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Abstract

Introduction: Malignant middle cerebral artery (MCA) infarction is a devas-
tating entity that is associated with up to 80% mortality. Decompressive He-
micraniectomy has been utilized to treat brain swelling and mass effect sec-
ondary to these infarctions in an attempt to improve functional outcome.
Aim: To evaluate the functional outcome of decompressive hemicraniectomy
in management of malignant MCA infarctions. Methods: The study included
30 patients with malignant MCA infarctions operated upon by decompressive
hemicraniectomy and duroplasty with pericranium or fascia lata graft in the
period from June 2016 to January 2019. Pre-operative neurological condition,
associated morbidity, location and extent of the infarction were assessed.
Surgery was performed within 48 hours of the onset of stroke or 12 hours
within deterioration of conscious level. Pre-operative CT scan as well as se-
quential post-operative CT was done. Functional outcome was assessed by
the modified Rankin Scale (mRS) at the time of discharge and 3 months fol-
lowing surgery. Results: The study included 18 males and 12 females with a
mean age of 54.7 years. The pre-operative GCS was <8 (5 - 7) in 11 patients
and 8 or higher (8 - 13) in 19 patients. Good functional outcome (mRS 0 - 3)
was achieved in 13 (43.3%) cases while poor outcome (mRS 4 - 5) occurred in
8 (26.7%) cases and mortality (mRS 6) occurred in 9 (30%) cases. Conclu-
sion: Decompressive hemicraniectomy improves functional outcome in cases
of malignant MCA infarction. Pre-operative GCS, age, volume of infarction,
degree of midline shift, timing of surgery and associated morbidity are the
most important factors affecting the outcome.

Keywords

Decompressive Hemicraniectomy, Malignant MCA Infarction, Functional
Outcome, Modified Rankin Scale

DOI: 10.4236/0jmn.2020.103033 May 8, 2020 307

Open Journal of Modern Neurosurgery


https://www.scirp.org/journal/ojmn
https://doi.org/10.4236/ojmn.2020.103033
https://www.scirp.org/
https://doi.org/10.4236/ojmn.2020.103033
http://creativecommons.org/licenses/by/4.0/

A. Mohsen, W. Abbass

1. Introduction

Malignant middle cerebral artery (MCA) infarction is the condition where MCA
infarction is followed by massive, space-occupying brain edema involving more
than 50% of the MCA territory [1] [2]. It is most commonly caused by an em-
bolus or thrombus occluding the distal part of the internal carotid artery or the
M1 segment of the MCA [3].

The resulting brain edema together with the infarcted brain results in in-
creased intracranial pressure and progressive deterioration of conscious level.
Mortality may reach up to 80% with conservative medical treatment which is
directed mainly to reduce the intracranial pressure by hyperosmotic agents,
hyperventilation, hypothermia, raising head position and sedation [4] [5].

Decompressive Hemicraniectomy (DHC) involves the removal of a large
fronto-temporo-parietal bone flap giving space for the brain to expand to reduce
the intracranial pressure and reduce morbidity and mortality. The size of the
flap is crucially important for adequate decompression. A flap less than 10 cm
increases the incidence of shearing injury of herniating brain [3]. Duroplasty has
nowadays become an important part of the procedure [4]. Many studies have
shown marked reduction in mortality in patients with malignant MCA infarc-
tion treated by DHC. On the other hand, speculations have been made that life
may be preserved at the potential cost of marked disability as the reduced mor-
tality rate results in increase in patients with both favorable and unfavorable
outcome [6]. Early complications associated with DHC include insufficient de-
compression, hemorrhage, infection and subdural effusions while late complica-
tions include hydrocephalus, subdural hemorrhage and sinking flap syndrome
[3] [7] Our study was conducted to evaluate the functional outcome of decom-
pressive hemicraniectomy for surgical management of patients suffering malig-
nant MCA infarctions and to identify the factors affecting the functional out-

come of this procedure.

2. Patients and Methods

This study included 30 patients with malignant unilateral MCA infarction who
were operated upon by DHC in Cairo University Hospitals in the period from
June 2016 to January 2019. Inclusion criteria included age range 13 - 70, Glas-
gow Coma Scale (GCS) between 5 and 13, infarction involving more than 50% of
the MCA territory, duration of less than 48 hours from the onset of stroke or 12
hours from deterioration of conscious level and fitness for general anesthesia.
On the other hand, patients above 70 years, patients with GCS < 5 or >13, pa-
tients with infarction involving less than 50% of the MCA territory, patients who
passed more than 48 hours from the onset of stroke, patients with severe medical
comorbidity and patients whose family members refused surgical intervention
were excluded from the study.

Preoperatively, all patients were subjected to complete general and neurologi-

cal examination. This included assessment of conscious level (by GCS), speech,
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motor power in upper and lower limbs and sphincters. Computed Tomography
(CT-scan) of the brain was performed in all patients to confirm the diagnosis
and to assess the location and extent of the infarcted area, degree of midline
shift, associated brain edema, effacement of sulci and basal cisterns and the
presence of associated hemorrhage. Diffusion weighted magnetic resonance im-
aging (MRI) of the brain was also performed in some patients for more accurate
localization of the extent of the infarcted area.

Surgical technique: Under general anesthesia with the patient placed in the
supine position, a question mark skin incision based on the ear was performed
on the ipsilateral side of the infarction. A wide craniectomy (12 cm or more in
diameter) was done with partial removal of the frontal, temporal and parietal
bones. The anterior limit of the craniectomy was designed to avoid violating the
frontal air sinus, the medial limit of the flap was 2 - 3 cm from the midline,
posteriorly, the flap was extended about 5 cm behind the external auditory canal.
The squamous part of temporal bone was excised down to the middle cranial
fossa floor. The dura was opened radially in a stellate fashion to the extents of
the craniectomy flap. Duroplasty was then performed using pericranium or fas-
cia lata graft. This was followed by meticulous hemostasis and suturing of the
temporalis muscle and skin flap in layers. A subcutaneous drain was inserted to
be removed after 24 - 48 hours. The excised bone flap was placed in a subcuta-
neous abdominal pocket to be used later (usually within 3 - 4 months) for sub-
sequent cranioplasty.

Postoperatively, patients were placed in Intensive Care Unit (ICU) until stabi-
lization of their condition. Patients were followed up clinically and radiologically
until they were discharged from the hospital and then at 1, 2 and 3 months fol-
lowing surgery. We used the modified Rankin Scale (mRS) [Figure 1] to assess
the functional outcome following surgery where a mRS of 0 - 3 was considered
good functional outcome whereas a mRS of 4 - 5 was considered poor functional
outcome. CT brain was performed routinely postoperatively and if any deteri-

oration in the patient’s condition occurs.

Score Definition
0 NO SYMPTOMS
1 No significant disability. Able to carry all usual activities, despite some symptoms.

Slight disability. Able to look after all affairs without assistance but unable to
carry out all previous activities.

3 Moderate disability. Requires some help, but able to walk unassisted.

Moderate severe disability. Unable to attend to own bodily needs without assistance

4

and unable to walk unassisted.
5 Severe disability. Requires constant nursing care and attention, bedridden, incontinent.
6 Dead.

Figure 1. Modified Rankin scale from Rankin J [8].
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The primary outcome in this study was mRS at 3 months follow up. The sec-
ondary outcomes were age, sex, preoperative GCS, midline shift and risk factors
associated with MCA infarction.

Statistical analysis: Analysis of the data was performed using Statistical pack-
age for social science (SPSS) software, version 15 for Microsoft Windows (SPSS
Inc., Chicago, iL, USA). Categorical data was reported as number and percen-

tages.

3. Results

The study included 30 patients with malignant MCA infarction who were oper-
ated upon by DHC [Figure 2]. 18 (60%) were males while 12 (40%) were fe-
males. Their ages ranged from 34 - 70 years with an average of 54.7 years. The
location of the infarction was on the right (non-dominant) side in 17 (56.7%)
cases and was on the left (dominant) side in 13 (43.3%). Preoperative GCS was
<8 (5-7) in 11 (36.7%) patients and 8 or higher (8 - 13) in 19 (63.3%) patients.
The midline shift in preoperative CT scan was <10 mm in 11 (36.7%) cases and
10 mm or more in 19 (63.3%) cases (Table 1).

All patients were operated upon in the first 48 hours after the onset of stroke
or within 12 hours from deterioration of conscious level. Among the patients in
this study, 80% had at least 1 risk factor related to MCA infarction ( 50% had 1
risk factor, 23.3% had 2 and 6.7% had more than 2 risk factors) while only 20%
had no risk factors. Hypertension (50%), obesity (46.7%) and Diabetes Mellitus
(33.3%) were the most dominant risk factors (Table 2).

At 3 months follow-up, 13 (43.3%) patients had good (mRS 0 - 3) functional
outcome while 8 (26.7%) had poor functional outcome (mRS 4 - 5). The mortal-
ity rate was 30% as 9 patients died during the follow-up period (Table 3). Deaths
were related to either progressive neurological deterioration or associated com-

plications like pulmonary embolism and severe chest infection.

Y
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Figure 2. Pre and postoperative CT scan of a left sided malignant MCA infarction oper-
ated upon by DHC.
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Table 1. Patient characteristics.

Variable Number Percentage (%)

Sex

Male 18 60

Female 12 40
Age (years) Range: 34 - 70 Average: 54.7
Location

Right 17 56.7

Left 13 43.3
Pre-operative GCS

<8 11 36.7

=8 19 63.3
Midline shift

<10 mm 11 36.7

>10 mm 19 63.3

Table 2. Associated risk factors.

Risk factor Percent of patients (%) Number of patients

Hypertension 50 15

Obesity 46.7 14

Diabetes mellitus 33.3 10
Smoking 23.3 7
Cardiac disorders 16.7 5
Hyperlipidaemia 16.7 5
Other 20 6

N.B. some patients had 2 or more risk factors.

Table 3. Functional outcome at 3 months follow up.

Good (mRS 0 - 3)
Poor (mRS 4 - 5)

Mortality

13 (43.3%)
8(26.7%)

9 (30%)

The age of the patients had a significant impact on the functional outcome.

Among the 21 patients below the age of 60 years, 12 (57.1%) had good functional
outcome, 4 (19%) had poor outcome and 5 (23.9%) died while on the other

hand, in 9 patients aged 60 years or more only 1 (11%) had good functional
outcome while 4 (44.5%) had poor functional outcome and 4 (44.5%) died

(Table 4).
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The preoperative GCS also significantly affected the outcome. In 19 patients
with GCS of 8 or higher, 13 (68.4%) had good outcome while 3 (15.8%) had poor
outcome whereas mortality occurred in 3 (15.8%) patients. In patients with GCS
of less than 8, no patients achieved good outcome at 3 months following surgery
while 5 (45.5%) had poor outcome and 6 (54.5%) patients died (Table 5).

On preoperative CT scan, 11 patients had a midline shift of 10 mm or less,
among these patients, 6 (54.5%) had good outcome while 3 (27.3%) had poor
outcome and 2 (18.2%) patients died. In 19 patients with a shift of more than 10
mm, 7 (36.8%) had good outcome, 5 (26.3%) had poor outcome and 7 (36.8%)
died (Table 6).

In patients with no associated co-morbidity (6 patients), good outcome was
achieved in 3 (50%) patients, similar results (46.7% and 42.9%) were achieved in
patients with 1 and 2 associated morbidity factors respectively. On the other
hand, both patients having more than 2 associated morbidity factors died. Pa-
tient’s sex and side of the infarction didn’t affect the outcome markedly (Table
7). The most common postoperative complication was severe chest infection
that occurred in 3 patients and deep venous thrombosis (DVT) in 2 patients.
Superficial wound infection, extradural hematoma and basal ganglia hematoma

were each encountered in 1 patient.

Table 4. Functional outcome according to age.

Functional Outcome Below 60 years Above 60 years
21 9
Good (mRS 0 - 3) 12 (57.1%) 1 (11%)
Poor (mRS 4 - 5) 4 (19%) 4 (44.5%)
Mortality (mRS 6) 5(23.9%) 4 (44.5%)

Table 5. Functional outcome according to preoperative GCS.

Functional Outcome GCS<8(5-7) GCS 8 or higher (8 - 13)
11 19
Good (mRS 0 - 3) 0 (0%) 13 (68.4%)
Poor (mRS 4 - 5) 5 (45.4%) 3 (15.8%)
Mortality (mRS 6) 6 (54.5%) 3 (15.8%)

Table 6. Functional outcome according to midline shift in preoperative CT.

Functional Outcome 10 mm or less >10 mm
11 19
Good (mRS 0 - 3) 6 (54.5%) 7 (36.8%)
Poor (mRS 4 - 5) 3 (27.3%) 5 (26.3%)
Mortality (mRS 6) 2 (18.2%) 7 (36.8%)
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Table 7. Functional outcome as regards sex and side of infarction.

Functional outcome Male Female Right side Left side
18 12 17 13

Good 8 (44.4%) 5 (41.7%) 8 (47%) 5(38.5%)

Poor 5 (27.8%) 3 (25%) 4(23.5%) 4(30.8%)

Mortality 5 (27.8%) 4(33.3%) 5 (29.5%) 4(30.8%)

4. Discussion

Decompressive surgery for management of increased intracranial pressure (ICP)
has been first described by Harvey Cushing in 1905 [9]. The use of decompres-
sive craniectomy for management of ischemic brain insults has been described
by Giuseppe Scarcella in 1956 [10]. By surgical removal of a part of the skull
bone, the edematous brain is allowed to herniate outwards thus preventing uncal
herniation and damage to other regions of the cerebral hemisphere [11] [12].

The use of DHC in management of malignant MCA infarction can reduce the
mortality rate from 80% to around 30% [13] [14] [15]. However, the risk of sur-
vival with poor functional outcome may also be raised due to the large reduction
in infarction-related mortality [16] [17] [18]. In this study, we evaluated the
functional outcome of 30 patients with malignant MCA infarction who were op-
erated upon by DHC and studied the different factors that may have an influ-
ence on the outcome.

The mortality rate in our study 3 months following surgery was 30%. Several
studies have shown similar reduction in mortality in patients treated by DHC. In
the meta-analysis performed by Streib et al [16], the mortality rate was 30%
among 289 patients managed by DHC. In the studies by Hao et al [19] and Al-
exander et al [5], similar mortality rates were also recorded. Further reduction
in mortality was achieved in the European randomized controlled trials (RCTs)
of DECIMAL [20], HAMLET [17] and DESTINY [21] where the mortality rates
were 25%, 22% and 17.6% respectively.

We used the modified Rankin Scale (mRS) for functional outcome assessment.
Good functional outcome all patients who could walk and care for themselves
(mRS 0 - 3) while poor functional outcome included patients who were bedrid-
den or vegetative and needed continuous care by family members or nursing
staff (mRS 4 - 5). At 3 months follow up, good functional outcome was achieved
in 43.3% of patients while the percentage of poor outcome was 26.7%. In the
meta-analysis performed by Alexander and colleagues [5] that included 173 pa-
tients managed conservatively, good outcome was reported in 14% and poor
outcome in 17%. This shows that surgery has raised markedly the incidence of
good outcome but at the same time the incidence of poor outcome has also been
raised. This can be explained by the fact that surgery has dramatically lowered
the incidence of mortality following malignant MCA infarction and thus the
chances of good and poor outcome were both raised. Other studies have also

shown significant difference in functional outcome between surgically and med-
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ically treated patients [3] [4] [20] [21]. On the contrary, the HAMLET study [17]
showed no difference in good functional outcome between surgically and medi-
cally treated patients at 1 year follow up (25% vs 25%).

One of the factors that may have a big impact on the outcome is the timing of
surgery. Many studies recommended early surgical intervention (in the first 24
hours after stroke onset) and don’t recommend surgery if more than 48 hours
have passed [3] [20] [21]. In our study, all patients were operated upon within 48
hours of stroke onset or within 12 hours after deterioration of conscious level of
a previously conscious patient (patients with GCS > 13 were excluded from the
study). The early intervention has probably played a role in the high rate of fa-
vorable outcome in our study.

In our study we excluded patients above 70 years of age. The study included
21 patients below the age of 60 and 9 patients aged 60 - 70 years. Good outcome
was significantly higher in patients below 60 years (57.1% vs 11%). The study by
Chen and colleagues [22] reported similar results with higher mortality among
patients older than 60. They considered age to be the most important factor in-
fluencing the outcome of surgery. On the other hand, the studies by Rahmanian
and colleagues [13] and Alexander and colleagues [5] showed no significant dif-
ference in the outcome among different age groups. The DESTINY, DECIMAL
and HAMLET trials didn’t include any patients above 60 years.

The outcome in our study in patients with preoperative GCS of 8 or higher
was better than those with GCS of less than 8 (patients who needed intubation
and mechanical ventilation prior to surgery). In the first group, good outcome
was reported in 68.4% of cases while the rate of mortality was only 15.8%, in the
latter group, none of the patients achieved good outcome while the mortality
rate was 54.5%. These results suggest that preoperative GCS was one of the most
important factors influencing the outcome. Kamal Alam et al [4] showed similar
results and pointed to the importance of GCS in patient’s selection for decom-
pressive surgery.

CT scan of the brain was performed in all our patients before surgery and fol-
lowing surgery for follow up and to detect any postoperative complications. Pa-
tients with midline shift of 10 mm or less on preoperative CT scan showed better
functional outcome (54.5%) than those with midline shift of more than 10 mm
(36.8%). On the other hand, patient’s sex and side of infarction didn’t show
marked difference in patient’s outcome. This is despite the fact that the inci-
dence of aphasia and language disorders was much higher in infarctions involv-
ing the dominant hemisphere but since we used the modified Rankin Scale for
assessment (which doesn’t take in consideration language as a major disability
factor), the functional outcome was not significantly different between infarc-
tions involving the dominant and non-dominant hemisphere.

2 groups of complications were detected in our patients. The 1% group was
complications related to the medical condition of the patients and were more
common in bedridden and comatosed patients who required prolonged intuba-

tion and mechanical ventilation. The most common of these complications were
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DVT and severe chest infection. The other group was complications related to
surgical intervention and included 2 cases of hemorrhage (a patient developed
extra-dural hematoma that required surgical intervention and the other a deep
basal ganglia hematoma that was managed conservatively). Another patient had
superficial wound infection which was managed by repeated dressing and intra-
venous (IV) antibiotics according to the results of culture and sensitivity.

One of the limitations of this study was the short follow-up period as with
longer follow-up, more beneficial results may be obtained regarding the long
term outcome and possible late complications. We recommend performing stu-
dies including a larger number of patients with longer follow-up period to obtain
more accurate information about long term outcome of DHC in management of
malignant MCA infarction. Some factors that may have an influence on the
outcome (GCS < 5, age > 70 years, late surgical intervention and infarctions in-
volving also anterior and/or posterior cerebral artery) were not analyzed in this

study.

5. Conclusion

Decompressive hemicraniectomy reduces mortality and improves functional
outcome in patients with malignant MCA infarction. At the same time, the
number of patients with unfavorable outcome is also raised which necessitates
proper choice of patients who are candidates for surgical intervention. Patients
younger than 60 years, with GCS > 8, showing midline shift of 10 mm or less
who are operated upon in the first 48 hours after the onset of stroke have the

best chance of achieving good functional outcome.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

(1] Hacke, W., Schwab, S., Horn, M., Spranger, M., De Georgia, M. and Von Kummer,
R. (1996) “Malignant” Middle Cerebral Artery Territory Infarction: Clinical Course
and Prognostic Signs. Archives of Neurology, 53, 309-315.
https://doi.org/10.1001/archneur.1996.00550040037012

[2] Chao, S., Chen, C., Tsai, F., Chan, W. and Chen, C. (2016) Predicting Mortality in
Patients with “Malignant” Middle Cerebral Artery Infarction Using Susceptibili-

ty-Weighted Magnetic Resonance Imaging: Preliminary Findings. Medicine (Balti-
more), 95, e2781. https://doi.org/10.1097/MD.0000000000002781

[3] Staykov, D. and Gupta, R. (2011) Hemicraniectomy in Malignant Middle Cerebral
Artery Infarction. Stroke, 42, 513-516.
https://doi.org/10.1161/STROKEAHA.110.605642

[4] Kamal Alam, B., Bukhari, A., Assad, S., Muhammad Siddique, P., Ghazanfar, H.,
Niaz, M., Kundi, M., Shah, S. and Siddiqui, M. (2017) Functional Outcome after
Decompressive Craniectomy in Patients with Dominant or Non Dominant Malig-
nant Middle Cerebral Infarcts. Cureus, 9, €997. https://doi.org/10.7759/cureus.997

DOI: 10.4236/0jmn.2020.103033

315 Open Journal of Modern Neurosurgery


https://doi.org/10.4236/ojmn.2020.103033
https://doi.org/10.1001/archneur.1996.00550040037012
https://doi.org/10.1097/MD.0000000000002781
https://doi.org/10.1161/STROKEAHA.110.605642
https://doi.org/10.7759/cureus.997

A. Mohsen, W. Abbass

(5]

(11]

(14]

(17]

Alexander, P., Heels-Ansdell, D., Siemieniuk, R., Bhatnagar, N., Chang, Y., Fei, Y.,
Zhang, Y., McLeod, S., Prasad, K. and Guyatt, G. (2016) Hemicraniectomy versus
Medical Treatment with Large MCA Infarct: A Review and Meta-Analysis. BMJ, 6,
€014390. https://doi.org/10.1136/bmjopen-2016-014390

Puetz, V., Campos, C., Eliasziw, M., Hill, M. and Demchuk, A. (2007) Assessing the
Benefits of Hemicraniectomy: What Is a Favourable Outcome? 7The Lancet Neurol-
0gy; 6, 580. https://doi.org/10.1016/S1474-4422(07)70160-6

Akins, P. and Guppy, K. (2008) Sinking Skin Flaps, Paradoxical Herniation and Ex-
ternal Brain Tamponade: A Review of Decompressive Craniectomy Management.
Neurocritical Care, 9, 269-276. https://doi.org/10.1007/s12028-007-9033-z

Rankin, J. (1957) Cerebral Vascular Accidents in Patients over the Age of 60. Scot-
tish Medical Journal, 2, 200-215. https://doi.org/10.1177/003693305700200504

Cushing, H. (1905) The Establishment of Cerebral Hernia as a Decompressive
Measure for Inaccessible Brain Tumors; with the Description of Intermuscular Me-
thods of Making the Bone Defect in Temporal and Occipital Regions. Surgery, Gy-
necology & Obstetrics, 1,297-314.

Scarcella, G. (1956) Encephalomalacia Simulating the Clinical and Radiological As-
pects of Brain Tumor; a Report of 6 Cases. Journal of Neurosurgery, 13, 278-292.
https://doi.org/10.3171/jns.1956.13.4.0278

Kolias, A., Kirkpatrick, P. and Hutchinson, P. (2013) Decompressive Craniectomy:
Past, Present and Future. Nature Reviews Neurology, 9, 405-415.
https://doi.org/10.1038/nrneurol.2013.106

Pallesen, L., Barlinn, K. and Puetz, V. (2018) Role of Decompressive Craniectomy in
Ischemic Stroke. Frontiers in Neurology; 9, 1119.
https://doi.org/10.3389/fneur.2018.01119

Rahmanian, A., Seifzadeh, B., Razmkon, A., Petramfar, P., Kivelev, J., Alibai, E. and
Hernesniemi, J. (2014) Outcome of Decompressive Craniectomy in Comparison to
Nonsurgical Treatment in Patients with Malignant MCA Infarction. SpringerPlus,
3, 115. https://doi.org/10.1186/2193-1801-3-115

Robertson, S., Lennarson, P., Hasan, D. and Traynelis, V. (2004) Clinical Course
and Surgical Management of Massive Cerebral Infarction. Neurosurgery, 55, 55-61.
https://doi.org/10.1227/01.NEU.0000126875.02630.36

Ziai, W., Port, J., Cowan, J., Garonzik, I., Bhardwaj, A. and Rigamonti, D. (2003)
Decompressive Craniectomy for Intractable Cerebral Edema: Experience of a Single
Center. Journal of Neurosurgical Anesthesiology, 15, 25-32.
https://doi.org/10.1097/00008506-200301000-00005

Streib, C., Hartman, L. and Molyneaux, B. (2016) Early Decompressive Craniecto-
my for Malignant Cerebral Infarction: Meta-Analysis and Clinical Decision Algo-
rithm. Neurology Clinical Practice, 6, 433-443.
https://doi.org/10.1212/CPJ.0000000000000272

Hofmeijer, J., Kappelle, L., Algra, A., Amelink, G., van Gijn, J. and van der Worp,
H. (2009) Surgical Decompression for Space-Occupying Cerebral Infarction (the
Hemicraniectomy after Middle Cerebral Artery Infarction with Life-Threatening
Edema Trial [HAMLET]): A Multicentre, Open, Randomised Trial. The Lancet
Neurology, 8, 326-333. https://doi.org/10.1016/51474-4422(09)70047-X

Juttler, E., Unterberg, A., Woitzik, J., Bosel, J., Amiri, H., Sakowitz, O.W., Gondan,
M., Schiller, P., Limprecht, R., Luntz, S., Schneider, H., Pinzer, T., Hobohm, C.,
Meixensberger, J. and Hacke, W. (2014) Destiny II Investigators: Hemicraniectomy
in Older Patients with Extensive Middle-Cerebral-Artery Stroke. 7he New England

DOI: 10.4236/0jmn.2020.103033

316 Open Journal of Modern Neurosurgery


https://doi.org/10.4236/ojmn.2020.103033
https://doi.org/10.1136/bmjopen-2016-014390
https://doi.org/10.1016/S1474-4422(07)70160-6
https://doi.org/10.1007/s12028-007-9033-z
https://doi.org/10.1177/003693305700200504
https://doi.org/10.3171/jns.1956.13.4.0278
https://doi.org/10.1038/nrneurol.2013.106
https://doi.org/10.3389/fneur.2018.01119
https://doi.org/10.1186/2193-1801-3-115
https://doi.org/10.1227/01.NEU.0000126875.02630.36
https://doi.org/10.1097/00008506-200301000-00005
https://doi.org/10.1212/CPJ.0000000000000272
https://doi.org/10.1016/S1474-4422(09)70047-X

A. Mohsen, W. Abbass

(19]

[21]

[22]

Journal of Medicine, 370, 1091-1100. https://doi.org/10.1056/NEJMoal311367

Hao, Z., Chang, X., Zhou, H., Lin, S. and Liu, M. (2015) A Cohort Study of Decom-
pressive Craniectomy for Malignant Middle Cerebral Artery Infarction: A
Real-World Experience in Clinical Practice. Medicine (Baltimore), 94, €1039.
https://doi.org/10.1097/MD.0000000000001039

Vahedi, K., Vicaut, E., Mateo, J., Kurtz, A., Orabi, M., Guichard, J., Boutron, C.,
Couvreur, G., Rouanet, F., Touze, E., Guillon, B., Carpentier, A., Yelnik, A., George,

B., Payen, D. and Bousser, M. (2007) Sequential-Design, Multicenter, Randomized,
Controlled Trial of Early Decompressive Craniectomy in Malignant Middle Cere-
bral Artery Infarction (DECIMAL Trial). Stroke, 38, 2506-2517.
https://doi.org/10.1161/STROKEAHA.107.485235

Juttler, E., Schwab, S., Schmiedek, P., Unterberg, A., Hennerici, M., Woitzik, J.,
Witte, S., Jenetzky, E. and Hacke, W. (2007) Decompressive Surgery for the Treat-
ment of Malignant Infarction of the Middle Cerebral Artery (DESTINY): A Ran-
domized, Controlled Trial. Stroke, 38, 2518-2525.
https://doi.org/10.1161/STROKEAHA.107.485649

Chen, C., Cho, D. and Tsai, S. (2007) Outcome and Prognostic Factors of Decom-
pressive Hemicraniectomy in Malignant Middle Cerebral Artery Infarction. Journal
of the Chinese Medical Association, 70, 56-60.

Abbreviations

CT: Computed Tomography

DHC: Decompressive Hemicraniectomy
DVT: Deep Venous Thrombosis

GCS: Glasgow Coma Scale

ICP: Intracranial Pressure

ICU: Intensive Care Unit

IV: Intravenous

MCA: Middle Cerebral Artery

MRI: Magnetic Resonance Imaging
mRS: Modified Rankin Scale

RCTs: Randomized Controlled Trials

DOI: 10.4236/0jmn.2020.103033

317 Open Journal of Modern Neurosurgery


https://doi.org/10.4236/ojmn.2020.103033
https://doi.org/10.1056/NEJMoa1311367
https://doi.org/10.1097/MD.0000000000001039
https://doi.org/10.1161/STROKEAHA.107.485235
https://doi.org/10.1161/STROKEAHA.107.485649

	Functional Outcomes of Decompressive Hemicraniectomy for Treatment of Malignant Infarctions of the Middle Cerebral Artery
	Abstract
	Keywords
	1. Introduction
	2. Patients and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References
	Abbreviations

