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ABSTRACT 
 
INTRODUCTION: Stroke is one of the most important causes of mortality and morbidity worldwide. CIMT is one of the 
predictors of ischemic stroke and is associated with various risk factors. It was aimed to investigate the relationship 
between the neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR) and Carotid intima-media thickness 
(CIMT) in subclinical inflammation markers in ischemic stroke patients. 
METHODS: A retrospective evaluation was made of 113 patients with acute ischemic cerebrovascular event and treated 
with intravenous (IV) thrombolytic therapy. Patients were grouped according to the Oxford Community Stroke Project 
(OCSP) classification under 4 sub-groups and CIMT was measured. In patients with complete blood counts, NLR was 
obtained by dividing the number of neutrophils by the number of lymphocytes and PLR by dividing the number of 
platelets by the number of lymphocytes. 
RESULTS: The subgroups were determined as PACI (36.3%), POCI (32.7%), TACI (18.6%) and LACI (12.4%). 
A statistically significant difference was determined in NLR value between the subtypes (p=0.004). In the POCI group, NLR 
was higher than in the PACI and LACI groups (p=0.038, p=0.015; respectively). In the TACI group, a non-significant 
correlation was found between NLR and right and left CIMT (p = 0.234, p = 0.250, respectively) and between PLR and right 
and left CIMT (p = 0.198, p = 0.074, respectively). 
DISCUSSION and CONCLUSION: A significant positive correlation was determined between NLR and CIMT. Similarly, some 
studies have shown that PLR and carotid stenosis are correlated. There are few studies in literature that examine the 
distribution of NLR according to OCSP subtypes. Further studies are needed to establish the correlation between CIMT and 
NLR and PLR in stroke patients. 
Keywords: Neutrophil, lymphocyte, intima-media thickness. 
 

AKUT İNME GEÇİREN HASTALARDA HEMATOLOJİK PARAMETRELER İLE KAROTİS İNTİMA MEDİA 

KALINLIĞI ARASINDAKİ İLİŞKİ 

ÖZET 
 
GİRİŞ ve AMAÇ: İnme, dünya çapında mortalite ve morbiditenin en önemli nedenlerinden biridir. CIMT, iskemik inmenin 
belirleyicilerinden biridir ve çeşitli risk faktörleri ile ilişkilidir.İskemik inme hastalarında subklinik inflamasyon 
belirteçleri nötrofil lenfosit oranı (NLR) ve trombosit lenfosit oranı (PLR) ile karotis intima-media(KIMT) arasındaki 
ilişkinin araştırılması amaçlanmıştır. 
YÖNTEM ve GEREÇLER: Akut iskemik serebrovasküler inem geçiren 113 hasta retrospektif olarak değerlendirildi ve 
intravenöz (IV) trombolitik tedavi ile tedavi edildi. Hastalar Oxford Toplum İnme Projesi (OCSP) sınıflamasına göre dört 
alt grupta gruplandırıldı ve CIMT ölçüldü. Tam kan sayımı olan hastalarda, nötrofil sayısının lenfosit sayısına bölünmesiyle 
NLR ve trombosit sayısını lenfosit sayısına bölerek PLR elde edildi. 
BULGULAR: Alt gruplar PACI (% 36.3), POCI (% 32.7), TACI (% 18.6) ve LACI (% 12.4) olarak belirlendi. Alt gruplar 
arasındaki NLR değerinde istatistiksel olarak anlamlı bir fark bulundu (p = 0.004). POCI grubunda NLR, PACI ve LACI 
gruplarından daha yüksekti (sırasıyla p = 0.038, p = 0.015). TACI grubunda NLR ile sağ ve sol CIMT arasında (sırasıyla p = 
0.234, p = 0.250) ve PLR ile sağ ve sol CIMT arasında (sırasıyla p = 0.198, p = 0.074) anlamlı olmayan bir ilişki bulundu. 
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TARTIŞMA ve SONUÇ: NLR ve CIMT arasında anlamlı bir pozitif korelasyon belirlendi. Benzer şekilde, bazı çalışmalar PLR 
ve karotis stenozunun korelasyon gösterdiğini göstermiştir. Literatürde NLS'nin OCSP alt tiplerine göre dağılımını 
inceleyen çok az çalışma bulunmaktadır. İnme hastalarında CIMT ile NLR ve PLR arasındaki korelasyonu belirlemek için 
daha ileri çalışmalara ihtiyaç vardır. 
Anahtar Sözcükler: Nötrofil, lenfosit, intima-media kalınlığı.  

 
INTRODUCTION 

 Stroke is one of the leading causes of 
mortality worldwide and can cause major 
morbidity and disability. Of all strokes, 87% are 
ischemic stroke, 10% are intracerebral 
hemorrhage and 3% are subarachnoid 
hemorrhage (1,2,3).  
 Atherosclerosis is a diffuse degenerative 
process that results in plaque formation in 
necrotic cells, lipid and cholesterol crystals, which 
are more dense in certain arteries, in the involved 
arteries. These plaques can lead to stenosis, 
embolism, or thrombosis and play an important 
role in acute ischemic events (4). 
 The cells involved inflammation may vary 
according to the stage and intensity of the 
inflammatory process. Neutrophils are one of the 
components of acute inflammation. In recent 
years, neutrophil/lymphocyte ratio (NLR) and 
platelet/lymphocyte ratio (PLR) have been added 
to the parameters which are investigated as 
inflammatory markers. 
 These markers have also started to be 
evaluated frequently in studies carried out in 
many groups of diseases accompanied by 
inflammation and autoimmunity (5). Carotid 
intima-media thickness (CIMT) can be easily 
measured in a non-invasive, accurate manner in 
daily practice with high resolution B-mode 
ultrasound (US) and this provides accurate 
information on the early findings of 
atherosclerosis. Mean common CIMT and mean 
maximum common CIMT are the most frequently 
used measurement parameters. The risks of 
cardiovascular disease can be determined by 
evaluating the changes that occur in CIMT 
measurements over time (5,6,7). 
 In this study it was aimed to investigate the 
relationship between the carotid intima-media 
thickness and the neutrophil/lymphocyte ratio 
(NLR) and platelet/lymphocyte ratio (PLR) of the 
carotid intima-media thickness in the clinical 
subtypes of patients admitted with acute ischemic 
cerebrovascular event. 
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MATERIAL AND METHODS 

 An evaluation was made of patients between 
2014 and 2016 with acute ischemic 
cerebrovascular event and treated with intra-
venous (IV) thrombolytic therapy. The data of a 
total of 113 patients were retrospectively 
reviewed. This study was designed as a multi-
center, retrospective, observational and cross-
sectional study. A LOGIQ P5 portable 
ultrasonography device (GE Healthcare, 
Buckinghamshire, United Kingdom) with a scan 
frequency of 5-12 MHz was used to measure the 
thickness of the carotid intima-media. The average 
thickness of three bilateral points was obtained 
using B-mode US. Based on the Oxfordshire 
Community Stroke Project (OCSP) classification, 
male and female patients were divided into four 
groups according to clinically detectable subtypes 
of cerebral infarction. In all these groups, carotid 
intima-media thickness (CIMT) was assessed. 
 Routine blood screening was evaluated 
during the emergency department visits of the 
patients. Leukocyte, neutrophil, erythrocyte, and 
platelet counts were measured as the number of 
cells in 1 mm3. Neutrophil, lymphocyte, and 
monocyte percentages were calculated as the 
percentage (%) of the total leukocyte counts of 
these cells. The neutrophil lymphocyte ratio was 
calculated by dividing the number of neutrophils 
by the number of lymphocytes. The platelet 
lymphocyte ratio was obtained by dividing the 
platelet count by the lymphocyte count.  
 In the analyses of the data obtained in the 
study, SPSS 22.0 (IBM Corparation, Armonk, New 
York, United States) and PAST 3 (Hammer, Ø., 
Harper, D.A.T., Ryan, P.D. 2001. Paleontological 
statistics) programs were used.  
 Quantitative variables were expressed as 
mean ± SD (standard deviation) and median range 
(Maximum-Minimum), and categorical variables 
were stated as number (n) and percentage (%). 
Variables were examined at 95% confidence 
interval and a value of p <0.05 was accepted as 
statistically significant. 
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RESULTS 

 A total of 113 patients with acute ischemic 
stroke were included in the study. The patients 
comprised 71.7% males and 28.3% females, giving 
a male to female ratio of 2.5/1. The median age of 
the patients was 63 years (range 23-89 years). The 
subgroups were determined as PACI (36.3%), 
POCI (32.7%), TACI (18.6%) and LACI (12.4%).  A 
significant difference was determined between 
clinical subtypes in terms of CIMT (carotid intima 
media thickness).  
 A higher median CIMT value was determined 
in patients with POCI compared to those with TACI 
(median 0.80 vs. 0.14 mm; p=0.028) (Table 1). In 
the left carotid artery, there was no difference 
between clinical subtypes in terms of CIMT. There 
was no statistically significant difference between 
the clinical subtypes in terms of mean leukocyte 
counts. A statistically significant difference was 
found between the mean neutrophil percentage 
ratios    of     the    patients   and    the     lymphocyte  
 
 

Hematologic parameters and carotid IMT 

 
percentage ratios (p=0.011, p=0.004 respectively). 
When the clinical subtypes were examined, the 
percentage of neutrophils in POCI-detected 
patients was statistically significantly higher than 
that of LACI patients (p=0.021). The mean 
lymphocyte percentage was found to be 
statistically significantly higher in patients with 
LACI than in patients with POCI (p=0.007). There 
was no statistically significant difference between 
clinical subtypes in terms of MPV, erythrocyte 
count and MCV values (p=0.083, p=0.271, p=0.752; 
respectively) (Table 1). There was a statistically 
significant difference between the subtypes in 
terms of NLR (p=0.004). NLR was higher in 
patients with POCI who developed PACI and LACI 
(p = 0.038, p = 0.015, respectively). A statistically 
significant difference was found when PLR values 
were examined between subtypes (p = 0.014).  The 
PLR values were statistically significantly higher in 
patients with POCI than in patients with LACI 
(p=0.018) (Table I, Figure).  
 

Table I. The general characteristics of the patients, and the laboratory and imaging findings. 
    Clinical Subtypes 

P Value     Pars. ant   Posterior   Lacunar   Total ant. 

    (n=41)   (n=37)   (n=14)   (n=21)   

Gender Male 27 (65.9)   30 (81.1)   11 (78.6)   13 (61.9) 0.322 

Female 14 (34.1)   7 (18.9)   3 (21.4)   8 (38.1)   
Age   61.93±12.28 / 86-23   66.43±10.61 / 89-36   59.79±9.23 / 81-49   65.43±12.43 / 85-35 0.164 
Right IMT 0,14 (1,7-0,09)   0.8 (1.15-0.08)   0.22 (2.2-0.06)   0.14 (1.13-0.05) 0.017 
Left IMT 0,13 (1,25-0,09)   0.5 (1.13-0.09)   0.23 (2.6-0.08)   0.14 (1.19-0.08) 0.061 
Leukocyte 9,61 (20,07-5,24)   11.1 (81-6.21)   9.36 (16.22-6.83)   11 (42.375-6.9) 0.098 
Neutrophil 73 (94-12,43)   78.29 (94.5-50.7)   67.535 (79.95-54.3)   77.7 (90.3-45.9) 0.011 
Lymphocyte 17,4 (35,1-3,4)   14.24 (40.2-3.97)   22.97 (37.5-13)   16.64 (36.2-5) 0.004 
Monocyte 6,78 (14-2,12)   5.78 (12-0.6)   5.83 (838-4)   5.82 (10.56-0.96) 0.942 
Platelet 223 (528,3-120)   253.6 (504-115)   226.5 (442.5-123)   219 (388.4-121.9) 0.436 
MPV 7,54 (11-5,59)   9.26 (12.1-4.87)   8.58 (11.6-6.07)   8.69 (11.1-6) 0.083 
Erythrocyte 4,67 (7,15-3,79)   5.09 (6.26-3.1)   5.095 (5.71-3.21)   4.97 (5.98-3.66) 0.271 
MCV 87,3 (97,7-62,2)   86.9 (97.08-69.95)   85.75 (91.9-80.75)   84.4 (93.96-78.57) 0.752 
NLR 4,2 (27,6-0,8)   5.5 (22.6-1.3)   2.9 (5.8-1.5)   4.7 (18.1-1.3) 0.004 
PLR 12,2 (55,9-4,7)   18.2 (83.4-6.1)   8.4 (26.0-4.3)   15.9 (41.0-5.9) 0.014 

OneWay ANOVA Test - Kruskal Wallis Test - Post Hoc Test : Dunn's Test - Pearson Chi Square Test (Monte Carlo) - Wilcoxon Signed Ranks 
Test (Monte Carlo) 

 
 On a cumulative basis, there was a 
statistically insignificant positive correlation 
between NLR and PLR and right and left CIMT 
(Table II).  
 In the POCI group, the right CIMT value was 
found to be statistically significantly higher in 
female patients (median 0.9 mm; min-max 0.3-1.2 
mm)  compared  to male patients (median 0.7 mm; 
 
 

min-max 0.1-1.2 mm) (p=0.015). However, there 
was  no   significant   difference  between  the male 
and female patients in the other subtypes when 
the CIMT values were examined (Table II). 
 A statistically significant difference was found 
in terms of atrial fibrillation between male (n = 11) 
and female (n = 3) patients in the group of patients 
with LACI.  Atrial fibrillation was not present in the  
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majority of male patients (n=10), but all female 
patients had atrial fibrillation (n = 3) (p = 0.011). 
In this patient group, there was no difference in 
CIMT values between females and males. 
 Smoking was determined as a risk factor in 
patients with TOCI (p=0.018).  
 No TOCI syndrome was seen in non-smoking 
females and more than half of the males (53.8%) 
with CVE caused by TOCI syndrome were smokers. 
In There was a statistically significant difference 
between the four clinical subtypes, regardless of 
gender, in terms of coronary artery disease. The 
majority of patients in the PACI, POCI and LACI 
sub-groups did not have coronary artery disease 
(58.5%, 70.3% and 64.3%; respectively). In 
contrast, the majority of patients in the TOCI group 
had coronary artery disease (66.7%) (p=0.049). 
 

 

 
Figure. PLR values in patients with POCI and LACI. 
 

 
Table II. Comparison between right and left 
carotis intima media thiskness in subgroups. 

  

Right CIMT   Left CIMT 

R P Value   R P Value 
Pars. Ant. NLR 0.067 0.676   0.020 0.901 

PLR -0.122 0.448   -0.105 0.514 

Posterior NLR 0.136 0.422   0.076 0.655 

PLR 0.260 0.121   0.033 0.848 

Lacunar NLR -0.267 0.356   -0.317 0.270 

PLR -0.254 0.382   -0.317 0.270 

Total ant. NLR 0.271 0.234   0.262 0.250 

PLR 0.292 0.198   0.398 0.074 

Total NLR 0.120 0.205   0.062 0.517 

PLR 0.075 0.428   0.022 0.814 

Spearman's rho Test r: Correlation coefficient  CIMT:Carotis 
intima media thickness  
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DISCUSSION 

The Oxfordshire Community Stroke Project 
(OCSP) classification is a simple method that is 
widely used to categorize clinical stroke 
syndromes (10). According to this classification, 
patients can be divided into 4 sub-groups: TACI 
(total anterior circulation infarction), PACI (partial 
anterior circulation infarction), LACI (lacunar 
circulation infarction), and POCI (posterior 
circulation infarction) (8,9). NLR is known to be a 
marker of subclinical inflammation. Recent studies 
have suggested that NLR may be a predictor of 
cardiovascular disease and cancer (10, 11, 12). In 
the current study, the highest NLR value was 
found in the POCI group and the lowest NLR value 
in the LACI group. To the best of our knowledge, 
there is a limited number of studies that have 
investigated NLR values in ischemic stroke 
patients according to the OCSP subtyping. In a 
study by Gökhan et al. which compared stroke 
types, typing was performed according to the 
criteria of "Trial of Org 10172 Stroke Treatment 
(TOAST)" and the highest NLR value was 
determined in stroke type due to LAA and the 
lowest in cardioembolic stroke type (13). 

Several studies in the literature have shown 
strong links between NLR and CIMT. In a study by 
Li et al., NLR and CIMT were examined in 320 
patients with Type 2 diabetes mellitus and a 
control group of 250 individuals (14). The CIMT 
and NLR values were generally high in the diabetic 
patient group and the NLR values were 
significantly higher in the diabetic patient group 
with high CIMT than in the diabetic group with low 
CIMT (p<0.001). In our study, in the lacunar 
infarction group, the NLR value was significantly 
lower when compared with the other groups (P = 
0.004). Hyun et al. found higher NLR in the high 
CIMT group in male and female acute and subacute 
stroke patients (p<0.001, p=0.854; respectively) 
(15). As far as we know, no studies have evaluated 
the relationship between cerebral stroke types and 
CIMT until the present study. When we evaluated 
the results in this respect, we found that the CIMT 
values of the POCI group were significantly higher 
when compared with the other groups (p = 0.028). 
it was seen that the left CIMT values were similar 
to the right CIMT values (P = 0.061). but we think 
that it should be evaluated with prospective 
studies with more cases since this is not evaluated 
before in the literature. PLR has been proposed in 
various   studies  as a  new  and simple marker that  
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can be used as an indicator of the mediators in 
thrombocyte-mediated inflammation (16, 17). In a 
study by Altıntaş et al, infarct size and inadequate 
rate of recanalization were found to be higher in 
patients with a PLR value of> 145 (19). However, 
CIMT values were not evaluated in that study. In 
the current study comparing PLR values between 
OCSP stroke subtypes, the PLR value was lowest in 
the LACI group and highest in the POCI group, with 
a statistically significant difference determined 
between these (p = 0.018). Cumulatively, there 
was a non-significant positive correlation between 
right and left CIMT values and PLR. In the 
literature, there are few studies which have 
investigated the relationship between CIMT values 
and PLR values.  

In another study by Altıntaş et al., of 48 
patients with paroxysmal atrial fibrillation, high 
PLR values were seen to be associated with silent 
brain infarction (p <0.001) and no significant 
difference was determined in the carotid 
ultrasonographic findings between patients with 
and without silent brain infarction. However, in 
that study, CIMT values were not given clearly and 
no correlation analysis was applied between CIMT 
and PLR. In a study by Soylu et al., 150 patients 
with carotid artery stenosis were evaluated with 
CT angiography and were divided into 3 groups 
according to the PLR values. Carotid artery 
stenosis was determined at a higher rate in the 
high PLR group (p = 0.010) (20). The PLR value 
was also correlated with the carotid artery 
stenosis percentage (r = 0.250, p = 0.002). In 
regression analysis, PLR was shown to be an 
independent variable for descent (Odd's 
ratio = 1.012, CI=1.001-1.024, p = 0.031). 

In a study involving 140 patients who 
underwent carotid angiography by Varım et al., the 
patients were divided into two groups, as those 
with critical stenosis and those with non-critical 
stenosis (21). PLR values were statistically 
significantly higher in the group with critical 
carotid stenosis (p <0.0001). In that study, carotid 
Doppler ultrasonography was performed before 
angiography but CIMT values were not specified 
and not analyzed.  

Cumulatively, PLR has been shown to 
correlate with atherosclerosis grade, but more 
studies are needed to compare CIMT and PLR 
values. 

Anemia is known to be a risk factor for 
ischemic stroke (22, 23). MCV is one of the 
cornerstones     in      the     algorithm     of     anemia  
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classification. As for other CBC parameters, there 
have been some studies that have shown a 
relationship between MCV and carotid stenosis. In 
the current study, no statistically significant 
difference was determined in MCV between the 
OCSP clinical subtypes of ischemic stroke patients. 
In a study of the association between CIMT values 
and the parameters of whole blood counts in 2767 
asymptomatic patients, Kuo et al. reported higher 
CIMT values in the group with high MCV in the left 
carotid artery in male patients (p=0.017) (24). 

There is a limited number of studies in 
literature that have examined the distribution of 
CBC parameters in ischemic stroke patients. 
Hatamian et al. reported that RBC count and MCV 
values are predictive of mortality in ischemic 
stroke patients (25). According to the findings of 
that study, 1 unit increase in MCV reduced 
mortality in the first week by 6%. The current 
study is one of a small number of studies using 
OCSP subtypes to group ischemic stroke patients 
and which have not shown a relationship between 
blood parameters and CIMT.  

The mean platelet volume (MPV) is a 
parameter indicating the mean volume of platelets. 
As large volume platelets contain more granules, 
they are more reactive than small volume platelets 
(26). Thus, elevated MPV can be regarded as an 
indication of increased platelet reactivity. Several 
studies have investigated the relationship between 
coronary artery disease, carotid artery stenosis, 
and peripheral artery disease and MPV.  

In the current study, there was no statistically 
significant difference in MPV between the OCSP 
subtypes of ischemic stroke patients. In a study by 
Muscari et al. of ischemic stroke patients, the 
patients were grouped according to OCSP subtypes 
and MPV was significantly lower in the LACI group 
than in the other subtypes (p=0.04) (27). In the 
same study, MPV values at the time of diagnosis 
and after 2-6 days were compared and no 
significant increase in MPV was detected in the 
LACI group, while a significant increase in MPV 
was detected in the second sample in the non-
lacunar infarct subtypes. 

Chen et al. investigated platelet 
microparticles and MPV values in 112 acute 
ischemic stroke patients (28). These patients were 
divided into two groups according to the TOAST 
classification and MPV was found to be high in 
both the large artery atherosclerosis (LAA) group 
and in the small artery occlusion (SAO) group and 
there  was  no significant difference. A study of 215  
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atherothrombotic stroke patients by Are'valo-
Lorido et al. found a positive association between 
MPV values and carotid stenosis (p<0.001) (29). 
MPV was higher in the patient group with more 
severe carotid stenosis. In a study of 776 acute 
ischemic stroke or TIA cases, Greisenegger et al 
showed that high MPV levels were associated with 
worse outcome scores (30). 

Limitation of the study is that OCSP is not a 
very frequently used classification. We used this 
classification because the study was retrospective. 
The low number of cases are limitations to the 
generalization of the results. 

As conclusion; from the results of this study, 
the highest NLR was seen in the POCI group, and 
the lowest in the LACI group. To the best of our 
knowledge, there are few studies which have 
investigated NLR values in stroke patients 
according to the OCSP subtype. In the current 
study, there was no statistically significant 
correlation between NLR and CIMT in any of the 
subtypes. Further studies are required on this 
subject. 
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