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Abstract  

Background:  About 10 percent of ischemic strokes are  

defined as a malignant one due to associated massive brain  
edema which is severe enough to produce elevated intracranial  

pressure and brain herniation. Decompressive Craniectomy  

(DC) with duraplasty is a surgical technique that involves the  
creation of extra roomy space and incision of the tight dural  

covering the brain allowing swollen brain tissue to herniate  

outwards to reduce the Intracranial Pressure (ICP).  

Aim of Study: This study aims to share the experience of  
performing decompressive craniectomy in the treatment of  
malignant Middle Cerebral Artery Infarction (MMCAI) >48  

hours after stroke with an analysis of the results and prognostic  
factors.  

Patients and Methods:  From January 2016 to June 2018,  
we performed a decompressive craniectomy in eleven patients  

with massive middle cerebral artery infarction. Retrospectively  

we reviewed the clinical and radiological data, Glasgow coma  
scale at admission, pre and post-operatively. Serial Computed  
Tomography (CT) with measurement of midline shift pre and  

post-operatively. Patients were evaluated according to the  

following factors: Age, sex, the time between admission and  

surgery, the time between deterioration and surgery, the pre  

and post-operative Glasgow coma scale, pre and post-operative  

midline shift on CT scan, dominancy, and Glasgow outcome  
scale.  

Results:  Eleven patients (11) have been operated on by  

decompressive hemicraniectomy and duroplasty, there were  
no significant changes in outcome in relation to the admission  
GCS, GCS (p=0.2599) or in GCS (p=0.3713), but there was  
a significant correlation between the pre-operative GCS and  
outcome and decompressive craniectomy leads to highly  

significant relieve of the midline shift (p<0.000). No significant  
correlation was detected between the time interval elapsed  
between admission and the time surgery and patient outcome  

(p=0.3032), but there was also a significant correlation between  

the time interval between patient deterioration and time of  
decompressive craniectomy and patient outcome (p=0.92161).  

Conclusion:  Very strict close observation of patients with  
Malignant Middle Cerebral Artery (MMCA) infarction in the  
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Neuro ICU is highly recommended and surgery should be  

done as early as possible before the clinical deterioration of  

the brain herniation for better benefit. Decompressive craniec-
tomy could be a life-saving procedure for large hemispheric  

infarction but postoperative morbidity and quality of life are  

the main challenges. Although early surgery is recommended  
by many studies but still DC even after 48 hours may be a  
life-saving procedure for some patients especially those  

operated on within a small time window once the clinical  

deterioration has happened but the post-operative morbidity  

and quality of life are the main challenges.  

Key Words:  Middle cerebral artery – Edema – Decompressive  
craniectomy.  

Introduction  

ABOUT  ten percent (10%) of ischemic strokes  
are defined as a malignant one due to associated  
massive brain edema which is severe enough to  

produce elevated intracranial pressure and brain  

herniation [1] .  

The Middle Cerebral Artery (MCA) is the most  

common vessel affected by CVA. More distal MCA  
occlusion tends to produce milder deficits due to  
more collaterals but the most proximal blockage  
leads to widespread effects that lead to cerebral  

edema, increased intracranial pressure, and dis-
turbed conscious level that could be fatal [2] . The  
mmalignant middle artery infarction defined as an  
infarction involves more than >50 percent of MCA  

territory as defined by CT and/or MRI with an  

acute onset of corresponding clinical signs and  

symptoms [3] . Patients with malignant MCA inf-
arction rapidly deteriorate within 24 days and are  
associated with high mortality reaching up to 80%  

percent without proper management [4] . Clinically,  
patients with malignant MCA infarction may  
present with hemiplegia, aphasia, neglect, forced  
gaze deviation, and visual field defect, the mortality  
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is high due to herniation of the temporal lobe on  
the brain stem [5,6] . Radiological predictors for  
malignant edema after large MCA infarction include  

hyperdense MCA sign, hypodensity on brain CT  
involving more than >50% percent of the MCA  

territory, midline shift of the septum pellucidum  
>5mm, infarction of other vascular territories, and  
larger volume of infarction (> 140ml within 14  
hours of stroke onset) on MRI as measured by  

diffusion-weighted imaging [7,8] . Clinical predictors  
of malignant infarction are young age, female  

gender, absence of the previous stoke, and systolic  
blood pressure >180mmHg during the first 12  
hours. Decompressive craniectomy and duraplasty  

is a surgical technique involving the creation of  
extra roomy space and incision of the tight dural  

covering the brain allowing the swollen brain tissue  
to herniate outwards to reduce the Intracranial  

Pressure (ICP) and cutting the vicious circle of  

extensive edema and further infarction [9] . The  
term decompressive craniectomy was first intro-
duced by Kocher in 1901 and Harvey Cushing in  

1905 and was first utilized specifically as a more  

extensive approach for massive cerebral infarction  

in 1956 [12,13] . Over the last decades, several  

reports have shown that Decompressive Craniec-
tomy (DC) can't only reduce mortality but can also  

result in a good functional outcome especially in  

younger patients [3] . Although DC looks like a  
simple procedure but really it is not without com-
plication which includes hemorrhagic infarction,  

necrosis, hematoma ,edema at the site of craniec-
tomy, infection, seizures subdural hygroma, and  

hydrocephalus. Sinking Skin Flap Syndrome (SS-
FS) is another delayed known complication of  

craniectomy can occur when atmospheric pressure  

exceeds intracranial pressure [15] . Therefore, the  
aim of this work is to share the authors' experience  

with Decompressive Craniectomy (DC) in malig-
nant MCA infarction with a special focus on pa-
tients operated outside 48 hours after onset of  

stroke.  

Patients and Methods  

This a retrospective study of eleven 11 patients  
with malignant middle cerebral artery infarction  

operated at Neurosurgical Department, Zagazig  

University Hospital by the first author between  

January 2016 and June 2018. All cases operated  

after 48 hours of stroke onset. The cases initially  
admitted to in the stroke unit under the care of the  

Neurology Department, neurosurgical consultation  
would have proceeded and a large decompressive  

craniectomy has been performed in the event of  

neurological deterioration and radiological evidence  

of severe cerebral edema secondary to the infarction  

with the following criteria: (1) Unilateral MCA  
infarction with hypodensity >50% of MCA territory,  
(2) Midline shift more than 5mm, (3) Large volume  
of infarction > 140ml within 14 hours of stroke  
onset on brain DWMRI.  

Exclusion criteria:  
1- MCA infarction with hypodensity <50% of  

MCA territory.  

2- MCA infarction with midline <5mm.  

3- MCA infarction with other vascular territories.  

4- Bilateral infarctions.  

5- Patients with MCA infarction who received  
rtpA.  

6- Patients with a medical contraindication to  
surgery.  

The condition of the patients and the surgical  
approach discussed in detail with the relatives and  
written consent has done, stated that the condition  

is very critical and an approach is a lifesaving  

approach. The procedure performed in the study  
was in accordance with the ethical standards of  
the institutional research committee and with the  
1964 Helsinki declaration and its later amendments.  

Pre-operatively patients had routine pre-
operative laboratory investigation, serial CT brain,  
MRI, and CT angiography done in some cases, the  
following data such as (age, sex affected hemi-
sphere, admission GCS, pre-operative GCS, time  
from admission to surgery, time from deterioration  

to surgery, measurement of pre and post-operative  

midline shift, Glasgow outcome score) were col-
lected, tabulated, and analyzed.  

Surgical procedure:  Figs. (6-9) a large fronto-
tempro-parietal craniectomy (diameter >12cm)  

was performed to include the frontal, parietal, and  

temporal lobes, a large craniectomy is essential to  

avoid both incomplete releases of the pressure and  

further injury to the brain if it is forced against the  

edges of the bony skull defect. The dura was incised  

as a curvilinear dural flap in 6 cases and in 5 cases  

a stellate-shaped durotomy centered on the flap  

has done. Duraplasty performed using pericrania  
and temporalis fascia which placed overlying the  

dural defect. The infarcted brain tissue was not  
excised. Bone flap removed in all cases and im-
planted in the abdominal wall to be ready for  
cranioplasty except one case bone flap has been  
repositioned floating at the same sitting by the end  

of surgery because the patient was very critical by  
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the end of the operation. Cranioplasty was done  
in 3-6 months after discharge in most cases.  

Post-operatively:  All patients were sent to the  
neurosurgical ICU for close monitoring and man-
agement. The patients were mechanically ventilated  

to maintain mild hyperventilation and received  

medical management such as intravenous mannitol,  
steroids, diuretics, and sedative agents.  

Outcome: Using the Glasgow Outcome Scale  
(GOS), patients with GOS of 1 to 3 were included  
in the poor outcome group and patients with a GOS  
of 4 to 5 were included in the good outcome group.  

Patients' outcome was evaluated one week, one,  

three, and six months post-operatively using hos-
pital records, discharge summaries, outpatient  

notes, and telephonic interview.  

Fig. (1): Initial CT, showed minimal right MCA distribution  
hypodensity few hours after the stroke.  

Fig. (2): CT brain 2 days post stroke showed marked hypo-
density.  

Fig. (3): CT brain 5 days post stroke (pre-operative CT brain)  

showed the infarction and swelling the midline shift  
is 11.2mm and preoperative GCS 7.  

Fig. (4): Post-operative CT brain revealed improving midline  

shift and swelling on early post-operative CT brain  
(5 days post-operative).  

Fig. (5): Post-operative CT brain (one month). No midline shift ipsilateral compensatory right lateral ventricular  

dilation. Floating bone flap.  
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Fig. (6): Intra-operative photo revealed the extent of craniec-
tomy, how much the dura is tense?  

Fig. (7): Intra-operative photo showed the curvilinear opening  

of the dura, dura reflected anteriorly and inferiorly.  

Fig. (8): The dural opening in a stellate fashion. Fig. (9): Duroplasty and closure.  

Statistical analysis: Results were compared  
statistically using the SPSS program version 17  

(Chicago, IL, USA). t-test was used to compare  
different means while the Pearson Correlation  
Coefficient and R2; the coefficient of determination  

was used to find the correlation between different  
readings. When p- value is <0.05, it is considered  
statistically significant.  

Results  

In the current retrospective study, eleven pa-
tients were included (five males, six females) with  

a mean age of 57.81 ±5.96 (47-67) years. Non  
dominant hemisphere affected in 6 patients (54.5%)  

and dominant one in 5 patients (45.5%). The mean  
Glasgow Coma Score (GCS) at admission was 12±  
2.7386 while the post-operative GCS after one  

week was 11.5 ±3.144 with no significance (p-value  
0.3713 NS). The mean pre-operative Glasgow  
Coma Score (GCS) 8.5 ± 1.876 while the post-
operative GCS after one week was 11.5 ±3.144  
with significant relation (p-value 0.0133 S).  

The mean midline shift pre-operatively was  
8.27± 1.135mm while one week post-operatively,  

it was 4.36±0.979mm (p<0.000) with high signif-
icant relation. The patients' outcome at 6 months  
was the same as that at 1 and 3 months except for  

only one case of severe disability group improved  

to be in the moderate disability group.  

The mean time duration between admission  
and surgery was 3.90±0.83 (3-5) days. The mean  
time elapsed between the deterioration of the con-
scious level and surgery was 5 ±2.32 (2-10) hours.  
The patient's outcome was as follows; 3 cases died,  

3 cases had a severe disability, 2 cases had moderate  

disability, 3 cases had a minimal neurological  
defect.  

No significant correlation was detected about  

time (between admission time and time of surgery)  

and outcome (p=0.303269) but there was a highly  
significant correlation between time (between  

deterioration till the start of DC) outcome ( p=  
0.000299) (Table 2). So less duration was signifi-
cantly associated with a better outcome. There is  

also a significant correlation between pre-operative  

GCS and patients outcome (p=0.00186) so the less  
pre-operative GCS, the worse outcome of the  
patients.  
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Table (1): Patient's outcome after decompressive craniectomy.  
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Outcome  Time of evaluation  Mean ±  SD  t-test  p-value  

GCS  On admission  12±2.73 86  2.7177  0.3713 NS  
One week post  11.5±3.144  

GCS  Pre-operative  8.5± 1.876  0.9145  0.0133 S  
One week post  11.5±3.144  

Mid line shift  Pre-operative  8.27± 1.135  8.6493  <0.0001 HS  
One week post  4.36±0.979  

GCS 
 

: Glasgow Coma Scale. NS: Non-Significant.  
SD 
 

: Slandered Deviation. HS: Highly Significant.  

Table (2): Correlation between patient's outcome and time interval.  

r-test  p-value  Significant  

Time elapsed between admission and operation  –0.3425  0.303269  NS  
Time elapsed between deterioration and operation  0.8845  0.000299  HS  
Pre-operative GCS  –0.823  0.00186  S  

r  : Pearson correlation. HS 
 
: Highly Significant. 

NS : Non-Significant. S 
 

: Significant.  

Discussion  

With the best conservative treatment, the mor-
tality rates of malignant MCA infarction reaching  
up to 80% [4] . The term decompressive craniectomy  
was first introduced by Harvey Cushing in 1905  
and was first utilized specifically as a more aggres-
sive treatment for massive cerebral infarction in  

1956 [10,12] . Patient age may be an important  
variable when considering treatment with  

hemicraniectomy, younger patients may have a  

better functional outcome and decreased mortality  
than older patients as demonstrated by DECIMAL,  
HAMLET, DESTINY trials which stated also pa-
tients >60 years of age do not achieve good neu-
rologic outcome regardless of the treatment [3,16] .  
In our study, the mean age in good and poor out-
come groups was (53.66±4.54 (47-58), 62.80±2.48  
(61-67) years respectively, age in our study was  

significant concerning the outcome. The relation-
ship of midline shift in presurgical CT scan and  

prognosis has been discussed in many series which  

found no relationship between midline shift and  
outcome [17] , but others reported that midline shift 3 

 

1 1 mm is associated with poor outcome [18] . In our  
study, midline shift was significant, the mean  

midline shift was 7.71 ± 1.11 (6-9) mm in the good  
outcome group of patients and it was 9.2 ±0.447  
(9-10) mm in the poor outcome group of patients.  

It was often thought that DC must be restricted  

only to patients with non-dominant hemispherical  

strokes because the outcome would be better and  

the speech function is unaffected [19] . In contrast,  
some reports stated that no significant difference  

in outcome between patients of dominant and non- 

dominant strokes [20,21] . In our study, we found  
no significance in the outcome between Lt and Rt  
strokes. Also, we have found improvement in  
speech in one case, and this consistent with some  
studies that reported that decompressive craniec-
tomy increases leptomeningeal collaterals, brain  
perfusion, decreases the infarction size, and im-
proves the prognosis [22,23] . Timing of surgery is  
one of the most important controversial prognostic  

factors, most of the reports which discussed the  

time issue of DC reported that early or ultra-early  

intervention is the recommended option, some  

investigators found that early surgery is a good  

prognostic factor and Decompressive Craniectomy  

(DC) within 48 hours is more likely to be beneficial  

than later hemicraniectomy with no benefit noticed  

in patients operated on after 4 days of symptoms  
[16,19,25] . On the other side, some studies reported  
no significant correlation between time from ad-
mission to surgery and outcome [14,20,21] . In our  
study, although all cases were operated on after  

48 hours, there is still a good number of patients  
benefit from late surgery provided that the time  
window between the starting of the deterioration  

and the intervention is as short as possible. One  

of the most important prognostic factors we noticed  

is the time from starting deterioration to the time  

of intervention not the time interval from admission  

to surgery, cases which were done within a small  

time window gave favorable outcomes. Due to  

most of our patients referred late from neurologists  

after deterioration started already, usually, we don't  

have the choice to do DC on an early and ultra-
early basis, only we have the option to do it as  

early as the patient referred. Forty-eight hours or  
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even ninety-six hours post-stroke in cases of  

MMCAI is not a contraindication to DC, but still,  
early or ultra-early surgery is advisable.  

As demonstrated by randomized controlled  

trials DECIMAL, HAMLET trial and DESTINY  
I, II, the main benefit of hemicraniectomy for both  

younger and older patients have increased survival  
but the main problem we noticed also is not the  
survival or absolute mortality but the quality of  

life (most patients who survive are left with mod-
erate to seven disability) [3,24,26] , so we recommend  
a thorough discussion between the neurosurgeon  
and the relatives should be done about the nature  

of the approach, functional outcome and the ex-
pected delayed complication.  

Conclusion:  
Decompressive hemicraniectomy is considering  

a life-saving procedure for large hemispheric inf-
arction. Pre-operative GCS, pre-operative midline  

shift in CT brain, the time interval between the  
deterioration and the surgery was considered im-
portant prognostic factors. Although early surgery  

is recommended by many but still DC even after  

48 hours may be a life-saving procedure for some  
patients especially those operated on within a small  

time window once the clinical deterioration has  

happened.  

Recommendations:  
The surgical approach should be discussed in  

detail with the relatives to clarify that the patient  

may survive with a severe disability. Attention to  
clinical and radiological predictors of the malignant  

scenario of the stroke is very essential to operate  
early as a prophylactic procedure not to wait after  

the deterioration has happened Very strict close  

observation of patients with MMCA infarction in  
the Neuro ICU to be ready for intervention as early  
as possible once deterioration of conscious level  

decline. Number of the patients in this study is  

limited, so a large numbered randomized controlled  
study is needed.  
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