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Background: Cerebral Venous Sinus Thrombosis (CVST) is a cerebrovascular disease with an estimated annual incidence of 3–4 
cases per 1 million population with an 8% mortality rate caused by hypercoagulable conditions and hyper aggregation and also Platelet 
Selectin (P-Selectin) as one of coagulation biomarker for both of them. This study aimed to describe the levels of P-selectin in CVST 
patients at RSHS Bandung.
Objective: This study aimed to describe the levels of P-selectin in CVST patients at RSHS Bandung.
Methods: This is a descriptive observational study on patients ≥18 years old diagnosed with CVST at the Neurology outpatient 
polyclinic of RSUP Dr. Hasan Sadikin Bandung for March-May 2022. All samples that meet the inclusion criteria will be included as 
research subjects.
Results: There were 55 research subjects with a median age of 48 (range 22–69 years), the majority were women (80%), the most 
complaints were headaches (92.7%), the majority onset was chronic (96.4%) with a length of treatment ≥12 months (61.8%). 
P-selectin levels were found to increase in the group of subjects with subacute onset (mean 5.20 ± 2.977), infectious etiology 
(mean 5.26 ± 3.561), duration of treatment <3 Months (mean 3.79 ± 3.065), history of hyper aggregation (mean 3.89±2.805), 
hypercoagulation (mean 3.50±2.719), increased D-dimer (mean 3.93±2.710), normal fibrinogen (mean 3.38±2.693), and in the group 
with multiple affected sinuses (mean 6.08±2.681).
Conclusion: P-selectin could be a diagnostic marker for hyper aggregation and hypercoagulable state in patients with CVST, but it 
still needs further research to prove it.
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Introduction
Cerebral Venous Sinus Thrombosis (CVST) is a cerebrovascular disease in the form of thrombus occlusion in the venous 
and cerebral sinuses.1 The incidence rate per year is estimated at2,3 cases per 1 million population with a mortality rate of 
8%.1,2,4 Patients with CVST are more numerous, especially in young adults than the elderly, with a median age of 45.1–4

The cause of 22–25% of thrombosis in CVST is hyper platelet aggregation caused by dysfunction and disruption of 
the endothelial structure due to inflammation which triggers platelet activation, which begins with platelet adhesion and 
continues with the process of secreting platelet granules and forming platelet aggregation.4–6 P-selectin levels can asses 
impaired function of platelet adhesion and secretion.7–9

P-selectin is a transmembrane glycoprotein identified using a monoclonal antibody specific for platelets that activates 
thrombin.7,10,11 P-selectin is a molecule that plays a role in platelet adhesion.12,13 Activated platelets will undergo granule 
fusion with the endothelial plasma membrane, causing exposure of P- selectin to the surface of activated platelets. 
P-selectin causes adhesion and granule secretion, which in turn causes platelet aggregation.12,13 Disruption of platelet 
function can be predicted by examining P- selectin, which is the result of endothelial and platelet activation and can 
describe the initial process of thrombosis.7,10,11,13 P-selectin is said to have a higher specificity, namely 87%, when 
compared with D- dimer and fibrinogen because it specifically describes the hypercoagulable process that causes 
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thrombus formation in veins.14 P-selectin may be used as a diagnostic tool with D-dimer and fibrinogen examination to 
diagnose CVST so that patients can be handled more quickly and precisely.

Methods
Sample Size
Sampling was carried out using consecutive sampling from all patients who were ≥ 18 years old and diagnosed with 
Cerebral Venous Sinus Thrombosis by a neurologist in the cerebrovascular subdivision based on radiological findings 
(Digital Substraction Angiography or Magnetic Resonance Venography) and laboratory findings (D-dimer level and 
coagulation profile) at the Outpatient Neurology Polyclinic at RSUP Dr. Hasan Sadikin Bandung in March-May 2022. 
There is a lack of examination materials or an insufficient number of samples, patients with hypertension, dyslipidemia, 
smoking, pre-eclampsia, sepsis, Alzheimer’s disease, consuming GP IIb-IIIa agonist, clopidogrel, aspirin, heparin, 
protamine sulfate, aprotinin, heparinase, insulin, cocaine, and nitric oxide as exclusion criteria. Subjects who met the 
inclusion criteria expressed their willingness to participate in this study by signing informed consent after obtaining an 
explanation. The ethics committee of Dr. Hasan Sadikin Hospital Bandung received the research ethics approval under 
the ethical clearance number LB.02.01/X.6.5/119/2022 and complies with the Declaration of Helsinki. Writing informed 
consent was obtained from the study participants.

Data Collection
Research subjects were selected at the Neurology Outpatient Polyclinic of RSUP Dr. Hasan Sadikin Bandung obtained 
from patients who are routinely re-controlled at the polyclinic (a chronic case). Research materials were examined at the 
Clinical Pathology Laboratory of RSUP Dr. Hasan Sadikin Bandung.

P-Selectin Measurement
Blood samples were taken in the morning after the patient had fasted for at least 8 hours. The serum was separated by 
allowing blood to clot for 30 minutes and then centrifuging 3500 RPM for 20 min. It was stored at −20°C if not directly 
processed. The Enzyme-linked immune-sorbent assay was done according to the manufacturer’s protocol.

Statistical Analysis
This descriptive analysis is used to determine the characteristics of the research subjects who are the research samples. 
Data analysis to describe the proportion of each variable that will be presented descriptively can be broken down into 
a descriptive study. Data on a numerical scale, such as the patient’s age, are presented with the mean, standard deviation, 
median, and range. Then for sample characteristic data in the form of categorical data, such as the sex of the patient, 
coding is given and presented as a frequency and percentage distribution. The data obtained are recorded in a special 
form and then processed through the SPSS program version 24.0 for Windows.

Results
A total of 55 research subjects met the inclusion criteria and signed informed consent during the study (Supplementary Material). 
The mean age was 45.04±12.100 years, and most research subjects were women. The participant’s demographic distribution is 
described in Table 1.

P-Selectin was highest in the subacute onset group (2 days–30 days) with an average of 5.20 ± 2.977. The highest 
group for the infectious risk factor, with an average of 5.26 ± 3.561. Study subjects with treatment duration <3 Months 
had the highest average P-selectin value of 3.79 ± 3.065. P-Selectin with high D-dimer had an average of 3.93 ± 2.710, 
and normal fibrinogen had the highest standard of 3.38 ± 2.693. Subjects with a history of hyper aggregation had an 
average P-selectin level of 3.89 ± 2.805.

Whereas research subjects with a history of hypercoagulation had an average of 3.50 ± 2.719. Multiple affected 
sinuses had the highest average P-selectin of 6.08±2.681 (Table 2).
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Table 1 Demographic Characteristics of Participants

Variable N=55

Age
Mean±Std 45.04±12.100

Median 48.00

Range (min-max) 22.00–69.00
Gender

Man 11(20.0%)

Woman 44(80.0%)
Complaint

Headache 51(92.7%)
Hemiparesis 10(18.2%)

Visual disturbance 4(7.3%)

Seizure 1(1.8%)
Dizziness 3(5.5%)

Onset
Acute (≤48 hours) 0(0.0%)
Subakut (48 hours-30 days) 2(3.6%)

Chronic (>30 days) 53(96.4%)

Duration of treatment
<3 months 15(27.3%)

3–6 months 5(9.1%)

6–12 months 1(1.8%)
≥12 months 34(61.8%)

Diagnostic Imaging
CT Scan 18(32.7%)
Magnetic Resonance Venography 28(50.9%)

Digital Subtraction Angiography 9(16.4%)

Sinus Involvement
Transversus Sinus 39(70.9%)

Sagitalis superior Sinus 7(12.7%)

Sigmoid Sinus 2(3.6%)
Cavernous Sinus 1(1.8%)

Multiple Sinus 6(10.9%)

D-Dimer (N=49)
Mean±Std 0.85±1.749

Median 0.33

Range (min-max) 0.19–11.39
Fibrinogen (N=36)

Mean±Std 380.32±108.362

Median 365.50
Range (min-max) 204.00–738.00

Risk Factor
Autoimmune 7(12.7%)
Infection 6(10.9%)

Oral Contraception 13(23.6%)

Malignancy 3(5.5%)
Head Injury 4(7.3%)

Unknown 22(40.0%)

Platelet Aggregation Test
Hypoagregation 9(16.4%)

Normoagregation 21(38.2%)

Hyperagregation 25(45.5%)

(Continued)
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Discussion
The median age of the study subjects was 48 years, with a range of 22–69 years, predominantly women. High estrogen 
levels in women of reproductive age who use hormonal contraceptives are known to induce a prothrombotic state through 
various mechanisms that affect the hemostatic pathway.15 The first mechanism, estrogen, modulates platelet activation 

Table 1 (Continued). 

Variable N=55

Thromboelastography (N=29)
Normocoagulation 9(31.0%)
Hypercoagulation 20(69.0%)

P Selectin levels
Mean±Std 3.09±2.592
Median 2.15

Range (min-max) 0.07–10.05

Table 2 Platelet Selectin Level Based on Characteristics of Research Subjects

Variable N (%) P-Selectin Levels Mean±Std

Onset
Acute 0 -

Subacute 2 (3.6%) 5.20±2.977
Chronic 53 (96.3%) 3.01±2.575

Risk Factor
Autoimmune 7 (12.7%) 3.86±3.170
Infection 6 (10.9%) 5.26±3.561

Oral Contraception 13 (23.6%) 3.45±2.591

Malignancy 3 (5.4%) 1.68±1.558
Head Injury 4 (7.2%) 0.98±0.724

Unknown 22 (40%) 2.62±2.064

Duration of treatment
<3 months 15 (27.2%) 3.79±3.065

3–6 months 5 (9%) 2.63±2.986

6–12 months 1 (1.8%) 1.05
≥12 months 34 (61.8%) 2.91±2.349

D-Dimer (N=49)
High 14 (28.5%) 3.93±2.710
Normal 35 (71.4%) 2.63±2.425

Fibrinogen (N=36)
High 4 (11.1%) 1.95±1.743
Normal 32 (58.1%) 3.38±2.693

Platelet Aggregation Test
Hypoagregation 9 (16.3%) 1.13±0.708
Normoagregation 21 (38.1%) 2.98±2.441

Hyperagregation 25 (45.4%) 3.89±2.805

Thromboelastography 
(N=29)

Normocoagulation 9 (31%) 2.85±2.501

Hypercoagulation 20 (68.9%) 3.50±2.719
Sinus Involvement

Single 49 (89.1%) 2.72±2.358
Multiple 6 (10.9%) 6.08±2.681
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and aggregation and increases von Willebrand Factor (vWF) levels which have an important role in hemostasis.15 Venous 
thrombosis risk increases with oral contraceptives (OCs) use. Combined OCs containing estrogen and progesterone have 
higher risk. When the patient has a history of previous CVST, the recurrence risk is increased by OC use. In the subgroup 
analysis, a previous history of CVST was high in the “pregnancy group”. Very little is known about the relapse rate 
during pregnancy and puerperium in women with a history of CVST. The results of some study suggest that physicians 
must keep in mind the possible recurrence of CVST in pregnancy.16 In reproductive age, women, accompanied by other 
risk factors, especially genetic ones, will increase the likelihood of CVST.15,16

The most frequent complaint was headache (92.7%). It is hypothesized that several mechanisms underlie the 
occurrence of headaches in CVST, namely intracranial hypertension, distention of veins and sinuses, and venous 
infarction.17–19 Clinical manifestations that appear in CVST patients can be according to the location of the affected 
sinus.20 The most location of the affected sinuses in this study is in the transverse sinuses, as much as 70.9%, which will 
give symptoms of increased intracranial pressure, headache, hemianopia, contralateral hemiparesis, and aphasia if there is 
a cortical disturbance.20

This study showed high P-selectin (>3.5 ng/mL) in 18 subjects. The majority of issues had normal P- selectin levels 
(0.95–3.5 ng/mL) in 25 subjects, and 12 subjects had low results (<0.95 ng/mL). In this study, 18 research subjects had 
increased P-selectin levels, seven subjects had unknown risk factors, five issues had risk factors for oral contraceptive 
use, and three had an infection and autoimmune risk factors. Of the 55 research subjects, there were 22 subjects with 
unknown risk factors due to the limitations of laboratory tests, such as examination of levels of Protein S, Protein C, and 
antiphospholipid, which are genetic risk factors related to hypercoagulation in CVST. The most risk factor was research 
subjects who consumed oral contraceptives, but the highest levels of P-selectin were found in the group with the 
infectious risk factor. The oral contraceptive user group has a 3 to 5 times higher risk of thrombotic events than the non- 
oral contraceptive group.21–23 The chance of thrombosis in oral contraceptive users depends on estrogen dose, progestin 
type, age, family history, and thrombophilic

conditions.22 The results of meta-analyses showed that gender-specific risk factors were only not effective in children 
and the elderly female groups and that the use of OCs increased venous thrombosis development in reproductive age 
females and thrombotic events most often occur in the first 12 months (especially the first three months) of oral 
contraceptive use, which is associated with exposure to new risk factors, especially the presence of other risk 
factors.16,21,22

History of D-dimer examination showed 14 study subjects (28.5%) with high D-dimer levels and 35 study subjects 
(71.5%) with normal D-dimer levels. High P-selectin levels were also found in groups with high D-dimer values. An 
increase in D-dimer levels and P-selectin indicate activation of coagulation and fibrinolysis, which is also associated with 
increased thrombotic and recurrent thrombotic events.24 D-dimer and P-selectin levels are grown in the acute phase and 
decreased significantly after one month of Deep Vein Thrombosis (DVT).24 The combination of P-selectin, D-dimer, and 
total microparticle examinations had a sensitivity of 78% and a specificity of 81% for diagnosing DVT.25 P-selectin has 
greater specificity compared to D-dimer and fibrinogen, namely 87% for predicting venous thrombosis events because it 
can specifically describe the hypercoagulable process that causes thrombus formation in veins.14 P-selectin levels can 
represent platelet activation in the early stages of thrombosis and as a direct inducer of procoagulant conditions 
associated with vascular and thrombotic events.7,10,11,13 No study has directly compared the D-dimer and P- selectin 
levels in CVST patients.

In this study, D-dimer and fibrinogen examinations were not carried out simultaneously with P-selectin tests but were 
carried out when the study subjects first came to the outpatient neurology polyclinic, when they were still in the acute and 
subacute phases. There were 14 study subjects with high D-dimer yields and four research subjects with high fibrinogen 
yields. The P-selectin examination was conducted when most study subjects (96.4%) were already in the chronic phase 
and had received anticoagulant or antiplatelet therapy. There were 18 study subjects with high P-selectin levels, with two 
issues in the subacute phase and 16 in the chronic phase. P-selectin levels can still increase in chronic phase CVST 
patients who have received anticoagulant or antiplatelet drugs. The P-selectin examination may help screen and diagnose 
more patients with hypercoagulable disorders or hyper platelet aggregation, in this case, CVST, when examined in the 
acute or subacute phase, so it can help patients to get appropriate and fast therapy. P-selectin may also be a tool for 
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evaluating therapy in patients currently receiving anticoagulant therapy and have reached the treatment target (INR 2–3) 
but have not experienced clinical improvement because P-selectin appears early in the thrombotic phase so that it will 
describe hypercoagulable conditions in CVST patients.

Limitations of Study
The following limitation should have been considered further in this study. First, the research subjects were patients 
diagnosed with CVST. They had received therapy, so this study did not show P-selectin levels in the acute phase, and the 
onset of P-selectin carried out was not homogenous. Second, many research subjects’ risk factors still need to be 
discovered due to limited examinations. This study cannot describe all etiologies in CVST, especially genetic etiologies 
related to coagulation.

Conclusion
P-selectin levels were found to be increased in CVST patients with subacute and chronic onset, with the duration of 
treatment <3 Months, etiology of hormonal contraceptive use and multiple sinuses being affected. We need further study 
of P-selectin in acute onset CVST patients who have not received anticoagulant therapy and link it to genetic factors 
related to coagulation disorders. P-selectin could be a diagnostic marker for hyper aggregation and hypercoagulable state 
in patients with CVST, but it still needs further research to prove it.
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