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ABSTRACT

Background: Barriers to treatment with intravenous thrombolysis (IVT) for patients with
acute ischemic stroke (AIS) in South Korea remain incompletely characterized. We analyze
a nationwide prospective cohort to determine patient-level features associated with delayed
presentation and non-treatment of potential IVT-eligible patients.
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Methods: We identified consecutive patients with AIS from 01/2011 to 08/2023 from a
multicenter and prospective acute stroke registry in Korea. Patients were defined as IVT
candidates if they presented within 4.5 hours from the last known well, had no lab evidence
of coagulopathy, and had National Institute of Health Stroke Scale (NIHSS) > 4. Multivariable
generalized linear mixed regression models were used to investigate the associations between
their characteristics and the IVT candidates or the use of IVT among the candidates.

Results: Among 84,103 AIS patients, 41.0% were female, with a mean age of 69 + 13 years
and presentation NIHSS of 4 [interquartile range, 1-8]. Out of these patients, 13,757 (16.4%)
were eligible for IVT, of whom 8,179 (59.5%) received IVT. Female sex (adjusted risk ratio
[RR], 0.90; 95% confidence interval [CI], 0.86—0.94) and lower years of education (adjusted
RR, 0.90; 95% CI, 0.84—0.97 for 0-3 years, compared to > 13 years) were associated with

a decreased likelihood of presenting as eligible for IVT after AIS; meanwhile, young age
(adjusted RR, 1.12; 95% CI, 1.01-1.24 for < 44 years, compared to 75-84 years) was associated
with an increased likelihood of being an IVT candidate. Among those who were eligible for
IVT, only age was significantly associated with the use of IVT (adjusted RR, 1.09; 95% CI,
1.03-1.16 for age 65-74 and adjusted RR, 0.83; 95% CI, 0.76-0.90 for > 85 years, respectively).
Conclusion: Most patients with AIS present outside IVT eligibility in South Korea, and only
60% of eligible patients were ultimately treated. We identified increased age, female sex and
lower education as key features on which to focus interventions for improving IVT utilization.

Keywords: Disparity; Stroke; Intravenous Thrombolysis; South Korea

INTRODUCTION

Ischemic stroke remains a leading cause of disability and mortality worldwide, and South
Korea is no exception.! The incidence rate of ischemic stroke in South Korea is estimated

to be approximately 100,000 annually.2 Recanalization therapies, including intravenous
thrombolysis (IVT) and endovascular recanalization, have been established as fundamental
components of the therapeutic strategy for ischemic stroke.3 Despite its clinical importance,
the real-world application of IVT is often suboptimal: 9% in the United States and 11%

in South Korea.#5 Overall, reasons for the low rate of utilization have been investigated,
including patients’ delayed presentation to the hospital, geographical propensity of
healthcare facilities, limitation of human resources, and insufficient hospital support.6

The overall process of the acute stroke chain of survival, encompassing the onset of stroke
symptoms to the hospital treatment, can be delineated into the initial and secondary
phases.10 The initial phase involves the recognition of stroke symptoms by the patient or a
caregiver and the subsequent decision to seek immediate medical attention, understanding
the urgency of timely intervention for stroke with the pre-existing knowledge for immediate
action. The secondary phase commences upon the patient’s arrival at the emergency
department, where the hospital’s hyperacute stroke protocol is activated, leading to rapid
diagnostic imaging to determine eligibility for IVT.11 At present, the effectiveness and
efficacy of this sequential process in South Korea remain incompletely characterized.

To address this issue, we analyzed a nationwide prospective acute ischemic stroke (AIS)
registry in Korea. We identified patient characteristics associated with performance metrics
in the pre-hospital and hospital settings, namely the proportion of AIS patients who would
be IVT candidates, and the proportion of candidate patients treated with IVT. By delineating
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factors associated with IVT underutilization, subsequent targeted interventions can be
designed.12

METHODS

Clinical Research Collaboration for Stroke in Korea (CRCS-K)

This study was conducted based on the CRCS-K registry. The CRCS-K is a prospective,
ongoing, nationwide, multicenter registry dedicated to the recruitment of patients with AIS
or transient ischemic attack admitted within seven days of symptom onset.! Initiated in 2008
within nine centers, the registry has expanded to nineteen by 2023, encompassing a mix

of university hospitals and tertiary referral centers across South Korea.12 The participating
centers are tasked with delivering comprehensive stroke care to the region. The data

that support the findings of this study are available from the corresponding author upon
reasonable request.

Study participants

In the CRCS-K registry, ischemic stroke patients were diagnosed and managed by
experienced vascular neurologists at participating centers, adhering to the most current
guidelines and institutional protocols and at the discretion of attending physicians.3:13,14
Case registration in the CRCS-K is performed within 48 business hours of admission or ER
arrival for acute stroke patients. The information generated during hospitalization is entered
within one month of discharge, and data integrity is maintained through repeated audits at
three months and one year.

A total 0f 113,832 case records were registered to the CRCS-K registry between April 2008

and August 2023. We included 97,381 cases whose ischemic lesions were documented on the
relevant neuroimaging. We further limited the analysis to 88,645 cases admitted between
January 2011 and August 2023, considering the change of database structure made on January
2011. We excluded 4542 cases due to the following reasons: 1) admitted 1 week after onset (n
=3,400), 2) IVT before arrival (n =1,099), and 3) no information on the time of IVT (n = 43).
The included cohort contains 84,103 cases of ischemic stroke patients (Fig. 1).

Measurements

We retrieved baseline demographic and clinical information from the CRCS-K registry
database for all the study participants, including sex, age, education, pre-stroke functional
independence, and stroke characteristics such as initial National Institute of Health Stroke
Scale (NIHSS) score, stroke subtype, vascular risk factors, pre-stroke medications, acute
stroke treatments, time metrics, and functional recovery. Pre-stroke functional dependence
was defined as a modified Rankin Scale (mRS) score of equal or greater than one. The level
of education was self-reported by the patients or their next of kin. Functional recovery was
ascertained either through routine clinical follow-up or structured telephone interviews
conducted by trained study coordinators at participating hospitals. Details of clinical
definitions have been published and are referred to elsewhere.15

Study outcomes are being considered for the IVT candidates among all study participants
and for the receipt of IVT among those identified as IVT candidates. A patient was defined
as an IVT candidate if they met the following criteria: AIS patients who 1) arrived within 4.5
hours from the time last known well, 2) had an initial NIHSS score of 4 or higher, and

https://doi.org/10.3346/jkms.2025.40.e49 3/12
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Case records between 04/2008 and 08/2023
(N =113,832)

l

Ischemic lesions documented on relevant
neuroimaging
(n = 97,381)

l

Case records between 01/2011 and 08/2023
(n = 88,645)

Exclusion (n = 4,542)
1) Admitted 1 week after the onset (n = 3,400)
2) IVT before arrival (n = 1,099)
3) No information on the time of IVT (n = 43)

Study Population
(n = 84,103)

Fig. 1. Flow diagram of study inclusion/exclusion.
IVT = intravenous thrombolysis.

3) a prothrombin time — international normalization ratio at arrival of less than 1.7.
Additional contraindications for IVT were not included due to the paucity of information.

Statistical analysis

Baseline clinical characteristics of included patients were summarized as frequencies
(percentages), mean + standard deviations, or medians [interquartile ranges; IQRs] and
were compared by treatment of IVT using a y? test for categorical variables and #test or a
one-way ANOVA for continuous variables, as appropriate. The associations between study
outcomes and potential predictors were evaluated using multivariable generalized linear
mixed models, taking the year of admission and treating centers as random variables and the
following variables as fixed terms: age, sex, education, pre-stroke functional independency,
baseline NIHSS, hypertension, diabetes, dyslipidemia, atrial fibrillation, smoking, pre-stroke
antiplatelet use, and pre-stroke anticoagulant use. Last known well (LKW) to arrival time was
only included in a multivariable model for IVT use among the IVT candidates because of its
strong correlation with the use of IVT in the general ischemic stroke cohort.

All data analyses were conducted using R version 4.3.2 (R Core Team, 2023; R Foundation
for Statistical Computing, Vienna, Austria). Statistical significance was set at two-tailed
Pvalues < 0.05.

Ethics statement

The Institutional Review Board (IRB) of the Seoul National University Bundang Hospital and
participating centers approved acquisition, analysis and publication of this study (B-1710-
429-102; B-2307-841-303). Informed consent from patients or their next of kin was obtained
for the prospective stroke registry under the approval of the IRB from participating centers
(IRB #B-1706-403-303). The ethics committee approved the secondary use of the registry
data with a waiver for additional informed consent, considering the anonymity of the dataset
and minimal risk to the participants (IRB #B-2401-877-001). The dataset supporting the
conclusions of this article is available upon reasonable request to the corresponding author,
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pending ethical committee approval. This study follows the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines for observational studies.

RESULTS

Study population

A total of 84,103 patients with AIS admitted between January 2011 and August 2023 were
included in the study. The population was predominantly male (59.0%) with a mean age of
69 * 13 years. The initial median NIHSS was 4 [IQR, 1-8], and the median LKW to arrival
time was 13 [IQR, 3-34] hours. Pre-stroke functional dependency was reported in 21% of
the cohort. The 13,757 (16.4%) patients were deemed eligible for IVT, and 8,179 (59.5%) of
the IVT candidates were treated with IVT. The total number of IVT cases from the cohort
was 9,670 (11.5%). Those who had IVT out of the supposed candidacy presented with minor
neurological deficits. Endovascular recanalization treatment was performed in 7,589 (9.0%)
patients. Overall, 37,599 (46.0%) showed an mRS score of 0-1 at 3 months after stroke and
5,749 (7.0%) patients were deceased at 3 months (missing mRS score in 2,347 cases). AIS
patients who had IVT were predominantly male, lower age at onset, with higher pre-stroke
functional independence, and had arrived earlier (Table 1).

Presenting as IVT candidate and IVT use among the candidate showed stability over the years
(Supplementary Table 1) but showed variability across centers (Supplementary Table 2).

IVT candidate: metric of the pre-hospital stage

Among 84,103 patients with AIS, 13,757 (16.4%) patients were deemed eligible for IVT.
Patients eligible for IVT were generally older, predominantly male, and had lower levels

of education compared to their ineligible counterparts. Additionally, this group exhibited
higher initial NTHSS and a greater prevalence of vascular risk factors (Table 2). Despite

yearly fluctuations in the proportion of patients meeting the definition of IVT candidate,

the overall trend remained stable, ranging from 14% to 18% of all ischemic stroke patients
(Supplementary Table 1). Variations in the IVT candidates across participating hospitals were
not noticeable, varying from 12% to 19% (Supplementary Table 2).

Multivariable models adjusting for baseline characteristics showed that age, sex, and
education level were significantly associated with an increased likelihood of presenting to
the hospital as an IVT candidate (Table 2). The likelihood of presenting as IVT candidates
increased in the group of < 44 years by 12%, 45-64 years by 11%, and 65-74 years by 8%,
compared to the 75-84 years group. This younger cohort tended to present with lower
baseline NIHSS than their older counterparts (Supplementary Table 3).

Patients with lower years of education were at a decreased risk of being an IVT candidate
compared to those with more than 13 years of education. Specifically, the likelihood of
presenting as IVT candidates decreased in the group of ischemic stroke patients with 0-3
years by 10%, 4—6 years by 8%, 7-9 years by 7%, and 10-12 years by 7%, compared to the
group of more than 13 years of education. Lower educational levels were correlated with
delayed presentation after onset; the median of the LKW to arrival was 13.5 hours in 0-3 years
compared to a median of 11.2 hours in the > 13 years group (Supplementary Table 4).
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Table 1. Baseline characteristics of included patients

Characteristics All cohort (N = 84,103) No IVT (n = 74,433) IVT (n = 9,670) Pvalue
Demographic information
Age, yr 69+ 13 69+ 13 68+ 13 <0.001
Female sex 34,479 (41.0) 30,753 (41.3) 3,726 (38.5) <0.001
Year of education <0.001
0-3 11,395 (13.5) 10,274 (13.8) 1,121 (11.6)
4-6 16,819 (20.0) 14,896 (20.0) 1,923 (19.9)
7-9 12,490 (14.9) 11,032 (14.8) 1,458 (15.1)
10-12 29,663 (26.9) 19,950 (26.8) 2,713 (28.1)
>13 14,087 (16.7) 12,349 (16.6) 1,738 (18.0)
No information 6,649 (7.9) 5,932 (8.0) 717 (7.4)
Pre-stroke functional dependence 17,897 (21.3) 16,483 (22.1) 1,414 (14.6) <0.001
Acute stroke information
NIHSS score at presentation 4[1-8] 3[1-7] 9 [5-15] <0.001
LKW to arrival, hr 13[3-34] 15[6-41] 1.3[0.7-2.4] <0.001
Intravenous thrombolysis 9,670 (11.5) = 9,670 (100.0)
Endovascular recanalization 7,589 (9.0) 4,388 (5.9) 3,201 (33.1) <0.001
Stroke subtype
LAA 29,686 (35.3) 26,970 (36.2) 2,716 (28.1) <0.001
SVO 15,198 (18.1) 14,344 (19.3) 854 (8.8) <0.001
CE 17,968 (21.4) 14,346 (19.3) 3,622 (37.5) <0.001
ODE 2,963 (3.5) 2,723 (3.7) 240 (2.5) <0.001
UDE 18,288 (21.7) 16,050 (21.6) 2,938 (23.1) <0.001
Vascular risk factors and pre-stroke management
Hypertension 56,317 (67.0) 50,143 (67.4) 6,174 (63.8) <0.001
Diabetes 28,235 (33.6) 925,559 (34.3) 2,676 (27.7) <0.001
Dyslipidemia 26,615 (31.6) 923,854 (32.0) 2,761 (28.6) <0.001
Atrial fibrillation 17,875 (21.3) 14,398 (19.3) 3,477 (36.0) <0.001
Smoking 29,508 (35.1) 925,988 (34.9) 3,520 (36.4) 0.004
Pre-stroke antiplatelet use 23,906 (28.4) 21,286 (28.6) 2,620 (27.1) 0.002
Pre-stroke anticoagulants use 5,633 (6.7) 5,140 (6.9) 493 (5.1) <0.001
Functional recovery after stroke
mRS score at 3 mon® <0.001
0 18,024 (22.0) 16,336 (22.6) 1,688 (17.9)
1 19,575 (23.9) 17,650 (24.4) 1,925 (20.5)
2 12,992 (15.9) 11,485 (15.9) 1,507 (16.0)
3 10,613 (13.0) 9,345 (12.9) 1,268 (13.5)
4 8,964 (11.0) 7,724 (10.7) 1,240 (13.2)
5 5,839 (7.1) 4,987 (6.9) 859 (9.1)
6 5,749 (7.0) 4,818 (6.7) 931 (9.9)

Values are presented as mean + standard deviation, median [interquartile range], or number (%).

IVT = intravenous thrombolysis, NIHSS = National Institute of Health Stroke Scale, LKW = last known well, LAA = large artery atherosclerosis, SVO = small vessel
occlusion, CE = cardioembolism, ODE = other determined etiologies, UDE = undetermined etiologies, mRS = modified Rankin Scale.

2mRS score at 3 months is available in 81,756 (97.2%) cases.

IVT use among the candidates: metric of the hospital stage

Among the 13,757 AIS patients identified as IVT candidates, 8,179 (59.5%) received IVT.
Relative to those who fulfilled the definition for IVT candidates but did not have IVT, IVT
recipients were generally younger, more often male, had higher levels of education, and had
functional independence before the index stroke. While the baseline NIHSS was comparable
between the two groups, the interval from the LKW to arrival was significantly reduced in
those who had IVT treatment (Table 3). Variability was observed in the actual administration
of IVT among the candidates, ranging from 48% to 75% across different hospitals
(Supplementary Table 2).

There were no noticeably associated factors with the actual utilization of IVT except
65—-74-year-old group (adjusted risk ratio [RR], 1.09; 95% CI, 1.03-1.16 compared to the
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Table 2. Patients’ characteristics associated with the probability of being an IVT candidate

Characteristics IVT candidates Pvalue Bivariate analyses Multivariate analyses

No (n = 70,346) Yes (n = 13,757) Crude RR (95% CI) Adjusted RR (95% CI)

Age, yr 69+ 13 71+13 <0.001  1.009 (1.008-1.011)
Age group, yr <0.001

<44 3,055 (4.3) 494 (3.6) 0.79 (0.72-0.87) 1.12 (1.01-1.24)

45-64 21,200 (30.1) 3,516 (25.6) 0.81 (0.77-0.84) 1.11 (1.05-1.17)

65-74 18,998 (27.0) 3,584 (26.1) 0.90 (0.86-0.94) 1.08 (1.03-1.13)

75-84 20,834 (29.6) 4,463 (32.4) Reference Reference

>85 6,259 (8.9) 1,700 (12.4) 1.21 (1.15-1.28) 1.00 (0.94-1.06)
Female sex 28,609 (40.7) 5,870 (42.7) <0.001 1.08 (1.03-1.11) 0.90 (0.86-0.94)
Year of education <0.001

0-3 9,292 (13.2) 2,103 (15.3) 1.22 (1.15-1.30) 0.90 (0.84-0.97)

4-6 13,901 (19.8) 2,918 (21.2) 1.15 (1.09-1.21) 0.92 (0.86-0.98)

7-9 10,492 (14.9) 1,998 (14.5) 1.06 (0.996-1.13) 0.93 (0.88-0.996)

10-12 19,200 (27.3) 3,463 (25.2) 1.01 (0.96-1.07) 0.93 (0.88-0.98)

>13 11,958 (17.0) 2,129 (15.5) Reference Reference

No information 5,503 (7.8) 1,146 (8.3) 1.14 (1.06-1.23) 1.11 (1.06-1.16)
Pre-stroke functional dependence 14,710 (20.9) 3,187 (23.2) <0.001 1.12 (1.08-1.16) 0.82(0.78-0.85)
NIHSS score 3[1-6] 11 [6-16] <0.001  1.104 (1.102-1.107) 1.11 (1.102-1.107)
Hypertension 47,262 (67.9) 9,055 (65.8) 0.002 0.95 (0.92-0.98) 0.98 (0.94-1.09)
Diabetes 24,936 (34.5) 3,999 (29.1) <0.001 0.81 (0.78-0.84) 0.86 (0.83-0.90)
Dyslipidemia 929,770 (32.4) 3,845 (27.9) <0.001 0.84 (0.81-0.87) 0.96 (0.92-1.001)
Atrial fibrillation 12,555 (17.8) 5,320 (38.7) <0.001 2.34(2.26-2.49) 1.39 (1.33-1.44)
Smoking 25,163 (35.8) 4,345 (31.6) <0.001 0.85 (0.82-0.89) 0.96 (0.92-1.005)
Pre-stroke antiplatelet use 19,974 (28.4) 3,932 (28.6) 0.662 1.01 (0.97-1.05) 1.05 (1.01-1.09)
Pre-stroke anticoagulants use 4,332 (6.2) 1,301 (9.5) <0.001 1.46 (1.37-1.54) 0.91 (0.86-0.97)

Values are presented as mean + standard deviation, median [interquartile range], or number (%).
IVT = intravenous thrombolysis, RR = risk ratio, Cl = confidence interval, NIHSS = National Institute of Health Stroke Scale.

Table 3. Patients’ characteristics by actual IVT use among the candidates and multivariable models

Characteristics IVT use among the candidates P value Bivariate analyses Multivariable analyses
No (n = 5,578) Yes (n = 8,179) Crude RR (95% CI) Adjusted RR (95% CI)

Age, yr 73+13 69+13 <0.001 0.990 (0.989-0.992)
Age group, yr <0.001

<44 152 (2.7) 342 (4.9) 1.29 (1.15-1.44) 1.01 (0.90-1.15)

45-64 1,131 (20.3) 9,385 (29.2) 1.96 (1.19-1.34) 1.06 (0.99-1.13)

65-74 1,258 (22.6) 2,396 (28.4) 1.91 (1.14-1.28) 1.09 (1.03-1.16)

75-84 2,063 (37.0) 2,400 (29.3) Reference Reference

>85 974 (17.5) 726 (8.9) 0.79 (0.73-0.86) 0.83 (0.76-0.90)
Female sex 2,671 (47.9) 3,199 (39.1) <0.001 0.86 (0.83-0.90) 1.00 (0.94-1.05)
Year of education <0.001

0-3 1,103 (19.8) 1,000 (12.2) 0.71 (0.66-0.77) 0.92 (0.83-1.01)

4-6 1,259 (22.6) 1,659 (20.3) 0.85 (0.79-0.91) 0.98 (0.91-1.06)

7-9 778 (13.9) 1,220 (14.9) 0.91 (0.85-0.99) 0.98 (0.90-1.06)

10-12 1,299 (22.0) 2,934 (27.3) 0.96 (0.90-1.03) 0.99 (0.92-1.06)

>13 704 (12.6) 1,425 (17.4) Reference Reference

No information 505 (9.1) 641 (7.8) 0.84 (0.76-0.92) 0.93 (0.84-1.03)
Pre-stroke functional dependence 1,935 (34.7) 1,252 (15.3) <0.001 0.60 (0.56-0.64) 0.69 (0.65-0.74)
NIHSS score 10[6-16] 11[6-16] 0.148 0.998 (0.995-1.002) 1.00 (0.997-1.01)
LKW to arrival, hr 2.0[1.0-3.4] 1.2[0.7-2.2] <0.001 0.81 (0.79-0.83) 0.82(0.81-0.84)
Hypertension 3,831 (68.7) 5,294 (63.9) <0.001 0.92 (0.88-0.96) 0.99 (0.95-1.04)
Diabetes 1,753 (31.4) 2,246 (27.5) <0.001 0.92 (0.80-0.97) 0.98(0.93-1.03)
Dyslipidemia 1,536 (27.5) 2,309 (28.2) 0.384 1.01 (0.97-1.06) 1.01 (0.96-1.06)
Atrial fibrillation 2,264 (40.6) 3,056 (37.4) <0.001 0.95 (0.91-0.99) 1.08 (1.02-1.13)
Smoking 1,436 (25.7) 2,909 (35.6) <0.001 1.20 (1.14-1.25) 1.06 (1.01-1.12)
Pre-stroke antiplatelet use 1,698 (30.4) 2,234 (27.3) <0.001 0.94 (0.89-0.99) 0.95 (0.90-0.995)
Pre-stroke anticoagulants use 891 (16.0) 410 (5.0) <0.001 0.51 (0.46-0.56) 0.51 (0.46-0.57)

Values are presented as mean + standard deviation, median [interquartile range], or number (%).
IVT = intravenous thrombolysis, RR = risk ratio, Cl = confidence interval, NIHSS = National Institute of Health Stroke Scale, LKW = last known well.
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75-84-year group). Female sex and year of education were not associated with the actual use
of IVT. Additionally, prior use of antiplatelet agents (adjusted RR, 0.95; 95% CI, 0.90-0.995)
and pre-stroke anticoagulants use (adjusted RR, 0.51; 95% CI, 0.46-0.57) were associated
with decreased likelihood of IVT.

DISCUSSION

Our study analyzed case records of 84,103 patients with AIS from a nationwide registry to
identify factors associated with the use of IVT. We found that female sex and lower years

of education were associated with decreased likelihood of presenting as IVT candidates.
However, among those deemed eligible for IVT, the likelihood of actual IVT was associated
mostly with their functional status, prior use of medication and earlier arrival rather than
their social or demographic background. Although age and educational attainment were both
correlated, each independently associated with the likelihood of being an IVT candidate.

The stroke chain of survival outlines key steps from recognizing symptoms to administering
treatment, highlighting the importance of quick identification of stroke symptoms, rapid
emergency responses, and swift transport to fully equipped hospitals for recanalization

and subsequent in-hospital care.10 This model encourages collaboration among the public,
emergency services, and healthcare professionals to improve patient outcomes, including
their chances of having recanalization treatments and achieving functional recovery. In
evaluating the model’s overall performance, the study utilized a nationwide multicenter
database in Korea, distinguishing between pre-hospital and in-hospital phases. The
proportion of presenting as IVT candidates was chosen as a performance metric for the pre-
hospital phases, assessing awareness and immediate actions regarding stroke by patients or
their caregivers. The actual IVT use among these candidates was selected as a performance
metric for the in-hospital phases, focusing on the swift and effective response by emergency
or neurology staff to evaluate the patients and administer IVT.

The incidence of ischemic stroke is increasingly prevalent among the elderly, as confirmed by
analyses of the Get With The Guideline for Stroke data and national inpatient samples.1618
Despite a rise in the eligibility for IVT in the elderly, our study showed that its usage remained
significantly lower, with the probability of ischemic stroke patients > 85 years old receiving
IVT 17% less than those aged 75-84. Our study diverges from previous ones by specifically
examining IVT candidates with alleged onset time and neurological deficits, suggesting

there should be no hesitancy in starting IVT except for serious medical contraindications. In
addition, physicians may be reluctant to provide potentially harmful treatment for dependent
elderly patients aggressively.19,20

In our study of a representative ischemic stroke cohort from South Korea, we found that
educational attainment was a significant predictor of IVT candidates, with lower educational
levels correlating with a lower likelihood of presenting as IVT candidates. Delayed arrival in
these groups may be partially associated with the disparity. Unlike previous studies that focused
on income or social class, the authors used years of education as a proxy for socioeconomic
status. This approach is particularly relevant given that the majority of stroke patients are elderly
and typically not actively employed, which makes direct income less of a reliable indicator.2!
Furthermore, in Korea, where the geographic segregation by economic and social class is not
pronounced,?? education may serve as a more applicable indicator of socioeconomic status.
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Although educational attainment and sex were associated with presenting as IVT candidates,
these were not significant factors in the actual IVT among the candidates. This indicates that
once patients are admitted to a hospital, their socioeconomic status does not hinder their
access to IVT treatment. South Korea’s universal healthcare insurance system may play a
crucial role in this by providing comprehensive coverage to nearly all residents, regardless of
economic status, region, or age.23 The affordability of alteplase, which costs approximately
USD 320, and the overall direct medical cost of an acute stroke admission, typically around
USD 3,000—with patients paying only about 5% of these costs in acute stroke—significantly
lowers financial barriers to accessing healthcare resources for stroke patients.2426

Previous studies have identified several factors contributing to disparities in the use of

IVT, including sex, race, age, income, and geography.2%28 These disparities are shaped by a
complex interplay of social, economic, historical, cultural, and political influences that affect
the behaviors of patients, caregivers, stakeholders, and medical professionals.29 In contrast,
South Korea’s relatively compact geography and homogeneous population, coupled with

a government-operated single-payer healthcare system, mean that the inequality factors
influencing IVT utilization may differ from those in other countries in the world.

Since the National Institute of Neurological Disorders and Stroke trial in 1995, IVT for AIS
has become the standard of care globally.3,30 However, according to our study, approximately
40% of AIS patients are not receiving treatment despite being IVT candidates in terms of
time and neurological deficit. This underscores a significant missed opportunity, especially
for the elderly population and those with lower educational attainment. Despite the universal
healthcare system, which minimizes access limitations to acute stroke care, inequalities in
the real world persist in South Korea.3! Potential contributing factors to the disparity may
include unconscious hesitancy on the part of healthcare providers to provide the IVT in
elderly patients,32 lower awareness of stroke among lower socioeconomic status individuals
with lower education levels,33 non-specific stroke presentation in females with unconscious
bias in evaluating female patients,34 delayed detection in elderly patients who live alone,35
and potential nihilism of physicians in managing dependent elderly.36

There are a few points that need further clarification. Conducted in South Korea, a

nation distinguished by its universal healthcare system, the findings of our study must be
contextualized carefully when extrapolated to regions with different healthcare systems.
The study’s timeframe, 2011 to 2023, coincided with evolving guidelines for acute stroke
management, potentially influencing the interpretation of IVT utilization trends over time.
The exclusion criteria utilized in European Cooperative Acute Stroke Study III may still have
an impact on clinical practice as reflected in the dataset used in this study, particularly in the
earlier period.37 In our study, we observed a lower proportion of IVT administration among
patients with prior antiplatelet use before stroke onset. This may imply the presence of
residual confounding factors that were not fully adjusted for, such as baseline differences in
age, educational attainment or comorbidities.

It is important to note that the analysis did not encompass every contraindication for IVT as
outlined in clinical practice guidelines, which could affect the applicability of our findings.
The source database of our study originated from multicenter and prospective registry, but its
coverage may not cover the whole stroke incidence cases in Korea. Additionally, the dataset
had 8% missing information on the education level. We defined neurological deficit eligible
to IVT as NIHSS score > 4.38
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In conclusion, our study examined a nationwide prospective stroke registry in South Korea
and discovered that factors such as age, sex and educational attainment influenced the
likelihood of presenting as IVT candidates for ischemic stroke patients. However, these
factors did not significantly affect whether these candidates received IVT. Our findings
highlight the need for targeted public awareness campaigns to improve awareness of stroke
symptoms and the urgency of immediate transfer and treatment, particularly among the
geriatric population and those from lower socioeconomic status. Additionally, our results
suggest that there is a need to investigate hospital- and provider-level factors that may affect
IVT utilization among eligible individuals. Such initiatives could significantly enhance IVT
utilization across South Korea, contributing to better global health outcomes and reducing
disparities in stroke care.
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