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A B S T R A C T

Introduction: Ischemic stroke can occur due to disruption of blood and oxygen supply to brain tissue. White blood
cells and platelets play an important role in the pathogenesis of ischemic stroke. Several studies have concluded
that the lower the platelet count and the higher the number of white blood cells in ischemic stroke patients will
result in a more severe stroke and had worsen prognosis. Platelet and white blood cells counts can be converted
into Platelet-to-White Blood Cell Ratio (PWR) which is a comparison between the number of platelets and white
blood cells, so the higher PWR will provide better clinical outcomes. Here, we examined correlation between PWR
and clinical outcome in acute ischemic stroke using NIHSS tools.
Method: This research method was a retrospective analytic from 503 medical records of ischemic stroke patients
from January 2015 to December 2017. Ischemic stroke divided into 2 groups: cardioembolic stroke and athe-
rothrombotic stroke based on medical records. We calculated PWR and National Institute of Health Stroke Scale
(NIHSS) for assessing clinical outcome. Statistical significance calculated with Spearman rank test, ANOVA, and
multiple logistic regression.
Results: A total of 391 research subjects consisting of 213 females (54.5%) and 178 males (45.5%). The mean age
of 57.14 years, and 82% subjects had hypertension as risk factor. Mean PWR of atherothrombotic stroke subjects
were higher than cardioembolic stroke (33.02 vs 26.73) but had lower mean of NIHSS (5.81 vs 10.31) and had
strong negative significant correlation between PWR and NIHSS (r ¼ -0.9603; p < 0.001). From logistic regres-
sion, we found that PWR and platelet was statistically significance correlate with NIHSS (p < 0.05). The coef-
ficient if PWR is the highest (absolute value) among other independent variables.It shows that PWR has positive
effect on clinical outcome using NIHSS tools in acute ischemic stroke patients.
Conclusion: Cardioembolic stroke had higher PWR compared with atherothrombotic stroke. PWR had a strong
correlation with NIHSS. The higher PWR will provide higher NIHSS and PWR has positive effect on clinical
outcome using NIHSS tools in acute ischemic stroke patients.
1. Introduction

According to the World Health Organization (WHO), stroke caused
around 15 million deaths in the world in 2015 [1]. Indonesia is a
developing country with a fairly high stroke prevalence. According to the
2013 Riskesdas data, the prevalence of stroke in Indonesia is 12.1 per
mile. The prevalence is up from 8.3 cases per mile in 2007 [2]. The most
common stroke prevalence in Indonesia is ischemic stroke, which is 87%.
In addition to the high prevalence of stroke, it is the highest cause of
long-term disability [3]. Data taken from 1990 and 2013 show that
globally, stroke has caused 51,429,440 disability-adjusted life years
July 2020; Accepted 18 Septem
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(DALY) that occur in the 20–64 age category. This figure shows a 24%
increase compared to the previous calculation [4].

White blood cells and platelets play an important role in the patho-
genesis of stroke infarction [5].

Platelets play an important role in the process of thrombus formation
after activating in certain conditions, including atherosclerosis, inflam-
mation, and hemoreological changes. Activated platelets will aggregate
endothelial cell damage and participate in the development of athero-
sclerotic lesions. It can make disruption of intracranial blood flow
because of arterial thrombosis or therothrombotic plaque rupture [5].
Several studies have concluded that the lower platelet count is present in
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Table 1. Clinical characteristic research subjects.

Variable Total (n ¼ 391)

Gender

Men (n,%) 179 (45.5)

Women (n,%) 213 (55.5)

Age (year), mean � SD 57.14 � 11.55

Risk factors*

Hypertension 321 (83.2)

Diabetes Mellitus 68 (17.4)

Smoking 60 (15.3)

Cardiac problem 102 (26.1)

Mean white blood cells, n (uL) � SD 11026.94 � 12026.94

Mean thrombocyte, n (uL) � SD 291321.23 � 88954.77

Mean PWR, n � SD 30.81 � 11.95

Mean NIHSS, n � SD 7.52 � 3.86

* Risk factors can be >1.
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the examination of ischemic stroke patients can lead to more severe
strokes and had worsen prognosis. White blood cells also play a role in
the pathophysiology of ischemic stroke. After ischemic occurs, infarction
core will release various inflammatory mediators, such as proteases and
reactive oxygen species (ROS), which aggravate endothelial damage and
necrosis of the tissue [4]. It makes brain cannot function properly [6].

Increasing the number of white blood cells, especially neutrophils in
peripheral blood are related to severity of stroke, tends to have worsen
clinical outcome and had possibility for stroke reccurrent [7, 8]. These
effector cells modulate cellular activation and attachment (between one
another and with endothelial cells), release cytokines, and synthesize and
also release other factors which support the progression of atheroscle-
rosis and the formation of acute thromboembolism [9].

Platelets andwhite blood cells count can be converted into Platelet to-
White Blood Cell Ratio (PWR), which is a comparison between the
number of platelets and white blood cells [10].

Neurological deficits in ischemic stroke patients can be assessed using
the National Institute of Health Stroke Scale (NIHSS). NIHSS is not only
used to assess severity of stroke, but can also determine appropriate
treatment, initial prognosis and intervention required [11, 12].

Based on the description above, we examined correlation PWR and
clinical outcome in acute ischemic stroke using NIHSS tools.

2. Methods

The study was conducted with a restrospective analytic method for
acute ischemic stroke patients treated at the General Hospital Dr. Hasan
Sadikin Bandung between 1 January 2015 to 31 December 2017. The
research sample was determined by total sampling. The data obtained are
secondary data from medical records. Inclusion criteria were stroke pa-
tients who were diagnosed based on CT scans and were inpatients who
had laboratory results on platelet counts and white blood cells counts in
their medical records. Ischemic stroke divided into 2 groups: car-
dioembolic stroke and atherothrombotic stroke based on medical re-
cords. We calculated PWR and National Institute of Health Stroke Scale
(NIHSS) for assessing clinical outcome. Statistical significance calculated
with Spearman rank test.NIHSS examined on admission and 7th day
hospitalization. Exclusion criteria were ischemic stroke patients accom-
panied by hematologic disease, immunosuppressant drug users, had a
history of infection within two weeks before the symptoms of stroke or
during treatment, and had a history of stroke in the past six months.

This study is approved by Research Ethics Committee of Universitas
Padjadjaran (no. 1123/UN6.KEP/EC/2018). This study had complied
with all relevant ethical regulations (including The Declaration of
Helsinki).

3. Results

After collecting 503medical records of acute ischemic stroke patients,
391 research subjects were found that met the inclusion criteria. Table 1
illustrates that the majority of research subjects were 213 females
(54.5%). The mean age of the subjects was 57.24 years. The most risk
factor is hypertension with 321 subjects (83.2%) having more than one
risk factor.

The mean number of white blood cells in the study subjects was
11026.94/uL. The mean platelet count of study subjects was 291321.21/
uL. The mean PWR for all subjects is 30.81. The mean NIHSS for all
subjects is 7.52 (Table 2).

Atherothrombotic stroke was the most subjects in this study (58.8%).
The highest mean white blood cells count was found in the stroke group
of cardioembolic stroke (12572.71/uL); and mean white blood cells
count atherothrombotic stroke group was 10161.67/uL. The mean
platelet count of atherothrombotic stroke group was 303317.39/uL and
the cardioembolic stroke group was 265394.92/uL. Mean PWR of athe-
rothrombotic stroke group had higher than cardioembolic stroke (33.02
vs 26.74). Mean NIHSS of atherothrombotic stroke group was lower than
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cardioembolic stroke group (5.81 vs 10.31). There was a strong negative
significant correlation between PWR and NIHSS (r¼ -0.9603; p< 0.001).
The complete data can be seen in Table 2. The sum of squared errors was
22247.91 and total sum squared errors was 27833 (Table 3), so we found
R-Square 0.7993. It mean 79% of total variation in clinical outcome
(NIHSS) across 390 acute ischemic stroke patients (Table 4).

From logistic regression, we found that PWR and platelet was statis-
tically significance correlate with NIHSS (p < 0.05). The coefficient if
PWR is the highest (absolute value) among other independent variables
(Table 5). It shows that PWR has positive effect on clinical outcome using
NIHSS tools in acute ischemic stroke patients (Figure 1).

4. Discussion

Based on the results of the study above, it is known that research
subjects with female gender are 213 subjects or 54.5% of the whole
subject. These results are consistent with research by Cintya Agreayu
with more female subjects than male subjects [13]. The results of this
study contradict the results in other studies which concluded that stroke
infarction should have a higher prevalence in males [10]. The subjects of
this study were 17–92 years old with an mean age was 57.14 years. The
results of this age demographic approach the mean age of the subjects of
the study conducted by Ibrahim Ilker with the results of mean age of the
subjects was 58.76 years [14].

This study shows that the risk factors for hypertension occur in 83.2%
of subjects who are the highest risk factors when compared with other
risk factors such as diabetes, smoking, and cardiac abnormalities. These
results are consistent with research on stroke risk factors conducted in
Asia in 2014 found that there are six risk factors that influence the
incidence of stroke, body mass index �25 kg/m2, smoking, diabetes,
cardiac abnormalities, alcohol consumption, and hypertension. The
study shows that hypertension is the most common risk factor found in
stroke patients [15].

As a major component to prevent bleeding, platelets are crucial in the
pathogenesis of infarction strokes because they play a role in the for-
mation of atherosclerosis and thromboembolism that initiate stroke
symptoms. Activated platelets initiate the production of hemostatic pla-
ques and play an important role in the activation of the coagulation
system and the formation of atherosclerosis [16]. Atherosclerosis is the
most frequent pathogenesis and results in cerebral infarction. Vascular
collagen will enlarge the area in contact with platelets in areas that have
endothelial damage. It contributes and plays an important role in the
formation of thrombosis, which is the process of platelet aggregation.
Platelets will be activated by Platelet Activating Factor (PAF) which is
produced by ischemic parenchymal tissue, thereby impacting on the



Table 2. Mean white blood cells, thrombocyte, PWR, NIHSS based on type of ischemic stroke.

Type of ischemic stroke n (%) Mean White blood cells
n (uL) � SD

Mean thrombocyte
n (uL) � SD

Mean PWR
n (uL) � SD

Mean NIHSS
n (uL) � SD

r(p)

Cardioembolic stroke 118 (30.2) 12572.71 � 19343.97 265394.92 � 86126.96 26.74 � 11.28 10.31 � 3.78 -0.9603 (0.001*)

Atherothrombotic stroke 273 (67.8) 10161.67 � 6605.65 303317.39 � 89313.49 33.02 � 11.77 5.81 � 2.71

*Significance p<0.05.

Table 3. Analysis of variant.

df SS MS F Significance F

Regression 5 22247.91 4449.582 306.7256 1.2E-131

Residual 385 5585.088 14.50672

Total 390 27833

Table 4. Regression statistic of independent variable.

Regression Statistics

Multiple R 0.894056

R Square 0.799336

Adjusted R Square 0.794654

Standard Error 3.808769

Observations 390
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activation and aggregation of sustained platelets. In addition, PAF is also
a toxic agent against nerves [10].

A description of the function and platelet activity can be drawn from
the Mean Platelet Volume (MPV) and platelet count calculation. High
platelet count increases the risk of stroke infarction. This increase is
believed to affect the ease of thrombus formation whereas if the number
is lower it can have implications for the lack of good coagulation function
which is at risk of cerebral hemorrhage [16]. High platelet counts can be
detected in infarct stroke patients with poor prognosis and subjects who
die of infarction stroke [17]. White blood cells play an important role in
the inflammatory process, namely in vascular damage and secondary
parenchymal damage after the onset of an ischemic stroke. Cytokines and
adhesion molecules that regulate increased migration of white blood
cells into the infarct area [10]. The number of circulating neutrophils
increases several hours after the onset of a stroke and related to the
severity of the stroke, infarct volume, and worsening neurological out-
comes [18]. Increasing white blood cells after the onset of a stroke occurs
due to increased production, increased release of bone marrow and
spleen, and may also be influenced by a reduction in neutrophil
apoptosis. Releasing factors during cerebral infarction such as cytokines,
chemokines, and Damage-Associated Molecular Patterns (DAMPs) which
play a role in activating and recruiting neutrophils to infarct locations.
After neutrophils are recruited and activated regarding exposure of these
factors, neutrophils will release proinflammatory molecules, Reactive
Oxygen Species (ROS), cytokines, chemokines, and proteases [19].
Table 5. Confidence interval for PWR, patelet, WBC, age and onset.

Coefficients Standard Error t Stat P-value

PWR -0.05984 0.020252 -2.95449 0.003324

Platelet 9.18E-06 2.37E-06 3.880126 0.000123

WBC 3.08E-05 1.68E-05 1.830088 0.06801

Age 0.113981 0.009866 11.55316 1.04E-26

Onset -0.00999 0.005606 -1.7817 0.075586

Bold signifies p<0.05.
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Blockages due to emboli usually occur in branching of arteries such as
bifurcations from carotid internal arteries to cerebral arteries media and
anterior sebaceous arteries, or at the bifurcation of the cerebral artery
media. Emboli rarely clogs the penetrating artery in the media cerebral
artery such as the lenticulostriate artery because this artery is almost
perpendicular to the source artery and it makes large infarction area
[20]. The greater the number and activation of white blood cells proin-
flammation after a stroke, is related to the size of the infarction area,
damage to the Blood Brain Barrier (BBB), transformation of infarction
into bleeding, and worsening neurological outcomes [19].

This study showed that cardioembolic stroke group had higher mean
white blood cells count than atherothrombotic stroke group (12572.71 vs
10161.67/uL) and cardioembolic stroke group had lower PWR than
atherothrombotic stroke group (26.74 vs 33.02).

The degree of neurological deficits in stroke infarction patients can be
assessed using the National Institute of Health Stroke Scale (NIHSS).
NIHSS is not only used to assess the degree of neurological deficit, but
also to facilitate communication between patients with medical
personnel, evaluate, determine appropriate treatment and predict out-
comes of stroke patients, determine the initial prognosis and complica-
tions and interventions needed. NIHSS is also widely used to assess the
severity of patients with ischemic stroke. Currently NIHSS is widely used
routinely to assess the severity of strokes in stroke service centers. The
NIHSS assessment includes eleven components which include: level of
consciousness, best gaze, visual field testing, facial paresis, arm and leg
motor functions, limb ataxia, sensory, language, dysarthria, extinction,
and inattention. NIHSS has a maximum score of 42 and a minimum score
of 0. The interpretations of NIHSS are: score> 25 is very heavy, 14–25
severe, 5–14 moderate, and <5 mild [11,21].

The interaction between platelets and white blood cells is associated
with inflammation and onset of stroke infarction. White blood cells-
Platelet Aggregates (LPAs) in the periphery are believed to be one of
the signs of platelets that have been activated as a bridge for other cells in
blood vessels, especially white blood cells whose recruitment is influ-
enced by components released by platelets including some chemokines
and membrane ligands. The formation of LPA becomes a very important
factor when there is damage to infarction reperfusion by accumulating in
Lower 95% Upper 95% Lower 95.0% Upper 95.0%

-0.09965 -0.02002 -0.09965 -0.02002

4.53E-06 1.38E-05 4.53E-06 1.38E-05

-2.3E-06 6.39E-05 -2.3E-06 6.39E-05

0.094583 0.133378 0.094583 0.133378

-0.02101 0.001034 -0.02101 0.001034
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blood vessels with infarction conditions. The location of the infarction
will double the amount of LPA after infarction and reperfusion stroke
compared to preischemic values leading to microvascular plaque for-
mation and decreased ischemic perfusion. This process is accompanied
by further white blood cells recruitment by platelet aggregation and
activation. That is why PWR can represent the degree of inflammation
and thrombosis as well as illustrate the severity of ischemic stroke [10].

In this study, mean NIHSS in cardioembolic stroke group was higher
compared with atherotrombotic stroke group (10.31 vs 5.81). There was
a strong negative significant correlation (r ¼ -0.9603; p < 0.001) be-
tween PWR and NIHSS. It means, higher PWR will provide higher NIHSS
than the lower PWR. From logistic regression, we found that PWR and
platelet was statistically significance correlate with NIHSS (p < 0.05).
The coefficient of PWR is the highest (absolute value) among other in-
dependent variables. It shows that PWR has positive effect on clinical
outcome using NIHSS tools in acute ischemic stroke patients.

This study had several limitation. This study used retrospective data
and we did not compare with another marker for inflammatory re-
sponses, such as C-Reactive Protein (CRP), Interleukin (IL), or the
proinflammatory molecules, Reactive Oxygen Species (ROS), cytokines,
chemokines, and proteases, and we purposed cohort design in future
study to examine Odds Ratio and association of PWR to predict clinical
outcome in acute ischemic stroke patients.

5. Conclusion

PWR was associated with severity of acute ischemic stroke, car-
dioembolic stroke had higher PWR compared with atherothrombotic
stroke. PWR had a strong correlation with NIHSS. The higher PWR will
provide higher NIHSS and has positive effect on clinical outcome using
NIHSS tools in acute ischemic stroke patients.
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