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ABSTRACT

Background Prehospital delay in acute ischaemic stroke
(AIS) remains prevalent in China. We aimed to assess the
status of the onset-to-door time (ODT) in AIS and analyse
its influencing factors.

Methods Data were collected from a prospective
multicentre hospital-based registry (China National
Cerebrovascular Disease Prevention and Control Project
Management Special Database) of patients with AIS
involving 21 hospitals across different economic and
geographical regions in China in 2022. The Mann-Whitney
U test or t-test was used for between-group comparisons.
Factors influencing ODT <3 hours were analysed using a
binary logistic regression model.

Results Of the included 12484 patients (attended middle
school or below, 69.2%), females had a higher illiteracy
rate (13.1%) than males (4.8%); 94.8% were living with
others at iliness onset; 22.5% of patients/family members
were aware of the stroke emergency map (SEM, but only
7.3% were transported by SEM; 76.8% lived within 20 km
of the first visited hospital. Significant differences occurred
in modes of arrival at hospitals among cities of different
sizes (y?=74.882, p<0.001). Being in a medium-sized (OR
0.65, 95% CI 0.50 to 0.86); large (OR 0.61, 95% Cl 0.47
t0 0.79) or extralarge city (OR 0.60, 95% Cl 0.46 to 0.78);
experiencing cardiogenic embolism (OR 0.65, 95% CI 0.50
to 0.86) or stroke of undetermined aetiology (OR 0.69,
95% Cl 0.52 to 0.92); stroke onset between 18:00 and
23:59 (OR 0.71,95% Cl 0.60 to 0.85); distance <20km
from onset location to the hospital (OR 0.47, 95% Cl 0.41 to
0.54); being transported by SEM (OR 0.31, 95% Cl 0.26 to
0.36) and having initial National Institutes of Health Stroke
Scale scores of 515 (OR 0.63, 95% Cl 0.57 t0 0.71) or
16-42 (OR 0.32, 95% Cl 0.27 to 0.39) were independent
factors favouring ODT <3 hours. Conversely, being
transferred between hospitals during transportation (OR
3.31,95%Cl 2.66 to 4.14); experiencing wake-up stroke
(OR 2.00, 95% Cl 1.67 to 2.38); symptom-onset including
dizziness (OR 1.28, 95%Cl 1.10 to 1.47) and prestroke
modified Rankin scale (mRS) score of 2-3 (OR 1.58,
95%Cl 1.30 t0 1.92) or 4-5 (OR 1.48, 95%Cl 1.02 to 2.15)
tended to indicate ODT >3 hours.

Conclusions Urban scale, stroke type, onset time,
distance from initial location to the first hospital visit,
transportation method, stroke symptoms, prestroke

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Prehospital delay in acute ischaemic stroke is a seri-
ous public health concern and is prevalent in devel-
oping countries.

WHAT THIS STUDY ADDS

= To our knowledge, this is currently the largest multi-
centre prospective study in China on the status and
influencing factors of onset-to-door time, covering
cities with different economic and cultural charac-
teristics, making the research results broadly repre-
sentative. Our findings reveal that urban scale, stroke
type, onset time, distance from the initial location to
the first hospital visit, transportation method, stroke
symptoms, prestroke modified Rankin scale score
and stroke severity are significant factors influenc-
ing prehospital delay.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides valuable guidance for stroke
emergency treatment, which can help develop tar-
geted policies, improve treatment outcomes and
enhance patient prognosis.

mRS score and stroke severity significantly influenced
prehospital delay. Our findings can facilitate the
development of targeted policies.

BACKGROUND

Acute ischaemic stroke (AIS), a significant
health concern, affects >800000 adults in the
USA annually.' Prehospital delay in AIS—the
duration between the recognition of stroke-
related symptoms and patient arrival at the
emergency department (ED)Q—signiﬁcantly
affects the timely administration of reper-
fusion therapies and subsequent patient
outcomes.’ However, multicentre, large-
sample prospective studies concerning the
current prehospital delay situation in China
are lacking.
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Globally, stroke was the second-leading cause of death
and the third-leading cause of death and disability in
2019. The annual stroke incidences and mortality have
increased substantially. Ischaemic stroke accounts for
approximately 4/5th of all stroke cases.” Intravenous
thrombolysis (IVT) in AIS effectively improves neuro-
logical outcomes in patients with stroke who have
moderate-to-severe neurological deficits.” The sooner
IVT is administered, the greater its benefits.” An onset-to-
door time (ODT) <4.5hours is crucial for better clinical
outcomes.® Despite the availability of thrombolytic and
endovascular therapies for AIS, due to prehospital delay,
in-hospital delays and hesitancy in treating or receiving
treatment, <1%-8% of patients with stroke receive IVT.”
The efforts to decrease door-to-needle times in stroke
treatment have yielded positive advancements. However,
prehospital delays are common among stroke patients
in Chinese communities, with only 24.8% of patients
being transferred to the ED or hospital within 2hours."
Prehospital delays are the main factor preventing patients
from receiving IVT. The median ODT and proportion of
patients with stroke arriving within the crucial 3-hour
window have shown minimal progress over the last 20
years.” Prehospital delays are influenced by various
factors, including patient behaviour, decision-making
processes and healthcare system inefficiencies."" Major
factors influencing prehospital time include emer-
gency medical pathways, stroke symptoms, patient and
bystander behaviours, patient health characteristics, and
awareness of stroke treatment.” Prehospital delay occurs
at different phases—time from symptom onset to decision
to seek medical attention, from decision to seek medical
attention to the first medical contact, and from the first
medical contact to arrival at the ED.'* Regional variations
in prehospital delay may be significant, and identifying
the factors associated with delayed hospital arrival may
uncover potential intervention targets for decreasing
prehospital delays and enhancing access to time-critical
reperfusion therapy.

METHODS

Study design

This large-scale, prospective, multicentre, hospital-based
registry study collected data from patients with AIS
(China National Cerebrovascular Disease Prevention
and Control Project Management Special Database) who
were admitted to 21 hospitals across different economic
and geographic regions in China from 1 January 2022 to
31 October 2022. The 21 hospitals were geographically
distributed across China as follows: Northeast Region:
Shenyang, Chaoyang; North China Region: Handan; East
China Region: Bengbu, Linyi, Yantai, Suzhou, Hangzhou;
Central China Region: Wuhan, Jiaozuo, Yichun; South
China Region: Heyuan, Shenzhen, Nanning, Wuzhou,
Yunfu; Northwest Region: Baiyin, Xi'an and Southwest
Region: Luzhou, Yibin. All participating hospitals were
level I tertiary hospitals and qualified to perform IVT and

endovascular thrombectomy. All the relevant cities also
released stroke emergency maps (SEM)."

Study participants

Patients aged >18 years, diagnosed with AIS and with
stroke onset <7days before admission were included.
Those who were diagnosed with transient ischaemic
attack, in-hospital AIS, cancerrelated stroke, iatrogenic
AIS or cerebral venous sinus thrombosis; with a life expec-
tancy of <3 months; and diagnosed with severe mental
disorders, dementia, or severe heart, liver, kidney, or
lung failure were excluded. AIS was diagnosed based on
findings from head CT or MRI and diagnostic criteria in
relevant guidelines."” The stroke subtype was based on
the Trial of Org 10172 in the Acute Stroke Treatment
(TOAST) classification.™

Patient and public involvement

We conducted a needs analysis by gathering concerns
from patients and the public about AIS through inter-
views. In designing the case report forms, we invited
several patients and their families to participate, ensuring
that the survey content accurately reflected their experi-
ences and perspectives. During the research implemen-
tation phase, we encouraged participating hospitals and
patients to provide feedback throughout the data collec-
tion process.

In our research, the research question and outcome
measures were developed by prioritising patient experi-
ences. An extensive literature review to identify factors
related to hospital delays in AIS was first performed.
To ensure our research questions reflected real patient
experiences, we conducted communication with patients.
From the feedback, we reassessed, ultimately determining
the research indicators.

We developed a patient recruitment strategy by collab-
orating with the subcentres to effectively recruit eligible
patients with AIS. Throughout the study, we facilitated
communication between the medical team and patients,
ensuring participants had a comfortable experience and
understanding their rights and obligations. Additionally,
during the data collection and analysis phase, we estab-
lished a feedback mechanism that allowed patients and
their families to provide comments and suggestions.

This observational research project primarily focused
on observing and recording the healthcare-seeking
process of patients with AIS. The patients did not
receive any interventions; hence, issues related to the
burden of intervention and participation time were not
addressed. To disseminate our research findings to partic-
ipating patients and the broader patient community, we
plan to release these results soon after completing the
research. We will use a variety of formats for dissemina-
tion, including concise summaries, infographics, patient
manuals and online webinars.

Data collection and auditing
1. Data collection process
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1. Case registration: A specialised online stroke case
registration system was used with all eligible patients
registered by dedicated stroke teams at the hospitals.

2. Collection methods

Standardised questionnaire: A validated standardised
questionnaire was used to collect basic patient informa-
tion, onset time, symptoms and other related data. Trained
healthcare professionals filled out the questionnaire.

Interviews: Within 24hours of patient admission, the
research team interviewed patients and their families to
gather information regarding symptoms before onset,
location and mode of transportation to the hospital.

2. Data review

Review standards: Completeness: All registered cases
must include all key data items.

Consistency: Answers recorded in the questionnaire
were cross-checked with data in electronic medical
records to ensure information accuracy.

Validity: Data were examined for outliers or logical
inconsistencies.

(2) Outliers included:

Timing errors: The recorded onset time of illness or
medical visit exceeded reasonable limits.

Location data anomalies: Errors in inputting patients’
addresses, leading to unreasonable geographical place-
ments (eg, in the ocean).

Incorrect demographic information.

Logically inconsistent clinical assessment results, such
as inaccurate National Institutes of Health Stroke Scale
(NIHSS) scores resulting in unusually high or low ratings.

Duplicate entries of the same patient’s data.

3. Personnel and timing for review

Review team: Data review was conducted by a fixed
team of researchers with clinical backgrounds and data
management experience. All review team personnel
received relevant training and were familiar with review
standards and procedures.

Review timeline: Review period: Data review was
conducted within 1month after completing data collec-
tion. Phased review: During data collection, the research
team performed preliminary data reviews regularly.

0DT calculation

ODT was defined as the time from stroke symptom onset
to admission to the hospital ED or outpatient clinic. We
typically documented the precise time when the patient
or witness first noticed stroke symptoms, such as sudden
hemiplegia and speech difficulties. When the symptom-
onset time was unclear, the following methods were
used: (a) When the patient awoke with symptoms, the
time before sleep when the last symptom-free period was
confirmed was considered the symptom-onset time."” '°
(b) When the exact symptom-onset time could not be
determined, the time at the last confirmed symptom-free
period was considered the symptom-onset time."”'® Subse-
quently, the outpatient department or ED arrival time,
specifically at the triage entrance,'” was documented.

Defining city size in China

A megacity, super-large city, large city, medium-sized city
and small city were defined as having a population of over
10 million, 5-10 million, 1-5 million, between 500 000 and
I million, and <500 000, respectively.'®

Study variables and groups

The study variables included age, educational level, resi-
dence status, distance between onset location and first-
visit hospital, method of arrival, interhospital transfer,
wake-up stroke, preonset modified Rankin scale (mRS)
score, stroke severity after onset according to the NIHSS
score (5-15, moderate; 16-42, severe'”), TOAST classifica-
tion of cerebral infarction, urban scale, first AIS symptom
and stroke onset time. Division of patients based on
ODT is crucial for stratifying stroke care and predicting
outcomes.” Accordingly, patients with AIS were catego-
rised into ODT <3hours and ODT >3 hours groups. The
modes of transportation to the hospital are categorised
as self-transported, emergency medical services (EMS)
and other forms. ‘Other forms’ refers to instances where
patients arrived neither by their own means nor through
EMS. This primarily includes situations where individuals
are transported by family members or bystanders instead
of seeking help themselves, such as in the case of coma-
tose patients.

Statistical analyses

Statistical analyses were performed using R V.4.3.1
(The R Project, Vienna, Austria). Normally and non-
normally distributed continuous variables are presented
as mean+SD and median (IQR), respectively. Categor-
ical variables are presented as numbers (percentages).
Between-group comparisons of measurement data were
conducted using the Mann-Whitney U test (non-normally
distributed data) or t-test (normally distributed data);
between-group count data were compared using the ¥
test. Factors influencing an ODT <3 hours were analysed
using a binary logistic regression model. A p<0.05 was
considered statistically significant.

RESULTS

Of 12584 included patients with AIS, those with incom-
plete data, who failed to meet the inclusion criteria,
and outliers were excluded. Finally, 12167 patients were
included (figure 1).

The patients had a mean age of 66.1+11.79 years,
96.3% were aged >45 years, and males were younger than
females (p<0.001). Most patients (69.2%) had an educa-
tion level of middle school or below. The illiteracy rate was
higher among female patients (13.1%) compared with
males (4.8%) (p<0.001). Nearly all patients (94.8%) were
living with others at the time of illness onset; 22.5% of
patients or their family members were aware of SEM and
76.8% lived within 20 km of the first hospital they visited.
Only 7.3% were transported by SEM. Further details are
presented in online supplemental table 1. Significant
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Patients with acute ischemic stroke in the
original database (n = 12,584)

|

257 patients who did not meet the inclusion
criteria were removed [n=12,327(12,584-257)]

l

158 duplicate entries were
removed [n=12,169 (12,584-158)]

l

2 cases with incomplete data were
removed (n=12,167 (12,169-2)

|

Qutliers: 0 cases [n = 12,167 (12,167- 0)]

l

Finally, 12,167 patients were
included in the final analysis

Figure 1 Flow chart of the screening process for research subjects.
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Table 1 Pathways and number of patients with acute ischaemic stroke arriving at hospitals in cities of different sizes

The form of transportation

to the hospital Megacity (N=1) Super-large city (N=5) Large city (N=7) Medium-sized city (N=5) Small city (N=2)
Self-transported to the 567 (92.5) 3775 (91.0) 2570 (88.9) 3234 (91.2) 834 (86.1)
hospital (%)

EMS (%) 28 (4.6) 321 (7.7) 216 (7.5) 218 (6.1) 107 (11.0)
Other forms (%) 18 (2.9) 54 (1.3) 103 (3.6) 94 (2.7) 28 (2.9)

Total 613 4150 2889 3546 969

N represents the number of cities. The results of Pearson’s %2 test indicate that there are statistically significant differences in the modes of arrival at

hospitals among cities of different sizes (x2=74.882, p<0.001).
EMS, emergency medical service.

differences were found in the modes of arrival at hospitals
among cities of different sizes (table 1).

Factors affecting ODT <3 hours
Using ODT <3hours as the dependent variable, age,
urban scale, residential status, patient or family aware-
ness of SEM, TOAST classification, time of stroke onset,
distance from onset location and first-visit hospital, mode
of transportation to the hospital, interhospital transfer,
wake-up stroke, limb weakness, dizziness, prestroke mRS
score and initial NIHSS score on hospital arrival were
included as independent variables in the binary logistic
regression analysis. The time of stroke onset, distance
from the onset location to first-visit hospital, transport to
hospital by EMS, history of interhospital transfer, wake-up
stroke, dizziness/vertigo as initial symptom, prestroke
mRS score and initial NIHSS score after onset were inde-
pendent influencing factors for ODT <3 hours (table 2).
Moreover, we compared the modes of arrival at the
hospital and effectiveness of emergency 218 stroke treat-
ment during and after the COVID-19 pandemic, specifi-
cally between 1 January 2022 and 31 October 2022, and
1 January 2023 and 31 October 2023 (see online supple-
mental table 2).

DISCUSSION

In medium-sized, large and super-large cities; cardiogenic
embolism, stroke of undetermined aetiology, stroke onset
between 18:00 and 23:59, distance <20km from onset
location to first-visit hospital, transport to hospital by EMS
and initial NIHSS scores of 5-15 and 16-42 were inde-
pendent factors indicating an ODT <3 hours. A history of
interhospital transfer, wake-up stroke, dizziness/vertigo
as the initial symptom and preonset mRS scores of 2-3
and 4-5 indicated an ODT >3hours. To our knowledge,
this is the largest multicentre prospective study in China
on the status and influencing factors of ODT, covering
cities with different economic and cultural characteris-
tics, rendering the results broadly representative.

China’s stroke emergency response system: the ‘Green
pathway’ model

The ‘Green pathway’ widely implemented in China
refers to a prioritised pathway designed to accelerate the

diagnosis and treatment of patients with acute stroke.' Tt
can be divided into two parts: prehospital (stroke transfer)
and in-hospital emergency stroke treatment. The key
components include (1) emergency response system, (2)
in-hospital emergency teams, (3) standardised diagnosis
and treatment processes, (4) rapid imaging tests and (5)
data management and monitoring.

In addition, China is promoting a nationwide SEM
project. This map serves as an emergency response plat-
form that integrates geographical information systems
with the distribution of medical resources.”” ‘Green
pathway’ improves stroke treatment by implementing
standardised treatment protocols and clinical path-
ways, allowing doctors to adhere to evidence-based best
practices, thereby enhancing the consistency and stan-
dardisation of care, such as increasing stroke educa-
tion, dysphagia screening, smoking cessation and
antithrombotics at discharge.”’ Significant reductions
in door-to-needle times for thrombolytic therapy after
implementation of the ‘Green pathway‘ led to improved
functional outcomes.** Despite significant progress, chal-
lenges remain related to insufficient awareness of strokes
among residents, lack of workforce in specialised stroke
teams and inadequate professional skills. Additionally,
there are issues with the coordination between prehos-
pital and in-hospital emergency responses, especially
in rural and less-developed areas. Future efforts should
concentrate on providing ongoing education and training
for community residents, EMS providers and hospital
staff; implementing standardised referral processes and
establishing a data-sharing system between prehospital
and in-hospital services; and improving stroke registries
to facilitate research and elevate care standards.

Current situation of prehospital delay in developing countries

Prehospital delay in AIS is prevalent in developing
countries. This study indicates that only around 1/5 of
AIS cases involve an ODT <3hours, with an average of
11.6hours. In Shanghai, China, 30.2% of individuals
arrive at the hospital within 3hours after stroke onset.”
A 2006 study in China revealed that 25% of patients
arrived within 3hours, with a median ODT of 15hours
(IQR 2.8-51.0).* Compared with the aforementioned,
the ratio of an ODT <3hours has slightly decreased,
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Table 2 Binary logistic regression analysis of factors influencing onset-to-door time <3 hours

Characteristics Adjusted OR 95% CI P value
Urban scale

Megacity 1

Large city 0.61 0.47 10 0.79 <0.001

Super-large city 0.6 0.46t0 0.78 <0.001

Small city 0.9 0.66 to 1.23 0.52

Medium-sized city 0.65 0.49 to0 0.85 <0.001
Living with others at the time of illness onset (yes) 1.2 0.98 to 1.46 0.07
Patients or family members aware of SEM (yes) 0.94 0.82 to 1.07 0.34
AlIS classification in TOAST

Large-artery atherosclerosis 1

Cardiogenic embolism 0.54 0.45 to 0.65 <0.001

Small-artery occlusion 1 0.9to 1.11 0.99

Stroke of other determined aetiology 1.05 0.84 to 1.31 0.68

Stroke of undetermined aetiology 0.7 0.58 to 0.92 0.01
Time of stroke onset

0:00-5:59 1

6:00-11:59 0.9 0.76 to 1.06 0.19

12:00-17:59 0.85 0.71 to 1 0.06

18:00-23:59 0.72 0.6 to 0.86 <0.001
Distance from onset location to the first-visit hospital

>20km 1

<20km 0.47 0.41 to 0.54 <0.001
Transport to the hospital

Self-transported to the hospital 1

by EMS 0.32 0.27 to 0.37 <0.001

Other forms 0.72 0.51 to 1.01 0.05
Being transferred between hospitals (yes) 3.4 2.73t04.23 <0.001
Wake-up stroke (yes) 2.05 1.72t0 2.45 <0.001
Limb weakness (yes) 0.99 0.89to 1.1 0.88
Dizziness/vertigo (yes) 1.27 1.1 to 1.47 <0.001
Pre-onset mRS score

0-1 1

2-3 1.6 1.31t01.94 <0.001

4-5 1.46 1to2.12 0.05
NIHSS score after onset

0-4 1

5-15 0.64 0.57 to 0.71 <0.001

16-42 0.33 0.27 t0 0.39 <0.001

The factors 211 adjusted for in the multifactorial logistic regression model include age, urban scale, residential 212 status, patient or
family awareness of SEM, TOAST classification, time of stroke onset, 213 distance from onset location and first-visit hospital, mode of
transportation to the hospital, 214 interhospital transfer, wake-up stroke, limb weakness, dizziness, prestroke mRS score and 215 initial
NIHSS score upon hospital arrival.

AIS, acute ischaemic stroke; EMS, emergency medical service; mRS, Modified Rankin Scale; NIHSS, National Institutes of Health Stroke
Scale; SEM, stroke 210 emergency map; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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possibly influenced by the COVID-19 pandemic; however,
the median ODT has slightly improved. Despite >10 years
having passed, prehospital delays in China have not signif-
icantly improved. In Nepal, only 20.17% of patients arrive
within the time frame for thrombolysis.”> Regarding
prehospital delays, developed countries have substan-
tially better rates than developing countries. In the USA,
approximately 50% of patients with AIS arrived at the
hospital within 4.5hours.”® In Spain, 48.7% of patients
experience a prehospital delay of <3hours.?” Prehospital
delay is more common in developing countries owing to
lower levels of stroke awareness, influence of traditional
beliefs, inadequate emergency response systems, heavy
economic burden on residents and poor transportation
conditions.” Here, we identified further factors that
influence ODT.

Urban scale and ODT

Medium-sized, large and super-large cities tend to
have an ODT <3 hours because of the following: (1)
Advanced medical resources: More medical resources,
including efficient and well-developed emergency
response systems and EMS services, allow for quick
response and transport of patients with stroke. (2)
Stroke awareness and education levels: Richer health
education resources and more developed media chan-
nels facilitate wider dissemination of stroke-related
knowledge information. These improve residents’
awareness of emergency treatment, making it easier
to seek timely medical help.”® (3) Transportation
convenience: High transportation convenience assists
patients in reaching hospitals quickly.

Our study reveals that patients in the largest cities
have the highest rate of self-transport to hospitals.
Statistically significant differences exist in hospital
arrival modes among cities of varying sizes. In major
cities in China, particularly megacities, there is a well-
developed public transport system, a high vehicle
ownership rate, and comprehensive taxi services,
including ride-hailing apps and traditional taxis.
Many people in China are confident in driving them-
selves or taking a taxi to receive medical care, often
underestimating the importance of getting to the
hospital via EMS. This phenomenon is closely tied to
traditional culture and social psychology, contrasting
sharply with the situation in many Western developed
countries.”

Stroke types and ODT

Cardiogenic embolism and stroke of undetermined aeti-

ology tend to resultin an ODT <3 hours, whereas wake-up

stroke tends to result in an ODT >3 hours. The reasons
are:

1. Cardiogenic embolism often has an acute onset with
severe symptoms, which may prompt patients and
bystanders to quickly recognise its seriousness and
consequently seek medical attention promptly, short-
ening ODT. The higher the patient’s awareness of the

importance of stroke, the shorter the delay in seeking
treatment. Patients with AIS and atrial fibrillation ar-
rive earlier at the ED.** Decision delays represent 49%
of prehospital delays, and atrial fibrillation contributes
to shortened decision delays.”

2. Stroke of undetermined aetiology often occurs sud-
denly with severe symptoms. Patients may present
with focal neurological deficits, convulsions, altered
sensory function and aphasia,31 which may concern
the patient and bystanders, prompting them to seek
medical help quickly. The high prevalence of vis-
ceral infarcts in strokes of undetermined aetiology
indicates that cryptogenic strokes may arise from
embolic sources.” Cardiogenic embolism is a crucial
factor that motivates patients to seek prompt medical
care.”

Onset time and ODT

Stroke onset between 18:00 and 23:59 typically leads to an

ODT <3 hours. The reasons are as follows:

1. Bystanders present: Between 18:00 and 23:59, the pa-
tient is more likely to be accompanied by family mem-
bers, colleagues or caregivers—bystander presence is
associated with a shorter prehospital delay.*® These
individuals can help identify abnormal symptoms and
remind and assist patients in calling EMS or transport-
ing them to the hospital, thereby reducing prehospital
delay. Furthermore, adult offspring prefer a shorter
delay in making a decision.

2. Relatively smooth traffic: Compared with the peak traf-
fic hours during the day, the traffic flow between 18:00
and 23:59 may be relatively smooth, shortening the
travel time to the hospital and thereby reducing ODT.
The study revealed that over half of delays are due to
hesitation to seek EMS.** Family member presence fa-
cilitates recognising stroke symptoms and improving
patients’ decision-making in seeking medical care.

Distance from initial location to first-visit hospital and ODT

A distance <20km from the onset location to the first-

visit hospital tends to result in an ODT <3 hours, for the

following reasons:

1. Shorter transportation time: A distance <20km from
the onset location to the hospital allows for faster arriv-
al, reducing prehospital delay.”

2. Reducing interhospital transfers: A location of onset
relatively close to a hospital allows patients to travel di-
rectly to the hospital and avoid transfer-related delays.

3. Boosting patient and family confidence: Knowledge of
a nearby hospital can increase the confidence of pa-
tients and their families in seeking medical assistance,
thereby reducing decision-making and action delays
when stroke symptoms occur. Patients who live <10 km
away tend to arrive at the hospital sooner.”® A distance
<20km between the location of symptom onset and
the hospital is associated with early arrival.”> The more
remote the location of stroke, the more likely the pa-
tient will experience a prehospital delay.
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Stroke symptoms and ODT

Stroke that manifests primarily as dizziness/vertigo predis-

poses an ODT >3 hours. Dizziness, an atypical symptom of

stroke, is independently associated with delayed arrival of
patients. The reasons are:

1. Difficulty in identifying the cause: Dizziness/vertigo is
a non-specific symptom caused by various factors, in-
cluding vestibular dysfunction and low blood pressure.
Dizziness/vertigo caused by stroke may be mistaken
for other causes or attributed to a poor mental state,
leading to neglecting the seriousness of the symptoms,
often assuming that they will improve with rest or fur-
ther observation.

2. Lack of awareness of stroke symptoms: People are
more familiar with typical stroke symptoms (eg, limb
weakness/numbness, language difficulties) than with
atypical symptoms such as dizziness/vertigo; thus, diz-
ziness as a symptom of stroke may not be promptly
recognised, resulting in prehospital delays.” Patients’
awareness of AIS symptoms significantly decreases hos-
pital arrival delays.™

3. Dizziness misdiagnosis: Given the non-specific nature
of dizziness, despite seeking medical attention prompt-
ly, patients may be initially misdiagnosed, leading to
delayed diagnosis and treatment. On proper diagnosis,
these patients might be referred to a hospital capable
of treating stroke, thereby increasing the ODT.

Prestroke mRS score and 0DT
Prestroke mRS scores of 2-3 and 4-5 lead to an ODT
>3hours. The mRS score reflects patients’ functional
status and daily living abilities; the higher the score, the
more severe the functional impairment and dependence
in daily life. Patients with higher prestroke mRS scores
were more likely to experience significant prehospital
delays. The possible reasons include:

1. Difficulty in symptom recognition: Patients with high-
er mRS scores often have existing neurological deficits
such as limb weakness or speech difficulties. Therefore,
new stroke symptoms may be mistaken for worsening
pre-existing deficits.

2. Communication barriers: Patients with higher mRS
scores may have cognitive or language impairments
that affect their ability to accurately express worsening
symptoms or seek assistance, thus delaying the identifi-
cation of stroke symptoms.

3. Decreased coping abilities: Patients with higher mRS
scores may be highly dependent in daily life and can-
not independently cope with recurrent symptoms by
calling EMS or getting to the hospital by themselves,
resulting in prehospital delay.

4. Transport barriers: Patients with higher mRS scores
often have mobility issues or are bedridden, requir-
ing specialised transportation equipment (including
stretchers or wheelchairs) and workforce, complicating
getting to the hospital and prolonging transportation
preparation time. Caregivers may also delay deci-
sions due to concerns about the patient’s difficulties

in seeking medical care, further increasing ODT. The
higher a patient’s preonset mRS score, the longer the
prehospital delay.®

Severity of stroke and ODT

After stroke onset, initial NIHSS scores of 5-15 and 16-42

lead to an ODT <3hours. A higher NIHSS score indi-

cates more severe stroke and neurological deficits. Severe

stroke is associated with reduced prehospital delays27 3

because of the following:

1. Clear and easily identifiable symptoms: Higher NIHSS
scores typically indicate significant neurological defi-
cits, such as hemiplegia, aphasia and consciousness
disorders. Compared with mild symptoms, severe
symptoms are more easily recognised by patients and
bystanders, promoting the seeking of assistance and
medical attention early. Unconsciousness at presenta-
tion accelerates presentation at the hospital.**

2. Enhanced crisis awareness of patients and bystanders:
When faced with severe neurological deficits, patients/
bystanders often realise the urgency of the situation
and the need for immediate medical attention, which
may prompt seeking EMS more actively. Patient aware-
ness of stroke symptoms is vital for early hospital arriv-
al. Bystanders also play a critical role in responding to
stroke.?’

3. Emergency response system prioritisation: When a pa-
tient or bystander calls for emergency assistance and
describes severe stroke symptoms, the emergency dis-
patcher may assign high priority to the call. This can
reduce the emergency response and arrival times at
the scene, accelerate patient transfer and ultimately
shorten the ODT. A lower NIHSS score is an indepen-
dent predictor of late arrival.”

Existing strategies for reducing prehospital delays

Reducing prehospital delays requires various approaches,

including:

1. Public education and awareness campaigns: Improved
public awareness of AIS symptoms and the impor-
tance of early intervention can result in quicker help-
seeking. The ‘FAST’ campaign for stroke awareness is
a well-known example. The Stroke 1-2-0 programme
in China aims to improve awareness and response to
stroke symptoms.” Population education, suggesting
that educational interventions could help mitigate
delaysfw

2. Strengthening and optimising the EMS system: Using
EMS has been emphasised as a key factor in reduc-
ing prehospital delay time and minimising delays to
treatment on hospital admission.” ** A well-organised
regional triage and referral system is essential for re-
ducing interhospital transfer and shortening prehospi-
tal delays.* Optimising prehospital pathways through
systems-based approaches has been suggested to re-
duce treatment delays and potentially enhance clinical
outcomes.** Efforts have been made to expand EMS
coverage, improve work efficiency and enhance re-
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sponse times through better resource allocation and
personnel training.

3. Integrated prehospital and in-hospital care: Seamless
communication and coordination between prehospi-
tal and in-hospital care can reduce handover delays
and facilitate timely treatment. Studies have shown
that prehospital notification by EMS can reduce delays
in stroke evaluation.*” The integration of prehospital
and hospital care is being promoted, with protocols es-
tablished for seamless transfers and handovers.

4. Other measures: The implementation of telemedi-
cine allows for quicker triage and decision-making by
medical professionals before the patient arrives at the
hospital. The use of mobile stroke units equipped with
telemedicine capabilities allows for early diagnosis and
treatment.

The impact of differing emergency medical policies on EMS
performance

Notably, the low rate of EMS utilisation is a signifi-
cant factor that may contribute to treatment delays.
Differences in emergency medical policies between
developed countries and China arise from various
factors, including healthcare financing, system
organisation and the prioritisation of emergency care
within broader health policy frameworks. Developed
countries generally have more established and better-
funded EMS systems. Although China has made
significant progress in developing its EMS, challenges
remain in system integration and resource allocation.
In developed nations, emergency medicine is a recog-
nised specialty with dedicated training programmes
and standardised protocols, resulting in improved
patient outcomes and resource management."
China’s rapidly developing EMS still faces challenges,
including inadequate training for personnel and
a lack of standardised protocols across regions.*’
Healthcare financing models significantly impact the
effectiveness of EMS policies. Developed countries
often employ universal healthcare models, ensuring
equitable access to emergency services crucial for
timely intervention.*” China’s mixed public and out-
of-pocket financing system can create access barriers
for vulnerable populations,’’” leading to disparities
in the availability and quality of emergency care
compared with developed nations. Furthermore,
China’s EMS has been criticised for fragmentation,
with varying service quality and accessibility between
urban and rural areas.*’ This fragmentation results in
inefficiencies and delays that negatively affect patient
outcomes.

LIMITATIONS

Although we included as many factors influencing
ODT as possible, we cannot exclude the potential
impact of factors not covered in this study, such as
comorbidities. Future studies should evaluate these

additional factors. Although this study included many
citiesin China and AIS patients, future research should
compare the differences in ODT between different
ethnic groups. While we have drawn on existing liter-
ature to examine why each factor was associated with
ODT, some of the associations discussed may require
further validation through additional research. This
study, compared with a decade ago, represents the
current state of ODT in China. Furthermore, progress
in ODT improvement should be consistently moni-
tored to illustrate its time trends.

CONCLUSIONS

Prehospital delay in patients with AIS is a consider-
able public health issue in China, with no significant
progress observed over the past decade. Patients
located in medium to extralarge cities and those with
cardiogenic embolism or wake-up stroke, AIS onset
between 18:00 and 23:59, distance <20 km from onset
to hospital, severe neurological deficits at onset and
who are transported via EMS are more likely to reach
the hospital within 3 hours. Conversely, being trans-
ferred between hospitals, experiencing a wake-up
stroke, presenting with dizziness, limited daily activ-
ities or having disabilities before onset may prolong
the time to hospital arrival. These findings can be
used to optimise stroke emergency strategies, reduce
prehospital delays, improve emergency response effi-
ciency, provide timely treatment and enhance patient
outcomes.

Author affiliations

1Department of Neurology, The People’s Hospital of Gaoming District of Foshan City,
Foshan, Guangdong, China

%National Clinical Research Center for Cardiovascular Diseases, Fuwai hospital,
National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China

%School of Medicine, Shenzhen University, Shenzhen, Guangdong, China

“School of Health Management, China Medical University, Shenyang, China
SDepartment of Neurology, The First Affiliated Hospital of Shenzhen University,
Shenzhen Second People’s Hospital, Shenzhen, Guangdong, China

®Hunan Provincial Key Laboratory of the Research and Development of Novel
Pharmaceutical Preparations, Changsha Medical University, Changsha, China
"Department of Neurology, Fushun Central Hospital, Fushun, Liaoning, China
8Department of neurology, the Second People's Hospital of Yibin, Yibin, Sichuan,
China

Department of Neurology, The third People’s Hospital of Hubei Province, Wuhan,
Hubei, China

'%Department of neurology, Yichun People’s Hospital, Jiangxi, China
"Department of neurology, Beihai People’s Hospital, Beihai, China

'2Department of neurology, Yanan University Affiliated Hospital, Yan an, Shanxi,
China

"*Department of neurology, The First hospital of Baiyin city, Baiyin, China
1“Department of neurology, Chaoyang Central Hospital, Chaoyang, China
"5Department of neurology, The Third The People's Hospital of Bengbu, Bengbu,
Anhui, China

Contributors LC and LR developed the protocol and framework and critically
reviewed and revised the manuscript. They contributed equally to this work. YS,

WQ and YYu drafted the manuscript and performed the statistical analysis. They
contributed equally and share the first authorship. XS, XW and FC monitored the
research and gave critical comments. JZ and RX conducted the literature searching.

SuY, et al. Stroke & Vascular Neurology 2025;0. doi:10.1136/svn-2024-003535

9

"yBLAdoo Aq paloalold 1sanb Aq G20z ‘ST aung uo jwod fwg uAs//:dny woly papeojumoqd ‘520z UdJeIA ¥ U0 GEGE00-720Z-UAS/OSTT 0T Se paysiignd 1Sil) ;[oInaN 9SeA a4ons


http://svn.bmj.com/

LQ conducted follow-ups with patients. YYa, QL, XP, GH, JC, YX, WG, DG and BY
collected the data. LC is the guarantor.

Funding This study was funded by Shenzhen Second People’s Hospital

Clinical Research Fund of Shenzhen High-level Hospital Construction Projects
(20243357001),the Shenzhen Program for Integration Prevention and Cure of
Nervous System Disease (None),the Research and Promotion Project on Appropriate
Intervention Techniques for High-Risk Stroke Population (GN-2020R0002),
Shenzhen Clinical Research Center for Neurological Diseases (LCYSSQ
20220823091204009), Noncommunicable Chronic Diseases-National Science and
Technology Major Project (2023ZD0504800, 2023ZD0504802).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
the ethics committee of the First Affiliated Hospital of Shenzhen University (No:
20200727003-FS01-XZ202103). As this is a low-risk observational study, the
requirement for informed consent was waived and approved by the ethics committee.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jiagian Zhu http://orcid.org/0009-0004-6771-4291
Liming Cao http://orcid.org/0000-0003-2836-9347

REFERENCES

1 Jauch EC, Barreto AD, Broderick JP, et al. Biomarkers of Acute
Stroke Etiology (BASE) Study Methodology. Trans/ Stroke Res
2017;8:424-8.

2 Yanagida T, Fujimoto S, Inoue T, et al. Prehospital delay and stroke-
related symptoms. Intern Med 2015;54:171-7.

3 Pulvers JN, Watson JDG. If Time Is Brain Where Is the Improvement
in Prehospital Time after Stroke? Front Neurol 2017;8:617.

4 Feigin VL, Stark BA, Johnson CO, et al. Global, regional, and national
burden of stroke and its risk factors, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet Neurol
2021;20:795-820.

5 Wang Y-J, Li Z-X, Gu H-Q, et al. China Stroke Statistics 2019: A
Report From the National Center for Healthcare Quality Management
in Neurological Diseases, China National Clinical Research Center
for Neurological Diseases, the Chinese Stroke Association, National
Center for Chronic and Non-communicable Disease Control and
Prevention, Chinese Center for Disease Control and Prevention and
Institute for Global Neuroscience and Stroke Collaborations. Stroke
Vasc Neurol 2020;5:211-39.

6 Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with
recombinant tissue plasminogen activator for acute hemispheric
stroke. The European Cooperative Acute Stroke Study (ECASS).
JAMA 1995;274:1017-25.

7 Hacke W, Donnan G, Fieschi C, et al. Association of outcome with
early stroke treatment: pooled analysis of ATLANTIS, ECASS, and
NINDS rt-PA stroke trials. Lancet 2004;363:768-74.

8 Lee E-J, Kim SJ, Bae J, et al. Impact of onset-to-door time on
outcomes and factors associated with late hospital arrival in patients
with acute ischemic stroke. PLoS One 2021;16:€0247829.

9 Fassbender K, Balucani C, Walter S, et al. Streamlining of prehospital
stroke management: the golden hour. Lancet Neurol 2013;12:585-96.

10 Chinese Society of Neurology, Chinese Stroke Society. Chinese
guidelines for diagnosis and treatment of acute ischemic stroke
2023. Chin J Neurol 2024;57:523-59.

11

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Wang PY, Tsao LI, Chen YW, et al. “Hesitating and Puzzling”: The
Experiences and Decision Process of Acute Ischemic Stroke Patients
with Prehospital Delay after the Onset of Symptoms. Healthcare
(Basel) 2021;9:1061.

Bouckaert M, Lemmens R, Thijs V. Reducing prehospital delay in
acute stroke. Nat Rev Neurol 2009;5:477-83.

Ren L, Li C, Li W, et al. Fast-tracking acute stroke care in China:
Shenzhen Stroke Emergency Map. Postgrad Med J 2019;95:46-7.
Adams HP Jr, Bendixen BH, Kappelle LJ, et al. Classification of
subtype of acute ischemic stroke. Definitions for use in a multicenter
clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment.
Stroke 1993;24:35-41.

Saver JL, Fonarow GC, Smith EE, et al. Time to treatment with
intravenous tissue plasminogen activator and outcome from acute
ischemic stroke. JAMA 2013;309:2480-8.

Strbian D, Ahmed N, Wahlgren N, et al. Trends in Door-to-
Thrombolysis Time in the Safe Implementation of Stroke
Thrombolysis Registry: Effect of Center Volume and Duration of
Registry Membership. Stroke 2015;46:1275-80.

Evenson KR, Foraker RE, Morris DL, et al. A comprehensive review
of prehospital and in-hospital delay times in acute stroke care. Int J
Stroke 2009;4:187-99.

Qi W, Liu SH, Jin HR. Applicability of the new standard of city-size
classification in China. Progress in Geography 2016;35:47-56.
Chang K-C, Tseng M-C, Weng H-H, et al. Prediction of length of stay
of first-ever ischemic stroke. Stroke 2002;33:2670-4.

Kamal H, Assaf S, Kabalan M, et al. Evaluation of stroke pre-hospital
management in Lebanon from symptoms onset to hospital arrival
and impact on patients’ status at discharge: a pilot study. BMC
Neurol 2022;22:494.

Li Z, Wang C, Zhao X, et al. Substantial Progress Yet Significant
Opportunity for Improvement in Stroke Care in China. Stroke
2016;47:2843-9.

Peng Z, Li X, Cao W, et al. The study on the relationship between
emergency green channel and intravenous thrombolysis in the
construction of stroke center. Jilin Medical Journal 2020;3068-71.
Fang J, Yan W, Jiang GX, et al. Time interval between stroke onset
and hospital arrival in acute ischemic stroke patients in Shanghai,
China. Clin Neurol Neurosurg 2011;113:85-8.

Jin H, Zhu S, Wei JW, et al. Factors associated with prehospital
delays in the presentation of acute stroke in urban China. Stroke
2012;43:362-70.

Nepal G, Yadav JK, Basnet B, et al. Status of prehospital delay and
intravenous thrombolysis in the management of acute ischemic
stroke in Nepal. BMC Neurol 2019;19:155.

Man S, Solomon N, Mac Grory B, et al. Trends in Stroke
Thrombolysis Care Metrics and Outcomes by Race and Ethnicity,
2003-2021. JAMA Netw Open 2024;7:€2352927.

Garcia Ruiz R, Silva Fernandez J, Garcia Ruiz RM, et al. Response
to Symptoms and Prehospital Delay in Stroke Patients. Is It Time to
Reconsider Stroke Awareness Campaigns? J Stroke Cerebrovasc Dis
2018;27:625-32.

Iversen AB, Blauenfeldt RA, Johnsen SP, et al. Understanding the
seriousness of a stroke is essential for appropriate help-seeking

and early arrival at a stroke centre: A cross-sectional study of stroke
patients and their bystanders. Eur Stroke J 2020;5:351-61.
Xirasagar S, Tsai M-H, Heidari K, et al. Why acute ischemic stroke
patients in the United States use or do not use emergency medical
services transport? Findings of an inpatient survey. BMC Health Serv
Res 2019;19:929:929:.

Potisopha W, Vuckovic KM, DeVon HA, et al. Decision Delay Is a
Significant Contributor to Prehospital Delay for Stroke Symptoms.
West J Nurs Res 2023;45:55-66.

Vyas S, Vaswani RK. A study of risk factors and clinical outcome of
stroke in children. Int J Contemp Pediatr 2019;6:1439.

Finn C, Hung P, Patel P, et al. Relationship Between Visceral
Infarction and Ischemic Stroke Subtype. Stroke 2018;49:727-9.
Hong ES, Kim SH, Kim WY, et al. Factors associated with prehospital
delay in acute stroke. Emerg Med J 2011;28:790-3.

Faiz KW, Sundseth A, Thommessen B, et al. Prehospital delay in
acute stroke and TIA. Emerg Med J 2013;30:669-74.

Forman R, Okumu R, Mageid R, et al. Association of Neighborhood-
Level Socioeconomic Factors With Delay to Hospital Arrival

in Patients With Acute Stroke. Neurology (ECronicon)
2024;102:e207764.

Sheikh Hassan M, Yucel Y. Factors Influencing Early Hospital Arrival
of Patients with Acute Ischemic Stroke, Cross-Sectional Study at
Teaching Hospital in Mogadishu Somalia. J Multidiscip Healthc
2022;15:2891-9.

10

SuY, et al. Stroke & Vascular Neurology 2025;0. doi:10.1136/svn-2024-003535

"yBLAdoo Aq paloalold 1sanb Aq G20z ‘ST aung uo jwod fwg uAs//:dny woly papeojumoqd ‘520z UdJeIA ¥ U0 GEGE00-720Z-UAS/OSTT 0T Se paysiignd 1Sil) ;[oInaN 9SeA a4ons


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0004-6771-4291
http://orcid.org/0000-0003-2836-9347
http://dx.doi.org/10.1007/s12975-017-0537-3
http://dx.doi.org/10.2169/internalmedicine.54.2684
http://dx.doi.org/10.3389/fneur.2017.00617
http://dx.doi.org/10.1016/S1474-4422(21)00252-0
http://dx.doi.org/10.1136/svn-2020-000457
http://dx.doi.org/10.1136/svn-2020-000457
http://dx.doi.org/10.1001/jama.1995.03530130023023
http://dx.doi.org/10.1016/S0140-6736(04)15692-4
http://dx.doi.org/10.1371/journal.pone.0247829
http://dx.doi.org/10.1016/S1474-4422(13)70100-5
http://dx.doi.org/10.3760/cma.j.cn113694-20240410-00221
http://dx.doi.org/10.3390/healthcare9081061
http://dx.doi.org/10.3390/healthcare9081061
http://dx.doi.org/10.1038/nrneurol.2009.116
http://dx.doi.org/10.1136/postgradmedj-2018-136192
http://dx.doi.org/10.1161/01.str.24.1.35
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1161/STROKEAHA.114.007170
http://dx.doi.org/10.1111/j.1747-4949.2009.00276.x
http://dx.doi.org/10.1111/j.1747-4949.2009.00276.x
http://dx.doi.org/10.1161/01.str.0000034396.68980.39
http://dx.doi.org/10.1186/s12883-022-03018-0
http://dx.doi.org/10.1186/s12883-022-03018-0
http://dx.doi.org/10.1161/STROKEAHA.116.014143
http://dx.doi.org/10.1016/j.clineuro.2010.09.004
http://dx.doi.org/10.1161/STROKEAHA.111.623512
http://dx.doi.org/10.1186/s12883-019-1378-3
http://dx.doi.org/10.1001/jamanetworkopen.2023.52927
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.036
http://dx.doi.org/10.1177/2396987320945834
http://dx.doi.org/10.1186/s12913-019-4741-6
http://dx.doi.org/10.1186/s12913-019-4741-6
http://dx.doi.org/10.1177/01939459221105827
http://dx.doi.org/10.18203/2349-3291.ijcp20192574
http://dx.doi.org/10.1161/STROKEAHA.117.020035
http://dx.doi.org/10.1136/emj.2010.094425
http://dx.doi.org/10.1136/emermed-2012-201543
http://dx.doi.org/10.1212/WNL.0000000000207764
http://dx.doi.org/10.2147/JMDH.S392922
http://svn.bmj.com/

37 Sarraj A, Medrek S, Albright K, et al. Posterior circulation stroke
is associated with prolonged door-to-needle time. Int J Stroke
2015;10:672-8.

38 Ghadimi N, Hanifi N, Dinmohammadi M. Factors Affecting Pre-

Hospital and In-Hospital Delays in Treatment of Ischemic Stroke;
a Prospective Cohort Study. Arch Acad Emerg Med 2021;9:e52.

39 Zhao J, Liu R. Stroke 1-2-0: a rapid response programme for
stroke in China. Lancet Neurol 2017;16:27-8.

40 Mohan B, Bansal R, Dogra N, et al. Factors influencing prehospital

delay in patients presenting with ST-elevation myocardial
infarction and the impact of prehospital electrocardiogram.
Indian Heart J 2018;70 Suppl 3:5S194-8.

41 Dracup K, McKinley S, Riegel B, et al. A randomized clinical trial
to reduce patient prehospital delay to treatment in acute coronary
syndrome. Circ Cardiovasc Qual Outcomes 2009;2:524-32.

42 Patel MD, Rose KM, O’Brien EC, et al. Prehospital notification by
emergency medical services reduces delays in stroke evaluation:
findings from the North Carolina stroke care collaborative. Stroke
2011;42:2263-8.

43

44

45

46

47

Yoon CW, Oh H, Lee J, et al. Comparisons of Prehospital Delay

and Related Factors Between Acute Ischemic Stroke and Acute
Myocardial Infarction. J Am Heart Assoc 2022;11:e023214.
Chowdhury SZ, Wardman D, Cordato DJ, et al. Optimising
Prehospital Pathways to Improve Acute Stroke Reperfusion

Therapy Delivery: Systems-Based Approaches. SN Compr Clin Med
2021;3:2558-75.

Siciliani L. Inequalities in waiting times by socioeconomic status. Isr J
Health Policy Res 2014;3:38.

Guannan X, Xiugin W, Meijuan P. Analysis of Foreign Classical Policy
Tools for Strategic Emerging Industries-Government Procurement
and Subsidiary Policies. Chinese Journal of Engineering Science
2016;18:113.

Jakovljevic M, Mouselli S, Al Ahdab S, et al. Editorial: Does
healthcare financing explain different healthcare system
performances and responses to COVID-19? Front Public Health
2022;10:1062425.

SuY, et al. Stroke & Vascular Neurology 2025;0. doi:10.1136/svn-2024-003535

1

"yBLAdoo Aq paloalold 1sanb Aq G20z ‘ST aung uo jwod fwg uAs//:dny woly papeojumoqd ‘520z UdJeIA ¥ U0 GEGE00-720Z-UAS/OSTT 0T Se paysiignd 1Sil) ;[oInaN 9SeA a4ons


http://dx.doi.org/10.1111/j.1747-4949.2012.00952.x
http://dx.doi.org/10.22037/aaem.v9i1.1267
http://dx.doi.org/10.1016/S1474-4422(16)30283-6
http://dx.doi.org/10.1016/j.ihj.2018.10.395
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.852608
http://dx.doi.org/10.1161/STROKEAHA.110.605857
http://dx.doi.org/10.1161/JAHA.121.023214
http://dx.doi.org/10.1007/s42399-021-01069-x
http://dx.doi.org/10.1186/2045-4015-3-38
http://dx.doi.org/10.1186/2045-4015-3-38
http://dx.doi.org/10.15302/J-SSCAE-2016.04.017
http://dx.doi.org/10.3389/fpubh.2022.1062425
http://svn.bmj.com/

	Analysis of prehospital delay in acute ﻿﻿ischaemic﻿﻿ stroke and its influencing factors: a ﻿﻿multicent﻿﻿re prospective case registry study in ﻿﻿China﻿﻿
	Abstract
	Background﻿﻿
	Methods
	Study design
	Study participants
	Patient and public involvement
	Data collection and auditing
	ODT calculation
	Defining city size in China
	Study variables and groups
	Statistical analyses

	Results
	﻿Factors affecting ODT﻿ ≤﻿3﻿ hours

	Discussion
	China’s stroke emergency response system: the ‘Green pathway’ model
	Current situation of prehospital delay in developing countries
	Urban scale and ODT
	Stroke types and ODT
	Onset﻿﻿ ﻿﻿time and ODT
	Distance from initial location to first-visit hospital and ODT
	Stroke symptoms and ODT
	Prestroke mRS score and ODT
	Severity of stroke and ODT
	Existing strategies for reducing prehospital delays
	The impact of differing emergency medical policies on EMS performance

	Limitations
	Conclusions
	References


