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Background: Malignant cerebral infarction is a well recognized disease, comprising 10-15% of all cases

with cerebral infarction and causing herniation and death in 80% of cases. Several studies reported an
improved outcome in patients presenting with malignant cerebral infarction treated by decompressive craniectomy. In
this study we are reviewing the indications and neurological outcome in patient with malignant cerebral infarction after
decompressive craniectomy and the literature reviewed.

Methods: This retrospective study included 30 patients who underwent decompressive craniectomy after malignant cer-
ebral infarction between January 2010 and April 2015 at Department of Neurosurgery Government General Hospital
Kurnool, Andhra Pradesh, India. Clinical neurological presentation was evaluated using the Glasgow Coma Scale (GCS)
and the modified Rankin Scale (mRS). The infarct territory was evaluated by CT scan and in some cases by MRI. De-
mographic characteristics included preoperative clinical condition, timing of surgery, cause, location, extent of cerebral
infarction, time delay from the onset of symptoms to surgery and preoperative signs of herniation and their relation to
the final outcome were analyzed. All patients underwent decompressive craniectomy in addition to routine aggressive
medical care. Patient outcome was assessed using Glasgow outcome scale and mRS score on discharge and follow-up
examination.

Results: There were 24 males and 6 females, with mean age 54 years. The preoperative clinical condition according to
median GCS score was of 5.5.Median mRS score on admission was 5. The time in hours to surgery after onset of symp-
toms was 6 to 48 hours with mean of 24 hours. .Twelve patients (36%) underwent early surgery (within 24 hours) and
21(66%) suffered non dominant stroke .Glasgow outcome scale score averaged more than 3. Median mRS score was 4
at follow-up examination. The overall mortality was 36% (12 patients).12 patients had favourable outcome (mRS<4)

Conclusions: Decompressive craniectomy is safe and effective method that can be life saving in patients with malignant
cerebral infarction and decrease mortality rate, improve neurological and functional outcome and decrease the long-

term disability in these patients

Introduction

Territorial middle cerebral artery infarcts are the most
devastating forms of ischemic cerebral disease. It is as-
sociated with life threatening cytotoxic oedema, with
mortality as high as 80%. The Malignant infarction is
defined as an infarction of at least two thirds of MCA
territory upward’. The incidence of malignant cerebral
infarction is 10 to 20 per100000 per year?. The aetiol-
ogy of the majority of these infarcts is cardio embolic or
thrombotic occlusion of the internal carotid artery or the
proximal segment of the middle cerebral artery (MCA) 3.
Patients with a malignant MCA territory infarction have
hemi paresis, hemiplegia, hemi sensory loss, homony-
mous hemianopia contra lateral to the site of infarction,
forced gaze deviation towards the non affected hemi-
sphere and depressed level of awareness. Non dominant
hemispheric infarctions are associated with visual, motor
and sensory neglect .Language disturbance such as flu-
ent, non fluent, and mostly global aphasia are typical for
infarctions localized to the dominant hemisphere. The
first sign of neurological decline is nausea and vomit-
ing followed by drowsiness, and papillary asymmetry.

This combination of neurological findings yields a Na-
tional Institute of Health Stroke Scale (NIHSS) score of
>15 for a right hemisphere infarction and >20 for left
hemisphere infarction. Death occurs within 5 days as a
result of brain death in the majority of patients, cardi-
ac arrhythmias and arrest, sepsis, recurrent stroke, and
pneumonia. The conventional therapies for MCA infarc-
tion are mechanical ventilation, osmotherapy, and hypo-
thermia and barbiturate administration. Decompressive
craniectomy (DC) appears to reduce mortality in pa-
tients presenting with Malignant MCA infarction to 20%
.Patients aged over 60 years and patients with speech
dominance on the infarcted cerebral hemisphere may
have poorer outcome

Clinical material and methods

All the 30 patients who underwent decompressive
craniectomy after malignant cerebral infarction between
January 2010 and March 2015 at Department of Neuro-
surgery Government General Hospital Kurnool, Andhra
Pradesh, India are included in this study. Clinical neu-
rological presentation was evaluated using the Glas-
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gow Coma Scale and the modified Rankin Scale (mRS).
The infarct territory was evaluated by CT scan and in
some cases by MRI. Demographic characteristics in-
cluded preoperative clinical condition, cause, location,
extent of cerebral infarction, time delay from the on-
set of symptoms to surgery and preoperative signs of
herniation and their relation to the final outcome were
analyzed. All patients underwent decompressive craniec-
tomy in addition to routine aggressive medical care.
Patient outcome was assessed using Glasgow outcome
scale (GOS) * and modified Rankin scale® within three
months of follow up. All patients underwent CT imme-
diately prior to surgery .Criteria for surgery included
initial CT findings consistent with a large or malignant
MCA infarction (early large parenchymal hypodensity of
more than two thirds of the MCA territory) and signs
of local brain swelling such as effacement of sulci and
compression of the lateral ventricle and deterioration of
level of consciousness. Medical treatment included fluid
haemostasis with crystalloid perfusion and standard anti-
oedema treatment such as osmotherapy. Potential risks
and benefits were discussed with the relatives of the pa-
tient .Decompressive craniectomy with a bone flap with
a diameter of at least 12 cm was performed including
the frontal temporal parietal and part of occipital bone.
After dural incision a dural patch was applied to allow
adequate brain relaxation. The bone was removed and
kept in the subcutaneous fat in the right iliac fossa until
reimplantation 3 to 6 months later. Post operatively pa-
tients were kept intubated and mechanically ventilated.
Clinical outcome was assessed by the modified Rankin
scale, and GOS during follow-up. Patients were followed
up regularly on outpatient basis after discharge from
hospital.

Results

A total of 30 patients are included in this study, there
were 24males and 6 females, with mean age of 54
years. In all patients at least two thirds of the MCA terri-
tory was infarcted preoperatively. The median preopera-
tive GCS score was 5.5. Median mRS score on admission
was 5. The duration of symptoms was 1 to 3 days with
mean of 1 day. Mean midline shift was >5 mm in 18 pa-
tients in preoperative CT scans. The interval between
admission and surgery was 6-48 hours with a mean of
24 hours (Table 1).6 patients (18%) underwent early sur-
gery (within 24 hours) and 21 suffered non dominant
stroke. The mean follow up period was 9 months. Stroke
aetiology was cardio embolic in 14 patients. The mean
duration of hospitalization was 28 days. 12 out of 30
patients died despite aggressive medical and surgical
decompression (36%), the cause of death in all patients
was intractable intracranial pressure due to infarction
process progression. Glasgow outcome scale score is
more than 3 at follow-up. Outcome in modified Rankin
scale was 4. The overall mortality in our series was 36%.
The overall surgical complications with the procedure
were 24%. In 4 patients post operative infection was di-
agnosed. In two patients post operative haematoma was
diagnosed and evacuated (Table 2).one patient devel-
oped hydrocephalus for which ventriculoperitoneal shunt
was done .one patient had inadequate decompression.
Studies in several cohorts of patients (Table 3) with ma-
lignant cerebral infarction have shown the DC can re-
duce the mortality to less than 50%.our observations
confirmed this view, as the overall mortality in our series
was 36 %.
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Table 1: A summary of demographic clinical and radio-
logical parameters

Number of patients 30
Mean age 54
Sex(male-female) 24-6
Median GCS at admission 55
Laterality(right-left) 21-9
hypertension 10
Diabetes mellitus 8
smoking 10
Aetiology of stroke ;

Cardio-embolic 14
unknown 16
aphasia 15
Midline shift > 5mm 18

Time to surgery mean 24 hours

Table 2: Analysis of outcome

Number of patients 30
Outcome in GCS scale 3
Outcome in MRS scale <4
Mortality 36%
Complications rate ; 25%
Inadequate decompression 1
Infection 4
Post operative subdural haematoma 2
Hydrocephalus 1

Rate of survival

18/30(54%)

Table 3.Descriptive studies (without control group)

w ool [ueage ool oG GRS
Fujita 1982 |10 - 8 7
Tsuruno 1983 |15 63 10 4
Sakai1998 24 64 16 -
Mania 2000 |20 17 13 -

Table 4.summary of randomized clinical trials

. Good outcome
Mortality (% o
No. of |Age, ortality (%) (%)

Study, year patients|years

surgical [medical [surgical [medical
DESTINY
2007 32 18-60|17.6 |53.0 |47.0 |27

DECIMAL 38 18-55|25.0 |77.8 |50.0 |22.2

HAMLET

2009 64 18-60|22.0 |[59.0 |25.0 |25.0

Pooled analy-
sis 2007

O

3 18-60|75.0 |[29.0 |75.0 |24.0
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Figure;1. CT scan brain showing large right MCA terri-
tory infarction with mass effect and compression of
the ventricular system

Figure ;2.Introperative photograph showing pale in-
farcted area of the brain
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Figure 3.CT scan in a 54 year old male patient who un-
derwent decompressive craniectomy for large MCA in-
farction. Note the large bone removal and the left hem-
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isphere occupying the new free space

Discussion

Hemicraniectomy has been used to treat brain swelling
and the mass effect secondary to middle cerebral artery
infarction, hemispheric encephalitis and large parenchy-
mal intracerebral hemorrhage. The procedure was first de-
scribed in 1905 by Harvey Cushing® and was first utilized
for massive cerebral infarction in 1956.The rationale of the
decompressive craniectomy treatment modality consists of
opening the skull and removal of the bone flap to allow
the oedematous brain to swell outward, thereby prevent-
ing intracranial tissue shifts and life threatening downward
herniation, relieving ventricular and vascular compression.
It is also believed to improve cerebral perfusion pres-
sure, increase retrograde flow in MCA, preserve cerebral
blood flow and prevent further ongoing ischemia.Recently
10% of the ischemic strokes are classified as malignant or
massive because of the presence of space-occupying cer-
ebral oedema that is severe enough to produce elevated
intracranial pressure and brain herniation. The most reli-
able predictors of a malignant course of large hemispheric
strokes are infarctions of more than 50% of the MCA ter-
ritory and a perfusion deficit of more than 66% on CT as
well as stroke volume in diffusion weighted imaging (DWI)
of greater than 145 ml within 14 hrs and 82 ml within 6
h of symptom onset?”’. Intracranial pressure monitoring of
greater than 25 mm of Hg has been used despite attempts
at medical therapy as an indicator for surgical intervention
.On CT parenchymal hypodensity in greater than 50% of
the MCA territory is highly indicative of a progressive clini-
cal course, leading to morbidity or death. At 32 hrs after
the occurrence of cerebral infarction a shift of the third
ventricle greater than 4 mm was indicative of fatal out-
come. Diagnosis by CT was accurate in only 33% of pa-
tients® while the accuracy of DWI to detect malignant MCA
infarction was 100% within 6 hrs of onset. Age is an im-
portant factor to consider in patient selection for surgery.
Individuals aged 50 years and younger have been identi-
fied as benefiting more from decompressive craniectomy.
These brains are less atrophied, allowing less room for oe-
dematous expansion within the cranial vault. The ventricu-
lar system in younger persons is smaller than in older per-
sons and the oedematous response to ischemia is greater
in younger individuals®. Recently three separate studies in-
vestigated the effectiveness of the decompressive craniec-
tomy after malignant cerebral infarction in controlled trials
with patients less than 61 years of age'®'121314 Generally
patients with malignant infarction deteriorate after 48 hrs
from oedema formation and death usually occurs in most
patients within 72 hours to 96hours due to transtentorial
herniation' '®.Surgery can be considered in patients with
dominant hemisphere infarction ,especially if some residual
language function is present at admission''.Involvement
of the MCA territory only likely provides the best prog-
nosis. If the anterior cerebral artery territory is addition-
ally involved, outcomes may markedly different because
of an involvement of the medial frontal lobe .Personality
change; abulia and dysexecutive syndromes are symptoms
which interact substantially with the capacity of family sup-
port to function well and can result in very poor long term
outcomes. If the posterior cerebral artery (PCA) territory
is additionally involved, vision and reading add additional
disability.PCA involvement may lead to temporal lobe in-
farction with subsequent uncal hernation."

DC involves removal of bone from one side of skull meas-
uring roughly 13 cm in the antero-posterior dimension
and from the floor of the middle cranial fossa to at least
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9 cm superiorly and simultaneously performing a gener-
ous dural opening®. Craniectomy size in diameter larger
than 12 cm is recommended. Doubling the diameter from
6 to 12 cm potentially increases the decompressive vol-
ume 9 to 86 ml?".The initial ICP values of 25 to 60 mm of
Hg decreased by 15 % when bone flap was removed and
by 70% once the dura was opened resulting in normaliza-
tion of the ICP after surgery?. A decrease of ICP allows an
increase in cerebral perfusion pressure, aiding blood flow
to the ischemic penumbra® and optimizing circulation to
the damaged area through collateral vessels. Cranioplasty
is usually performed after six weeks to six months of sur-
gery .The outcome of DC is quoted from French DECI-
MAL, (DEcompressive Craniectomy In MALignant middle
cerebral artery infarcts),German DESTINY (DEcompressive
Surgery for the Treatment of malignant INfarction of the
middle cerebral arterY ); and Dutch HAMLET (Hemicraniec-
tomy After Middle cerebral artery infarction with Life
threatening EdemaTtrial) trials®*? .The survival is improved
from 29% with medical treatment to 78% resulting in
absolute risk reduction (ARR) of 30%.Among survivors the
good functional outcome (modified Rankin Scale (mRS)
score< 4) is increased from 24% to 75% with absolute
risk reduction of 51%. The American HeADDFIRST study?
(Hemicraniectomy And Durotomy upon Deterioration From
Infarction Related Swelling Trial) AND Philippine HeMMI
trial (Hemicraniectomy for Malignant Middle cerebral artery
Infarcts) have include quality of life as a outcome meas-
ure. A pooled analysis of the 3 randomized controlled tri-
als proved that hemicraniectomy is a life saving procedure
in a favourable functional outcome when offered early to
younger patients?” "*(Table 4)

Decompressive craniectomy is not exempt from surgery re-
lated complications and morbidities.Wagner* at al reported
that 41% of patients had surgical complications. Complica-
tions include inadequate decompression, infection, haem-
orrhage, and development of contra lateral fluid collec-
tions, postoperative epidural and subdural haemorrhage as
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well as hygromas has occurred. The paradoxical cerebral
oedema after DC is attributed to possible reduction in
the interstitial pressure within the brain after decompres-
sion resulting in a greater hydrostatic pressure gradient
between the intravascular and interstitial spaces.? Delayed
sinking flap syndrome which is due to sub atmospheric
pressure, irritation of neural parenchyma at bone edges
and adhesion of brain to subcutaneous tissue. It may re-
sult in headaches, seizures and focal neurological deficits
and is typically cured by replacement of bone flap. Simi-
larly hydrocephalus may develop in delayed fashion. This
retrospective analysis of patients of patients undergoing
decompressive craniectomy after malignant MCA infarc-
tion shows similar reduction in mortality when compared to
other series.

Conclusion

Space occupying oedema after large hemispheric infarc-
tions is difficult to control with conservative intensive medi-
cal management. Decompressive craniectomy confers clear
benefit to patients presenting neurological deteriorated
malignant MCA infarction and secondary oedema. Current
evidence indicates that majority of survivors have favour-
able outcome including speech function, most patients live
with moderate to severe disability. The relatives of the pa-
tients should be explained clearly the possibility of survival
with disability before offering the surgery. Early craniecto-
my based on radiographic and clinical criteria, but before
signs of brain stem herniation, has been proposed as a
means of improving outcomes.
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