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Abstract: Objective: There is a relationship between the incidence of spontaneous intracerebral
haemorrhage (ICH) and age. The incidence increases with age. This study aims to facilitate the
decision-making process in the treatment of ICH. It therefore investigated the outcome after ICH
and decompressive craniectomy (DC) in older adults (>65 years of age). Methods: Retrospective,
multicentre, descriptive observational study including only consecutive patients who received DC as
the consequence of ICH. Additive evacuation of ICH was performed after the individual decision of
the neurosurgeon. Besides demographic data, clinical outcomes both at discharge and 12 months after
surgery were evaluated according to the Glasgow Outcome Scale (GOS). Patients were divided into
age groups of ≤65 and >65 years and cohorts with favourable outcome (GOS IV–V) and unfavourable
outcome (GOS I to III). Results: 56 patients were treated. Mean age was 53.3 (SD: 16.13) years. There
were 41 (73.2%) patients aged ≤65 years and 15 (26.8%) patients aged >65 years. During hospital stay,
10 (24.4%) patients in the group of younger (≤65 years) and 5 (33.3%) in the group of older patients
(>65 years) died. Mean time between ictus and surgery was 44.4 (SD: 70.79) hours for younger
and 27.9 (SD: 41.71) hours for older patients. A disturbance of the pupillary function on admission
occurred in 21 (51.2%) younger and 2 (13.3%) older patients (p = 0.014). Mean arterial pressure was
99.9 (SD: 17.00) mmHg for younger and 112.9 (21.80) mmHg in older patients. After 12 months, there
was no significant difference in outcome between younger patients (≤65 years) and older patients
(>65 years) after ICH and DC (p = 0.243). Nevertheless, in the group of younger patients (≤65 years),
9% had a very good and 15% had a good outcome. There was no good recovery in the group of older
patients (>65 years). Conclusion: Patients >65 years of age treated with microsurgical haematoma
evacuation and DC after ICH are likely to have a poor outcome. Furthermore, in the long term, only
a few older adults have a good functional outcome with independence in daily life activities.

Keywords: demographic change; elderly; intracranial hypertension; brain edema; survival; mortality;
morbidity; minimal invasive

1. Introduction

The global burden of stroke is high and is represented by more than 80 million stroke
survivors in 2016 [1]. The literature is ambiguous about changes in incidence and suggests
a falling, steady, or rising incidence depending on the world region of interest [2–4]. Recent
data show that, from a global perspective, the incidence and mortality rate rose alarmingly
by around 5% between 2010 and 2017 [5]. The exact background to this increase is still
unclear [6]. Nevertheless, the incidence of stroke shows a fixed relationship to age. The
proportion of people <45 years of age with a stroke is between 5–10% in western countries
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and 19–30% in developing countries [1,7]. This means that with increasing life expectancy,
the social and socio-economic challenges caused by stroke can grow globally [3].

Spontaneous, primary, non-traumatic intracerebral haemorrhage (ICH) is the second
most common cause of stroke after ischemic stroke. It represents around 10–20% of all
strokes [8]. However, there is also a relationship between the incidence of ICH and age. The
incidence increases with age [9–11]. In an aging society due to demographic change, there is
evidence that the incidence of ICH increases as the proportion of older people increases [12].
Due to the fact that societies are aging in many high-income countries and this in turn
is related to social and socio-economic challenges, as well as challenges for in-hospital
treatment and allocation of resources, this study aims to facilitate the decision-making
process in the treatment of ICH [13–15]. This investigation focuses on the outcomes after
ICH and decompressive craniectomy (DC) in older adults (>65 years of age). It is intended
to enlarge the database for current and future evidence-based decisions.

2. Materials and Method
2.1. Study Design

This is a retrospective, multicentre, descriptive observational study, enrolling only
patients who underwent DC between January 2005 and December 2021. The study was
approved by the local ethics committee (No. 439/17). All included patients were initially
treated at the three study centres or sent as a secondary transport from a different hospital.

2.2. Patients and Treatment Procedures

Level of consciousness before surgery was rated on the Glasgow Coma Scale (GCS) [16].
All consecutive patients who received DC as the consequence of intracerebral haemorrhage
were included in the study during the described period. Standardised fronto-parieto-
temporal craniectomy with temporo-basal osteoclastic enlargement and opening of dura
mater was performed as described earlier [17]. The indication for DC was based on the
clinical and radiological signs related to increased intracranial pressure due to ICH [18–21].
Specifically, the indication was determined by analogy with the treatment of primary or
secondary DC in TBI. Primary DC was performed in patients with imaging evidence of
intracranial space-occupying ICH (e.g., midline shift >5mm, compressed basal cisterns)
and clinically comatose patients (GCS < 9 for <60 min) at the start of inpatient treatment.
Secondary DC was performed to treat clinical deterioration in a previously awake patient
(GCS < 9) and/or to treat increased intracranial pressure (>25 mmHg in >15 min) and
failure of conservative management [21–23]. Large or mid-large, fixed pupils bilaterally
as well as patients >80 years of age in coma on admission were considered disqualifiers
for this procedure. The additive evacuation of ICH was performed after the individual
decision of the neurosurgeon (lobar location of ICH, dimension of ICH, clinical status, etc.).

2.3. Data Collection and Outcome

Explorative assessment of clinical and radiological data of patients with ICH and DC
was performed. Radiological characteristics of ICH such as the volume in cm3, the laterality,
as well as the involvement of the dominant hemisphere and the resulting midline shift were
recorded. The volume was calculated based on the initial imaging using the “Elements:
Contouring 4.0” software (BrainLab, Munich, Germany). The location of the haemorrhage
was classified according to the supra-tentorial lobes of the brain. In addition, a distinction
was made between deep (basal ganglia and internal capsula) and lobar (cortical-subcortical
areas) ICH [24]. Besides demographic data, clinical outcome at discharge and 12 months
after surgery was evaluated according to the Glasgow Outcome Scale (GOS) [16]. The
outcome data were provided either based on follow-up medical records or telephone
interviews. Patients were divided into a cohort with favourable outcome, graded as GOS
IV–V, and unfavourable outcome, defined as GOS Grade I–III. One patient was lost to
follow-up because she did not reside in the country of the study.
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2.4. Statistical Analysis

Explorative assessment by standard statistical methods was performed. The mean,
standard deviation (SD), median, and range were reported in the case of quantitative
parameters, absolute and relative frequencies for the qualitative parameters. The authors
present results of the ordinal scaled GCS. These results are given in mean (SD) and median
(range). The authors are aware that the magnitude of difference between each assigned
number is not the same and therefore the mean (SD) is not the statistically appropriate
expression of the centre of the values. Nevertheless, in many publications, the clinical
centre point ranking of the GCS value is given with the mean, the median or, in more
recent publications, with both for better comparison of the studies. We would like to follow
this trend in this publication. Significance was set as p ≤ 0.05. Regression analysis was
performed to identify the impact of the variables: age, time between symptom onset and
surgery, as well as initial GCS on unfavourable outcome. All statistical tests were analysed
using the IBM SPSS Statistics Software, Version 25 (IBM Corp., Armonk, NY, USA).

3. Results

In the specified period, 56 patients were treated for ICH with DC. The mean age was
53.3 (SD: 16.13) years, median 56 (7–89) years. The mean age of women was 54.6 (SD: 16.50)
years with a median of 59 (7–71) years and that of men was 52.4 (SD: 16.05) years with a
median of 50 (23–89) years (p = 0.247, Mann–Whitney U Test). The cohort was divided into
41 (73.2%) patients aged ≤65 years and 15 (26.8%) patients aged >65 years. (Table 1).

Table 1. Patients’ demographic data.

Total p ≤65 Years of Age >65 Years of Age p

N (%) 56 (100) 41 (73.2) 15 (26.8) <0.001

Women (%) 23 (41.1)
<0.001

15 (36.6) 8 (53.3)
0.359

Men (%) 33 (58.9) 26 (63.4) 7 (46.7)

Mean age (SD) 53.3 (16.13) 46.8 (13.19) 71.3 (7.28)
<0.001

Median (Range) 56 (7–89) 50 (7–64) 69 (66–89)

Age

Mean Women (SD) 54.6 (16.50)

0.247

47.3 (16.21) 68.3 (2.05)
<0.001

Median Women (Range) 59 (7–71) 52 (7–64) 68 (66–71)

Mean Men (SD) 52.4 (16.05) 46.4 (11.45) 74.7 (9.62)
<0.001

Median Men (Range) 50 (23–89) 49 (23–63) 69 (66–89)

Fifteen (26.8%) patients died during the hospital stay. Ten (24.4%) in the group of
younger patients (≤65 years) and 5 (33.3%) in the group of older patients (>65 years) died
(p = 0.514, Fisher Exact Test). The mean time between the onset of symptoms and surgery
was 39.6 (SD: 63.66) hours with a median of 13 (2–288) hours for the entire cohort. For
younger patients (≤65 years), mean time was 44.4 (SD: 70.79) hours with a median of
14 (3–288) hours, and for older patients (>65 years), the mean time was 27.9 (SD: 41.70)
hours with a median of 10 (2–135) hours (p = 0.555, Mann–Whitney U Test). A disturbance
of the pupillary function on admission occurred in 21 (51.2%) younger patients (≤65 years)
and in 2 (13.3%) older patients (>65 years) (p = 0.014, Fisher Exact Test) (Table 2).

Detected by the paramedics and the emergency doctor at first contact, the mean value
for GCS eye opening, motor skills, and verbal response were 2.5 (SD: 1.30) with a median
of 3 (1–4), 3.8 (SD: 2.11) with a median of 4 (1–6), and 2.3 (SD: 1.43) with a median of 2 (1–5).
The GCS value on admission had a mean 5.7 (SD: 4.16) with a median of 3 (3–15). The
mean GCS for younger patients (≤65 years) was 5.1 (SD: 3.76) with a median of 3 (3–15),
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and for older patients (>65 years), it was 7.4 (SD: 4.89) with a median of 4 (3–15) (p = 0.099,
Mann–Whitney U Test) (Table 2).

Table 2. Patients’ clinical and radiological characteristics.

Total (%) ≤65 Years of Age >65 Years of Age p

N (%) 56 (100) 41 (73.2) 15 (26.8) <0.001

In-Hospital death 15 (26.8) 10 (24.4) 5 (33.3) 0.514

Time between symptoms and surgery (hours)

Mean (SD) 39.6 (63.66) 44.4 (70.79) 27.9 (41.70)
0.555

Median (Range) 13 (2–288) 14 (3–288) 10 (2–135)

Pupillary dysfunction

N (%) 23 (41.1) 21 (51.2) 2 (13.3) 0.014

Glasgow Coma Score on admission

Mean (SD) 5.7 (4.16) 5.1 (3.76) 7.4 (4.89)
0.099

Median (Range) 3 (3–15) 3 (3–15) 4 (3–15)

Eye opening

Mean (SD) 1.6 (1.11) 1.5 (1.06) 2.0 (1.23)
0.102

Median (Range) 1 (1–4) 1 (1–4) 1 (1–4)

Motor Skills

Mean (SD) 2.4 (1.99) 2.1 (1.76) 3.2 (2.39)
0.072

Median (Range) 1 (1–6) 1 (1–6) 2 (1–6)

Verbal response

Mean (SD) 1.6 (1.27) 1.4 (1.11) 2.2 (1.57)
0.043

Median (Range) 1 (1–5) 1 (1–5) 1 (1–5)

Dominant hemisphere

affected 31 (55.4) 24 (58.5) 7 (46.7) 0.547

Evacuation of the haematoma

yes 43 (76.8) 30 (73.2) 13 (86.7)
0.477

no 13 (23.2) 11 (26.8) 2 (13.3)

MAP (mmHg) on admission

Mean (SD) 103.2 (18.85) 100.0 (17.00) 112.9 (21.80) 0.104

Heart rate (bpm) on admission

Mean (SD) 71.6 (14.21) 68.6 (14.01) 80.0 (11.58) 0.031

Length of stay at ICU(days)

Mean (SD) 13.0 (8.43) 14.6 (8.71) 8.3 (5.41) 0.014

Haematoma characteristics

Volume in cm3

Mean (SD) 68.7 (33.75) 68.6 (33.16) 69.1 (36.51)
0.890Median

(Range)
58.4

(19.3–161.9)
58.8

(19.3–148.0)
56.4

(27.6–161.9)

Midline shift in mm

Mean (SD) 8.0 (4.16) 7.7 (4.20) 8.7 (4.11)
0.313

Median (Range) 7.1 (2.0–20.0) 6.1 (2.0–20.0) 8.1 (2.0–16.1)

Occurrence of intraventricular haemorrhage, N (%)

Yes 30 (53.6) 23 (56.1) 7 (46.7) 0.560

Lobar and deep localization

Lobar, N (%) 22 (39.3) 9 (22) 13 (86.7) <0.001

Deep, N (%) 34 (60.7) 32 (78) 2 (13.3)
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The dominant/left hemisphere was affected in 31 (55.4%) patients (29 right-handed,
2 left-handed patients). In the group of younger patients (≤65 years), bleeding occurred in
the dominant hemisphere 24 (58.5%) times and in the group of older patients (>65 years)
7 (46.7%) times (p = 0.547). A haematoma evacuation in addition to the DC was per-
formed in 43 (76.8%) of the cases. In the group of younger patients (≤65 years), the addi-
tional haematoma evacuation took place in 30 (73.2%) and in the group of older patients
(>65 years) in 13 (86.7%) patients (p = 0.477, Fisher Exact Test) (Table 2).

There were 22 (39.3%) lobar and 34 (60.7) deep haemorrhages. In the younger group
(≤65 years), there were 9 (22%) patients with lobar and 32 (78%) patients with deep
haemorrhages. In the older group (>65 years), there were 13 (86.7%) patients with lobar and
2 (13.3%) patients with deeper haemorrhages (p < 0.001, Fisher Exact Test). The detailed
analysis is depicted in Table 2.

The mean arterial pressure (MAP) at the emergency room was 103.2 (SD: 18.85) and
the mean heart rate was 71.6 (SD: 14.21). The subgroup analysis is depicted in Table 2.
The mean heart rate for the younger patients (≤65 years) was significantly lower than in
the older group (p = 0.031, Mann–Whitney U Test, Figure 1, Table 2). The length of stay
in the intensive care unit was a mean 13.0 (SD: 8.43) days. Younger patients (≤65 years)
stayed for a mean 14.6 (SD: 8.71) days and older patients (>65 years) stayed for a mean
8.3 (SD: 5.41) days at the intensive care unit (p = 0.014, Mann–Whitney U Test) (Figure 2,
Table 2).
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The outcome according to the GOS is shown in Table 3. Approximately two-thirds
(60.7%) showed a moderate (GOS IV and III) and 19.6% a fatal outcome (GOS I) at discharge.
The proportion of those who died rose to 30.9% after 12 months. Approximately 6% and
18% had a very good and a good outcome after 12 months, respectively. Approximately
36% had a GOS Grade III and were therefore dependent on support in daily activities. After
12 months, there was no significant difference between younger patients (≤65 years) and
older patients (>65 years) after ICH and DC (p = 0.328, Kruskal–Wallis Test). Nevertheless,
in the group of younger patients (≤65 years), 7.5% had a very good and 15% had a
good outcome. There was no good recovery in the group of older patients (>65 years).
In summary, after 12 months, 76.4% achieved an unfavourable and 23.7% a favourable
outcome. In the group of younger patients (≤65 years), the proportion of patients with
a favourable outcome was 22.5%. In the group of older patients (>65 years), however,
only 26.7% had a favourable outcome (p = 0.501, Fisher Exact Test) (Supplement Figure S1,
Table 3).

Table 3. Outcome after discharge and after 12 months.

N (%) ≤65 Years of Age >65 Years of Age p

56 (100) 41 (73.2) 15 (26.8) <0.001

Glasgow Outcome Scale at discharge

Grade I 11 (19.6) 7 (17.1) 4 (26.7)

0.911

Grade II 11 (19.6) 10 (24.4) 1 (6.7)

Grade III 30 (53.6) 21 (51.2) 9 (60)

Grade IV 4 (7.1) 3 (7.3) 1 (6.7)

Grade V 0 (0) 0 (0) 0 (0)

Glasgow Outcome Scale after 12 months (one patient lost in follow-up)

Grade I 17 (30.9) 10 (25) 7 (46.7)

0.328
Grade II 5 (9.1) 4 (10) 1 (6.7)

Grade III 20 (36.4) 17 (42.5) 3 (20)

Grade IV 10 (18.2) 6 (15) 4 (26.7)

Grade V 3 (5.5) 3 (7.5) 0 (0)

Outcome after 12 months (one patient lost in follow-up)

Unfavourable Outcome 42 (76.4) 31 (77.5) 11 (73.4)
0.501

Favourable Outcome 13 (23.7) 9 (22.5) 4 (26.7)

The regression analysis with the variables gender, age group, time between the onset
of symptoms and the intervention, the occurrence of pupillary dysfunction, the GCS on
admission, the additional haematoma evacuation, location of bleeding (including lobar
and deep position), the bleeding on the dominant side, the MAP and RR on admission, and
the ventilation hours resulted in, in univariate and multivariate approach, no significant
predictor. The additionally calculated factor of a performed cranioplasty also showed no
significant influence on the outcome.

4. Discussion

We investigated the outcome after ICH and DC in older adults. Twelve months after
ICH and DC, approximately 31% of the patients had died and approximately half of the
patients (46%) were depending on support in everyday life. Approximately 24% had a
moderate disability or good recovery (GOS > III). In the group of older adults (>65 years),
approximately 27% showed a favourable outcome (GOS IV). The risk of an unfavourable
outcome after ICH treated by microsurgical evacuation of the haematoma and DC is
very high in patients >65 years of age (73%). In our cohort, the time between the onset of
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symptoms and surgery, the GCS on admission, and the impact on the dominant hemisphere,
as well as an additional evacuation of the bleeding, had no impact on outcome.

4.1. Stroke, Demographic Change, and Intracerebral Haemorrhage

Stroke is the second leading cause of premature death [1]. About half of all those
who die from stroke suffer a haemorrhagic stroke [25,26]. The rate of deaths from stroke
after 30 days is given as 25% to 51% [27–29]. Further, it is expected that life expectancy
will continue to rise in many (high-income) countries and that people will get older and
live longer [30]. In Europe, the proportion of people with an age of >60 years is rising
steadily [31,32]. For diseases with a strong relationship to age, this means a change in the
incidence, with a steady increase [31]. The incidence of ICH increases with age [9–11]. It is
therefore to be expected that the incidence of ICH as an age-related disease will increase.
There are also age-related differences in the characteristics and location of ICH. It is known
that younger patients often have deep-seated ICH (cerebellum, basal ganglia, thalamus,
pons, internal capsule, etc.) and older patients more often have lobar ICH (cortical or
subcortical) [33–36]. This distribution also applies to our study and is due to the different
pathophysiology with lipohyalinosis of the small cerebral vessels, submillimetre Bouchard
microaneurysms, and hypertensive genesis in younger patients and the development of
peripheral amyloid angiopathy and subsequent vascular fragility in older patients [33].
In the literature, a higher mortality rate is attributed to deep than to lobar ICH [35,37].
However, this last statement is still controversial. Among other studies, the Fast Trail
showed that lobar ICH is usually associated with a larger haematoma volume, is more
likely to lead to neurological deterioration, and has a worse outcome than deep ICH [38,39].
Even within the group of patients with lobar ICH, Kuramatsu et al. were able to show that
there is a relationship between age and haematoma volume. On average, ICH volume is
greater in patients aged >70 years than in younger patients [36].

4.2. Treatment of Intracerebral Haemorrhage

In addition to medical (non-surgical) and drug therapy approaches, surgical ap-
proaches to reduce the intracerebral haematoma have always played a clinical role [21].
With the introduction and spread of computed tomography, ICH could be better localised
and determined in size [40,41]. These are possible influences on the fact that the outcome
after surgical treatment of ICH has improved. DC, for example, plays a role in a variety of
ICH treatment options [21,42]. There are numerous studies of ICH that describe the use
of a craniotomy [43,44] or DC [43–60] in addition to haematoma evacuation. DC never
really showed a clear superiority over the craniotomy for functional outcome (Supplement
Figure S1, Table 4). Nevertheless, STICH I and STICH II studies suggested that the surgical
approach with craniotomy can show a small but clinically relevant benefit over the non-
surgical approach [61,62]. Current surgical approaches tend to pursue minimally invasive
procedures to reduce the haematoma size, e.g., by placing a catheter in the middle of the
haematoma and administering 1.0 mg tPA every 8 h and up to 9 doses within 3 days (MISTIE
III–Minimally Invasive Surgery Plus RT-PA for ICH Evacuation, Phase III) [63], application
of plasminogen activator inside the clot [64], usage of sonothrombolysis [65], haematoma-
aspiration via obturator over several hours (ENRICH–Early MiNimally-invasive Removal
of IntraCerebral Haemorrhage) [66–68], or endoscopic aspiration with a special device
for evacuation of the ICH (MIND–Artemis in the Removal of Intracerebral haemorrhage;
DIST—Dutch Intracerebral Haemorrhage Surgery Trail) [69,70]. However, until now there
have not been any surgical approaches that were convincing for a better outcome [44,71].
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Table 4. Findings of the reviewed literature (NA = not applicable).

Authors Country Research
Design

Total No. of
Patients

No. of Patients
with DC

Figures for
Age (Years)

Proportion of
Patients
(>65 Years)

DC Alone/DC
with
Haematoma
Evacuation

Follow-Up
Period
(Months)

Mortality
Rate

Proportion of
Unfavourable
Outcome

Proportion of
Older Adults
(>65 Years)
with
Unfavourable
Outcome

Significant Results for the
Outcome

Dierssen et al.
(1983) [49] Spain retrospective 73 73 Ø52 6 (8.2%) 0%/100% 24 33% 38% 4 (67%)

Mortality was influenced by
clinical course, time interval
between onset of symptoms
and surgery, brainstem
dysfunction, and age

Esquenazi et al.
(2015) [48] USA

retrospective,
prospective
database

73 73 Ø52 NA 14%/86% 3 27% 71% NA
GOS was influenced by GCS
at admission, affected left
hemisphere, and ICH volume

Fung et al.
(2012) [50] Switzerland

retrospective,
matched
case-control

27 12 ~x 48/51 NA 100%/0% 6 25% for DC
group

50% for DC
group NA

Gildersleeve
et al. (2019)
[51]

USA

retrospective,
prospective
database,
matched
case-control

86 43 Ø49/52 NA 23%/77% 3 21% 74% NA

Hayes et al.
(2013) [43] USA retrospective, 51 18 Ø48/57.5 NA 0%/100% 1 29% 64% NA

Hedge et al.
(2020) [44] India retrospective,

case-control 132 54 Ø51/53 NA 0%/100% 3 24% 80% NA

Patients with lobar
haematomas had better
outcomes than those with
deep-seated haematomas

Heuts et al.
(2013) [52] USA

prospective,
group
comparison

154 5 ~x
68.5/47/43 0 3%/1% 6 20% for DC

only
60% for DC
only NA

Kim et al.
(2018) [53] Korea

retrospective,
group
comparison
prospective
database

264 125 Ø63/64 NA 0%/100% 12 35% for DC
group

68% for DC
group NA

Prognostic preoperative
factors: age (<65 years), no
intraventricular haemorrhage,
and GCS ≥ 9, male sex, right
hemisphere, haematoma
volume, less midline shift,
ICH score, short time to
surgery

Ling et al.
(2021) [55] China

retrospective,
group
comparison

290 152 Ø59/60 NA 0%/52% 6 3% for DC
group

24% for DC
group NA

Lo et al.
(2017) [56] Singapore

Retrospective,
matched
case-control

126 54 ~x 55/58 NA 9%/91% 12 38% for DC
group 87% NA

Better survival rate with DC
but no difference in
functional outcome compared
with best medical treatment
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Table 4. Cont.

Authors Country Research
Design

Total No. of
Patients

No. of Patients
with DC

Figures for
Age (Years)

Proportion of
Patients
(>65 Years)

DC Alone/DC
with
Haematoma
Evacuation

Follow-Up
Period
(Months)

Mortality
Rate

Proportion of
Unfavourable
Outcome

Proportion of
Older Adults
(>65 Years)
with
Unfavourable
Outcome

Significant Results for the
Outcome

Moussa and
Khedr
(2017) [46]

Egypt

prospective,
randomised
group
comparison

40 20 Ø59 18% >69 years 0%/50% 6 10% for DC
group 30%

4 patients in
DC group with
≥70 years 10%
moderate, 10%
poor

Better outcome in younger
patients (≤70 years), higher
admission GCS, subcortical
location and smaller size of
haematoma, less midline shift

Murthy et al.
(2005) [57] India retrospective 12 12 Ø50 25% 0%/100% Ø 17 8% 42% 17%

Ramnarayan
et al. (2009)
[58]

India retrospective 23 23 31 to 68 NA 100%/0% 3 13% 43% (GOS
I–IV) NA

Rasras et al.
(2018) [59] Iran

Prospective
randomised,
group
comparison

30 13 Ø60/59 NA 43%/0% 6 30%; 13% for
DC group

67%; 69% in
DC group

DC without clot evacuation
may produce the same results
like craniotomy and clot
evacuation

Satter et al.
(2016) [60] Bangladesh

prospective,
group
comparison

80 40 Ø59/58 NA 100%/0% 3 38%; 33% for
DC group

81%; 75% for
DC group



Neurol. Int. 2024, 16 599

4.3. The Older Adult and Surgical Therapy of Intracerebral Haemorrhage

The volume of the haematoma and above all the space-occupying effect of the haematoma
have an impact on the ICP and cerebral perfusion and thus on the outcome after ICH [72–74].
DC is able to decrease refractory ICP and additively is able to reduce the space-occupying
intracranial effects such as brainstem compression, basal cistern compression, and midline
shift [17,75,76]. For this reason, its use in stroke and intracranial haemorrhages with and
without haematoma evacuation has been described (Table 4) [43–60,74,77–79]. In contrast to
ischemic stroke, hardly any data are available for ICH and the use of DC in older adults [80].
Murthy et al. included 12 patients, of whom 11 (92%) were discharged surviving. Nine
(75%) were ≤65 years old. Three (25%) patients were ≥65 years [70,76]. After the mean
follow-up period of 17 (range: 2–39) months, the older patients achieved modified Rankin
scores of 2, 4, and 6 [57,81]. Hayes et al. carried out a retrospective study with a total of
51 patients in whom they performed microsurgical haematoma evacuation and DC [43].
There was no significant difference in 30-day mortality between the DC and craniotomy
group. This study considered DC mostly for the younger patients. The authors described
that they had discovered a strong trend for lowering the probability of poor outcomes
(mRS > 3) for patients after DC [43]. Detailed findings on the use of DC in older patients
after ICH, however, cannot be drawn from this study. Takeuchi et al. conducted a retrospec-
tive study of 21 patients with an average age of 56.6 years (range: 22 to 75 years), on whom
they performed an evacuation of the haematoma and DC [45]. There was no significant dif-
ference in age, but there was one in the GCS shortly before surgery (unfavourable outcome
GCS = 6.1, SD: 2.8 and favourable outcome GCS = 8.8 SD: 2.5; p = 0.029). The unfavourable
outcome predominates mostly in older patients. Moussa and Khedr examined the outcome
after evacuation of the haematoma and DC in one group, and after haematoma evacuation
and craniotomy in the other group [46]. After 3 and 6 months, the favourable outcome
(GOS = V) occurred in 70% of the DC group and 20% in the craniotomy group. Moderate
disability (GOS = IV) occurred in 20% of both groups, and unfavourable (poor) outcome
(GOS = I–III) occurred in 10% of the DC group and 60% in the craniotomy group. At
the age of ≥70 years and in the DC group, patients achieved moderate and poor out-
comes. In the craniotomy group, all elderly patients had poor outcomes. However, no
significant difference in outcome could be found for the elderly. Kim et al. examined the
outcome in 139 (53%) patients after craniotomy and 125 (47%) patients after DC additively
to the evacuation of the haematoma [53]. They found no significant differences in terms of
30-day mortality. After 12 months, 44 (32%) patients in the craniotomy group had died and
31 (22%) were severely impaired. In the DC group, 44 (35%) patients died and 41 (33%)
were severely impaired. Although Kim et al. gave indications for the 30-day mortality and
the 12-month outcome for older patients (>65 years), this is not specified for DC. In the
group of older patients (≥65 years), the 30-day mortality was 20%, compared to 9% in the
group of younger patients (<65 years). An unfavourable outcome (GOS = I–II) occurred in
69% of older patients (≥65 years) and 53% of younger patients (<65 years) [53]. Whether
a DC influences survival and functional outcome cannot be determined from this study
(Table 4).

Studies have also been published in which the surgical treatment of the ICH con-
sisted only of a DC without evacuation of the haematoma [48,52]. However, no detailed
information can be obtained for older adults from these studies (Table 3).

The question of whether cranioplasty after ICH and DC improves the functional
outcome depending on age has not yet been addressed in a large number of patients and
prospective approach. This hypothesis is evaluated positively after TBI and DC, but shows
no reliable data after ICH and DC [82,83].

In summary, the presented literature shows that the outcome after DC in ICH is pre-
dominantly unfavourable. DC takes longer than a standard craniotomy [44]. However,
survival becomes more likely with DC [56,57]. There is little knowledge about the appli-
cation of DC at ICH in an aging social group. Nevertheless, the results so far show that if
DC is necessary in the therapy of ICH, older adults have a very high risk of unfavourable
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outcome. Despite progress, this risk does not seem to have changed much over the decades.
Nevertheless, most of the recent studies are nonrandomised and represent small sample
sizes with a large proportion of patients with poor outcomes [52]. This fact also applies to
our retrospective multicentre study. This leads to an underpowered status, which makes it
difficult to detect differences in clinically meaningful measures such as mortality and neuro-
logical morbidity. Most cases of older patients represent a selected patient population [57].
Secondary diagnoses such as cancer, severe metabolic diseases, kidney or liver diseases, or
dementia are rarely included in long-term considerations [46]. Due to the limited amount
of prospective data, the results of the SWITCH study (Decompressive Hemicraniectomy
in Intracerebral Haemorrhage) remain to be seen [18]. Prospective randomised studies
must prove whether new, less invasive surgical approaches lead to an improvement in the
functional outcome in ICH, especially for older adults.

4.4. Limitations

Its retrospective character as well as the small number of patients are the main limita-
tions of our study. Furthermore, the indication for decompressive craniectomy in the case
of ICH possesses a potential bias, since the indication criteria are in some cases difficult to
define clearly and depend on experience and surgeons’ preferences.

5. Conclusions

In the majority of cases, patients >65 years of age who are treated with microsurgical
haematoma evacuation and DC after ICH have a poor outcome. This represents a sim-
ilar result to the younger patients. However, in the long term, only a few older adults
(>65 years of age) had a favourable outcome after this procedure. Nevertheless, older
patients may achieve a favourable clinical outcome after DC and ICH. At this moment, we
lack precise identification of early predictors.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/neurolint16030044/s1, Supplement Figure S1: Survival
and functional outcome at discharge and after 12 months according to the Glasgow Outcome Scale
(GOS); Favourable Outcome (GOS IV and V), Unfavourable Outcome (GOS I to III).
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