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Abstract

Background and purpose

Previous studies have reported that early hospital arrival improves clinical outcomes in

patients with acute ischemic stroke; however, whether early arrival is associated with favor-

able outcomes regardless of reperfusion therapy and the type of stroke onset time is

unclear. Thus, we investigated the impact of onset-to-door time on outcomes and evaluated

the predictors of pre-hospital delay after ischemic stroke.

Methods

Consecutive acute ischemic stroke patients who arrived at the hospital within five days of

onset from September 2019 to May 2020 were selected from the prospective stroke regis-

tries of Seoul National University Hospital and Chung-Ang University Hospital of Seoul,

Korea. Patients were divided into early (onset-to-door time,�4.5 h) and late (>4.5 h) arriv-

ers. Multivariate analyses were performed to assess the effect of early arrival on clinical out-

comes and predictors of late arrival.

Results

Among the 539 patients, 28.4% arrived early and 71.6% arrived late. Early hospital arrival

was significantly associated with favorable outcomes (three-month modified Rankin Scale

[mRS]: 0−2, adjusted odds ratio [aOR]: 2.03, 95% confidence interval: [CI] 1.04–3.96)

regardless of various confounders, including receiving reperfusion therapy and type of

stroke onset time. Furthermore, a lower initial National Institute of Health Stroke Scale

(NIHSS) score (aOR: 0.94, 95% CI: 0.90–0.97), greater pre-stroke mRS score (aOR: 1.58,

95% CI: 1.18–2.13), female sex (aOR: 1.71, 95% CI: 1.14–2.58), unclear onset time, and

�6 years of schooling (aOR: 1.76, 95% CI: 1.03–3.00 compared to >12 years of schooling)

were independent predictors of late arrival.
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Conclusions

Thus, the onset-to-door time of�4.5 h is crucial for better clinical outcome, and lower NIHSS

score, greater pre-stroke mRS score, female sex, unclear onset times, and�6 years of

schooling were independent predictors of late arrival. Therefore, educating about the impor-

tance of early hospital arrival after acute ischemic stroke should be emphasized. More stra-

tegic efforts are needed to reduce the prehospital delay by understanding the predictors of

late arrival.

Introduction

Acute ischemic stroke is an emergency situation, and delayed treatment often leads to death or

disability [1, 2]. The administration of intravenous tissue plasminogen activator (IV-tPA)

within 4.5 h or performing mechanical thrombectomy within 24 h of stroke onset has been

established as the most effective treatment, resulting in better clinical outcomes [3, 4]. How-

ever, since the eligibility for reperfusion therapy is highly dependent on stroke onset time [5],

very few patients, including those who arrive at the hospital late or those with unclear onset

time, miss the opportunity to receive such therapies [6, 7]. Early hospital arrival after acute

ischemic stroke is also important for those who are eligible for reperfusion therapy because the

sooner the hospital arrival, the better the efficacy of reperfusion therapy [8, 9]. However,

despite the constant efforts to shorten the onset-to-door time of ischemic stroke, the propor-

tion of eligible patients for reperfusion therapy has remained low, as many patients are still

unable to receive this therapy [10–12].

Previous studies showed that early hospital arrival was a significant factor for better func-

tional outcomes [13–15]. However, patients who received reperfusion therapy during the

acute phase were included in most of these studies; therefore, better outcomes of early arrivers

might be owing to reperfusion therapy. Additionally, since the reperfusion therapy is provided

based on patients’ last known well time, patients with unclear-onset stroke are less likely to

receive reperfusion therapy [16]. Therefore, there is a lack of knowledge regarding whether

arriving at a hospital early with unclear-onset stroke will benefit patients. That is, evidence

regarding the association between early hospital arrival and better clinical outcomes in patients

with ischemic stroke regardless of reperfusion therapy or the type of stroke onset time (clear-

or unclear-onset strokes) is relatively limited.

To address this issue, we assessed the onset-to-door time in patients with acute ischemic

stroke based on data from two large stroke centers in Korea. This study aimed to investigate

whether early hospital arrival (onset-to-door time�4.5 h) is independently associated with

favorable functional outcomes regardless of various potential factors, including receiving

reperfusion therapy and the type of stroke onset time (clear- or unclear-onset strokes), that

could affect the outcome. We also identified factors associated with late hospital arrival after

acute ischemic stroke to offer a meaningful perspective to reduce pre-hospital delays.

Methods

Study institutions and population

Data for this two-center retrospective cohort study were obtained from the prospective stroke

registries of Seoul National University Hospital (SNUH) and Chung-Ang University Hospital

(CAUH). SNUH is a 1,750-bed university tertiary-referral hospital located in north-central

Seoul. CAUH is also a university tertiary-referral hospital with 800 beds located in southwest
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Seoul, the capital of the Republic of Korea. Both stroke centers of the SNUH and CAUH ful-

filled the major requirements of the comprehensive stroke center as defined by the Brain

Attack Coalition [17]. A total of 692 consecutive patients with acute ischemic stroke who

arrived at the emergency room of each hospital within five days of stroke symptom onset from

September 2019 to May 2020 were included in the study. Patients who arrived via transfer

from another hospital and whose three-month modified Rankin scale (mRS) scores were not

available were excluded. In effect, the final study population was 539 patients (332 from SNUH

and 207 from CAUH, Fig 1). Our study was approved by the institutional review boards

(IRBs) of both the SNUH (IRB Number: 1009-062-332) and CAUH (IRB Number: 1912-005-

359); the requirement for written consent was waived by the IRBs.

Study variables and groups

The onset time of stroke, time of arrival at the hospital, sociodemographic data (sex, age, years

of schooling), conventional vascular risk factors (history of hypertension, diabetes mellitus

[DM], dyslipidemia, atrial fibrillation [AF], previous ischemic stroke or transient ischemic

attack [TIA], coronary artery disease [CAD], and smoking status), medication history of

antithrombotics (antiplatelet or anticoagulation agents), initial National Institute of Health

Stroke Scale (NIHSS) score, pre-stroke mRS score, the status of receiving acute reperfusion

therapy (IV-tPA administration or mechanical thrombectomy), and the details of hospital

arrival, including daytime or nighttime arrival, of each patient were collected from the data-

base of each hospital’s stroke registry. Regarding the indicators of clinical outcomes of patients,

the length of hospital stay, mRS scores at discharge, and mRS scores at three months after

stroke were gathered. The onset time of stroke was defined as the time when the patient or

bystander first noticed the stroke symptoms. For patients with uncertain onset time, the last

known asymptomatic time was considered as the onset time. The hospital arrival time was cat-

egorized into daytime (07:01−21:00) and nighttime (21:00−07:00) according to the visit hours

during the day. For smoking status, patients were categorized as either current smokers or

Fig 1. Flowchart of the selection process of participants. SNUH, Seoul National University Hospital; CAUH,

Chung-Ang University Hospital.

https://doi.org/10.1371/journal.pone.0247829.g001
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non-smokers (never or past smokers). Patients were dichotomized into two groups: the early

arrival group (time from symptom onset to hospital arrival�4.5 h) and the late arrival group

(time from symptom onset to hospital arrival>4.5 h). We selected 4.5 h as the cut-off point

for categorizing early and late arrivers to reflect the current 4.5-h limit of IV-tPA administra-

tion [3].

Predictors of delayed onset-to-door time and favorable outcomes

We included sex, age, educational status, the type of stroke onset time (clear- or unclear-onset

strokes), medical histories (pre-stroke mRS score, comorbidities, previous stroke or TIA, pre-

vious use of antithrombotics, and smoking status), initial NIHSS score, and arrival time (day-

time or nighttime) as potential factors that could affect the delayed onset-to-door time.

Regarding the factors associated with favorable clinical outcome, age, educational status, the

type of stroke onset time (clear- or unclear-onset strokes), medical histories (pre-stroke mRS

score, comorbidities, previous stroke or TIA, previous use of antithrombotics and smoking

status), initial NIHSS score, early hospital arrival (�4.5 h), arrival time (daytime or nighttime),

and receiving reperfusion therapy were included for the analysis. Both the pre-stroke mRS and

initial NIHSS scores were included as continuous variables.

Statistical analyses

The characteristics and outcome variables were presented as numbers, percentages, and means

with corresponding standard deviations. We performed the independent sample t-test or

Mann-Whitney U test for continuous variables, and chi square test or Fisher’s exact test for

categorical variables to compare the characteristics and outcome variables between the early

and late arrival groups. With delayed arrival to a hospital (>4.5 h) as the dependent variable,

univariate analysis was performed, followed by an adjusted multivariate logistic regression

analysis for investigating the predictors of pre-hospital delay. Furthermore, univariate and

multivariate logistic regression analyses were performed to examine the association between

early hospital arrival and favorable outcomes. We included variables with p-values <0.1 in the

univariate analysis for the multivariate analysis. All statistical analyses were performed using

SPSS version 25 (IBM Corp., Armonk, NY, USA). A two-sided p-value of<0.05 was consid-

ered statistically significant.

Results

Baseline characteristics of patients

Among the 539 patients with ischemic stroke, 153 (28.4%) arrived at the hospital within 4.5 h

of stroke onset, while 386 (71.6%) patients arrived at the hospital after 4.5 h. The mean age of

patients was 68.3 ± 13.1 years. The mean onset-to-door time of all patients was 1761.31 ±
2217.91 min, whereas the mean onset-to-door time for the early and late arrival groups were

100.38 ± 68.72 min and 2,419.64 ± 2,311.10 min, respectively. Most patients (82.4%) arrived at

the hospital during the daytime. Among all patients, 55.1% were men and 43.6% had unclear

stroke onset. Regarding educational status, 33.9% of the patients had�6 years of schooling,

42.5% had 7−12 years of schooling, and the remaining 23.6% had >12 years of schooling.

Regarding comorbidities, 56.0% of the patients had hypertension, 34.1% had DM, 46.9% had

dyslipidemia, 19.3% had AF, and 14.3% had CAD. Those with a history of ischemic stroke or

TIA accounted for 24.9% of the patients, and 43.6% had a history of antithrombotics use. Cur-

rent smokers accounted for 29.3% of the patients, and 70.7% were either never smokers or past

smokers. Regarding the severity of stroke and pre-stroke disability, the average initial NIHSS
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score was 4.59 ± 5.65, and the average pre-stroke mRS score was 0.33 ± 0.96. Of the total ische-

mic stroke patients, 8.2% received intravenous thrombolysis, and 9.1% underwent mechanical

thrombectomy. Regarding clinical outcomes, the average length of hospitalization was

11.21 ± 14.34 days, and the average NIHSS score, mRS score at discharge, and three-month

mRS score were 3.39 ± 6.19, 1.88 ± 1.46, and 1.79 ± 1.48, respectively. Furthermore, seven

patients died within three months since the event, and all of them were late arrivers. The early

arrivers were more likely to be younger, men, more educated and have clear-onset stroke,

lesser pre-stroke disability, greater severity of the stroke, and better mRS score at discharge

and three-month mRS score. The differences in other variables between the early and late

arrivers were not statistically significant (Table 1).

Factors associated with delayed onset-to-door time

The results of the multivariate logistic regression analysis of factors associated with delayed

onset-to-door time (>4.5 h) are presented in Table 2. Female sex (adjusted odds ratio [aOR]:

1.71, 95% confidence interval [CI]: 1.14−2.58) and a higher previous mRS score (aOR: 1.58,

95% CI: 1.18−2.13) were significantly associated with delayed onset-to-door time. However,

clear-onset stroke (aOR: 0.35, 95% CI: 0.22−0.53) and a higher initial NIHSS score (aOR: 0.94,

95% CI: 0.90−0.97) showed a negative significant correlation with late hospital arrival. For

educational status, low educational level (0−6 years of schooling) (aOR: 1.76, 95% CI: 1.03

−3.00) was significantly associated with late hospital arrival than high educational level (>12

years); however, no significant association was found between intermediate (7−12 years) and

high educational levels. Other factors, including age, comorbidities (hypertension, DM, AF,

and CAD), smoking status, history of stroke or TIA, previous use of antithrombotics, and

arrival at daytime or nighttime, were not significantly associated with delayed onset-to-door

time. The multivariate model showed a good fit (Hosmer–Lemeshow test: P = 0.689).

Factors associated with a favorable outcome (3-month mRS score: 0−2)

The results of the multivariate logistic regression analysis of the predictors of favorable out-

come (three-month mRS: 0−2) are presented in Table 3. Overall, early hospital arrival within

4.5 h was the most prominent factor (aOR: 2.03, 95% CI: 1.04−3.96) that significantly corre-

lated with a favorable three-month mRS score. Moreover, older age (aOR: 0.97, 95% CI: 0.95−
0.99), higher previous mRS score (aOR: 0.52, 95% CI: 0.38−0.69), and initial NIHSS score

(aOR: 0.77, 95% CI: 0.73−0.82) had a significant negative association with favorable outcomes.

Other factors, including age, educational level, comorbidities (hypertension, DM, AF, and

CAD), previous ischemic stroke or TIA, previous use of antithrombotics, acute thrombolysis

therapy, and arrival at daytime or nighttime, had no significant correlation with a favorable

three-month mRS. The multivariate model showed a good fit (Hosmer–Lemeshow test: p-

value = 0.756).

Discussion

Our study demonstrated that patients who arrived at the hospital within 4.5 h of stroke onset

had significantly lower three-month mRS scores after the stroke event than those who arrived

after 4.5 h. Furthermore, the results of the multivariate analysis demonstrated that less severe

stroke and pre-stroke disability, younger age, and early hospital arrival within 4.5 h of stroke

onset were significant predictors of favorable clinical outcome (three-month mRS score: 0−2).

Among these significant factors, early hospital arrival was the most prominent determinant of

better prognosis even after adjusting for patients’ every other baseline characteristic. Previous

studies have also confirmed that early hospital arrival within 1−6 h of stroke onset was an
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Table 1. Baseline characteristics of patients according to onset-to-door time.

Characteristics All n (%) or

mean ± SD

Onset-to-door time p-value

Early arrival group (0–4.5 h) n (%) or

mean ± SD

Late arrival group (>4.5 h) n (%) or

mean ± SD

Total 539 (100%) 153 (100%) 386 (100%)

Socio-demographic factors

Sex 0.004

Male 297 (55.1%) 99 (64.7%) 198 (51.3%)

Female 242 (44.9%) 54 (35.3%) 188 (48.7%)

Age (years) 68.3±13.05 66.47±11.89 69.02±13.43 0.041

<50 43 (8.0%) 13 (8.5%) 30 (7.8%)

50−59 80 (14.8%) 26 (16.9%) 54 (13.9%)

60−69 143 (26.5%) 46 (30.1%) 97 (25.1%)

70−79 168 (31.2%) 49 (32.0%) 119 (30.8%)

�80 105 (19.5%) 19 (12.4%) 86 (22.3%)

Years of schooling 0.023

0−6 years 183 (33.9%) 40 (21.9%) 144 (37.3%)

7−12 years 229 (42.5%) 68 (44.4%) 161 (41.7%)

>12 years 127 (23.6%) 45 (29.4%) 81 (21.0%)

Type of stroke onset time 0.000

Clear 304 (56.4%) 110 (71.9%) 194 (50.3%)

Unclear 235 (43.6%) 43 (28.1%) 192 (49.7%)

Medical history

Previous mRS score 0.33±0.96 0.16±0.67 0.40±1.04 0.001

Comorbidities

Hypertension 377 (69.9%) 109 (71.2%) 268 (69.4%) 0.813

Diabetes mellitus 184 (34.1%) 53 (34.6%) 131 (33.9%) 0.759

Dyslipidemia 253 (46.9%) 76 (49.6%) 177 (45.8%) 0.424

Atrial fibrillation 104 (19.3%) 32 (20.9%) 72 (18.7%) 0.549

Coronary artery disease 77 (14.3%) 27 (17.6%) 50 (13%) 0.185

Previous ischemic stroke or TIA 0.318

Yes 134 (24.9%) 42 (27.5%) 92 (23.93%)

No 405 (75.1%) 111 294

Previous use of antithromboticsa 0.475

Yes 235 (43.6%) 63 (41.2%) 172 (44.6%)

No 304 (56.4%) 90 214

Smoking status 0.653

Current smoker 158 (29.3%) 47 (30.7%) 111 (28.8%)

Non-smoker (never/past

smoker)

381 (70.7%) 106 275

Initial NIHSS score 4.59±5.65 5.55±6.70 4.22±5.14 0.028

Acute reperfusion therapy

IV-tPA 44 (8.2%) 44 (28.8%) 0 (0.0%) 0.000

IA thrombectomy 49 (9.1%) 29 (19.0%) 20 (5.2%) 0.000

Outcomes

Length of hospital stay 11.21±14.34 12.89±32.72 10.55±12.29 0.390

NIHSS score at discharge 3.39±6.19 2.78±4.41 3.63±6.76 0.149

mRS score at discharge 1.88±1.46 1.64±1.37 1.98±1.48 0.016

mRS score at 3 months 1.79±1.48 1.33±1.36 1.89±1.48 0.000

Mortality at 3 months 7 (1.30%) 0 (0%) 7 (0.02%) 0.200

(Continued)
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independent predictor for better prognosis regardless of patients’ demographic factors, con-

ventional vascular risk factors, or stroke severity [13–15]. However, these studies mostly cred-

ited the effect of reperfusion therapy for better outcomes in the early arrival group or did not

distinguish patients who received IV-tPA or mechanical thrombectomy. In contrast, our study

confirmed a favorable outcome of early arrivers even after adjusting for reperfusion therapy.

The findings of a recent multicenter Japanese study were also consistent with those of our

study: early arrivers had a better clinical outcome regardless of reperfusion therapy [10]. In

fact, our study has proven that early hospital arrival was associated with favorable clinical out-

comes not only regardless of sociodemographic factors, conventional vascular risk factors,

Table 1. (Continued)

Characteristics All n (%) or

mean ± SD

Onset-to-door time p-value

Early arrival group (0–4.5 h) n (%) or

mean ± SD

Late arrival group (>4.5 h) n (%) or

mean ± SD

Arrival time

Arrival at daytime (7 AM−9 PM) 444 (82.4%) 122 (79.7%) 322 (83.4%) 0.330

Arrival at nighttime (9 PM−7 AM) 95 (17.6%) 31 (20.3%) 64 (16.6%) 0.314

Mean onset-to-door time (mins) 1761.31±2217.91 100.38±68.72 2419.64±2311.10 0.000

Abbreviations: SD, standard deviation; mRS, modified Rankin Scale; TIA, transient ischemia stroke; IV, intravenous; tPA tissue plasminogen activator; IA, intra-arterial;

NIHSS, National Institute of Health Stroke Scale; AM, ante meridiem; PM, post meridiem.
aAntiplatelets or anticoagulation agents.

https://doi.org/10.1371/journal.pone.0247829.t001

Table 2. Factors associated with delayed onset-to-door time (> 4.5 h).

Univariate analysis (n = 539) Multivariate analysis (n = 539)

Factors Unadjusted OR (95% CI) p-value Adjusted ORa (95% CI) p-value

Female sex 1.74 (1.18–2.56) 0.005 1.71 (1.14–2.58) 0.010

Age (years) 1.02 (1.00–1.03) 0.042 1.01 (0.99–1.03) 0.267

Education

>12 years ref ref

7–12 years 1.32 (0.83–2.09) 0.245 1.18 (0.70–1.86) 0.606

0–6 years 2.00 (1.21–3.32) 0.007 1.76 (1.03–3.00) 0.017

Clear onset 0.40 (0.26–0.59) 0.000 0.35 (0.22–0.53) 0.000

Previous mRS score 1.44 (1.09–1.90) 0.011 1.58 (1.18–2.13) 0.003

Hypertension 0.95 (0.63–1.44) 0.812 - -

Diabetes mellitus 0.98 (0.65–1.44) 0.877 - -

Dyslipidemia 0.86 (0.59–1.25) 0.423 - -

Atrial fibrillation 0.87 (0.54–1.38) 0.549 - -

Coronary artery disease 0.69 (0.42–1.16) 0.162 - -

Current smoker 0.91 (0.61–1.37) 0.652 - -

Previous ischemic stroke or TIA 0.79 (0.52–1.21) 0.273 - -

Previous use of antithromboticsb 1.15 (0.79–1.68) 0.475 - -

Initial NIHSS score 0.96 (0.93–0.99) 0.015 0.94 (0.90–0.97) 0.000

Arrival at daytime 1.28 (0.79–2.06) 0.313 - -

Arrival at nighttime 0.77 (0.48–1.24) 0.278 - -

aAdjusted for sex, age, educational status, type of stroke onset time (clear- or unclear-onset strokes), previous mRS score, initial NIHSS score.
bAntiplatelets and anticoagulation agents.

Abbreviations: OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale; TIA, transient ischemic stroke; NIHSS, National Institute of Health Stroke Scale.

https://doi.org/10.1371/journal.pone.0247829.t002
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severity of a stroke, previous stroke or TIA, previous use of antithrombotics, pre-stroke dis-

ability, and receiving reperfusion therapies, but also regardless of the type of stroke onset

(clear- or unclear-onset stroke). Thus, the importance of reporting to the hospital as soon as

possible after recognizing stroke symptoms cannot be emphasized more in acute ischemic

stroke patients.

Regarding the factors associated with delayed hospital arrival after ischemic stroke (>4.5

h), an additional multivariate analysis identified that lesser severity of the stroke, greater pre-

stroke disability, female sex, unclear onset times, and low educational level with�6 years of

schooling were significant factors that influenced late hospital arrival in acute ischemic stroke

patients. The severity of the initial stroke significantly correlated with the onset-to-door time

in our study because patients with lower NIHSS scores arrived notably later than those with

higher scores. This may be because the greater severity of the stroke would have likely had a

greater impact on the perceived urgency of patients or bystanders to take quick actions to visit

the hospital for emergency care. Rosamond et al. reported that an increased sense of urgency

by stroke patients for their symptoms positively influenced early hospital arrival [18]. Lesser

severity has also been well established as a significant factor for late hospital arrival in several

previous studies using various measures for severity [19–26].

In contrast, greater pre-stroke disability, as estimated with the mRS, was markedly associ-

ated with late hospital arrival in our study, which was contrary to that of previous studies

Table 3. Factors associated with a favorable outcome (3-month mRS score: 0–2).

Univariate analysis (n = 539) Multivariate analysis (n = 539)

Factors OR (95% CI) p-value Adjusted ORa (95% CI) p-value

Early arrival at hospital (�4.5 h) 1.62 (1.04–2.52) 0.032 2.03 (1.04–3.96) 0.039

Age (years) 0.95 (0.94–0.97) 0.000 0.97 (0.95–0.99) 0.000

Education

>13 years ref - -

7–12 years 0.75 (0.45–1.26) 0.282 - -

0–6 years 0.74 (0.45–1.22) 0.236 - -

Clear onset 1.93 (1.32–2.82) 0.001 1.41 (0.86–2.31) 0.169

Previous mRS score 0.45 (0.35–0.57) 0.000 0.52 (0.38–0.69) 0.000

Hypertension 1.30 (0.85–1.99) 0.221 - -

Diabetes mellitus 1.05 (0.71–1.55) 0.822 - -

Dyslipidemia 1.28 (0.88–1.86) 0.202 - -

Atrial fibrillation 1.71 (1.09–2.68) 0.020 1.01 (0.54–1.87) 0.981

Coronary artery disease 1.27 (0.76–2.13) 0.370 - -

Current smoker 0.58 (0.37–0.90) 0.016 1.48 (0.85–2.55) 0.163

Previous ischemic stroke or TIA 0.68 (0.45–1.03) 0.070 0.72 (0.42–1.24) 0.236

Previous use of antithromboticsb 0.75 (0.52–1.1) 0.136 - -

Acute thrombolysis therapy (IV-tPA or IAT) 0.54 (0.32–0.91) 0.020 2.09 (0.87–5.03) 0.101

Initial NIHSS score 0.79 (0.75–0.83) 0.000 0.77 (0.73–0.82) 0.000

Arrival at daytime 0.95 (0.58–1.56) 0.843 - -

Arrival at nighttime 1.03 (0.63–1.70) 0.898 - -

aAdjusted for arrival time at hospital, age, type of stroke onset time (clear- or unclear-onset strokes), previous mRS score, history of atrial fibrillation, smoking status,

previous ischemic stroke or TIA, acute thrombolysis therapy, and initial NIHSS score.
bAntiplatelets and anticoagulation agents.

Abbreviations: OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale; TIA, transient ischemic stroke; IV, intravenous; tPA, tissue plasminogen activator;

IAT, intra-arterial thrombectomy; NIHSS, National Institute of Health Stroke Scale.

https://doi.org/10.1371/journal.pone.0247829.t003
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which reported that greater pre-stroke disability was associated with increased emergency

medical service (EMS) use [27], or it was associated with an early hospital arrival [28]. The

likelihood of increased physical and intellectual impairment in patients with a greater pre-

stroke disability may explain our findings. Although patients with greater disability receive

more EMSs, limited mobility or decreased cognitive function and other factors related to pre-

stroke disability could have caused considerable delay in calling for EMSs, which contributed

to the overall prehospital delay. A stroke registry-based study conducted by Madsen et al. also

presented a similar trend as ours and interpreted their findings on this basis [29].

Interestingly, there was an association between sex difference and hospital arrival time in

our study because women tended to arrive at the hospital later than men. According to Bergu-

lund et al., women are generally older, have more impaired activities of daily living, and are

more likely to live alone than men during stroke onset [30]. In fact, approximately 71% of the

elderly living alone in Korea are women [31]. Additionally, when ischemic stroke patients are

in contact with EMSs, the caller is usually their relative or friend rather than the patients them-

selves [32, 33]; hence, those living alone would obviously have more difficulty seeking emer-

gent help. Previous studies have confirmed that living alone during stroke onset is a noticeable

risk factor for late hospital arrival in acute ischemic stroke patients [33, 34]. As previously

reported, female sex was also a risk factor for late hospital arrival in patients with ischemic

stroke because women are more likely to be living alone than men [26, 35].

Another notable finding of our study was that unclear onset time of stroke was a significant

predictor of late hospital arrival. To the best of our knowledge, our study is the first to examine

the relationship between the type of stroke onset time (clear- or unclear-onset strokes) and

onset-to-door time in acute ischemic stroke. Unclear-onset stroke occurs in patients who were

asleep and who woke up with the presence of stroke symptoms (wake-up stroke) or patients

who could not state the onset time owing to loss of consciousness but with no available wit-

nesses [36], thus resulting in late hospital arrival. Our results identified that poorly educated

patients with�6 years of schooling report to the hospital later than well-educated individuals

with>12 years of schooling. Well-educated patients are more likely to be aware of the symp-

toms and signs that are indicative of acute ischemic stroke, which may have led them to

promptly report to the hospital for urgent evaluation and management. This was consistent

with the findings of previous studies that included patients with acute ischemic stroke or myo-

cardial infarction [37, 38]. Thus, public education regarding the red flag symptoms of stroke

and the importance of reporting early to the hospital should be implemented, especially to

those with�6 years of schooling.

The strength of our study is that we analyzed data from two university tertiary hospitals

with large stroke centers located in different areas of Seoul with different characteristics. Both

the hospitals provided professional stroke care by experts according to the standard guidelines.

Furthermore, we confirmed that early arrival in the hospital was an independent factor for a

better clinical outcome regardless of potential confounders, including receiving reperfusion

therapy and the type of stroke onset time (clear- or unclear-onset strokes). We also identified

the predictors of late arrival, which provides an important reference for reducing pre-hospital

delays.

However, our study has some limitations. First, other factors that may affect the onset-to-

door time, such as distance from the place of stroke onset to the hospital and the type of trans-

port system that patients used to report to the hospital, including EMS use, could not be

included in the analysis owing to unavailability of data. Second, the onset-to-door time might

have been overestimated in some patients, especially in those with unclear onset time, includ-

ing those who had a wake-up stroke, since we defined the patients’ last neurologically normal

time as the symptom onset time when the exact symptom onset time was unknown. Lastly, the
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patient cohort included in our study was mostly homogenous in terms of race and culture.

Therefore, the findings of this study cannot be generalized, and further studies involving mul-

tiethnic and multicultural patients are needed to validate our findings.

Conclusions

In summary, early hospital arrival within 4.5 h after stroke onset was significantly associated

with better clinical outcomes at three months after the event regardless of various baseline

characteristics of patients, including the severity of the stroke, pre-stroke disability, receiving

reperfusion therapies, and the type of stroke onset time (clear- or unclear-onset strokes). Fur-

thermore, less severe stroke, greater pre-stroke disability, female sex, unclear onset times, and

�6 years of schooling were independent factors that significantly affected late hospital arrival.

Therefore, educating patients about the importance of early hospital arrival after acute ische-

mic stroke should be emphasized, and more strategic efforts are needed to reduce the prehos-

pital delay by understanding the factors associated with a late arrival.

Supporting information

S1 Dataset. Minimal dataset.

(XLSX)

Author Contributions

Conceptualization: Eung-Joon Lee, Seung Jae Kim, Hae-Bong Jeong.

Data curation: Eung-Joon Lee, Jeonghoon Bae, Oh Deog Kwon, Yongsung Kim.

Formal analysis: Eung-Joon Lee, Eun Ji Lee.

Software: Eun Ji Lee, Oh Deog Kwon.

Supervision: Han-Yeong Jeong.

Writing – original draft: Eung-Joon Lee, Seung Jae Kim.

Writing – review & editing: Hae-Bong Jeong.

References
1. Lees KR (2002) Management of acute stroke. The Lancet Neurology 1 (1):41–50 https://doi.org/10.

1016/s1474-4422(02)00005-4 PMID: 12849544

2. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al. (2014) Global

and regional burden of stroke during 1990–2010: findings from the Global Burden of Disease Study

2010. The Lancet 383 (9913):245–255 https://doi.org/10.1016/s0140-6736(13)61953-4 PMID:

24449944

3. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. (2019) Guide-

lines for the early management of patients with acute ischemic stroke: 2019 update to the 2018 guide-

lines for the early management of acute ischemic stroke: a guideline for healthcare professionals from

the American Heart Association/American Stroke Association. Stroke 50 (12):e344–e418 https://doi.

org/10.1161/STR.0000000000000211 PMID: 31662037

4. Demaerschalk B, Kleindorfer D, Adeoye O, Demchuk A, Fugate J, Grotta J, et al. (2016) American

Heart Association Stroke Council and Council on Epidemiology and Prevention. Scientific rationale for

the inclusion and exclusion criteria for intravenous alteplase in acute ischemic stroke: a statement for

healthcare professionals from the American Heart Association/American Stroke Association. Stroke 47

(2):581–641 https://doi.org/10.1161/STR.0000000000000086 PMID: 26696642

5. Disorders NIoN, Group Sr-PSS (1995) Tissue plasminogen activator for acute ischemic stroke. New

England Journal of Medicine 333 (24):1581–1588

PLOS ONE Onset-to-door time in acute ischemic stroke

PLOS ONE | https://doi.org/10.1371/journal.pone.0247829 March 25, 2021 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247829.s001
https://doi.org/10.1016/s1474-4422%2802%2900005-4
https://doi.org/10.1016/s1474-4422%2802%2900005-4
http://www.ncbi.nlm.nih.gov/pubmed/12849544
https://doi.org/10.1016/s0140-6736%2813%2961953-4
http://www.ncbi.nlm.nih.gov/pubmed/24449944
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
http://www.ncbi.nlm.nih.gov/pubmed/31662037
https://doi.org/10.1161/STR.0000000000000086
http://www.ncbi.nlm.nih.gov/pubmed/26696642
https://doi.org/10.1371/journal.pone.0247829


6. de los Rı́os la Rosa F, Khoury J, Kissela BM, Flaherty ML, Alwell K, Moomaw CJ, et al. (2012) Eligibility

for intravenous recombinant tissue-type plasminogen activator within a population: the effect of the

European Cooperative Acute Stroke Study (ECASS) III Trial. Stroke 43 (6):1591–1595 https://doi.org/

10.1161/STROKEAHA.111.645986 PMID: 22442174

7. Kim Y-J, Joon Kim B, Kwon SU, Kim JS, Kang D-W (2016) Unclear-onset stroke: Daytime-unwitnessed

stroke vs. wake-up stroke. International Journal of Stroke 11 (2):212–220 https://doi.org/10.1177/

1747493015616513 PMID: 26783313

8. Khatri P, Yeatts SD, Mazighi M, Broderick JP, Liebeskind DS, Demchuk AM, et al. (2014) Time to angio-

graphic reperfusion and clinical outcome after acute ischaemic stroke: an analysis of data from the

Interventional Management of Stroke (IMS III) phase 3 trial. The Lancet Neurology 13 (6):567–574

https://doi.org/10.1016/S1474-4422(14)70066-3 PMID: 24784550

9. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. (2014) Effect of treatment

delay, age, and stroke severity on the effects of intravenous thrombolysis with alteplase for acute

ischaemic stroke: a meta-analysis of individual patient data from randomised trials. The Lancet 384

(9958):1929–1935

10. Matsuo R, Yamaguchi Y, Matsushita T, Hata J, Kiyuna F, Fukuda K, et al. (2017) Association between

onset-to-door time and clinical outcomes after ischemic stroke. Stroke 48 (11):3049–3056 https://doi.

org/10.1161/STROKEAHA.117.018132 PMID: 28974631

11. Evenson KR, Foraker R, Morris DL, Rosamond WD (2009) A comprehensive review of prehospital and

in-hospital delay times in acute stroke care. International Journal of Stroke 4 (3):187–199 https://doi.

org/10.1111/j.1747-4949.2009.00276.x PMID: 19659821

12. Tong D, Reeves MJ, Hernandez AF, Zhao X, Olson DM, Fonarow GC, et al. (2012) Times from symp-

tom onset to hospital arrival in the Get with the Guidelines–Stroke Program 2002 to 2009: temporal

trends and implications. Stroke 43 (7):1912–1917 https://doi.org/10.1161/STROKEAHA.111.644963

PMID: 22539544

13. Kwon YD, Yoon SS, Chang H (2010) Association of hospital arrival time with modified rankin scale at

discharge in patients with acute cerebral infarction. European neurology 64 (4):207–213 https://doi.org/

10.1159/000319176 PMID: 20720427

14. Naganuma M, Toyoda K, Nonogi H, Yokota C, Koga M, Yokoyama H, et al. (2009) Early hospital arrival

improves outcome at discharge in ischemic but not hemorrhagic stroke: a prospective multicenter

study. Cerebrovascular Diseases 28 (1):33–38 https://doi.org/10.1159/000215941 PMID: 19420920

15. Leon-Jimenez C, Ruiz-Sandoval J, Chiquete E, Vega-Arroyo M, Arauz A, Murillo-Bonilla L, et al. (2014)

Hospital arrival time and functional outcome after acute ischaemic stroke: results from the PREMIER

study. Neurologı́a (English Edition) 29 (4):200–209 https://doi.org/10.1016/j.nrl.2013.05.003 PMID:

24021783

16. Kang D-W, Sohn S-I, Hong K-S, Yu K-H, Hwang Y-H, Han M-K, et al. (2012) Reperfusion therapy in

unclear-onset stroke based on MRI evaluation (RESTORE) a prospective multicenter study. Stroke 43

(12):3278–3283 https://doi.org/10.1161/STROKEAHA.112.675926 PMID: 23093613

17. Gorelick PB (2013) Primary and comprehensive stroke centers: history, value and certification criteria.

Journal of stroke 15 (2):78 https://doi.org/10.5853/jos.2013.15.2.78 PMID: 24324943

18. Rosamond WD, Gorton RA, Hinn AR, Hohenhaus SM, Morris DL (1998) Rapid response to stroke

symptoms: the Delay in Accessing Stroke Healthcare (DASH) study. Academic Emergency Medicine 5

(1):45–51 https://doi.org/10.1111/j.1553-2712.1998.tb02574.x PMID: 9444342

19. Song D, Tanaka E, Lee K, Sato S, Koga M, Kim YD, et al. (2015) Factors associated with early hospital

arrival in patients with acute ischemic stroke. Journal of stroke 17 (2):159 https://doi.org/10.5853/jos.

2015.17.2.159 PMID: 26060803

20. Fang J, Yan W, Jiang G-X, Li W, Cheng Q (2011) Time interval between stroke onset and hospital

arrival in acute ischemic stroke patients in Shanghai, China. Clinical neurology and neurosurgery 113

(2):85–88 https://doi.org/10.1016/j.clineuro.2010.09.004 PMID: 20889252

21. Jin H, Zhu S, Wei JW, Wang J, Liu M, Wu Y, et al. (2012) Factors associated with prehospital delays in

the presentation of acute stroke in urban China. Stroke 43 (2):362–370 https://doi.org/10.1161/

STROKEAHA.111.623512 PMID: 22246693

22. Fassbender K, Balucani C, Walter S, Levine SR, Haass A, Grotta J (2013) Streamlining of prehospital

stroke management: the golden hour. The Lancet Neurology 12 (6):585–596 https://doi.org/10.1016/

S1474-4422(13)70100-5 PMID: 23684084

23. Turan TN, Hertzberg V, Weiss P, McClellan W, Presley R, Krompf K, et al. (2005) Clinical characteris-

tics of patients with early hospital arrival after stroke symptom onset. Journal of Stroke and Cerebrovas-

cular Diseases 14 (6):272–277 https://doi.org/10.1016/j.jstrokecerebrovasdis.2005.07.002 PMID:

17904036

PLOS ONE Onset-to-door time in acute ischemic stroke

PLOS ONE | https://doi.org/10.1371/journal.pone.0247829 March 25, 2021 11 / 12

https://doi.org/10.1161/STROKEAHA.111.645986
https://doi.org/10.1161/STROKEAHA.111.645986
http://www.ncbi.nlm.nih.gov/pubmed/22442174
https://doi.org/10.1177/1747493015616513
https://doi.org/10.1177/1747493015616513
http://www.ncbi.nlm.nih.gov/pubmed/26783313
https://doi.org/10.1016/S1474-4422%2814%2970066-3
http://www.ncbi.nlm.nih.gov/pubmed/24784550
https://doi.org/10.1161/STROKEAHA.117.018132
https://doi.org/10.1161/STROKEAHA.117.018132
http://www.ncbi.nlm.nih.gov/pubmed/28974631
https://doi.org/10.1111/j.1747-4949.2009.00276.x
https://doi.org/10.1111/j.1747-4949.2009.00276.x
http://www.ncbi.nlm.nih.gov/pubmed/19659821
https://doi.org/10.1161/STROKEAHA.111.644963
http://www.ncbi.nlm.nih.gov/pubmed/22539544
https://doi.org/10.1159/000319176
https://doi.org/10.1159/000319176
http://www.ncbi.nlm.nih.gov/pubmed/20720427
https://doi.org/10.1159/000215941
http://www.ncbi.nlm.nih.gov/pubmed/19420920
https://doi.org/10.1016/j.nrl.2013.05.003
http://www.ncbi.nlm.nih.gov/pubmed/24021783
https://doi.org/10.1161/STROKEAHA.112.675926
http://www.ncbi.nlm.nih.gov/pubmed/23093613
https://doi.org/10.5853/jos.2013.15.2.78
http://www.ncbi.nlm.nih.gov/pubmed/24324943
https://doi.org/10.1111/j.1553-2712.1998.tb02574.x
http://www.ncbi.nlm.nih.gov/pubmed/9444342
https://doi.org/10.5853/jos.2015.17.2.159
https://doi.org/10.5853/jos.2015.17.2.159
http://www.ncbi.nlm.nih.gov/pubmed/26060803
https://doi.org/10.1016/j.clineuro.2010.09.004
http://www.ncbi.nlm.nih.gov/pubmed/20889252
https://doi.org/10.1161/STROKEAHA.111.623512
https://doi.org/10.1161/STROKEAHA.111.623512
http://www.ncbi.nlm.nih.gov/pubmed/22246693
https://doi.org/10.1016/S1474-4422%2813%2970100-5
https://doi.org/10.1016/S1474-4422%2813%2970100-5
http://www.ncbi.nlm.nih.gov/pubmed/23684084
https://doi.org/10.1016/j.jstrokecerebrovasdis.2005.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17904036
https://doi.org/10.1371/journal.pone.0247829


24. Jorgensen H, Nakayama H, Reith J, Raaschou H, Olsen T (1996) Factors delaying hospital admission

in acute stroke: the Copenhagen Stroke Study. Neurology 47 (2):383–387 https://doi.org/10.1212/wnl.

47.2.383 PMID: 8757008

25. Faiz KW, Sundseth A, Thommessen B, Rønning OM (2013) Prehospital delay in acute stroke and TIA.

Emergency Medicine Journal 30 (8):669–674 https://doi.org/10.1136/emermed-2012-201543 PMID:

22886891

26. Le SM, Copeland LA, Zeber JE, Benge JF, Allen L, Cho J, et al. (2020) Factors affecting time between

symptom onset and emergency department arrival in stroke patients. eNeurologicalSci:100285 https://

doi.org/10.1016/j.ensci.2020.100285 PMID: 33204859

27. Adeoye O, Lindsell C, Broderick J, Alwell K, Jauch E, Moomaw CJ, et al. (2009) Emergency medical

services use by stroke patients: a population-based study. The American journal of emergency medi-

cine 27 (2):141–145 https://doi.org/10.1016/j.ajem.2008.02.004 PMID: 19371519

28. Smith MA, Doliszny KM, Shahar E, McGovern PG, Arnett DK, Luepker RV (1998) Delayed hospital

arrival for acute stroke: the Minnesota Stroke Survey. Annals of internal medicine 129 (3):190–196

https://doi.org/10.7326/0003-4819-129-3-199808010-00005 PMID: 9696726

29. Madsen TE, Sucharew H, Katz B, Alwell KA, Moomaw CJ, Kissela BM, et al. (2016) Gender and time to

arrival among ischemic stroke patients in the Greater Cincinnati/Northern Kentucky Stroke Study. Jour-

nal of Stroke and Cerebrovascular Diseases 25 (3):504–510 https://doi.org/10.1016/j.

jstrokecerebrovasdis.2015.10.026 PMID: 26617327

30. Berglund A, Schenck-Gustafsson K, von Euler M (2017) Sex differences in the presentation of stroke.

Maturitas 99:47–50 https://doi.org/10.1016/j.maturitas.2017.02.007 PMID: 28364868

31. Kim J, Song Y, Kim T, Park K (2019) Predictors of happiness among older Korean women living alone.

Geriatrics & gerontology international 19 (4):352–356 https://doi.org/10.1111/ggi.13615 PMID:

30743313

32. Berglund A, von Euler M, Schenck-Gustafsson K, Castrén M, Bohm K (2015) Identification of stroke

during the emergency call: a descriptive study of callers’ presentation of stroke. BMJ open 5 (4) https://

doi.org/10.1136/bmjopen-2015-007661 PMID: 25922106

33. Kothari R, Jauch E, Broderick J, Brott T, Sauerbeck L, Khoury J, et al. (1999) Acute stroke: delays to

presentation and emergency department evaluation. Annals of emergency medicine 33 (1):3–8 https://

doi.org/10.1016/s0196-0644(99)70431-2 PMID: 9867880

34. Faiz KW, Sundseth A, Thommessen B, Rønning OM (2014) Factors related to decision delay in acute

stroke. Journal of Stroke and Cerebrovascular Diseases 23 (3):534–539 https://doi.org/10.1016/j.

jstrokecerebrovasdis.2013.05.007 PMID: 23747180

35. Smith MA, Lisabeth LD, Bonikowski F, Morgenstern LB (2010) The role of ethnicity, sex, and language

on delay to hospital arrival for acute ischemic stroke. Stroke 41 (5):905–909 https://doi.org/10.1161/

STROKEAHA.110.578112 PMID: 20339124

36. Wouters A, Lemmens R, Dupont P, Thijs V (2014) Wake-up stroke and stroke of unknown onset: a criti-

cal review. Frontiers in neurology 5:153 https://doi.org/10.3389/fneur.2014.00153 PMID: 25161646

37. Rossnagel K, Jungehülsing GJ, Nolte CH, Müller-Nordhorn J, Roll S, Wegscheider K, et al. (2004) Out-

of-hospital delays in patients with acute stroke. Annals of emergency medicine 44 (5):476–483 https://

doi.org/10.1016/j.annemergmed.2004.06.019 PMID: 15520707

38. Gibler WB, Armstrong PW, Ohman EM, Weaver WD, Stebbins AL, Gore JM, et al. (2002) Persistence

of delays in presentation and treatment for patients with acute myocardial infarction: The GUSTO-I and

GUSTO-III experience. Annals of emergency medicine 39 (2):123–130 https://doi.org/10.1067/mem.

2002.121402 PMID: 11823765

PLOS ONE Onset-to-door time in acute ischemic stroke

PLOS ONE | https://doi.org/10.1371/journal.pone.0247829 March 25, 2021 12 / 12

https://doi.org/10.1212/wnl.47.2.383
https://doi.org/10.1212/wnl.47.2.383
http://www.ncbi.nlm.nih.gov/pubmed/8757008
https://doi.org/10.1136/emermed-2012-201543
http://www.ncbi.nlm.nih.gov/pubmed/22886891
https://doi.org/10.1016/j.ensci.2020.100285
https://doi.org/10.1016/j.ensci.2020.100285
http://www.ncbi.nlm.nih.gov/pubmed/33204859
https://doi.org/10.1016/j.ajem.2008.02.004
http://www.ncbi.nlm.nih.gov/pubmed/19371519
https://doi.org/10.7326/0003-4819-129-3-199808010-00005
http://www.ncbi.nlm.nih.gov/pubmed/9696726
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.026
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.026
http://www.ncbi.nlm.nih.gov/pubmed/26617327
https://doi.org/10.1016/j.maturitas.2017.02.007
http://www.ncbi.nlm.nih.gov/pubmed/28364868
https://doi.org/10.1111/ggi.13615
http://www.ncbi.nlm.nih.gov/pubmed/30743313
https://doi.org/10.1136/bmjopen-2015-007661
https://doi.org/10.1136/bmjopen-2015-007661
http://www.ncbi.nlm.nih.gov/pubmed/25922106
https://doi.org/10.1016/s0196-0644%2899%2970431-2
https://doi.org/10.1016/s0196-0644%2899%2970431-2
http://www.ncbi.nlm.nih.gov/pubmed/9867880
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.05.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.05.007
http://www.ncbi.nlm.nih.gov/pubmed/23747180
https://doi.org/10.1161/STROKEAHA.110.578112
https://doi.org/10.1161/STROKEAHA.110.578112
http://www.ncbi.nlm.nih.gov/pubmed/20339124
https://doi.org/10.3389/fneur.2014.00153
http://www.ncbi.nlm.nih.gov/pubmed/25161646
https://doi.org/10.1016/j.annemergmed.2004.06.019
https://doi.org/10.1016/j.annemergmed.2004.06.019
http://www.ncbi.nlm.nih.gov/pubmed/15520707
https://doi.org/10.1067/mem.2002.121402
https://doi.org/10.1067/mem.2002.121402
http://www.ncbi.nlm.nih.gov/pubmed/11823765
https://doi.org/10.1371/journal.pone.0247829

