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Abstract

Objective: To identify factors associated with prehospital delay in patients with acute
ischemic stroke and evaluate their implications for timely access to reperfusion therapies
within a regional healthcare setting.

Patients and methods: This retrospective observational cohort study included 200
consecutive patients with acute ischemic stroke who presented to the Emergency
Department of the University Hospital Centre Osijek during a three-month period. Early
presentation was defined as arrival within 360 minutes from symptom onset. Patients with
transient ischemic attack were excluded.

Results: Overall, 38.5% of patients presented within 360 minutes. In univariable analysis,
early presentation was significantly associated with atrial fibrillation and a higher National
Institutes of Health Stroke Scale (NIHSS) score, while wake-up stroke was strongly
associated with delayed presentation. In multivariable analysis, a higher NIHSS score
remained independently associated with early presentation (adjusted odds ratio [aOR]
1.11 per point increase, 95% confidence interval [CI] 1.04-1.18; P=0.001), while wake-up
stroke was independently associated with delayed presentation (aOR 0.13,95% CI 0.04-0.48;
P=0.002). Early presenters were significantly more likely to receive reperfusion therapies.

Conclusion: Stroke severity is the main determinant of early hospital presentation, whereas
wake-up stroke is strongly associated with delayed presentation. These findings highlight
actionable targets for reducing delays. Public health strategies should emphasize recognition
of mild or transient stroke symptoms and promote immediate activation of emergency
medical services with the potential to improve access to reperfusion therapies and reduce
the population burden of stroke.
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Sazetak

Cilj: Ispitati ¢cimbenike povezane s izvanbolnickim kasnjenjem u zbrinjavanju bolesnika s
ishemijskim mozdanim udarom te procijeniti njihove implikacije za pravovremeni pristup
reperfuzijskom lije¢enju u regionalnom zdravstvenom sustavu.

Ispitanici i metode: U ovo retrospektivno opservacijsko kohortno istrazivanje ukljuceno
je 200 uzastopnih bolesnika s akutnim ishemijskim mozdanim udarom koji su se javili
u Objedinjeni hitni bolnicki prijam Klini¢kog bolnickog centra Osijek u razdoblju od tri
mjeseca. Rani dolazak definiran je kao dolazak unutar 360 minuta od pocetka simptoma.
Bolesnici s tranzitornom ishemijskom atakom iskljuceni su iz istrazivanja.
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Rezultati: Ukupno je 38,5 % bolesnika do$lo unutar 360 minuta. U univarijatnoj analizi
rani dolazak bio je znacajno povezan s fibrilacijom atrija i vi$im i vi$im rezultatom na
ljestvici mozdanog udara Nacionalnog instituta za zdravlje (engl. National Institutes of
Health Stroke Scale, NIHSS), dok je mozdani udar pri budenju (engl. wake-up stroke)
bio povezan s kasnijim dolaskom. U multivarijatnoj analizi visi NIHSS ostao je neovisno
povezan s ranim dolaskom (prilagodeni omjer izgleda [aOR] 1,11 po porastu za jedan bod,
95 % interval pouzdanosti [CI] 1,04-1,18; P=0,001), dok je moZdani udar pri budenju bio
neovisno povezan s kasnijim dolaskom (aOR 0,13,95 % CI 0,04-0,48; P=0,002). Bolesnici
koji su dosli ranije znacajno su ¢esce primili reperfuzijsko lijecenje.

Zakljucak: Tezina mozdanog udara glavni je cimbenik ranog dolaska u bolnicu, dok
je mozdani udar pri budenju snazno povezan s kasnijim dolaskom. Ovi rezultati upucuju
na potencijalne ciljeve intervencija usmjerenih na smanjenje kasnjenja. Javnozdravstvene
strategije trebale bi naglasiti vaznost prepoznavanja blagih ili prolaznih simptoma mozdanog
udara te promicati brzu aktivaciju hitnih medicinskih sluzbi, s potencijalom poboljsanja

pristupa reperfuzijskom lije¢enju i smanjenju populacijskog tereta mozdanog udara.

Klju¢ne rijedi: fibrilacija atrija; ishemijski mozdani udar; rana dijagnoza; zdravstvena

edukacija

Introduction

Stroke is the leading cause of disability and the second
leading cause of death in the world, with ischemic stroke
accounting for the majority of the cases. According to
current predictions, one in four people will have a stroke
during their lifetime (1,2). It has been clearly confirmed that
timely administration of reperfusion therapies — intravenous
thrombolysis and mechanical thrombectomy - significantly
improves the chances of a favourable functional outcome and
reduces mortality compared to standard stroke treatment (3,4).
Differences in their availability and strict time constraints
present limitations in achieving their full potential (5). About
35% of stroke patients could potentially be treated with these
advanced methods, but in practice, the number revolves
around 8-10% due to untimely recognition of stroke symptoms
and delayed hospital arrival (6). Prehospital delay therefore
represents a major barrier to optimal stroke care and a
significant public health challenge, contributing to preventable
disability and increased healthcare burden.

The reasons for delayed recognition and seeking emergency
medical help are multiple and include insufficient knowledge
of stroke symptoms, misattribution of symptoms to
benign conditions, fear or denial of the disease, as well as
organizational and logistical obstacles such as geographical
distance, lack of transportation or absence of witnesses to the
event (7-12).

Prehospital delay remains a major
barrier to timely reperfusion therapy in
acute ischemic stroke.

Although the association between stroke severity, wake-up
stroke and hospital arrival time has been described previously,
region-specific evidence remains important because
prehospital delay is strongly influenced by local healthcare
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organization, EMS coverage, geography, public awareness and
referral pathways. Data from Croatia and comparable regional
healthcare systems are limited (13-15). Therefore, evaluating
these determinants in a Croatian regional stroke-care setting
may help identify whether established predictors also apply
locally and whether specific system-level patterns, such as
rural-urban differences or access to reperfusion therapies,
require targeted intervention.

The aim of this study was to identify factors associated with
prehospital delay in patients with acute ischemic stroke in a
regional healthcare setting and to evaluate their implications
for improving timely access to reperfusion therapies.

Materials and methods
Study design

A retrospective observational cohort study was conducted at
the Emergency Department of the University Hospital Centre
Osijek, a regional stroke care provider within the Croatian
healthcare system. The study was approved by the Ethics
Committee of the Faculty of Medicine Osijek of the Josip
Juraj Strossmayer University in Osijek (Approval number:
602-04/23-08/03; 2158-61-46-23-145) and conducted in
accordance with the Declaration of Helsinki. The requirement
for informed consent was waived due to the retrospective
design of the study and the use of anonymized clinical data.

Patients

The study included 200 consecutive patients aged > 18
years and diagnosed with acute ischemic stroke who were
examined at the Emergency Department of the University
Hospital Centre Osijek between 1 March 2022 and 31 May
2022. Patients with transient ischemic attack were excluded.

Methods

Data were retrieved from the hospital information system,
including patient 's age, sex, place of residence and pre-existing
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comorbidities (hypertension, diabetes mellitus, atrial
fibrillation, smoking status, coronary artery disease and
previous stroke).

Patients were categorized by place of residence as either rural
or urban. This classification was based on data from the
Croatian Bureau of Statistics and the current administrative
divisions of the Republic of Croatia (16).

Stroke severity was assessed using the National Institutes
of Health Stroke Scale (NIHSS). It was defined by NIHSS as
follows: 0 — no stroke symptoms, 1 to 4 — minor stroke, 5 to
15 — moderate stroke, 16 to 20 — moderate to severe stroke and
21 to 42 — severe stroke.

The time elapsed since the first appearance of stroke symptoms,
i.e.,“last-seen-well’, was recorded. Patients were divided into
two groups: those who presented early (time elapsed <360
minutes) and those who presented late (>360 minutes).
The 360-minute cutoff was chosen as a pragmatic threshold
reflecting timely access to acute stroke evaluation and potential
reperfusion pathways in a regional stroke network. However,
we acknowledge that this threshold is broader than the
conventional therapeutic window for intravenous thrombolysis
and does not necessarily indicate optimal eligibility for all
reperfusion therapies. Wake-up stroke was defined as stroke
symptoms first noticed at awakening, with an unknown exact
onset time. The primary outcome of interest was early hospital
presentation (<360 minutes from symptom onset), reflecting
timely access to acute stroke care. Data were also collected
on whether intravenous thrombolysis and/or mechanical
thrombectomy were performed. A composite treatment
variable, defined as receipt of any reperfusion therapy,
was created to include patients who received intravenous
thrombolysis, mechanical thrombectomy or both treatments.
An in-hospital outcome was defined as discharge home or in-
hospital death.

Statistical analysis

Categorical data were represented as absolute and relative
frequencies. Numerical data were described using the
median and the limits of the interquartile range. Differences
in categorical variables were tested with the y2-test. The
normality of the distribution of numerical variables was
tested with the Shapiro-Wilks test. Differences in numerical
variables between two independent groups were tested with
Mann-Whitney U test. Univariate logistic regression was
used to analyse the association of individual variables with
the outcome. Multivariable logistic regression analysis was
subsequently conducted to identify independent factors
associated with early presentation. Variables were selected a
priori based on clinical relevance and potential confounding,
including age, sex, NIHSS, atrial fibrillation, wake-up stroke
and place of residence. Results are presented as odds ratios
(ORs) for univariable analysis and adjusted odds ratios (aORs)
for multivariable analysis with associated 95% confidence
interval (CI). No missing data were observed for the analysed
variables. All P values were two-sided. The significance level

was set at Alpha = 0.05. The statistical analyses were performed
with MedCalc® Statistical Software version 20.026 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2022).

Results

A total of 200 patients were included in the study. The median
age was 73 years (interquartile range 66-82 years). There
were 97 (48.5%) patients from rural areas, while 103 (51.5%)
lived in urban areas. History of atrial fibrillation was present
in 53 (26.5%) patients, while stroke recurrence occurred in
51 (25.5%). With regard to the time elapsed since the onset
of stroke symptoms, 77 (38.5%) patients reported within
360 minutes of the onset of symptoms, while 123 (61.5%)
patients presented late. Overall, 19 patients (9.5%) received
intravenous thrombolysis and 15 patients (7.5%) underwent
mechanical thrombectomy. Ten patients (5.0%) received both
intravenous thrombolysis and mechanical thrombectomy as
bridging therapy. In total, 24 patients (12.0%) received at least
one reperfusion therapy, defined as intravenous thrombolysis
and/or mechanical thrombectomy. Overall, 176 patients (88%)
were discharged home, whereas 24 patients (12%) died during
their hospital stay (Table 1).

Table 1. Baseline demographic and clinical characteristics

of stroke patients

N (%)

Gender Male 101 (50.5)
Female 99 (49.5)

Place of residence | Rural 97 (48.5)
Urban 103 (51.5)

Comorbidities Hypertension 172 (86)
Diabetes mellitus 66 (33)

Atrial fibrillation 53 (26.5)

Hyperlipidaemia 90 (45)

Coronary artery disease 54 (27)

Smoker 44 (25.1)

Recurrent stroke 51 (25.5)

Wake up stroke 32(16)
NIHSS 0 6(3)
1-4 86 (43)

5-15 92 (46)

16-20 12 (6)

21-42 4(2)

Last known well | <360 minutes 77 (38.5)
>360 minutes 123 (61.5)

Treatment Thrombolysis 19 (9.5)
Mechanical thrombectomy 15(7.5)

Outcome Discharged home 176 (88)
Death 24 (12)

Total 200 (100)

NIHSS = National Institutes of Health Stroke Scale
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Table 2. Comparison of demographic, clinical and stroke severity factors in early vs. late presenting stroke patients

<360 minutes >360 minutes
Last known well P
N (%) N (%)
Male 39 (38.6) 62 (61.4)
Gender Female 38 (38.4) 61 (61.6) 097
, Rural 38 (39.2) 59 (60.8)
Place of residence Urban 38(369) 65 (63.1) 0.82
Hypertension 64 (37.2) 108 (62.8) 0.35
Diabetes mellitus 24 (36.4) 42 (63.6) 0.66
Atrial fibrillation 28 (52.8) 25 (47.2) 0.01
Comorbidities Hyperlipidaemia 36 (40) 54 (60) 0.69
Coronary artery disease 24 (44.4) 30 (56.6) 0.29
Smoker 14 (31.8) 30 (68.2) 0.4
Recurrent stroke 21 (41.2) 30 (58.8) 0.65
0 1(16.7) 5(83.3)
1-4 24(27.9) 62 (72.1)
NIHSS 515 42 (45.7) 50 (54.3) 0.006
16-20 9(75) 3(25)
21-42 1(25) 3(75)
Wake-up stroke 3(9.4) 29 (90.6) <0.001
Treatment Thrombolysis 18 (94.7) 1(5.3) <0.001
Mechanical thrombectomy 15 (100) 0 <0.001
Discharged home 65 (36.9) 111 (63.1)
Outcome Death 12 (50) 12 (50) 0.22
TOTAL 77 (38.5) 123 (61.5)

NIHSS = National Institutes of Health Stroke Scale

There were no significant differences in early presentation
according to sex (P = 0.97) or place of residence (rural vs.
urban, P = 0.82). However, atrial fibrillation was significantly
associated with early presentation, with 52.8% of patients
with atrial fibrillation arriving within 360 minutes compared
to 33.3% without (P = 0.01) (Table 2).

Patients with mild strokes (NIHSS 0-4) more frequently
presented after 360 minutes, while those with more severe
strokes (NIHSS 16-20) presented earlier. Notably, only 16.7%
of patients with NIHSS 0 presented early, in contrast to 75% of
those with NIHSS scores between 16 and 20 (P = 0.006) (Table
2). Stroke severity was significantly higher among patients
presenting within 360 minutes compared to those presenting
late (median [interquartile range]: 6 [3.8-14] vs. 4 [2-6],P <
0.001) (Figure 1).

Thrombolysis was significantly more frequent among patients
presenting within 360 minutes compared with delayed
presenters (18 vs 1 patients, P < 0.001). The single patient
who received thrombolysis despite being classified in the
>360-minute group had wake-up stroke. Similarly, mechanical
thrombectomy was performed exclusively in early presenters
(15 vs 0 patients, P < 0.001). In-hospital mortality was
numerically higher among early presenters than among late
presenters, but this difference was not statistically significant
(15.6% vs. 9.8%, P = 0.22). This finding should be interpreted
in the context of higher stroke severity among early presenters,
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as reflected by significantly higher NTHSS scores in this group
(Table 2).

In the univariable logistic regression analysis, atrial fibrillation
(OR 2.26,95% CI 1.09-4.70,P = 0.03) and higher NTHSS score
(OR 1.10 per point increase, 95% CI 1.04-1.16, P = 0.001)
were significantly associated with presentation within 360
minutes from symptom onset. In contrast, wake-up stroke

Stroke severity by time to hospital presentation
35

30

5

10
5
1]

W Early presentation (<360 min) [ Delayed presentation (>360 min)

MNIHSS score

Figure 1. Stroke severity according to time to hospital presentation

Box-and-whisker plots show NIHSS scores in patients with early
presentation (<360 minutes) and delayed presentation (>360 minutes).
The boxes represent the interquartile range, the horizontal line indicates the
median, whiskers denote the range, and crosses represent mean values.
Outliers are shown as individual points.
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Table 3. Univariable logistic regression analysis of factors

associated with early presentation (<360 minutes)

Last seen well <360 0dds | 95% confidence P
minutes ratio interval

Age 0.98 0.95-1.01 0.13
Female gender 0.98 0.52-1.85 0.95
Rural area 1.07 0.6 - 1.89 0.82
Hypertension 0.58 0.23-141 0.23
Diabetes mellitus 0.88 0.44-1.74 0.71
Atrial fibrillation 2.26 1.09 - 4.7 0.03
Recurrent stroke 1.06 0.51-2.21 0.87
Coronary artery disease 1.49 0.73 - 3.02 0.27
Hyperlipidaemia 1.18 0.6-2.31 0.64
Wake-up stroke 0.09 0.03-0.29| <0.001
NIHSS (per point) 1.1 1.04-1.16| 0.001
Smoker 0.73 0.35-1.51 0.31

NIHSS = National Institutes of Health Stroke Scale

was strongly associated with delayed presentation (OR 0.09,
95% CI0.03-0.29; P<0.001) (Table 3).

In multivariable logistic regression analysis including age,
sex, NIHSS score, atrial fibrillation, wake-up stroke and place
of residence, a higher NIHSS score remained independently
associated with early hospital presentation (aOR 1.11 per point
increase, 95% CI 1.04-1.18; P=0.001). Wake-up stroke was
independently associated with a markedly lower likelihood
of early presentation (aOR 0.13,95% CI 0.04-0.48; P=0.002)
(Table 4).

Discussion

In this study, early hospital presentation (<360 minutes)
was significantly associated with greater stroke severity and
presence of atrial fibrillation (AF), whereas wake-up stroke
was strongly associated with delayed presentation. After
multivariable adjustment, higher NTHSS score and wake-
up stroke remained the only independent determinants of
prehospital delay.

The main findings of this study are consistent with previous
evidence showing that more severe neurological deficits
are associated with earlier hospital presentation, whereas
wake-up stroke is associated with delayed presentation.
Therefore, the primary contribution of this study is not the
identification of entirely new predictors, but the confirmation
and contextualization of these associations within a Croatian
regional stroke-care setting, where published data remain
scarce. In this cohort, only 38.5% of patients arrived within 360
minutes, while early presentation was strongly associated with
access to reperfusion therapy. At the same time, no significant
rural-urban difference in early presentation was observed,
suggesting that, in this setting, geographical residence
alone may be less important than symptom recognition and
clinical presentation. These findings provide locally relevant
evidence for stroke-care planning and support public health
interventions focused on recognition of mild or atypical

Table 4. Multivariable logistic regression analysis of factors

associated with early presentation (<360 minutes)

Last seen well <360 Adjusted | 95% confidence P
minutes odds ratio interval

Age 0.97 094-1 0.08
Female gender 1.01 0.53-1.92 0.98
Rural area 0.88 0.47 - 1.67 0.71
Atrial fibrillation 1.96 0.95 - 4.04 0.07
Wake-up stroke 0.13 0.04 - 0.48 0.002
NIHSS (per point) 1.11 1.04-1.18 0.001

NIHSS = National Institutes of Health Stroke Scale

symptoms, rapid EMS activation and improved pathways for
patients with wake-up stroke.

In this study, no significant differences in early presentation
were observed between men and women. Recent studies
indicate that the time from symptom onset to hospital arrival
(onset-to-door time, ODT) in acute ischemic stroke shows
modest — but consistent — differences between women and
men (17,18). Factors contributing to these disparities include
lower rates of emergency service use among women and a
higher likelihood of living alone, both of which can delay
recognition of stroke symptoms and timely medical response
(19). Our findings are consistent with the evidence reported
in the recent systematic review encompassing over 160,000
patients, which demonstrated that in the majority of studies,
no statistically significant sex difference in pre-hospital delay
for ischemic stroke was observed (20). This consistency may
reflect comparable healthcare accessibility and emergency
medical service (EMS) organization for men and women
within the Croatian healthcare system, as well as a relatively
uniform public awareness of stroke symptoms across sexes.

Recent research indicates that patients with acute ischemic
stroke who live in rural areas tend to arrive at hospitals
later than their urban counterparts. The study attributed
much of this difference to delayed recognition of symptoms,
longer ambulance-response and transport times, greater
distances from stroke-ready hospitals and more frequent
initial presentation to non-stroke-ready facilities in rural
settings (21,22). The results of our study may be explained
by the fact that all participants, regardless of whether they
resided in urban or rural areas, lived relatively close to the
University Hospital Centre Osijek, which is a stroke centre.
This geographical proximity likely minimized differences in
ODTs between groups. In addition, the Osijek EMS operates
several branch stations throughout the region, which enables
a timely response and facilitates rapid access to acute medical
care for the local population.

In our study, conditions such as hypertension, diabetes
mellitus, hyperlipidaemia, coronary artery disease and
recurrent stroke did not demonstrate measurable effects
on prehospital delay. This is in contrast with some previous
findings suggesting that chronic disease burden may influence
patients’ ability to recognize symptoms or seek timely care
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(23,24). On one hand, patients with chronic illness might
have closer medical follow-up and higher awareness, which
could favour faster recognition and hospital contact; on the
other, comorbidities might impair mobility and symptom
recognition or contribute to “atypical” stroke presentation,
delaying decision or transport. Given the lack of consistent
empirical data, such hypotheses remain speculative.

Several multicentre and registry-based analyses have observed
that patients with recurrent stroke are more likely to arrive
by EMS and, in some cohorts, reach the hospital sooner than
those with first-ever stroke (25). Patients who survive a prior
stroke often receive education about stroke signs, maintain
closer contact with health services and may have written action
plans or lower thresholds for calling EMS; caregivers in these
households may also recognize symptoms more rapidly. On
the other hand, recurrent stroke patients may have greater
disability, atypical presentations or social isolation that can
delay recognition and transport in some settings (26).

Our study showed an association between early presentation
and AF in univariable analysis but lost statistical significance
after adjustment for stroke severity. This suggests that
the effect of AF is largely mediated through more severe
clinical presentation rather than directly influencing patient
behaviour or healthcare access. In a 2024 retrospective cohort
study comparing patients with known AF and those in whom
AF was first detected after stroke, there was no statistically
significant difference in stroke recognition-to-door times or in
rates of prehospital stroke-code activation between the groups
(27). On the other hand, a 2024 Chinese multicentre study
found that a history of AF was independently associated with
a higher likelihood of arriving within 3 hours of symptom
onset, even after controlling for distance, mode of transport
and stroke severity (28). Future studies with larger sample
sizes are needed to clarify the relationship between atrial
fibrillation and early presentation. Nevertheless, encouraging
rapid EMS activation upon symptom onset in this high-risk
population could further shorten ODT and increase the
proportion of patients eligible for reperfusion therapies.

Stroke severity emerged as the strongest independent
determinant of early hospital presentation. Several large,
contemporary studies show that greater neurological deficit
at presentation is commonly associated with shorter ODT,
probably because more severe deficits produce unmistakable
disability that triggers rapid help-seeking and EMS activation
(29,30). Conversely, patients with low NIHSS often have subtle
or non-specific complaints that are commonly misattributed
to benign causes or existing chronic conditions; this reduces
perceived urgency and increases reliance on non-urgent care
pathways, self-management or delayed presentation (31).
These apparently contradictory findings suggest that the
relationship between stroke severity and ODT is context-
dependent and mediated by local health-seeking behaviour,
transport logistics and how stroke symptoms are interpreted
by laypersons and first responders. From a public health
perspective, patients with less severe presentations represent
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a key target for intervention, as they constitute a substantial
proportion of the stroke population who are less likely to
present within the therapeutic time window, but still benefit
from rapid assessment.

Higher stroke severity independently
predicted earlier hospital presentation,
whereas wake-up stroke was
associated with delayed presentation

Wake-up stroke was strongly associated with delayed arrival,
which is expected given the unknown symptom onset time
and the use of the last-known-well concept to define onset-
to-door time (32). Therefore, this finding should not be
interpreted solely as a behavioural determinant of delayed
help-seeking. Unlike factors such as symptom recognition,
EMS activation or mode of transport, wake-up stroke is partly
linked to delayed presentation by definition, because the
last-known-well time usually precedes symptom discovery
by several hours. In this sense, wake-up stroke represents a
distinct clinical and methodological subgroup rather than a
conventional modifiable determinant of prehospital delay. Its
practical importance lies in the fact that conventional time-
based eligibility criteria may exclude many of these patients
from reperfusion therapy, despite the possibility that some
may still benefit from treatment based on advanced imaging
selection.

In our study, early hospital presentation was strongly associated
with eligibility for advanced reperfusion therapies. Nearly
one quarter of patients who presented within 360 minutes
received thrombolysis and one-fifth underwent mechanical
thrombectomy. On the other hand, among patients presenting
beyond 360 minutes, only one patient received intravenous
thrombolysis and none underwent mechanical thrombectomy.
This finding highlights the important impact prehospital
delay has on eligibility for time-dependent advanced stroke
therapies. As mentioned above, although thrombolysis is
generally limited to 4.5 hours after symptom onset, one patient
in our study presented beyond 360 minutes as a wake-up
stroke and received thrombolysis. However, detailed case-level
imaging-selection data were not systematically captured in the
retrospective dataset. Therefore, we cannot reliably determine
whether thrombolysis in this case was based on CT perfusion,
MRI-based mismatch assessment, or clinical reassessment
by the treating stroke team. This finding should therefore be
interpreted cautiously and should not be considered evidence
of routine thrombolysis beyond the standard therapeutic
window. Taken together, these findings emphasize that delayed
presentation effectively eliminates access to reperfusion
therapies for the majority of patients, representing a major
barrier to optimal stroke care.

The definition of early presentation used in this study should
be interpreted within the context of a pragmatic regional
stroke-care pathway rather than a strict marker of optimal
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eligibility for reperfusion therapies. Although a 360-minute
cut-off may capture patients who still require urgent acute
stroke evaluation, it is broader than the conventional
therapeutic window for intravenous thrombolysis. Acute
stroke treatment is increasingly guided not only by time from
symptom onset but also by advanced imaging selection. In
selected patients, particularly those with large-vessel occlusion
or wake-up stroke, CT/MR perfusion mismatch or MRI DWI-
FLAIR mismatch may support reperfusion treatment beyond
conventional time-based windows. The Stroke Action Plan
for Europe 2018-2030 emphasizes substantially shorter
treatment-related targets, including reducing median onset-
to-needle time for intravenous thrombolysis and onset-
to-reperfusion time for endovascular treatment (33). Its
mid-term update further stresses the importance of rapid
EMS activation, shorter onset-to-door times and optimized
in-hospital workflows (34). Similarly, previous studies have
shown that onset-to-door time within 4.5 hours is more
closely aligned with better clinical outcomes and eligibility for
intravenous thrombolysis (35,36). Therefore, the proportion
of early presenters in our study should not be interpreted as
the proportion of patients optimally eligible for intravenous
thrombolysis, but rather as the proportion reaching hospital
within a broader time-sensitive acute stroke pathway.

Improved recognition of mild stroke
symptoms and prompt EMS activation
may reduce prehospital delay and
increase access to reperfusion
therapies

Beyond onset-to-door time, several system-level factors
may further influence access to reperfusion therapies and
clinical outcomes, including prehospital stroke recognition,
hospital prenotification, door-to-needle time for intravenous
thrombolysis and door-to-groin time for mechanical
thrombectomy (34,37). These variables reflect the efficiency
of the acute stroke pathway after first medical contact and
after hospital arrival. In our setting, standardized prehospital
stroke scales were not routinely used during the study period,
and detailed EMS and in-hospital workflow metrics were
not available for analysis. Future prospective studies should
therefore incorporate prehospital recognition protocols,
hospital prenotification, mode of transport, door-to-needle
time and door-to-groin time to provide a more comprehensive
assessment of delays across the entire stroke-care pathway.

Although early presentation is generally associated with
improved access to time-dependent advanced therapies (35),
there was no significant difference in in-hospital mortality in
our study. This likely reflects the limited sample size and higher
stroke severity among patients who presented early, which may
have attenuated the potential survival benefits of earlier arrival.

Several important prehospital variables were not available,
including EMS activation, mode of transport, witness presence,

living status and actual distance from hospital. Their omission
may have introduced residual confounding, as these factors can
influence both symptom recognition and time to hospital arrival.
Therefore, the associations observed for NIHSS score, wake-up
stroke and rural-urban residence should be interpreted within
the limitations of the available retrospective dataset.

Finally, the nationwide Helicopter Emergency Medical
Service became operational in Croatia in March 2024, after
the period covered by this study (38). Future studies should
evaluate whether this system-level intervention reduces onset-
to-door times and improves access to reperfusion therapies,
particularly among patients from rural or remote areas.

These findings highlight actionable targets to reduce
prehospital delay, particularly through improved public
awareness of mild stroke symptoms and timely EMS activation.
Addressing these factors may increase the proportion of
patients eligible for reperfusion therapies and consequently
improve stroke outcomes.

Limitations

This study has several limitations. First, it is a single-centre
retrospective study, which may limit generalizability to other
healthcare settings. Second, the time to presentation was
determined using the last-known-well concept, which represents
standard clinical practice and is routinely used for treatment
decision-making. However, it may be subject to recall bias,
which may affect the accuracy of prehospital delay estimation.
Third, detailed prehospital and in-hospital workflow data were
not available. Specifically, EMS activation, mode of transport,
hospital prenotification, door-to-needle time and door-to-groin
time were not systematically recorded and therefore could not
be analysed. In addition, standardized prehospital stroke scales
were not routinely used in our setting during the study period.
Fourth, early presentation was defined using a 360-minute
threshold, which is broader than the conventional time window
for intravenous thrombolysis and may overestimate timely
arrival when compared with studies using 3-hour or 4.5-hour
onset-to-door thresholds. Finally, wake-up stroke is inherently
linked to delayed presentation due to unknown onset time,
which may influence its observed association with delayed
presentation. Future prospective, multicentre studies with larger
sample sizes and detailed prehospital system data are needed to
better address these limitations. Future prospective, multicentre
studies incorporating detailed prehospital workflow metrics are
needed to validate these findings and further optimize acute
stroke pathways.

Conclusion

Stroke severity is the primary independent determinant
of early hospital presentation with acute ischemic stroke,
while wake-up stroke is strongly associated with delayed
presentation. Early presentation was strongly linked to
eligibility for advanced reperfusion therapies, whereas delayed
presentation almost completely eliminated access to these
time-dependent therapies.

These findings highlight prehospital delay as a critical barrier
to optimal stroke care and the need for targeted public health
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education to improve stroke symptoms recognition — especially
subtler presentations. This can increase the proportion of patients
eligible for reperfusion therapies, improve functional outcomes
and decrease overall stroke burden at the population level.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
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