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Background and Purpose Disparities in stroke care exist globally. While reperfusion therapy is a 
standard treatment for acute ischemic stroke, variations in its implementation may exist across 
hospitals. 
Methods We analyzed data from 75,870 patients admitted to 247 acute stroke care hospitals 
across South Korea, sourced from the Acute Stroke Quality Assessment Program (2013–2018) by 
the Health Insurance Review and Assessment Service. The primary metric of interest was the 
hospital reperfusion therapy rate (RTR)—the proportion of patients who received intravenous 
thrombolysis (IVT) and/or endovascular thrombectomy (EVT) among those potentially eligible for 
these therapies and had onset-to-arrival times ≤6 hours and initial National Institutes of Health 
Stroke Scale scores ≥4. We analyzed correlations between hospital RTRs, adjusted for age, sex, 
onset-to-arrival time, initial stroke severity, and hospital characteristics. 
Results Of the 10,513 patients eligible for reperfusion therapy, the overall RTR was 52.9%. The 
average hospital RTR was 34.8% with a median (interquartile range) of 37.5% (9.8–56.2). Hospitals 
with a greater number of beds and higher monthly stroke volume exhibited higher hospital RTRs. 
Factors such as monthly stroke volume, stroke unit availability, and monthly IVT and EVT case 
volume independently influenced hospital RTRs. Notably, hospitals with higher RTRs demonstrated 
reduced 1-year mortality, irrespective of stroke volume.
Conclusion In a large national sample of acute stroke care hospitals, there was significant variability 
in hospital RTRs, with those having higher stroke volumes typically showing higher hospital RTRs. 
Additionally, an inverse correlation between hospital RTRs and 1-year mortality highlights the 
clinical importance of improving RTRs.
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Introduction

The successful implementation of intravenous thrombolysis (IVT) 
and endovascular thrombectomy (EVT) has greatly reduced dis-
ability in patients with acute ischemic stroke (AIS), establishing 
these therapies as the usual care for re-establishing compromised 
brain circulation.1-3 However, the implementation of these ther-
apies varies across regions, especially areas with lower popula-
tion densities and fewer stroke centers.4,5 Recent reports from 
Europe, the United States, and Asia have addressed that such 
variance is common in these regions and may cause disparities 
in stroke-related morbidity and mortality.6-8 Consequently, an 
urgent imperative has arisen to optimize delivery of reperfusion 
therapy to AIS patients and elevate regional treatment rates. In 
fact, reducing disparities in the utilization of reperfusion thera-
pies may be a national goal in some regions.1,2 In this context, 
the reperfusion therapy rate (RTR) may be of important clinical 
significance in AIS patients but is sometimes overlooked.3,9 

Variation in the delivery of reperfusion therapy in AIS may be 
dependent on hospital characteristics as provision of such ther-
apy requires specialized equipment, coordinated care pathways, 
and dedicated personnel.10-13 Furthermore, prior research high-
lights regional disparities in the quality of stroke care,14 racial dif-
ferences in door-to-needle time for thrombolysis,15 variation in 
imaging-to-needle time among hospitals,16 and the impact of 
these disparities on short-term mortality after AIS.17 However, 
the subject of variation in RTR across systems or regional hospi-
tals remains insufficiently explored. Identification of factors re-
sponsible for low RTRs can lead to quality initiatives to improve 
the rates.18,19 

By utilizing data from a comprehensive national stroke audit 
in South Korea, this study seeks to delineate the overall RTR 
among stroke patients eligible for reperfusion therapy, examine 
RTR variations across hospitals, and identify factors influencing 
hospital RTR at a national level. 

Methods 

The study utilized data from the Acute Stroke Quality Assess-
ment Program (ASQAP), a national audit initiated by the Health 
Insurance Review and Assessment Service (HIRA) in 2005 pursu-
ant to the National Health Insurance Act and the Medical Aid 
Act.20 South Korean hospitals were eligible for each assessment 
if they treated over 10 acute stroke patients within either a 
3-month (2013–2014) or 6-month (2016–2018) timeframe. 

ASQAP aims to: (1) improve the care quality for hospitalized 
acute stroke patients, (2) identify and evaluate variation in stroke 
care services across acute care hospitals, and (3) determine ways 

to reduce costs related to stroke care. 
Every resident in South Korea is a member of the National 

Health Insurance program.21 Consequently, all reimbursement 
claims for medical services, made by healthcare institutions in 
South Korea, are consolidated and archived by HIRA. Through 
linkage to the ASQAP database with this claims database, we 
were able to extract supplementary information pertinent to our 
study. 

The study was approved by the Institutional Review Board of 
Seoul National University Bundang Hospital (No. X-1704-393-
906). With HIRA’s assistance, we accessed hospital- and patient-
level data, ensuring all protected health information remained 
confidential, adhering to the Act on the Protection of Personal 
Information Maintained by Public Institutions. 

Study participants and data collection
Our analysis included data from the 5th (2013), 6th (2014), 7th 
(2016), and 8th (2018) phases of the ASQAP. Data collection 
periods varied, spanning 3 months in 2013 and 2014, and ex-
tending to 6 months in 2016 and 2018. Either tertiary care hos-
pitals or general hospitals were eligible for inclusion in the 
ASQAP if they admitted at least 10 acute stroke patients during 
each survey period. Patients admitted to the emergency room 
(ER) within 7 days of symptoms were included in the survey. 

In our analysis, the criteria for determining potential eligibil-
ity for reperfusion therapy included: (1) arrival at the ER within 
6 hours post the last-known-normal time, and (2) an initial 
National Institutes of Health Stroke Scale (NIHSS) score of 4 or 
higher. The RTR for each hospital was calculated based on the 
proportion of those receiving either IVT or EVT among these el-
igible patients. 

Patient-level data collected from the ASQAP database includ-
ed age, sex, last-known-normal time, ambulance usage, onset-
to-arrival time, door-to-imaging time, IVT administration, door-
to-needle time, initial NIHSS scores, and modified Rankin Scale 
(mRS) scores at discharge. Information on EVT, not directly col-
lected by the ASQAP, was identified by corresponding claim in-
formation for reimbursement made within 72 hours of ER arriv-
al. This was accomplished by linking the ASQAP database with 
the claims database. However, this linkage provided only the 
claim’s date for EVT without further related details. 

Hospital-level data collected included availability of a stroke 
unit, total number of hospital beds, the number of hospitalized 
stroke patients, and counts of IVT and EVT cases. 

Statistical analysis
Baseline characteristics of patients and hospitals are presented 
as follows: categorical variables are reported using frequency 
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(percentage), while continuous variables are described using 
mean±standard deviation, median with interquartile range (IQR), 
and range, as appropriate. 

For hospital comparisons, we utilized an adjusted hospital RTR, 
derived using a model-based risk-adjustment method. This meth-
od is crucial for mitigating variations attributable to patient-level 
demographic and clinic factors, which is essential when compar-
ing clinical outcomes or performance metrics across different 
hospitals.22 The adjusted hospital RTR was defined as the indi-
rectly standardized rate: adjusted hospital RTR = (predicted rate/
expected rate) × crude overall RTR. The expected rate for each 
hospital was estimated using a hierarchical logistic regression 
model incorporating patient-level factors such as age, sex, on-
set-to-arrival time, and initial NIHSS scores, and the average of 
hospital-specific random intercepts.23-25 The predicted rate for 
each hospital was computed by substituting the hospital-spe-
cific intercept for the average of these intercepts. 

Adjusted 1-year mortality for each hospital was calculated as 
follows: adjusted 1-year mortality = (observed mortality/expect-
ed mortality) × crude overall 1-year mortality. Expected mortal-
ity was derived from a multivariable Cox proportional hazards 
model, while observed mortality was determined using the Ka-
plan-Meier method for each hospital.

We compared the adjusted hospital RTR according to various 
hospital characteristics, such as total number of hospital beds, 
monthly stroke volume, stroke unit availability, the number of 
stroke neurologists, monthly IVT and EVT case volume, using the 
Kruskal–Wallis test or Wilcoxon rank sum test. Spearman’s rank 
correlation was used to analyze correlations between hospital 
RTRs and various hospital-level factors. Multiple linear regression 
analysis was performed to identify determinants of adjusted hos-
pital RTR, including variables with P-values <0.1 in bivariate 
comparisons. The absence of multicollinearity among these deter-
minants was confirmed with a variance inflation factor (VIF) <10. 

Correlations between hospital RTRs and 1-year mortality were 
assessed using Spearman’s rank correlation. Additionally, a stroke 
volume-adjusted partial Spearman’s correlation was also per-
formed. 

Statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA). A P-value <0.05 was considered 
statistically significant.

Data availability
The database for the study was provided by HIRA and stored on 
a dedicated server under HIRA management. Access to the data 
was strictly limited to researchers who had obtained prior au-
thorization and was limited to a pre-specified period. Upon the 
completion of the designated study period, the data are removed 

from the server. Consequently, access to the data after the con-
clusion of the study, even upon reasonable request, cannot be 
guaranteed.

Results 

Across the 5th to 8th ASQAP assessments, a total of 75,870 pa-
tients were admitted to 251 acute care hospitals via the ER for 
acute stroke. Median hospital NIHSS score documentation rate 
was 97.5% for all AIS patients. Among them, 56,939 (75.0%) 
patients had AIS, with 21,804 arriving at the ER within 6 hours 
from the last-known-normal time. Ultimately, 10,513 patients 
with an initial NIHSS score of 4 or higher, treated in 247 acute 
care hospitals, were identified as potentially eligible for reper-
fusion therapy and included in the study. Four hospitals were ex-
cluded due to having no patients eligible for reperfusion therapy. 

The average age of the 10,513 patients was 71 years, with 45% 
being women (Table 1). The median NIHSS score at admission 
was 9, with a median time of 105 minutes from stroke onset to 
ER arrival. Approximately one-third of 247 hospitals had a stroke 
unit and performed at least one IVT and/or EVT monthly. The 

Table 1. Characteristics of the enrolled patients and participating hospitals

Patient-level data Value (n=10,513)

Age (yr) 71.2±12.9 [18, 103]

Male sex 5,806 (55.2)

Atrial fibrillation 3,193 (33.0)

History of smoking 2,194 (33.9)

NIHSS score 9 (6–15) [4, 42]

Arrival by ambulance 8,240 (78.4)

OTA time (min) 105 (49–206) [0, 359]

DTI time (min) 16 (10–23) [0, 1,505]

DTN time (min) 46 (34–56) [1, 5,583]

Discharge mRS score 3 (1–4) [0, 6]

Hospital-level data Value (n=247)

Beds 392 (286–634) [138, 2,583]

Monthly stroke volume 7 (3–27) [1, 98]

Monthly IVT case volume 1 (0–2) [0, 10]

Monthly EVT case volume 0 (0–1) [0, 8]

Stroke unit availability 86 (34.8)

Number of stroke specialists

Neurology 2 (1–5) [0, 35]

Neurosurgery 3 (2–6) [0, 32]

Rehabilitation 1 (1–3) [0, 15]

Values are number of patients (%), mean±standard deviation [range], or 
median (interquartile range) [range].
NIHSS, National Institutes of Health Stroke Scale; OTA, onset-to-arrival; 
DTI, door-to-imaging; DTN, door-to-needle; IVT, intravenous thrombolysis; 
EVT, endovascular thrombectomy; mRS, modified Rankin Scale.
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number of patients eligible for reperfusion therapy in each hos-
pital during the 18-month study period varied widely, ranging 
from 1 to 341, with a median (IQR) of 20 (4.5–61.5), showing a 
right-skewed distribution. Notably, around one-third of the hos-
pitals (91 out of 247) had fewer than 10 patients eligible for re-
perfusion therapy over this period (Supplementary Figure 1). 

Reperfusion therapy was administered to 52.9% of the study 
population, comprising IVT (30.2%), EVT (10.9%), and IVT+EVT 
(11.8%). The average unadjusted hospital RTR was 34.8% (me-
dian [IQR], 37.5% [9.8–56.2]), with a range from 0% to 100%. 
Approximately 23% of the hospitals (56 out of 247) reported an 
unadjusted RTR of 0% (Figure 1A and Supplementary Figure 2). 
Hospitals with lower unadjusted RTRs tended to use EVT less fre-
quently compared with IVT (Figure 1B and C). Additionally, Hos-
pitals with a lower unadjusted hospital RTR typically had small-
er stroke volumes (Figure 1D). Hospitals with a 0% unadjusted 
RTR had an average of 3.1 patients that were eligible for reper-
fusion therapy over the 18-month study period, compared to an 
average of 54.1 patients in other hospitals. 

For exploring potential determinants of RTR, we performed bi-
variate analysis to elucidate a dose-dependent association be-
tween all hospital characteristics (total number of beds, monthly 
stroke volume, stroke unit availability, the number of stroke neu-

rologists, and monthly IVT/EVT case volume) and higher adjust-
ed hospital RTRs (Table 2). Notably, larger hospital size and higher 
monthly stroke volume strongly correlated with higher adjusted 
hospital RTRs (Spearman correlation coefficient=0.61 and 0.64, 
respectively, both P<0.0001) (Figure 2). 

Multiple linear regression analysis was conducted to explore 
the determinants of adjusted hospital RTR. Due to multicollinear-
ity between monthly stroke volume and monthly IVT case vol-
ume, two separate models (Model A and Model B) were ana-
lyzed, including these variables individually. The analysis identified 
that stroke unit availability and monthly stroke volume or month-
ly IVT/EVT case volume were independent determinants of ad-
justed hospital RTR (Table 3). 

An inverse correlation was observed between hospital RTR 
and 1-year mortality post-stroke, even after adjusting for month-
ly stroke volume (Figure 3). The adjusted 1-year mortality was 
43.5% in hospitals in the lowest quartile of adjusted hospital 
RTR, in contrast to 37.9% in the highest quartile (Supplementa-
ry Table 1). 

Discussion

The main findings of our nationwide study include: (1) a 52.9% 

Figure 1. Distribution of (A) unadjusted hospital RTR, (B) hospital IVT rate, (C) hospital EVT rate, and (D) total stroke volume. RTR, reperfusion therapy rate; IVT,  
intravenous thrombolysis; EVT, endovascular thrombectomy.
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Table 2. Adjusted hospital RTRs according to hospital characteristics 

Adjusted hospital RTR (%)*
P

N Mean±SD Median (IQR) [range]

All hospitals (adjusted) 247 52.9±16.8 50 (40–65) [14, 100]

Beds <0.0001

100–299 87 43.4±11.7 43 (38–50) [22, 82]

300–499 71 47.1±13.3 46 (37–58) [14, 74]

≥500 89 67.0±14.1 67 (58–77) [24, 100]

Monthly stroke volume (quartile) <0.0001

<3 51 42.7±8.4 43 (38–49) [22, 64]

3–7 70 43.5±13.0 42 (34–50) [16, 74]

7–29 65 55.2±15.3 57 (46–67) [14, 82]

≥29 61 70.0±12.6 71 (62–79) [43, 100]

Stroke unit availability <0.0001

No 161 46.6±14.0 45 (38–57) [14, 100]

Yes 86 64.8±15.2 67 (55–76) [22, 94]

No. of neurologists (tertile) <0.0001

0–1 85 42.5±11.6 41 (35–46) [22, 77]

2–4 84 49.0±13.5 49 (40–58) [14, 82]

5–35 78 68.6±13.2 70 (61–78) [32, 100]

Monthly IVT case volume <0.0001

0 47 40.8±7.0 42 (38–45) [22, 52]

<1 106 45.3±13.8 45 (36–56) [14, 82]

1–2 40 59.8±8.7 62 (55–66) [43, 79]

>2 54 73.5±11.0 75 (64–81) [45, 100]

Monthly EVT case volume <0.0001

0 108 43.1±11.7 42 (35–50) [14, 75]

<1 63 49.9±13.8 49 (40–61) [22, 81]

≥1 76 69.5±12.2 70 (61–78) [39, 100]

P-value determined by Krusral-Wallis test or Wilcoxon rank sum test.
RTR, reperfusion therapy rate; SD, standard deviation; IQR, interquartile range; IVT, intravenous thrombolysis; EVT, endovascular thrombectomy; NIHSS, Na-
tional Institutes of Health Stroke Scale; OTA, onset-to-arrival.
*Adjusted for age, sex, initial NIHSS scores, and OTA time.

Figure 2. Hospital RTR in relation to hospital size and stroke volume. (A) Number of hospital beds (Spearman correlation coefficient=0.61, P<0.0001). (B) Av-
erage monthly stroke volume (Spearman correlation coefficient=0.64, P<0.0001). RTR, reperfusion therapy rate.
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overall rate of reperfusion therapy in AIS patients potentially el-
igible for such treatment; (2) significant variation in unadjusted 
hospital RTRs, with an average rate of 34.8%; (3) identification 
of monthly stroke volume, stroke unit availability, and monthly 
IVT/EVT case volumes as key determinants of RTR; and (4) an in-
verse correlation between hospital RTR and 1-year post-stroke 
mortality, independent of stroke volume.

It is noteworthy that approximately 23% of acute care hos-
pitals in our study reported a 0% hospital RTR. These hospitals, 
on average, treated only 3.1 patients eligible for reperfusion ther-
apy over an 18-month period, compared to 54.1 patients in hos-
pitals with higher RTRs. Accordingly, it may be assumed that poor 
performance is related to low stroke volume. In the United States, 
there are 2,446 hospitals, including various kinds of stroke cen-

ters such as comprehensive, thrombectomy-capable, or primary 
stroke centers, and acute stroke ready hospitals, actively in-
volved in acute stroke care.26 However, there is a paucity of data 
regarding the distribution of hospital stroke volumes, especially 
the volume of patients eligible for reperfusion therapy and the 
corresponding therapy rates. This lack of detailed hospital-level 
or organizational data on acute stroke care is a common issue 
in most countries.27 A recent analysis of ASQAP data on contrib-
uting factors for high performance among low-volume suggest-
ed a metropolitan location, a greater number of physicians, and 
the presence of neurologists.28 The presence of neurologists was 
also associated with a higher defect-free care rate in these hos-
pitals. Centers with low RTRs may lack the infrastructure or per-
sonnel necessary to deliver appropriate reperfusion therapy.

Table 3. The determinants of hospital RTRs: multivariable analyses 

Model A β (SE) 95% CI P VIF Standardized β

Arrival by ambulance (%) 0.07 (0.04) -0.02 to 0.15 0.12 1.06 0.08 

No. of beds 0.49 (0.62) -0.73 to 1.71 0.43 6.46 0.10 

Monthly stroke volume 0.39 (0.07) 0.24 to 0.53 <0.01 3.12 0.44 

Stroke unit availability 5.28 (2.25) 0.84 to 9.72 0.02 1.79 0.15 

No. of neurologists 0.09 (0.41) -0.71 to 0.89 0.83 5.29 0.02 

Model B β (SE) 95% CI P VIF Standardized β

Arrival by ambulance (%) 0.06 (0.04) -0.02 to 0.14 0.14 1.06 0.07 

No. of beds 0.48 (0.55) -0.59 to 1.55 0.38 5.82 0.09 

Stroke unit availability 4.34 (2.05) 0.31 to 8.37 0.04 1.71 0.12 

No. of neurologists 0.04 (0.38) -0.71 to 0.79 0.91 5.33 0.01 

Monthly IVT case volume 3.10 (1.15) 0.84 to 5.37 0.01 6.04 0.30 

Monthly EVT case volume 3.20 (1.26) 0.71 to 5.69 0.01 5.57 0.27 

P-value by multiple linear regression.
RTR, reperfusion therapy rate; SE, standard error; CI, confidence interval; VIF, variance inflation factor; IVT, intravenous thrombolysis; EVT, endovascular throm-
bectomy.

Figure 3. Hospital RTR and 1-year mortality. (A) Unadjusted and (B) adjusted analysis. Hospital RTR was inversely correlated with 1-year mortality after stroke. 
(A) Pearson’s correlation coefficient=-0.26205 (P=0.0003), Spearman’s correlation coefficient=-0.23127 (P=0.0015), stroke volume-adjusted partial Pearson’s 
correlation coefficient=-0.21140 (P=0.0040), stroke volume-adjusted partial Spearman’s correlation coefficient=-0.21749 (P=0.0030). (B) Pearson’s correlation 
coefficient=-0.18319 (P=0.0126), Spearman’s correlation coefficient=-0.18151 (P=0.0134), stroke volume-adjusted partial Pearson’s correlation coeffi-
cient=-0.15391 (P=0.0370), stroke volume-adjusted partial Spearman’s correlation coefficient=-0.15376 (P=0.0372). RTR, reperfusion therapy rate.
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Monthly stroke volume emerged as a key determinant of hos-
pital RTR, showing the highest standardized beta among five 
potential determinants. When monthly IVT/EVT case volumes 
were substituted for monthly stroke volume, these two factors—
both indicative of patient volume—were identified as influen-
tial in determining hospital RTR. Previous studies have indicat-
ed that stroke patients treated in low-volume centers tend to 
experience higher mortality rates compared to those in high-
volume centers.29-31 This disparity may be attributed to the lim-
ited resources of low-volume centers, impacting their ability to 
establish and sustain experienced interdisciplinary stroke teams 
crucial for delivering high-quality care.32

Interestingly, a significant inverse correlation between ad-
justed hospital RTR and 1-year mortality persisted even after 
adjusting for hospital stroke volume. While this association does 
not imply causality, it suggests that hospital RTR could serve as 
a potential quality indicator at the hospital level, irrespective of 
hospital stroke volume or hospital size.

Our study uniquely focused on RTRs among patients poten-
tially eligible for such treatments, diverging from previous re-
search that included the entire stroke population. The latter 
studies highlighted patient-level predictors of failure to receive 
thrombolytic therapy, such as ineligibility due to late arrival time 
to the ER, mild symptoms, and history of prior stroke.33,34 Assess-
ing the performance of reperfusion therapy specifically within 
the target group of persons potentially eligible for thrombolytic 
therapies may offer more precise insights of each hospital’s qual-
ity of care relative to AIS. However, accurately defining this group 
necessitates prerequisites like confirmation of AIS by a stroke 
specialist, NIHSS score assessment, and calculation of onset-to-
arrival time. In the Get With The Guidelines (GWTG)–Stroke pro-
gram, only 56.1% of patients had documented NIHSS scores.35 
Despite an increase in the average hospital-level documentation 
rates of NIHSS scores from 27% in 2003 to 70% in 2012, this 
relatively low NIHSS documentation may hinder precise identi-
fication of patients eligible for reperfusion therapy. 

In contrast, our study showed a median hospital-level NIHSS 
documentation rate of 97.5% for all AIS patients, providing a ro-
bust basis for studying the potentially eligible group for throm-
bolytic therapy. Accordingly, we observed a wide variation in 
hospital RTRs, ranging from 0% to 100%, a phenomenon yet to 
be explored at a national level. However, it should be noted that 
there are important determinants of EVT eligibility besides NI-
HSS, including the occlusion status of major cerebral arteries and 
the degree of ischemic brain injury on brain imaging. Although 
NIHSS data provide potential advantages in defining the target 
group for EVT, NIHSS data alone cannot accurately identify all 
EVT-eligible patients.

To mitigate disparities in hospital RTRs, several strategies may 
be considered. One approach involves monitoring, providing feed-
back, and motivating hospitals with lower performance to im-
prove their metrics. Alternatively, a regionalized approach to stroke 
systems of care could be considered, whereby AIS patients are 
directed to higher-volume stroke centers, either by bypassing 
low-volume centers or facilitating a rapid transfer. However, such 
strategies might face challenges in rural areas characterized by 
vast geographic expanses, low population densities, and sparsely 
located smaller hospitals. While our findings indicate that cen-
tralizing stroke systems of care—by strengthening regional stroke 
networks and supporting low-stroke volume centers through 
education—may help reduce disparities in hospital RTR and im-
prove stroke outcomes, further research is needed to confirm 
these observations and guide implementation.

Our study is subject to limitations. First, determining eligibility 
for reperfusion therapy using national stroke audit data presents 
challenges. The operational definition used—arrival within 6 hours 
after the last-known-normal time and an initial NIHSS score of 
4 or higher—was intended to be inclusive. However, we may have 
misclassified participants and inadvertently included patients 
who should not be considered for reperfusion therapy in clinical 
practice. For instance, a patient with a lacunar infarction, with-
out major vessel occlusion, arriving 5 hours after stroke onset 
and with an NIHSS score of 5, would not usually be selected for 
reperfusion therapy, yet under our criteria, they could be classi-
fied as potentially eligible. Moreover, our study could not ac-
count for contraindications to reperfusion therapy, possibly lead-
ing to underestimation of the true hospital RTR. 

However, due to the nature of ASQAP, an external stroke au-
dit program administered by the governmental agency, and the 
lack of data on EVT eligibility in the ASQAP dataset, we decided 
not to use IVT exclusion causes of the ASQAP dataset but to adopt 
an operational definition of IVT/EVT eligibility based solely on 
NIHSS. The NIHSS cut-off of 4 was determined based on the facts 
that (1) NIHSS scores of 0–3 have been regarded as minor stroke 
in pivotal stroke trials such as Clopidogrel with Aspirin in Acute 
Minor Stroke or Transient Ischemic Attack (CHANCE)36 and Clop-
idogrel and Aspirin in Acute Ischemic Stroke and High-Risk TIA 
(POINT),37 and (2) NIHSS scores 6 or more are accepted as po-
tential EVT eligibility criteria when analyzing large observational 
data without angiographic information.1 

Second, our study lacks data on outcomes that are commonly 
used for evaluating the efficacy of reperfusion therapy, such as 
immediate NIHSS score improvement, mRS scores at 3 months, 
and follow-up data on infarct size or cerebral angiographic out-
comes. Such detailed clinical information is often unavailable in 
nationwide datasets, which typically stem from administrative 
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or national stroke audit data, as is the case in our study. Al-
though a meaningful association between the 3-month mRS 
and 1-year mortality in patients receiving reperfusion therapy 
has also been reported,38,39 the association between RTR and 
1-year mortality should be interpreted cautiously. The relation-
ship between RTR and 1-year mortality might be mediated, at 
least partly, by environmental or social factors, which are com-
monly found among typical patients treated in low-volume 
centers.28

Conclusions

In conclusion, our nationwide study showed that hospital RTRs 
for AIS were notably low and exhibited considerable variability, 
with a clear association observed between hospital RTRs and 
clinical outcomes post-AIS. These findings imply that hospital 
RTRs could serve as a valuable metric for assessing the quality 
of acute stroke care. Furthermore, they highlight the potential of 
hospital RTR as an important component of a continuous qual-
ity improvement initiative in acute stroke care. Future research 
is warranted to validate the utility of hospital RTR as a metric 
and to explore its relationship with a broader range of clinical 
outcomes beyond mortality. Finally, refining the operational 
definition of potential eligibility for reperfusion therapy may lead 
to more precise estimates of RTR. 
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Supplementary Figure 1. Distribution of hospitals based on patient vol-
ume eligible for reperfusion therapy.
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Supplementary Figure 2. Histogram of the crude reperfusion therapy rates (RTR) of hospitals.
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Supplementary Table 1. Quartiles of hospital RTR and 1-year mortality after stroke

Adjusted RTR  
  (quartile)

Adjusted RTR 
(range) (%)

N
Adjusted 1 year mortality (%)

P* P†
Crude 1 year mortality (%)

P* P†

Mean±SD Median (IQR) [range] Mean±SD Median (IQR) [range]

1st <41.52 46 43.5±21.4 43 (31–53) [0, 100] 0.2977 0.0703 27.7±14.9 28 (14–40) [0, 55] 0.0417 0.0043

2nd 41.52–56.9 46 40.5±17.2 39 (31–47) [0, 85] 25.8±11.6 26 (18–33) [0, 50]

3rd 57.0–69.6 47 38.1±12.0 36 (32–41) [21, 100] 23.8±8.2 23 (18–27) [11, 45]

4th 69.7–100.0 46 37.9±10.0 38 (32–43) [13, 66] 21.6±5.2 22 (19–25) [9, 32]

Overall 185 40.0±15.8 38 (32–46) [0, 100] 24.7±10.7 23 (18–30) [0, 55]

RTR, reperfusion therapy rates; SD, standard deviation; IQR, interquartile range; ANOVA, analysis of variance.
*P-value by ANOVA; †P-value by linear contrast test in ANOVA. 


