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ABSTRACT
AIm: Decompressive hemicraniectomy for a malignant middle cerebral artery infarct can be a life-saving surgical treatment. We
aimed to investigate the surgical treatment results in cases that underwent decompressive hemicraniectomy for a malignant middle
cerebral artery infarct in this study.
MaterIal and Methods: The clinical condition, radiological findings and surgical treatment results of 42 cases that underwent
decompressive hemicraniectomy for a malignant middle cerebral artery infarct were retrospectively evaluated in this study.
Results: There were 19 males and 23 females. The age range was 27 to 78 years with a mean age of 57.6 years. The infarct
area was the non-dominant hemisphere in 20 cases and the dominant hemisphere in 22 cases. Preoperative Glasgow coma scale
(GCS) scores were 5 to 12. The 42 cases with a malignant middle cerebral artery infarct were divided into 2 groups according to the
Glasgow outcome scale (GOS) as the unfavorable outcome group (Group 1) with a score of 1 to 3 and the favorable outcome group
with a score of 4 to 5 (Group 2). There were 27 cases in Group 1 and 15 in Group 2. There was a statistically significant association
between a good result and age, Glasgow coma scale at the time of surgery, duration until surgery, and non-dominant hemisphere
involvement. All cases with a Glasgow coma scale score of 7 or below had a poor outcome.
ConclusIon: Decompressive hemicraniectomy in malignant middle cerebral artery infarct can be a life-saving procedure but is
not useful in cases with a Glasgow coma scale score of 7 and below.
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█

INTRODUCTION

M

alignant hemispheric infarction usually develops due
to acute internal carotid artery or middle cerebral artery (MCA) occlusion and has high a mortality rates.
A mass effect develops due to brain edema following local
brain swelling in ischemic stroke. The subtypes of edema are
vasogenic, cytotoxic and interstitial. All these subtypes play a
role in severe ischemic stroke but the most important one is
cytotoxic edema. Cytotoxic edema is the result of cell swelling due to decreased oxygen causing a failure in the supply of
substrates and energy and ultimately the ion pumps. Serious
brain swelling usually emerges between the second and fifth
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days and reaches its maximum level on the fourth day with
a malignant middle cerebral artery infarct (3, 17). All kinds of
conservative treatment are used in these cases to no avail and
mortality rates up to 80% are seen as a result of herniation
(2, 8). Malignant cerebral edema usually does not respond to
medical treatment. Decompressive hemicraniectomy can be
a life- saving procedure in such cases (11). However, it is not
certain which cases will benefit from decompressive hemicraniectomy and attempts to determine such cases continue in
published series (6, 9, 12, 16, 20, 21). Cases that benefit from
decompressive hemicraniectomy the most are those under
the age of 60 with a preoperative admission Glasgow Coma
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Scale (GCS) score of 8 and over and non-dominant hemisphere infarcts, that are operated on within the first 48 hours
(4, 5, 7, 14). Decompressive hemicraniectomy in patients not
suitable for surgery increases the number of cases in a persistent vegetative state (15).
█

MATERIAL and METHODS

We retrospectively analysed 42 patients with acute malignant
MCA infarct that presented to our institution between January
2007 and August 2014. All spontaneous acute malignant
MCA infarction patients were admitted to our Neurology
Department. The clinical history, neurological examination
findings, and brain computed tomography (CT) were used
to make the diagnosis of stroke. Patients were first treated
medically followed by surgical treatment depending on the
presence of neurological deterioration despite aggressive
medical management with antiedema agents (mannitol,
furosemide, steroids), and hyperventilation, together with
the results of serial brain CT investigations. A neurosurgery
consultation was requested in the presence of neurological
deterioration and radiological evidence of cerebral edema
secondary to the cerebral infarct. A large decompressive
craniectomy was then performed unless the patient had
a definite medical contraindication to surgery. All patients
were admitted within three hours following the onset of
symptoms. The data collected were age, sex, stroke etiology,
the dominance of the affected hemisphere, preoperative
GCS score, functional recovery according to the GOS score,
septum pellucidum level midline shift measurement and the
improvement of this shift after decompressive craniectomy,
and the duration between the stroke and the surgery. The
42 patients with malignant MCA infarction were divided into
two subgroups using the Glasgow Outcome Scale (GOS) with
patients with a GOS score of 1 to 3 included in the unfavorable
outcome group (Group 1) and those with a score of 4 to 5 in
the favorable outcome group (Group 2).
Decompressive hemicraniectomy was performed with a large
frontoparietotemporal curvilinear incision to remove a large
hemicraniectomy bone flap including the frontal, parietal,
temporal and occipital squama. The floor of the middle cranial
fossa was exposed by applying a rongeur to the temporal
squama to prevent uncal herniation. A curvilinear dural incision
with radial cuts that followed major sulcal vessels was used to
prevent the edematous brain kinking at the dural margin. All
patients were monitored at the neurosurgical intensive care
unit postoperatively.
Statistical Analysis
SPSS for Windows, version 11.5 (SPSS Inc., Chicago, IL,
United States) was used for data analysis. The presence or
absence of a normal distribution for metric discrete variables
was determined with the Shapiro-Wilk test. Data were
presented as mean ± SD or median (min-max) as applicable.
Student’s t test was used to compare mean differences
between groups and the Mann-Whitney U test was used for
comparisons of the median values. Pearson’s Chi-square
or Fisher’s exact test were used to analyze nominal data as

appropriate. The Wilcoxon Signed Rank test or McNemar
test was used to analyze the statistical significance of the
differences between preoperative and postoperative shift
measurements. Factors best differentiating the GOS 4-5
(Group 2) and GOS 1-2-3 (Group 1) groups were analyzed
with Multiple Logistic Regression analysis. We also calculated
adjusted odds ratios and 95% confidence intervals for each
independent variable and accepted any variable with a p value
<0.25 on the univariate test as a candidate for the multivariate
model along with variables known to be of clinical importance.
We accepted a p value less than 0.05 as statistically significant
and used the Bonferroni Correction to control Type I errors for
all possible multiple comparisons.
█

RESULTS

Decompressive surgery was performed in 42 patients
with malignant MCA infarction (19 males and 23 females,
average age 56 years) that showed neuroclinical deterioration
despite aggressive medical management. The median time
to surgery was 76.5 hours. The mean age was 53 (range
39-71) and 59 (range 27-78) years for the male and female
patients respectively with a normal distribution. The risk
factors were hypertension (15 patients), atrial fibrillation (5
patients), diabetes mellitus (5 patients), hyperlipidaemia (9
patients), and ischemic heart disease (8 patients). We did not
come across any surgical complication directly related to the
decompression procedure.
Outcome was determined at the time of discharge according
to the GOS. We had 3 patients with good recovery, 12
with moderate disability, 9 with severe disability, and 9 in a
persistent vegetative state, while 9 patients died with an
overall mortality rate of 21.4% (Table I).
At discharge, 64% of our patients were in Group 1 and 36%
in Group 2 according to their GOS score. Group 1 consisted
of 9 men and 18 women with a mean age of 59.6 years (age
range 27 to 78 years) while Group 2 consisted of 10 men and
5 women with a mean age of 47.1 years (age range 30 to 71
years). Nine Group 1 (n: 27) patients died during follow-up,
succumbing to transtentorial herniation that developed as a
result of increased intracranial pressure. Nine patients had
severe disability and 9 went into a persistent vegetative state.
Secondary brain damage was prevented in all Group 2 (n: 15)
cases where there were 12 moderately disabled patients and
3 with good recovery.
There was a statistically significant increase of the possibility
of being in Group 1 as the age of the patients that underwent
decompressive hemicraniectomy increased [OR=1.069 (95%
CI:1.014-1.128) and p=0.004]. Only one case in Group 2 was
over the age of 65 years. The infarct was in the non-dominant
hemisphere in this case and early surgical intervention (within
the first 24 hours) was implemented. The possibility of being
in Group 1 was significantly higher in the females compared
to the males [OR=4,000 (95% CI: 1.049-15.260) and p=0.038].
The possibility of being in Group 1 showed a statistically
significant increase when the infarct was in the dominant
hemisphere compared to the non-dominant hemisphere
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preoperative GCS score increased [OR=0.352 (95% CI: 0.1870.661) and p<0.001]. The risk of being in Group 1 increased
in a statistically significant manner as the time to surgery
increased [OR=1.047 (95% CI: 1.011-1.085) and p=0.004]. The
risk of being in Group 1 also showed a statistically significantly
increase in cases that were found have a preoperative shift of
11 mm or more compared to those with less shift [OR=7.000
(95% CI: 1.454-33.696) and p=0.020]. The same risk increase
also applied for a postoperative shift of more than 11 mm or
more compared to those with less shift (p<0.001) (Table II).

[OR=5.500 (95% CI: 1.361-22.223) and p=0.013]. There was
a statistically significant decrease in the possibility of being in
Group 1 as the admission GCS score increased [OR=0.230
(95% CI: 0.067-0.784) and p<0.001]. The risk of being in
Group 1 showed a statistically significantly decrease as the as
Table I: Glasgow Outcome Scale (GOS) Scores at Discharge

GOS

Number (n)

5

good recovery

3

4

moderate disability

3

severe disability

9

2

persistent vegetative state

9

1

death

9

The postoperative shift level within Group 1 and Group 2
showed a statistically significantly decrease compared to
preoperative values (p<0.001). However, the decrease in
postoperative shift levels compared to preoperative levels in
Group 2 was statistically significantly more marked than the
decrease in Group 1 (p<0.001) (Table III).

12

Table II: The Demographic and Clinical Characteristics of the Cases by Group

Variables

Group 2 (n= 15)

Group 1 (n= 27)

p-value

OR (95% CI)

47.1±11.0

59.6±14.8

0.004

1.069 (1.014-1.128)

10 (66.7%)

9 (33.3%)

-

5 (33.3%)

18 (66.7%)

11 (73.3%)

9 (33.3%)

4 (26.7%)

18 (66.7%)

Age (years)

a

Gender
Male
Female

1,000

0.038b

4.000 (1.049-15.260)

Infarct Area
Non-dominant
Dominant

-

12 (6-14)

1,000

0.013b

5.500 (1.361-22.223)

<0.001c

0.230 (0.067-0.784)

Admission GCS

14 (13-15)

Pre-op GCS

10 (8-12)

7 (5-10)

<0.001

0.352 (0.187-0.661)

Time to Surgery (hours)

24 (24-72)

72 (24-120)

0.004

1.047 (1.011-1.085)

c
c

Pre-op Shift ≥11mm

8 (53.3%)

24 (88.9%)

0.020d

7.000 (1.454-33.696)

Post-op Shift ≥11mm

0

18 (66.7%)

<0.001b

-

OR: Odds Ratio, CI: Confidence Interval, a: Student’s t test, b: Pearson’s Chi-square test, c: Mann Whitney U test, d: Fisher’s exact test.

Table III: Preoperative and Postoperative Shift Measurements of the Cases by Group

Variables

Pre-op

Post-op

Group 2

11 (9-14)

5 (3-10)

Group 1

15 (10-17)

11 (8-14)

p-valuea

Change

Shift (mm)

p-valueb
<0.001

<0.001

c

5 (4-8)

<0.001

c

3 (2-5)

Shift ≥11mm

0,040

Group 2

8 (53.3%)

Group 1

24 (88.9%)

0 (0.0%)

0.008d

8 (53.3%)

18 (66.7%)

0.031

6 (22.2%)

d

a: Comparisons made between the preoperative and postoperative periods within the groups; the results were accepted as statistically significant
for p<0.025 according to Bonferroni Correction, b: Comparisons made between the groups in terms of changes occurring in the postoperative
period compared to the preoperative state; the results were accepted statistically significant for p<0.05, c: Wilcoxon Signed Rank test, d:
McNemar test.
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DISCUSSION

Decompressive surgery provides an improvement in functional
outcome in cases developing malignant middle cerebral artery
infarct and decreases the mortality rate. However, the results
are poor in old cases with a hemisphere infarct. The use of
decompressive hemicraniectomy in these patients usually
does not provide any benefit and can result in severe disability,
persistent vegetative state or death. Most series in the literature
are retrospective studies with a low number of cases (4, 8, 13,
14, 19). The results of these studies are similar. Randomized
studies have shown the best results to be obtained in patients
under 60 years of age undergoing early surgery with the infarct
in the non-dominant hemisphere among malignant middle
cerebral artery infarct patients undergoing decompressive
hemicraniectomy (6, 9, 12, 21). A significant decrease in
mortality and an improvement in functional outcome (GOS)
were observed in cases undergoing surgical decompression
when compared with conservative treatment (6, 9, 12, 21).
The mortality rate was 5% and 67% in the first week and
16% and 33% in the fourth week in groups that underwent
decompression or medical treatment respectively in the 38
patients randomized in the DECIMAL study (21). The mortality
rate was 12% in the group that underwent decompression
and 53% in the group that did not undergo surgery at the end
of one month in the DESTINY study where 32 patients were
randomized (12). The HAMLET study randomized 64 patients.
The mortality rate was 16% on the fourteenth day in the group
that underwent decompression and 56% in the group that did
not undergo decompression (9). Death developed in 9 (21.4%)
of 42 cases in our retrospective study.
Age is one of the significant factors in decompressive hemicraniectomy cases. As the age advances, the result becomes
less successful and the mortality increases (10, 22, 23). Elderly
patients usually have more medical risk factors, which may increase the risk of poor outcomes and mortality. The mean age
was 59.6±14.8 in Group 1 in our study and 47.1±11.0 in Group
2 where good results were obtained. The rate of poor results
(Group 1) increased with advanced age and the age difference
between these two groups was statistically significant.
Another factor affecting the result is whether the affected
hemisphere is the dominant one. While some authors suggest
that surgical treatment will not be useful in a malignant middle
cerebral artery infarct occurring in the dominant hemisphere,
others state no significant difference depending on the
hemisphere (7, 9, 21). However, the results are better when
surgery is performed on the non-dominant hemisphere in
most series. We obtained good results in 73.3% of the nondominant hemisphere cases in Group 2 in our study but only
in 26.7 of the dominant hemisphere cases in the same group.
In conclusion, an infarct in the dominant hemisphere is not a
contraindication for surgery although the results are worse.
Another factor in obtaining a good result is surgical timing.
Randomized studies show that better results are obtained
when decompression is performed within 48 hours after the
symptoms emerge (8, 9, 18). Certain authors suggest that
the best result can be obtained within the first 24 hours and
suggest early surgery (18). However, some studies have found

no relationship between the surgical timing and the result
(5, 14). We obtained better results in cases operated within
the first 24 hours in our study. The mean time to surgery was
24 hours in Group 2 and approximately 72 hours in Group
1. Decompression should therefore be performed as soon as
possible in cases not responding to medical treatment if it is
to be used.
The preoperative and postoperative midline shift level plays
an important role in the prognosis. These measurements in
Group 2 were significantly lower than in Group 1 in our study.
Similar results have been obtained in the literature (1, 23).
Postoperative neurological scores play a determinant role in
the prognosis in almost all studies (6, 8, 9, 12, 21). Significantly
better results were obtained in cases with high postoperative
GCS scores. A good result could not be obtained in any cases
with a preoperative GCS score of 7 and below in our study
and the most important factor for the prognosis following
decompressive hemicraniectomy was found to be the
preoperative GCS score.
█

CONCLUSION

Decompressive hemicraniectomy in cerebral edema developing due to malignant middle cerebral artery stroke can be a
life-saving procedure in selected cases. The use of decompressive hemicraniectomy in patients who are not suitable
for surgery causes an increase in the number of patients in
a persistent vegetative state or with severe disability so that
the requested quality of life cannot be provided and there is
no effect on mortality. Previous studies and our study involved
a low number of cases. Studies on larger series are therefore
required. Age, time to surgery, dominance of involved hemisphere, and the preoperative and postoperative shift level are
factors influencing the results but the preoperative GCS score
is the most important factor. Decompressive hemicraniectomy
is not useful in cases with a GCS score of 7 or below.
█
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