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ABSTRACT

Introduction. Malignant middle cerebral artery (MCA)
infarction occurs in about 13% of all strokes with a mortality
rate of as high as 80%. Hemicraniectomy for this condition
has been reported to result in improvement of patient's sur-
vival and long-term functional outcome. However, in our
local setting, the role of hemicraniectomy is yet to be defined.

Objective. We examined the role of hemicraniectomy for
malignant MCA infarction by reviewing the mortality and long-
term functional outcome in this group of patients.

Methods. From the Stroke Data Bank registry, we re-
viewed the data of all patients who underwent decompres-
sive surgery for malignant MCA infarction admitted from Janu-
ary 1, 1999 to January 1, 2000. Follow-up clinical evaluation
was done on all patients.

Results. There were 7 patients who underwent
hemicraniectomy: 4 males and 3 females with a mean age of
61 years (range 29 - 80 years). The common risk factors
were atrial fibrillation and valvular heart disease. Non-domi-
nant MCA territory infarction was seen in 4 patients. On
admission, the mean Glasgow score was 11 (range 9 - 14)
which deteriorated to 9 (range 6-11) prior to surgery. The
mean National Institute of Health Stroke Scale (NIHSS) score
on diagnosis was 18 (range 16 - 20) which increased to 21
(range 18-25). Overall mortality was 28%. Mean follow-
up period was 5 months (range 2-11 months) during which,
all 5 patients had improved to moderate disability. Four pa-
tients were able to walk unassisted.

Conclusion. Hemicraniectomy for malignant MCA infarc-
tion is a life-saving procedure and improves survival among
patients. In the long term, this leads to significant improve-
ment in the functional ability among survivors.
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Center Philippines. Corresponding author and reprints: Val marie S. Estrada,
M.D., Institute for Neurosciences, SI. Luke's Medical Center, 279 E. Rodriguez
Sf. Blvd., Quezon City 1102 Philippines.

Large middle cerebral artery (MCA) infarction is
a condition frequently encountered in clinical
practice. In 10-15% of cases, this is associated
with the development of massive cerebral edema

leading to increased intracranial pressure, mechanical
compression of the brain and further compromise of the
cerebral perfusion, a condition called malignant MCA
infarction. 1,2 This life-threatening condition is not widely
recognized even by some neurologists. Malignant MCA
infarction is diagnosed if a patient with hemispheric
MCA or both MCA plus anterior cerebral artery (ACA)
territory ischemic stroke develops a progressive neuro-
logic deterioration and irreversible uncal herniation from
cerebral edema.l-' Clinically, a patient presents with
dense hemiplegia, head turning and eye deviation fol-
lowed by a rapid decline in consciousness 2 to 4 days
after onset of symptoms when massive edema sets in.4,5,6

This is associated with a poor prognosis and mortality
rate as high as 80%.4,7Traditional medical therapies for
the malignant edema such as osmotherapy, hyperventi-
lation, and hypothermia have been observed to be inef-
fective." Decompressive surgery for this condition has
been the subject of recent ccntroversy.l+? Despite the
sparse literature, results of studies on hemicraniectomy
for malignant MCA infarction appear promising, with a
low mortality rate from herniation and a good long-term
functional outcome among survivors. 10,1 1,12,13

In the Philippines, the role of decompressive
surgery in malignant MCA infarction has not yet been
clearly defined. It is for this reason that only few insti-
tutions perform this procedure with St. Luke's Medical
Center having the most number of cases. In this article,
we examined the role of hemicraniectomy for malignant
MCA infarction by reviewing the mortality and long-
term functional outcome in this group of patients.

MEI1IOOOLOGY

The Stroke Data Bank is an on-going registry of all
patients 18 years and above admitted for stroke at SI. Luke's
Medical Center. From this registry, we reviewed the data of all
patients who underwent decomprerssive surgery for malignant
MCA infarction admitted from January I, 1999 to January I,
2000. Demographic variables, risk factors, clinical sign at
presentation, Glasgow coma score (GCS), and National Insti-
tute of Health Stroke Scale (NIHSS) score on admission as well
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as location of the infarct were determined. Other information
obtained were the time interval from ictus to surgery, GCS and

IHSS score immediately prior to operation and the surgical
technique used. Functional outcome was measured using the
Rankin scale with scores of 0 to 4 (moderate disablility or bet-
ter) as favorable outcome and scores of 5 to 6 (severe disability
or death) as poor outcome. Follow-up evaluation was done in
all patients either by clinic visits or through telephone commu-
nications if the patient was unable to return.

RESULTS AND DISCUSSION

A total of 651 patients were enrolled at the
Stroke Data Bank during the one-year study period.
Seven patients, out of the 11 cases of malignant MeA
infraction, underwent hemicraniectomy. These were 4
males and 3 females with a mean age of 61 years (range
29 - 80 years). The most common risk factors were a

history of atrial fibrillation documented by electrocar-
diogram seen in 3 patients and valvular heart disease in
2 patients. Another patient had severe distal internal
carotid artery stenosis by doppler sonography. One
patient had no identifiable cardiac or vascular findings
aside from a history of hypertension. Non-dominant
MeA territory infarction was seen in 4 patients while 3
had dominant MeA involvement. Table 1 summarizes
these.

On admission, the mean Glasgow score was 11
(range 9-14) which deteriorated to 9 (range 6-11) just
prior to surgery. The mean IHSS score on diagnosis
was 18 (range 16-20) which increased to 21 (range 18-
25) with 2 patients showing early sign of herniation such
as anisocoria prior to the operation. The time interval
from ictus to surgery was 48 hours (range 23-80 hours).
This is shown in Table 2.

TABLE 1. DEMOGRAPHIC VARIABLES, RISK FACTORS,
CLINICAL PRESENTATION AND LOCATION OF MALIGNANT MCA INFARCTS

AMONG PATIENTS WHO UNDERWENT HEMICRANIECTOMY

PATIENT NO. AGE/SEX RISK FACTORS CLINICAL PRESENTATION LOCATION OF INFARCT

39/M Valvular heart disease Aphasia + R-sided hemiparesis L MCA + ACA

2 68/F Atrial fibrillation Aphasia + R-sided hemiparesis L-MCA territory

3 58/F Atrial fibrillation L-sided hemiparesis + drowsiness R-MCA+ACA

4 801M Atrial fibrillation L-sided hemiparesis + drowsiness R-MCA territory

5 75/M Hypertension L-sided hemiparesis R-MCA territory

6 65/M Distal ICA stenosis L-sided hemiparesis R- leA territory

7 29/F Valvular heart disease L-sided hemiparesis R-MCA territory

TABLE 2. GLASGOW COMA SCALE, NIH STROKE SCALE ON ADMISSION
AND IMMEDIATELY PRIOR TO SURGERY, RANKIN SCALE ON DISCHARGE AND ON FOLLOW-UP

PATIENT'S NO. ON ADMISSION PRE-SURGERY RANKIN SCALE

GLASGOW NIH GLASGOW NIH ON DISCHARGE ON FOLLOW-UP

10 20 8 23 5 3

2 13 16 11 18 5 3

3 10 18 9 20 4 3

4 12 20 11 22 6 6

5 13 20 10 23 4 3

6 9 18 6 25 6 6

7 14 18 11 19 4 4
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The surgical techniques performed included
the following: wide craniectomy of at least 9 x 6 cm with
duraplasty in 5 cases and hemicraniectomy with partial
temporal lobectomy of the non-dominant hemisphere
in 2 patients. Overall mortality was 28% and remained
unchanged on last follow-up. The mortalities were due
to the two patients who died during the peri operative
period as a result of massive hemorrhagic conversion
of the infarcts.

Among those who survived, the mean length
of hospital stay was 50 days (range 32-78 days). On
discharge, 2 patients had a Rankin score of 5 (severe
disability) and 3 patients had a Rankin score of 4 (mod-
erate disability). Mean follow-up period was 5 months
(range 2-11 months) during which, all 5 patients im-
proved to a favorable outcome with 4 (80%) patients
having a Rankin score of 3 and were able to walk unas-
sisted. However, one patient with dominant hemisphere
involvement remained at Rankin score of 4 and could
only walk with assistance. All two patients with domi-
nant MCA hemispheric infarction remained globally
aphasic.

Large middle cerebral artery infarction is a
clinical entity occurring in 10-15% of supratentorial
infarctions.' In the series by Ng et al., it was well-
described that massive edema ensued within 2 to 5 days
from stroke onset resulting to uncal herniation and death.
Despite early recognition of this condition and the im-
mediate institution of medical therapy, the prognosis is
rapidly fatal. Due to a need for a more aggressive thera-
peutic approach to relieve the cerebral edema, decom-
pressive craniectomy has been tried on a small group of
patients particularly in European centers.

Hemicraniectomy was first described by
Kocher in 1901 for the treatment of post-traumatic brain
edema that was refractory to standard medical
therapy.":" The rationale for decompressive surgery is
to allow expansion of the edematous brain tissue away
from the diencephalon and midbrain." This also pre-
serves the cerebral blood flow by preventing further
collapse of other vessels which would have been other-
wise compressed by the expanding brain tissue. In ani-
mal studies, this hypothesis has been supported show-
ing a reduction in the size of infarcted tissue and a lim-
ited functional disability.":"

In the world literature, there have been several
case reports and retrospective studies documenting the
clinical value of this procedure, however report of local
experience is lacking. All foreign literature reported a
reduction in the mortality as well as a trend towards
improvement in the functional outcome.12-16,19-22 The

Heidelberg study, a large prospective trial ,documented
a 76.2% mortality despite maximal medical therapy for
those patients with malignant infarction who did not
undergo the surgical procedure. But with surgical treat-
ment, the mortality was significantly lowered to 32%
and the survivors were either independent or moder-
ately disabled." Further, younger patients seemed to
benefit more than older patients. The risk of malignant
edema in younger patients is thought to be higher due
to a larger volume of brain tissue in the cranial vault
which allows little room for swelling to occur. Schwab
and Hacke et al. in a prospective trial observed that
patients' outcome was even better when the
hemicraniectomy was done within 24 hours after symp-
tom onset as compared to the group operated on 24
hours after the appearance of the first reversible sign of
herniation."

From this study, a decrease in the Glasgow
coma scale, worsening of the deficits as measured by
the NIHSS, and early evidence of herniation were the
indications for the surgical procedure. This period of
maximal cerebral edema and presumed additional is-
chemic damage is what hemicraniectomy seeks to pre-
vent. In the absence of a local guideline, the clinical
findings mentioned above were the key points in mak-
ing the decision to operate.

Consistent with other foreign reports, our ex-
perience had demonstrated a lower mortality rate (28%)
for patients who underwent hemicraniectomy. Survi-
vors had moderate disability on follow-up, although
dominant hemisphere involvement seemed to do poorer.
This study had shown that hemicraniectomy for malig-
nant MCA infarction is a life-saving procedure and may
limit the long-term functional disability of patients.
Although it is tempting to recommend this procedure to
all patients with malignant hemispheric infarction, there
are certain issues that need to be resolved first. These
are 1) a more stringent patient selection criteria, 2) the
timing of surgery, and 3) the surgical technique that
would be most effective in relieving the cerebral edema.
A prospective randomized controlled study is being
undertaken locally to address these issues and to fur-
ther define the role of hemicraniectomy for malignant
infarction.

CONCLUSION

Hemicraniectomy for malignant MCA infarc-
tion is a life-saving procedure and clearly improves
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Motor Response 6 obeys DEFINITION GRADE
5 localizes

No symptoms 0
4 withdraws

Minor symptoms which do not interfere with lifestyle;
3 flexor response to pain able to carry out all duties of daily living

2 extensor response to pain Minor handicap-symptoms which lead to some restriction in

no response
lifestyle but do not interfere with the patient's capacity to
look after themselves; 2

Verbal response 5 oriented unable to carry out some previous activities;
but able to look after own affairs without assistance

4 confused
Moderate handicap-symptoms which significantly restrict

3 inappropriate response lifestyle and prevent totally independent existence; 3

2 incomprehensible verbal output
Requiring some help, but able to walk without assistance

Moderately severe handicap-symptoms which clearly pre-
no response vent independent existence though not needing constant

Eye opening 4 spontaneous
attention; 4
unable to walk without assistance & unable to attend to own

3 to speech bodily needs without assistance

2 to pain Severe handicap- totally dependent requiring constant
attention night and day; bedridden, incontinent, requiring 5

t sing£a[!L,~ttention

ITEM RESPONSE SCORE
1A Level of Consciousness Alert 00

Drowsy 01
Obtunded 02
Unresponsive 03

1B Answers Both correctly 00
Questions Answers one correcUy 01
(whal monlh and AGE) Answers neither correctly 02

lCCommands Perform bolh lask correctly 00
(RAISE HANDS & CLOSE Performs one task correctly 01
EYES) Performs neither task 02

2. Gaze Normal 00
(LOOK LEFT & RIGHT) Partial Gaze palsy 01

Total Gaze Palsy 02

3. Visual Fields No visual loss 00
Partial hemianopsia ot
Complete hemianopsia 02
Bilateral hemianopsia 03

4. Facial Palsy Normal 00
Minor paralysis 01
Partial paralysis 02
Complete paralysis 03

5. Motor arm R L
No drift 00 00

a. Left Drift before 10 seconds 01 01
b. Right Falls before 10 seconds 02 02.

No effort against gravity 03. 03
No movement 04 04

6. Molar Leg R L
No drift 00 00

a. Left Drift before 5 seconds 01 01
b. Right Falls before 5 seconds 02 02

No effort against gravity 03 03
No movement 04 04

7. Ataxia Absent 00
One limb 01
Two limb 02

8. Sensory Normal 00
Mild loss 01
Severe Loss 02

9. Language Normal 00
Mild aphasia 01
Severe aphasia 02
Mule or global aphasia 03

10. Dysarthria Normal 00
Mild 01
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survival among patients with, an otherwise, fatal condi-
tion despite maximal medical therapy. In the long term,
this leads to improvement in the functional ability among
survivors.
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