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ABSTRACT
Background: In the absence of thrombolytic therapy, decompressive craniectomy is a treatment option
for patients with middle cerebral artery (MCA) infarcts. This study aimed to review the mortality and
morbidity of patients with MCA infarct treated surgically at the Neurosurgical Unit, General Surgical
Department, Hospital Tuanku, Jaafar Seremban, Negeri Sembilan, Malaysia.
Methods: From August 2016 to December 2017, 29 patients underwent decompressive craniectomy for
MCA infarct. The patients were evaluated based on their demographics and risk factors including the
presence of diabetes, hypertension, cardiac disease, renal problems, and pneumonia. Clinical
neurological presentation was evaluated with the Glasgow Coma Scale (GCS). Patient outcome was
defined as the occurrence of mortality within one month and modified Rankin Scale score in the
following six months after surgical intervention.
Results: Mortality was 41% (12/29) within 30 days and good functional outcome (mRS ≤ 3) in
surviving patients was achieved by 47% (8/29) at 6 months post-operation. The factors associated with
higher mortality were low preoperative GCS score (Odds ratio; OR = 2.33; 95% CI 1.35-38.33),
impaired renal function (OR = 16.0; 95% CI 1.57-162.5), and pre-existing cardiac problems (OR =
14.0; 95% CI 2.3-85.2). There was a tendency for lower mortality among patients with right side MCA
compared to those with left side MCA. Patients above 60 years old had higher mortality compared to
younger age groups, but the relationship was not statistically significant. Likewise, there was no
association between any of the preoperative factors and the outcomes at 6 months post-operation.
Conclusion: Preoperative GCS, renal function and pre-existing cardiac problems should be considered
during patient selection for surgery for MCA infarct. Age may have a lesser role in determining
mortality. However, the 6-month outcome is unpredictable and should be highlighted to family members
when offering surgery for these patients.
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INTRODUCTION
Stroke remains a major cause of death among
Malaysians. The latest report from the National
Health Statistics (NHS, 2020) indicated that stroke

accounts for 8% of the annual deaths of
Malaysians (1). Middle cerebral artery (MCA)
ischaemic stroke occurs due to sudden disruption
of blood flow to the brain supplied by the middle
1
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surgery was offered with an explanation to family
members regarding potential benefit, risk and the
associated complications. Surgery is only
undertaken following informed and signed
consent by the patient’s family members.

cerebral artery or its branches, causing brain
ischaemia. The area of ischaemia is dependent on
the vessel/branch disrupted, which subsequently
determine the degree of neurological deficit of the
patient. Ischaemic brain results in surrounding
tissue oedema which may lead to further brain
swelling, mass effect, and death if not promptly
prevented. Therefore, the current management of
MCA infarct aims at preventing ischaemia by
restoring blood supply as soon as possible. If
otherwise, the prevention of secondary brain
damage is the next target. Good prognoses were
observed when stroke patient are provided with
chemical thrombectomy within 4.5 hours
(previously
3
hours)
and
mechanical
thrombectomy within 24 hours (2). These surgical
interventions are the latest recommendations by
AHA for the management of stroke patients (2).
As per similar guidelines, decompressive
hemicraniectomy has been described for the
management of MCA infarct, with mixed
outcomes. A recent paper showed that
decompressive craniectomies for malignant MCA
infarct patients still had severe disability despite
improvement in mortality (3). Early surgical
intervention within 6 hours from deterioration or
significant radiological findings were found to be
significant predictor of favourable clinical
outcome in a separate study (4). Although current
evidence shows the benefit of surgical
intervention by reducing mortality, information is
still lacking on patient selection and the impact of
surgery on the quality of life of patients.
A neurosurgical unit was established in General
Surgical Department, Hospital Tuanku, Jaafar
Seremban, Negeri Sembilan, Malaysia in June
2016 to cater for neurosurgical referrals in the
state. However, for MCA infarct cases, a
dedicated stroke unit, chemical and mechanical
thrombectomy strategies are not available. Thus,
the best medical care offered currently revolves
around preventing the occurrence of secondary
stroke. In view of current recommendations and
evidence
available
regarding
surgery,
decompressive craniectomy has been applied to
manage patients referred to the medical centre for
MCA infarcts due to the absence of any other
treatment modalities. For each case referred,

OBJECTIVE
This study aimed to review the outcome of
patients with MCA infarct who underwent
hemicraniectomy at the neurosurgical unit,
General Surgical Department, Hospital Tuanku,
Jaafar Seremban, Negeri Sembilan, Malaysia from
August 2016 to December 2017. The outcome of
patients was based on their mortality and
morbidity at 1 month and 6 months postoperation, respectively.
METHODOLOGY
All the patients who were referred to the
neurosurgical unit for MCA infarct were
considered for enrolment into this retrospective
cohort study. Inclusion criteria are patients
referred for MCA infarct to the neurosurgical unit
from August 2016 to December 2017. Patients
whose family refused to consent to the surgical
procedure were excluded from the study.
The data collected include patients’ demography,
operational condition, and outcome of surgery.
Demographics included age, sex, and race,
whereas variables considered under operational
condition were the time from onset of MCA
infarct to surgery (more or less than 2 days), site
of infarct; the presence of diabetes, hypertension,
any pre-existing heart problems (defined as
having either atrial fibrillation or congestive
cardiac failure or ischaemic heart disease),
ongoing pneumonia, impaired renal function (i.e.
elevated creatinine more than 110 mmol/dl) and
smoking. The outcome was defined as mortality
within the first 1 month and patients' modified
Rankin score (mRS) 6 months after surgical
intervention. Based on the hypothesis that each
variable is independently associated with the
outcome; the relationship was analysed using Chisquare statistic and Fischer exact test. The latter
test was considered due to the small number of
patients in the study, which may result in the
violation of the conditions in performing Chi2
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RESULTS
Descriptive results
Table 1 shows the demographics of the study
population. A total of 47 patients with MCA
infarct were referred to the neurosurgical unit of
the medical centre between August 2016 and
December 2017. Twenty-nine cases underwent
decompressive
hemicraniectomies
with
a
corresponding mean (± SD) age of 54.8 (± 12)
years old. A higher proportion of the patients were
male (69%) and Malay (55%). The majority of
patients with MCA infarct had a history of either
diabetes, hypertension or were smokers.
Postoperative mortality rate within 1 month was
41%, whereas patients achieving a relatively good
functional outcome (mRS score ≤ 3) at 6 months
was 47%.

square statistics. A p-value less than 0.05 was
considered for statistical significance and the
parameters were estimated at 95% confidence
interval (CI).
ETHICAL APPROVAL
Ethical approval was obtained from the National
Medical Research Registry Medical Research
Ethics Committee (MREC) Malaysia (Ref. No:
NMRR-18-2032-43448). Permission for the data
extraction was obtained from the Director of the
neurosurgical unit, General Surgical Department,
Hospital Tuanku, Jaafar Seremban, Negeri
Sembilan with the research ID 43448.

n (%)

Variables
Age
> 60 years old
≤ 60 years old
Mean age in years (±SD)

9 (31%)
20 (69%)
54.8 (±12)

Mean Glasgow Coma Scale (±SD)

10.97 (±2.32)

Gender
Female
Male

9 (31%)
20 (69%)

Race
Malay
Chinese
Indian
Other

16 (55%)
4 (14%)
8 (28%)
1 (3%)

MCA Stroke Lateralization
Left
Right

13 (45%)
16 (55%)

Time to surgery, Days
3
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≤ 2 days
> 2 days

20
9

Patient Comorbidities
Diabetes
Hypertension
Cardiac Disease
Pneumonia
Renal Injury
Smoking

15 (52%)
23 (79%)
12 (41%)
15 (52%)
7 (24%)
19 (66%)

Mortality in 1 month

12 (41%)

mRS in 6 months in surviving patients (n=17)
1 (6%)
mRS 2
7 (41%)
mRS 3
6 (35%)
mRS 4
3 (18%)
mRS 5
Table 1: Demographic Analysis of the patients with MCA stroke who underwent surgery
(mRS = modified Rankin Scale)
Table 2 shows the relationship between patients’
demographic and mortality within 1-month postoperation for MCA infarct. Only preoperative
GCS had a significant association with the
outcome (OR = 7.2; 95% CI 1.352-38.33, p =
0.025). Accordingly, 64% of patients with GCS
less than 10 died within the first month after
.
Age
< 40 years old
40 - 60 years old
> 60 years old

Alive (n=17)
0 (0%)
13 (76%)
4 (24%)

Dead (n=12)
4 (33%)
3 (25%)
5 (42%)

GCS
≤ 10
11 - 15

5 (29%)
12 (71%)

Gender
Female

5 (29%)

surgery. Other factors had no significant
relationship with the mortality of patients,
excluding MCA stroke. There was a tendency for
lower mortality among patients with right side
MCA (p = 0.06) compared to those with left side
MCA

Odds ratio

95% CI

p-Value

2.3

0.47 - 11.55

0.42

9 (75%)
3 (25%)

7.2

1.35 - 38.33

0.03

4 (33%)

1.2

0.25 - 5.89

1.00
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Male

12 (71%)

8 (67%)

Race
Malay
Chinese
Indian
Other

11 (64%)
2 (12%)
4 (24%)
0 (0%)

5 (42%)
2 (17%)
4 (33%)
1 (8%)

MCA Stroke Side
Left
Right

5 (29%)
12 (71%)

8 (67%)
4 (33%)

Time to Op
≤ 2 days

13 (76%)

7 (58%)

> 2 days

4 (24%)

5 (42%)

0.4
1.5

0.09 - 1.78
0.18 - 12.46

0.27
1.00

1.6

0.32 - 8.39

0.68

4.8

0.98 - 23.54

0.07

0.4

0.09 - 2.14

0.42

Table 2: Demographic factors associated with mortality among patients that underwent surgical
intervention for MCA infarct; CI = confidence interval, MCA = middle cerebral artery

The association between the various comorbidities
and mortality 1-month post-operation is presented
in Table 3. Higher number of patients with cardiac
disease (OR = 14.0; 95% CI 2.3-85.2, p = 0.003)
and renal injury (OR = 16.0; 95% CI 1.57-162.1, p

Comorbidities

= 0.011) died within 1month post-operation
compared to those without such comorbidities.
There was no association between the other
patients’ comorbidities and mortality within 1
month.

Alive (n=17)

Dead (n=12)

Odds Ratio

Confidence Interval

p-Value

Diabetes

9 (53%)

6 (50%)

0.9

0.20 - 3.90

1.00

Hypertension

14 (82%)

9 (75%)

0.6

0.11 - 3.91

0.67

Cardiac Disease

3 (18%)

9 (75%)

14.0

2.30 - 85.22

<0.01

Pneumonia

7 (41%)

8 (67%)

2.9

0.61 - 12.34

0.26

Renal Injury

1 (6%)

6 (50%)

16.0

1.58 - 162.1

0.01

10 (59%)

9 (75%)

2.1

0.41 - 10.66

0.45

Smoking

Table 3: Analysis of patient comorbidities to mortality outcome
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Table 4 shows the association between patients’ factors and mRS score 6-month after operation. None
of the factors (i.e. demographics and comorbidities) was associated with the outcome.
Comorbids

mRS <4, (n=8)

mRS 4-5 (n=9)

Odds Ratio

Confidence Interval

p-Value

Age <60

6 (75%)

7 (78%)

1.2

0.12 - 10.99

1.00

GCS 11-15

5 (63%)

7 (78%)

2.1

0.25 - 17.59

0.62

Left MCA Infarct

3 (38%)

2 (22%)

0.5

0.06 - 3.99

0.62

Time to Op <48hrs (2 days)

6 (75%)

7 (78%)

1.2

0.12 - 10.99

1.00

Diabetes

3 (38%)

6 (67%)

3.3

0.46 - 24.44

0.35

Hypertension

6 (75%)

8 (89%)

2.7

0.19 - 36.76

0.58

Cardiac Disease

0 (0%)

3 (33%)

-

-

0.21

Pneumonia

2 (25%)

5 (56%)

3.8

0.47 - 29.75

0.33

Renal Injury

0 (0%)

1 (11%)

-

-

1.00

Smoking

6 (75%)

4 (44%)

0.3

0.03 - 2.12

0.33

Presence of

Table 4: Association between demographics, comorbidities, and mRS score at 6 months post-operation
for MCA infarct patients; mRS = modified Rankin Scale
DISCUSSION
In the absence of thrombolysis therapy,
neurosurgical intervention is an important
treatment option for patients with MCA infarcts.
This study was designed to determine the factors
influencing patients’ outcome (i.e., mortality and
mRS score within 1- and 6-months postoperation) following surgical intervention for
MCA infarcts at a newly established neurological
unit in Malaysia. The rationale for conducting this
study was to tailor future treatment towards
reducing patients’ morbidity and mortality at the
medical centre.
The average age (± SD) of the patients
referred to the medical centre for MCA infarcts
was 54 (± 12) years old. This mean age is
consistent with the reported age group (54.5 to
62.6 years old) susceptible to stroke in Malaysia,
based on the available records between 2000 and
2014 (5). Likewise, males constituted a higher
percentage of the patients (68%) which is
comparable to previous reports where males made
up 60.5% of stroke patients. The proportion of
patients with comorbidities found in this study is

also consistent with the risk factors of stroke
reported by Cheah et al (6), which included
hypertension and diabetes. The racial distribution
of the cases reported to the medical centre
revealed that the majority of patients were Malay.
A study conducted by Tan et al. (5) found that
Malay constituted the highest population in Kuala
Lumpur compared to other races, which may
explain the finding in our study. In contrast, other
studies conducted in different parts of Malaysia
reflected geographical variation in ethnic
distribution, rather than ethnic-specific differences
(7,8).
Age has been reported as an independent
predictor of mortality. Bansal et al (9) reported
that 78% of its patients under 60 years old had
good outcome compared to only 38% of patients
over the age of sixty. On the contrary, Suyama et
al. (10) reported that age was not a significant
predictor of mortality in the Japanese population.
In the present study, we found that 24% of all the
patients that died following surgical intervention
for MCA infarcts were under 60 years old.
However, the findings were not statistically
6
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The mRS score was used to measure
neurological deficit in our study, which is different
to the NIHSS employed in another (12) for the
same purpose. Our review revealed that none of
the
demographic
factors
and
patients’
comorbidities was associated with mRS score at 6
months post-operation. These results corroborate
the report by another author (12) where they
found no significant relationship between either
mRS or preoperative GCS score (or NIHSS score)
and patients’ outcome. Furthermore, more than
half of our surviving patients were moderate to
severely debilitated. A recent meta-analysis by
Back et al (13) has shown that although mortality
in these group of patients decreases, a large
proportion of these patients still end up with
substantial disability, and our study’s findings
conform to this trend.

significant which is consistent with the reports by
Sundseth et al. (11). Upon further analysis, we
found that this is probably because all 4 patients
below the age of 40 did not survive beyond 1
month after hemicraniectomy. Further review of
the data shows that these 4 patients also suffered
from heart failure and one had end-stage renal
failure before the age of 40.
Existing cardiac and renal disease are other
risk factors that were found to influence mortality
in
patients
undergoing
decompressive
craniectomies in this study. These events may
explain the early deaths in those with stroke under
the age of 40. In this study, only 3 out of 15
patients with cardiac problems that underwent
hemicraniectomy survived beyond 30 days.
Furthermore, the patients had 14 times higher
odds of dying compared to those without heart
problems. Such cardiac disease and complications
from surgery may further increase the mortality
risk among patients. However, other studies
reported that patients’ risk factors – including
atrial fibrillation, diabetes, hypertension and
ischaemic heart disease were not significantly
associated with mortality (11,12).
Another important finding in this study
was the significant association between mortality
among patients and the presence of renal
dysfunction. Patients suffering from kidney injury
had 14 times higher odds of dying within one
month after operation compared to those without
such kidney issues. The relationship between
renal function and mortality is not well understood
since such association has not been previously
reported. Therefore, further analysis is required to
elucidate the role of kidney failure and risk of
mortality in patients undergoing surgery for MCA
infarcts. In addition, preoperative GCS was an
independent predictor of mortality in this study.
Patients operated at a GCS of ≤ 10 had higher
odds of dying within one month after operation
compared to those with a preoperative of GCS >
10.

LIMITATIONS
The power of this study is limited due to the
descriptive and retrospective nature hence, no
conclusive causation could be drawn from the
available data. Furthermore, broader comparisons
could not be undertaken due to data paucity on the
patients’ outcomes with MCA infarct that were not
operated on. Such information would have
improved the power of the study. A cohort study
consisting of a larger sample size would be better
in evaluating the impact of patient comorbidities
on surgical outcome and mortality.
CONCLUSION
We found that low preoperative GCS score,
impaired renal function and presence of cardiac
problems were associated with an increase in 1month mortality post decompressive craniectomy
for patients with MCA infarcts. Thus, these factors
may be considered when offering surgery for
patients with MCA infarcts. However, none of the
available factors can predict morbidity. Such
information should be made available to family
members of the patient before they consent to
surgery.
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