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Abstract: Objective: Many cases of large hemispheric
infarction are associated with early death due to massive
edema, increased intracranial pressure, and subsequent
uncal herniation. If medical therapy fails to lower infracranial
pressure in a stroke patient, surgical decompression by large
craniectomy may be indicated. The aim of this study was to
determine the clinical characteristics of this fatal situation,
and the results of surgical decompression.

Methods: We report a series of nine patients with large
hemispheric ischemia who were treated by decompressive
craniectomy in a 14-month period during 1999-2000.
Results: The five male and four female patients ranged in
age from 55 to 76 years (mean, 64.4 years). Five patients had
dominant, and four patients had non-dominant middle
cerebral artery infarctions. Two patients also had anterior
cerebral artery infarctions. The preoperative Glasgow Coma
Scores ranged from 5 to 10 (mean, 7). Four patients had
anisocoria, and all nine exhibited significant midline shift.
After the operation, eight patients were alive at the end of
the first month, and seven were alive after 6 months. At 6
months post-surgery, three of the survivors had Rankin
Score 3, and the remaining four had Rankin Score 4 or 5.
Conclusion: Decompressive craniectomy effectively reduces
mortality rates in patients with medically uncontrolled brain
edema caused by large hemispheric infarction. However,
functional outcome is still poor in these cases, and there is a
high probability of lifetime dependence. This risk is
particularly high in individuals older than 60 years who
have low preoperative coma scores. Early surgery and
careful patient selection may improve functional outcome
of surgical management for large hemispheric infarction.
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Ozet: Amag: Hemisferik genis enfarkth bir ok hasta yogun
odem, artmus kafa ici basinci ve bunu izleyven unkal
herniyasyonla kaybedilir. Stroklu bir hastada kafa ici
basing medikal tedavi ile dusirilemezse genis bir
kraniektomi yoluyla cerrahi dekompresyon yapilabilir.
Calismamizin amaci bu dlimciil durumun klinik
ozelliklerini ve cerrahi dekompresyon sonuglarini ortaya
koymaktir.

Yontemler: 1999-2000 yillarim kapsayan 14 ayhik bir
siirede dekompressif kraniektomi ile tedavi edilen dokuz
hastalik bir seri sunulmaktadir.

Bulgular: Grup, vaslan 55 ile 76 arasinda degisen (ort.
64,4) bes erkek, dort bayan hastadan olusmaktadir. Bes
hastada dominant, dort hastada non-dominant hemisferde
orta serebral arter (MCA) enfarkti vard. [ki hastada ise
4n serebral arter (ACA) enfarktlann MCA enfarkbtina
eklenmisti. Ameliyat éncesi Glasgow Koma Skorlan 5 ile
10 (ort. 7) arasinda degismektedi. Tiim hastalarda belirgin
orta hat sifti, dérdiinde anizokori mevcuttu. Hastalarin
sekizi ilk ay, yedisi ise altnci ay sonunda hayattaydi.
Altine1 ayin sonunda sag kalan hastalarin tigli Rankin
Skorlamasina gore 3, diger dordii ise 4 veya 5 puan aldi.
Sonug: Dekompressif kraniektomi hemisferik genis
enfarktlarda gorilen ve medikal olarak kontrol
edilemeyen yogun ddeme bagh mortalite oranlarinin
diigtiriilmesinde etkindir. Fakat fonksiyonel gikis durumu
halen kotidir ve ozellikle 60 yasin dstindeki koma
skorlan diigiik hastalarda bakima muhtag kalma olasihig
yiiksektir. Erken operasyon ve dikkatli hasta segimi
cerrahi uygulanan hastalarda fonksiyonel sonuglar
iyilestirebilir.

Anahtar Kelimeler: Serebral enfarkt, kraniektomi,
dekompressif cerrahi
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INTRODUCTION

Ischemic stroke is not only the most prevalent
condition in patients with disease of the brain, but
also the most common cause of death in these
patients. In large hemispheric infarction, massive
edema is a major problem. Many of these cases are
associated with early death due to raised intracranial
pressure, significant midline shift, and, finally, uncal
herniation. This phenomenon has been well
documented in clinical observations and autopsy
series (2,5,6,8,11,12,28,36). Hacke coined the term
“malignant MCA [middle cerebral artery] infarction”
for this condition (17). Although the reported
mortality rates for unselected groups of patients with
MCA infarction range from 30% to 60% (23,27,37),
the death rate in patients who develop malignant
hemispheric infarction is as high as 80%, even when
maximum conservative intensive care is
administered (4,6,17,32).

Decompressive craniectomy is a procedure in
which the bone on one side of the skull is removed,
and the dura is opened. Almost all studies have
stressed the life-saving nature of this procedure, but
there is no consensus on functional outcome. The
series reported to date have been relatively small,
and, because of the non-uniform nature of the studies,
the information related to patients is insufficient.
Thereis still debate about when, how, and in which
cases to use this invasive therapeutic procedure for
large hemispheric infarctions. There are dramatic
policy differences among neurosurgical clinics
around the world concerning the question of
operating on these patients.

In this study, we report on nine patients who
underwent decompressive craniectomy as treatment
for medically uncontrolled edema due to large
cerebral infarction. The aim is to contribute the
clinical characteristics of this fatal situation, and the
results of surgical decompression. Special emphasis
was placed on the relationship between preoperative
status and functional outcome in order to ascertain
patient selection criteria that may help ensure better
surgical results in future.

PATIENTS AND METHODS

We performed decompressive craniectomy in
nine patients with large hemispheric infarctions at
Trakya University Medical School Hospital during
the 14-month period from August 1999 to October
2000. Both dominant and non-dominant hemispheric
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infarctions were included in the series. Each patient
was observed and treated by a team of neurologists
and neurosurgeons. Ischemic stroke was diagnosed
by history, clinical examination, and computed
tomographic (CT) scanning. Subsequent CT scanning
was used to assess neurological deterioration and
post-surgical developments in all cases.

Patient Selection

As each patient’s condition worsened with
decreased level of consciousness, intravenous
mannitol, diuretics, and steroids were administered.
If the medical therapy failed, decompressive
craniectomy was considered in consultation with the
family. In all cases, the decision to perform
decompressive craniectomy was based on the
presence of a large space-occupying hemispheric
infarction with midline shift and compression of the
basal cisterns on CT, and on further neurological
deterioration despite maximum medical
management.

Surgical Technique

The surgical procedure involved a reverse
question mark-shaped skin flap based on the ear. A
wide craniectomy was performed removing the
frontal, temporal, and parietal bones. The dura was
opened in stellate fashion to the extent of the
craniectomy. A large pericranial graft was used to
expand the dura. The bone flap was placed in a
subcutaneous pocket overlying the abdomen for
preservation until subsequent cranioplasty. All of the
operations were performed by one of the authors
(CK) alone, or under this author’s supervision,

Clinical and Neuroradiological Data

The patients’ records were retrospectively
reviewed, and data for age, sex, infarct ctiology, and
neurological and radiological findings were
collected. Stroke etiology was determined according
to TOAST criteria (1).

CT scans were reviewed by an independent
neurologist (NT) who was blinded to follow-up
imaging and clinical details. Particular attention was
paid to early (first 12 hours) signs of infarction,
specifically early hypodensity, lateral ventricle
compression, hyperdense MCA sign (26), decreased
corticomedullary contrast (CMC) (39), and
effacement of the sylvian fissure and sulci.

For all cases, we recorded the time period
between the stroke and operation, preoperative
Glasgow Coma Scale (GCS) score (38), presence of
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anisocoria, distribution of the infarct, hemorrhagic
transformation, and midline shift at the septum
pellucidum level on subsequent CT scanning.

At4weeks and 6 months after surgery, clinical
outcome was assessed with the modified Rankin
Score (RS) to rate physical disabilities in areas of
mobility and self-care.

RESULTS

Tables [, 11, III, and TV highlight the patient
characteristics and outcomes in this series. The group
consisted of five male and four female patients whose
ages ranged from 55 to 76 years (mean, 64.4 years).
The etiology of stroke was cardioembaolism (in most
cases associated with atrial fibrillation) in six patients,
and atherothrombosis in three. Seven of the patients
had complete MCA territory infarction, and two had
internal carotid artery (MCA+ anterior cerebral
artery) infarction. The stroke affected the dominant
hemisphere in five patients, and the non-dominant

Table I: Patient characteristics

Kilmcer:  Decompressioe Craniectomty in

Large Hemigpheric Infarcion

hemisphere in four. All the patients with dominant
hemispheric infarction were global aphasic. Allnine
patients presented with severe hemiparesis, four had
forced eye and head deviation, and two had nausea/
vomiting,

Early CT scans (first 12 hours) were obtained
in seven cases. Effacement of cerebral sulci was the
most frequent sign on these scans (six of the seven
cases). Other findings were early hypodensity in
more than 50% of the MCA territory (five of seven),
effacement of the sylvian fissure (four of seven),
lateral ventricle compression (three of seven), and
decreased CMC (one of seven). None of these patients
exhibited the hyperdense MCA sign.

Concerning the timing of the operation, seven
of the nine patients deteriorated and underwent
operation between the 24" and 48" hour of ictus, and
only one did not begin to deteriorate until the 6" day.
The preoperative GCS scores were between 5 and 10
(mean, 7), and four patients had unilaterally fixed

Patient Age Sex Etiology of Stroke Distribution of Dominant/ Non-
No Infarct dominant Hemisphere
1 69 M Cardioembaolism MCA Non-dominant (R)
2 67 M Cardioembolism MCA Non-dominant (R)
3 55 M Cardioembolism MCA Dominant (L)
4 61 F Atherothrombosis MCA Dominant (R}
5 65 F Atherothrombosis MCA Dominant (L)
6 76 F Cardivembolism MCA + ACA Dominant (L)
7 67 M Cardioembolism MCA Non-dominant (R)
§ 63 E Cardioembolism MCA + ACA Dominant (L)
9 57 M Atherothrombosis MCA Non-dominant (R)
MCA: middle cerebral artery, ACA: anterior cercbral artery
Table II: Early CT signs of hemispheric infarction
Patient Early Lateral Ventricle | HMCA Decreased | Effacement Effacement of
No Hypodensity Compression Sign CMC of sulci sylvian fissure
1 Yes Yes No Yes Yes Yes
2 No No No No Yes No
3 n/a*
4 Yes No No No No No
5 Yes No No No Yes Yes
b Yes No No No Yes Yes
7 n/a*
8 No Yes No No Yes No
9 Yes Yes No No Yes Yes

n/a*: not applicable. Early (first 12 hours) CT scans were nol oblained in these cases, HMCA: Hyperdense middle
cerebral artery, CMC: Corticomedullary contrast.
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Table I11: Preoperative clinical and neuroradiological signs

Patient Preoperative Anisocoria Hemorrhagic Midline shift Time of Operation
No GCS transformation (mm)

1 7 No No 4 48™ hour
2 7 No Yes 12 48" hour
3 8 No No 15 6" day

4 7 Yes No 8 24" hour
5 5 Yes No 15 24™ hour
6 5 Yes No 12 24™ hour
7 10 No Yes 10 24" hour
8 5 Yes No 16 48" hour
9 9 No Yes 10 72" hour

GCS: Glasgow Coma Score

Table IV: Functional outcomes

Patient No Time to Cranioplasty (week) RS at 1 month post-op RS at 6 months post-op
1 12 4 4
2 12 5 5
3 23 3 3
4 14 4 4
5 12 E 4
6 n/a 6 6
7 16 3 3
8 n/a 5 6
9 14 3 3

RS: modified Rankin Score, n/a: not applicable.

and dilated pupils. All showed significant midline
shift (mean, 11 mm) at the septum pellucidum level.
Three of the patients exhibited hemorrhagic
transformation in the infarcted area.

One patient died on the third day post-surgery
due to transtentorial herniation (Case 6), and another
died in the third postoperative month due to cardiac
problems (Case 8).

Overall neurological improvement varied
among the seven survivors. Six months after the
operation, three patients had RS 3, three had RS 4,
and one had RS 5.

None of the patients who underwent
craniectomy for stroke in the speech-dominant
hemisphere were left with global aphasia. These
individuals could not talk, but they were able to
understand and communicate in a limited fashion.

The seven surviving patients returned for
elective cranioplasty, most within 3-4 months of the
original procedure.
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DISCUSSION

Severe life-threatening brain edema occurs in
approximately 10% of patients with large hemispheric
infarction (29). In these cases of malignant hemispheric
infarction, the typical clinical course is that a space-
occupying mass effect develops rapidly, and the patient
deteriorates within the first 2-4 days (35). Most of the
patients in our series deteriorated during the first 1-2
days, and four had signs of uncal herniation before
the operation. Other symptoms of large hemispheric
infarction including forced head/eye deviation and
nausea/vomiting, were present in four and two of
the individuals, respectively.

In accord with the literature, the majority (six) of
our cases of large hemispheric infarction were
associated with cardioembolism, and atherothrombosis
was the next most frequent cause (three cases) (19,35).
There are a number of characteristic early CT signs after
large vessel occlusion (18,25,26,39,41). Research has
identified early hypodensity in more than 50% of the
MCA territory and local brain swelling (sulci
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