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with Malignant Hemispheric Infarction
Youngseok Kwak1, Byoung-Joon Kim2, Jaechan Park2
1
Department of Neurosurgery, School of Medicine, Catholic University of Daegu; 2Department of Neurosurgery,
School of Medicine, Kyungpook National University, Daegu, Republic of Korea

Objective : The authors applied maximum external decompression for malignant hemispheric infarction and investigated the functional outcome according to the patient age.
Methods : Twenty-five patients with malignant hemispheric infarction were
treated using a hemicraniectomy with maximum external decompression,
comprising a larger (>14cm) hemicraniectomy, resection of the temporalis
muscle and its fascia, spaciously expansive duraplasty, and approximation
of the skin flap. The medical and diagnostic imaging records for the patients were reviewed, and 1-year functional outcome data obtained for
the younger group (aged ≤ 60 years) and elderly group (aged > 60 years).
Results : The patients (n=25) who underwent maximum surgical decompression revealed a minimal mortality rate (n=2, 8.0%). The patients
(n=14) in the younger group all survived with mRS scores of 2 (n=1,
7.1%), 3 (n=7, 50.0%), 4 (n=3, 21.4%), or 5 (n=3, 21.4%). A majority of
the younger patients (57.1% with mRS ≤3) lived with functional
independence. When the 1-year mRS scores were dichotomized between
favorable (mRS ≤3) and unfavorable (mRS ≥4) outcomes, the younger
group had significantly more patients with a favorable outcome than the
elderly group (57.1% versus 9.1%, p=0.033). In contrast, in the elderly
group, most patients showed unfavorable outcomes with the mRS scores
of 4 (n=5, 45.5%), 5 (n=3, 27.3%), or 6 (n=2, 18.2%), whereas only one
patient showed favorable outcome (mRS 3). A majority of the elderly patients (45.5% with mRS 4) survived with moderately severe disability.
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Conclusion : For malignant hemispheric infarction, a hemicraniectomy
with maximum external decompression was found to considerably increase survival with a favorable outcome in functional independence
(mRS ≤3) for younger patients aged ≤60 years. It can be optimal surgical treatment for younger patients.
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This is an Open Access article distributed under the
terms of the Creative Commons Attribution NonCommercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

the internal carotid artery (ICA) or proximal middle
cerebral artery (MCA) has a high mortality related to

Despite any medical treatment, malignant hemi-

massive brain swelling and cerebral herniation.13)

spheric infarction induced by acute occlusion of either

However, surgical decompression with a hemi-
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craniectomy is an efficient way to reduce the risk of

score at admission, preoperative infarct volume as

fatal cerebral herniation by allowing the infarcted

shown on CT scans, and time interval between ische-

2-4)6)8)12)14)

swollen brain to expand outside the cranium.

mic stroke and surgical decompression.

The positive effects of decompressive surgery for ma-

In addition, the 1-year functional outcome data was

lignant hemispheric infarction were approved based

obtained based on documentation from follow-up vis-

8)14)

its to the outpatient clinic or a simplified mRS ques-

on the recent multi-center randomized clinical trials.

However, the surgical techniques applied in these

tionnaire conducted over the phone by an independent

recent clinical trials, comprising a hemicraniectomy

observer (B.K.).1) A favorable or unfavorable func-

with a diameter >12cm, expansive duraplasty, and

tional outcome was determined based on a dichoto-

approximation of the temporalis muscle and skin flap,

mization of the mRS score, 0 (no symptoms at all) to

would seem to be suboptimal for maximizing external

3 (moderate disability) and 4 (moderately severe) to 6

5)7)8)15)

herniation of infarcted brain tissue.

Accordingly,

the authors applied maximum external decompression
for malignant hemispheric infarction, comprising a
larger (>14cm) hemicraniectomy, spaciously expansive
duraplasty, resection of the temporalis muscle and its
fascia, and approximation of the skin flap. The functional outcome was then investigated and compared
with the historical control using a conventional surgical technique.

MATERIALS AND METHODS
Patient population and data collection
From January 2011 to December 2014, 25 patients
with malignant hemispheric infarction were treated
using a decompressive hemicraniectomy with resection
of the temporalis muscle at the authors’ institution.
The inclusion criteria for this study included 1) age ≥
20 years, 2) acute ischemic stroke in the MCA territory, with or without additional infarction in the territory of the ACA or PCA, 3) occlusion of either the
ICA or proximal MCA, 4) maximum external decompression with resection of the temporalis muscle and
fascia, 5) timely operation without delay, and 5) evaluation of the 1-year functional outcome using mRS.
Meanwhile, the exclusion criteria included 1) acute infarction in the whole cerebral hemisphere and 2) bilateral fixed dilated pupils.
The medical and diagnostic imaging records for the
patients were reviewed, including the demographics,
clinical characteristics, GCS score at admission, NIHSS

(death), respectively.
Maximum external decompression
Timely surgical decompression was performed. The
operation was done before or immediately after any
neurological deterioration related to brain swelling,
including an altered consciousness level, pupil asymmetry, and aggravated hemiparesis.9)13)
The surgical technique used to achieve maximum
external decompression was previously reported as a
technical note by the current authors.10) The scalp is
elevated using a large question-mark incision with a
posterior limit of 5 cm from the external auditory
canal. The temporalis muscle and its fascia are then
resected at the level of the zygomatic arch. This reduces the temporal lobe compression from the swollen temporal muscle and augments the expansibility
of the extradural soft tissue for free external herniation of the swollen brain (Fig. 1).
The hemicraniectomy involves the removal of a
large fronto-temporo-parietal bone flap with a posterior limit of 5 cm from the external auditory canal and
superior limit of 2 cm from the midline. The anteroposterior diameter of the bone flap should be larger
than 14 cm.
Following a stellate-shaped dural incision, expansive
duraplasty is performed spaciously using an artificial
dura substitute. The infarcted brain tissue is not removed except in extremely severe cases, such as severe hemorrhagic transformation or whole hemispheric infarction. Meticulous hemostasis and place-
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without statistical difference as regards patient gender, the occluded vessel, time interval between stroke
onset and the craniectomy, GCS at admission, NIHSS
at admission, and preoperative infarct volume on CT
scans. The younger patient population consisted of 10
men (71.4%) and 4 women (28.6%), while the elderly
patient population consisted of 4 men (36.4%) and 7
women (63.6%).
At admission, the GCS scores ranged from 8 to 15
(mean±SD: 12.0±2.7) for the younger group and also
from 8 to 15 (mean±SD: 11.5±2.8) for the elderly
group, while the NIHSS scores ranged from 15 to 25
Fig. 1. Intraoperative photograph showing hemicraniectomy with
maximum external decompression. The temporalis muscle (arrows)
and its fascia are cut at the level of the zygomatic arch.

(mean±SD: 18.9±3.0) for the younger group and from
15 to 33 (mean±SD: 19.3±5.5) for the elderly group.
Based on the preoperative CT scans, the assessed infarct volume ranged from 170 mL to 362 mL (mean±SD

ment of closed suction drains are performed to pre-

: 276.7±57.6 mL) for the younger group and from 185

vent a postoperative subgaleal hematoma, and the

mL to 380 mL (mean±SD : 273.5±68.7 mL) for the eld-

overlying skin is approximated.

erly group.

Statistical analysis
The statistical analyses were performed with the aid

immediately after neurological deterioration due to

of commercially available statistics software (SPSS
version 19.0; IBM Corp., New York, United States).
The statistical tests used to determine the significance
of the differences in the variables are listed in the data tables. The results were considered significant for
probability values less than 0.05.

RESULTS
Patient characteristics
A summary of the patient characteristics, including

Decompressive surgery was performed before or
brain swelling. For the younger group, the time interval between stroke onset and the craniectomy ranged
from 19 hrs to 79 hrs (mean±SD : 38.7±19.8 hrs), with
the operation occurring within ≤48 hours in the case
of 10 patients (71.4%) and >48 hours in the case of 4
patients (28.6%). Meanwhile, for the elderly group,
the time interval between stroke onset and the craniectomy ranged from 18 hrs to 73 hrs (mean±SD :
34.8±18.8 hrs), with the operation occurring within ≤
48 hours in the case of 8 patients (72.7%) and >48
hours in the case of 3 patients (27.3%).

the clinical and radiological characteristics, and 1-year

1-year functional outcomes

functional outcomes, is shown in Table 1. The patients

The patients (n=25) who underwent maximum sur-

were grouped into younger (age ≤60 years) and eld-

gical decompression revealed a minimal mortality rate

erly (age >60 years) patients. It enabled us to compare

(n=2, 8.0%). The reduced mortality resulted in surviv-

the results with the previous reports in literature.8)14)

al with or without functional independence.

The mean age of the younger group was 47.6±8.9

The patients (n=14) in the younger group all sur-

years (range, 31-59 years), while a mean age of the

vived with mRS scores of 2 (n=1, 7.1%), 3 (n=7,

elderly group was 67.0±3.9 years (range, 61-73 years).

50.0%), 4 (n=3, 21.4%), or 5 (n=3, 21.4%). A majority

The younger and elderly groups were well matched

of the younger patients (57.1% with mRS ≤3) lived
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Table 1. Characteristics and 1-year functional outcomes for infarcted patients after hemicraniectomy with maximum external decompression
No. (%) of Patients
Patient Characteristics

Aged ≤ 60 years
(n=14)

Aged > 60 years
(n=11)

10 (71.4)
4 (28.6)

4 (36.4)
7 (63.6)

7 (50.0)
7 (50.0)

4 (36.4)
7 (63.6)

2 (14.3)
12 (85.7)

4 (36.4)
7 (63.6)

38.7±19.8
19-79

34.8±18.8
18-73

12.0±2.7
8-15

11.5±2.8
8-15

18.9±3.0
15-25

19.3±5.5
16-33

276.7±57.6
170-362

273.5±68.7
185-380

8 (57.1)
6 (42.9)

1 (9.1)
10 (90.9)

Gender
Male
Female
Infarcted hemisphere
Dominant side
Non-dominant side
Occluded vessel
ICA
Proximal MCA
Time interval between stroke onset and craniectomy
Mean±SD (hrs)
Range (hrs)
GCS at admission
Mean±SD
Range
NIHSS at admission
Mean±SD
Range
Preoperative infarct volume on CT scans
Mean±SD (mL)
Range (mL)
1-year mRS
0-3
4-6

p Value*
0.116‡
0.042‡
0.350‡
0.622†
0.688†
0.811†
0.914†
0.033‡

CT : computed tomography, DW : diffusion-weighted, GCS : Glasgow Coma Scale, mRS : modified Rankin Scale, NIHSS : National
Institutes of Health Stroke Scale, SD : standard deviation.
*
Boldface p values indicate significance.
†
t-test.
‡
Chi-square test.
§
Fisher’s exact test.

Table 2. Comparison between the present study and representative recent clinical trials*
Pooled analysis14) (Age ≤60 y)
mRS

Conservative Treatment
(n = 42)

0-2
3
4
5
6

1
8
1
2
30

(2)
(19)
(2)
(5)
(71)

Surgery
(n = 51)
7
15
16
2
11

(14)
(29)
(31)
(4)
(22)

DESTINY II Trial8) (Age >60 y)

Current Data
Surgery Age ≤60 y
(n = 14)
1
7
3
3
0

(7)
(50)
(21)
(21)
(0)

Surgery Age >60 y
(n = 11)
0
1
5
3
2

(0)
(9)
(46)
(27)
(18)

Surgery
(n = 47)
0
3
15
9
20

(0)
(6)
(32)
(19)
(43)

Conservative Treatment
(n = 62)
0
3
7
5
47

(0)
(5)
(11)
(8)
(76)

mRS = modified Rankin Scale.
＊Values in parentheses are percentage of patients.

with functional independence. When the 1-year mRS

with mRS 4) survived with moderately severe disability.

scores were dichotomized between favorable (mRS ≤
3) and unfavorable (mRS ≥4) outcomes, the younger
group had significantly more patients with a favorable outcome than the elderly group (57.1% versus
9.1%, p=0.033).

DISCUSSION
The surgical outcome of a hemicraniectomy for malignant infarction was improved when using techni-

In contrast, in the elderly group, most patients

ques to obtain maximum external decompression in

showed unfavorable outcomes with the mRS scores of

comparison with the clinical trials using a conven-

4 (n=5, 45.5%), 5 (n=3, 27.3%), or 6 (n=2, 18.2%),

tional surgical technique. In addition, this positive ef-

whereas only one patient showed favorable outcome

fect on the functional outcome was particularly sig-

(mRS 3). A majority of the elderly patients (45.5%

nificant for younger patents aged ≤60 years (Table 2).
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A pooled analysis of three European randomized con-

Qureshi et al.11) on the timing of neurological deterio-

trolled trials by Vahedi et al.14) for infarcted patients

ration after massive MCA infarction. In their study,

aged ≤60 years revealed that a hemicraniectomy re-

one third of the patients suffered neurological deterio-

duced mortality (71% versus 22%) and increased the

ration within 24 hours, another third deteriorated

number of patients with a favorable outcome (21%

24-48 hours after stroke onset, and the remaining pa-

versus 43%) when compared with conservative

tients showed later deterioration on day 3-6. The

treatment. In the current study, maximum external

brain swelling and herniation after hemispheric in-

decompression for patients aged ≤60 years showed

farction are affected by delayed spontaneous recanali-

0% mortality and a further increased number of pa-

zation of the occluded vessel, hemorrhagic trans-

tients with a favorable outcome (57%) when com-

formation of the infarcted brain tissue, and the fluid

pared with the pooled analysis.

volume state of the patient. Thus, the appropriate tim-

For elderly patients aged >60 years, a randomized

ing for surgery is not simply 24 or 48 hours after

controlled trial (DESTINY II) by Jüttler et al. revealed

stroke onset. Surgical decompression should be per-

that a hemicraniectomy reduced mortality when com-

formed at the time point before any neurological dete-

pared with conservative treatment (76% versus 43%),

rioration related to brain swelling or immediately af-

yet did not increase the number of patients with a fa-

ter the deterioration in a reversible state.

vorable outcome when compared with conservative

The cosmetic problems caused by resection of the

treatment.8) The surgery increased the number of pa-

temporalis muscle were minimized using a MEDPOR

tients with moderately severe disability (mRS 4; 11%

implant (MEDPOR FLEXBLOCK TF2; Porex Surgical,

versus 32%). In the current study, maximum external

Inc.) during cranioplasty.10) There were no wound

decompression further decreased the mortality (18%),

problems or surgical site infections in all our cases.

while further increasing the number of patients with

The current study has several important limitations.

mRS scores of 4 (46%) when compared with the

First, it was based on a retrospective review of a

DESTINY II trial. Notwithstanding, there was no in-

small case series from a single institution. Second, the

crease in the number of patients with a favorable out-

surgical results were compared with a historical

come (mRS ≤3).

control. However, the results of our study shed light

When compared with a conventional decompressive

on the positive effects of the maximum external de-

hemicraniectomy, the maximum external decompression

compression technique for younger patients. A larger,

used in the present study was achieved based on the

prospective randomized study is warranted.

following technical points: 1) larger hemicraniectomy
>14 cm, 2) resection of the temporalis muscle to avoid
its compression of the temporal lobe, 3) resection of

CONCLUSIONS

the inelastic temporalis fascia to increase the ex-

For malignant hemispheric infarction, a hemi-

pansibility of the extradural soft tissue, 4) spacious

craniectomy with maximum external decompression

expansive duraplasty to accommodate further ag-

was found to considerably increase survival with a fa-

gravation of brain swelling, and 5) meticulous hemo-

vorable outcome in functional independence (mRS ≤

stasis to avoid a postoperative subgaleal hematoma

3) for younger patients aged ≤60 years. It can be opti-

that would reduce the decompressive effect of the

mal surgical treatment for younger patients.

surgery.
The concept of timely surgery used in this study is
based on the results of the observational study by
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