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INTRODUCTION
schemic stroke is one of the medical emergencies
which is considered the first cause of morbidity

and the second-leading cause of death worldwide
[1]. Rapid development of fatal brain edema in
cases of Middle Cerebral Artery (MCA) infarction
is the reason to call it a “malignant” infarct [2].
Swollen infarcted brain tissue acts as mass
compressing neurovascular structures leading to
secondary ischemic injury associated with brain
herniation followed by death
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ABSTRACT
Background: The skull is a non-expandable structure like a ‘closed box’
holding constant contents of blood, water, and precious brain tissue.
Decompressive Craniectomy (DC) is a short simple life-saving procedure
directed to open the “closed box™ in patients with refractory intracranial
hypertension. Whether to do it or not, is a matter of argument as making the
right decision is a very difficult process.
This study aims to present how we selected the patients for such procedure
based on our institution experience.
Methods: 75 patients with unilateral Middle Cerebral Artery (MCA)
infarction who underwent decompressive craniectomy between 2014 and
2019 at Banha University were analyzed prospectively. The decision of
surgery was discussed with the family based on the clinical and radiological
basis. The modified Rankin Scale (mMRS) was used to evaluate the clinical
outcome.
Results: A 12-month follow-up revealed; that 30 patients had a mild
disability or good outcome, 35 patients were vegetative or severely disabled,
and 10 patients had died. Favorable prognostic factors were younger age and
preoperative GCS score (9 or higher).
Conclusion: Decompressive craniectomy in patients with unilateral MCA
infarction is a simple life-saving procedure for patients with acute refractory
elevated ICP after the failure of conservative measures to prevent fatal brain
herniation and improves cerebral hemodynamics. Early DC with the dural
expansion is more favorable in young patients. Decision-making and patient
selection for DC is an important complex procedure that should be evaluated
from many aspects. We designed Em-L.i scale and recommend it as a useful
tool to help the surgeon not to miss a hopeful patient and to avoid operating
on the patient who will not get the benefit of DC as not to decompress is also
the right decision.
Keywords; Decompressive craniectomy, Malignant infarction, Traumatic
brain injury.

prognosis is poor [3]. Despite maximal medical
treatment, 80% of MCA infarctions can lead to
death in the first 7days [4]. An alternative more
aggressive therapeutic procedure is needed for those
patients to save their lives [5].

Decompressive craniectomy (DC) is a simple
surgical procedure directed to open the skull by
removing a bone flap to relieve interactable
elevation of Intracranial Pressure (ICP) allowing the
edematous brain to shift outward instead of

therefore, the compressing neurovascular structures, preventing
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life-threatening downward herniation, avoiding
compression of the vascular structures giving the
chance to improve cerebral blood perfusion,
cerebral oxygen supply, and cerebral compliance
thus, preventing secondary brain injury [6].
This study aims to evaluate the accuracy of a scale
we proposed to assess the preoperative patients’
clinical status as well as to correlate the functional
outcome of the patients with their preoperative
scores to support the proper selection of those
patients who will get the maximum benefit from the
procedure in a trial to solve the ethical dilemma
saving life on the expense of quality.
METHODS

This clinical study is conducted from March 2014
to August 2019 at Benha University Hospital which
included 75 patients with refractory high
intracranial pressure due to unilateral MCA
Table 1: Em-Li scale.
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infarction, with involvement of at least 2/3 of MCA
territory. Complete general and neurological
examinations were done for all patients on
admission. Computed Tomography (CT) brain
scans were done initially to evaluate the pathology,
extent of midline shift, and brain edema. We used a
preoperative scale containing scored specific items
ranging from 4:12 points based on the clinical and
radiological data of each patient and we called it the
Em-Li scale (table 1).

The decision of surgery was based on the sum of
these points correlating these factors together in one
structure to give a predictive image of the
postoperative functional outcome according to the
modified Rankin Scale (mRS) (table 2). The clinical
outcome was evaluated 3-, 6-, and 12-months after
surgery based on the modified Rankin Scale (mRS)
(table 3).

Description Points
Age of the patient: < 30 years 3
31 -60 years 2
> 60 years 1
Time window™*: <12 hours =3 3
12-24 hours 2
> 24 hours 1
Preoperative GCS: 9-15 3
5-8 2
<5 1
Preoperative Mid line shift in CT brain : <5mm 3
>5-10 mm 2
> 10mm 1
Maximum score (Favorable) 12
Least score (Bad) 4
*Time window = (time between onset of symptoms and surgery)

The study was done according to The Code of
Ethics of the World Medical Association
(Declaration of Helsinki) for studies involving
humans.

Surgical technique:

After general anesthesia and positing of the patient
shaving and sterilization were done, and a large
question mark scalp incision was followed by
elevation of skin flap and dissection of pericranium
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to obtain a good dural graft for duroplasty. Then a
large front-temporoparietal decompressive
craniectomy was done. Finally, duroplasty was done
using the previously harvested pericranium
followed by the closure of the skin. Reconstruction
of the skull defect was always performed in a
second session depending on the patient’s general
condition using Titanium mesh
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The patients with GCS 3, bilateral dilated fixed pupils, or pregnant females were excluded from our study.

Description Points
Age of the patient: < 30 years 3
31 -60 years 2
> 60 years 1
Time window™*: <12 hours =3 3
12-24 hours 2
> 24 hours 1
Preoperative GCS: 9-15 3
5-8 2
<5 1
Preoperative Mid line shift in CT brain : <5mm 3
>5-10 mm 2
> 10mm 1
Maximum score (Favorable) 12
Least score (Bad) 4
*Time window = (time between onset of symptoms and surgery)

Our research has been approved by the Research
Ethics Committee (REC) of the Neurosurgery
Department, Benha Faculty of Medicine, Benha
University. Informed consent was obtained from the
legal guardians of all patients included in this study.
Statistical analysis:

The mean and Standard Deviation were used to
describe numerical data, while the frequency and
percentage were used to describe categorical data.
All statistical analyses were carried out using
Software (SPSS, Version 26.0 for Windows).

RESULTS
34 patients were females and 41 were males. The
ages ranged from 38 to 67 years with a mean age of
58 years. GCS on admission ranged from 5 to 13
with a mean score of 8. Preoperative presentations
were in form of disturbed consciousness, aphasia,
hemiparalysis, and third nerve palsy. All patients
had MCA infarction in the initial CT scan with mid-
line shifts ranging from 4- 9mm. Surgeries were
performed for 50 patients within the first 48 hours
after the insult (started from the initial symptom),
15 patients of them had been operated upon in the
first 24 hours with GCS 9-12. On the other hand, 25
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patients were operated upon after 48 hours as they
had GCS < 8 after deterioration with failure of
medical treatment.

From the collected data in table 3, we can conclude
that the less the number of points on the Em-Li
scale, the poorer the functional outcome on mRS,
the advice is not to interfere. At 12 months follow-
up, 30 patients had a good functional outcome
(mRS 1,2,3,4) and 35 patients had a poor outcome
(mRS5).

During this study 10 patients died (mRS6); 8 of
them were operated upon after clinical deterioration
and died in the Intensive Care Unit (ICU) within 2-
3weeks after surgery, and the other 2 patients died
at 4 and 5 weeks after surgery from a chest
infection.

Case (1): Female patient 65years old was admitted
to the neurology unit with GCS 9/15 and the initial
CT brain showed Rt. MCA infarction with mid-line
shift (a). Putting the patient on Em-Li scale she got
8 out of 12. So, the patient underwent DC within
24h after the initial insult (b). The patient stayed 4
weeks post-op. in ICU then discharged from
hospital with left-sided weakness.
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(1)
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a) Pre-operative CT Brain showing right side MCA infarction with midline shift.

(2)

b) Post-operative CT Brain showing right side craniectomy.

1- immediate postoperative.

2- follow up after 8 months.

Case (1): Female patient 65years old was admitted
to neurology unit with GCS 9/15 and initial CT
brain showed Rt. MCA infarction with mid-line
shift (a). Putting the patient on Em-Li scale she got
8 out of 12. So, the patient underwent DC within
24h after initial insult (b). The patient stayed 4
weeks post-op. in ICU then discharged from
hospital with left-sided weakness.

Case (2): Male patient 45 years old was admitted to

the neurology unit with GCS 11/15 and initial CT
brain showed Lt. MCA infarction with a mid-line
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shift. 12 hours later the patient deteriorated and
GCS dropped to 9. CT perfusion was done to
measure cerebral blood volume (a). He got 10 out of
12 on Em-L.i scale so, the patient underwent DC (b).
The patient had post-op. 12 days ICU follow up
then discharged from hospital with right-sided
weakness.

Limitations in our study are due to a few cases, but
we hope that future studies will be able to make use
of this scoring system selecting the appropriate
cases to solve the ethical dilemma of saving life at
the expense of quality.
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a) Pre-operative measurement of cerebral blood volume in CT perfusion images showing left side MCA
infarction with midline shift.

1) )
b) Post-operative CT Brain showing left side craniectomy.

1- immediate postoperative CT.

2- after 8 months follow up.

Case (2): Male patient 45 years old was admitted to neurology unit with GCS 11/15 and initial CT brain showed

Lt. MCA infarction with mid-line shift. 12 hours later the patient deteriorated and GCS dropped to 9. CT

perfusion was done to measure of cerebral blood volume (a). He got 10 out of 12 on Em-L.i scale so, the patient

underwent DC (b). The patient had post-op. 12 days ICU follow up then discharged from hospital with right-

sided weakness.
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Pic. (1) Intraoperatié imagé shows Pic. (2) Post-operative CT 3D reconstruction
herniation of the brain due to high ICP. of the bony skull shows the standard craniectomy.
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Table 3: Preoperative points on Em-Li scale with post-operative functional outcome after 12 months follow up.

Description Points
Age of the patient: < 30 years 3
31 -60 years 2
> 60 years 1
Time window™*: <12 hours =3 3
12-24 hours 2
> 24 hours 1
Preoperative GCS: 9-15 3
5-8 2
<5 1
Preoperative Mid line shift in CT brain : <5mm 3
>5-10 mm 2
> 10mm 1
Maximum score (Favorable) 12
Least score (Bad) 4
*Time window = (time between onset of symptoms and surgery)

DISCUSSION
Decompressive craniectomy is considered the most
common surgical procedure to open a cranial
window providing definitive relief of refractory
high ICP in cases with unilateral or bilateral diffuse
cerebral swelling [8,9]. The window will permit
outward shifting of the swollen brain tissue, thus
lowering ICP [10] as shown in the intraoperative
pic. (1). It can be applied for space-occupying
lesions such as major ischemic stroke, and cerebral
sinus venous thrombosis [11]. The value of DC was
documented to spare the ischemic but not infarcted
area in case of malignant infarction through
analyzing perfusion CT before and after DC [12].
This procedure is useful for large hemispheric
infarctions and can improve functional outcome
[13]. Different forms of DC can be applied to
decompress the brain at risk for sequelae of elevated
ICP including; subtemporal decompression,[14]
circular  decompression, [15] front-  or
temporoparietal DC,[16] large front-
temporoparietal,  bifrontal and  hemisphere
craniectomy[17]Alexander et al. found that the
space obtained via subtemporal decompression can
be ranged from 26 to 33 cm3[18] The
decompressive beneficial effect depends mainly on
the size of the created bony window. A small one
has a limited value to reduce refractory intracranial
hypertension. A more wide craniotomy as a large
front-temporoparietal craniectomy could provide
92.6 cm3 additional space (median, 73.6 cm3)[14].
We wused the large front-temporoparietal DC
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(standard trauma craniectomy shown in pic. (2)) as
Jiang et al. suggested that large craniectomy can
improve the outcome significantly in such a
procedure [19].

Yang et al. found that when the bone removal is
combined with augmentation duraplasty, the
outcome is better as the dura will act as a bag to
protect and enclose the underlying brain tissue
which can reduce the postoperative complications
(such as hydrocephalus, subdural effusion, and
epilepsy)[16].

Patient selection: Age of patient: A patient’s age is
considered one of the important predictors of the
outcome for DC. Younger patients have better
functional outcomes in comparison to older
patients[20]. Optimal recoveries can occur in
patients less than 50 years[21]. Patients older than
50 years may have other medical risk factors such
as arrhythmia, hypertension, ischemic heart disease,
and hyperlipidemia which affect the prognosis.
Therefore, old age is a significant predictor of poor
neurological as well as functional outcomes
following DC[22]. On the other hand, younger
patients with dominant hemisphere strokes treated
with DC can show improvement in their presenting
aphasia on long-term follow-up[23].

We agree with the recommendation of the American
Heart Association/ American Stroke Association
(AHA/ASA) to do DC for unilateral malignant
MCA infarction in patients with age < 60 years old
especially  those  who are  deteriorating
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neurologically and not responding to maximal
medical treatments within 48 hours[24].Younger
patients are given a high rank on our scale due to
favorable prognoses in those patients rather than
older ones.

Timing of surgery: Early or primary DC is done at
the time of mass lesion evacuation. Late or
secondary DC is done to treat the refractory ICP
after the failure of conservative measures.
Secondary DC is the most commonly applied
procedure[25]. The golden hours for surgical
interference are either before or immediately after
the (clinical/radiological) deterioration as a result of
persistent high ICP. In cases of MCA, surgery can
be done early in the first 48 hours or late on day 7
after stroke onset[26]. However, the outcome of DC
is favorable if surgery is decided before appearing
signs of herniation[27].

Matching with literature we found that early DC
prevents fatal brain herniation and improves
cerebral hemodynamics[28]. Surgical interference
beyond 48h from the onset of symptoms did not
improve any of the outcome measures[22]. Clinical
signs of deterioration or herniation can precede the
increase in ICP. So, ICP monitoring is not sufficient
alone to determine the surgical timing[29].
However, surgery is indicated if patients showed
clinical deterioration or if there are radiological
signs of significant mass effect and /or brain
herniation due to cerebral edema[30].

The time window between the onset of symptoms
and surgery is one of the important factors that
determine the functional outcome. We found that
the patient can get a better functional outcome when
DC is done during the first hours of the insult.
Clinical and Radiological data: Regarding the
clinical presentation and conscious level, we found
matching with Schwab et al., that patients with
preoperative GCS of 9 or higher exhibit better
functional outcomes than those with preoperative
GCS deteriorated to 8 or below[31]. We can
conclude from our results that the higher the GCS,
The better the functional outcome.

We agree with Andre et al, that the following
radiological findings are associated with a high
mortality rate; midline shift > 4 mm, large lesion
volume (> 50ml), submassive infarction, or massive
hemispheric infarction due to anterior, middle,
posterior cerebral arteries occlusion[32].

That’s why we document in our scale less rank for
more distance of mid-line shifting in CT brain.
Functional outcomes: Some authors document the
direct relationship between DC and raising the
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number of disabled survivors reducing the mortality
rate at the expense of quality of life. (DESTINY,
DECIMAL, and HAMLET) are the first three
European trials that defined ‘unfavorable’ outcomes
as a modified Rankin Scale (mRS) score > 3
[33].The definition of ‘unfavorable’ functional
outcome has been changed by the time to consider
mRS > 4 as an ‘unfavorable’ outcome. This is a
result of changing views of physicians as well as
patients on the quality of life after large
cerebrovascular accidents [34]. Vahedi and
colleagues found that early DC doubled the chance
of survival with a favorable functional outcome
from 21% to 43% [33].Which is comparable to our
result documenting that 40% of our patients had a
favorable functional outcome.

Finally, we document the importance to define what
is an ‘acceptable’ outcome for patients and their
families. Survival with a severe disability is the
expected outcome after DC and death is the
endpoint for patients with refractory high ICP and
brain herniation who do not undergo surgery.
Family discussion: A detailed discussion with the
patient’s family is a very important step before
doing the surgical procedure. It is vital to mention,
that despite the favorable result of DC, mortality
remains between 20% and 30%. The decision
should be made based on the balance between the
expected outcome and the patient or family’s
willingness to accept that outcome [35].A lot of
surviving patients after DC are severely disabled
needing continuous support for daily activities and
some of them are bedridden and need continuous
care.

CONCLUSION

Decompressive craniectomy in patients with
unilateral MCA infarction is a simple life-saving
procedure for patients with acute refractory elevated
ICP after the failure of conservative measures to
prevent fatal brain herniation and improves cerebral
hemodynamics. Early DC with the dural expansion
is more favorable in young patients. Decision-
making and patient selection for DC is an important
complex procedure that should be evaluated from
many aspects. We designed Em-Li scale and
recommend it as a useful tool to help the surgeon
not to miss a hopeful patient and to avoid operating
on the patient who will not get the benefit of DC as
not to decompress is also the right decision.

Conflict of interest: None.

333 |Page


https://doi.org/10.21608/zumj.2022.140525.2572

https://doi.org/10.21608/z2um;j.2022.140525.2572

10.

11.

REFERENCE
Murray, C.J. & Lopez, A.D. Mortality by
cause for eight regions of the world: Global

Burden of Disease Study: Lancet
1997,349,1269-1276.
Hacke, W., Schwab, S., Horn, M.,

Spranger, M., De Georgia, M. & von
Kummer, R. ‘Malignant’ middle cerebral

artery infarction: clinical course and
prognostic signs:. Arch Neurol, 1996,
53:309-315.

Soinne, L., Sundararajan, S. & Strbian,
D. Malignant hemispheric infarction:
diagnosis and management by
hemicraniectomy: Stroke, 2014,45:185-7.
Juttler, E., Unterberg, A., Woitzik, J., et
al. Hemicraniectomy in older patients with
extensive middle-cerebral-artery stroke: N
Engl J, Med 2014,370,1091-100.

Doerfler, A. Decompressive craniectomy in
a rat model of “malignant” cerebral
hemispheric stroke: experimental support
for an aggressive therapeutic approach: J
Neurosurg, 1996,85,853-9.

Aarabi, B., Hesdorffer, D.C., Ahn, E.S,,
Aresco, C., Scalea, T.M. & Eisenberg,
H.M. Outcome following decompressive
craniectomy for malignant swelling due to
severe  head injury: J  Neurosurg,
2006,104,469-479.

Van Swieten, J. C., Koudstaal, P.
J. Visser, M. C., Schouten, H. J. &van
Gijn,. Interobserver agreement for the
assessment of handicap in stroke patients :
Stroke 1988,19,604-607.

Schirmer, C.M., Ackil, A.A. & Malek,
A.M. Decompressive craniectomy:
Neurocrit Care, 2008,8,456-70.

Anderson, C.S., Chakera, T.M., Stewart-
Wynne, E.G. & Jamrozik, K.D. Spectrum
of primary intracerebral haemorrhage in
Perth, Western  Awustralia, 1989-90:
incidence and outcome: J Neurol Neurosurg
Psychiatr 1994,57,936-940.

Slezins, J., Keris, V., Bricis, R., Millers,

A., Valeinis, E., Stukens, J., et al.
Preliminary  results of  randomized
controlled study on  decompressive

craniectomy in treatment of malignant
middle cerebral artery stroke: Medicina
2012,48,521-4.

Ferro, J.M., Crassard, I., Coutinho, J.M.,
Canhéo, P., Barinagarrementeria, F.,

Mourad, M., et al

Volume 30, Issue 1.2, February 2024, Supplement Issue

12.

13.

14.

15.

16.

17.

18.

19.

Cucchiara, B., Derex, L., Lichy, C.,
Masjuan, J., Massaro, A., Matamala, G.,
Poli, S., Saadatnia, M., Stolz, E., Viana-
Baptista, M., Stam, J. & Bousser, M.G.
Second International Study on Cerebral
Vein and Dural Sinus Thrombosis (ISCVT
2) Investigators. Decompressive surgery in
cere-brovenous thrombosis: a multicenter
registry and a systematic review of
individual patient data, Stroke,
2011,42,2825-2831.

Shimamura, N., Munakata, A., Naraoka,
M., Nakano, T. & Ohkuma, H.
Decompressive hemi-craniectomy is not

necessary to  rescue  supratento-rial
hypertensive intracerebral  hemorrhage
patients: consecutive single-center
experience:  Acta  Neurochir  Suppl,

2011,111,415-419.

Fung, C., Murek, M., Z’Graggen, W.J.,
Kr.henbiihl, A.K., Gautschi, O.P.,,
Schucht, P., et al. Decompressive
hemicraniectomy  in  patients  with
supratentorial intracerebral hemorrhage:
Stroke, 2012,43,3207-3211.

Kessler, L.A., Novelli, P.M. & Reigel,
D.H. Surgical treatment of benign
intracranial hypertension-subtemporal

decompression revisited:
1998,50,73-76.

Clark, K., Nash, T.M. & Hutchison, G.C.
The failure of circumferential craniotomy in

Surg Neurol,

acute traumatic cerebral swelling: J
Neurosurg, 1968,29,367-371.
Yang, X.J.,, Hong, G.L. & Su, S.B.

Complications induced by decompressive
craniectomies after traumatic brain injury:
Chin J Traumatol, 2003,6,99-103.

Polin, R.S., Shaffrey, M.E. & Bogaev,
C.A. Decompressive bifrontal craniectomy
in the treatment of refractory posttraumatic
cerebral edema: Neurosurgery, 1997,41,84-
92.

Alexander, E., Ball, M.R. & Laster, D.W.
Subtemporal decompression:  radiology
observations and current experience: Br J
Neurosurg, 1987,1,427-433.

Jiang, J.Y., Xu, W. & Li, W.P. Efficacy
of standard trauma craniectomy for
refractory intracranial hypertension with
severe traumatic brain injury: a multicenter,
prospective, randomized controlled study: J
Neurotrauma, 2005,22,623-628.

334|Page


https://doi.org/10.21608/zumj.2022.140525.2572

https://doi.org/10.21608/z2um;j.2022.140525.2572

20.

21.

22.

23.

24.

25.

26.

27.

Carter, B.S., Ogilvy, C.S., Candia, G.J.,
Rosas, H.D. & Buonanno, F. One-year
outcome after decompressive surgery for

massive non-dominant hemispheric
infarction: Neurosurgery, 1997,40,1168-
1176.

Pranesh, M. B., Dinesh Nayak, S. &
Mathew, V. Hemicraniectomy for large
middle cerebral artery territory infarction:
outcome in 19 patients: J Neurol Neurosurg
Psychiatry, 2003,74,800-802.

Lu, X., Huang, B. & Zheng, J.
Decompressive  craniectomy  for  the
treatment of malignant infarction of the
middle  cerebral artery: Sci  Rep,
2014,4,7070.

Kastrau, F., Wolter, M., Huber, W. &
Block, F. Recovery from aphasia after
hemicraniectomy for infarction of the
speech-dominant ~ hemisphere:  Stroke,
2005,36,825-9.

Tanrikulu, L., Oez-Tanrikulu, A., Weiss,
C., Scholz, T., Schiefer, J., Clusmann, H.,
et al. The bigger, the better? About the size
of decompressive hemicraniectomies: Clin
Neurol Neurosurg, 2015,135,15-21.
Hartings, J.A., Vidgeon, S., Strong, A.J.,
Zacko, C., Vagal, A. & Andaluz, N.
Surgical management of traumatic brain
injury: A comparative-effectiveness study
of 2 centers:J Neurosurg, 2014,120,434-46.
Pillai, A., Menon, S.K., Kumar, S,
Rajeev, K., Kumar, A. & Panikar, D.
Decompressive hemicraniectomy in
malignant middle cerebral artery infarction:
an analysis of long-term outcome and
factors in patient selection: J Neurosurg,
2007,106,59-65.

Cho, D.Y., Chen, T.C. & Lee, H.C. Ultra-
early decompressive craniectomy for
malignant middle cerebral artery infarction:
Surg Neurol., 2003,60, 227-232.

To Cite :
Mourad, M., Rizk, A., zaghloul, A. Decompressive Craniectomy in patients with unilateral middle
cerebral artery infarction; When to decompress and when to abort?. Zagazig University Medical Journal,
2024; (327-335): -. doi: 10.21608/zumj.2022.140525.2572

Mourad, M., et al

Volume 30, Issue 1.2, February 2024, Supplement Issue

28.

29.

30.

31.

32.

33.

34.

35.

Geurts, M., van der Worp, H.B.,
Kappelle, L.J., Amelink, G.J., Algra, A.
& Hofmeijer, J. Surgical decompression
for space-occupying cerebral infarction:
outcomes at 3 years in the randomized
HAMLET trial; Stroke 2013,44,2506-8.
Schwab, S., Aschoff, A., Spranger, M.,
Albert, F. & Hacke, W. The value of
intracranial pressure monitoring in acute
hemispheric stroke. Neurology
1996,47,393-398.

Juttler, E., Schwab, S. & Schmiedek, P.
Decompressive Surgery for the Treatment
of Malignant Infarction of the Middle
Cerebral Artery (DESTINY): a randomized,
controlled trial: Stroke, 2007,38,2518-25.
Schwab, S., Steiner, T., Aschoff, A,
Schwarz, S., Steiner, H.H., Jansen, O., et
al. Early hemicraniectomy in patients with
complete middle cerebral artery infarction:
Stroke, 1998,29,1888-93.

Andre, C. & Pinheiro, R.S. The
correlation of CT findings and in-hospital
mortality after cerebral infarction: Arq
Neuropsiquiatr, 1995,53,395-402.

Vahedi, K., Hofmeijer, J. & Juettler, E.
Early decompressive surgery in malignant
infarction of the middle cerebral artery: a

pooled analysis of three randomised
controlled trials: Lancet Neurol,
2007,6,215-22.

Zhao, J., Su, Y.YY. & Zhang, Y.

Decompressive hemicraniectomy in
malignant middle cerebral artery infarct: a
randomized controlled trial enrolling
patients up to 80 years old: Neurocrit Care,
2012,17,161-71.

Juttler, E., Unterberg, A. & Woitzik, J.
Hemicraniectomy in older patients with
extensive middle-cerebral-artery stroke: N
Engl J Med, 2014,370,1091-100.

335|Page


https://doi.org/10.21608/zumj.2022.140525.2572

