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ARTICLE

Inflammatory markers are beneficial in the 
early stages of cerebral venous thrombosis
Los marcadores inflamatorios son beneficiosos en las primeras etapas de la trombosis 
venosa cerebral
Aysel Tekeşin1, Abdulkadir Tunç2

Cerebral vein thrombosis (CVT) is a rare but serious 
cause of acute stroke1. It occurs frequently between 20 and 50 
years and is three times more common in women than men2. 
The underlying etiology is unknown in up to 30% of cases1,2. 
Venous stasis, endothelial damage, genetic and acquired 
prothrombotic factors and inflammation have been shown 
to be responsible for the formation, growth, organization or 

recanalization of the thrombus3. In particular, a close link has 
been detected between inflammation and thrombosis in pre-
vious studies1,4.

In current clinical practice, high sensitivity C-reactive 
protein (CRP) and erythrocyte sedimentation rate (ESR) are 
the most widely used inflammatory markers5,6. The neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
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ABSTRACT
Cerebral vein thrombosis (CVT) is a rare but serious cause of acute stroke. Inflammation is a hypothetical etiological factor in CVT. Objective: 
The aim of this study was to evaluate inflammatory marker levels in CVT patients and compare these with healthy individuals. Methods: 
This prospective case-control study was conducted with 36 newly-diagnosed CVT patients age- and sex-matched with 40 healthy 
individuals. The laboratory investigations included a serum hemogram, full biochemistry profiles, high sensitivity C-reactive protein (CRP) 
and erythrocyte sedimentation rate (ESR). Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-HDL 
cholesterol ratio (MHR) values were calculated and compared between the patients and healthy participants. Results: The mean age was 
41.4 ± 11.8 years for patients, and 39.3 ± 12.5 for controls. Lymphocyte, total bilirubin, indirect bilirubin, and HDL levels were significantly 
lower in CVT patients (p < 0.05), while CRP, and ESR values were significantly higher. In the CVT patients the mean NLR and PLR values were 
significantly higher than in the control individuals. Smoking rates, alcohol consumption, white blood cell, neutrophil, platelet, and MHR 
values were similar in both groups (p > 0.05). Conclusions: We suggest that NLR, PLR, CRP, ESR, and bilirubin can be used in clinical practice 
for prediction of CVT in suspected patients as they are inexpensive parameters and widely available. However, further large-scale studies 
are required to confirm this relationship.
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RESUMEN
la trombosis de la vena cerebral (CVT) es una causa rara pero grave de accidente cerebrovascular agudo. La inflamación es un factor 
etiológico hipotético en CVT. Objetivo: El objetivo de este estudio fue evaluar los niveles de marcadores inflamatorios en pacientes con 
CVT y compararlos con los sujetos sanos. Métodos: Este estudio prospectivo de casos y controles se realizó con 36 pacientes con TVC 
recién diagnosticados y 40 sujetos sanos con edad y sexo similares. Las investigaciones de laboratorio incluyeron hemograma sérico, 
perfiles bioquímicos completos, proteína C-reactiva (CRP) de alta sensibilidad y velocidad de sedimentación eritrocitaria (ESR). Se calculó 
la relación de neutrófilos a linfocitos (NLR), relación de plaquetas a linfocitos (PLR) y monocitos a HDL-colesterol (MHR) y se compararon 
entre pacientes y sujetos sanos. Resultados: La edad media fue de 41,4 ± 11,8 años para los pacientes y de 39,3 ± 12,5 para los controles. 
Los niveles de linfocitos, bilirrubina total, bilirrubina indirecta y HDL fueron significativamente más bajos en pacientes con CVT (p ≤ 0.05), 
mientras que los valores de CRP y ESR fueron significativamente más altos. En los pacientes con CVT, los valores medios de NLR y PLR 
fueron significativamente más altos que en los sujetos control. Las tasas de tabaquismo, consumo de alcohol, glóbulos blancos, neutrófilos, 
plaquetas y MHR fueron similares en ambos grupos (p > 0.05). Conclusiones: Sugerimos que la NLR, la PLR, la CRP, la ESR y la bilirrubina 
se pueden usar en la práctica clínica para la predicción de la CVT en pacientes sospechosos, ya que son parámetros económicos y están 
ampliamente disponibles. Sin embargo, se requieren más estudios a gran escala para confirmar esta relación.
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ratio (PLR), which are calculated from the white blood cell 
count are reported to be novel inflammatory biomarkers in 
patients with venous thrombosis and Guillain-Barré syn-
drome7,8. Decreased high-density lipoprotein cholesterol 
(HDL-C) levels and increased monocyte counts were also 
found to be associated with inflammation, and the monocyte 
to HDL-C ratio (MHR) was suggested to be used as a novel 
inflammatory biomarker9,10. A significant relationship was 
shown between high bilirubin levels and anti-oxidation and 
anti-inflammation in various diseases11. Higher mean plate-
let volume (MPV) levels were found to be associated with 
worse prognosis in inflammatory bowel disease12.

Therefore, in this study we aimed to evaluate high sen-
sitivity CRP, ESR, NLR, PLR, MHR, bilirubin, and MPV 
levels in CVT patients and compare these with levels 
measured in healthy individuals. The above-mentioned 
inflammatory markers have been evaluated separately in 
many studies5-12. However, this is the first study, in which 
they are evaluated together.

METHODS

This prospective case-control study was conducted with 
36 newly diagnosed CVT patients within 24 hours after the 
onset of symptoms, and 40 age- and sex-matched healthy 
individuals in our tertiary referral hospital. The study was 
approved by the Istanbul Training and Research Hospital eth-
ics committee. An informed written consent was signed by 
all the participants. Exclusion criteria were as follows; preg-
nancy/puerperium, arterial stroke, acute myocardial infarc-
tion, diabetes mellitus, hypertension, infection (at admission 
or up to seven days prior), peripheral vascular disease, auto-
immune disease, any inflammatory condition, malignancy, 
epileptic seizures and the patients under medical treatment 
with any anti-inflammatory medications, anti-aggregants, 
anticoagulants, and lipid-lowering drugs.

The diagnosis of CVT was based on a clinical evalu-
ation, cranial magnetic resonance imaging (MRI), and 
MR-venography. The patients were divided into two sub-
groups according to the presence or absence of MRI paren-
chymal lesions, and number of involved sinuses (one sinus, or 
two or more sinuses). Clinical severity was evaluated with the 
National Institutes of Health Stroke Scale (NIHSS)13.

The healthy controls were selected from the patient’s rela-
tives or hospital staff members. The individuals who had any 
disease that could affect the laboratory tests were excluded.

The blood samples were obtained by careful venipunc-
ture during emergency admission, before medical treat-
ments. Samples for hematological tests were collected in 
EDTA tubes, and in dry tubes for biochemical tests. The labo-
ratory investigations included a serum hemogram, full bio-
chemistry profiles including HDL, bilirubin, high sensitiv-
ity CRP and ESR, which were measured using automated 

standard laboratory methods. An automated hematology 
analyzer XE–1200 (Sysmex, Kobe, Japan) was used for com-
plete blood count measurements. A molecular analyzer 
(Roche Diagnostics, Mannheim, Germany) was used for the 
biochemical measurements. High sensitivity CRP measure-
ments were done using an automated analyzer (Beckman 
Coulter IMMAGE) using nephelometric measurement. 

A computerized database was used to collect the labora-
tory data. The findings were compared between the groups. 
The NLR, PLR, and MHR ratios were calculated and com-
pared between the patients and healthy participants.

Statistical analysis
The data were transferred to the IBM SPSS Statistics 22.0 

program and the analyses were completed. Mean, standard 
deviation, median, lowest-highest, frequency and ratio were 
included in the descriptive statistics of the data. The distri-
bution of the variables was measured by the Kolmogorov-
Smirnov test. The independent samples t test and Mann-
Whitney U test were used in the analysis of quantitative 
independent data. A chi-square test was applied to ana-
lyze the significance of the multiple comparison of rela-
tive frequencies among the groups, and the Fisher test was 
used when the chi-square test did not meet the conditions. 
Spearman’s correlation was used for correlation analysis. The 
limit for statistical significance was accepted as p < 0.05. 

RESULTS

The demographic and clinical characteristics of the 
patients and controls are summarized in Table 1. The par-
ticipants were aged between 23 and 62 years. Four patients 
were in the postpartum period and one patient was newly 
diagnosed with Behçet’s disease with no systemic features. 
Twelve patients were excluded after considering the exclu-
sion criteria (infections, malignancy, etc.). There were no sig-
nificant differences in terms of smoking rates, alcohol con-
sumption, neutrophils, direct bilirubin, and MHR between 
the two groups (Table 2). 

The MPV, lymphocyte, total bilirubin, indirect bilirubin, 
and HDL levels were significantly lower in the CVT patients, 
while CRP and ESR values were significantly higher. The 
mean NLR and PLR values were also significantly higher than 
the control individuals (p = 0.000, p = 0.003) (Table 2).

In patients with a thrombosis of two or more sinuses, 
PLR values were significantly higher (p = 0.013), while there 
was no difference in terms of NLR, MHR values, and other 
markers in the thrombosis of one sinus group, or two or more 
sinuses groups (p > 0.05). All of the patients underwent MRI 
and parenchymal lesions were detected in 16 patients. No 
significant differences were detected in any evaluated bio-
marker among the patients with or without parenchymal 
lesions (p > 0.05).
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Table 2. Comparison of patients and controls according to demographic characteristics and laboratory findings.

Variable
Controls Patients

p-value Test
1Q–3Q Median 1Q–3Q Median

Age 27.0–51.5 36.5 29.5–52.8 40.5 388 m

Gender
Female 33, 82.5%   30, 83.3%   0.923 x2

Male 7, 17.5%   6, 16.7%  
Smoking

(+) 10, 25.0%   12, 33.3%   0.424 x2

(-) 30, 75.0%   24, 66.7%  
Alcohol consumption

(+) 0, 0.0%   1, 2.8%   0.474 x2

(-) 40, 100%   35, 97.2%  
White blood cells 6.3–8.8 7.5 6.0–8.6 7.6 0.827 m

Platelet 238.5–300.3 271.5 205.3–344.8 284.0 0.954 m

Neutrophil 3.5–4.8 4.2 3.5–5.6 4.7 0.134 m

Lymphocyte 2.0–3.3 2.4 1.6–2.3 2.0 0.001 m

Monocyte 0.4–0.7 0.5 0.4–0.7 0.5 0.450 m

MPV 9.3–10.8 10.0 7.7–9.9 9.1 0.000 m

HDL 45.3–58.8 51.5 36.3–50.8 44.0 0.004 m

Total bilirubin 0.4–0.9 0.6 0.3–0.6 0.4 0.002 m

Direct bilirubin 0.1  –0.2 0.1 0.1–0.2 0.1 0.426 m

Indirect billirubin 0.3–0.7 0.5 0.2–0.5 0.3 0.000 m

hsCRP 0.1–0.4 0.3 0.3–1.5 0.6 0.000 m

ESR 8.0–19.0 13.5 16.5–37.8 26.0 0.000 m

Monocyte/HDL 0.0–0.0 0.0 0.0–0.0 0.0 0.339 m

Neutrophil / Lymphocyte 1.2–2.1 1.5 1.7–2.9 2.2 0.000 m

Platelet/ Lymphocyte 81.1–140.5 113.2 111.1–185.8 132.9 0.003 m

m: Mann-Whitney u test; x2: Chi-square test; MPV: Mean platelet volume; HDL: High-density lipoprotein; hsCRP: High sensitivity C-reactive protein; ESR: 
Erythrocyte sedimentation rate.

Table 1. Demographic characteristics and laboratory findings of all participants.

Variable 1Q–3Q Median Mean ± SD / n-%
Age 23.0–62.0 39.0 40.3 ± 12.2
Gender

Female     63, 82.9%
Male     13, 17.1%

Smoking
(+)     22, 28.9%
(-)     54, 71.1%

Alcohol consumption
(+)     1, 1.3%
(-)     75, 98.7%

White blood cell 6.3–8.6 7.5 7.5 ± 1.6
Platelet 219.8–323.5 275.5 280.2 ± 76.6
Neutrophil 3.5–5.3 4.3 4.4 ±.1.3
Lymphocyte 1.8–2.7 2.2 2.3 ± 0.8
Monocyte 0.4–0.7 0.5 0.5 ± 0.2
MPV 8.8–10.4 9.5 9.4 ± 1.3
HDL 41.0–55.8 48.0 49.5 ± 13.7
Total bilirubin 0.4–0.8 0.5 0.6 ± 0.3
Direct bilirubin 0.1–0.2 0.1 0.1 ± 0.1
Indirect bilirubin 0.3–0.6 0.4 0.5 ± 0.2
hsCRP 0.2–0.7 0.3 0.8 ± 1.5
ESR 12.0–29.5 18.0 20.9 ± 14.0
Monocyte/HDL 0.0–0.0 0.0 0.0 ± 0.0
Neutrophil/lymphocyte 1.4–2.5 1.9 2.2 ± 1.5
Platelet/lymphocyte 93.0–152.0 120.0 132.7 ± 53.7

MPV: Mean platelet volume; HDL: High-density lipoprotein; hsCRP: High sensitivity C-reactive protein; ESR: Erythrocyte sedimentation rate
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Finally, clinical severity according to the NIHSS scores did 
not affect the evaluated biomarkers in CVT patients (p > 0.05).

The MPV, CRP, and ESR values were significantly different 
(p < 0.05) in the case and control groups in the multivariate 
analysis (Table 3).

DISCUSSION

The preliminary results of our study showed that inflam-
mation may be connected to the pathogenesis of CVT. The 
NLR, PLR, CRP and ESR values were significantly higher and 
bilirubin and MPV levels were significantly lower in CVT 
patients compared with the healthy participants in this 
study. No significant differences were found according to the 
presence or absence of MRI parenchymal lesions, and NIHSS 
scores in CVT patients. Only PLR values were significantly 
higher in patients with a thrombosis of two or more sinuses.

Several studies have been performed to show the rela-
tionship between inflammation and venous thrombosis in 
recent years4,5,8. It was pointed out, in an in vivo study, that 
neutrophils were responsible for the initiating stimuli in 
the thrombus formation and the propagation of the throm-
bus was contributed to by platelets14. High platelet counts 
were associated with an increased risk of venous thrombo-
sis because of the location of platelet aggregates in the core 
of the thrombus. The platelet aggregates generate circulating 
microparticles in response to prohemostatic stimuli that are 
independent risk factors for venous thrombosis15,16. 

The NLR and PLR are simply calculated biomarkers from 
the lymphocyte, neutrophil and platelet counts in the venous 
blood samples. They have been investigated in several studies 
and elevated levels were shown to be important biomarkers 
in coronary artery diseases17,18. The study by Artoni et al.8, that 
was performed with a large group of patients with venous 
thrombosis, showed a lack of association between high val-
ues of PLR and NLR and an increased risk of venous throm-
bosis. Another study from Turkey showed a significant asso-
ciation between elevated NLR and CVT patients compared 

with healthy controls19. Consistent with most of the previous 
studies, we found higher levels of NLR and PLR levels in CVT 
patients compared with the healthy controls. 

The MPV is another biomarker that was used for the 
assessment of systemic inflammation in previous studies20,21. 
Our study was incompatible with these previous studies, pos-
sibly because of the low number of participants.

We found significantly higher CRP and ESR values in CVT 
patients. Similarly, previous studies have mostly reported ele-
vated levels of both markers in inflammatory diseases5,6,22. 
Horvei et al.22 stated that low-grade inflammation, assessed 
by measurement of CRP, was associated with the risk of 
venous thrombosis.

A limited number of studies of the MHR have demon-
strated the role of this ratio in predicting inflammation23,24. 
In a study of patients with venous thrombosis, it was shown 
that high monocyte counts were associated with venous 
thromboembolism, even within normal limits23. The MHR 
has been shown to be an independent predictor of cardiovas-
cular events in chronic renal failure patients and a poor prog-
nosis for cardiovascular mortality10. Our study did not show 
any relationship between the MHR and CVT. Further studies 
are needed to evaluate the possible relationship.

Some inflammatory diseases, like multiple sclerosis and 
systemic lupus erythematosus, were associated with lower 
levels of bilirubin in previous studies25,26. It was pointed 
out that serum bilirubin could provide a crucial protection 
against inflammation25. Similar to previous studies, we found 
lower levels of bilirubin in CVT patients compared with the 
control group.

Our study had some limitations. It was a single-cen-
ter study and the number of patients were relatively low. 
Otherwise, it had a prospective design with similar groups. 
We calculated the aforementioned markers on admission. 
Control values would be valuable in the follow-up period. It 
was unclear whether the biomarkers and systemic inflam-
mation had a causative relationship in our study and, 
finally, evaluation of oxidative stress biomarkers could be 
more valuable.

Table 3. Evaluation of the laboratory findings with logistic regression analysis.

Variable
Single variable model Multiple variable model

OR 95%CI p-value OR  95%CI p-value
Lymphocyte 0.266 0.117–0.605 0.002      
MPV 0.453 0.284–0.721 0.001 0.277 0.114–0.673 0.005
HDL 0.962 0.924–1.001 0.058      
Total bilirubin 0.064 0.009–0.468 0.007      
Indirect bilirubin 0.025 0.002–0.285 0.003      
hsCRP 0.242 0.067–0.880 0.031 4.761 1.064–1.273 0.025
ESR 1.107 1.049–1.169 0.000 1.164   0.001
Neutrophil/Lymphocyte 2.709 1.323–5.547 0.006      
Platelet/Lymphocyte 1.014 1.003–1.025 0.009      

MPV: Mean platelet volume; HDL: High density lipoprotein; hsCRP: High sensitivity C-reactive protein; ESR: Erythrocyte sedimentation rate; OR: Odds ratio; CI: 
Confidence interval.
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In conclusion, our results suggest that NLR, PLR, CRP, ESR, 
and bilirubin can be used in clinical practice for prediction of 
CVT in suspected patients as they are inexpensive parameters 
and widely available. Also the results of this study add to the 

theory of inflammation in the pathomechanism of CVT, which 
needs further investigations involving patients with other 
venous thrombosis pathology (e.g. deep venous thrombosis of 
the limbs) to research the sensitivity in more detail.
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