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INTRODUCTION

Stroke is a clinical condition caused by a sudden disruption in cerebral circulation. This condition results in
focal neurological deficit that can be observedphysically [1]. Stroke is one of the leading causes of death worldwide and
its incidence continues to increase [2]. The ischemic condition that happened in the central nervous system induces the
recruitment of leukocytes, mainly neutrophils, to the brain tissue [1]. This type of white clood cell causes brain tissue
damage by releasing inflammatory mediators, reactive oxygen species (ROS), and various proteolytic enzymes, which
affect the severity of the patient's condition [3].

Numerous studies have been completed to explore the association between leukocyte count and ischemic stroke.
Leukocytosis has been known to be an indicator of inflammatory response in many conditions, including in acute
ischemic stroke [4]. Early leukocytosis has been found to be relatedtoinfarct volume in the brain [5]. Plenty of studies
have also analyzed the correlation between leukocyte count and the severity of ischemic stroke as evaluated using
NIHSS. They found a significant correlation between leukocyte count and the NIHSS score, with higher leukocyte levels
associated with increased stroke severity [6]. Another study using the neutrophil-lymphocyte ratio also showed a positive
correlation with increased NIHSS score [7].

Neutrophils play a crucial role in stroke outcomes. The presence of this white blood cell type in peripheral blood
can serve as an early indicator of stroke severity [8]. The increase of the circulating neutrophilsoccurs several hours after
stroke onset and is associated with stroke severity, infarct volume, and worsening neurological outcomes [9]. Neutrophil
count has been shown to be an independent predictor of stroke outcome as measured by NIHSS[10, 11].
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Therefore, this study aims to explore the correlation between neutrophil count and the ischemic stroke severity,
as evaluated using NIHSS.

METHODS

This analytical observational research used a cross-sectional study design. The population of this study was total
ischemic stroke patients treated at the inpatient installation of Rumah Sakit Umum (RSU) Amelia Pare, Indonesia from
July 2024 to September 2024. The sampling of this research was conducted using purposive methods, collectinga total
sample of 27 ischemic stroke patients.

Samples must fulfill inclusion criterias, as follow: (1) ischemic stroke patients with onset less than 72 hours; (2)
complete medical record. Excluded samples are (1) patients with mixed ischemic and hemorrhagic stroke; (2) patients
with psychiatric conditions that hinder the ability to perform the NIHSS assessment; (3) incomplete medical record.

The independent variable of this study is neutrophil count, while the dependent variable is the NIHSS score. The
neutrophil count and NIHSS scorewere collected at the admission. Prior to data collection, the participants must provide
informed consent, after getting fully informed about the purpose of the study, the procedures involved, the potential
health benefits, and any possible risks that may arise during or after the procedure.

The data processing was carried out using SPSS. The neutrophil count and NIHSS scorewere analyzed to
establish the frequency and percentage of each variable.To determine the statistical correlation, the data was analyzed
using Spearman correlation test. The result will be considered significant if the p value is <0.05.

RESULTS

This study was conducted from July to September 2024 at RSU Amelia Pare using primary data of NIHSS
scores and secondary data in the form of neutrophil count from laboratory examination. The data was collected from 27
samples of ischemic stroke patients.

Table 1: Distribution of Neutrophil Count and NIHSS in Ischemic Stroke Patients

| Frequency | Percentage (%)
Neutrophil Count
<2.500 cells/pL 0 0
2.500 - 7.000cells/uL | 19 70.4
>7.000cells/uL 8 29.6
NIHSS
Minor 11 40.7
Moderate 15 55.6
Moderate to Severe 1 3.7

The results showed that out of a total of 27 ischemic stroke patients, 19 (70.4%) patients had neutrophil counts
between 2.500-7.000 cells/uL and 8 (29.6%) patients had neutrophil counts >7.000 cells/uL. Based on the NIHSS score,
there were 11 (40.7%) patients with minor stroke, 15 (55.6%) patients with moderate stroke, and 1 (3.7%) patient with
moderate to severe stroke.

Table 2: Correlation Between Neutrophil Count and NIHSS

Neutrophil Count (cells/uL) | Total p r
<7.000 >7.000
n % n % n %
NIHSS | Minor 11 40.7 0 0 11 | 40.7 | <.001 | 0.858
Moderate 8 28.6 7 25.9 15 | 55.6
Moderate to Severe | 0 0 1 3.7 1 3.7
Total 19 70.4 8 29.6 27 | 100

All patients with minor stroke have neutrophil counts of less than 7.000 cells/uL. Of the 15 patients with
moderate stroke, 8 patients had neutrophil counts of less than 7.000 cells/uL and the remaining 7 patients had neutrophil
counts above 7.000 cells/pL. There was only one patient with moderate to severe stroke and the neutrophil count was
higher than 7.000 cells/pL.

Spearman correlation test showed the result of p-value <0.001 (o = 0.05) which means there is a significant
correlation between neutrophil count and ischemic stroke severity based on NIHSS. The correlation coefficient was
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found to be 0.858, indicating a directly proportional and very strong correlation.This result means that the higher the
number of neutrophils, the more severe the ischemic stroke.

DISCUSSION

This study found 8 ischemic stroke patients with neutrophil count above the normal value, which is 7.000
cells/uL [12]. The other 19 ischemic stroke patients had normal neutrophil counts. This could happen because the
increase in leukocyte count, especially neutrophils, is related to the infarct volume [13]. The increase in the area of
infarct is directly proportional to the increase in the number of leukocytes and neutrophils. Therefore, the results of the
normal neutrophil count in these patients might occur because the infarct volume is not too large [6].

Neutrophil count is also associated with stroke severity and worsening neurological outcomes [9]. In line with
the results of this study, it was found that most patients with normal neutrophil counts (58%) had minor stroke. All
patients with moderate to severe stroke had neutrophil counts above normal values.

This study showed a significant correlation between the neutrophil count and the severity of ischemic stroke
based on NIHSS. This finding is in line with the study by Fang et al., [11]. Multiple stepwise logistic regression analysis
conducted in the study by Fang et al., [11] showed that the number of neutrophils could significantly predict high NIHSS
results.

The correlation coefficient results showing the strength of the relationship between the two variables were
obtained at 0.858 which is included in the category of a very strong correlation strength level. A positive correlation
coefficient means that the correlation is directly proportional. These results indicate that the higher the number of
neutrophils, the more severe the severity of ischemic stroke patients will be. Similar results can be found in a study by
Fang et al., [11]. In this study, the number of neutrophils increased progressively from stroke with mild, moderate, to
severe severity [11].

This study has several limitations, the most prominent one is this study only assessed neutrophil count as a
factor that influences the severity of ischemic stroke. This study did not investigate other factors that play a role in
ischemic stroke severity. With a cross-sectional study design, this study only assessed the correlation between the
neutrophil count taken at one time, when the patient was first admitted to the hospital.

CONCLUSION

There was an increase in the number of neutrophils above normal values in patients with moderate and moderate
to severe stroke severity. The results of the Spearman correlation test showed a significant relationship that was directly
proportional and very strong between the neutrophil count and the severity of ischemic stroke based on NIHSS at RSU
Amelia Pare. Other studies may be needed to identify other factors that play a role in determining the severity of
ischemic stroke.
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