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The predictive value of mean platelet volume,
neutrophil  lymphocyte ratio and platelet
lymphocyte ratio in acute middle cerebral artery
Infarction patients
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SUMMARY Hamit Celik
Mesut Erbas

Objective: The aim of this study was to determine the predictive value of
mean platelet volume (MPV), neutrophil-to-lymphocyte ratio(NLR) and
platelet-to-lymphocyte ratio(PLR) in patients with acute middle cerebral
artery (MCA)branch infarction.
Method: This examination was performed on the files of 50 patients
followed up at the Anesthesia and Reanimation ICU of Onsekiz Mart
University Hospital between April 2017 and September 2019 for acute
occlusion in the MCA branch, with no previous history of an ischemic
stroke. These patients were assessed with the National Institutes of Health
Stroke Scale (NIHSS) and the Modified Rankin Score (mRS). The ratios of
the neutrophil and platelet countsto the lymphocyte count (NLR and PLR
ratios) within the first hour of the stroke and MPV were compared to a
control group.
Results: The study included 50 patients with the acute ischemia of the MCA
branch, of which 28 (56%) were female. The control group consisted of 50
healthy people, and 24 (48%) of these were female. The mean NIHSS score
of the patients was 11.4 £+ 2.6, and their mean mRS was 2.5 £ 1.5.
Conclusions: In our study with patients who had acute middle cerebral
artery infarction, we found that the NLR, PLR, and MPV levels within the
first hour of stroke were higher in the patient group in comparison to the
control group ona statistically significant level. However, multicenter
studies with larger subject groups are needed for the use of hematological
parameters as biomarkers in an ischemic stroke.
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lymphocyte

ORCID IDs of the authors:
H.C. 0000-0002-8654-2518
M.E. 0000-0003-3996-7094


https://orcid.org/0000-0002-8654-2518
https://orcid.org/0000-0003-3996-7094

Amac:

Yontem:

Bulgular:

Sonuc:

Anahtar sozciikler:

INTRODUCTION

Stroke is a disease whose socioeconomic burden is
constantly increasing, and morbidity rate is high
especially in developing countries. Especially its
high mortality rate and loss of function in
survivors, as well as requirement of long-lasting
support and care, increase the importance of early
diagnosis and effective treatment of acute stroke.
Approximately 87% of stroke patients have
ischemic stroke, while 16% have hemorrhagic
stroke (intracerebral hemorrhage and subarachnoid
hemorrhages) ®. For cerebral infarctions, several
risk factors as age, sex, hypertension, diabetes
mellitus, smoking, genetic factors and cardiac
diseases may be listed 2. Our knowledge on stroke
is being updated day by day with various studies
from different countries assessing data in the last
three decades. Risk factors for cerebral infarctions
may be listed as age, sex, race, hypertension,
metabolic syndrome, diabetes mellitus, smoking,
poor nutrition, alcohol consumption, sedentary life,
genetic factors, obesity, psychiatric diseases,
cardiac diseases, lipid metabolism disorder, air
pollution, diseases causing chronic inflammation,
sepsis and acute infection, chronic kidney failure,
substance addiction and drug abuse, carotid
stenosis and sleep breathing disorders 22,

The middle cerebral artery (MCA) is one of the
brain arteries that are frequently clogged in
infarctions, and the clinical signs in the case of their
clogging are very well-known. It is known that, if
MCA clogging is not intervened with,
intraparenchymal ischemia induces an irreversible
injury in neurons. There is rapid deterioration in
neurological signs in the first hours of stroke
development in 25-40% of ischemic stroke
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patients. Looking at causes of neurological
deterioration, extracellular glutamate increase,
formation of cellular acidosis, cytokine secretion,
free radical formation, nitric oxide production and
intracellular calcium increase are among the
possible mechanisms, whereas the area in the
central nervous system innervated by the clogged
artery is also highly important. Studies that have
been conducted investigated the acute phase
reactants, signal molecules, cytokines,
interleukins, hormones and biomarkers that
decrease or increase in acute ischemic stroke and
their relationship to the prognosis of stroke *°.

Recent studies have shown that the ratios of
neutrophil and platelet counts to lymphocyte count
(NLR and PLR ratios) and MPV (mean platelet
volume) values may be an indicator of systemic
inflammation, and they are related to the prognosis
in several cardiovascular diseases, malignancies
and chronic inflammatory diseases . Neutrophil
activation leads to secretion of reactive oxygen
species, cytokines, proteases and cationic proteins
(e.g. elastase, lactoferrin). In the case of an
infarction in the region of the middle cerebral
artery (MCA), the effects of the intensity of these
inflammatory cytokines on the patient’s prognosis
become highly significant. A study conducted in
Turkey demonstrated that NLR and PLR increased
in the acute period in patients with intracerebral
hemorrhage, and these may be associated with
mortality 8.

In our study, in patients that were hospitalized at
the intensive care unit with a definite diagnosis of
acute middle cerebral artery branch infarction who
had not had an ischemic stroke before, we
compared the neutrophil and platelet to lymphocyte



ratios (NLR and PLR) and MPV (mean platelet
volume) values to those in a control group.

MATERIAL AND METHODS

Our study included 50 patients who were admitted
to the emergency service in the first 12 hours who
were being monitored and hospitalized at our
intensive care unit with the diagnosis of middle
cerebral infarction between April 2017 and
September 2019. The control group consisted of 50
healthy individuals who were admitted to the
check-up polyclinic of our hospital.

Based on the information obtained from patient
relatives and hospital records, patients with usage
of drugs that alter platelet, lymphocyte or
neutrophil counts, those with systemic or chronic
inflammatory diseases, those at the stage of active
infection, those with a recent history of trauma and
surgical intervention or those with an acute MI
picture, total middle cerebral artery, anterior
cerebral artery infarction, posterior cerebral artery
infarction patients, those with combined infarction
of these arteries, patients with lacunar syndrome
diagnosis, patients with history of previous stroke
and those with liver failure, kidney failure or
advanced heart failure were excluded from the
study.

The study included 50 patients with acute middle
cerebral artery branch infarction, 28 of whom were
female. Blood samples were obtained and collected
in hemogram tubes from all patients to measure
their NLR, PLR and MPV levels in the first hour of
stroke. All patients received neurological
examination when they were admitted to the
intensive care unit. The severity of stroke was
determined by filling out NIHSS (National
Institutes of Health Stroke Scale). At the time of
admission, their cranial computerized tomography
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images were taken, and control CT imaging was
performed on all patients at the 24th-48th hours. In
this process, the patients received all necessary
monitoring and follow up procedures at the
intensive care unit, and all routine biochemistry
and hemogram tests were carried out. For our
study, approval was obtained from the local ethics
board (Decision no: 2019-21).

Statistical Analysis

In our study, the SPSS (Statistical Package for the
Social Sciences) Windows 19.0 package program
was used for the statistical analyses. The data were
analyzed by using descriptive statistical methods
(mean, standard deviation). Student’s t-test was
used to compare the patient and control groups.
The results were interpreted in a 95% confidence
interval, and p<0.05 was accepted as statistically
significant.

RESULTS

Our study included 50 patients, 28 (56%) of whom
were female. The mean age of the patients was
70+13, with a range of 57 to 83. Among the 50
healthy individuals in the control group, 24 (48%)
were female. The mean age of the control group
was 67+12, with a range of 55 to 79. The age and
sex distributions of the control and patient groups
were similar (Table 1). Among the 50 patients, 32
(64%) had hypertension, while 22 (44%) had
diabetes. There was a history of cardiac disease in
24 (48%) patients. Table 1 shows the demographic
characteristics of the patient and control groups. In
the patient group, according to the results of
hemograms taken in the first hour of stroke, the
neutrophil and platelet to lymphocyte ratios (NLR
and PLR) were calculated, and the MPV (mean
platelet volume) values were determined.

Table 1: Demographic Characteristics in MCA and Control Groups

MCA (n:50, %) Control (n:50, %)
Age (years) 70+ 13 6870 + 12
Sex (F/M) 56/44 48/42
Smoking 60%
Hypertension 64%
Diabetes mellitus 44%
Cardiac disease 48%

The mean value of the NLR in the first hour of
stroke in the patient group was 3.8+1.9, while the
mean NLR in the control group was 2.1+0.7. There
was a statistically significant difference in the NLR
values between the patient and control groups

(p<0.001). Table 2 shows the other clinical results
in the patient and control groups. The patient group
had an NIHSS mean score of 11.4+2.6 (0-42),
while their mean mRS was 2.576+ 2.100 (0-6).
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Table 2: Clinical Characteristics in MCA and Control Groups

MCA Control p
NLR 3.8+1.9 2.1+0.7 <0.005
PLR 159.4+13.4 109.2+9.2 <0.005
MPV 8.5£2.3 5.9+2.1 <0.005
NIHSS mean 11.4+2.6
MRS mean 2.5+1.5
DISCUSSION ischemic episode *°. Leukocytes are main cells that

In our study, the NLR, PLR and MPV levels in the
first hour of stroke in the patients who had acute
middle cerebral artery branch infarction for the first
time were significantly higher than those in the
control group.

It is thought that free oxygen radicals seen in
ischemia, reperfusion, cellular acidosis and
hypoxia processes lead to wvarious structural
changes in acute stroke patients. In recent years, it
has been reported that neutrophilia and
lymphopenia are independently related to
increased cardiovascular risk. In particular, it was
stated that the maximum NLR is one of the
determining factors on mortality in myocardial
infarction °1°,

Studies have reported that high MPV, NLR and
PLR values are an independent risk factor and
indicator of poor prognosis in malignancies,
chronic inflammatory diseases and cardiovascular
diseases such as myocardial infarction. MPV, NLR
and PLR are easily measurable parameters .

The inflammatory process develops right at the
onset of ischemic stroke and as a response to
ischemic brain injury; neutrophils rapidly migrate
to the damaged area in the ischemic brain tissue.
Studies reported that the basal neutrophil count is
also important, and it may lead to poor neurological
outcomes by increasing the severity of ischemic
damage 2. Moreover, the increase in lymphocytes
starting after stroke and their peak on the seventh
day show that especially T cell lymphocytes have
a repairing effect on inflammation 3. Higher
neutrophil counts are considered together with
lower lymphocyte counts which also result in low
NLR values, and consequently, they indicate a
highly damaged region with lower repair effects.

Buck et al. showed a significant relationship
between the size of cerebral infarction and the
increase in leukocyte and neutrophil counts 4.
Another study reported that there was an increase
in leukocyte and neutrophil levels after temporary
ischemic episode in patients with temporary

form a response to inflammation, cause endothelial
damage and disrupt the antithrombogenic property
of the endothelium 6. Studies have demonstrated
that, in humans, radioactively marked neutrophils
rapidly gathered in the region of ischemia in 3-6
hours, and they reached the maximum levels within
12-24 hours. Leukocytes that pass into the ischemic
region slow down the blood flow and form the
phenomenon of postischemic reperfusion no-
reflow . Leukocyte accumulation in the
intravascular region disrupts the micro circulation,
causing endothelial damage, and at the end, it may
cause vasospasm and increase the severity of
stroke. On the other hand, Beray-Berthat et al. 8
showed that leukocyte increase may show a
difference based on the damaged intracerebral
region and the oxidative stress that develops, and
different leukocyte responses may form in the
experimental ischemic injuries in different
intracerebral regions.

Greisenegger et al. *° revealed the relationship
between MPV and stroke severity and determined
that platelet reactivity increases by the severity of
stroke. However, it should be kept in mind that the
lifespan of platelets is short, the relationship
obtained by these blood samples taken at the time
of admission may be an acute phase reaction, and
there may be a platelet dysfunction also in the pre-
stroke period. In a study carried out in Turkey by
Deveci et al., MPV was higher in comparison to the
control group in the post-stroke acute period in
ischemic stroke patients, and it may be that MPV
anomaly is not an outcome of ischemic stroke but
a significant factor for formation of ischemic stroke
2 In a multicenter study conducted by Bath et al.
with 3134 voluntary participants with a history of
cerebrovascular disease, it was revealed that high
MPV levels are an independent risk factor for
recurring strokes 2.

Previous studies have shown that some hemogram
parameters that may be markers of inflammation
and hypoxemia are associated with episodes and
stroke. While the mean platelet volume is an



indicator of platelet function and activation, it is
also directly affected by inflammation 22. There is
a low number of studies that investigated
hemogram parameters in this group of patients who
experience acute neurological defect. Ozaydim et
al. proposed the mean platelet volume as a marker
of the differentiation of simple and complex febrile
episodes 2. In a prospective study, epilepsy
patients were compared to healthy control both
during episodes and in the remission period, and
the mean platelet volume values were determined
to be higher in comparison to the control group in
the patient group during episodes and in the period
without episode activation 2,

The fact that the number of patients in our study
was low, that they were assessed with different
inflammatory parameters and that clinical
correlation could not be evaluated alongside
repeated measures may be considered as the
limitations of our study.

Consequently, in this study we conducted with
patients who had acute middle cerebral artery
branch infarctions, the NLR, PLR and MPV levels
checked in the first hour of stroke in the patients
were significantly higher than those measured in
the control group. We believe that there is a need
for further studies with a higher participation rate
showing that these parameters may be used as a
biochemical marker supporting the diagnosis of
patients with negative imaging results but showing
clinical signs especially in the first 24 hours.
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