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Abstract

Background: Platelet is the important factor in the pathogenesis of atherosclerotic complications, contributing to thrombus
formation. As there is a significant correlation found between acute ischaemic stroke and platelet indices including platelet count
with their prognostication, but no similar study has been documented from this area of the country, which has drawn attention to
conducting this study.

Methods: This is an observational, case-control study. Patients with acute ischaemic stroke and aged 18 years or above were
included involvingatotal of 156 subjects (78 cases and 78 controls). They were examined clinically radio-logically and pathologically
by platelet count and different indices like mean platelet volume (MPV), platelet distribution width (PDW), platelet to large cell
ratio (P-LCR).

Results: In the present study, mean PDW of cases is 17.69 fl with a SD of 3.22 fl and means PDW of the control group is 13.67 fl with
a SD of 3.15 fl. There is statistically insignificant (p=0.26, CI-95%) changes in value of plateletcrit (PCT) among cases and control
group (mean PCT of cases is 0.27% with a SD of 0.07% and the mean PCT of control subjects is 0.29% with a SD of 0.07%).

Conclusion: The observations here suggest a role for larger platelets in the genesis of cerebral thrombosis and are likely to
represent changes occurring at the time of thrombopoiesis. Patients with larger platelets can easily be identified during routine
haematological analysis. Hence, these indices serve as an important and cost-effective tool in predicting an impending ischemic
event and can be used in the future, especially in resource poor countries like India.
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Introduction

Cerebrovascular diseases caused 200,000 deaths
each year in the United States and are a major cause
of disability [1]. Stroke (Cerebrovascular diseases)
is one of the leading causes of death and disability in
India. The estimated adjusted prevalence rate of stroke
ranges from 84-262/100,000 in rural areas and 334-
424/100,000 in urban areas. The incidence rate is 119-
145/100,000 based on the recent population-based
studies. There is also a wide variation in case fatality
rates, with the highest being 42% in Kolkata [2]. The
risk factors identified were hypertension alone in 40%,
hypertension with diabetes in 25%, and hypertension
with other risk factors (raised cholesterol, ischemic
heart disease) accounted for another 20%. Diabetes
and ischemic heart disease alone were present in 5%

of cases. Platelets are cytoplasmic fragments of bone
marrow megakaryocytes, with a diameter of 3-5 um
and a volume of 4.5-11 fL. Thrombosis is a critical event
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in the arterial diseases associated with myocardial
infarction and stroke. Platelet indices like platelet count,
mean platelet volume (MPV), platelet distribution
width (PDW), platelet to large cell ratio (P-LCR) &
plateletcrit (PCT) reflect the level of platelet function
and activation.

Platelet Indices: Platelets are heterogeneous regarding
their size, density and haemostatic potential. Platelet
size (MPV) is a marker (and possibly determinant) of
platelet function, large platelets being potentially more
reactive. PDW is a measure of platelet anisocytosis &
combined use of MPV and PDW could predict activation
of coagulation more efficiently. P-LCR measures the
number of platelets falling above the 12fl threshold on
the platelet size histogram divided by the total number
of platelets. It has also been used to monitor platelet
activity.

Platelet count and platelet indices in the blood can be
rapidly measured using an automated haematologic
analyser. Platelet indices, being biomarkers of platelet
activation, give an insight into the pathological process
before an acute event like ischemic stroke and also have
prognostic implications. So, platelet count and platelet
volume indices are an important, simple, effortless,
and cost-effective tool that can be used for predicting
the possibility of impending acute events like stroke,
especially in countries such as India. It also helps in
implementation of newer therapeutic strategy in future
to reduce the risk of ischemic stroke in an individual
with risk factors for stroke as well as recurrence of
acute events.

The change in platelet count in cases of acute ischaemic
stroke in comparison to the control group were studied.
The changes in platelet indices like MPV, PDW, PDW,
PCT in cases of acute ischemic stroke in comparison to
control group were investigated.

Materials and method methods

This is an observational, case-control study. The study
was conducted after approval from the institutional
ethic committee. The cases admitted in indoors of
general medicine ward of North Bengal medical college
and hospital with symptoms suggestive of acute stroke
and confirmed radio-logically by CT scan or MRI of the
brain as having acute ischemic stroke and age and sex
matched with healthy controls were selected from April
2019 to March 2020.

Inclusion criteria: Patients with acute ischaemic stroke
(fulfilling the clinical and radiological criteria of
stroke), aged 18 years or above and willing candidates
were considered as case. Age and sex matched healthy

subjects with no history of ischemic stroke were
included as controls. They were aged 18 years or above
and those who gave consent.

Exclusion criteria: Patients with haemorrhagic stroke,
history of cardio-embolic stroke and any co-morbid
condition that may alter platelet function were excluded
from the study group.

Study tools: Pre-designed questionnaire schedule,
sphygmomanometer, stethoscope, hammer, torch
etc., disposable syringes with needle, cotton, spirit,
tourniquet and EDTA containing vial and plain vial,
gloves, needle destroyer were gathered. Laboratory
equipment like Binocular compound microscope, glass
slides, Leishman stain, automated cell counter (Sysmex
XS-800i), Haemocytometer (improved Neubauer
Chamber) and 1% aqueous ammonium oxalate as
diluent for platelet count and automated analyser were
used for the study purpose.

Statistical analysis

The collected data was organized and entered in the
microsoft excel data sheet. The student’s t test is applied
for comparison of mean value & data was analysed using
SPSS.

Results

The following results were obtained after analysing
the collected data. A total of 156 subjects (case-78,
control-78) were studied, 88 of which were male and
68 were female subjects. The mean age of study subject
was 61.22 years with range from 41 years to 90 years.
Mean age of case and control group. The mean age of
the cases was 61.58 years and mean age of control
was 60.86 years. The age range for the 78 cases- 41-90
years (Figure 1). Mean age for cases- 61.58 years. The
majority of the cases are in the 61-70 years age group
(38.46%). Distribution of cases according to history of
previous stroke. Among the 78 patients, only 2 patients
had previous h/o ischaemic stroke. Distribution of cases
was according to type of infarct. Among the 78 patients,
51 patients had cortical infarct (65.38%), 27 patients
had lacunar infarct (34.62%).

MPV value of cases and controls: MPV value of cases:
Mean-12.25 fl, SD-1.01fl. MPV value of control: Mean-
10.42fl, SD-0.92 fl. There is significant higher value of
MPV in cases than control subjects (p=0.00, CI- 95%).
Mean platelet counts of cases and control subjects.
Platelet count of cases: Mean-227589.7 cells/micro-
liter, SD-62642.7 cells/micro-liter. Platelet count of
control: Mean-280500 cells/micro-liter, SD-70210
cells/micro-liter. There is significantly higher platelet



Mohiuddin SKM et al. ] Med Sci Res. 2024; 12(2):118-123

120

count in control group (p=0.000) than case (CI-95%).
Mean PDW of cases and control subject. Mean PDW
of cases: 17.69 fl, SD- 3.22 fl. Mean MPV of cases and
control subjects. Mean PDW of control group: 13.67 fl,
SD- 3.15 fl. PDW was significantly increased in cases
in comparison to control group, p value- 0.00 (p value
<0.05 is considered as significant, CI- 95%). Mean PLCR
(%) of case and control subject. Mean P-LCR of cases
- 42.19%, SD- 8.77%. Mean P-LCR of control subjects-
28.66%, SD-7.26%. So, cases have significantly higher
P-LCR values than control subjects (p value- 0.00, CI-
95%). Mean PCT of cases-were 0.27%, SD-0.07% and
mean PCT of control subjects-were 0.29%, SD- 0.07%.
Difference between mean PCT of cases and control
subjects is not statistically significant-P value- 0.26 (>
.05, CI- 95%).

m41-50
m 51-60
m61-70

71-80
m 81-90

Figure 1: Age distribution of study subjects.

Platelet morphology among the cases (ischemic
stroke patients) were among the cases (n=78), large
platelets were found in peripheral blood smear in 36
patients (46.15%), platelet clumps found in 29 patients
(37.17%) (Figure 2). Among the 36 patients having
large platelet, 17 patients (47.22%) also have platelet
clumps in peripheral blood smear. MPV value of cases
was according to the age group. Among the cases, mean
MPV value is highest in the 41-50-year age group
(12.371l1), lowest in the 81-90-year age group (12.1f])
(Table 1).
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Figure 2: PBF showing large platelet (arrow).

Table 1: MPV value of cases according to age group.

AGE (Years) MPV (fL)
41-50 12.373
51-60 12.136
61-70 12.27
71-80 12.342
81-90 12.1

Table 2: Mean MPV of cases and control subjects.

Mean MPV (Fl)
Case 12.25
Control 10.42

In the present study, we found the mean MPV value of
cases is 12.25 fl with a SD of 1.01fL. The mean MPV
value of control is 10.42f] with a SD of 0.92 fl. There
is a statistically significant higher value of mean MPV
in cases than in control subjects (p=0.00, CI- 95%)
(Table-2). The mean platelet count of cases is 227590
cells per micro-liter with a SD of 62643cells per micro-
liter and the mean platelet count of control is 280500
per micro-liter with a SD of 70210 (Table 3). The mean
platelet count of cases is lower than the control group
which is statistically significant (p=0.000, CI-95%).

Table 3: Mean platelet count of cases and control subjects.

Mean platelet count per cmm

Case 227589.7
Control 280500
Discussion

Stroke is one of the leading causes of death and disability
in India. The estimated adjusted prevalence rate of
stroke ranges, 84-262/100,000 in rural areas and 334-
424/100,000 in urban areas. The incidence rate is 119-
145/100,000 based on the recent population-based
studies. There is also a wide variation in case fatality
rates, with the highest being 42% in Kolkata.

In the present study, mean age of cases is 61.58 years
with a range of 41-90 years. The mean age of control is
60.86 years with a range of 42 -88 years. Both groups
include 44 male and 34 female subjects. So, there
is male predominance (56%) among the ischaemic
stroke cases. Most of the study subjects are in the 61-
70-year age group (38.46% of cases and 37.18% of
control subjects). The result is similar to other studies
of stroke conducted in India. In a study conducted
by Priyanka Meena et al, the mean age of the study
group was 54.85 £11.85 yrs. (range 31 to 76 yrs.) with
male predominance [3]. The mean age and gender
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distribution of the present study is also similar to the
study conducted by Parvaiz. A. Shah et al. where they
found the mean age of the ischemic stroke was 58 years
(range 34 to 78 years). Males comprised 59% of the
study group. Among the cases, 51 patients have cortical
infarct and 27 patients have lacunar infarct, 45 patients
(57.70%) have a history of hypertension, 29 patients
(37%) have h/o current smoking and only 2 patients
have a previous history of ischaemic stroke. Among the
control group 17 subjects (21.79 %) have a history of
hypertension and 19 subjects (24%) have h/o current
smoking.

In the present study, most common clinical presentation
of cases is hemiparesis, other clinical presentations are
aphasia, dysarthria, unconsciousness, facial weakness
etc. This finding is also supported by the studies done
by Kaul S et al & Md. Abu Naser Siddique et al. In the
present study, we found the mean MPV value of cases
is 12.25 fL with a SD of 1.01fL. The mean MPV value
of control is 10.42fL with a SD of 0.92 fL. There is
statistically significant higher value of mean MPV in
cases than in control subjects (p=0.00, CI- 95%). The
mean platelet count of cases is 227590 cells per micro-
liter with a SD of 62643cells per micro-liter and the
mean platelet count of control is 280500 per micro-liter
with a SD of 70210. The mean platelet count of cases
is lower than the control group which is statistically
significant (p=0.000, CI-95%). The result of our study
is similar to other studies in the literature. Butterworth
R] et al found in their study that MPV was significantly
higher in patients with ischaemic stroke than the control
group: mean (SD) 7.35 (1.05) vs 7.09 (0.74) fL, 2 p=0.04.
But they found no difference in platelet count between
ischaemic stroke patients and controls. Patients who
were dead or dependent at 3 months had a significantly
higher baseline MPV and a tendency to a lower platelet
count than those who returned to independence.

In another study conducted by O'Malley T et al over 58
stroke patients who were consecutively admitted to a
geriatric medical unit. Platelet indices were calculated
in two settings: acute CVA (< 48 h) and chronic (> 6
months) and matched with control platelet indices. The
study found mean platelet volume was higher in acute
stroke (11.3 compared with 10.1 fL in control subjects;
p<.001, Student’s t test). In addition, platelet count was
reduced in stroke patients (255 x 10(9)/L) compared
with control subjects (299 x 10(9)/L; p < .01). In a
study conducted by Neki N.S. et al, also displayed
a statistically significant correlation with ischemic
stroke with MPV (p value of 0.000). Average MPV were
8.92+1.03fl compared to controls in which the average
was 7.67+1.38fl [4]. Platelet count, found in acute stroke
was remarkably lower in comparison to control study

(213611+/- 65652 per micro-liter vs. 29952+/- 60611
permicro-liter,p<0.001). PLCreached thenormal onand
after 9" day. The mean platelet volume was significantly
greater than in the controls (11.26fL +/-1.29 fl vs. 8.93
fl+/- 0.93 fl, p< 0,001) and normalization generally
occurs on the forty-fifth day. Studies conducted in our
country also had similar results. Meena et al performed
a hospital based cross sectional study which showed a
statistically significant higher MPV value in cases than
controls subjects 11.88 (9.5 to 14.5) and 9.72(7.6 to
13.2) respectively. When MPV and total platelet count
were compared in patients, an inverse correlation was
seen in the MPV values and mean platelet count (r=-p <
0.01) by using Pearson’s correlation coefficient [3].

In the present study, mean PDW (platelet distribution
width) of cases is 17.69 fl with a SD of 3.22 fl and means
PDW of the control group is 13.67 fl with a SD of 3.15
fl. PDW is significantly increased in cases compared
to the control group (p=0.00, CI- 95%). In the present
study, also shows a statistically significant (p=0.00, CI-
95%) higher value for mean P-LCR in cases compared to
control group (mean P-LCR of cases is 42.19% with a SD
of 8.77%and mean P-LCR of control subjects is 28.66%
with a SD of 7.26%).There is statistically nonsignificant
(p=0.26, CI-95%) changes in value of PCT among cases
and control group (mean PCT of cases is 0.27% with a
SD of 0.07% and the mean PCT of control subjects is
0.29% with a SD of 0.07%). The mean haemoglobin
of cases is 11.97 g/dl with a SD of 1.83 g/dl and mean
haemoglobin of control subjects is 12.33 g/dl with a SD
of 1.41 g/dl (p=0.98, C195%). The mean total leukocyte
count of cases is 9932 cells /micro-liter while the mean
TLC of control subjects is 7920 cells/ micro-liter. The
value of TLC of cases is significantly higher than in
control subjects (P value- 0.00, CI- 95%) which may
be due to stress induced leucocytosis in patients with
acute stroke.

In a study conducted by Pandey et al., they found with
cerebrovasculardiseasepatients, MPVwas10.30+0.83fL,
PDW was 14.50+0.55 fL, platelet count was 260x10° +
29x10°/L while in control MPV was 8.14+ 0.72 fl, PDW
was 10.71+0.48 fl, platelet count was 285x10° + 50
x10°/L. MPV and PDW were higher and platelet count
lower in the cerebrovascular disease group and a highly
significantdifference (p<0.001) was found on comparing
with controls [5]. In a study conducted by Waseem Al-
Tameemi et al., they found mean platelet count (MPC)
differs significantly in cases of multiple strokes in
comparison with those having first stroke or the control
group, while no statistically significant differences
were reported with the other indices (MPV, PDW or
P-LCR). In the present study, platelet morphology was
observed in peripheral blood smear and the presence
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of large platelet and platelet clumps are also observed.
Larger platelets are seen in the peripheral blood smear
of 36 ischemic stroke patients (46.15%) and platelet
clumps were found in the peripheral blood smear of
31 ischemic stroke patients (37.18%). Among the 36
patients having larger platelets in peripheral blood,
platelet clumps were found in 17 cases (47.22%). No
similar study is available in literature that observed
platelet morphology in peripheral blood smear under
light microscopy.

There is statistically significant (p=0.00) higher MPV
value in cases with cortical infarct (mean MPV 12.53
fl with a SD of 0.98 fl) than cases with lacunar infarct
(mean MPV 11.71 fL with a SD of 0.84 fl). Statistically
significant higher value observed in PDW (18.5f
vs 16.16fl, p=0.004) and PLCR (44.84% vs 37.18%,
p=0.001) among patients with cortical infarct than
lacunar infarct and there is statistically insignificant
higher mean platelet count (226059 cells/micro-liter
vs 230481cells/micro-liter, p=0.93) in lacunar infarct
cases than cortical infarct cases and PCT% (0.28 vs
0.27, p=0.27) is higher in patients with cortical infarct
than lacunar infarct. In the present study, patients with
lacunar infarct also have statistically significant higher
mean value of MPV (11.71 fl vs 10.42 fl, p=0.00), PDW
(16.16flvs 13.67fl, p=.00), PLCR (37.18% vs 28.66%,
p=0.00), and lower platelet count (230481 cells/ micro-
liter vs 280500 cells/ micro-liter, p=0.00) than control
subjects. Differences between mean PCT of lacunar
infarct and control subjects is statistically nonsignificant
(0.27% vs 0.28%, p>0.05).

Pikija et al also discovered that higher MPV was
linked with greater infarct size [estimate 0.259, 95%
confidence interval (CI) 0.004-0.513, p=0.046], higher
risk of morbidity and morbidity at 7 days of CVA [relative
risk (RR)=1.077, 95% CI 1.005-1.115, p=0.036], as well
as 3 months after CVA (RR=1.077,95% CI 1.001-1.158,
p=0.048). Butterworth R] et al also had similar outcome
in their study. MPV was significantly higher in patients
with ischaemic stroke than the control group: mean (SD)
7.35 (1.05) vs 7.09 (0.74) fl, 2 p=0.04; they also found
that MPV was higher in patients with cortical stroke:
7.46 (1.00) fl, 2 p=0.039, but not lacunar infarction: 7.14
(1.16) fl, 2 p=1.0. No difference was seen in PC between
ischaemic patients and controls: 231 (82) 10(9)/1 vs
236 (54) 10(9)/1, 2 p=0.63. Increased platelet volume
seen in acute ischemic CVA and that remain elevated
even at 3 months after stroke. This findings were mainly
confined to cortical CVA-infarction cases with the habit
of current smoking have a statistically significant higher
value of mean MPV (12.62f] vs 10.03fl, p=0.01), mean
PDW (19.042fl vs 16.886fl, p=0.00) and mean PLCR
(45.67% vs 40.14%, p=0.00) than cases without habit

of current smoking, while non-significant higher mean
platelet count (220862 /micro-liter vs 231571 /micro-
liter, p=0.01) & mean PCT (0.275% vs 0.276%, p=0.59)
are found in cases with no history of current smoking.
The cross-sectional study conducted by Swaminathan
et al had similar results which showed significantly
high values of MPV, and PDW (P<0.05) among smokers
compared to nonsmokers. MPV, PDW, and P-LCR were
found to be positively associated with the intensity of
smoking, pack-year, and duration of smoking [6]. In the
present study, there is nonsignificant higher value of
mean MPV (12.30 fl vs 12.18fl) but lower mean platelet
count (226432/microliter vs 229088/micro liter)
among ischaemic CVA patients with h/o HTN (45 cases)
than cases without h/o HTN (33 cases). Differences
between mean PDW (17.78 fl vs 17.58 fl), PLCR (40.40
% vs 40.03%), PCT (0.27% vs 0.28%) values are also
statistically nonsignificant (p value > 0.05) between
these two groups. In a study conducted by Meena et al.,
MPV has been compared with the various risk factors
for stroke. They found that MPV was higher in patients
with stroke and diabetes mellitus with a suggestive
significance (p<0.001) when compared to controls.
(Mean MPV of cases-12.05f] & controls 9.62fl). But they
found no statistical significant changes in platelet count
and MPV with other risk factors like HTN, smoking,
alcohol consumption etc [3]. Predictable correlation has
been established between platelet indices and stroke
[7]- The MVP index can be a marker of the type of stroke
[8]. Significant correlation between Platelet lymphocyte
ratioand NIHSS scores has been demonstrated by Govind
etal. But they failed to demonstrate correlation between
Platelet indices and NIHSS score [9]. Higher MPV was
seen in ischemic stroke and lower platelet count was
demonstrated both ischemic and hemorrhagic strokes
as per Sadeghi et al [10]. As per the study of Li et al,,
there is evidence of a potential correlation between
platelet crit and increased risk of stroke, confounded
by blood pressure [11]. MPV was an independent
predictor of poor short-term outcome of acute stroke
after controlling for con-founders like diabetes.

Limitations of this study: single centre-based and over a
limited time period, the study sample is small. The follow
up of the patients was not done. Platelet functional
studies are also needed to correlate the findings with
platelet functional status,

Conclusion

This single centre based observational study with case
control design involving a total of 156 subjects (78 cases
and 78 controls) has shown a statistically significant
higher mean value of MPV, PDW & P-LCR and a lower
mean value of platelet count in acute ischemic stroke
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patients than age & sex matched control subjects. In the
present study, we also observed the platelet morphology
in peripheral blood smear which requires further studies
in the future and correlation with electron microscopic
findings and platelet functional studies. Among the
cases (ischemic stroke patients), patients with cortical
infarct have significantly higher mean values of MPV,
PDW and PLCR than patients with lacunar infarct. So,
as larger platelets are haemostatic ally more active,
their presence is probably a risk factor for developing
thrombosis. Patients with larger platelets can easily
be identified during routine haematological analysis.
Hence, these indices serve as an important and cost-
effective tool in predicting an impending ischemic event
and can be used in the future, especially in resource
poor countries like India. Further trials are required to
explore the role of drugs, which may change the platelet
morphology so that we can have a new line of preventive
treatment for thrombotic events.
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