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Abstract

Background: Late hospital arrival keeps patients with stroke from receiving recanalization therapy and is associated
with poor outcomes. This study used a nationwide acute stroke registry to investigate the trends and regional disparities
in prehospital delay and analyze the significant factors associated with late arrivals.

Methods: Patients with acute ischemic stroke or transient ischemic attack between January 2012 and December 2021
were included. The prehospital delay was identified, and its regional disparity was evaluated using the Gini coefficient for
nine administrative regions. Multivariate models were used to identify factors significantly associated with prehospital
delays of >4.5h.

Results: A total of 144,014 patients from 6| hospitals were included. The median prehospital delay was 460 min
(interquartile range, 116—1912), and only 36.8% of patients arrived at hospitals within 4.5h. Long prehospital delays
and high regional inequality (Gini coefficient >0.3) persisted throughout the observation period. After adjusting for
confounders, age > 65 years old (adjusted odds ratio [aOR] = 1.23; 95% confidence interval [CI], |.19-1.27), female sex
(aOR=1.09; 95% Cl, 1.05-1.13), hypertension (aOR=1.12; 95% ClI, 1.08-1.16), diabetes mellitus (2OR=1.38; 95% Cl,
1.33—1.43), smoking (@OR=1.15, 95% ClI, 1.11-1.20), premorbid disability (aOR=1.44; 95% ClI, 1.37-1.52), and mild
stroke severity (@OR=1.55; 95% CI, 1.50—1.61) were found to independently predict prehospital delays of >4.5h.
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Conclusion: Prehospital delays were lengthy and had not improved in Korea, and there was a high regional disparity.
To overcome these inequalities, a deeper understanding of regional characteristics and further research is warranted to

address the vulnerabilities identified.
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Introduction

Swift recovery of blood supply to the brain by intravenous
thrombolysis (IVT) or mechanical thrombectomy (MT) is
critical for neurological recovery after acute ischemic
stroke (AIS).! Patients with AIS generally need to present
to the hospital within 4.5h of symptom onset to be eligible
for IVT, and even if selected using automated perfusion
imaging, within 9h.%3 Previous studies have suggested that
the leading cause for the low I'VT rate is late arrivals at the
hospital.

In South Korea, regional inequality in healthcare
resources is an important social and political issue.*
Regional disparities in ambulance utilization rates, IVT
application of patients with stroke, and age-standardized
stroke mortality have been observed.® Regional disparities
in prehospital delay have been noted as a core factor associ-
ated with differing stroke outcomes.® Diverse factors,
including patient-specific and healthcare system factors,
are associated with the late arrival of patients with AIS.”
Identifying the disparity and clarifying its reasons is the
first step to resolving the regional gap and improving stroke
outcomes. However, previous studies on prehospital delay
in patients with AIS in Korea remain at the single-center or
area level .3’

Thus, this study aimed to investigate the trends and
regional disparities in prehospital delay based on the nation-
wide acute stroke registry, the Korean Stroke Registry
(KSR).!° Furthermore, we explored whether hospital arrival
of >4.5h was associated with unfavorable outcomes for
patients with stroke and analyzed the significant factors
associated with a late arrival of >4.5h.

Methods

Data source

The KSR is a representative, prospective, and multicenter
stroke registry in Korea.!""'> As of 2022, 81 hospitals
across the nation participated in the KSR. The KSR cov-
ers hospitals in seven special metropolitan cities and nine
provinces in South Korea. All primary stroke centers and
thrombectomy-capable centers accredited by the Korean
Stroke Society participated in the KSR, with a steady

enrollment of more than 2000 patients with acute stroke
per month and approximately 25,000 patients per year. In
addition, 10 of the 13 regional cerebrocardiovascular
centers certified by the Korean government participated
in the KSR (Supplemental Table S1 and S2).'* As hospi-
tals of various sizes across the country participated in the
KSR, it would be useful to understand the regional dis-
parity. Patients who were diagnosed with stroke or tran-
sient ischemic attack (TIA) within 7days of symptom
onset were registered online through the website (www.
strokedb.or.kr). All participating centers in the KSR were
required to collect data on demographics, vascular risk
factors, and time of stroke onset and type (clear or unclear
onset), as well as to establish quality-of-care indicators,
including prehospital delay, initial stroke severity evalu-
ated by the National Institute of Health Stroke Scale
(NIHSS) score, and modified Rankin scale (mRS) score
before and after the incident stroke. Additional details of
the KSR are described elsewhere.'? Furthermore, as an
indicator of the level of infrastructure in a region that is
relevant to prehospital delays, we examined the number
of emergency ambulances per 100,000 population per
region for each year from the emergency statistics of the
Korean government (Supplemental Table S3).!* The pro-
cedure of this registry and the current study design were
approved by the Institutional Review Board (IRB) of
Seoul National University Hospital, which represented
the involved hospitals (IRB No. H-1009-062-332 and
H-2206-172-1336).

Study sample

Of the 81 KSR-participating centers, hospitals that had
enrolled patients for at least 1 year and continued to partici-
pate in the monitoring and auditing process of the database
till 2021 were selected for analysis. A total of 61 hospitals
across the nine administrative districts in South Korea were
included (Supplemental Table S1 and S2). Each hospital
had different time points for the commencement of registra-
tion in the observation period. This study identified patients
aged =20years with a diagnosis of AIS or TIA in the KSR
between January 1, 2012, and December 31, 2021.
Participants with missing data on age, sex, initial stroke
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severity, stroke onset time, or hospital arrival time were
excluded.

Outcome measures

The prehospital delay was computed from the stroke symp-
tom onset time (first abnormal time: the time when the
symptoms were first noticed by the patient or observed by a
witness) to the time of arrival at the hospital. If no eyewit-
nesses were present or if the time of symptom onset was
unclear, the time from the last known symptom-free to hos-
pital arrival was used. A 4.5h hospital arrival rate was
defined as the number of patients with prehospital delays of
<4.5h, divided by the total number of patients with stroke
or TIA.

Regional disparity

Regional disparities in prehospital delay were assessed using
data from nine administrative regions of South Korea. A Gini
coefficient was utilized to calculate the inequality among the
regions.!® The Gini coefficient for regional disparities for
each year was calculated and compared from 2012 to 2021 to
determine whether regional disparities in prehospital delay in
South Korea changed over the observation period. The Gini
coefficient is a variable that has been widely used in previous
studies to identify disparities in economics (personal income)
and healthcare variables (treatment usage).'®!” Furthermore,
previous studies have effectively demonstrated regional dis-
parities in cerebrovascular disease management using the
Gini coefficient.'®!” The Gini coefficient ranges from 0 (per-
fect equality) to 1 (perfect inequality) and is categorized as
low (<0.2), moderate (=0.2, <0.3), high (=03, <0.4), or
extreme inequality (=0.4).'8

Covariates

The factors associated with favorable stroke outcomes
(mRS score at discharge <2) were analyzed among the
patients who were not disabled prior to the stroke. No dis-
ability before the onset of stroke was defined as a previous
mRS score of =<1 recorded on the KSR. Old Age
(>65years), sex, initial stroke severity, late arrival at the
hospital (>4.5h), comorbidities (previous history of stroke
or TIA, hypertension, coronary artery disease, diabetes
mellitus, dyslipidemia, smoking, atrial fibrillation) and use
of recanalization treatment were included in the analysis. In
addition, old age (>65years), sex, comorbidities, current
intake of medications (anticoagulants, antiplatelets, antihy-
pertensive agents, and statins), initial stroke severity,
admission routes (via the emergency department, outpa-
tient clinic), number of ambulances per 100,000 people in
each region, and presence of a disability were included as
potential characteristics that could affect the prehospital
delay of >4.5h.

Statistical analysis

Categorical variables are expressed as frequencies with
percentages, and continuous variables are represented as
means with standard deviations or medians with interquar-
tile ranges (IQRs). The distribution of prehospital delays
did not follow a standard normal distribution. Therefore,
median and IQR were used to represent the prehospital
delay in each region for each year. A rate of 4.5h hospital
arrivals was calculated for each region by year. We repre-
sented geographic variations in prehospital delay across the
nation using a choropleth map and calculated Gini coeffi-
cients to identify regional inequalities between 2012 and
2021 in the nine regions. Furthermore, the 95% confidence
intervals (CIs) of Gini coefficients were estimated using
2000-bootstrapping sampling. Subsequently, an analysis to
identify any differences between the two Gini coefficients
was conducted using the bootstrapping method. If the 95%
CI did not contain zero, then the two Gini coefficients indi-
cated statistically significant differences. Univariate and
multivariate analyses were conducted to determine whether
presenting to the hospital after 4.5h was independently and
negatively associated with functional independence at dis-
charge after acute stroke. The dependent variable was func-
tional independence at discharge, defined as an mRS score
of <2. Covariates included age, sex, moderate to severe
stroke, comorbidities (previous stroke or TIA, hyperten-
sion, coronary artery disease, diabetes mellitus, dyslipidae-
mia, smoking, atrial fibrillation), and reperfusion therapy
[IVT or MT]. Significant variables (p <0.1 in the univari-
ate analysis) were included as covariates in the multivariate
analysis. In addition, univariate and multivariate analyses
were performed to identify factors independently associ-
ated with a prehospital delay of >4.5h. Differences in pre-
hospital delay according to stroke severity were also
examined. All analyses were performed using SAS (version
9.4; SAS Institute, Inc.) and R version 4.2.2 (https:/
www.R-project.org). A two-sided p-value of <0.05 was
considered statistically significant.

Results

Baseline characteristics of the patients

A total of 155,367 registered patients from 61 hospitals
were identified in the KSR between 2012 and 2021. Of
these, 3305 patients diagnosed with hemorrhagic stroke,
3135 patients with missing data on age, sex, initial sever-
ity, and time of stroke onset or hospital arrival, as well as
4913 patients with in-hospital stroke, were excluded.
Finally, a total of 144,014 patients with AIS or TIA were
included (Supplemental Figure S1). The patient character-
istics are summarized in Tables 1 and 2. The mean age was
68.3 (*£12.3) years. Among all patients, 59.1% were men,
and 31.0% had unclear stroke onset. During the last
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10years, 8.2% of all patients with AIS underwent IVT, and
4.6% received MT. IVT rates have declined since 2014
(9.2%), reaching 7.8% in 2021. Meanwhile, MT rates have
increased, reaching 5.6% in 2018, albeit a slight decrease
in recent years. The median prehospital delay in all regions
of South Korea throughout the observation period was
460min (IQR, 116-1912), and the minimum time was
429 min in 2016 (IQR, 109-1868), the trend of the change
was not statistically significant (p-value for trend=0.167)
(Supplemental Figure S2).

Regional disparity in prehospital delay

During the observation period, substantial regional differ-
ences existed in the prehospital delay across the country
(Table 3 and Supplemental Table S4). In 2021, the most
recent year for which data were available, the difference
between the shortest (Jeju, median 316 min) and longest
prehospital delays (Seoul, median 646 min) was over two-
fold. The Seoul metropolitan area tended to have longer
prehospital delays than other regions. The rate of people
reaching the hospital within 4.5h for each region was cal-
culated and plotted on a map (Figure 1). The rates of
patients with a prehospital delay of <4.5h were also
observed to vary significantly by region, ranging from
approximately 28.6% to 55.7% (Supplemental Table S4).
The overall regional disparity in the prehospital delay was
quantified using the Gini coefficient, which suggested high
inequality (>0.3) (Figure 2). Although small differences
exist between years, no significant changes were observed
between the Gini coefficients at any time point when statis-
tical tests using the bootstrapping method were performed.

Late arrival of >4.5 has an independent
predictor of functional dependence at discharge

To investigate whether presenting to the hospital after 4.5h
was associated with functional independence (mRS =<2)
after stroke, only patients (n=82,461) with no disability
(mRS =< 1) prior to the index stroke were included. As pre-
sented in Figure 3(a), a multivariate analysis showed that
patients with a prehospital delay of >4.5h were less likely
to have functional independence at discharge (adjusted
odds ratio [aOR]=0.65; 95% CI, 0.62—0.68; p < 0.001).

Factors associated with prehospital delay
>4.5h

To identify the factors that cause any delays in arriving at
the hospital after becoming aware of their symptoms, we
restricted our analysis to patients with clear onset stroke
(n=99,075). Of these, only 36.8% of patients (n=36,459)
were admitted to the hospital within 4.5 h. The results of the
multivariate analysis of the factors associated with a pre-
hospital delay of >4.5h are presented in Figure 3(b). Age

over 65 years old (aOR = 1.23; 95% CI, 1.19-1.27;
»<0.001), female sex (aOR=1.09; 95% CI, 1.05-1.13;
»<0.001), hypertension (aOR=1.12; 95% CI, 1.08-1.16;
»<0.001), diabetes mellitus (aOR=1.38; 95% CI, 1.33—
1.43; p<0.001), smoking (aOR=1.15; 95% CI, 1.11-1.20;
»<0.001), disability prior to incident stroke (aOR=1.44;
95% CI, 1.37-1.52; p<0.001), and mild stroke severity
(NIHSS score<5) (aOR=1.55; 95% CI, 1.50-1.61;
»<0.001) independently predicted a prehospital delay
>4.5h. On the other hand, a history of previous stroke or
TIA (aOR=0.88; 95% CI 0.84-0.91; p <0.001), coronary
artery disease (aOR=0.79; 95% CI 0.75-0.83; p <0.001),
atrial fibrillation (aOR=0.47; 95% CI 0.45-0.49;
»<0.001), administration via the emergency department
(aOR=0.08; 95% CI 0.07-0.09; p<0.001), and the num-
ber of ambulances available per 100,000 population
(aOR=0.96; 95% C10.94-0.97; p <0.001) were negatively
and significantly associated with prehospital delays longer
than 4.5h.

Discussion

Based on a nationwide stroke registry, this study demon-
strated trends in regional disparities in prehospital delay
from 2012 to 2021. As assessed using the Gini coefficient,
high inequalities persisted with a low proportion (36.8%) of
patients visiting the hospital within 4.5 h. Furthermore, fac-
tors associated with a prehospital delay of >4.5h included
old age, female sex, the presence of vascular risk factors,
and mild stroke severity.

We believe that our study is of great value as it is based
on a nationally representative stroke registry, examines
trends in stroke care over the last 10 years, and confirms the
existence of geographic inequalities in prehospital delay
among the nine administrative regions of Korea. During the
observation period, prehospital delays were long, with a
median of 460min, and while a gradual decrease was
observed, the change was not statistically significant. In
other words, there was no improvement. Notably, an
increase in prehospital delay was observed in 2021, with a
median of 492min, as compared to 2020 (median of
436min), suggesting a possible impact of COVID-19
(Supplemental Figure S2). Further research is needed on
the improvement or worsening of prehospital delay follow-
ing the COVID-19 era.

Regional disparities have not improved either; recent
studies have reported population density, traffic congestion,
and pathways to hospital as key factors associated with
regional differences in prehospital delay.?®%? Interestingly,
prehospital delay was observed to be longer in large metro-
politan areas such as Seoul. First, we found that Seoul has
the lowest number of ambulances (1.9 as of 2021) per
100,000 population, which may be the reason for the low
utilization of emergency medical vehicles. Therefore,
patients in metropolitan areas most likely use their own
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Figure |. Rate of prehospital delay of <4.5h by region.
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The rate of prehospital delay of <4.5h by region is plotted on a map of South Korea. The percentages were classified into five groups: 0-32.5,
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Regional disparities in the prehospital delay were assessed using the Gini coefficient. The disparity was graded into four categories using the Gini
coefficient: low (<0.2; white), moderate (=0.2, <0.3; light gray), high (=0.3, <0.4; gray), or extreme inequality (=0.4; dark gray).

vehicles to reach the hospital at a higher rate in Korea.?> As
a result, prehospital delays can be prolonged due to traffic
congestion associated with high population density. In
addition, if the patient goes to the hospital on their own,
they may not be able to get directly to a stroke center where
they can receive proper diagnosis and treatment. Based on
this hypothesis, the results of the study show a significant
difference in prehospital delay (646 vs 316 min in 2021),
with 13.7% of cases in Seoul being administered through
an outpatient clinic, as compared to only 3.5% in Jeju,
which has 4.7 ambulances per 100,000 people as of 2021
(Table 2 and Supplemental Table S3). Further research is

needed to investigate the use of emergency vehicles by
patients after the onset of stroke, the route, and the time
delay to the hospital.

Moreover, an overall reduction in prehospital delay is
the most vital aspect for resolving regional disparities. A
sex disparity was present in prehospital delay; women
tended to arrive at hospitals later. Previous research indi-
cated that women are generally older and more likely to
live alone at the stroke onset.”* Being alone at the time of
symptom onset has been associated with late visits.?> About
70% of the senior citizens living alone in Korea are
women.?® In this study, older age was also found to be
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(a) Covariates

Odds Ratio (95% Cl)

Age > 65 | ; 0.54 (0.52 - 0.57)
Female Sex - 0.87 (0.83 - 0.91)
Hypertension - 0.86 (0.82 - 0.90)
Coronary artery disease £ 1.07 (1.01 - 1.14)
Diabetes mellitus - 0.77 (0.73 - 0.80)
Dyslipidemia | HE 1.16 (1.11-1.21)
Moderate to severe stroke ¥

(initial NIHSS score > 5) : 0194010 =0-11)
Prehospital delay over 4.5 h L} ' 0.65 (0.62 - 0.68)
Smoking i 1.08 (1.03 - 1.14)
Reperfusion therapy (IVT or MT) L 0.80 (0.75 - 0.86)

T
o o5 1 15 2
(b) Covariates Odds Ratio (95% Cl)
Age > 65 - 1.23 (1.19 - 1.27)
Female sex . 1.09 (1.05 - 1.13)
Previous stroke or TIA L] 0.88 (0.84 - 0.91)
Coronary artery disease s 0.79 (0.75 - 0.83)
Hypertension ‘| 1.12 (1.08 - 1.16)
Diabetes mellitus : - 1.38 (1.33 - 1.43)
Smoking L 1.15 (1.11 - 1.20)
Atrial fibrillation | ' 0.47 (0.45 - 0.49)
Route of administration - via ED ] 0.08 (0.07 - 0.09)
Ambulance per 100,000 population l 0.96 (0.94 - 0.97)
Mild stroke (NIHSS score 0-4) L ] 1.55 (1.50 - 1.61)
Previous disability (previous mRS score > 1) HiH 1.44 (1.37 - 1.52)
o o5 1 15 2

Figure 3. Forest plot showing the factors associated with functional independence after incident stroke (a) and prehospital delay
of >4.5h (b). Cl: confidence interval; TIA: transient ischemic attack; ED: emergency department; NIHSS: National Institute of
Health Stroke Scale; mRS: modified Rankin scale, TIA: transient ischemic attack; IVT: intravenous thrombolysis; MT: mechanical

thrombectomy.

significantly correlated with late arrival. Older adults have
limited mobility, and age-related frailty may interfere with
the ecarly recognition of new neurological symptoms.
Functional impairment prior to stroke onset, estimated
using the mRS score, was also associated with late arrival
at the hospital. Due to disabilities, the process of visiting
the hospital can be lengthy.?’?® However, reperfusion ther-
apy should be considered even in the presence of a premor-
bid disability.?’ Our study highlights the need for a policy to
ensure that underprivileged patients arrive at the hospital
sooner after AIS.

Another remarkable finding of our study is the need
for education to improve awareness regarding the symp-
toms and treatment of stroke. Similar to previous studies,
the milder symptom was associated with later visits.?%3!
However, even if initial stroke symptoms are mild,
patients can be left with disabilities if not treated appro-
priately.*?* In addition, patients with vascular risk fac-
tors, except atrial fibrillation, all visited the hospital late.
Previous reports have shown that only having a stroke
risk factor does not increase stroke knowledge.’** In
contrast, patients who experienced cerebro-cardiovascu-
lar disease tended to present earlier. This was inferred to

result from their awareness of stroke. In addition, it is
possible that the initial symptoms were misinterpreted by
the first healthcare provider who encountered the patient
as something other than a stroke.*® Therefore, further
research is required to identify ways of increasing stroke
awareness in vulnerable populations and healthcare
providers.

Our study had a few limitations. Factors such as the
route and mode of transportation used by patients to get to
the hospital from the area at which symptoms occurred,
including ambulance use, were not routinely captured in
the registry used. When it comes to inter-hospital transfer,
the time taken for patients to arrive at the first hospital was
impossible to determine, especially if the patient was trans-
ferred from another hospital. However, the time taken for
patients to receive acute stroke care could be determined, as
patients likely would have been transferred without receiv-
ing any special treatment at the first hospital due to the
unique circumstances of Korea. This is an important health-
care issue in Korea that warrants further research. Second,
although excluded from the analysis of factors associated
with prehospital delay (>4.5h), the analysis of regional
disparities included patients with unclear onset times,
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which may have overestimated the prehospital delay. Third,
the catchment area of each hospital and the number of pop-
ulations it serves may play a role in regional differences in
prehospital delay. However, we could not account for this
because the information currently collected in the KSR
does not allow this. Further research is required to account
for this if we can collect the necessary information. Finally,
KSR-participating hospitals are certified stroke centers and
may not reflect the situation in all regions and hospitals in
Korea. Further, there was one Province (North Jeolla)
where it was impossible to depict the trend since no hospi-
tals in this area were participating in the KSR. Nonetheless,
the KSR includes hospitals of varying sizes across the
country and is, therefore, useful for examining regional
disparities.

Conclusion

This retrospective analysis of a nationwide representative
stroke registry found that prehospital delays were long with
no improvement over the years and that high regional dis-
parities in the same exist in Korea. Overall reduction of pre-
hospital delays combined with a targeted regional approach
would be the best strategy to alleviate the burden of stroke.
A deeper understanding of regional characteristics is
required to overcome the inequalities between regions, and
further research is warranted to address the vulnerabilities
identified in this study.
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