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Abstract

Objective Decompressive craniectomy (DC) in patients with malignant middle cerebral artery (MCA) in-

farction is known to decrease the mortality rate. However, the functional outcomes (communication and oral

intake) of this procedure remain unclear. Most patients with malignant MCA infarction exhibit a loss of con-

sciousness, which may be principally governed by the thalamus. We herein investigated the functional out-

comes of DC at 90 days after the onset of malignant MCA infarction and their association with preoperative

thalamus deformation, which can occur due to pressure and edema.

Methods Twelve of 2,692 patients with acute cerebral infarction were diagnosed with malignant MCA in-

farction and underwent DC. We evaluated preoperative thalamus damage using brain computed tomography

and its association with communication and oral intake abilities and the modified Rankin Scale (mRS) and

Barthel index scores at 90 days after stroke onset.

Results The mRS score at 90 days was 0-4 in five patients. Seven patients could communicate immediately

after surgery, while five could do so by 90 days. Five patients were able to resume the oral intake of food at

90 days. All patients with preoperative thalamus deformation showed a poor recovery, while those with ab-

sent or slight preoperative thalamus deformation showed a good recovery.

Conclusion Patients with preoperative thalamus deformation caused by pressure and edema show a poor

oral intake and communication abilities after DC, suggesting that preoperative thalamus deformation is a pre-

dictor of poor functional outcomes after DC in patients with malignant MCA infarction.
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Introduction

Malignant middle cerebral artery infarction (MMCAI) is

an infarct of the middle cerebral artery (MCA) territory and

shows severe cerebral edema as well as herniation. MMCAI

may also involve the anterior cerebral artery (ACA) and/or

posterior cerebral artery (PCA) territories. MMCAI is a po-

tentially lethal clinical condition with poor outcomes and a

mortality rate of approximately 80% without surgical treat-

ment (1-4). Decompressive craniectomy (DC) is increasingly

being performed in patients with malignant brain ischemia

to avoid the harmful consequences of cerebral edema and

increase in the intracranial pressure (5-7), and this procedure
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has been consistently associated with a decrease in the mor-

tality rate to approximately 30% (8-11). DC is recom-

mended for patients with MMCAI in the Japanese stroke

guideline (grade A) (12), although the outcomes remain un-

clear. In general, most clinical studies have used the modi-

fied Rankin Scale (mRS) and Barthel index (BI) scores as

indicators of functional disorders after DC in patients with

ischemic infarction. However, even if the mRS score is 5

and/or BI is 0 after DC, some patients may exhibit the abil-

ity to communicate and eat. Therefore, only the mRS or BI

may be inappropriate for the evaluation of individuals un-

dergoing DC for MMCAI.

The reticular formation in the brainstem, ascending reticu-

lar activating system, nonspecific thalamus nuclei, and tha-

lamocortical projections should be intact and functional for

a fully conscious state (13). In particular, the thalamus plays

an important role in maintaining consciousness. Most pa-

tients with MMCAI exhibit a decrease level of conscious-

ness, and cerebral herniation results in preoperative thalamus

deformation caused by pressure and edema. Therefore, we

hypothesized that the severity of thalamus deformation of

MMCAI patients at the time of onset may affect the out-

comes after DC.

In this study, we investigated the communication and oral

intake abilities and motor function at 90 days after the onset

of MMCAI in 12 patients who underwent DC. In addition,

we analyzed the association of these outcomes with preop-

erative thalamus deformation.

Materials and Methods

Between April 2007 and July 2014, 2,692 patients with

acute cerebral infarction were admitted to our hospital.

Among these, 12 MMCAI patients underwent DC that was

performed according to clinical signs and symptoms, such as

progressive disturbance in consciousness, anisocoria, and

cerebral herniation, on computed tomography (CT).

We collected data regarding age, sex, clinical type, loca-

tion of the infarct, National Institutes of Health Stroke Scale

(NIHSS) scores at the time of admission, Japan Coma Scale

scores at the time of onset and before surgery, and the inter-

val (hours) between admission and DC. In addition, we ana-

lyzed the volume of the infarct area, length of the midline

shift, and thalamus deformation before surgery using brain

CT. The communication and oral intake abilities and the

mRS and BI scores were recorded at 90 days after stroke

onset.

Brain CT images with a 5 mm thickness were obtained

parallel to the orbitomeatal (OM) line. To measure the in-

farct volume, we analyzed the hypodense area on CT im-

ages using the ABC/2 technique, which is generally used to

measure the volume of an intracerebral hemorrhage. In this

technique, A is the maximum diameter of the low-density

area, B is the diameter of 90 degrees to A, and C is the

number of CT slices with infarction multiplied by the slice

thickness (14). We determined the presence and severity of

thalamus deformation at the level of the anterior horn of the

lateral ventricle and pineal gland. The affected thalamus was

compared with the contralateral one, and the thalamus defor-

mation sign (TDS) was scored using a subjective scale as

follows: 0, no deformation; 1, mild deformation; and 2, se-

vere deformation. Two authors (Y.K. and I.D.) assessed the

volume of the infarct and TDS grade independently. For the

infarct volume, we used the average value measured by the

two authors. If the TDS level was different between two

authors, then the two authors discussed the difference and

reached a consensus for the final result in each patient. A

good recovery was defined as the ability to communicate

even by gesturing after DC and at 90 days after stroke on-

set, in addition to oral intake at 90 days. Patients who did

not exhibit a good recovery were classified as the poor re-

covery group.

Statistical analysis

Age, the interval between stroke onset and DC, the mean

infarct volume on CT images, and the mean length of the

midline shift were compared between the good and poor re-

covery groups using Student’s t-tests; the status of preopera-

tive thalamus deformation was compared using the χ2 test;

and the NIHSS scores at admission and the mRS scores at

90 days were compared using the Wilcoxon test. All statisti-

cal analyses were performed using the PASW Statistics 18.0

software program (SPSS Science, Chicago, USA). Data are

expressed as the means ± standard deviations or median. A

p-value of <0.05 was considered to be statistically signifi-

cant.

Results

The Table demonstrates the characteristics of the 12 pa-

tients included in this study. There were six men and six

women with a mean age of 61.9±11.3 years (range, 38-75

years) at the time of onset. Infarction was caused by cardiac

embolism in 10 patients and arterial dissection in two.

The mRS score at 90 days after stroke onset was 0-4 in

five patients. The location of the infarct, as confirmed by

magnetic resonance imaging, was the MCA in five patients

and the ACA and MCA in seven. Infarction was right-sided

in 10 patients and left-sided in two. The median NIHSS

score at the onset of cerebral infarction was 18.5, the mean

interval between stroke onset and DC was 34.4±12.1 hours,

the mean infarction volume on CT images was 393±88 cm3,

and the mean length of deviation from the midline was 10.6

±4.3 mm. Seven patients were able to communicate immedi-

ately after surgery, while five could do so by 90 days after

stroke onset. Five patients exhibited a recovery of oral food

intake at 90 days. The median mRS and BI scores at 90

days after onset were 5 and 0, respectively. With regard to

the groups stratified by recovery, the age of patients in the

good recovery group was 56.7±12.1 years, while that of pa-

tients in the bad recovery group was 69.2±4.6 years; this

difference was significant (p<0.05). There were no differ-
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Figure　1.　Case 1. 38-year-old woman. A: A grade 0 thalamus deformation sign (TDS) at the time of 
surgery. B: No thalamus deformation is observed 2 months after decompressive craniectomy (DC). 
The patient could communicate and eat, with a modified Rankin Scale (mRS) score of 3 at 90 days 
after the onset.
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Table.　Characteristics of Patients Who Underwent Decompressive Craniectomy after Malignant Middle Cerebral Infarction.

age sex Clinical 
type

Infarction 
area

JCS at 
admission

JCS at 
surgery 

Infarction 
side

NIHSS at 
admission

Time to 
operation

Internal/ 
external 

decompres
sion

Infarct 
volume 
(cm3) 

Midline 
shift  
(mm)

TD
S

Thalamus 
deformity

Communication 
after surgery

Communication 
at 90 days

Oral 
intake at 
90 days

mRS
score 
at 90 
days 

Barthel 
index score 
at 90 days

Notes

66 M CE MCA 100 200 lt 20 24 I 412 7 1 P P P 4 20 motor aphasia

43 F CE ACA+MC
A 

200 200 lt 19 40 I 409 13 1 P P P 3 95 motor aphasia

68 M CE ACA+MC
A 

1 100 rt 15 44 I 421 12 0 P P P 4 60 

67 M AD MCA 1 300 rt 40 24 I 400 12 2 + IP IP IP 5 0 DC, pneumonia, 
tracheostomy

38 F CE ACA+MC
A 

2 30 rt 12 12 E 390 6 0 P P P 3 55 

75 F CE ACA+MC
A 

100 200 rt 24 44 I 369 14 2 + IP IP IP 5 0 DC, pneumonia, 
tracheostomy

64 F CE ACA+MC
A 

2 100 rt 14 24 I 411 8 2 + IP IP IP 5 0 DC, pneumonia, 
tracheostomy

64 F AD MCA 0 sedation rt 40 60 I+E 260 15 1 P P IP 5 0 DC, pneumonia, 
tracheostomy

65 M CE MCA 0 100 rt 18 31 E 237 0 0 P IP IP 6 0 Recurrence of 
stroke at 42 days

73 F CE ACA+MC
A 

30 200 rt 22 40 I 506 13 2 + IP IP IP 5 0 DC, pneumonia

53 M CE MCA 1 30 rt 13 31 E 356 14 0 P P P 3 75 

67 M CE ACA+MC
A 

20 200 rt 12 39 E 556 14 2 + IP IP IP 6 0 brain hernia

61.9 
±

11.3 
(mean 
± SD)

M: 6
F: 6

CE: 11
AD: 2

ACA+MCA: 7
MCA: 5

lt: 2
rt:: 10

18.5
(median)

34.4 ± 12.1 
(mean ± SD)

I: 7 
E: 4

I+E: 1

393 ± 88
(mean ±

SD)

10.6 ± 4.3
(mean ± SD)

P: 7 
IP: 5

P: 6
IP: 6

P: 5
IP: 7

5 
(median)

0 
(median)

AD: arterial dissection, AF: atrial fibrillation, CE: cardiac embolism, M: male, F: female, mRS: modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, ICA: 
internal carotid artery, MCA: middle cerebral artery, ACA: anterior cerebral artery, TDS: thalamic deformation sign, I: internal decompression/E: external decompression, DC: 
disturbed consciousness, P: possible, IP: impossible 

ences in the median NIHSS score at the time of onset, inter-

val between stroke onset and DC, volume of the infarct on

CT images, or length of midline deviation between the two

groups. All patients in the poor recovery group showed se-

vere thalamus deformation at the preoperative stage, while

those in the good recovery group showed absent or mild

thalamus deformation (Fig. 1-3).

Discussion

We investigated the functional outcomes of DC at 90 days

after the onset of MMCAI and their association with preop-

erative thalamus deformation in 12 patients. All patients

with preoperative thalamus deformation showed a poor re-

covery, while those with absent or slight preoperative thala-

mus deformation showed a good recovery. Patients who ex-

hibited a good recovery after DC tended to be younger. Pre-

vious studies reported that DC in patients with MMCAI im-

proves the survival rate at 1 year and the mRS and BI

scores (15-18). All these studies included patients aged >65

years, similar to the cohort included in our study.

The BI and mRS are the most common clinical indices

for the measurement of outcomes. A favorable outcome is

generally defined as a BI score of >60 or an mRS score of

�2 (19). However, not only physical disability but also so-

cial interaction, occupational activities, communication
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Figure　2.　Case 2. 64-year-old woman. A: A grade 2 thalamus deformation sign (TDS) before DC 
surgery. B: A low-density area is observed in the thalamus at 2 months after DC. The patient under-
went tracheostomy due to pneumonia and was unable to communicate or eat. Her modified Rankin 
Scale (mRS) score was 5 at 90 days after the onset.
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Figure　3.　Case 3. 64-year-old woman. A: A grade 1 thalamus deformation sign (TDS) before sur-
gery. B: The low-density area in the thalamus disappeared at 2 months after DC. The patient under-
went tracheostomy due to pneumonia and was unable to eat, although she could communicate using 
hand gestures. Her modified Rankin Scale (mRS) score was 5 at 90 days after the onset.

AA BB

skills, and cognitive and emotional functions must be evalu-

ated in stroke patients. We consider that good communica-

tion and oral intake abilities after craniectomy in patients

with MMCAI indicate a good recovery and treatment suc-

cess, even if the mRS score is 5 and BI score is 0. In fact,

language comprehension was poor in patients who under-

went left-sided DC. However, the communication abilities

assessed by objective means were maintained, even in the

presence of aphasia, in patients who underwent left-sided

DC.

The prediction of malignant cerebral infarction is ex-

tremely important in patients with MMCAI who are sched-

uled to undergo DC. In previous studies, severe cerebral

edema was predicted according to certain factors, including

an NIHSS score of 20, embolism in the terminal portion of

the internal carotid artery, retching/vomiting within 24 hours

after stroke onset, leukocytosis, an infarct volume more than

50% of the MCA territory on CT images, the involvement

of other blood vessels (ACA or PCA) (20, 21), and an in-

farct volume of >145 cm3 on diffusion-weighted imaging

(DWI) (22). In the present study, older age and preoperative

disturbance of consciousness were associated with a poor

prognosis. In addition, severe deformation of the thalamus

on the CT images was associated with the prognosis of

MMCAI patients undergoing DC. We consider that preop-

erative thalamus deformation is a useful predictor of postop-

erative disturbance in consciousness of MMCAI patients. In

particular, a grade 0 or grade 1 TDS indicated reversible

damage of the thalamus improvement of consciousness after

surgery and a better prognosis. However, the direct relation-

ship between preoperative thalamus deformation and the

prognosis after DC remains unknown. Although the direct

relationship of the thalamus deformation and prognosis re-

mains unclear, the thalamus dysfunction may decrease the

level of consciousness and cause aspiration pneumonia after

the onset of MMCAI. In fact, most patients with a poor

prognosis developed pneumonia after DC.

There are several limitations associated with our study. In

addition to a relatively small number of cases and our retro-

spective analysis, DC was not performed using the rigorous
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protocols of prospective studies. Additionally, a functional

and physiological analysis of the thalamus was not carried

out.

In conclusion, patients with preoperative thalamus defor-

mation caused by MMCAI showed poor oral intake and

communication abilities after DC, suggesting that preopera-

tive thalamus deformation is a useful predictor of the func-

tional outcomes after DC in patients with MMCAI. To the

best of our knowledge, no report has demonstrated the use-

fulness of TDS for the evaluation of the prognosis in

MMCAI after DC. Therefore, further analyses are necessary

to clarify the present results.
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