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ABSTRACT

Background: Acute ischemic stroke is a leading cause of disability and death worldwide, with a prevalence that
continues to rise, particularly in Indonesia. One important indicator in determining stroke severity is the leukocyte
count, which can provide insight into the body's inflammatory response to brain damage. This study aims to
evaluate the correlation between leukocyte count and the severity of acute ischemic stroke, measured using the
National Institutes of Health Stroke Scale (NIHSS).

Objective: This research aims to determine the relationship between blood leukocyte count and the severity of
acute ischemic stroke at Ngoerah Hospital.

Methods: This is an analytical observational study with a cross-sectional design. Data were collected
retrospectively using a total sampling technique from the medical records of acute ischemic stroke patients
admitted to Ngoerah Hospital from July to December 2023. The leukocyte count and NIHSS score of the patients
were analyzed using the Spearman correlation test, considering the non-normal data distribution.

Results: Data analysis showed a significant positive correlation (r = 0.240) between leukocyte count and NIHSS
score, with a p-value < 0.05. This indicates that the higher the leukocyte count, the more severe the stroke
experienced by the patients.

Conclusion: There is a weak but significant correlation between leukocyte count and the severity of acute

ischemic stroke in patients at Ngoerah Hospital.
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INTRODUCTION

Stroke is the second leading cause of death globally, with
5.5 million deaths annually. * Over the past 20 years, stroke cases
have risen significantly worldwide 2 The World Health
Organization predicts stroke incidence in Europe will increase
from 1.1 million to 1.5 million annually by 2025. ® Stroke is also
the leading cause of disability, with half of survivors living with
chronic impairments. * Globally, one in four people is at high risk
of stroke during their lifetime.®

In Indonesia, stroke prevalence has risen sharply, posing a
significant public health burden. According to Riskesdas data,
ischemic stroke was the leading cause of death in 2007, with a
mortality rate of 15.4%. In 2018, stroke prevalence increased
56%, from 0.7% in 2013 to 1.09%.° The World Health
Organization defines stroke as a disruption of blood flow to the
brain due to vascular lesions, causing reduced oxygen and nutrient
supply, leading to brain cell death.
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Strokes are categorized into ischemic (caused by blocked
arteries) and hemorrhagic (caused by ruptured blood vessels).’
Ischemic stroke is the most common globally, accounting for
80% of cases and 52.9% of strokes in Indonesia. Preventing
ischemic stroke is vital, focusing on understanding its
mechanisms and indicators." Research shows that leukocyte
count, an inflammatory marker, correlates with stroke severity.
High leukocyte levels indicate severe brain injury and are
associated with increased disability and mortality. ° During
ischemic stroke, leukocytes contribute to further vascular damage
through inflammation, known as secondary injury. ° Leukocyte
recruitment and activation worsen brain tissue damage. °
However, methods for predicting stroke outcomes remain
inconsistent. This study aims to explore the relationship between
leukocyte count and clinical severity in acute ischemic stroke
patients using the NIH Stroke Scale (NIHSS). "
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Ischemic Stroke
Definition

Ischemic stroke is a focal neurological disorder caused by an
interruption or reduction of arterial blood flow to specific parts of
the brain, spinal cord, or retina. This results in insufficient blood
and oxygen supply to brain tissues.2*** Acute ischemic stroke or
transient ischemic attack (TI1A) is characterized by neurologrcal
deficits lasting less than 24 hours from symptom onset.”

Epidemiology

Stroke, as the most common cerebrovascular accident
(CVA), is the second leading cause of death globally, with an
annual mortality rate of 5.5 million. One in four individuals
worldwide is at significant rlsk of experiencing this pathological
condition during their lifetime.> Research over the past 20 years
hlghllghts a substantial global increase in the humber of stroke
patients.?

Several studies identify ischemic stroke as the most common
type of stroke worIdwrde accounting for approximately 80% of
all stroke cases.* A study by INTERSTROKE across 22 countries
reported that ischemic stroke constitutes 66% of strokes |n
developing regions like Africa and 91% in developed countries.™®
In Indonesia, ischemic stroke is also the most prevalent types of
stroke, representing 52.9% of all stroke cases, followed by
intracerebral  hemorrhage, embolism, and subarachnoid
hemorrhage.”

Etiology and Risk Factors

Ischemic stroke occurs when a clot (thrombus or embolus)
blocks blood flow to the brain, often due to fatty deposits
(plaques) in arteries like carotid artery (78.1%), mlddle cerebral
artery (60%), and small blood vessels (62.4%) .°*". These
plagues form from factors such as a high-cholesterol dlet or
smoking, leading to thlcker rougher blood vessel walls and
reduced blood flow. ** If the plaque ruptures it can form an
embolus that obstructs brain blood vessels. *

There are two types of ischemic stroke: embolic stroke,
blockage in artery caused by a clot originating outside the brain
(e.g., from the heart due to myocardial infarction, heart valve
abnormalities, atrial fibrillation or a ruptured plaque in the carotid
artery or damaged aorta, or from proximal arterial
atherosclerosis), and thrombotic stroke, caused by blockages in
brain arteries due to severe atherosclerosis. %

Risk factors for stroke include modifiable and non-
modifiable factors. Modifiable risks (according to recent studies
from INTERSTROKE account for 90% of strokes) include
hypertension (50.56%), hyperlipidemia (15.34%), diabetes
mellitus (19.88%), emotional stress, cardiovascular diseases
(coronary artery disease, atrial fibrillation) (4.54%, 6.25%), and
poor lifest }/Ie §Iack of physical activity, high cholesterol diet, and
smoking.*"#% Non- modrfrable factors include age, race, gender,
and family history (1.13%).22*

Studies have found a positive and significant correlation
between hypertension and ischemic stroke. Hypertension makes
an individual three to four times more Ilkely to suffer a stroke due
to its effect on cerebral circulation.® This condition leads to
hypertrophy of the blood wvessel walls, reducing the lumen
diameter, and alters the endothelial cells' ability to release
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vasoactive factors, mcreasrng constriction factors in the systemic
and cerebral arteries.® Diabetes mellitus, the second most
common risk factor, is associated with increased stroke incidence.
Previous studies reinforce this evidence.?’ Study found that
29.3% of stroke patients had hyperglycemia.?® Diabetic patients
are twice as likely to experience a stroke compared to those
without diabetes mellitus. Emotional stress has also been shown
to affect the heart and blood vessels, increasing the risk of a stroke
attack.”®

Several cardiovascular diseases, such as coronary artery
disease, rheumatic heart disease, and patients with synthetic heart
valves, also increase stroke risk. Studies have shown that atrial
fibrillation causes static blood flow and disturbances in heart
pump rhythm, which increases thrombus formation. An embolus
can detach and block blood flow in the brain. Smoking
contributes significantly to stroke-related deaths, with around
17,800 cases annually in the United States. This indicates the
substantial role of smoklng in stroke leading to death, with a 12%-
14% mortality rate.® Additionally, nicotine buildup in smokers'
blood vessels leads to atherosclerosis and stroke. People with a
high cholesterol diet and low physical activity are prone to
obesity, diabetes mellitus, atherosclerosis, and heart disease.*
Age plays a significant role, as stroke incidence rises with age,
especially after 55 years. Most strokes occur in individuals over
55, with rates increasing as people age.

Pathophysiology

The pathophysiology of ischemic stroke generally consists
of two stages: changes in brain blood flow and changes in brain
cells due to ischemia. Ischemic stroke, based on its etiology, has
two subtypes: embolic stroke and thrombotic stroke in the brain.*®
In thrombotic stroke, the process begins with narrowing of the
blood vessel lumen due to thrombosis from severe atherosclerotic
plagues, which obstructs blood flow to the brain. In embolic
stroke, the obstruction occurs because a clot, initially formed in
the heart's blood vessels or other vessels, detaches, travels through
circulation, and eventually blocks blood vessels in the brain. The
reduction of blood flow to brain areas causes brain cells to
experience a deficiency of nutrients and oxygen. Cells deprived of
oxygen and glucose will lead to acidosis (increased lactic acid in
the cells). This is followed by the influx of sodium chloride and
water into braln cells, while potassium compounds exit, resulting
in local edema.?*

Reduced blood flow to the brain causes severe stress and
premature cell death (necrosis). Necrosis is followed by disruption
of plasma membranes, swelling of organelles, leakage of ceIIuIar
contents into the extracellular space, and loss of nerve function.*
Therefore, it can be concluded that important events contributing
to stroke pathology include inflammation, energy failure, loss of
homeostasis, acidosis, increased intracellular calcium levels,
excitotoxicity, toxicity mediated by free radicals, cytokine-
mediated cytotoxicity, complement activation, blood-brain barrier
disruption, gllal cell activation, oxidative stress, and leukocyte
infiltration.?

Sign and Symptoms

Stroke are characterized by sudden weakness or numbness
on one side of the body, changes in consciousness, difficulty
speaking, and communication problems (slurred speech),
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difficulties in understanding speech, and vision disturbances.”
According to WHO, the signs and symptoms of ischemic stroke
depend on the area of the brain affected. Parietal lobe, related to
somatic sensations and spatial awareness. Temporal lobe, related
to sensory functions and memory. Occipital lobe, related to visual
function. Frontal lobe, related to mental, emotional, and
intellectual functions.

Stroke can affect body functions, with several disturbances
commonly found in patients. Effects on mental status which is
unconsciousness. Effects on physical effects are weakness of
limbs, facial muscle weakness, difficulty swallowing, sensory
disturbances, vision disturbances, hemiplegia (one-sided
paralysis). Effects on communication are aphasia (inability to
speak), dysarthria (unclear speech, slurred). Additionally, there
may be difficulty walklng, loss of balance, and prolonged
headaches (vertigo).*®

However, the distinction between ischemic and
hemorrhagic stroke is that ischemic stroke does not usually
involve headaches, and if there is pain, it is milder compared to
hemorrhagic stroke.*

Diagnosis

The diagnosis procedure of ischemic stroke involves two
stages: confirming that it is a stroke and determining its cause.
The diagnosis can begin with an interview with the patient,
family, or friends to review history such as family medical
history, previous stroke histor}/, onset and frequency of
symptoms, and medication use.” A physical examination can
then be conducted to reveal aspects that may not be detected
through an interview.** High blood pressure, heart enlargement or
murmurs, and vascular bruit are examples of physical findings
that influence stroke identification.**

For a complete stroke examination, it is recommended to
use the NIHSS stroke scale. The NIHSS (National Institutes of
Health Stroke Scale) is one of neurological examination which
can be conducted to identify and measure the degree of physical
impairments and neurological deficits. Severity degrees are as
follows: 1-4 mild, 4-20 moderate, and above 20 severe; with a
maximum score of 42.% Its advantages include being a trained,
measurable, certified, and accredited system
(http: //vwvw nihstrokescale.org/), with a fast execution time (<10
minutes).*

Once a diagnosis is made, confirming that the patient is
indeed experiencing a stroke and not other similar symptoms
(such as seizures, sepsis, migraine, or brain tumors) can be
supported by neurological examinations and confirmed through
brain imaging (CT scan or MRI). Brain imaging should ideally be
performed within 20 minutes of patient arrival, as the patient may
be a candldate for IV alteplase and/or mechanical
thrombectomy.® Studies have found that CT scans detect about
90% of ischemic stroke cases.®® Conventional CT results are
sufficient to determlne if the stroke is hemorrhagic or not (Powers
et al., 2018). ®However, patients with this condition are more
Iikely to be advised to undergo MRI, as MRI has much greater
sensitivity for ischemia compared to CT scans, especially in mild
strokes, where it can predict both short-term and long-term
adverse outcomes.®

The vascular cause can be estimated based on how acute the
symptoms are, when they started, how frequent they are, the
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patient's age, and the presence of stroke risk factors. Tests to
confirm the diagnosis of stroke include CT scan, MRI of the
brain, while tests to determine the cause of stroke include blood
hematology tests, and non-invasive tests such as
echocardiography, carotid duplex, EEG, and MRA. Invasive tests
include cerebral angiography and cerebrospinal fluid examination.
The gold standard for determlnlng the etiology of ischemic stroke
is cerebral angiography.®

Treatment Approach

The management of patients with acute stroke can be
divided into several aspects which are treatment for the stroke
itself, management of physiological variables that occur after the
stroke (blood pressure, blood glucose, and body temperature),
management of medical issues, including airway management,
heart function, fluid and metabolic balance, prevention of
decubitus ulcers, phlebitis, and sometimes man gement of
increased intracranial pressure and rehabilitation.™ Specific
treatment for acute ischemic stroke includes three main aspects,
which are reperfusion of the blocked arterial area, prevention of
expansion or worsening of the ischemic area and prevention of
recurrent ischemic stroke as soon as possible.”

Reperfusion therapy should be initiated as early as possible
to restore normal blood flow and prevent further cell damage or
death. This can be done through thrombolytic therapy with
recombinant tissue plasminogen activator (IV r-tPA). This
therapy can be administered intravenously or intra-arterially, or
through a more advanced method, which involves removing the
blood clot obstructing the blood flow with a device known as
mechanical thrombectomy. Then to prevent recurrent strokes,
medications such as anticoagulants like heparin or warfarin can be
used to prevent thrombus formation, prevent thrombus expansion,
and prevent recurrent embolism. Other medications used to
prevent recurrent stroke are antiplatelet aggregants, such as
aspirin, ticlopidine, and clopidogrel. These drugs primarily work
by reducing platelet adhesion, lowering platelet aggregation, and
reducing the release of active platelet substances.**

Complications

Complications  following ischemic stroke can be
neurological and medical complications due to the stroke
condition; both are major causes of morbidity and mortality
during and after the stroke. Neurological complications include
hemorrhagic transformation, brain edema, increased intracranial
pressure, and seizures. Medical complications include deep
venous thrombosis, pulmonary embolism, falls, systemic
infections, urinary tract infections, psychlatnc disorders such as
depression, contractures, and frozen pain.*

Prognosis

The prognosis of patients with ischemic stroke can be
estimated by assessing the patient's condition at the onset,
evaluating the severity of the stroke using the NIHSS score,
hematological markers such as the white blood cell count, which
reflects the extent of ischemic injury, and considering other
comorbid factors associated with the ischemic stroke patient.'**

Leukocyctes in the Blood
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Production Leukocytes

Leukocytes, or white blood cells, are part of the immune
system that protects the body from infections and diseases. They
are produced in the bone marrow from hematopoietic stem cells
(HSCs), which are special cells that create all types of blood cells,
including red and white blood cells. Leukocyte formation happens
in two ways: myelocytic (starting from myeloblasts) and
lymphocytic (starting from Iymphoblasts) Both processes result
in the production of white blood cells.”®

Factors Affecting Leukocyte Count in the Blood

According to Junqueira (2017), leukocyte counts vary with
age. In healthy adults, the normal range is 4500-11,000 cells/mm?3.
Counts below 4500 cells indicate leukopenia, which can result
from factors like chronic stress, bone marrow disorders, radiation,
chemotherapy, or chronic diseases like lupus, leukemia, thyroid
issues, and Cushing's syndrome. ** In newborns (12 hours old),
leukocyte counts range from 13,000-38,000 cells/mm? but drop to
5000-20,000 cells/mma by 2 weeks of age. The count continues to
decrease during childhood, reaching the adult range by ages 4-21.

Leukocytosis, a condition where leukocyte counts exceed
normal levels, can result from chronic inflammation (e.g.,
rheumatoid arthritis), bacterial infections, allergic reactions,
certain medications, smoking, obesity, injuries, surgery, or bone
marrow disorders. .** It may also be hereditary, linked to
conditions like chronlc idiopathic neutrophilia, Down syndrome,
or polycythemia vera.

Correlation Between Leukocyte Count and the Severity of
Acute Ischemic Stroke

Previous studies have found that the number of leukocytes
plays an important role as an indicator of inflammation and shows
a positive correlatlon between the number of leukocytes and the
severity of stroke.”® The higher the number of leukocytes, the
more severe the ischemic brain damage, the more brain damage
occurs, and the greater the resultlng disability and mortallty
Leukocytes contribute by increasing sustained vascular injury. In
addition, the accumulation of these leukocytes can worsen the
patient's condition by releasing pro-inflammatory mediators.“3“°
This happens because of the post-ischemic stroke inflammatory
response caused k%y secondary injury mechanisms stimulated by
atherosclerosis.”®

In the case of ischemic stroke, microglia, astrocytes,
endothelial cells, and nerves release cytokines such as interleukin-
1B (IL-1P) and tumor necrosis factor o (TNFa), which activate
leukocyte recruitment, activation, and adhesion to the
endothelium of the brain's microvasculature, resulting in an
increase in the number of leukocytes, migration of macrophages
and neutrophils to the damaged tissue, and peripheral
inflammatory markers like serum interleukin-6 and C-reactive
protein (CRP). These leukocytes cause obstruction in blood
vessels and mlgrate to the infarct area along with monocytes or
macrophages.™

The severity of ischemic stroke is generally measured using
various clinical scales, one of which is the National Institutes of
Health Stroke Scale (NIHSS), which has been proven to be a
reliable and valid tool for assessing the severity of ischemic stroke
based on the patient's neurological symptoms. The higher the
NIHSS score, the more severe the ischemic stroke the patient is
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experiencing. This scale provides a comprehensive evaluation of
the patient's motor, sensory, and cognitive functlons offering a
clear picture of the severity of ischemic stroke.*

An increased leukocyte count is often associated with the
post-stroke inflammatory response. Leukocytosis, or an increase
in leukocyte count, can worsen ischemic stroke through
inflammatory mechanisms that cause further damage to brain
tissue. Studies show a significant positive correlation between the
leukocyte count and the NIHSS score, meaning the higher the
leukocyte count, the more severe the ischemic stroke. Therefore,
measuring the severity of ischemic stroke and evaluating the
leukocyte count together can 5(lg)rowde a clearer clinical picture of
the stroke patient's prognosis.

MATERIALS AND METHODS

This observational analytical research used a cross-sectional
design with retrospective data collection. The study focused on
acute ischemic stroke patients at Ngoerah Hospital from July to
December 2023, selected through purposive sampling. The
sample utilized consists of the population selected through total
sampling, who meet the inclusion and exclusion criteria. The
inclusion criteria encompassed patients aged 18-79 years
experiencing acute ischemic stroke (<72 hours), confirmed by
neurological status examination and brain imaging (non-contrast
CT scan or MRI brain), and those experiencing their first stroke.
Exclusion criteria include condition like hemorrhagic
transformation of ischemic stroke, a history of infection (with
fever >38°C prior to the onset of stroke), and a history of allergies,
immune system disorders, blood disorders, or malignancy. The
data used in this study are secondary data in the form of patient
medical records obtained from the Medical Record Installation at
Ngoerah Hospital.

Leukocyte categories include low (<4,000/uL), normal
(4,000-10,000/uL), and high (>10,000/uL). A high leukocyte
count (leukocytosis) indicates inflammation. Stroke severity was
measured using the NIHSS, categorizing scores into mild,
moderate, moderately severe, and severe, with scores >5
indicating greater severity. The study analyzed the correlation
between leukocyte count and stroke severity to explore the link
between inflammation and neurological outcomes. The NIHSS
measures the level of neurological deficit in stroke patients, with
scores ranging from O to 42. Categorizing into mild (1-4),
moderate (5-15), moderately severe (16-20), and severe (>20).
The study analyzed correlation between leukocyte count and
stroke severity to understand the relationship between the
inflammatory response and the neurological condition.

Statistical analysis was performed using SPSS computer
software. Variables used such as NIHSS score, age, leukocyte
count, and gender. Normality testing was conducted using the
Kolmogorov-Smirnov test. Since the data distribution was not
normal, nonparametric correlation testing was performed using
Spearman’s correlation test. The correlation test was used to
examine the relationship between leukocyte count and NIHSS
score. A p-value <0.05 was considered statistically significant.

RESULT

Based on the inclusion and exclusion criteria, the total
sample used in this study amounted to 114 samples. These
114 samples were then grouped according to the required
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characteristics, including gender, age, leukocyte count in the
blood, and NIHSS score. The study found that the research
subjects consisted of 71 male patients (62.3%) and 43
female patients (37%).

The most common age range of the subjects was 61-79
years, with 55 patients (48.2%), followed by the 41-60 years
age range with 53 cases (46.5%). The lowest number of
cases occurred in the 20-40 years age range, with 6 cases
(5.3%). The research results showed a median age of 60
years and an average age of 59.34 years, with a maximum
age of 79 years and a minimum age of 23 years.

The number of subjects with normal leukocyte counts
was 76 people (66.67%), while 38 people (33.33%) were
categorized as having leukocytosis. The median leukocyte
count was 9,7650 cellssmm?3 and the average leukocyte
count was 10,6237 cellsymm3. The majority of the study
subjects were in the moderate category, with 83 people
(72.8%) of the total subjects. The mild category included 28

people (24.6%), while the severe category included 3 people
(2.6%) of the total subjects. The average NIHSS score was
8.19, with a standard deviation of 11.531.

The normality test showed that the age data was
normally distributed (p > 0.05), while the NIHSS values and
leukocyte counts were not normally distributed (p < 0.05).
The correlation test between leukocyte count and NIHSS
score was conducted using Spearman'’s test because both the
leukocyte count and NIHSS score were found to be not
normally distributed. Based on the test results, a p-value of
0.010 (< 0.05) was obtained, indicating a significant
correlation between leukocyte count and NIHSS score. The
correlation coefficient (r) was 0.240, which indicates a
positive correlation, meaning the relationship between
leukocyte count and NIHSS score is in the same direction,
with a correlation strength of 0.240 (24.0%), which falls
into the weak correlation category.

Tabel 2. Basic Characteristics of Research Subjects Based on Gender, Age, Leukocyte Count, and NIHSS Score

The data collected in this study show that the occurrence of

acute ischemic stroke is more common in male patients, with a
proportion of 62.3%, compared to 37.7% in female patients.
Stroke occurs more frequently in men than in women, driven by
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Variable Frequency (n) Percentage (%) Median (Max- Mean +sd
Min)
Gender
Male 71 62,3
Female 43 37,7
Age (years) 60,00 59,34+11,531
20-40 6 53
41-60 53 46,5
61-79 55 48,2
Min 23 years
Max 79 years
Leukocycte Count 9,7650 (4,140 —
36,950)
(cell/mm?®)
Normal 76 66,67
Leukocytosis 38 33,33
NIHSS Score 6,0 (1-22)
Mild 28 24,6
Moderate 83 72,8
Severe 3 2,6
DISCUSSION risk factors such as diabetes mellitus, myocardial infarction,

smoking, and excessive alcohol consumption among men.*” This
is consistent with the study by Tertia et al., which reported that the
majority of the subjects were male (57.9%), with females
accounting for 42.1%. Similar findings were also observed in the
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research conducted by Tjikoe et al. at RSUP Prof. Dr. R.D.
Kandou Manado, which found a higher incidence of ischemic
stroke in males (59.5%) compared to females (40.5%)."® Another
study by Barker et al. also found that men are at higher risk of
ischemic stroke than women, with  ratio of 133:99 per 100,000.

However, this gender difference disappears in older age
groups. Studies suggest that women are protected from stroke at a
younger age, and this protection diminishes with age. Although
women have a lower stroke risk at younger ages, their risk
doubles in the decade after menopause or during midlife (45-55
years). Changes during menopause, including increased Low-
Density Lipoprotein (LDL) and triglyceride concentrations,
decreased High-Density Lipoprotein (HDL) levels, changes in fat
distribution, insulin action, elevated blood pressure, increased
prevalence of metabolic syndrome, and higher flbl‘lnolé/[IC and
inflammatory markers, contribute to this increased risk.>*"

The findings of this study showed the distribution of ages as
follows: 5.3% in the 20-40 years age group, 46.5% in the 41-60
years group, and 48.2% in the 61-79 years group. These data
indicate that ischemic stroke is more prevalent in the 61-79 years
age 9roup Stroke incidence doubles every decade after the age of

With aging, both microcirculation and macrocirculation in
the brain undergo structural and functional changes.>Age-related
microcirculation changes are believed to be mediated by
endothelial dysfunctron |mpaired brain autoregulation, and
neurovascular coupling. Endothelial dysfunction promotes
neuroinflammation, brain autoregulatory disruption can lead to
microvascular injury, and neurovascular coupling impairment
accelerates cortical functional decline.*? The increased oxidative
stress and the widespread atherosclerotic processes Weaken body
functions, especially affecting vascular flexibility.* These
findings align with studies by Munir et al., which reported the
highest stroke incidence in the 51-70 years age group.”

Further supporting evidence identified age as one of the
most common risk factors. In this study, found that most ischemic
stroke cases occurred in patients aged 55 years and older,
accountlng for 74.4% (113 patients) of the 176 ischemic stroke
patients.>* Although stroke is often associated with older age, one
in three cases occurs in individuals under 65 years old. According
to Janssen et al., of the 97 patients studied, 49 had ischemic stroke
and 48 had TIA, with an age range of 17-50 years, indicating that
stroke can affect individuals under 50 as well. In terms of
leukocyte count, the study found that 76 patients (66.67%) had a
normal Ieukocyte count, while 38 patients (33.33%) had
leukocytosis.>

The number of leukocytes is influenced by the size of the
infarct lesion; the larger the lesion, the higher the leukocyte count.
Thus, it can be inferred that the lesions in this study were
relatively smaII as the leukocyte count remained within the
normal range.® Leukocyte recruitment, particularly neutrophils,
can be detected as early as 5 hours after stroke onset, peaking
within 24 hours.*’These findings are consistent with preVIous
research conducted at Dr. Moewardi Hospital Surakarta in 2011,
which reported a mean leukocyte count of 8.41 x 103 cells/mm3 i in
acute ischemic stroke patients, within the normal range.”’
Similarly, a study in Italy by Nardi et al. found that the average
leukocyte count for ischemic stroke patients upon admission was
8,100/mm3.®
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The severity of stroke was assessed using the NIHSS score.
The study's results showed that the majority of ischemic stroke
cases had a moderate degree of severity, with 72.8% (83 cases)
classified as moderate, 24.6% (28 cases) as mild, and 2.6% (3
cases) as severe. The most common severity was moderate,
typically characterized by NIHSS scores ranging from 6 to 15.
This finding is consistent with previous studies. Factors
contributing to moderate severity include the accessibility of
healthcare services, the size of the arterial blockage, and the
efficiency of collateral circulation. Other influencing factors
include age a history of heart disease, hypertension, and
diabetes.”

The NIHSS score also varies depending on where the stroke
is initially identified. Patients with strokes identified in the
hospital had higher NIHSS scores (median = 7), whereas those
identified outside the hospital had lower scores (median = 1). This
suggests that stroke cases identified outside the hospital tend to be
less severe than those treated in the hospital.*® These findings are
supported by research from Alawneh et al., who reported that the
average NIHSS score for ischemic stroke patients was 761 in
males and 9.47 in females, indicating a moderate severity level.**

In this study, the correlation between leukocyte count and
NIHSS score, an indicator of ischemic stroke severity, was
analyzed using the Spearman correlation test, as the data were not
normally distributed. The correlation analysis revealed a
statistically significant positive correlation between leukocyte
count and NIHSS score (p = 0.010, r = 0.240). This positive
correlation means that as the leukocyte count in the blood
increases, the NIHSS score also increases, indicating a higher
severity of stroke. However, the correlation coefficient (r = 0.240)
suggests a weak correlation, implying that other factors may also
influence the clinical outcome.

Higher leukocyte counts are associated with more severe
ischemic brain damage, leading to increased disability and
mortality risk. This is due to the role of leukocytes in the
inflammatory response following ischemic stroke. Immune cells
such as basophils and macrophages contribute to brain tissue
damage through the release of inflammatory mediators.
Pathophysiologically, ischemic stroke triggers a systemic
inflammatory response, where leukocytes migrate to the infarcted
area of the brain. This process increases blood-brain barrier
permeability and causes brain tissue damage. The greater the
leukocyte count, the more severe the damage to the ischemic
brain tissue. Migrating leukocytes release pro-inflammatory
mediators, such as interleukin-1 and TNF-o, which exacerbate
endothelial damage and increase the risk of brain edema and other
complications.™*

CONCLUSION AND SUGGESTIONS

Based on the research results and analysis conducted, the
researcher concludes that there is a weak positive correlation
between the leukocyte count and the severity of acute ischemic
stroke in patients at RS Ngoerah. Several suggestions can be
made for future research to enhance the usefulness of this study.
Future studies are encouraged to add other variables, such as C-
Reactive Protein (CRP) levels, Interleukin-6 (IL-6), and
cardiovascular risk factors. This is expected to provide a more
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comprehensive understanding of the relationship between the
inflammatory response and the severity of ischemic stroke.

Additionally, future research could adopt a prospective

design, which would allow for the observation of patients from
the early stages of stroke to the recovery process. This design
would be more effective in evaluating the impact of leukocyte
count on the long-term outcomes of ischemic stroke patients,
including disability levels and mortality rates.
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