patients were selected from a retrospectively
created operative database that included all consecutive 173
patients older than 55 years who underwent craniotomy for
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subdural hematoma (SDH) between January 1, 2000 and October
19, 2015. We excluded 31 patients operated for chronic SDH,
and 10 with aSDH from intracranial aneurysm or arteriovenous
malformation rupture. Of the remaining 132 patients, 85 patients
were 65 years or older. Because this was an observational study,
formal approval was waived by the institutional ethical review
board of our hospital and patient consent was not required.

Clinical management

Treatment in the field was provided by emergency physicians
and paramedics, according to Advances Trauma Life Support
standards. After admission, trauma patients were examined by a
trauma surgeon and neurologist, and non-trauma patients by a
neurologist. Patients then underwent CT-imaging of the brain. If
a relevant aSDH was documented, AMC patients were brought
to the operating room, whereas patients initially presented else-
where were transferred to the AMC after telephone consultation
between the referring neurologist and the AMC neurosurgeon.
Any anticoagulation was reversed before surgery by a concentrate
of four-factor prothrombin complex, administered in the refer-
ring hospital or in the AMC. Patients using acetylsalicylic acid
received platelet transfusions pre- and postoperatively. The surgi-
cal technique consisted of a large craniotomy and hematoma
evacuation. Based on the presence of hydrocephalus and brain
oedema, the attending neurosurgeon decided whether to implant
an intracranial pressure (ICP) monitoring catheter or an external
ventricular drain (EVD), and whether to replace the bone flap, or
not. After surgery, patients were admitted to the ICU for sup-
portive therapy.

Data collection

Data sources included patients’ rescue and evacuation records,
hospital records from the AMC, and the referring hospital when
applicable, rehabilitation summaries, and correspondence of neu-
rologists, nursing home physicians and general practitioners car-
ing for the patients after discharge from the AMC. The records
were analysed for demographic characteristics (age, gender, pre-
morbid functioning), mechanism of injury and the use of anti-
coagulant drugs (including thrombocyte aggregation inhibitors).
CT-scans were evaluated to determine the thickness of the hyper-
dens SDH and the extent of midline shift. When the injury
occurred <72 h before diagnosis, the SDH was classified as acute.
When the injury occurred 3–7 days before diagnosis, the SDH
was classified as subacute. When the hyperdens SDH developed
spontaneously, for example in patients taking oral anticoagulants,
the SDH was classified as spontaneous. In many patients, no reli-
able time interval in hours from injury to surgery could be deter-
mined. We therefore chose to record the time interval from
diagnosis of the (s)aSDH on the CT-scan to the start of surgery.
For similar reasons, the Glasgow Coma Scale (GCS) score and
pupillary abnormalities at the moment of injury could not be
determined in all patients. We recorded GCS scores and pupillary
abnormalities at the moment of diagnosis (CT scan) and, to
document any preoperative deterioration, immediately prior to
surgery. Clinician’s notes at one year postoperatively, or at the
longest follow-up available, were used to assess outcome accord-
ing to the Glasgow Outcome Scale (GOS): GOS 1¼ death, GOS
2¼ persistent vegetative state, GOS 3¼ severe disability (con-
scious but disabled), GOS 4¼moderate disability (disabled but
independent), and GOS 5¼ good recovery (resumption of nor-
mal life even though there may be minor neurological and

psychological deficits).7 The STROBE guidelines were used in
order to report this observational study accurately and
completely.8

Data analysis

We defined unfavourable outcome as GOS 1–3 and favourable
outcome as GOS 4–5. Continuous variables were tested for nor-
mal distribution using the Shapiro-Wilk test. A variable was con-
sidered normally distributed if the Shapiro-Wilk test was >0.9,
otherwise the variable was considered as not normally distrib-
uted. Means ( ± standard deviation, SD) are given for continuous
variables with a normal distribution whereas median (interquar-
tile range, IQR 25%-75%) are given for not normally distributed
continuous variables. To compare demographic and baseline
characteristics between favourable and unfavourable outcome
groups, univariate statistical analysis was performed. The 2-tailed
t-test (for comparisons of normally distributed continuous varia-
bles), Mann-Whitney U test (for comparisons of continuous vari-
ables without a normal distribution), Fisher exact test (for
analysis of 2� 2 tables), and chi-square test (for analysis of N x
2 contingency tables) were done as appropriate to identify differ-
ences between groups. IBM SPSS Statistics 24.0 was used for cal-
culations. A p value �0.05 was considered statistically significant.

Results

Sixty-three of the 85 patients were classified as suffering from
aSDH, six as suffering from saSDH, and 16 as suffering from
spontaneous SDH (hyperdens on CT). One 66-year-old foreign
patient with a spontaneous SDH was repatriated to his home
country in the weeks following surgery and was lost to follow-up.
He was excluded from further analysis. Mean age of the remain-
ing 84 patients was 75 ± 6 years (range 65–88). Further character-
istics are presented in Table 1. For 80 patients, CT-images were
either digitally available, or retrieved from the archives; for two
patients the thickness of the SDH was retrieved from the phys-
ician’s notes. For the two patients without radiological informa-
tion on SDH thickness, surgical notes clearly described the
hematoma as ‘acute’. Seven patients had a SDH <10mm, but all
had concomitant midline shift >5mm. The types of initial sur-
gery are listed in Table 2. A postoperative CT was performed in
75 patients at median postoperative day 1 (IQR 0–2). In nine
patients, no postoperative CT was performed: in five the neuro-
logic condition was judged as too poor to undergo further diag-
nostics and treatment (GCS 3 or 4), three patients were doing
clinically so well that postoperative imaging was judged as
unnecessary (GCS 15), and in one patient no reason could be
found in the clinical notes. Eighteen (21%) patients underwent a
total of 22 additional surgeries (Table 2). For the whole group,
median length of stay in the ICU and hospital was 5 days (IQR
2–8) and 20 days (IQR 7–35), respectively.

Outcome

Fifty-four (64%) patients died: 44 in the hospital, 10 in a nursing
home or hospice. Median length of survival was 15 days (IQR
5–43). Causes of death are listed in Table 3. Nine (11%) patients
recovered to GOS 3, 10 (12%) to GOS 4, and 11 (13%) to GOS
5. Outcome in these surviving patients was assessed at one year
after surgery for 29 patients, and 164 days after surgery for one
GOS 4 survivor.
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SDH at the dominant side, or the use of anticoagulants were
not associated with higher chances of unfavourable outcome
(Table 1). Clinical characteristics and outcome among patients
harbouring an acute, subacute or spontaneous SDH were similar
(Table 4). Patients who were non-comatose (GCS �9) upon
admission had better chances of survival than comatose (GCS
�8) or intubated patients (Odds ratio (OR) 2.48 [95%
Confidence interval (CI) 0.99–6.20]; p¼ .04). All non-intubated
patients with GCS M-scores 1 (N¼ 3) or 2 (N¼ 2) upon

admission died. Chances of favourable outcome only tended to
be better for patients who were non-comatose upon admission
compared to comatose or intubated patients (OR 2.41 [95% CI
0.87–6.65]; p¼ .07). The time elapsed from admission to surgery
did not differ between patients with favourable outcome and
patients with unfavourable outcome (Table 1). Prior to surgery,
chances of survival and chances of favourable outcome for non-
comatose patients compared to comatose/intubated patients were
not different (survival: OR 2.05 [95% CI 0.78–5.37]; p¼ .11,

Table 1. Characteristics of 84 patients aged �65 years undergoing craniotomy for (s)aSDH according to outcome.

Unfavourable outcome Favourable outcome p-Value
(GOS 1–3), n¼ 63 (GOS 4–5), n¼ 21

Age, years, mean ± SD (range) 75 ± 6 years (65–88) 73 ± 5 years (65–84)
65–69 years, n (%) 9 (14) 5 (24)
70–79 years, n (%) 37 (59) 13 (62)
�80 years, n (%) 17 (27) 3 (14)

Gender, n Male 43, female 20 Male 11, female 10
(s)aSDH at dominant side, n (%) 33 (52) 13 (62)
(s)aSDH thickness, mm, mean ± SD (range) 19 ± 7mm (4–46)a 17 ± 7mm (8–34)
Midline shift, mm, mean ± SD (range) 13 ± 6mm (3–28)b 11 ± 6mm (2–23)c

Age of SDH, n (%)
aSDH 48 (76) 15 (71)
saSDH 5 (8) 1 (5)
Spontaneous 10 (16) 5 (24)

Anticoagulation, n (%)
None 19 (30) 6 (29)
Acenocoumarol/phenprocoumon 26 (41) 11 (52)
Thrombocyte aggregation inhibitor 12 (19) 4 (19)
Unknown 6 (10)

Neurological examination on admission
Intubated, n (%) 8 (13) 2 (10)
GCS non-intubated patients, mean ± SD (range) 9.4 ± 3.5 (3–15)c 10.4 ± 3.5 (5–15)
- GCS 3–8, n (%) 29 (53) 6 (32) .08
- GCS 9–15, n (%) 25 (45) 13 (68)
- GCS unknown, n (%) 1 (2)

Pupillary light reflexes
Normal, n (%) 37 (59) 16 (76)
Unilaterally absent, n (%) 8 (13) 3 (14)
Bilaterally absent, n (%) 14 (22) .03
- Bilaterally dilated, n 3
- At least one normal-sized pupil, n 11
Unknown, n (%) 4 (6) 2 (10)

Time elapsed (hr) from admission to surgery
Presentation at level I trauma center
GCS >8, hrs, median (IQR) 3 (1.1–7.2), n¼ 11 2.3 (1.2–12.5), n¼ 7
GCS �8 or intubated, hrs, median (IQR) 0.9 (0.5–1.4), n¼ 24 0.8 (0.4–2.5), n¼ 6
GCS unknown, hrs 3, n¼ 1

Presentation at referring hospital
GCS >8, hrs, median (IQR) 4.5 (3.2–12.1), n¼ 13 16 (5.4–32.3), n¼ 6
GCS �8 or intubated, hrs, median (IQR) 2.7 (2.1–3.2), n¼ 12 1.7 (1.1–1.7), n¼ 2
Unknown delay n¼ 2

Neurological examination prior to surgery
Intubated, n (%) 25 (40) 6 (29)
GCS non-intubated patients, mean ± SD (range) 8.7 ± 2.8 (5–14)c 9.5 ± 3.1 (4–14)
- GCS 3–8, n (%) 21 (55) 6 (40) .22
- GCS 9–14, n (%) 16 (42) 9 (60)
- GCS unknown, n (%) 1 (3)

Pupillary light reflexes
Normal, n (%) 28 (44) 14 (67)
Unilaterally absent, n (%) 12 (19) 5 (24)
Bilaterally absent, n (%) 18 (29) .009
- Bilaterally dilated, n 6
- At least one normal-sized pupil, n 12
Unknown, n (%) 5 (8) 2 (10)

Postoperative CT
residual SDH/subdural air, mm, mean ± SD (range) 9 ± 8 (0–30)d 6 ± 6 (0–17)b

residual midline shift, mm, mean ± SD (range) 6 ± 5 (0–22)d 4 ± 4 (0–13)b

a2 missing.
b3 missing.
c1 missing.
d6 missing.
CT: computer tomography; hrs: hours; GCS: Glasgow Coma Scale score; GOS: Glasgow Outcome Scale score; IQR: interquartile range; n: number of patients;
(s)aSDH¼ (sub)acute subdural hematoma; SD: standard deviation.
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favourable outcome: OR 2.16 [95% CI 0.77–6.07]; p¼ .12). One
of three non-intubated patients with a GCS M-score of 2 prior to
surgery survived favourably. The 13 patients who deteriorated
from non-comatose to comatose/intubated between the moment
of diagnosis and surgery had similar outcomes as patients who
were non-comatose upon admission: 50% survived, 33% survived
favourably. Eight patients had GCS scores 13–14 prior to surgery:
five died, three survived favourably. Their outcome was not differ-
ent from patients with GCS scores �12 (survival: OR 1.09 [95%
CI 0.24–4.91]; p¼ .60, favourable outcome: OR 1.9 [95% CI
0.42–8.89]; p¼ .32). Unilateral absence of pupillary light reflex
was not a predictor of unfavourable outcome (at the moment of

diagnosis: OR 1.15 [95% CI 0.27–4.92]; p¼ .58, prior to surgery: OR
1.2 [95% CI 0.35–4.08]; p¼ .51), but bilateral absence of pupillary
light reflexes was: all died, even those who still exhibited one nor-
mal-sized pupil (Table 1). All 14 patients without pupillary light
reflexes at the moment of diagnosis died of respiratory failure follow-
ing withdrawal of artificial respiration (N¼ 9) or following restriction
of treatment (N¼ 5) because of presumed poor prognosis. Seventeen
of the 18 patients without pupillary light reflexes prior to surgery
died of respiratory failure following withdrawal of artificial respir-
ation (N¼ 11) or following restriction of treatment (N¼ 6) because
of presumed poor prognosis. One patient, who still exhibited one
pupillary light reflex at diagnosis but then lost it during the one and
a half hour delay between diagnosis and surgery, initially survived
with GOS 4 but died at follow-up day 246 of acute myeloid leukae-
mia. Chances of survival and chances of favourable outcome for
patients undergoing craniotomy compared to patients undergoing
decompressive craniectomy at initial surgery were not different (sur-
vival: OR 2.44 [95% CI 0.48–12.29]; p¼ .23, favourable outcome: OR
1.38 [95% CI 0.27–7.09]; p¼ .52).

Figure 1 illustrates the outcome of different subpopulations of
the 63 patients suffering from aSDH when assorted for GCS and
presence or absence of pupillary light reflexes at the moment of
diagnosis or prior to surgery. Chances of survival and chances of
favourable outcome for non-comatose aSDH patients compared
to comatose/intubated aSDH patients were not different (at diag-
nosis: survival OR 1.80 [95% CI 0.63–5.15]; p¼ .20, favourable
outcome OR 2.21 [95% CI 0.68–7.24]; p¼ .15; prior to surgery:
survival OR 1.23 [95% CI 0.40–3.83]; p¼ .47, favourable outcome
OR 1.31 [95% CI 0.38–4.56]; p¼ .45). All patients without pupil-
lary light reflexes died.

Discussion

We reviewed the clinical course of patients aged 65 years or older
who underwent craniotomy for acute, or subacute, subdural
hematoma from 2000 to 2015 to find predictors of clinical out-
come. Eighty-four patients underwent surgery during this 16 year
time period, which is less than six patients per year. Such low
number suggests that many older patients suffering from acute
subdural hematoma who were presented to our hospital during
these years were not operated on. Unfortunately, we did not
register such not-operated patients in our database. We therefore
cannot indicate how representative our cohort is for the overall
population of older patients presenting with an acute subdural
hematoma. Our cohort probably represents a selection of patients
who were judged to have good chances of favouring from surgery
by the attending neurosurgeons.

Overall, mortality rate was high and only 25% of the patients
of our cohort regained functional independence. Patients with
GCS scores 9–15 at the moment of diagnosis had better chances
of survival than patients who were comatose or intubated, but
their favourable outcome rate was not significantly higher. All
patients with bilaterally absent pupillary light reflexes died, those
with still one normal-sized pupil included.

Outcome among patients harbouring an acute, subacute or
spontaneous SDH was similar, contrary to the previous finding
of Rosen�rn and Gjerris that patients with subacute SDH have
better prognosis than patients with acute SDH.9 Our finding can
be explained by the fact that, in the current cohort, patients har-
bouring SDHs of different ages had comparable levels of uncon-
sciousness whereas Rosen�rn and Gjerris reported considerably
higher levels of consciousness for patients with subacute SDH
compared to patients with acute SDH. The neurological

Table 3. Causes of death in 54 patients aged �65 years undergoing craniotomy
for (s)aSDH.

Following withdrawal of artificial respiration 18
absence of cerebral blood flow 1
status epilepticus 1
poor GCS
E1M1Vtube 7
E1M2Vtube 4
E1M3Vtube 3
E1M4Vtube 2

Following restriction of treatment (‘do not resuscitate’) 25
dementia 1
recurrent pneumonia with sepsis 6
status epilepticus 1
poor GCS
E1M1V1 3
E1M2V1 3
E1M3V1 2
E1M4V1 3
E1M5V1 4
E1M5V2 1
E2M5V2 1

Cardiac arrest 2
Congestive heart failure 2
Acute myeloid leukemia 1
Refusal of fluid/food intake 1
Unknown 5

(s)aSDH: (sub)acute subdural hematoma; E: eye response; GCS: Glasgow Coma
Scale score; M: motor response; V: verbal response.

Table 2. Types of surgery in 84 patients aged �65 years undergoing craniotomy
for (s)aSDH.

Unfavourable
outcome

Favourable
outcome

(GOS 1–3),
n¼ 63

(GOS 4–5),
n¼ 21

Initial surgery
Craniotomy, n (%) 55 (87) 19 (90)
þ ICP 7 4
þ EVD 1
þ hinge craniotomy 3 1
bilateral 2 1
- initial craniotomy at the wrong side 1

Decompressive craniectomy, n (%) 8 (13) 2 (10)
þ ICP 2 1
þ EVD 1
bilateral 1

Additional surgeries, n (%) 12 (19) 6 (29)
Craniotomy for recurrent (ipsilateral) aSDH 5 2
Craniotomy for ipsilateral EDH 4 2
Ipsilateral craniectomy 2
EVD 1
Ventricular-peritoneal shunt 1 1
Removal of infected bone flap 1
Cranioplasty 1 2

(s)aSDH: (sub)acute subdural hematoma; EDH: epidural hematoma; EVD: external
ventricular drain; GOS: Glasgow Outcome Scale score; ICP: intracranial pressure
monitoring catheter.
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condition of a patient thus seems to be more important for the
prediction of prognosis than the age of the (hyperdens) SDH,
although the small number of subacute and spontaneous SDH
patients in our cohort limits drawing strong conclusion.

Literature review

The 75% unfavourable outcome rate (64% mortality) in our study
is similar to most previously published series (Table 5).2,4,5,10–20

The high percentage of favourable outcome and concomitant low

Table 4. Characteristics of 84 patients aged �65 years undergoing craniotomy according to age of SDH.

aSDH, n¼ 63 saSDH, n¼ 6 Spontaneous SDH, n¼ 15
Age, years, mean ± SD (range) 75 ± 6 (65–88) 75 ± 6 (68–86) 73 ± 5 (65–83)
Neurological examination on admission
Intubated, n (%) 9 (14) 0 (0) 1 (7)
GCS non-intubated patients, mean ± SD (range) 10.0 ± 3.2 (3–15)a 9.2 ± 4.5 (4–15) 8.6 ± 4.1 (3–15)
- GCS 3–8, n (%) 25 (46) 3 (50) 7 (50)
- GCS 9–15, n (%) 28 (52) 3 (50) 7 (50)
- GCS unknown, n (%) 1 (2)

Pupillary light reflexes
Normal, n (%) 42 (67) 3 (50) 8 (53)
Unilaterally absent, n (%) 8 (13) 3 (20)
Bilaterally absent, n (%) 9 (14) 2 (33) 3 (20)
- Bilaterally dilated, n 3
- At least one normal-sized pupil, n 6 2 3
Unknown, n (%) 4 (6) 1 (17) 1 (7)

Time elapsed (hr) from admission to surgery
Presentation at level I trauma center
GCS �9, hrs, median (IQR) 2.3 (1.1–7.1), n¼ 14 12.5, n¼ 1 2.3 (1.5–2.3), n¼ 3
GCS �8 or intubated, hrs, median (IQR) 0.8 (0.5–1.4), n¼ 24 0.7 (0.6–0.7), n¼ 3 1.2 (0.8–1.2), n¼ 3
GCS unknown, hrs 3, n¼ 1

Presentation at referring hospital
GCS �9, hrs, median (IQR) 5.8 (3.3–19.8), n¼ 13 5.2 (4.3–5.2), n¼ 2 8.4 (4.1–13), n¼ 4
GCS �8 or intubated, median (IQR) 2.7 (2.3–3.1), n¼ 9 2.2 (1.2–19.2), n¼ 5
Unknown delay n¼ 2

Neurological examination prior to surgery
Intubated, n (%) 26 (41) 0 (0) 5 (33)
GCS non-intubated patients, mean ± SD (range) 9.0 ± 2.7 (4–14)a 8.5 ± 4.0 (4–14) 8.8 ± 3.1 (5–14)
- GCS 3–8, n (%) 18 (49) 4 (66) 5 (50)
- GCS 9–14, n (%) 18 (49) 2 (33) 5 (50)
- GCS unknown, n (%) 1 (3)

Pupillary light reflexes
Normal, n (%) 32 (51) 3 (50) 7 (47)
Unilaterally absent, n (%) 14 (22) 1 (17) 2 (13)
Bilaterally, n (%) 12 (19) 2 (33) 4 (27)
- Bilaterally dilated, n 4 2
- At least one normal-sized pupil, n 8 2 2
Unknown, n (%) 5 (8) 2 (13)

Outcome
GOS 1 41 (65) 4 (67) 9 (60)
GOS 3 7 (11) 1 (17) 1 (7)
GOS 4 7 (11) 3 (20)
GOS 5 8 (13) 1 (17) 2 (13)

a1 missing.
aSDH: acute subdural hematoma, hrs: hours, GCS: Glasgow Coma Scale score, GOS: Glasgow Outcome Scale score, IQR: interquartile range, n: number of patients,
saSDH: subacute subdural hematoma, SD: standard deviation.

Table 5. Literature review of elderly patients undergoing craniotomy for aSDH.

Authors Year N Age (years) Follow up (months) Favourable outcome (%) Mortality (%)

Fell et al.10 1975 13 �60 NM NM 69
Hernesniemi2 1979 20 �60 46 (mean) 10 80
Wilberger et al.11 1991 28 >65 18 5 82
Jamjoom et al.12 1992 66 �65 NM 30 NM
Cagetti et al.4 1992 26 >80 NM NM 88
Kotwica and Brzezi�nski5 1993 22 61–65 3 14 68
Phuenpathom et al.13 1993 10 >60 6 20 80
Koç et al.14 1997 15 >61 3 20 73
Hanif et al.15 2009 26 >70 6 26 50
Petridis et al.16 2009 119 >65 at discharge 21 54
Leitgeb et al.17 2012 92 61–75 6 NM 42

88 �75 6 NM 63
Taussky et al.6 2012 37 >65 6 41 35
Raj et al.18 2016 44 �75 12 NM 50
Benedetto et al.19 2017 67 >70 6 13 67
McGinity et al.20 2017 34 �80 2 (mean) 18 53
Current series 84 �65 12 25 64

aSDH: acute subdural hematoma; N: number of patients; NM: not mentioned.
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mortality rate in the recent Swiss series by Taussky et al. seems
exceptional, but may be explained by their strict criteria for
undertaking surgery: they excluded patients with Karnofsky
scores <80, with dementia, or with bilaterally fixed and dilated
pupils from surgery.6 If we would have applied the same exclu-
sion criteria in the current patient series, only 71 instead of 84
patients would have undergone surgery. Twelve of the 13 patients
who would have been excluded from surgery according to the
Taussky criteria died, whereas the single survivor remained
severely disabled. It thus seems reasonable to apply such criteria
to exclude subgroups of patients from surgery. If we would have
excluded these 13 patients from surgery, the mortality rate in the
remaining 71 patients would have been 59%, and the favourable
outcome rate 30%.

Should we adhere to the international guidelines in
older patients?

In their chapter on the international guidelines for the manage-
ment of aSDH, Bullock et al. wrote that “there is a relationship
between poor outcome and age, low GCS, and signs of cerebral
herniation, but it is not possible to predict death on the basis of
old age and poor GCS with certainty”.1 In the current series of
elderly patients, none of the patients with bilateral absence of
pupillary light reflexes survived. Petridis et al. and Jamjoom also
reported 100% mortality in 12 patients aged �75 years and 25
patients aged �65 years with bilaterally absent pupillary light
reflexes prior to craniotomy for aSDH, respectively.16,21 Based on
these results and our findings, it seems reasonable to conclude
that patients aged �65 years with bilaterally non-reactive pupils
at the moment of diagnosis will not benefit from surgery, and

that withholding surgery in these cases is appropriate. When a
patient loses pupillary light reflex(es) in the time interval between
diagnosis and surgery, he/she may still have chances of surviving
favourably. Of course, factors confounding proper evaluation of
pupillary light reflexes such as narcotics, hypothermia and orbital
injury should be carefully ruled out in all cases.22

Limitations of the study

The present study has several limitations. First, data analysis was
performed retrospectively. Second, there was large heterogeneity
in patient characteristics. For example, the majority of patients
harboured an aSDH but a significant subset of patients har-
boured a hyperdens SDH that occurred spontaneously or a
saSDH. But since outcome among these groups was similar, we
decided to analyse them together as one cohort. Moreover, such
heterogeneous cohort may better reflect the daily neurosurgical
practice where many patients are operated for hyperdens SDH at
a stage when details about the exact cause or age of the SDH are
still unknown. Similarly, there was no standardised treatment
protocol with the attending neurosurgeon deciding whether to
replace the bone flap at initial surgery, or not. But since outcome
among patients undergoing craniotomy and patients undergoing
decompressive craniectomy was not different, we decided to ana-
lyse them together as one cohort. Third, a well-known problem
with studies identifying clinical parameters of poor prognosis is
the so-called self-fulfilling prophecy, i.e. the tendency to restrict
treatment selectively in patients with certain characteristics pre-
sumed to predict unfavourable outcome.23,24 Nine of the 14
patients with bilaterally non-reactive pupils at the moment of
diagnoses died of respiratory failure following withdrawal of

Figure 1. Overall outcome (left) and outcome of subpopulations of the 63 patients suffering from aSDH when assorted for GCS and pupillary light reflexes at the
moment of diagnosis (middle) or prior to surgery (right). GCS: Glasgow Coma Scale score, GOS: Glasgow Outcome Scale, N: number of patients.
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artificial respiration, in most cases because of presumed poor
prognosis. The remaining five died of respiratory failure follow-
ing restriction of treatment (“do not resuscitate”) because of pre-
sumed poor prognosis. Thus, post-surgical symptoms and signs
“known” to be related to unfavourable outcome lead to treatment
restriction, and the treatment restriction in itself lead to the
unfavourable outcome. Maybe some would still be alive if active
treatment had been continued, but whether any of them would
have regained functional independence remains speculative.
Fourth, we classified patients who did not regain physical inde-
pendency as having an unfavourable outcome, but we recently
reported normal mental quality of life (QoL) despite worse phys-
ical QoL in a cohort of 25 patients undergoing decompressive
craniectomy for space-occupying middle cerebral artery infarc-
tion.25 In the current cohort we did not determine mental QoL.

Conclusions

In 84 consecutive patients aged �65 years who underwent crani-
otomy for acute, or subacute, subdural hematoma during a 16
year time period, 64% died and 25% regained functional inde-
pendence at one year follow-up. The low number of operated
patients per year suggests that our cohort represents a selection
of patients who were judged to have good chances of favouring
from surgery. Patients without pupillary light reflexes at the
moment of diagnosis had no chances of survival. One could
therefore seriously question whether aSDH patients aged �65
years without pupillary light reflexes at the moment of diagnosis
should be treated according to the international guidelines,
although some uncertainty remains due to the small numbers in
this and other case series, and the possibility of a self-fulfilling
prophecy due to the tendency to restrict treatment because of
presumed poor prognosis.

Ethical approval

For this type of study formal consent is not required.
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