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ABSTRACT

Background: Stroke management requires speed in identification and action
to improve stroke outcomes. Unfortunately, the identification of strokes is
still slow. This study aims to determine the factors that influence the
development of stroke patients.

Methods: This study used a case-control design with a retrospective
approach. This case-control study adheres to the STROBE reporting
guidelines. Purposive sampling was applied with a sample size of 37
respondents. The variables studied were the type of stroke, the Early
Warning Score (EWS), the time to seek health services, and the outcome of
stroke patients. The Glasgow Outcome Scale Extended (GOSE) measures the
effects on stroke patients. Spearman and Sommers's test analyzed data to
determine the relationship between two variables, and the multiple
regression test was used for multivariate analysis.

Results: The results showed that the majority of stroke types were Non-
Hemorrhagic Strokes (86.5%), the majority of EWS scores fell into the
deficient category (51.4%), and the majority of the time spent seeking health
services was less than 2 hours (94.6%). There is a significant relationship
between the type of stroke (p-value 0.02), EWS score (p-value 0.01), and the
time to seek health services and stroke outcome (p-value 0.03). Multivariate
analysis revealed that the type of stroke, time to seek health services, and
EWS scores were simultaneously or collectively associated with stroke
patient outcomes (F count = 5.269 > F table = 2.88, with a coefficient of
determination of 32.4%). This research showed that the type of stroke, time
to seek health services, and the EWS score can be used as predictors of the
outcome level of stroke patients.

Conclusion: These findings highlight the importance of integrating Early
Warning Score (EWS) into hospital protocols to support early recognition
and timely response for stroke patients, potentially improving patient
outcomes

Keywords: Early Warning Score; Elderly; Outcome Stroke; Time to seek
health services; Type of stroke.

e Providing targeted education about stroke symptoms, the importance of timely healthcare access, and the
use of Early Warning Scores (EWS) can improve awareness and reduce delays in seeking medical

assistance.

e The systematic implementation of the Early Warning Score in stroke management protocols can support
the early detection of critical conditions and facilitate timely medical interventions.

e Strengthening public health initiatives to emphasize the urgency of immediate action during stroke
symptoms can help reduce preventable delays and improve patient outcomes.
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Introduction

Stroke is the second leading cause of
death worldwide after ischemic heart
disease and the third leading cause of
disability worldwide(Pu_et al, 2023).
According to the WHO, in 2018, around 7.75
million people died from strokes that
occurred in the world. The Centers for
Disease Control in 2020 reported that one
person dies every four minutes from a
stroke in the United States(Song et al,
2025). According to the Indonesian Health
Ministry, the highest prevalence of stroke in
Indonesia is in East Kalimantan Province
(14, 7%), and the lowest is in Papua
Province (4.1%). The prevalence of stroke
in South Sumatra Province is 10%.
Indonesia has the second highest stroke
burden after Mongolia, with 3,382.2/per
100,000 people based on DALYs (disability-
adjusted life year) (Fitri et al., 2023).

Stroke is a time-sensitive disease that
requires speed in identification and action
to improve patient outcomes. Stroke is
treatable, but time is critical. Therefore,
time is crucial to effective stroke
management. It has been previously
reported that the average human brain
loses approximately 1.9 million neurons per
minute during a stroke episode.
Additionally, the extent of brain cell loss can
vary depending on the severity of the stroke
and the individual's underlying health
condition (Sun & Wang, 2023). Recognizing
the onset of stroke symptoms is important
so the condition does not worsen. The
sooner medical treatment is started, the
better the chances of limiting brain cell loss
and reducing the long-term impact of the
stroke (Alitonang, 2020; Saceleanu et al,
2023).

Stroke remains one of the leading
causes of mortality and long-term disability
worldwide. Prompt recognition and early
intervention are crucial for minimizing
brain damage and enhancing patient

outcomes. The concept of "time is brain"
emphasizes that every minute of delay in
stroke management can result in the loss of
millions of neurons, underscoring the
critical need for timely assessment and
treatment. Some signs of a stroke onset
include sudden weakness or numbness on
one side of the body, severe headache,
difficulty speaking, or vision problems (Liu
& Gu, 2023). If any of these symptoms occur,
it is essential to call emergency services
immediately or visit the nearest hospital.
Remember, time is of the essence in stroke
management. Everything related to stroke
management is very sensitive to time. Since
every minute delay in action against stroke
would result in the loss of 13.8 billion
synapses, a one-hour delay would be
equivalent to 3.6 years of brain aging, and
prompt action could greatly increase the
chances of a successful recovery and
minimize potential brain damage (Hussain
& Park, 2021; Laili et al., 2023; Widayati et

al., 2024).
Most patients present to the hospital
more than 24 hours after their

stroke(Nagao et al., 2020). The cause of this
condition is due to a lack of knowledge
about the symptoms of stroke onset. This
lack of knowledge will lead to an inability to
recognize the symptoms of a stroke,
misinterpret the visible signs, and assume
that the symptoms are not severe, hoping
that they will disappear. As a result, they
may not immediately call Emergency
Medical Services or take them to the
emergency department. A lack of
knowledge regarding stroke risk factors
and early warning signs can result in
delayed recognition of stroke as a critical
emergency condition. This often leads to a
postponement in seeking medical help or
arriving at the hospital promptly (Risitano
& Toni, 2020).

In addition to time management, the
emergency scoring system is essential to
stroke management (Herpich & Rincon,
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2020). An Early Warning Score (EWS) is a
tool or instrument used to detect
physiological changes experienced by
patients, such as vital signs and the patient's
level of consciousness, during
hospitalization. The EWS assessment, which
includes checking blood pressure, pulse,
respiratory rate, and oxygen
supplementation, as well as patient
awareness, is carried out periodically by
nurses in the inpatient room to detect
changes in the patient's condition early. The
EWS value determines the action to be
taken and documented in the patient's
medical record, based on the applicable
operational procedure (Langkjaer et al.,
2023). Stroke represents a life-threatening
neurological emergency, where delayed
recognition and intervention are strongly
associated with increased morbidity and
mortality. In low-resource hospital settings,
the absence of advanced diagnostic facilities
and specialized stroke teams necessitates
the use of simple, rapid, and standardized
assessment tools such as the Early Warning
Score (EWS). Identification of key
predictors, including stroke type, EWS, and
time to initial health service contact, can
facilitate more effective triage processes
and early clinical decision-making, thereby
contributing to improved patient outcomes
in resource-constrained environments.
Stroke attacks often cause sufferers to
experience motor disabilities (Hartati et al.,
2025; Murphy & Werring, 2020). Generally,
stroke survivors who survive show
different outcomes according to their
disability, such as paralysis or weakness of
limbs, sensory disturbances, language
disorders, memory disorders, and
emotional disorders (Ali et al., 2020). The
highest risk of recurrent stroke generally
occurs in the first year (even in the first
weeks and months). After one year, the risk
is reduced by 5% annually. After a stroke,
the possibility of heart disease is 5-10%/
year. The condition following this attack or
outcome necessitates preventive action to

prevent the situation from worsening (Lin
et al., 2021). This study aims to determine
the factors associated with the outcome of
stroke patients.

Methods
Study Design

This study used a quantitative design
with a retrospective case-control approach
to analyze the types of strokes, early
warning score, and time to seek health
services.

Participants

The population in this study consisted
of all stroke patients, 59 individuals treated
at the hospital in 2024. The sampling
technique employed was purposive
sampling, involving 37 respondents who
met the criteria of having been out of the
hospital for a minimum of 3 months and a
maximum of 12 months. The variables
studied included the type of stroke, the EWS
score, and the time the patient arrived at the
hospital with the attack. Moreover, it was
also the type of stroke time to seek health
services, and the Early Warning Score was
analyzed from medical records that
measured seven domains: respiration rate,
oxygen saturation, use of supplemental
oxygen, temperature, systolic blood
pressure, heart rate, and level of
consciousness (Figure 1).

‘ Asessed for eligibility in 2024 (n=53) ‘

Excluded (n=22)

* Did nermeetinclusion
criteria (n=14)

*  Declined to participate
(=

n
a
. medical records, including
! an ischarge or end of
hospitali
e

Figure 1. STROBE flowchart
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Instruments

The Early Warning Score (EWS) was
used to assess physiological deterioration
based on vital signs, including respiratory
rate, oxygen saturation, temperature, blood
pressure, pulse rate, and level of
consciousness. Stroke outcome was
measured using the standard Glasgow
Outcome Scale Extended (GOSE)
questionnaire, which assesses seven
domains: consciousness, function in the
home, outside the home, work/study, social
and leisure activities, family and friendship,
and symptoms (Nelson et al., 2022). This
questionnaire has been tested for validity
and reliability by previous research and
shows a Cronbach's alpha value of 0.69
(Shukla et al., 2023).

Data Collection

Data  collection on respondent
characteristics, such as age and gender, was
conducted by recording information from
patient medical records. Data on stroke
type, Early Warning System (EWS) score,
and time of arrival at the health facility were
also obtained from completely documented
medical records. Furthermore, patient
outcomes were measured using the GOSE
questionnaire, which covers seven domains
of function, namely awareness, function at
home, function outside the home, work or
study, social and recreational activities,
family relationships, and symptoms. Cases
with incomplete or missing medical records
were excluded from the final analysis. Data
completeness was  assessed before
inclusion, and only medical records with
fully documented Early Warning Score
(EWS) and Glasgow Outcome Scale
Extended (GOSE) results were retained.
Data collection was conducted
retrospectively from January to March
2025, using patient records from stroke
admissions occurring between January
2024 and December 2024. The Early
Warning Score (EWS) was assessed by
attending nurses upon the patient's arrival

in the emergency department as part of
standard triage procedures. All EWS data
were recorded at admission, before the
definitive diagnosis or initiation of
treatment. The Glasgow Outcome Scale
Extended (GOSE) was assessed by
physicians during follow-up visits or
through structured interviews conducted
between 3 and 12 months after hospital
discharge, reflecting the patient’s long-term
functional recovery. This delayed outcome
measurement allowed for a more accurate
evaluation of post-stroke recovery across
physical, cognitive, and social domains. Data
collection was conducted using a
quantitative approach to ensure accuracy
and consistency, and to comply with
research ethics procedures by maintaining
the confidentiality of data and respondent
identities.

Data Analysis

Data were analyzed using univariate,
bivariate, and multivariate analysis.
Univariate analysis was presented as a
frequency distribution, along with the
minimum, maximum, mean, median, and
standard deviation. Bivariate analysis was
performed using the Spearman and Somers
tests, and multivariate analysis was
conducted with multiple regression tests.

Ethical Considerations

This study was approved by the
Research Ethics Committee (No.
025/UKH.L.02/EC/1X/2024). Before
collecting data, each respondent had signed
an informed consent form and was
informed about their voluntary
participation, that their identities would be
kept anonymous, and that no personally
identifiable information would be collected
to ensure confidentiality. The data are
permanently deleted after collection is
completed.
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Results

Table 1 summarizes the demographic and
clinical characteristics of the 37 stroke patients
included in this study. The majority of
respondents were male (62.2%), with an
average age of 61 years (SD + 9.775), ranging
from 41 to 81 years. Most participants
experienced non-hemorrhagic strokes
(86.5%), while only a small proportion had
hemorrhagic strokes (13.5%). Early Warning
Score (EWS) assessments at admission
revealed that over half of the respondents had
a very low score (51.4%), followed by a low
score (43.2%) and a moderate score (5.4%);
none presented with a high EWS. Nearly all
patients (94.6%) sought medical care within 2
hours of stroke onset, indicating timely access
to healthcare services. Regarding clinical
outcomes based on the Glasgow Outcome
Scale Extended (GOSE), the vast majority
(91.9%) were categorized as having good
functional outcomes (GOSE > 7), while only
8.1% had poor functional outcomes (GOSE <
7).

Table 1. Respondent Characteristics and
Clinical Variables (n =37)

Frequency Percentage

Variable Category (n) (%)
Gender Male 23 62.2
Female 14 37.8
Age Mean+SD  — 61+9.775
(years)
Range (min- 41-81
max)
Stroke Non-
Type Hemorrhagic 32 86.5
Hemorrhagic 5 13.5
EWS
Score 0 (Very Low) 19 514
1-4 (Low) 16 43.2
5-6
(Moderate) 2 >4
> 7 (High) 0 0
Time to
Seek < 2 hours 35 94.6
Care
> 2 hours 2 5.4
Good
GOSE Function (2 34 91.9
Outcome
7)
Poor
Function (< 3 8.1
7)

Table 2 presents the results of bivariate
and multivariate analyses examining the
relationship between stroke-related variables
and patient outcomes. A weak positive
correlation was observed between stroke type
and functional outcome (r = 0.251, p = 0.02),
suggesting that non-hemorrhagic strokes were
more frequently associated with better
recovery. Time to seek care was also
significantly associated with stroke outcomes
(r = 0.343, p = 0.03), indicating that faster
access to healthcare was linked to improved
functional status. Notably, the Early Warning
Score (EWS) showed a moderate positive
correlation with stroke outcomes (r = 0.456, p
=0.03), implying that lower EWS values were
more predictive of favorable outcomes. The
multivariate regression analysis confirmed that
time to seek care, stroke type, and EWS
collectively accounted for 32.4% of the
variance in stroke outcomes (R? = 0.324, F =
5.269, p = 0.03), emphasizing their combined
predictive value in clinical prognosis.

Table 2. Correlation and Regression Analysis
of Predictors with Stroke Outcome

Correlation p- R
Variable Coefficient F Count
) value Square
Stroke 0251 002 _ B
Type
Time to
Seek Care 0.343 0.03 0.324 5.269
EWS 0.456 0.03 — _
Score
Discussion

The results of the analysis show that
stroke type, time to seek health services,

and Early Warning Score (EWS)
simultaneously influence stroke patient
outcomes. These findings align with

previous evidence, which confirms that
accurate diagnosis of stroke type, timely
treatment, and clinical risk assessment via
the EWS score are crucial factors in
determining the success of treatment for
stroke patients (Kim et al., 2025). Ischemic
and hemorrhagic strokes require different
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treatments. So delays in deciding the type of
stroke can impact the effectiveness of
therapy. In addition, research by Potisopha
(2021) shows that every 15 minutes of
delay in stroke treatment can significantly
reduce the chances of recovery of
neurological function, emphasizing the
importance of seeking health services
promptly. The combination of Early
Warning Score (EWS) and time to seek
health services provides a clinically relevant
framework for early triage decision-making
in stroke cases. EWS enables rapid
physiological assessment upon hospital
arrival, while the timing of patient
presentation reflects the wurgency and
efficiency of prehospital response.
Together, these indicators offer a more
comprehensive picture of stroke severity
and prognosis, supporting the timely
identification of high-risk patients and

allocation of critical interventions.
Integrating  both  parameters into
emergency protocols may improve

functional outcomes, particularly in settings
with limited resources specialized for
stroke care.

On the other hand, the EWS score
serves as an early prediction tool, helping
medical personnel identify stroke patients
who are at high risk of experiencing
complications (Alhmoud et al, 2021).
Research by Zambrano (2025) revealed that
a high EWS score correlates with increased
mortality and morbidity in stroke patients,
especially if not followed by timely
intervention. This evidence demonstrates
that the EWS score serves not only as a
clinical indicator but also facilitates rapid
decision-making to determine treatment
priorities (Zambrano et al, 2025).
Therefore, the findings from this analysis
strengthen the argument that successful
management of stroke patients requires an
integrated approach that combines accurate
diagnosis, timely response, and effective
clinical risk assessment.

Atherosclerosis can cause problems in
the heart and blood vessels that supply the
heart muscle. Elderly patients have stroke
risk factors, the greater the chance for
stroke, and if exposed to the part of the
brain that plays a role in the speech muscles
and nerves, the greater the likelihood of
suffering from dysarthria (George, 2020).
Men have a habit of smoking or unhealthy
living habits, such as eating fatty foods, that
can cause atherosclerosis in blood vessels.
Atherosclerosis can result in the blockage of
blood flow, leading to embolism, thrombus,
or systemic hypoperfusion. It causes
ischemia in the brain, leading to a stroke.
Ischemia in the brain causes damage to the
pons or medulla oblongata, resulting in
dysarthria (slurred or garbled speech)
(Lechner et al.,, 2020). The incidence of non-
hemorrhagic stroke can cause disability for
patients who survive. One of them is the
inability to self-care due to weakness in the
extremities and decreased mobility, which
can hinder the fulfillment of activities of
daily living. Activities of daily living are
those that a person performs in fulfilling
their needs (Dyfani & Lahdji, 2023).

One of the essential keys to reducing
mortality and minimizing brain damage
caused by stroke is to provide prompt and
appropriate treatment (Hollist et al., 2021).
If stroke treatment is given more than the
golden hour, the neurological damage
experienced by stroke patients will be
permanent (Randhawa et al., 2022). The
most recommended time for stroke patients
is 3-4,5 hours, called the golden hour. A
study that was conducted at the Kupang
Hospital showed that the time the patient
arrived at the hospital was >3 hours, with a
percentage of 56.7%, and the average
neurological damage of stroke patients was

70%, thus showing that prehospital
treatment is essential to minimize
neurological = damage  that  occurs.

Meanwhile, based on research, the average
onset of stroke symptoms until stroke
patients arrive at the hospital brought by
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their families is 177.67 minutes (2 hours 58
minutes), with the fastest arrival time of 15
minutes and late arrival, which is 420
minutes (7 hours) (Di Lorenzo et al., 2021).

Factors used to determine outcomes in
head injury patients include age, GCS,
pupillary reactions, CT scan images
(especially the Marshall classification), and
the patient's vital signs, such as hypoxia and
hypotension (Eric Nyam et al, 2025).
Various neuropsychiatric symptoms
associated with head trauma include
cognitive impairment, mood disorders,
anxiety, psychosis, and behavioural
problems. This can interfere with
rehabilitation programs, the ability to
return to work, and social relationships.
GOSE is widely accepted as the standard for
assessing outcomes in head injury. The
effect of a head injury patient is the result of
a dynamic, time-dependent process (Wilson
et al,, 2021). Most head injury patients are
recovering well or are moderately disabled.
The 6-month GOSE score was obtained
in>87% of 447 cases. Sixty percent of
patients recovered well, and 26%
experienced moderate disability.
Approximately 7% of patients experienced
severe disability and combined vegetative
cases and died, + 7% of the total. 38% of
patients recovered well within three
months of the accident, only 4% were
symptom-free, and 31% could return to
workThe strength of the relationship
between the Early Warning Score and the
Outcome of Stroke Patients in this result has
a correlation coefficient value of 0.456, so it
has a moderate relationship strength with a
positive relationship direction because the
better the early warning score, the better
the GOS value. EWS focuses more on
detecting emergencies before they occur,
allowing life-threatening conditions to be
handled quickly or even avoided through
earlier treatment, thereby improving the
resulting outcome (Saki¢ Trogrli¢ et al,
2022). An Early Warning Score is a
physiological scoring system generally used

in medical-surgical units to identify patients
atrisk of an emergency before it occurs. The
EWS scoring is accompanied by an action
algorithm based on the scoring results from
the patient assessment.. Therefore, a rapid
assessment system is crucial for detecting
the onset of a crisis in stroke patients. The
finding that stroke type, Early Warning
Score (EWS), and time to seek health
services are significantly associated with
patient outcomes has important clinical
implications. Incorporating these variables
into stroke assessment protocols can
improve risk stratification and guide timely
interventions. In  clinical  settings,
particularly where resources are limited,
these predictors can help healthcare
providers identify high-risk patients early,
prioritize care, and optimize treatment
pathways to improve functional recovery
and reduce complications.

These findings highlight the importance
of integrating Early Warning Score (EWS)

monitoring and timely care-seeking
behavior into  standardized stroke
management  pathways.  Given the

predictive value of EWS in identifying
patients at risk of poor outcomes, there is a
strong rationale for national health
authorities, such as the Ministry of Health
(MOH), to mandate the implementation of
routine EWS monitoring across all stroke
centers. Such policy integration may
strengthen early triage, improve patient
outcomes, and ensure consistent clinical
responses, particularly in low-resource
hospital settings.

Relevance to Clinical Practice
Integrating EWS with timely care-
seeking behavior supports early triage, risk
stratification, and prioritization of stroke
patients, especially in resource-limited
settings. Hospitals may benefit from piloting
the use of EWS in emergency departments
by embedding it in initial stroke screening
and training triage nurses in its application.
Such initiatives can improve workflow
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efficiency, treatment timeliness, and
recovery outcomes. These findings also
suggest that national health authorities,
such as the Ministry of Health, should
consider mandating EWS monitoring across
stroke centers to standardize early
responses and promote equitable care.

The stroke triage workflow in
emergency settings begins with a rapid
assessment by a triage nurse using
standardized tools (e.g., FAST), which
involves recording the symptom onset time
and calculating the Early Warning Score
(EWS). Patients are then stratified based on
EWS (25) and time from symptom onset (<3
hours); those meeting both criteria are
prioritized for immediate neurological
evaluation and CT imaging. Within 25-45
minutes, the stroke team conducts imaging
to determine the type of stroke and guides
treatment decisions. Interventions are
initiated within 60 minutes of arrival, and
all cases are documented for continuous
quality review and process improvement.

To enhance clinical utility, a visual tool
such as a stroke-EWS flowchart or a triage
scoring matrix can support fast decision-
making in emergency settings. A stroke-
EWS flowchart outlines step-by-step
actions based on EWS values and time from
symptom onset, guiding whether to
prioritize imaging, alert the stroke team, or
initiate interventions. A scoring matrix, on
the other hand, cross-tabulates EWS levels
with time-to-door intervals to stratify
patients by urgency, allowing clinicians to
identify those at high risk quickly.

Conclusion

This research introduces a novel
approach by integrating stroke type, Early
Warning Score (EWS), and time to seek
health services as combined predictors of
patient outcomes. These elements are often
studied independently in prior literature.
Unlike earlier studies that focused solely on
clinical severity or imaging results, this

study emphasizes practical, real-time triage
tools (such as EWS) and the timeliness of
care as key factors that can be applied even
in low-resource emergency settings. The
findings support a scalable triage
framework that can guide early decision-
making and hospital workflow, particularly
in facilities with limited access to advanced
stroke diagnostics and imaging capabilities.
Results support further validation of the
Early Warning Score (EWS) as a routine
predictor in stroke care, highlighting its
potential to guide early triage decisions and
improve patient outcomes, especially in
settings with limited resources. These
findings underscore the importance of
regional health authorities adopting EWS as
part of mandatory stroke triage protocols in
all emergency departments, particularly in
district hospitals. Implementing EWS
through training programs, integration into
electronic health records, and inclusion in
regional stroke referral guidelines can
support faster decision-making, better
resource allocation, and more consistent
care for stroke patients across healthcare
facilities.
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