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INTRODUCTION
 
Clinical outcome after stroke has been extensively investigated 

in other previous studies1,5,6,9,10). However, few studies have fo-
cused on large cerebral infarctions. Various prognostic factors, 
such as age, diabetes mellitus (DM), hypertension, physical inac-
tivity, cardiac disease, recurrent stroke, stroke subtype, stroke se-
verity, stroke unit care, and depression have been identified1,5,9,10). 
In particular, functional status is considered to be a critical fac-
tor that can predict long-term survival. Most previous studies 
have used the modified Rankin Scale (mRS) grade at three 
month or six month after stroke4,11). However, in most large 
stroke studies, data from both hemorrhagic and ischemic stroke 
were combined, and stroke of varying severity based on radio-
logical findings were included1-7).

In addition, few studies have investigated the relationship be-
tween prognosis and clinical factors in the acute phase of stroke. 
Therefore, we investigated the prognostic factors for “large cere-
bral infarction” in the acute phase (=after one month of infarc-
tion) and retrospectively evaluated life expectancy after a large 
cerebral infarction.

MATERIALS AND METHODS

 Between June 2003 and October 2008, 2,975 consecutive pa-
tients with stroke were managed at our hospital. Among them, 
178 patients (5.98%) suffered a large cerebral infarction, which 
was defined as an infarction that involved one or more of the 
middle cerebral artery (MCA) division territories and/or the 
anterior or posterior cerebral artery (ACA or PCA). A total of 
122 patients were included in the current study after excluding 
patients with the following characteristics : death within one 
month after the stroke (n=29); intracerebral hemorrhage or 
subarachnoid hemorrhage after intravenous and/or intra-arte-
rial thrombolysis (n=11); reduced life expectancy because of a 
severe medical comorbidity such as cancer or a previous stroke 
(n=9); treatment refused by any relatives (n=4); other vascular 
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disease, such as moyamoya disease (n=2); and lost follow-up af-
ter discharge (n=1).

All patient data were obtained from hospital charts and radio-
logical studies and were collected in accordance with the case re-
cord form that was approved by the institutional review board. 
The level of function one month after stroke onset was assessed 
by the mRS grade. Prognostic factors, such as age, radiological 
findings, treatment modality, and stroke risk factors were col-
lected. Any data that were missing from the medical records be-
cause a patient was lost to follow-up were obtained through a 
telephone interview with the patient or his or her relatives.

Statistical analysis
We measured the survival curves with the Kaplan-Meier prod-

uct limit technique and the Log Rank test for univariate analy-
sis. We also performed univariate and multivariate analyses of 
risk factors with Cox proportional hazard model. We used means 
± SD rather than median values. Categorical variables were re-
corded using numbers and percentages. Overall survival was 
defined as the time interval between the date of stroke onset 
and the date of death or the most recent evaluation. Data from 
patients who were dead at one month after an infarction were 
not entered in this analysis to investigate the impact of func-
tional status on subsequent survival. The results are presented 
as corresponding 95% confidence intervals and outcome with a 
p value<0.05. All statistical analyses were performed using 
SPSS®, version 12.0 (SPSS Inc., Chicago, IL, USA).  

RESULTS
 
The mean survival of all 122 patients was 41.7 ± 2.8 months, 

and the survival curve is illustrated in Fig. 1 (Fig. 1).

Epidemiological factor
Of the 122 patients, 64 (52.5%) were male with a mean sur-

vival of 46.1±3.6 months, whereas 58 (47.5%) were female with 
a mean survival of 35.7±3.9 months; however, this difference 
was not statistically significant (p value=0.936). 

Of the 122 patients, 71 (58.2%) were older than 70 years old, 
and 51 (41.8%) were younger than 70 years old. The mean sur-
vival of the older patients (≥70 years) was 29.7±3.4 months, 
whereas that of the younger patients (<70 years) was signifi-
cantly longer, as 58.9±3.2 months (p value=0.000). Life expec-
tancy based on age is illustrated in Fig. 2 (Fig. 2).

Past medical history and comorbidity
The past medical history and comorbidities of the 122 pa-

tients were distributed as follows : 75 (61.5%) had a history of 
hypertension, 61 (50.0%) had atrial fibrillation (AF), 29 (23.8%) 
had heart failure, 29 (23.8%) had DM, 28 (23.0%) had previous 
stroke, 24 (19.7%) were smokers, and 19 (15.6%) had dyslipid-
emia. The mean survival based on these factors showed no sta-
tistically significant differences (Table 1).

Functional status and survival
Of the 122 patients, 85 (69.7%) experienced a poor functional 

outcome (mRS≥4) at one month after the onset of stroke, where-
as 37 (30.3%) experienced a good functional outcome (mRS≤3). 
The mean survival of the poor outcome group was 33.9±3.3 
months, whereas that of the good outcome group was 58.6±2.6 
months (p value=0.000). Life expectancy based on mRS is pre-
sented in Fig. 3 (Fig. 3).

Fig. 1.  Kaplan-Meier survival curve; a total of 122 patients. Fig. 2. Kaplan-Meier survival curve based on age (older and younger 
than 70 years) (p value=0.000).
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Treatment modality and survival
Table 1 shows relation between treatment modality and sur-

vival period. We classified treatment modalities into four cate-
gories; conservative treatment, successful intra-arterial throm-
bolysis, failed intra-arterial thrombolysis, and decompressive 
craniectomy.  Intravenous injection of tissue plasminogen acti-
vator was included in conservative treatment. There were no 
overlapped patients among these four categories and no statisti-
cal difference was found between treatment modalities and sur-
vival period (p value=0.398). However, decompressive craniec-
tomy group revealed the longest mean survival time (46.7 
months) among four treatment modalities (Table 1).

Dominant hemisphere and survival
Right to left hemisphere ratio was 72 (59%) : 50 (41%), but 

there was also no statistical difference of survival period between 
two groups (p value=0.425) (Table 1).

Infarction size and survival
We classified into seven categories by infarction size (Table 2). 

No statistical difference was found between each seven group and 

Table 1.  The factors that are likely to affect the mean survival

Factor N (%) Mean ± SD (months) p value
Sex Male 64 (52.5) 46.1±3.6 0.936

Female 58 (47.5) 35.7±3.9
Age <70 51 (41.8) 58.9±3.2 0.000

≥70 71 (58.2) 29.7±3.4
mRS ≤3 37 (30.3) 58.6±2.6 0.000

≥4 85 (69.7) 33.9±3.3
Treatment modality Conservative treatment 82 (67.2) 38.6±3.4 0.398

Successful IA thrombolysis 18 (14.8) 38.8±5.0
Decompressive craniectomy 17 (13.9) 46.7±6.4
Failed IA thrombolysis 5 (4.1) 35.8±7.8

Dominant lobe Right 72 (59.0)   24.2±17.7 0.425
Left 50 (41.0)   21.5±17.2

Hypertension + 75 (61.5) 41.4±3.7 0.989
- 47 (38.5) 40.3±4.0

AF + 61 (50.0) 36.3±3.7 0.172
- 61 (50.0) 45.9±3.8

Heart failure + 29 (24.0) 27.8±4.3 0.197
- 92 (76.0) 45.6±3.1

DM + 29 (23.8) 35.4±5.2 0.259
- 93 (76.2) 43.4±3.2

Previous stroke + 28 (23.1) 27.7±4.4 0.314
- 93 (76.9) 44.7±3.1

Smoking + 24 (20.0) 49.1±6.2 0.241
- 96 (80.0) 39.1±2.9

Dyslipidemia* + 19 (15.7) 30.5±6.1 0.071
- 102 (84.3) 44.3±3.1

*Total cholesterol >200 mg/dL. ACA : anterior cerebral artery, AF : atrial fibrillation, DM : diabetes mellitus, IA : intra-arterial, MCA : middle cerebral artery, mRS : modi-
fied Rankin Scale, PCA : posterior cerebral artery, SD : standard deviation

Fig. 3. mRS-based Kaplan-Meier survival curve one month after stroke 
(p value=0.000).
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survival period (p value=0.283). We also compared survival peri-
od among three different MCA territorial groups; superior divi-
sion, inferior division, and total MCA territory, but no statistical 
difference was found (p value=0.791) (Table 2). However, signifi-
cant difference was detected between (MCA only group) and (to-
tal MCA territory+ACA/PCA territory group) (p value=0.021) 
(Table 2).

Cause of death
Of the 122 patients, 47 patients (38.5%) were dead during fol-

low-up period. The causes of death were as follows; cerebral in-
farction itself in four (8.5%), pneumonia in 35 (74.5%), sepsis due 
to bedsore in one (2.1%), sepsis due to urinary tract infection in 
one (2.1%), and others in six patients (12.8%, heart problem in 
four, liver disease in one, bowel perforation in one patient). Pneu-
monia was the most common cause of death among patients 
with a large cerebral infarction.

DISCUSSION

We performed the first study that investigated the early influ-
ence of disability level at one month after a large cerebral infarc-
tion. The idea to evaluate functional status at one month after 
stroke was primarily based on preventing follow-up loss of the 
patients and on the thinking that what would the result of func-
tional status one month after stroke. Several studies have re-
ported the correlation between functional outcome at three or 
six months after stroke and long-term survival4,11,13). Eriksson et 
al.4) reported that the functional outcome three months after 
stroke is an independent predictor of poor survival. Slot et al.11) 
also reported that functional status six months after an isch-
emic stroke correlated with long term survival. Erikson et al.4) 
and Vernino et al.12) proposed measuring functional outcome at 
three months after stroke because di-
rect, stroke-mediated brain damage 
should be resolved at that point in time; 
however, we think that an unstable func-
tional status one month after stroke 
also has some prognostic value in itself. 
Namely, if a patient is under unstable 
condition one month after stroke, the 
patient has more chance to have a high 
mRS grade, so long-term survival chance 
of the patient is likely to be relatively 
low on this unstable condition account.   

Most large hospitals, such as ours, 
follow-up loss of patients is common 
after acute phase care of stroke and the 
proportion of large cerebral infarction 
patients who are lost to follow-up is 
higher than the proportion of patients 
with small cerebral infarction. At our 
hospital, most of the patients with large 

cerebral infarctions are transferred to rehabilitation department 
or another hospital for rehabilitation after acute-phase care, and 
those with poor functional status are transferred to long-term 
care facilities. Nevertheless, the data collected within one 
month of the cerebral infarction were preserved because, most 
of these patients were in the rehabilitation department of our 
hospital or visited outpatient clinic, which reduced the possibil-
ity of them being lost to follow-up. So, it is easier to obtain more 
accurate functional status of the patients at one month after 
stroke than at three or six months. 

Early death after large cerebral infarction is a well-known and 
a common occurrence. Furthermore, approximately 60% of all 
deaths during the first year occur within the first  month3,7). This 
concept is supported by our cause of death result, which dem-
onstrates that pneumonia is the most common cause of death 
among patients with a large cerebral infarction after one month 
stroke. Thus, the special significance of life expectancy based on 
data after one month of stroke onset should be investigated.

Age has also been reported to be a significant prognostic fac-
tor that influences long-term survival after stroke. Boysen et 
al.2) reported that the 15 year-survival rate after stroke was 11% in 
the 65- to 72-year-old age group and was 28% in the <65 year-old 
age group. In the current study, there were significant differenc-
es in the mean survival times between the >70-year-old age 
group and the <70-year-old age group (Fig. 2). But, there are 
some weak points in this result. If ignoring disease and follow-
ing 70 months, by age standard, it is likely to be possible for over 
70-year-old adults to have low survival rate than under 70- year-
old adults. So, age is not thought to be a fresh prognostic factor 
carrying weight.

In addition, other factors that are also significant predictors of 
poor survival (male gender, hypertension, heart failure, AF, DM, 
a previous history of stroke, smoking, and dyslipidemia) did not 

Table 2.  The relation between infarction size and survival

Infarction size N (%) Mean±SD (months) p value
Total classification of infarction territory 0.283

Sup. division Terr. of MCA   21 (17.2) 26.6±16.1
Inf. division Terr. of MCA   15 (12.3) 22.9±14.4
Total MCA Terr.   66 (54.1) 24.0±18.6
Sup. division Terr. of MCA+ACA Terr. 10 (8.2) 20.5±21.6
Inf. division Terr. of MCA+ACA Terr.   1 (0.8) 20.2±0
Total MCA Terr.+ACA Terr.   5 (4.1) 8.9±6.8
Total MCA Terr.+PCA Terr.   4 (3.3) 15.1±10.4

Comparison of survival among three MCA groups 0.791
Sup. division Terr. of MCA   21 (17.2) 26.6±16.1
Inf. division Terr. of MCA   15 (12.3) 22.9±14.4
Total MCA Terr.   66 (54.1) 24.0±18.6

Comparison between (MCA only group) and (total MCA+ACA/PCA territory group) 0.021
MCA only 113 (92.6) 24.0±17.7
Total MCA Terr.+ACA/PCA Terr.   9 (7.4) 11.6±8.6

ACA : anterior cerebral artery, MCA : middle cerebral artery, PCA : posterior cerebral artery, SD : standard devia-
tion, Sup. : superior, Inf. : inferior, Terr. : territory
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significantly influence the mean survival time in the current 
study. We assume that this was caused by the relatively small 
number of patients (n=122) that were included in this study, in 
comparison to the larger numbers that have been included in 
other stroke reports.

Treatment modality and dominance of hemisphere did not 
also significantly influence the survival period in the current 
study (p value=0.398, 0.425), but decompressive craniectomy 
group revealed the longest mean survival time (46.7 months) 
among four treatment modalities (Table 1). There are several 
reports regarding the effectiveness of decompressive craniecto-
my in acute cerebral infarction8,14); therefore, early and active in-
terventions that reduce dependency one month after a large ce-
rebral infarction might positively impact long-term survival. 

Table 2 shows the relation between infarction size and surviv-
al. This result demonstrates that involvement of ACA or PCA 
territory is an important poor prognostic factor in MCA terri-
torial infarction patients (p value=0.021). But, no statistical dif-
ference was found between one division of MCA territorial in-
farction and total MCA territorial infarction in survival period 
(p value=0.791).  

In conclusion, age and functional outcome after one month 
could be a critical prognostic factor for survival. Life expectancy 
after a large cerebral infarction is short and is similar to that of 
malignant diseases, such as cancer. Furthermore, a multi-center-
based investigation of mRS grade at one, three, and six months 
after a large cerebral infarction with a large study population 
might reveal the correlations between the mRS grade at each 
point in time and the long-term survival. 

CONCLUSION

Age (older and younger than 70 years old) and functional 
outcome at one month after stroke could be critical prognostic 
factors for survival in large cerebral infarction patients. MCA 
territorial infarction with ACA, PCA territorial infarction is a 
poor prognostic factor. Therefore, early and active interventions 
that reduce dependency one month after a large cerebral infarc-
tion might have positive impact on long-term survival. 
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