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Introduction 

Stroke is the leading cause of serious long-term disability and 
mortality in Korea.1 Organized treatment in stroke centers for 

patients with an acute stroke may reduce the mortality from this 
disorder.2,3 The Brain Attack Coalition categorized the types of 
stroke centers into primary and comprehensive,4-6 and outlined 
the recommendations for comprehensive stroke centers (CSC).6 
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Background and Purpose  Organized inpatient stroke care is one of the most effective 
therapies for improving patient outcomes. Many stroke centers have been established to 
meet this need, however, there are limited data on the effectiveness of these organized 
comprehensive stroke center (CSC) in the real-world setting. Our aim is to determine wheth-
er inpatient care following the establishment of CSC lowers mortality of patients with acute 
ischemic stroke (AIS). 
Methods  Based on a prospective stroke registry, we identified AIS patients hospitalized be-
fore and after the establishment of a CSC. We observed all-cause mortality within 30 days 
from time of admission. Logistic regression was used to determine whether the establish-
ment of the CSC affects independently the 30-day all-cause mortality. 
Results  A total of 3,117 consecutive patients with AIS were admitted within seven days af-
ter the onset of the symptoms. Unadjusted 30-day mortality was lower for patients admit-
ted to our hospital after the establishment of the CSC than before (5.9% vs. 8.2%, P=0.012). 
Advanced age, female gender, previous coronary artery disease, non-smoking, stroke sub-
type, admission on a holiday, referral from other hospitals, high NIHSS on admission, and 
admission before the establishment of CSC were associated with increased 30-day stroke 
case fatality. After adjustment for these factors, stroke inpatient care subsequent to the es-
tablishment of the CSC was independently associated with lower 30-day mortality (OR, 
0.57; 95% CI, 0.412-0.795). 
Conclusions  Patients treated after the establishment of a CSC had lower 30-mortality rates 
than ever before, even adjusting for the differences in the baseline characteristics. The present 
study reveals that organized stroke care in a CSC might improve the outcome after AIS. 
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Comprehensive stroke centers are designed to have the “neces-
sary personnel, infrastructure, expertise, and programs to diag-
nose and treat stroke patients who require a high intensity of 
medical and surgical care, specialized tests, or interventional 
therapies.”6

Within the first 30 days after an ischemic stroke, the case fa-
tality has been variously reported as 3.5-25% and the major 
causes of death were the index stroke and its sequelae.7-12 Thirty-
day stroke case fatality has been used as a key indicator for hos-
pital performance and quality of care to compare hospitals and 
to implement quality improvement strategies.8,13-15

Despite widespread establishment of CSCs in Korea, there is 
limited empirical evidence which demonstrates whether more 
organized stroke care at a stroke unit reduces stroke mortali-
ty.16,17 Therefore, our goal was to compare the 30-day mortality 
of patients with acute ischemic stroke (AIS) that were treated at 
our hospital during the 3 years before and the 3 years after the 
establishment of the CSC. 

Methods

Patients selection
This study was based on our prospective stroke registry. All 

patients with AIS and transient ischemic attack admitted to our 
hospital within 7 days after the onset of symptoms, from Janu-
ary 2006 to present, have been enrolled. Stroke severity was as-
sessed according to the National Institutes of Health Stroke 
Scale (NIHSS).18 Assessment was performed in the emergency 
room at the time of admission. After admission, all patients 
were evaluated using a protocol that included demographic 
data, medical history, and vascular risk factors. We divided the 
patients into 5 groups, using the TOAST criteria.19 Their clini-
cal data were registered in the stroke registry by two trained 
study nurses. 

We divided these enrolled patients into two groups corre-
sponding to each of the three year intervals, before and after the 
establishment of the CSC. Patients with incomplete or missing 
clinical data, and transient ischemic attacks were excluded. 

This study was approved by the Institutional Review Board at 
Dong-A University Hospital.

Establishment of the comprehensive stroke center 
Our hospital is a tertiary teaching hospital located in the Busan 

metropolitan area. Our stroke center was opened in January 
2009 through financial support from the Korean government. 
Before the establishment of CSC, neither a stroke team nor a 
stroke care unit was present at our hospital. At the same time as 
the CSC opened, a 6-bed stroke care unit was installed for care 

of the acute stroke patients, which had a telemetry system for 
the monitoring of blood pressure, pulse, respiration and oxy-
genation. 

With establishment of the CSC, to shorten the processing 
time to within the time window of IV t-PA use, we applied a 
central alerting system to recruit all available stroke team mem-
bers to the emergency room, as soon as possible, after the arriv-
al of suspected stroke patients.

A multidisciplinary group developed stroke care pathways to 
guide the evaluation and treatment of each stroke subtype. Stroke 
treatment was generally administered according to a well-orga-
nized team approach, e.g., intravenous thrombolysis, endovas-
cular treatment, hemicraniectomy and carotid endarterectomy. 

After the establishment of the stroke center, several perfor-

Table 1. Components of CSC for ischemic stroke patient by a consensus state-
ment from the Brain Attack Coalition6 and changes of each specific element 
according to before and after the establishment of our CSC

Components 
of CSC for 
ischemic 
stroke6

Before the 
establishment 

of CSC

After the 
establishment of CSC

Personnel
Vascular neurologist √ √ √
Neurosurgeon √ √ √
Intensivist As needed
Vascular surgeon √ √ (1)
Endovascular specialist √ √ (1) √ (2)

Care setting
Stroke unit √ √ 
ICU √ √ √

Neuroimaging
MRI/MRA, DWI √ √ √

24 hours per day, 
7 days per week

MRV √ √ √
Digital angiography √ √ √
Carotid ultrasound √ √ √
TCD √ √ √
TEE √ √ √

Endovascular therapy
Stent/angioplasty √ √ √
Reperfusion techniques √ √ √

24 hours per day, 
7 days per week

Surgery 
Ventriculostomy √ √ √
Intracranial pressure 
transducer

√ √ √

Hemicraniectomy √ √ (14 cases) √ (53 cases)
CEA √ √ (47 cases)
Brain biopsy √ √ √

CSC, comprehensive stroke center; ICU, intensive care unit; MRI, magnetic reso-
nance imaging; MRA, magnetic resonance angiography; DWI, diffusion-weighted 
imaging; MRV, magnetic resonance venography; TCD, transcranial Doppler; TEE, 
transesophageal echocardiography; CEA, carotid endarterectomy.
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mance measures improved as compared with beforehand.20 Care 
in our stroke center fulfilled the Brain Attack Coalition’s stan-
dardized criteria (Table 1).6 

Clinical outcome measures
We investigated the 30-day all-cause mortality of ischemic 

stroke patients for 3 years before and after the establishment of 
the CSC. Thirty-day case fatality was defined as the proportion 
of strokes for which death occurred within 30 days of stroke ad-
mission. Data on patients who were able to visit the outpatient 
department were captured. In all other cases, the survival or 
death at 1 month after the stroke was checked by a trained study 
nurse who undertook a standardized telephone interview with 
the patient or his or her next of kin. The survival or death was 
identified, regardless of cause of death. 

Statistical analysis
Nominal variables were expressed as count and percentages, 

continuous values as the mean ± standard deviation (SD). T-
test was used to analyze the difference in continuous variables, 
and the chi-square test for those in proportions. Non-normally 
distributed variables were compared using a Mann-Whitney U 
test. We analyzed the influence of risk factors, clinical variables 
and the establishment of the CSC on 30-day mortality by a uni-
variate analysis. We reanalyzed 30-day case fatality by means of 
logistic regression to evaluate whether the establishment of CSC 
is independently associated with reduced 30-day ischemic stroke 
mortality. The logistic regression model was applied with ad-
justment for the baseline variables that showed a P-value less 
than 0.1 on univariate analysis. In addition, propensity score 
matched analysis was performed to correct for bias. The results 
are presented as odds ratio (OR) estimates of relative risk with 
95% confidence intervals (CI). P-values < 0.05 were considered 
statistically significant. 

Results

During the study period, consecutive patients with AIS or 
transient ischemic attack (n = 3,339) were admitted to our hospi-
tal within seven days after the onset of the symptoms to our hos-
pital. Patients with a diagnosis of transient ischemic attack (n =  
159) and those without 30-day outcome data (n = 63) were ex-
cluded. The proportion of the men among patients with 30-day 
follow-up loss was higher than the proportion of men in the in-
cluded patients; age: 64.9 ± 10.9 vs. 65.5 ± 12.3, P = 0.720, male: 
74.6% vs. 62.2%, P = 0.037, NIHSS, median [ranges] : 5 [1-29] 
vs. 5 [1-41], P = 0.320. Ultimately, we performed a retrospective 
study using a sample of 3,117 consecutive patients with AIS. 

After a 6-bed stroke care unit was installed in the CSC, 86% 
of AIS patients were admitted to the stroke care unit. The mean 
duration of hospitalization in stroke care unit was 3.5 days. De-
compressive hemicraniectomies were performed in 14 patients 
for 3 years before the establishment of the CSC. After the estab-
lishment of the CSC, among 119 patients with malignant mid-
dle cerebral artery infarction, 53 patients (44.5%) underwent 
decompressive hemicraniectomy. Forty patients with hemicra-
niectomy (75%) survived for up to a month. Carotid endarter-
ectomy was done in 47 patients with severe carotid artery ste-
nosis (Table 1). 

The baseline characteristics of ischemic stroke patients, be-
fore and after the implementation of the CSC, are presented in 
Table 2. Patients’ mean age was 65.5 years, and 62.2% were men.

Among the 3,117 patients, 61.8% were treated at our hospital 
during the 3-year period after opening of the CSC. These pa-
tients were older, and had lower frequencies of hypertension 
and current smoking behavior, and had more prior coronary ar-
tery disease and higher NIHSS scores on admission than those 
admitted before the CSC opened. Overall 30-day mortality was 
6.8%. The overall 30-day all-cause mortality rate was 8.2% for 
patients admitted to our hospital before the establishment of 
CSCs and 5.9% for patients admitted after (unadjusted mortali-
ty difference, -2.3%; P = 0.012). 

Table 2. Characteristics of stroke patients according to before and after the 
establishment of comprehensive stroke center

Total 
(n= 3,117)

Admission 
before CSC 
(n= 1,190)

Admission 
after CSC 
(n= 1,927)

P-value

Age, years 65.5± 12.3 64.3± 12.2 66.2± 12.3 < 0.0001
Male sex, n (%) 1,938 (62.2) 741 (62.3) 1,197 (62.1) 0.932
Hypertension, n (%) 1,766 (56.7) 758 (63.7) 1,008 (52.3) < 0.001
Diabetes, n (%) 807 (25.9) 329 (27.6) 478 (24.8) 0.078
Previous stroke, n (%) 387 (12.4) 160 (13.4) 227 (11.8) 0.171
Previous CAD, n (%) 286 (9.2) 87 (7.3) 199 (10.3) < 0.005
Currrent smoking, n (%) 844 (27.1) 417 (35) 427 (22.2) < 0.001
Stroke subtypes 0.002

Small vessel disease 701 (22.5) 261 (21.9) 440 (22.8)
Cardiac embolism 732 (23.5) 255 (21.4) 477 (24.8)
Large artery disease 1,119 (35.9) 441 (37.1) 678 (35.2)
Others 100 (3.2) 55 (4.6) 45 (2.3)
Undetermined 465 (14.9) 178 (15) 287 (14.9)

Admission on holiday, n (%) 902 (28.9) 340 (28.6) 562 (29.2) 0.723
Referral from other hospital, n (%) 1,535 (49.3) 568 (47.9) 967 (50.2) 0.210
NIHSS score, median (ranges) 5 (1-41) 6 (1-36) 5 (1-41) < 0.001
Stroke severity stratification 0.001

Mild (0-5) 1,670 (53.6) 587 (49.3) 1,083 (56.2)
Moderate (6-13) 882 (28.3) 372 (31.3) 510 (26.5)
Severe (≥ 14) 565 (18.1) 231 (19.4) 334 (17.3)

Mortality on 30 days, n (%) 212 (6.8) 98 (8.2) 114 (5.9) 0.012

CSC, comprehensive stroke center; CAD, coronary artery disease; NIHSS, National 
Institutes of Health Stroke Scale.
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The characteristics of those patients who died in the first 30 
days, compared with those who were alive, are shown in Table 
3. On the unadjusted analysis, advanced age, female gender, 
previous coronary artery disease, no current smoking, stroke 
subtype, admission on a holiday, referral from other hospitals, 
higher NIHSS score on admission, and admission before the 
establishment of CSC were associated with higher 30-day stroke 
case fatality. 

Logistic regression analysis was performed to further evalu-
ate the independent predictor for 30-day mortality (Table 4). 
After a risk adjustment, the establishment of the CSC was inde-
pendently associated with lower 30-day mortality (OR, 0.57; 
95% CI, 0.412-0.795, P = 0.001). 

Then, we performed one-to-one matching based on propen-
sity scores of each patient. The propensity score matching pro-
cedure generated a matched cohort in which the baseline prog-
nostic variables were balanced. The 30-day case-fatality in pa-
tients admitted to our hospital after opening the CSC was lower 
than prior to opening (OR 0.64, 95% CI 0.458-0.955, P = 0.011). 
(Supplementary Tables 1-2). 

Although reductions in the odds of death at 30-day by logis-
tic regression analysis was relatively high comparing with that 
by propensity score matching analysis, both were all statistically 

significant. Thus, it was presumed that consistent results from 
two analytical methods were derived. 

Discussion 

This study showed that 30-day mortality rate of patients with 
AIS treated after the establishment of the CSC was lower than 
prior. This was true also after the adjustment for the differences 
in the baseline characteristics. These findings highlight the need 
for more organized comprehensive care for AIS patients to im-
prove the stroke outcome. 

Incidence of case fatality within 30 days of ischemic stroke in 
our hospital (6.8%) was below the range 10% to 25% reported 
in previous hospital-based studies.7-11 However, the 30-day mor-
tality of our hospital was higher than that of a nationwide Kore-
an study.12 This variation may be due to age, sex, race, quality of 
inpatient stroke care, risk factors and stroke severity among 
study subjects. For example, in our study, patients with cardiac 
embolism, large artery disease and undetermined cause of stroke 
are 3.49, 2.92, and 4.85 times more likely, respectively, to be 
dead 30 days after ischemic stroke than patients with a small 
vessel stroke. This is in accordance with the previous study re-
porting that patients with cardioembolic stroke had worse 30-
day survival than patients with non-cardioembolic stroke.9,21 
The proportion of patients with cardioembolic stroke in our 
study (23.5%) was higher than that that of a nationwide study 
in Korea (13.2-20.5%). Also, our cohort includes approximately 
50% of patients with referral from other hospitals who would 
be expected to have more severe neurological and medical com-
plication precipitating the transfer. In our study and others,7,8 
initial stroke severity was the most important predictor of mor-
tality after stroke. However, in the administrative records of some 

Table 3. Characteristics and vascular risk factors associated with 30-day stroke 
fatality

Total cases 
(n= 3,117)

Death with-
in 30 days 
(n= 212)

Survival with-
in 30 days 
(n= 2,905)

P-
values

Age, years 65.5± 12.3 72.2± 11.5 64.9± 12.2 < 0.001
Male sex, n (%) 1,938 (62.2) 107 (50.5) 1,831 (63.0) < 0.001
Hypertension, n (%) 1,766 (56.7) 119 (56.1) 1,647 (56.7) 0.873
Diabetes, n (%) 807 (25.9) 55 (25.9) 752 (25.9) 0.985
Previous stroke, n (%) 387 (12.4) 25 (11.8) 362 (12.5) 0.776
Previous CAD, n (%) 286 (9.2) 33 (15.6) 253 (8.7) 0.001
Current smoking, n (%) 844 (27.1) 37 (17.5) 807 (27.8) 0.001
Stroke subtypes < 0.001

Small vessel disease 701 (22.5) 5 (2.4) 696 (24)
Cardiac embolism 732 (23.5) 91 (42.9) 641 (22.1)
Large artery disease 1,119 (35.9) 69 (32.5) 1,050 (36.1)
Others 100 (3.2) 7 (3.3) 93 (3.2)
Undetermined 465 (14.9) 40 (18.9) 425 (14.6)

Admission on holiday, n (%) 902 (28.9) 85 (40.1) 817 (28.1) < 0.001
Referral from other hospital, n (%) 1,535 (49.3) 144 (67.9) 1,391 (47.8) < 0.001
NIHSS score, median (ranges) 5 (1-41) 17  (2-36) 4  (1-41) < 0.001
Stroke severity stratification < 0.001

Mild (0-5) 1,670 (53.6) 12 (5.7) 1,658 (57.1)
Moderate (6-13) 882 (28.3) 54 (25.5) 828 (28.5)
Severe (≥ 14) 565 (18.1) 146 (68.9) 419 (14.4)

Admission after the 1,927 (61.8) 114 (53.8) 1,813 (62.4) 0.012
   establishment of CSC, n (%)

CAD, coronary artery disease; NIHSS, National Institutes of Health Stroke Scale; 
CSC, comprehensive stroke center.

Table 4. Multivariate analysis for 30-day stroke case fatality

Variable P-value OR (95% CI)

Age < 0.001 1.04 (1.026-1.058)
Male 0.611 0.92 (0.648-1.290)
Previous CAD 0.042 1.61 (1.018-2.543)
Current smoking 0.248 0.77 (0.497-1.198)
NIHSS < 0.001 1.19 (1.159-1.217)
TOAST classification

Small vessel disease 1 1
Cardiac embolism 0.01 3.49 (1.350-9.010)
Large artery disease 0.026 2.92 (1.136-7.493)
Others 0.08 3.09 (0.873-10.933)
Undetermined 0.001 4.85 (1.829-12.835)

Admission on holiday 0.085 1.33 (0.961-1.846)
Referral from other hospital 0.044 1.41 (1.009-1.979)
Admission in CSC 0.001 0.57 (0.412-0.795)

CAD, coronary artery disease; CSC, comprehensive stroke center.



Vol. 15 / No. 1 / January 2013

http://j-stroke.org  61http://dx.doi.org/10.5853/jos.2013.15.1.57

of the previous studies, stroke severity was not taken into ac-
count.7-12 Thus, we could not compare the neurological severity 
of stroke symptoms and medical cormorbidity with all other 
studies. 

So far, thrombolysis, hemicraniectomy for malignant infarc-
tion, and stroke unit care are evidence-based therapies for isch-
emic stroke that achieve a substantial and long-lasting effect on 
neurological outcome.22 A CSC can provide these treatments to 
patients with severe stroke, and patients with AIS who required 
specialized treatments, including endovascular treatment, de-
compressive surgery and carotid surgery.6 We can not deter-
mine which individual components of the Brain Attack Coali-
tion criteria for stroke center recommendation were the most 
important contributors for the lower mortality observed in this 
study.

One of the most important components of organized treat-
ment for patients with AIS is admission to a stroke unit with a 
continuous telemetry monitoring system and stroke-directed 
nursing.23 Stroke patients who received organized inpatient care 
in a stroke unit had better outcomes and reduced stroke fatality 
than those with stroke care in the general ward.23-25 Random-
ized trials have shown that stroke unit care prevents 1 death for 
33 patients treated.23 According to 25 reports which compared 
stroke unit care with general wards, stroke unit care showed re-
ductions in the odds of death recorded within 1 year of stroke 
follow-up (OR: 0.79; 95% CI: 0.73 to 0.86; P = 0.00001).26 In 
addition, one Korean hospital study reported stroke unit care 
could reduce 3-month fatality rates by up to 80%.16 There was 
no difference in group-specific mortality reduction according to 
the severity of stroke symptoms in our study. This is consistent 
with the findings that stroke units and organized inpatient care 
reduce 30-day death or institutionalization with the same mag-
nitude of effect across all age groups27 and stroke subtypes.28 

Fifty-three patients with malignant middle cerebral artery in-
farction underwent decompressive hemicraniectomy after the 
establishment of the CSC. Our results showed an 3.8- fold in-
crease in the number of patients who underwent hemicraniec-
tomy surgery after opening the CSC. Decompressive surgery in 
patients with malignant cerebral infarction increases the proba-
bility of survival from 28% to nearly 80%.29 

Therefore, it is possible that improved guideline-based treat-
ment, organized care in a stroke unit and decompressive hemi-
craniectomy may contribute to the lower mortality rates among 
the stroke patients that were treated in our hospital since the es-
tablishment of CSC.

Previous studies reported that inpatient stroke center care 
was associated with a lower mortality compared with general or 
non-certified hospitals care.2,3,30,31 According to the Registry of 

the Canadian Stroke Network, stroke unit and organized inpa-
tient care could reduce stroke death at 30 days, indicating a re-
sult similar to our study.27 However, not all stroke patients have 
practical access to optimal care, often because of lack in facili-
ties. In Europe, only few acute stroke patients are treated in ap-
propriate centers.32 

Our study also has several limitations. First, our study includ-
ed patients admitted to a single Korean CSC, and the results 
can not necessarily be generalized to those treated in other facil-
ities. Second, our CSC had not yet been certified within a pro-
fessional accreditation scheme, such as the Joint Commission 
Primary Stroke Center, because there are currently no certifica-
tion regulations for stroke centers in Korea. However, our stroke 
center did fulfill the standardized criteria for CSC that the Brain 
Attack Coalition had published.6 Third, because of the limita-
tion of data collection, we could not obtain acute complication 
and recurrence rates data, both of which could have influenced 
some results. Last, our study focused on short-term mortality 
and could not consider other important patient outcomes, such 
as 90-day or 1-year functional status or the quality of life.

In summary, the present study reveals that more organized 
stroke care in our stroke center could successfully lower the 30-
day mortality rate. Organized stroke care in a CSC might im-
prove the patient outcome after AIS. 
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Supplementary Table 1. Characteristics of stroke inpatients before the es-
tablishment of comprehensive stroke center and propensity-matched controls

Total 
(n= 2,166)

Admission 
before CSC 
(n= 1,083)

Admission 
after CSC 
(n= 1,083)

P-
value

Age, years 64.86± 12.17 64.93± 12.05 64.78± 12.30 0.778 
Male sex, n (%) 1,320 (60.9) 667 (61.6) 653 (60.3) 0.538 
Hypertension, n (%) 1,325 (61.2) 666 (61.5) 659 (60.9) 0.102 
Diabetes, n (%) 584 (27.0) 300 (27.7) 284 (26.2) 0.758 
Previous stroke, n (%) 281 (13.0) 153 (14.1) 128 (11.8) 0.439 
Previous CAD, n (%) 145 (6.7) 82 (7.6) 63 (5.8) 0.110 
Currrent smoking, n (%) 654 (30.2) 336 (31.0) 318 (29.4) 0.400 
Stroke subtypes 0.958 

Small vessel disease 448 (20.7) 221 (20.4) 227 (21.0)
Cardiac embolism 481 (22.2) 238 (22.0) 243 (22.4)
Large artery disease 993 (45.8) 501 (46.3) 492 (45.4)
Others 74 (3.4) 35 (3.2) 39 (3.6)
Undetermined 170 (7.9) 88 (8.1) 82 (7.6)

Admission on holiday, n (%) 641 (29.6) 311 (28.7) 330 (30.5) 0.371 
Referral from other hospital,  
  n (%)

1,038 (47.9) 526 (48.6) 512 (47.3) 0.547 

NIHSS score, median (ranges) 5 (0-36) 5 (0-36) 5 (0-32) 0.885 
Stroke severity stratification 0.976 

Mild (0-5) 1,107 (51.1) 552 (51.0) 555 (51.3)
Moderate (6-13) 655 (30.2) 327 (30.2) 328 (30.3)
Severe (≥ 14) 404 (18.7) 204 (18.8) 200 (18.5)

CSC, comprehensive stroke center; CAD, coronary artery disease; NIHSS, National 
Institutes of Health Stroke Scale.

Supplementary Table 2. Distribution of the number of patients and death at 
30 days according to before and after the establishment of comprehensive 
stroke center

Admission before 
CSC (n= 1,083)

Admission after 
CSC (n= 1,083) P-value

Alive at 30 days, n (%) 994 (91.8) 1,024 (94.6) 0.011
Death at 30 days, n (%) 89 (8.2) 59 (5.4)

CSC, comprehensive stroke center.


