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Abstract

Context: Patients with malignant middle cerebral artery (MCA) infarction are prone to a mortality rate of 70–80%.
Decompressive craniectomy (DC) has been used as an important treatment modality to control refractory intracranial
hypertension.

Aim: In this study, we aimed to evaluate the impact of DC in reducing mortality rate and improving the functional
outcome in the patients who underwent DC surgery for malignant MCA infarction

Settings and design: The prospective clinical case study included 24 patients with refractory intracranial hypertension
due to malignant MCA infarction

Patients and methods: All patients enrolled in the study have refractory intracranial hypertension due to malignant
MCA infarction; they were allocated to undergo decompressive craniectomy between 2014 and 2017. Each patient was
evaluated clinically using the Glasgow Coma Scale (GCS) and the modified Rankin Scale (mRS).

Results: All patients on admission have the GCS of 5–12 score (mean 8). Fourteen patients underwent DC in the first
48 h while 10 patients were operated upon after 48 h. Postoperatively, two patients (9%) had a score of 3 on the
modified Rankin Scale, six patients (25%) had a score of 4, and eight patients (33%) had a score of 5. Mortality occurred
in eight patients (33%) with the worst score of 6. Similar unfavorable outcome was reported at 6- and 12-month
follow-up with different degrees of disability.

Conclusion: Decompressive craniectomy for malignant MCA infarction has an effective role in decreasing the mean
intracranial pressure, reducing the mortality rate, and increasing the number of patients with a favorable outcome.
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Introduction
Patients suffering from large hemispheric infarction
(LHI), which is also known as malignant middle cerebral
artery (MCA) infarction, have an increased incidence of
significant disability and mortality [1]. They mainly
present with hemiparalysis and severe sensory deficits
with aphasia if the dominant hemisphere is affected. In
spite of maximum medical therapy such as intracranial
pressure (ICP) lowering measures, hypothermia, and
controlled hyperventilation, malignant MCA infarction
could result in death in 70–80% of cases; most survivors
are left with long-term disability [2, 3].

The prognosis is poor; it is attributed to
space-occupying edematous infarcted brain tissue, which
induces compression of normal brain and blood vessels
leading to secondary mechanical and ischemic neuronal
injury. Therefore, herniation and death occur [4].
The role of decompressive craniectomy in the manage-

ment of malignant MCA infarction is debatable by many
authors. It was initially developed as a life-saving pro-
cedure for patients suffering from malignant hemi-
spheric infarction, but the survivors remained with
severe disability which formed a serious concern [5].
The aim of dcompressive craniectomy (DC) is to re-

move part of the ipsilateral cranium in order to allow
the outward herniation of the infarcted brain tissue, thus
reducing intracranial pressure and improving cerebral
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perfusion pressure. Respectively, the blood flow to the
ischemic penumbra is maintained [6].
The decision for decompressive surgery in malignant

MCA infarction is made on the basis of radiological data
and progressing clinical course. The American Heart Asso-
ciation/American Stroke Association (AHA/ASA) updated
the guidelines recommending DC in malignant MCA
infarction in patients 60 years old or less with unilateral
MCA infarctions that are neurologically deteriorating
within 48 h despite maximal medical treatments [7].
Several prospective studies reported that DC reduces

the case mortality rate of malignant middle cerebral artery
infarction by 50–75% in comparison to the best medical
treatment alone. Better results achieved with earlier sur-
gery immediately after the start of neurological deterior-
ation related to brain edema or even before [8, 9].
The purpose of the present prospective clinical case

study was to review our experience with DC in malig-
nant MCA infarction in regard to the mortality rate and
the functional outcome.

Patients and methods
From March 2014 to November 2017, 24 patients were
assigned to undergo decompressive craniectomy for refrac-
tory intracranial hypertension due to malignant MCA
infarction. Ethics approval for this work was obtained in
our institution.
The inclusion criteria for surgery included the radiological

presence of large MCA infarction involving more than 50%
of the MCA territory with signs of local brain swelling in the
initial computed tomography (CT) of the brain. Clinically,
all patients experienced deterioration of consciousness level.
Exclusion criteria included patients with GCS < 4 or bilat-
erally fixed and dilated pupils. All enrolled patients under-
went a complete physical and neurological examination on
admission. Initial imaging examinations evaluated the infarct
territory, midline shift, and brain edema by CT scan and in
some cases by magnetic resonance imaging (MRI) of the
brain. Early decompressive craniectomy was performed to
14 patients in the first 48 h while 10 patients were operated
upon after 48 h. In patients who presented preoperatively
with a deteriorated conscious level, an intraventricular cath-
eter for ICP monitoring was inserted.
Each patient was evaluated clinically using the Glasgow

Coma Scale (GCS). The modified Rankin Scale (mRS) at
3-, 6-, and 12-month post-surgery was used as outcome
parameters, and mRS 3 was referred to as moderate dis-
ability, mRS 4 defined as a moderate-severe disability,
mRS 5 defined as a poor outcome or severe disability, and
mRS 6 defined as dead.

Surgical technique
Initially, a large fronto-parieto-temporal skin and muscle
flap was performed; a hemicraniectomy of the frontal,

parietal, and temporal bones overlying the infarcted hemi-
sphere was removed. The size of the bone flap had a mini-
mum diameter of 12 cm to allow the external herniation of
the swollen infarcted brain. Anteriorly, violation of the
frontal sinus was avoided. The medial limit of the craniect-
omy was 2 cm from the midline while it was extended pos-
teriorly approximately 5–6 cm behind the external auditory
canal. Basal decompression of the temporal pole was done
by removing the temporal squamous bone to the level of
the zygomatic arch. A stellate-shaped dural incision was
performed; we did not remove the infarcted brain tissue to
preserve the salvageable penumbra area or any viable tissue
(Figs. 1 and 2). An expansive duraplasty is then performed
using a large flap of pericranium to accommodate the brain
swelling. Proper hemostasis is done. Finally, the temporalis
muscle and skin flap are re-approximated and sutured in
layers. Epidural wound drains were routinely used. The
bone flap is stored in a tissue bank to be used later after
2–3months in cranioplasty.

Results
Our study enrolled 24 cases, 9 females (37%) and 15
males (63%); the age varied from 49 to 67 years with
mean age 58 years. All patients experienced large hemi-
spheric infarction of the MCA territory. On admission,
the Glasgow Coma Scale for all patients varied from 5 to
12 with a mean score of 8 (Table 1). Preoperative clinical
symptoms included disturbed consciousness, hemipara-
lysis, facial nerve palsy, and aphasia. Surgery was per-
formed to 14 patients (59%) in the first 48 h while 10
patients (41%) were operated upon after 48 h.
Overall, eight patients (33%) died in the acute stage.

Five deaths were primarily related to a further neuro-
logical deterioration. The remaining three deaths were

Fig. 1 Three-dimensional computed tomography of skull with
decompressive hemicraniectomy
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due to secondary complications as infections, in which
pneumonia was the leading cause.
Postoperative functional outcomes using the modified

Rankin Scale showed moderate disability defined as mRS
3 in two patients (9%), moderately severe disability
defined as mRS 4 in six patients (25%), and poor
outcome defined as mRS 5 in eight patients (33%) at
3-month follow-up. Similar unfavorable outcome was re-
ported at 6 and 12months follow-up. Only two patients
from the moderately severe disability group were found
to have mRS 3 after a 12-month follow-up (Table 2).
Complications reported in our study included postop-

erative subdural hematomas in two patients, hygroma in

four patients, hemorrhagic transformation in two pa-
tients, systemic infection as pneumonia in four patients,
and wound infection in a single patient. All complica-
tions did not require surgical interference and were
managed conservatively over time.

Discussion
Malignant middle cerebral artery infarction which usu-
ally results from the MCA acute occlusion is considered
a serious fatal condition. Life-threatening herniation and
brain edema can occur within 1 week after the stroke
onset leading to a mortality rate of 80% [10].
Decompressive hemicraniectomy surgery is considered

as a life-saving procedure for patients experiencing ma-
lignant hemispheric infarction with refractory intracra-
nial hypertension in spite of maximum medical therapy.
It is the last resort to prevent fatal cerebral herniation
and to achieve better functional outcomes [11].
Despite the effective role of DC in malignant MCA in-

farction, the severe disability and poor quality of life suf-
fered by many survivors is still a serious concern [12, 13].
The optimal surgical timing should be before or

immediately after the neurological deterioration that is
related to brain edema. Surgery is then initiated in the
first 48 h or even day 7 after stroke onset [14].
It is recommended to perform surgical decompression

early before the development of major midline shift and
conscious level deterioration. Some researches mentioned
that patients for whom early DC was done show better
functional outcomes brought about by preventing fatal
brain herniation and improving cerebral hemodynamics,
thereby limiting secondary injury [15]. In most cases, DC
is performed within 48 h after the ischemic stroke. Thus,
all patients with acute large hemispheric infarction should
be monitored in an intensive care unit (ICU) or stroke
unit for the expedition of the timely surgical decompres-
sion. ICP monitoring prior to DC in cases with severe
neurological deterioration is one of the predicting factors
of decompression surgery decision [16].
Repeated publications mentioned that DC in the man-

agement of malignant middle cerebral artery infarction
revealed low fatality rate and improved functional
outcome. Many cohort data reported the case fatality
rates during the acute stage as varying between 18 and

Fig. 2 Axial computed tomography scan after
decompressive hemicraniectomy

Table 1 Patient characteristics

Data Value

Age (yrs) 58 (49–67)

Sex

Male to female 15 males:9 females

Mean GCS at admission 8

Etiology of Stroke

Cardioembolic 13

Thromboembolic from carotids
or hypoperfusion due to carotid
stenosis

11

Midline shift > 5 mm 14 (59%)

Time to Surgery

< 48 h 14 (59%)

> 48 h 10 (41%)

Table 2 Patient outcomes on the modified Rankin scale

Modified Rankin Scale At 3-month
follow-up (%)

At 12-month
follow-up (%)

Moderate disability (mRS 3) 2 (9%) 4 (16.5%)

Moderate-severe disability
(mRS 4)

6 (25%) 4 (16.5%)

Poor outcome or severe
disability (mRS 5)

8 (33%) 8 (33%)

Dead (mRS 6) 8 (33%). –
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35% and moderate disability (mRS 3) at 3 months as
varying between 20 and 59% [17].
In our study, the fatality rate was 33%, while in destiny

trials, the case fatality rate was 22% but moderate dis-
ability (mRS 3) rate was 7% and moderate-severe disabil-
ity (mRS 4) rate was 32% at the 3-month follow-up [9].
We reported 9% of patients included in our research

had mRS 3 and 25% had moderate-severe disability
(mRS 4) at the 3-month follow-up, while poor outcome
(mRS 5) was 33%.
In Kürten and colleague’s trial [18], 22.8% of patients re-

covered to moderate disability (mRS 3) at 3-month
follow-up, 44.6% remained with moderate-severe disability
(mRS 4), and 32.6% suffered a poor outcome (mRS 5).
In our series after the 12-month follow-up, two patients

from the severe disability group showed functional
improvement. 16.5% of patients recovered to moderate
disability (mRS 3) instead of 9% at the 3 -month follow-up
and 33% remained mRS 5 with poor outcome. Approxi-
mate results were obtained by Zhao and colleagues [19], a
cohort who reported moderate disability (mRS 3) in 11.4%
and poor outcome (mRS 5) in 24.2% of patients at 12
months. Our study demonstrates that DC improves func-
tional outcomes at 12months and lowers fatality rates in
patients with malignant MCA infarction. Meticulous post-
operative management after the decompressive surgery can
increase the chance of favorable recovery.

Conclusion
Decompressive craniectomy for malignant MCA infarc-
tion has an effective role in decreasing the mean intracra-
nial pressure, reducing the mortality rate, and increasing
the number of patients with a favorable outcome.
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