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Objectives: This study aimed to explore the status of regional variations in acute ischemic stroke (AIS) treatment and investigate the
association between the presence of a thrombectomy-capable stroke center (TSC) and the case fatality rate (CFR) of AIS within hospi-
tal service areas (HSAs).

Methods: This observational cross-sectional study analyzed acute stroke quality assessment program data from 262 hospitals between
2013 and 2016. TSCs were defined according to the criteria of the Joint Commission. In total, 64 HSAs were identified based on the ad-
dresses of hospitals. We analyzed the effects of structure factors, process factors, and the presence of a TSC on the CFR of AIS using
multivariate logistic regression.

Results: Among 262 hospitals, 31 hospitals met the definition of a TSC. Of the 64 HSAs, only 20 had a TSC. At hospitals, the presence
of a stroke unit, the presence of stroke specialists, and the rate of endovascular thrombectomy (EVT) treatment were associated with
reductions in the CFR. In HSAs, the rate of EVT treatment (odds ratio [OR], 0.98; 95% confidence interval [Cl], 0.97 to 0.99) and the
presence of a TSC (OR, 0.93; 95% Cl, 0.88 to 0.99) significantly reduced the CFR of AlS.

Conclusions: The presence of a TSC within an HSA, corresponding to structure and process factors related to the quality of care, con-
tributed significantly to lowering the CFR of AlS. The CFR also declined as the rate of treatment increased. This study highlights the
importance of TSCs in the development of an acute stroke care system in Korea.
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INTRODUCTION

Stroke is the fourth leading cause of death in Korea, follow-
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ing cancer, heart disease, and pneumonia [1], and there are re-
gional disparities in the incidence and mortality of stroke [2,3].

Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826 Strokes are classified as either ischemic or hemorrhagic stroke,
Korea depending on the mechanism of occurrence. Treatments for
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duction in any medium, provided the original work is properly cited. ischemic stroke before 2015; however, EVT was included in
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Korea's 2016 stroke treatment guidelines after its effectiveness
at treating AlS patients with large vascular occlusions was rec-
ognized following several well-designed randomized con-
trolled trials [5-10]. The inclusion of EVT in the guidelines does
not ensure that EVT will be performed properly for patients in
need given that EVT requires a readily available, 24-hour
stroke team that includes vascular neurologists, skilled neuro-
interventionalists, and experienced technicians and nurses
[11]. In short, EVT is an effective treatment, but one that re-
quires resources. Therefore, it is not feasible for EVT treatment
to be offered at all regional hospitals, and the need to estab-
lish a regional treatment delivery system according to the ca-
pability of performing EVT treatment has been raised. In the
United States, stroke centers are divided into primary stroke
centers (PSCs), thrombectomy-capable stroke centers (TSCs),
and comprehensive stroke centers depending on the level of
available stroke treatment according to the Joint Commission
[12]. In Korea, regional cardio-cerebrovascular centers have
been established starting in 2008 to close regional gaps and
enhance the capability of regional hospitals to treat acute car-
dio-cerebrovascular diseases, and they have been shown to
contribute to reducing mortality [13]. However, for the treat-
ment of stroke, hospitals that provide EVT treatment still tend
to be concentrated in large cities and metropolitan areas [2],
and there is not yet a unified certification system in Korea to
distinguish TSCs from PSCs.

Health services research (HSR) is a field of study that exam-
ines accessibility, quality of care, and the cost of healthcare to
improve health outcomes in populations [14]. Evidence for the
effectiveness of new treatments is growing, but our understand-
ing of how to efficiently deliver these treatments to patients in
need is insufficient, and there is a widening gap between prac-
tice and research [15]. Among the several theoretical frame-
works used in HSR, the Donabedian model describes the qual-
ity of care using a structure, process, and outcome model [16].
For example, structure factors in stroke treatment are stroke
units and neurologists. Process factors include the test rate and
treatment use rate, and outcome factors for determining the
effectiveness of provided medical services may include the case
fatality rate (CFR). Variations in treatment for AIS have been
found to be caused by underuse [17]. The causes of underuse
of EVT treatment have been found to be transport delays that
occur during the pre-hospital stage and a lack of equipment
and medical personnel for performing EVT. Due to these factors,
regional disparities in AlS treatment continue to grow [2,15].
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Determining geographic units is crucial for regional varia-
tion research since the geographic units affect variation mea-
surements [18,19]. Many variation studies have conducted
their analyses of healthcare utilization using familiar adminis-
trative units. However, it is difficult to interpret and apply the
results of variation measurements based on administrative
units [20]. Geographic units for healthcare utilization can be
defined through the relevance index, which evaluates health-
care utilization based on the patient’s residential area, and the
commission index, which evaluates healthcare utilization
based on the hospital’s location [21]. The Dartmouth Atlas
project defined hospital service areas (HSAs) as geographic
units of analysis for general hospitals and hospital referral re-
gions for tertiary hospitals to study variations in healthcare
utilization [22]. In Korea, there have been various attempts to
establish HSAs, and 70 HSAs for essential care have been iden-
tified based on recent research from 2019 [23]. It is important
to investigate regional variations in AlS treatment based on
HSAs, which were created to reflect actual healthcare utiliza-
tion in Korea. Therefore, this study aimed to examine the sta-
tus of regional variations in AlS treatment and investigate the
associations between the presence of a TSC within HSAs and
the CFR of AlS.

METHODS

Data Sources

This observational study used data from the fifth, sixth, and
seventh Acute Stroke Quality Assessment Program (ASQAP).
The ASQAP was designed to improve the quality of care pro-
vided to acute stroke patients and has evaluated structure,
process, and outcome factors of care with validated quality in-
dicators since 2007 [24]. The investigation period was March 1
to May 31, 2013 for the fifth ASQAP, June 1 to August 31,2014,
for the sixth ASQAP, and July 1 to December 31, 2016 for the
seventh ASQAP. From the fifth to seventh ASQAP, 262 hospitals
that treated more than 10 patients who were hospitalized via
the emergency room within 7 days of the onset of symptoms
and diagnosed with acute stroke (International Statistical Clas-
sification of Diseases and Related Health Problems 10th Revi-
sion [ICD-10] code 160-163) were included. Of the 46 794 pa-
tients treated in 262 hospitals for whom data were collected,
35 004 who were diagnosed with cerebral infarction (ICD-10
code 163) and who were aged 18 years or older were selected
as the study population and aggregated into hospital units.
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HSAs were used as units of analysis of regional variation. In
total, 70 HSAs were identified according to a 2019 Ministry of
Health research project [23] (Supplemental Material 1). A da-
tabase of HSAs was created based on hospitals’ addresses. Of
the 70 HSAs, only 64 were included in the analysis. Six HSAs
were excluded since the hospitals in those HSAs did not par-
ticipate in the fifth, sixth, or seventh ASQAP. The map was cre-
ated using an shapefile provided by the National Health Ser-
vice website (KNHIS-ATLAS, http://nhiss.nhis.or.kr:8087/analy-
sis/index.do). The map was depicted as a whole and adminis-
trative units were also shown separately on a larger scale to
ensure that all regions were visible and presented accurately.

Variables

The CFR of AS, or the proportion of patients who died among
patients diagnosed with cerebral infarction, was used as a de-
pendent variable to measure regional variations in AlS treat-
ment outcomes. We designated the presence of aTSCas an in-
dependent variable and defined TSCs according to the Joint
Commission criteria. Applying Donabedian’s structure, process,
and outcome model, a TSC was determined if the hospital or
HSA contained a stroke unit with attending stroke specialists
(neurology, neurosurgery, and rehabilitation medicine) and
performed 15 or more EVT procedures per year. Donabedian’s
structure factors and process factors were represented accord-
ingly (Supplemental Material 2). To adjust the severity, we used
the average age of the analysis unit, percentage of male pa-
tients, and the average National Institute of Health Stroke Scale
(NIHSS) score as covariates, based on a prior study that devel-
oped a severity correction model using ASQAP data [25]. The
NIHSS is a clinical measure in which neurological deficits are
quantified from 0 point to 42 points to assess the severity of
stroke at the time of hospitalization and estimate the subse-
quent prognosis [26]. A study comparing the prospective NI-
HSS and the retrospective NIHSS in Korea also confirmed that
the NIHSS is both a valid and reliable indicator [27]. In particu-
lar, patients’ NIHSS scores at the time of hospitalization have
been found to show a significant correlation with 30-day mor-
tality related to AIS [28].

Statistical Analysis

Using exploratory data analysis, we examined regional vari-
ations in the distribution of TSCs, treatment use rate, and CFR
through descriptive statistics and map images. The differences
in the CFR between HSAs with and without a TSC were analyzed
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using mean and variance tests. The effects of TSCs on the CFR
of AIS were examined at the hospital-level and HSA-level us-
ing multivariate logistic regression. The study presented the
associations of both structure and process factors with the CFR
as crude odds ratios (ORs) using univariate logistic regression.
The adjusted OR was determined using multivariate logistic
regression including the average age, percentage of male pa-
tients, and average NIHSS score. In the final model, we con-
firmed the effect of TSCs on the CFR of AlIS patients, including
the average age, percentage of male patients, average NIHSS
score, and percentage of missing NIHSS scores, except for struc-
ture and process factors included in the definition of TSCs. Sta-
tistical analyses were performed using R version 3.6.1 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Ethics Statement

We accessed this anonymized database after submitting in-
stitutional review board approval from the Seoul National Uni-
versity Bundang Hospital (No. X-1902-522-902) to the Health
Insurance Review & Assessment Service.

RESULTS

Among the 262 hospitals, there were 43 (16.4%) tertiary hos-
pitals and 219 (83.6%) general hospitals. In terms of structure
factors, 68 (26.0%) hospitals had stroke units and 163 (62.2%)
hospitals had stroke specialists. In terms of process factors,
hospitals were classified according to the annual numbers of
EVT procedures performed, with 45 (17.2%) hospitals perform-
ing EVTs 15 or more times per year. In total, 31 (11.8%) TSCs
met all the above conditions related to structure and process
factors (Table 1). At the hospital level, the average number of
AlS patients per hospital was 134, and the average age of pa-
tients was 70.2 years. The percentage of male patients was
54.7%, and the average NIHSS score was 5.67 out of 42. The
percentage of missing NIHSS scores, which was one of the pro-
cess factors to assess the quality of care, was 20.8%. The rate
of IV-tPA treatment was 7.3%, and the rate of EVT treatment
was 2.7%. The average CFR of AIS patients was 32.2% (Supple-
mental Material 3).

In HSAs, the average number of hospitals that participated
in the fifth, sixth, and seventh ASQAP was 4.09, and the high-
est quantity of hospitals was in Busan-jungbu (No. 6) with 14
hospitals (Table 1). In total, 6 HSAs—Sejong (No. 20), Icheon-
gwon (No. 31), Pocheon-si (No. 32), Yeongwol-gwon (No. 35),


http://nhiss.nhis.or.kr:8087/analysis/index.do
http://nhiss.nhis.or.kr:8087/analysis/index.do

Eun Hye Park, et al.
Characteristics n (%) Mean+SD (MNiI:,dI:I?:x)
No. of hospitals 262 (100) 4.09+2.84 3(1,14)
participating ASQAP'!
Hospital type
Tertiary hospital 43(16.4) 0.67£1.21 0(0,5)

General hospital 219(83.6) 3.42+2.06 3(0, 10)

Structure factors?

Stroke unit 68(26.0) 1.06+1.64 0(0,8)

Stroke specialists® 163(62.2) 2.55+2.56 210,12)
Classification of hospitals by annual procedure of EVT

0 138(52.7) 2.16+1.52 2(0,7)

1-14 79(30.1) 1.23+£1.74 1(0, 10)

>15 45(17.2) 0.70£0.88  0.5(0.0,4.0)
Tsc* 31(11.8) 048+0.85 0(0,4)
No. of acute ischemic 35004 (100) 5474590 407 (7, 2740)

stroke patients

Average age 69.67+3.83 68.8(63.9, 80.8)

Male 20161 (57.6) 54.46+6.57 55.6(33.3,63.8)

Average NIHSS 591+1.85 6.15(0.00,9.18)
Missing NIHSS 2256 (6.4) 15.79+22.01 4.98(0.00, 100.00)
Using IV-tPA 3475(9.9) 854+380 8.97(0.00, 15.43)
Using EVT 1810(5.2) 3.74+2.94 3.83(0.00,11.97)

Case fatality rate of acute 9451 (27.0) 31.56+7.75 28.86(21.92, 57.14)
ischemic stroke

SD, standard deviation; Min, minimum; Max, Maximum; ASQAP, Acute
Stroke Quality Assessment Program; EVT, endovascular thrombectomy; TSC,
thrombectomy-capable stroke center; NIHSS, National Institute of Health
Stroke Scale; IV-tPA, intravenous-recombinant tissue plasminogen activator.
'Designed to improve the quality of care provided to acute stroke patients
since 2007.

ZAccording to Donabedian’s theoretical framework for quality of healthcare.
*Stroke specialists are physicians with special skills in stroke such as neurol-
ogy, neurosurgery, and rehabilitation medicine.

“TSC is defined with the presence of stroke unit, the presence of stroke spe-
cialists, and performing more than 15 EVT procedures per year according to
the criteria of TSC in the Joint Commission.

Yeongju-gwon (No. 62), and Geochang-gwon (No. 68)—were
excluded since they contained no hospitals that participated
in the fifth, sixth, or seventh ASQAP (Supplemental Material
4A). The average number of TSCs within HSAs was only 0.48
(Figure 1). The average number of AlS patients per hospital
was 547, and the average age was 69.67 years old. The per-
centage of male patients was 54.5%, and the average NIHSS
score was 5.91 out of 42. The percentage of missing NIHSS
scores was 20.8%. In Donghae-gwon (No. 37) and Gongju-
gwon (No. 43), all of the NIHSS scores were missing (Supple-
mental Material 4B). The average rate of treatment with IV-tPA
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was 8.5% and the average rate of EVT treatment was 3.7%.
Chungju-gwon (No. 40) had the highest IV-tPA treatment rate
at 15.4% (Supplemental Material 4C), and Jinju-gwon (No. 65)
had the highest EVT treatment rate at 12.0% (Supplemental
Material 4D). The average CFR of AlS patients was 31.6% (Fig-
ure 1), the highest of which was in Naju-gwon (No. 55) at
50.6% and the lowest of which was in Seongnam-gwon (No.
22) at 21.9%.

First, we analyzed the associations between the CFR and fac-
tors related to the quality of care in hospital settings. Structure
factors such as the presence of a stroke unit and the presence
of stroke specialists were considered. Process factors such as
the percentage of missing NIHSS scores, the rate of IV-tPA treat-
ment (%), the rate of EVT treatment (%), and hospital classifi-
cation according to the number of annual EVT procedures were
included. The results of univariate logistic regression showed a
significant reduction in the CFR for all factors except for the
percentage of missing NIHSS scores (OR, 1.01; 95% Cl, 1.01 to
1.01) (Table 2). After severity correction with multivariate lo-
gistic regression, including the hospital-specific average age,
the percentage of male patients, and the average NIHSS score,
each factor showed the same direction of impact (presence of
a stroke unit: OR, 0.90; 95% Cl, 0.86 to 0.95; presence of stroke
specialists: OR, 0.86; 95% Cl, 0.79 to 0.94; rate of EVT treat-
ment: OR, 0.98; 95% Cl, 0.98 to 0.99, and the performance of
15 or more EVT procedures per year: OR, 0.82; 95% Cl, 0.75 to
0.90) before the correction except for the rate of IV-tPA treat-
ment.

To examine the effects of TSCs on the CFR of AlS patients,
the 64 HSAs were divided into 2 groups according to the pres-
ence of a TSC. In total, 20 HSAs contained a TSC and 44 HSAs
did not. In terms of the distribution of TSCs within HSAs and
si/do-level units (administrative units of Korea corresponding
to Metropolitan cities and provinces, respectively) all of the
HSAs in Seoul and Daegu contained a TSC, while none of the
HSAs in Ulsan, Sejong, Chungnam, Jeonnam, Gyeongbuk, and
Jeju contained a TSC (Figure 1). The average CFR was 33.98%
(standard deviation [SD], 8.15) in HSAs without a TSC and
26.23% (SD, 2.28) in HSAs with a TSC. There was a significant
difference in mean (mean difference, 7.75; 95% Cl, 4.03 to
11.47) and variance between the groups (Figure 2). Next, we
evaluated the associations between the CFR and factors relat-
ed to the quality of care in HSAs. In addition, we included the
presence of a TSC within HSAs as a new variable that covered
structure and process factors. The results of univariate logistic
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Figure 1. Number of thrombectomy-capable stroke centers (TSCs) and the case fatality rate (CFR) of acute ischemic stroke by
hospital service area (HSA) (n=64). Values are presented as colors according to the category of measurements. NA, not available.
The maps depict Korea in its entirety separated by HSA boundaries with smaller maps depicting regions on the si/do level (ad-
ministrative units corresponding to Metropolitan cities and provinces), in order to clearly display areas that are not visible in the
full-sized map. HSAs were depicted by HSA number instead of by HSA name. Corresponding HSA numbers and HSA codes can
be found in Supplemental Material 1.
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Variables

Structure factors?
Stroke unit
Stroke specialists®
Process factors?®
Missing NIHSS
Using IV-tPA
Using EVT
Classification of hospitals by annual procedure of EVT
0

Hospital-level (n=262)

OR (95% CI)

0.81(0.77, 0.85)
0.67(0.62, 0.72)

1.01(1.01, 1.01)
0.99(0.98, 1.00)
0.97 (0.96, 0.98)

1.00 (reference)
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Hospital service area-level (n=64)

1-14 0.74(0.69, 0.80)

=15 0.64 (0.56, 0.65)
Structure and process factors

TSC*

aOR (95% Cl)' OR (95% CI) aO0R (95% CI)'
0.90(0.86, 0.95) 0.83(0.79, 0.88) 0.93(0.87, 1.00)
0.86(0.79, 0.94) 0.58(0.49, 0.68) 0.83(0.69, 0.99)
1.01(1.01, 1.01) 1.01(1.01, 1.01) 1.01(1.01, 1.01)
1.00(0.99, 1.01) 1.00(0.99, 1.00) 1.00(0.99, 1.01)
0.98(0.98, 0.99) 0.95(0.97, 0.99) 0.98(0.97, 0.99)
1.00 (reference)
0.97 (0.88, 1.06)
0.82(0.75, 0.90)

0.82(0.79, 0.87) 0.90(0.86, 0.95)

OR, odds ratio; Cl, confidence interval; aOR, adjusted odds ratio; NIHSS, National Institute of Health Stroke Scale; IV-tPA, intravenous-recombinant tissue plas-
minogen activator; EVT, endovascular thrombectomy; TSC, thrombectomy-capable center.

'Adjusted for average age, percentage of men, and average NIHSS.
?According to Donabedian’s theoretical framework for quality of healthcare.

3Stroke specialists are physicians with special skills in stroke such as neurology, neurosurgery, and rehabilitation medicine.
“TSC is defined with the presence of stroke unit, the presence of stroke specialists, and performing more than 15 EVT procedures per year according to the crite-

ria of TSC in Joint Commission.
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Presence of TSC within HSA

regression showed a significant reduction in the CFR for all
factors except for the percentage of missing NIHSS scores and
the rate of IV-tPA treatment (Table 2). After severity correction
with multivariate logistic regression—including the HSA-spe-
cific average age, percentage of male patients, and average
NIHSS score—each factor showed the same direction of im-
pact (presence of a stroke unit: OR, 0.93; 95% Cl, 0.87 to 1.00;

presence of stroke specialists: OR, 0.83; 95% Cl, 0.69 to 0.99;
rate of EVT treatment: OR, 0.98; 95% Cl, 0.97 to 0.99; and the
presence of TSCs: OR, 0.90; 95% Cl, 0.86 to 0.95)—before the
correction.

Finally, we included both structure and process factors in
the analysis (Table 3). In model 1, a higher average age (OR,
1.08; 95% Cl, 1.06 to 1.09) and average NIHSS score (OR, 1.05;
95% Cl, 1.02 to 1.07) were associated with a significantly high-
er CFR of AIS. Model 2 included structure factors and showed
that the presence of a stroke unit (OR, 0.94; 95% Cl, 0.88 to
1.00) and the presence of stroke specialists (OR, 0.83; 95% Cl,
0.69 to 1.00) corresponded to a lower CFR of AlS. Model 3 in-
cluded both structure and process factors and showed that
the percentage of missing NIHSS scores (OR, 1.01; 95% Cl, 1.00
to 1.01) corresponded to a significant increase in the CFR and
that the rate of EVT treatment (OR, 0.98; 95% Cl, 0.97 to 1.00)
corresponded to a reduction in the CFR. The final model, Mod-
el 4, included the presence of a TSC, which covers structure
and process factors and the percentage of missing NIHSS scores.
Model 4 showed a significant reduction in the CFR of AlS in
HSAs with a TSC compared to HSAs without a TSC (OR, 0.93;
95% Cl, 0.88 t0 0.99).
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Variables Model 1 Model 2 Model 3 Model 4
Average age 1.08(1.06, 1.09) 1.07 (1.05, 1.09) 1.06 (1.04, 1.08) 1.06 (1.04, 1.08)
Male 1.01(1.01, 1.02) 1.01(1.00, 1.02) 1.01(1.00, 1.02) 1.01(1.00, 1.02)
Average NIHSS 1.05(1.02, 1.07) 1.05(1.03, 1.08) 1.09(1.05, 1.13) 1.09(1.06, 1.13)
Structure factors'

Stroke unit 0.94 (0.88, 1.00)

Stroke specialists® 0.83(0.69, 1.00)
Process factors'

Missing NIHSS 1.01(1.00, 1.01) 1.01(1.00, 1.01)

Using IV-tPA 1.00(0.99, 1.01)

Using EVT 0.98(0.97, 1.00)
Structure and process factors

TSC® - - - 0.93(0.88, 0.99)
AIC 484.38 480.41 458.85 459.48

Values are presented as odds ratio (95% confidence interval).

NIHSS, National Institute of Health Stroke Scale; IV-tPA, intravenous-recombinant tissue plasminogen activator; EVT, endovascular thrombectomy; AIC, Akaike

information criterion.
'According to Donabedian’s theoretical framework for quality of healthcare.

ZStroke specialists are physicians with special skills in stroke such as neurology, neurosurgery, and rehabilitation medicine.
*TSC is defined with the presence of stroke unit, the presence of stroke specialists, and performing more than 15 EVT procedures per year according to the crite-

ria of TSC in Joint Commission.

DISCUSSION

This study examined regional variations in AIS treatment in
HSA units with hospital-level data from 262 hospitals that par-
ticipated in the fifth, sixth, and seventh ASQAP conducted from
2013 to 2016. The presence of TSCs in HSAs was found to have
an effect on the CFR of AlS patients. The standard of care for
AIS includes treatment using IV-tPA and EVT. Of the 35 004 AlS
patients included in this study, 3475 (9.9%) received IV-tPA
treatment and 1810 (5.2%) received EVT treatment during the
survey periods of the fifth, sixth, and seventh ASQAP. To exam-
ine regional variations in AlS treatment, the level of stroke care
at the hospitals within HSAs had to first be assessed. The qual-
ity of stroke care at the hospital level was divided into structure,
process, and outcome factors based on Donabedian’s theoreti-
cal framework (Supplemental Material 2). Structure factors in-
cluded the presence of a stroke unit and the presence of stroke
specialists (neurology, neurosurgery, and rehabilitation medi-
cine), and process factors included the percentage of missing
NIHSS scores, the rate of IV-tPA treatment, and the rate of EVT
treatment. The CFR of AlS was used as the outcome factor.

The number of EVT procedures per year was used as an im-
portant criterion for defining TSCs. Many studies have conclud-
ed that a higher number of annual EVT procedures corresponds

to better results, but the different number of EVT procedures
performed per year was used as a threshold for considering
the context of each country [29-32]. In Korea, there is not yet a
unified standard to define TSCs. A recent study suggested that
more than 24 EVTs per year was an indicator for identifying
TSCs [33]; however, the results were derived from a study of
patients who exclusively received EVT treatment, and it was
therefore not appropriate to use this metric as a threshold for
our study, which included patients treated with and without
EVT. TSCs in this study were defined as hospitals that conduct-
ed 15 or more EVT procedures per year, per the criteria of the
Joint Commission International [34]. Among the 262 hospitals
included in this study, 45 (17.2%) performed 15 or more EVT
procedures per year, and 31 (11.8%) had a stroke unit and stroke
specialists in addition to performing 15 or more EVTs per year.

Among the 70 identified HSAs, 6 did not contain hospitals
that participated in the fifth, sixth, and seventh ASQAP, while
20 contained a TSC (Figure 1). The mean difference in the aver-
age CFR of AIS between HSAs with and without a TSC was 7.75
(95% Cl, 4.03 to 11.47), and the difference of variance was also
significant (Figure 2). Structure factors were analyzed using
multivariate logistic regression, and the CFR was found to be
lower on both the hospital and HSA levels when the process
factors were well-performed. The presence of a TSC, which



Eun Hye Park, et al.

covers both structure and process factors, significantly low-
ered the CFR of AIS compared to when there was not a TSC
(OR, 0.93; 95% Cl, 0.88 to 0.99). Thus, this study affirms the im-
portance of establishing TSCs in all HSAs to reduce regional
variations in AlS treatment.

This study had several limitations. First, 6 HSAs were not in-
cluded in the analysis after low-level hospitals that did not
meet the minimum criteria for enrollment were filtered out.
Second, the analysis was conducted based on aggregated data
organized by hospital units and HSA units, thus excluding the
individual characteristics of patients in our analysis. Third, since
the identification of HSAs was based on the addresses of hos-
pitals rather than patients’home addresses, the interpretation
of HSA data was limited to hospitals’ characteristics according
to the HSA rather than the characteristics of patients who re-
sided in that HSA. Fourth, the period during which the survey
was administered and the number of participating hospitals
varied across the fifth, sixth, and seventh ASQAP, and the anal-
ysis did not consider the impact of different survey administra-
tion periods to minimize missing data and the variability of
variables.

Nevertheless, this study is meaningful due to its analysis of
regional variations in AlS treatment according to HSAs rather
than administrative units. This makes our results more applica-
ble to real-world policy initiatives since HSAs are more likely to
influence the implementation of policies related to regional
stroke centers than administrative units. In addition, ASQAP
data are more accurate and reliable for the classification of
cerebrovascular diagnoses and treatments than claims data.
Finally, this study covered the timely topic of regional variations
in EVT treatments, which were newly included in Korea's 2016
stroke treatment guidelines, and analyzed the impact of both
structure and process factors on the CFR of AIS patients. The
results of this study can thus be used as important evidence to
support the establishment of regional cerebrovascular centers.
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