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Abstract 

Background Effective therapy for acute ischemic stroke relies on timely intervention. We aimed to evaluate the fac-
tors associated with the onset-to-arrival time and delayed hospital presentation in acute ischemic stroke patients. 
Subjects with acute ischemic stroke in Bethesda Hospital Yogyakarta, Indonesia from March to June, 2023 were pro-
spectively recruited. A questionnaire was used to collect the information by direct interviews. Prespecified variables 
were included in univariate and multivariable analyses to identify the predictors of delayed hospital presentation 
of more than 4.5 h.

Results Among a total of 175 patients, 64.6% of the patients arrived at the hospital more than 4.5 h after the stroke 
onset. Only 3 (1.7%) patients were eligible and received intravenous thrombolysis. In multivariable analysis, monthly 
income of more than IDR 550,000 (OR, 4.22; 95% CI 1.47–12.17; p = 0.007), wake-up stroke or unknown stroke onset 
(OR vs. known onset, 0.17; 95% CI 0.05–0.56; p = 0.004), distance from location of stroke onset more than 9.45 km (OR, 
3.13; 95% CI 1.41–6.92; p = 0.005) and no history of coronary artery disease or heart failure (OR vs. present history, 0.12; 
95% CI 0.04–0.37; p = 0.000) were related to delayed hospital presentation. The most frequently mentioned reasons 
for the delay were waiting for spontaneous improvement at home and unawareness of the stroke symptoms.

Conclusions There is an enormous disparity in stroke services between developed and developing countries. This 
study highlighted the need to increase public stroke symptoms awareness.
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Introduction
Stroke is one of the leading causes of death in the world. 
It is estimated that there are 12.2 million people in the 
world who suffer from stroke each year. Ischemic stroke 
is the most common type, accounting for 62.4–87% of all 
stroke events [1–3]. Early diagnosis and prompt treat-
ment are crucial in optimizing the benefits of stroke 

intervention. Intravenous thrombolysis is still the main-
stay of therapy in patients with acute ischemic stroke, 
followed by the development of endovascular thrombec-
tomy as a therapy that is beneficial up to 24 h after stroke 
onset in patients with proximal large vessel occlusion [4].

Effective thrombolytic therapy relies on timely inter-
vention, and guidelines for recombinant tissue plasmino-
gen activator (rtPA) recommend therapy within 3–4.5 h 
after the onset of stroke symptoms [5]. The time between 
the onset of symptoms and admission to the emergency 
department (ED) is the most fundamental factor in meet-
ing eligibility requirements for intravenous thromboly-
sis [6]. Until recently, studies that have been conducted 
in Indonesia have not covered socioeconomic and lit-
eracy aspects regarding acute ischemic stroke [7, 8]. This 
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study aims to evaluate the onset-to-arrival time of acute 
ischemic stroke patients and the factors that are attrib-
uted to it.

Methods
Study design and subject
This cross-sectional survey in a prospective cohort of 
acute ischemic stroke inpatients from the ED was con-
ducted at Bethesda Hospital Yogyakarta, Indonesia in a 
4-month period between March and June 2023. The study 
aims to analyze the factors influencing delayed presen-
tation of acute ischemic stroke patients. The depend-
ent outcome variable was onset-to-arrival time, divided 
into within 4.5  h and after 4.5  h from the stroke onset. 
Study subjects were approached to participate with con-
sent before recruitment. No public campaigns regarding 
stroke awareness and no educational stroke programs for 
the personnel of the Emergency Medical Services (EMS) 
were taking place before or during the study.

Method of data collection
The diagnosis of acute ischemic stroke was established by 
the neurologist on duty based on clinical signs and brain 
computed tomography (CT). The diagnosis criteria were 
based on the classification of the acute ischemic cerebro-
vascular syndrome, including the definite and probable 
acute ischemic cerebrovascular syndrome. Definite cate-
gory was defined as an acute onset of neurologic dysfunc-
tion of any severity consistent with focal brain ischemia 
and imaging/laboratory confirmation of an acute vas-
cular ischemic pathology, while probable category was 
defined as an acute onset of neurologic dysfunction of 
any severity suggestive of focal brain ischemic syndrome 
but without imaging/laboratory confirmation of acute 
ischemic pathology and imaging, laboratory, and clinical 
data studies do not suggest nonischemic etiology (pos-
sible alternative etiologies are ruled out). Stroke onset 
was defined by the time sign and symptoms of stroke 
occurred [9]. Transient ischemic attack (TIA) was also 
included in the study. In the case of wake-up stroke and/
or unknown onset of stroke, stroke onset was defined 
as the time when the patient went to sleep or the last 
time the patient was known to be awake without symp-
toms. Patients referred from other hospitals, those with 
in-hospital strokes, and those with stroke mimics were 
excluded.

For patients without cognitive impairment, aphasia, or 
confusion, the information was obtained directly from 
the patient. If the patient had aphasia, confusion, or cog-
nitive impairment, details were obtained from family, 
caregivers, relatives, and/or stroke witnesses. Hospital 
arrival time was recorded by the time the patient regis-
tered in the ED triage office. A questionnaire was used to 

collect the information by direct interview within 48  h 
of hospital admission. A direct interview was done after 
disposition from the ER and did not postpone any stroke 
services. We developed a questionnaire with 34 questions 
adapted from existing studies to develop questionnaire 
items [10, 11]. Validation was carried out through test-
ing questionnaires to the four lay members of the public. 
From March to June 2023, a face-to-face interview was 
conducted with the participants. The questionnaire was 
only administered once patient informed consent had 
been obtained. Patients with low data quality as incapac-
ity to answer the structured questionnaire in the prehos-
pital phase during the interview were not included in the 
analysis. The dependent outcome variable was onset-to-
arrival time, divided into within 4.5 h and after 4.5 h from 
the stroke onset. The study was approved by the Health 
Research Ethic Committee of Bethesda Hospital Yogya-
karta (reference number: 18/KEPK-RS/II/2023).

Key independent variables
The key independent variables included various param-
eters that were obtained from the existing study data-
base and the interview. Socio-demographic information 
included age, sex, marital status, educational status, liv-
ing arrangement, monthly and yearly incomes, location 
of stroke onset, EMS contact, mode of transportation to 
the hospital, history of cardiovascular risk factors (hyper-
tension, diabetes mellitus, atrial fibrillation, smoking, 
history of concomitant cardiovascular disease [previous 
ischemic stroke, coronary artery disease, and heart fail-
ure]), and awareness of stroke symptoms and risk fac-
tors. Youden’s index cut score was used to classify age 
(≤ 76 and > 76  years), monthly income (IDR ≤ 550,000 
and > 550,000), and distance from onset location (≤ 9.45 
and > 9.45  km). The distance from the onset location to 
our hospital was calculated using Google Maps Direc-
tions Application Programming Interface (API) in 
kilometers.

Hypertension, diabetes mellitus, atrial fibrillation, and 
concomitant cardiovascular disease were defined as self-
reported relevant history or diagnosed during hospitali-
zation. Patients were classified as smokers (current and 
past smokers) and non-smokers. Anthropometric param-
eters (body weight and height) and blood pressure were 
also measured at admission. The body mass index (BMI) 
was calculated and classified based on the Asia–Pacific 
BMI classification. The severity of stroke was assessed at 
admission with the National Institutes of Health Stroke 
Scale (NIHSS). Stroke was categorized as minor (1–4) 
and moderate-to-severe (> 4) based on the NIHSS. The 
patient’s degree of disability was classified using the mod-
ified Rankin Scale (mRS) at admission. Awareness of risk 
factors and signs and/or symptoms of stroke was assessed 
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by asking open-ended questions. A possible valid answer 
for signs and/or symptoms of stroke was according to the 
BE FAST mnemonic (Balance, Eye, Face, Arm, Speech, 
and Time) [12] and for the risk factors was based on the 
study by Boehme et al. [13].

Statistical analyses
The continuous data are presented as median and stand-
ard deviation. Explanatory variables were either continu-
ous or categorical. Univariable and multivariable logistic 
regression analyses were used to calculate the crude and 
adjusted odds ratio (OR) and confidence intervals (CI), 
which describe the association between explanatory vari-
ables and the dependent variables. The selection of vari-
ables that were included in the models was based on the 
clinical experience, literature review, and available data. 
The selection of variables entered in the multivariate 
analysis was based on a significance level of 20% (p < 0.2) 
in the univariate model, considering the rule of thumb. 
For multivariate analysis, the level of significance used 
was 5% (p < 0.05). Statistical analysis was performed using 
STATA version 16 (Stata Corp).

Result
Subject characteristics
One hundred and eighty-one patients were included 
between March and June, 2023, 4 were excluded due to 
stroke mimics, and 2 others were not included in the 
analysis due to the low quality of the data. Finally, 175 
patients were enrolled with characteristics of all sub-
jects summarized in Table 1. One-hundred and thirteen 
(64.6%) of the patients arrived at the hospital more than 
4.5 h after the stroke onset. The median age of the patient 
was 63  years (SD ± 11.47) and 66 (37.7%) were women. 
Thirty-three (18.9%) of the patients had a wake-up stroke 
or unknown stroke onset. Most patients had stroke 
onset location within 9.45  km from our hospital (106; 
60.6%) and only 22 (12.6%) patients contacted the EMS 
before hospital arrival. The majority of patients (146; 
83.4%) had multiple comorbid conditions. One hundred 
and twenty two (69.1%) of the patients came by private 
car, 22 (12.6%) came using online taxis, while only 20 
(11.4%) patients used ambulances. Hemiparesis was the 
most common neurologic deficit, found in 131 (74.9%) 
patients, with the severity of NIHSS > 4 and mRS 4–5 
in 73 (41.7%) and 46 (26.3%) of all patients, respectively. 
In univariate analysis, variables that predicted onset-to-
arrival at the ED of more than 4.5 h from the stroke onset 
were onset condition, distance from location of onset, 
history of coronary artery disease and/or heart failure, 
and the ability to mention risk factor and signs and/or 
symptoms of stroke (Table 2).

Factors attributing to delayed presentation
The median onset-to-arrival time was 9.8 ± 22.8  h. Of 
all patients arriving at the hospital within 4.5  h, only 3 
(1.7%) patients were eligible and received intravenous 
thrombolysis. Table  3 shows the multivariable analy-
sis of the factors that may influence the onset-to-arrival 
time. In multivariable analysis, independent predic-
tors of onset-to-arrival time of more than 4.5  h were 
the monthly income of more than IDR 550000 (OR 
4.22, 95% CI 1.47–12.17, p = 0.007), wake-up stroke or 
unknown stroke onset (OR vs. known onset 0.17, 95% CI 
0.05–0.56, p = 0.004) and distance from location of stroke 
onset more than 9.45  km (OR 3.13, 95% CI 1.41–6.92, 
p = 0.005). Patients with a history of coronary artery dis-
ease or heart failure had a significantly reduced risk of 
experiencing onset-to-arrival time delay of more than 
4.5 h (OR 0.12, 95% CI 0.04–0.37, p = 0.000).

Reasons of delay
Sixty-two patients were brought timely to the hospital. 
Within the patients who experienced a delay in hospital 
admission, 28 (24.8%) of them were waiting for spontane-
ous improvement at home, while another 28 (24.8%) were 
not aware of the stroke symptoms (Table 4).

Literacy of stroke
Only 9 out of 175 patients and/or patients’ relatives were 
not able to mention any signs and/or symptoms of stroke 
and stroke risk factors. The most commonly mentioned 
stroke sign and/or symptom was one-sided limb weak-
ness (153, 92.2%), while the most commonly mentioned 
risk factor of stroke was hypertension (148, 89.2%).

Discussion
This study highlights the proportion of onset-to-arrival 
time delay of acute ischemic stroke patients and the fac-
tors attributed to it. Several similar studies have assessed 
the time intervals between stroke onset and hospital 
arrival. The proportion of the patients arriving at the 
hospital within 4.5  h is slightly higher compared to the 
delayed group [11, 14–16]. Another study in Romania 
revealed that only 31.6% of the patients arrived within the 
intravenous thrombolysis time window [17]. The number 
is close to this study, in which only 35.4% of the patients 
presented within 4.5 h of stroke onset.

It is widely recognized that the earlier the intravenous 
thrombolysis is administered, the better the outcome is 
[18]. While intravenous thrombolysis remains underu-
tilized globally, the rate of intravenous thrombolysis in 
Indonesia is still very low, ranging between 0.5% and 6.9% 
compared to a study in Italy that showed a much higher 
intravenous thrombolysis rate of 24.4% [7, 19–21]. Other 
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than the delayed presentation, several factors also con-
tributed to the rate of intravenous thrombolysis, includ-
ing spontaneous clinical improvement, minor stroke, 
patient/family refusal, extensive infarction, seizures at 
onset, and history of gastrointestinal bleeding and/or 
acute bleeding diathesis [20, 22, 23].

Consistent with prior studies, this study found that sex, 
age, marital status, and payer type did not significantly 
affect arrival time [24, 25]. Several studies found an 
association between delayed presentation and older age 
or female sex group [11, 19, 21]. This study showed that 
having higher income was associated with a longer delay 

Table 1 Baseline characteristic according to onset-to-arrival time

Values are presented as number (%)

OR odds ratio, IDR Indonesian rupiah, NIHSS National Institute of Health Stroke Scale, mRS modified Rankin Scale

Variables N = 175 (%) Onset-to-arrival time 
of < 4.5 h, n = 62 (%)

Onset-to-arrival time 
of ≥ 4.5 h, n = 113 (%)

Crude OR (95% CI) p

Age

 ≤ 76 years 149 (85.1) 56 (90.3) 93 (82.3) Ref.

 > 76 years 26 (14.9) 6 (9.7) 20 (17.7) 2.00 (0.76–5.29) 0.159

Sex

 Male 109 (62.3) 36 (58.1) 73 (64.6) Ref.

 Female 66 (37.7) 26 (41.9) 40 (35.4) 0.75 (0.40–1.43) 0.394

Marital status

 Married 131 (74.9) 47 (75.8) 84 (74.3) Ref.

 Unmarried/ widowed 44 (25.1) 15 (24.2) 29 (25.7) 1.08 (0.52–2.21) 0.830

Education status

 < 9 years of formal education 34 (19.4) 13 (21.0) 21 (18.6) Ref.

 ≥ 9 years of formal education 141 (80.6) 49 (79.0) 92 (81.4) 1.16 (0.53–2.51) 0.703

Living condition

 With family relatives 163 (93.1) 57 (91.9) 106 (93.8) Ref.

 Alone 12 (6.9) 5 (8.1) 7 (6.2) 0.75 (0.22–2.47) 0.641

Monthly income (IDR)

 ≤ 550,000 25 (14.8) 13 (21.3) 12 (11.1) Ref.

 > 550,000 144 (85.2) 48 (79.7) 96 (88.9) 2.16 (0.91–5.10) 0.077

Payer

 National health insurance 158 (90.3) 57 (91.9) 101 (89.4) Ref.

 Private insurance or out-of-pocket 17 (9.7) 5 (8.1) 12 (10.6) 1.35 (0.45–4.03) 0.586

Time of clinical onset

 18.00–05.59 70 (40.0) 22 (35.5) 48 (42.5) Ref.

 06.00–17.59 105 (60.0) 40 (64.5) 65 (57.5) 0.74 (0.39–1.41) 0.367

Onset condition

 Wake-up stroke unknown 33 (18.9) 5 (8.1) 28 (24.8) Ref.

 Known 142 (81.1) 57 (91.9) 85 (75.2) 0.26 (0.09–0.73) 0.010

Distance from location of clinical onset

 ≤ 9.45 km 106 (60.6) 46 (74.2) 60 (53.1) Ref.

 > 9.45 km 69 (39.4) 16 (25.8) 53 (26.9) 2.53 (1.28–5.00) 0.007

Emergency medical service contact

 No 153 (87.4) 54 (87.1) 99 (87.6) Ref.

 Yes 22 (12.6) 8 (12.9) 14 (12.4) 0.95 (0.37–2.41) 0.922

NIHSS

 0–4 (minor) 102 (58.3) 36 (58.1) 66 (58.4) Ref.

 > 4 (moderate to severe) 73 (41.7) 26 (41.9) 47 (41.6) 0.98 (0.52–1.84) 0.965

mRS

 0–3 (mild disability) 129 (73.7) 45 (72.6) 84 (74.3) Ref.

 4–5 (moderate–severe disability) 46 (26.3) 17 (27.4) 29 (25.7) 0.91 (0.45–1.83) 0.801
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of presentation, although it was incongruous with other 
studies [26]. Most of our patients have national health 
insurance that covers stroke-related medical expenses 
including intravenous thrombolysis, this probably con-
tributes to none of our patients mentioning cost consid-
eration as a delay reason. Living in an elderly household 
or living alone was found to be significantly associated 
with delayed presentation of stroke patients [27], while in 
this study, only a small proportion of patients lived alone. 
Wake-up stroke and unknown stroke onset play a signifi-
cant role in presentation delay, as shown in other studies 
[19, 28].

History of previous illness may contribute to hospital 
presentation time. Previous studies showed that patients 
with a history of prior stroke did not prove to be more 
aware of the stroke symptoms or arrive earlier than first-
ever stroke patients [29]. It is important to make sure that 
patients of high-risk groups and their relatives receive 
proper information during hospitalization regarding 
stroke risk factors, symptoms, and the need for urgent 
evaluation for new cerebrovascular events. Patients with 
a history of coronary artery disease or heart failure may 
have better emergency awareness as a result of their pre-
vious contacts with medical providers. In a comparable 
study, atrial fibrillation was also associated with earlier 
hospital presentation [17]. Prehospital delay is longer 
for stroke rather than coronary artery disease, although 
there is an overlapping pathophysiology between the two 

conditions. This may reflect greater awareness of heart 
disease than stroke [30].

Geographical location has been established as one of 
the main factors related to later onset-to-arrival time 
[31]. Our hospital is the only thrombectomy-capable 
stroke center in our region that has more than 400,000 
population within a land area of 3186  km2 [32]. To our 
knowledge, there are only four other hospitals that pro-
vide stroke services as primary stroke centers. We do not 
have any specific stroke referral system. In this study, the 
location of stroke onset more than 9.45 km was found to 
delay patient presentation significantly. The use of ambu-
lance or EMS services is associated with earlier arrival 
care. Patients who used EMS had 2.61 higher odds of 
arriving at the ED within 4.5 h of onset, and 6.24 higher 
odds of arriving within 3  h [16]. Ambulance usage was 
as high as 60% in one of the French stroke units. How-
ever, one study showed that nearly all EMS staff would 
dispatch stroke patients to the nearest hospital irrespec-
tive of the availability of stroke intervention capability 
[31, 33]. In this study, even the use of online taxis exceeds 
the use of EMS. Similar results from Kenya, where most 
patients in the ED came by public means, including taxi 
[34]. This could be due to the familiarity and simplicity of 
using online taxi platforms.

An alarming lack of knowledge about stroke signs, 
symptoms, and risk factors needs to be targeted. 
Nearly, all of our respondents correctly mentioned 

Table 2 Multivariable regression analyses comparing the respective subgroup

Multivariable analysis adjusted for: onset condition, history of coronary artery disease/congestive heart failure, age, number of comorbid conditions, income, distance, 
mode of transportation, literacy of sign and symptom of stroke, literacy of stroke risk factor, and body mass index (BMI)

OR, odds ratio; IDR, Indonesian rupiah

Variables Adjusted OR (95% CI) p

Age

 ≤ 76 years Ref.

 > 76 years 1.66 (0.56–4.94) 0.355

Monthly income (IDR)

 ≤ 550,000 Ref.

 > 550,000 4.22 (1.47–12.17) 0.007

Onset condition

 Wake-up stroke/unknown Ref.

 Known 0.17 (0.05–0.56) 0.004

Distance from location of clinical onset

 ≤ 9.45 km Ref.

 > 9.45 km 3.13 (1.41–6.92) 0.005

Coronary artery disease/congestive heart failure

 None Ref.

 Present 0.12 (0.04–0.37) 0.000

Able to mention signs and/or symptoms 0.88 (0.63–1.23) 0.467

Able to mention risk factors 0.80 (0.55–1.16) 0.243
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one-sided limb weakness as the symptom of stroke. A 
similar study also showed that one-sided limb weakness 
was mentioned correctly by most subjects. Although 
psychosocial stress was not listed as one of the direct 
risk factors of stroke, it was mentioned frequently by 
the subjects [35]. Albeit with costly campaigns, better 
awareness of stroke does not automatically improve 
onset-to-arrival time nor increase intravenous throm-
bolysis rate, and stroke information from the internet 
was negatively correlated with early arrival [35, 36].

Several top priorities of improvement include estab-
lishing stroke units, increasing public awareness, and 
training health care providers and collaboration [29]. 
The use of EMS must be promoted to improve the 
timely presentation of acute ischemic stroke patients to 
the ED. Although this study was carefully designed and 
performed, this was a single-centered study in urban 
areas, therefore the result of this study may not be 
applicable nationally. This study also had potential sam-
pling and measurement errors for the time of stroke 
onset due to the recall bias from the patients and/or 
family and relatives, especially for patients presenting 
with wake-up stroke.

Conclusion
This study showed that having a monthly income of 
more than IDR 550,000, wake-up stroke or unknown 
stroke onset, and distance from the location of onset 
more than 9.45  km were factors associated with later 
onset-to-arrival time. Patients with a history of coro-
nary artery disease or heart failure tend to arrive ear-
lier to the hospital. Delayed presentation is a major 
obstacle to implement thrombolytic and endovascu-
lar therapies. Health promotion strategies to increase 
stroke symptoms awareness, maximize the use of EMS, 
and the transfer of patients directly to intravenous 
thrombolysis-capable hospitals are promising methods 
to improve the onset-to-arrival time of acute ischemic 
stroke patients in Yogyakarta, Indonesia. To generalize 
the study findings, a larger and multicentered study is 
required to better assess the factors that contributed 
to the delayed hospital presentation in acute ischemic 
stroke patients.

Abbreviations
rtPA  Recombinant tissue plasminogen activator
ED  Emergency department
EMS  Emergency medical services
CT  Computed tomography
API  Application programming interface
BMI  Body mass index
NIHSS  National Institutes of Health Stroke Scale
mRS  Modified Rankin Scale
OR  Odds ratio
CI  Confidence interval

Table 3 Literacy of stroke sign, symptom and risk factor 
mentioned by patient and/or patient’s relative

Literacy N = 166 (%)

Sign and symptoms

 One-sided limb weakness 153 (92.2)

 Slurred speech 82 (49.4)

 Facial asymmetry 49 (29.5)

 Balance disturbance 33 (19.9)

 Visual disturbance 6 (3.6)

 Others

 Sensory disturbance 28 (16.9)

 Headache 24 (14.5)

 Cognitive disturbance 12 (7.2)

 Swallowing difficulty 6 (3.6)

 Loss of consciousness 6 (3.6)

 Seizure 2 (1.2)

 Spasticity 1 (0.6)

 Emotional disturbance 1 (0.6)

Risk factor

 Hypertension 148 (89.2)

 Dyslipidemia 64 (38.6)

 Diabetes mellitus 48 (28.9)

 Psychosocial stress 36 (21.7)

 Cigarette smoking 13 (7.9)

 Heart disease 8 (4.8)

 Obesity 7 (4.2)

 Hyperuricemia 6 (3.6)

 Others 4 (2.4)

 History of traumatic head injury 1 (0.6)

 Blood coagulation disorder 1 (0.6)

 Sedentary lifestyle 1 (0.6)

 Kidney failure 1 (0.6)

Table 4 Reasons provided by patient and/or patient’s relative for 
delaying hospital admission

Reason of delay N = 113 (%)

Waiting for spontaneous improvement at home 28 (24.8)

Lack of awareness of stroke symptoms 28 (24.8)

Delay/misdiagnosis from the previous medical facility 18 (15.9)

Initial sign and symptoms still considered minor 14 (12.4)

Waiting for family/relative to drive to the hospital 11 (9.7)

Patient refuses to be taken to the hospital 9 (8.0)

Waiting for the specific doctor’s appointment 3 (2.7)

Trying alternative treatment 1 (0.9)

Waiting for the weekend 1 (0.9)

Waiting for religious event to be done 1 (0.9)

Live alone 1 (0.9)

Waiting to get back to hometown and accompanied 
by the family to the hospital

1 (0.9)
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