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Article history: Background: Stroke is a neurological deficit condition that often results
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iec‘c"':et‘:;:;’;”az%’ 1216225025 Objective: This study aims to determine the relationship between the
Ava”gb,e Onﬁ/ne August 1, 2025 results of the Gajah Mada Stroke Algorithm assessment dan the type of
stroke detected through non-contrast head CT scans at RST
Keywords: Wijayakusuma Purwokerto. Methodology: The research employed an
Gajah Mada Stroke Algorithm, non-  observational approach, collecting data from 32 patients presenting with
contrast head CT-scan,  gcyte stroke symptoms from June to July 2024. Data were gathered

hemorrhagic  stroke, ischemic

stroke through patient anamnesis, physical examinations, dan non-contrast

head CT-scan results. Results: The findings indicate that ischemic stroke

is the most prevalent type, accounting for 84.4% of cases based on non-
contrast head CT scans. The Gajah Mada Stroke Algorithm also identified the majority of cases as
ischemic stroke, with 59.4% of cases. Bivariate analysis using Fisher's Exact Test revealed a p-value of
0.006, demonstrating a significant relationship between the Gajah Mada Stroke Algorithm assessment
dan CT-scan results. Conclusion: The Gajah Mada Stroke Algorithm has proven effective in
distinguishing between types of stroke. This study supports the use of the algorithm as a clinical
diagnostic tool in stroke management.

1. INTRODUCTION

Stroke is a clinical symptom of local or systemic brain dysfunction that appears suddenly
and lasts more than 24 hours so that it can be fatal caused by blood vessel disorders with complex
and diverse clinical pictures (Jamilah et al,, 2023). Stroke is a serious global health challenge.
Globally, stroke ranks fifth among all causes of death after heart disease, cancer, Covid-19, and
unintentional accidents (Tsao et al., 2023). Stroke can be classified as hemorrhagic or ischemic
depending on the cause of the disruption of blood flow to the brain (Athar et al., 2023). According
to data released by the American Heart Association (AHA) in 2023, an estimated 11.71 million
cases of stroke cause 7 million deaths each year worldwide (Tsao et al., 2023). In Indonesia, based
on the results of the 2018 National Basic Health Research, the prevalence of stroke increased to
10.9% from 7% in 2013. At the provincial level, the prevalence of stroke in Central Java based on
a doctor's diagnosis was 11.8% or 96,794 cases (Riskesdas, 2018). According to the outpatient
diagnosis report at the Banyumas Regency Health Center in 2023, there were around 10,149 cases
of stroke reported (Dinas Kesehatan Banyumas, 2024). Based on the high number of stroke cases,
a comprehensive approach is needed in establishing a stroke diagnosis, especially the
identification between ischemic and hemorrhagic strokes, because there are differences in the
initial management strategies for the two types of stroke (Athar et al.,, 2023). The majority of acute
stroke cases are identified using Computed Tomography Scan or non-contrast head CT scan as the
standard in establishing a stroke diagnosis, as well as helping to differentiate the type of stroke
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(Herring, 2016). There are several limitations to CT-scan examinations, generally related to
availability factors because this tool is relatively expensive so that it cannot be reached by most
hospitals that still have limited resources (Fakhruddin & Nurmalia, 2019). One example of this
limitation can be found in Banyumas Regency, where only 8 out of a total of 25 hospitals are
equipped with CT-scan facilities (Dinas Kesehatan Banyumas, 2024).

To overcome this, an efficient and inexpensive clinical strategy is needed to diagnose
stroke and identify the type of stroke. One alternative that can be used is the Gajah Mada stroke
algorithm (Saudin et al., 2020). The Gajah Mada stroke algorithm is a bedside diagnosis developed
in Indonesia with the aim of distinguishing between hemorrhagic stroke and ischemic stroke. The
variables used include decreased consciousness status, Babinski reflex, and headache (Rusdi,
1996). Based on research conducted by Fakhruddin & Nurmalia (2019), the accuracy level of the
Gajah Mada stroke algorithm reached 88%. Although alternatives like this have lower accuracy
than CT scans, the Gajah Mada stroke algorithm is still reliable because it is more efficient and
economical, however, its accuracy still needs to be studied further (Sutarwi et al.,, 2020). Based on
the explanation above, also because there are still few studies discussing the Gajah Mada stroke
algorithm, the author is interested in studying the relationship between the results of the Gajah
Mada stroke algorithm assessment and the type of stroke based on the results of a non-contrast
head CT scan at RST Wijayakusuma Purwokerto.

2. METHOD

This study used an observational method with a cross-sectional approach which was
carried out by collecting and observing primary data in the form of the results of the Gajah Mada
stroke algorithm assessment and the results of a non-contrast head CT scan as the gold standard
in identifying the type of stroke at the beginning of the onset. The population of this study were
patients with acute stroke symptoms who were being treated at the RST Wijayakusuma
Purwokerto Emergency Room. The sample of this study was acute stroke patients treated at the
RST Wijayakusuma Purwokerto Emergency Room who met the inclusion and exclusion criteria.
The independent variable was the results of the Gajah Mada stroke algorithm assessment and the
dependent variable was the type of stroke based on the results of a non-contrast head CT scan.
The sampling technique used consecutive sampling with a sample size of 32.

Materials and Equipment

The data collection tools used are medical information of acute stroke patients, results of
non-contrast head CT scans, Gajah Mada stroke algorithm, stationery, computers, DICOM viewer
software.

Data Collection Process

The study was conducted from June 2024 to July 2024. The study began by conducting a
direct examination of patients suspected of having acute stroke who were then asked for their
willingness to become research subjects through a written consent form. Gajah Mada stroke
algorithm data is based on the results of anamnesis and physical examination. Furthermore, data
collection was carried out on the classification of stroke types based on the results of a non-
contrast head CT scan and interpreted by a radiologist. After that, the inclusion and exclusion
criteria were identified in the samples obtained. Data was collected until the sample size was met,
the data was processed and analyzed to determine the relationship between variables.

Data Analysis

The collected data were analyzed univariately and bivariately. Univariate analysis shows
the distribution of demographic data of research subjects and research variable data presented in
the form of distribution tables and graphs. The distribution of demographic data of research
subjects includes gender and age, while the distribution of research variable data includes the
results of the Gajah Mada stroke algorithm assessment and the results of non-contrast head CT
scan assessment. Bivariate analysis was conducted to test the relationship between the results of
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the Gajah Mada stroke algorithm assessment and the type of stroke based on the results of non-
contrast head CT scan at RST Wijayakusuma Purwokerto using the Fisher Exact Test.
3. RESULT AND DISCUSSION

Result
Analysis was conducted on 32 samples that met the inclusion and exclusion criteria and
were willing to be research subjects.

Table 1. Distribution of Research Subjects by Gender and Age

Characteristic Total Percentage
Gender
Male 16 50%
Female 16 50%
Age (Years)
20-29 years 1 3,1%
30-39 years 1 3,1%
40-49 years 3 9,4%
50-59 years 4 12,5%
60-69 years 8 25,0%
70-79 years 5 15,6%
80-89 years 10 31,3%

A total of 32 patients with acute stroke symptoms participated in this study, with a
balanced gender distribution, namely 50% male and 50% female. The majority of patients were
in the elderly age group, with 31.3% aged 80-89 years and 25% aged 60-69 years. The 70-79 age
group consisted of 15.6% of patients, while 50-59 years comprised 12.5% of patients. Only a small
proportion were under 50 years of age, with 9.4% aged 40-49 years, and 3.1% each in the 20-29
and 30-39 age ranges.

Table 2. Distribution of Stroke Types Based on Gender

Gender Ischemic Stroke Hemorrhagic Stroke
Male 13 3
Female 14 2

From the total 32 patients studied, the distribution of stroke types between men and
women showed that ischemic stroke was more common in both sexes. In men, 13 of 16 patients
had ischemic stroke, while 3 others had hemorrhagic stroke. Among women, 14 of 16 patients had
ischemic stroke, and 2 had hemorrhagic stroke. This shows that ischemic stroke is more dominant
than hemorrhagic stroke in both male and female patients in this study.

27,
84%
B Hemorrhagic Stroke

B Ischemic Stroke

Figure 1. Results of a non-contrast head CT scan
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Figure I shows that of the total 32 stroke cases, 27 cases (84%) were ischemic, while 5
cases (16%) were hemorrhagic. This shows that ischemic stroke is more prevalent than
hemorrhagic stroke in the studied sample, with the percentage of infarction cases exceeding five
times that of hemorrhagic cases.

13;41%

19; 59%

m Hemorrhagic Stroke = Ischemic Stroke

Figure 2. Result of Gajah Mada Stroke Algorithm Assesment

Figure Il shows that out of a total of 32 stroke cases, 19 cases (59%) were ischemic strokes,
while 13 cases (41%) were hemorrhagic strokes. This shows that ischemic strokes are more
common than hemorrhagic strokes in the studied samples when assessed using the Gajah Mada
stroke algorithm. With a percentage of more than half of the total number of cases, ischemic stroke
is the most dominant type of stroke when assessed using the Gajah Mada stroke algorithm.

Table 3. Cross Tabulation Between Variables
Non contrast head CT-scan

Hemorrhagic Ischemic  Total
Gajah Mada Stroke Hemorrhagic 5 8 13
Algorithm Ischemic 0 19 19
Total 5 27 32

Table 3 shows that out of a total of 32 study subjects, the Gajah Mada stroke algorithm
identified 13 hemorrhagic strokes and 19 ischemic strokes. Among the cases identified as
hemorrhagic strokes by the Gajah Mada stroke algorithm, 5 cases were confirmed hemorrhagic
and 8 cases were confirmed ischemic by non-contrast head CT scan. Meanwhile, out of 19 cases
identified as ischemic strokes by the Gajah Mada stroke algorithm, all were confirmed as ischemic
strokes from non-contrast head CT scans. Overall, there were 5 hemorrhagic cases and 27
ischemic cases identified by non-contrast head CT scans.

Table 4. Relationship between variables with Fisher Exact Test
Test p-value

Fisher exact test 0,006

Based on Table 4, the relationship between the results of the Gajah Mada stroke algorithm
assessment and the type of stroke based on the results of a non-contrast head CT scan has a p
value of 0.006. So if the p value is <0.05, which indicates a significant relationship between the
results of the Gajah Mada stroke algorithm assessment and the type of stroke based on the results
of a non-contrast head CT scan at RST Wijayakusuma Purwokerto.

Discussion
Stroke is a neurological disorder that causes sudden death of some brain cells due to
blockage or rupture of arteries in the brain. Definitively, stroke is a neurological disorder that
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appears suddenly due to blockage or rupture of blood vessels in the brain. Stroke gives different
clinical symptoms according to the location or extent of damage to blood vessels in the brain.
(Gunani et al., 2022). In this study, the distribution of research subjects between men and women
was balanced, with a ratio of 1:1. This indicates that each gender contributes 50% of the total
sample. Although this distribution is balanced, research conducted by Fakhruddin & Nurmalia
(2019) shows that men have a higher risk of experiencing stroke than women, with a ratio of 3:1.
This statement is also consistent with research conducted by Sakti et al (2021) namely Men have
a three times greater risk of stroke, this difference in risk can be caused by unhealthy lifestyles
such as smoking and alcohol consumption. In addition, hormones also play an important role in
the occurrence of stroke. The testosterone hormone in men can increase LDL (Low Density
Lipoprotein) levels, which, if high, can increase blood cholesterol and become a risk factor for
stroke. In contrast, women have hormonal protection against stroke, namely the hormone
estrogen. This hormone helps maintain the immune system until menopause and provides
protection against the process of atherosclerosis. Although there is such a ratio, this comparison
can be different in old age, where the incidence of stroke between men and women is almost equal
(Laily, 2017). This incident is caused by the protection that women have from stroke until middle
age thanks to the hormone estrogen. The risk of stroke in women becomes equal to that of men
after menopause (Nurhidayat., 2019). Age is one of the main risk factors for stroke. As we age, the
risk of stroke increases due to oxidative stress and the process of atherosclerosis. In old age, the
elasticity of the arteries decreases, causing blood vessels to narrow and become stiff, which can
be a predisposing factor for stroke (Sakti et al., 2021).

Based on the results of the non-contrast head CT scan reading, the dominance of ischemic
stroke is clearly visible, with the number of ischemic stroke cases as many as 27 out of a total of
32 stroke cases. These results show that ischemic stroke cases are five times higher compared to
hemorrhagic strokes, which only amount to 5 cases. This finding is in line with the global
prevalence of stroke, which shows that 88% of all stroke cases are ischemic strokes (Nurhidayat
etal,, 2019). In the assessment using the Gajah Mada stroke algorithm, the dominance of ischemic
stroke was found, namely 19 out of a total of 32 cases. These results show that ischemic stroke is
also more prevalent when compared to hemorrhagic stroke when assessed using the Gajah Mada
stroke algorithm.

The Gajah Mada stroke algorithm has 3 assessment components, namely decreased
consciousness, headache and Babinski reflex. These three components have previously been
calculated for their significance in relation to each stroke classification. Decreased consciousness
occurs when the center of consciousness is disturbed. Consciousness is regulated by the ascending
reticular activating system (ARAS) and the two hemispheres of the brain. Therefore, extensive
damage to the ARAS after a stroke will contribute to a decreased level of consciousness (Aprilia &
Wreksoatmodjo, 2015; Kwak & Chang, 2020). The entire brain parenchyma and cerebellum as
well as intraparenchymal vessels are insensitive to stimuli. However, severe bleeding or edema
caused by hemorrhagic stroke and ischemic stroke can cause headaches by shifting and stretching
pain-sensitive intracranial structures. The presence of ischemic and hemorrhagic strokes can
result in distension, deformation, and stretching of pain-sensitive structures in the central
nervous system (Ahmadi et al, 2015). Both ischemic and hemorrhagic strokes can cause the
Babinski reflex to appear. Stroke can cause damage to the corticospinal tract which causes sensory
input to spread to other nerve roots, causing contraction of the toe extensor muscles via the deep
peroneal nerve and causing extension of the great toe (hallux) and sometimes splaying of the
other toes (Acharya et al., 2023).

In the assessment using the Gajah Mada stroke algorithm, hemorrhagic stroke occurred
more frequently, namely 13 cases, compared to the assessment using non-contrast head CT scans
which only recorded 5 cases. Differences in results like this can be caused by factors from the
Gajah Mada stroke algorithm, including the clinical picture of ischemic and hemorrhagic stroke
patients who have similarities. According to research by Li et al (2020), headaches often occur in
ischemic stroke patients, with a percentage reaching 35%, meanwhile, the Gajah Mada Stroke
algorithm immediately classifies patients as hemorrhagic stroke if complaints of headache are
found, factors like this can cause a high percentage of hemorrhagic strokes if assessed using the
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Gajah Mada stroke algorithm. Regarding this problem, the Gajah Mada stroke algorithm system
can be further refined to increase its accuracy in distinguishing types of stroke. The steps that can
be taken are to add other components that can increase accuracy in distinguishing types of stroke.

Improvement of the Gajah Mada stroke algorithm can be done by adding components from
the Siriraj score, which is known to have high accuracy in detecting stroke classification. One
important component of the Siriraj score that is relevant to be included in the Gajah Mada stroke
algorithm is vomiting, because in the initial development of the algorithm, vomiting was already
one of the variables tested and it turned out to show quite high accuracy in distinguishing the type
of stroke. By including this component, it is hoped that the accuracy of the Gajah Mada stroke
algorithm can be increased in distinguishing between ischemic and hemorrhagic strokes (Rusdi,
1996). Other risk factors such as marital status, type of residence, glucose levels, occupation, age,
gender, hypertension, heart disease, BMI, and smoking habits, as studied by Hassan et al (2024),
can also be included to improve the accuracy of the algorithm. The addition of these variables
allows the algorithm to be more effective in identifying high-risk individuals, especially those who
work in the private sector or are self-employed. Salvadori et al (2021) research also shows that
factors such as diabetes, dyslipidemia, and atrial fibrillation are important in distinguishing
ischemic and hemorrhagic strokes, so adding them to the algorithm can improve the accuracy of
stroke diagnosis. By adding more comprehensive risk factors, the Gajah Mada stroke algorithm,
which previously only used three components, is expected to be more accurate in diagnosing
stroke. This improvement aims to increase the effectiveness of the algorithm as a clinical
diagnostic tool, help medical personnel determine the type of stroke more precisely, and
ultimately, provide more optimal treatment for stroke patients.

The relationship between diagnostic findings through non-contrast head CT scans and the
Gajah Mada stroke algorithm shows a significant relationship between the Gajah Mada stroke
algorithm assessment and non-contrast head CT scans (Sutarwi et al., 2020). Hemorrhagic and
ischemic strokes are difficult to distinguish when viewed only from signs and symptoms
(Nurhidayat et al.,, 2019). To overcome this, the bedside diagnosis method was developed to
overcome challenges and improve clinical diagnosis. The scoring system functions as a tool that
allows health workers to identify strokes based on existing signs and symptoms (Sutarwi et al,,
2020). One of the available systems is the Gajah Mada stroke algorithm developed in Indonesia.
This algorithm is designed to overcome the weaknesses of the scoring system which requires
relatively long calculations and time (Fakhruddin & Nurmalia, 2019). Based on the findings of the
research that has been conducted, the Gajah Mada stroke algorithm is still suitable for use as a
bedside diagnosis to help differentiate ischemic stroke and hemorrhagic stroke.

4. CONCLUSION

The dominance of stroke cases occurs at the age of 60 years and above, with the majority
of stroke cases being ischemic strokes based on the results of non-contrast head CT scans and
there is a significant relationship between the results of the Gajah Mada stroke algorithm
assessment and the type of stroke based on the results of non-contrast head CT scans at RST
Wijayakusuma Purwokerto.
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