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Purpose: D-dimer is one of the main coagulation factors that plays a role in some diseases. 
Cerebral venous thrombosis (CVT) is a rare cerebrovascular disease with various clinical 
presentations, and the D-dimer might contribute to its clinical progress. Our study’s objective 
was to explore the association between D-dimer level and focal neurological deficits in 
selected CVT patients.
Patients and Methods: The patients’ data were retrospectively enrolled if they showed 
venous thrombus features in the digital subtraction angiography examination. Data collected 
were then evaluated using appropriate statistical tests.
Results: In a total of 30 patients, 24 patients had focal neurological deficits with abnormal 
D-dimer (mean 1.13±1.359 mg/L). We continued analysis to determine the association 
between the visual analog scale (VAS), a tool to measure the patient’s pain, and coagulation 
factors. There was no significant association between the VAS score and all the coagulation 
factors. Interestingly, a positive association was found between focal neurological deficits 
and abnormal D-dimer levels (p=0.009).
Conclusion: The abnormality of D-dimer levels in CVT’s patients associates with the 
incidence of focal neurological deficits.
Keywords: cerebral venous thrombosis, coagulation factors, D-dimer, focal neurological 
deficits

Introduction
CVT is a rare venous thromboembolic disease that is found three times more 
frequently in women compared to men. Due to hormonal factors, this disease 
incidence peaks among young women.1 The risk factors for this disease are usually 
divided into acquired risks and genetic risks.1,2 The heterogeneous etiology of CVT 
has made this disease a unique clinical entity because it can become the first clinical 
manifestation or overlap with other existing clinical problems.3

In general, thrombosis classically relates to blood stasis, endothelial injury, and 
coagulation disorders.4 The secondary coagulation cascade has two initial path
ways: contact activation pathway (also known as the intrinsic pathway) and tissue- 
factor pathway (also known as the extrinsic pathway). Both pathways lead to 
a basic reaction, which is to produce fibrin.5 D-dimer is the endogenous fibrinolysis 
marker often used in studies related to thrombosis.6,7 Plasma D-dimer level is 
already proven to have a high sensitivity and specificity for CVT diagnosis.8–10 

This test is frequently used in the diagnosis of CVT because it is simple and less 
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invasive.11 The D-dimer level has a positive association 
with the volume and size of thrombosis and has a negative 
association with clinical symptom duration.2,12

Cerebral venous thrombosis affects the brain main 
venous anatomy, leading to thrombosis in one or more 
blood vessels.4 The incidence of multiple venous channel 
involvement is higher since around two-thirds of the 
patients experience thrombosis in more than one venous 
channel. Deep venous thrombosis is far less frequent than 
dural sinus thrombosis.1 The most common sinus affected 
are superior sagittal sinus and transversal sinus.5

The clinical presentation of CVT varies in patients of 
different ages and different CVT topography.1 The most 
common signs and symptoms of CVT are headache and 
focal neurological deficits.13 Headache is found in almost 
90% of CVT patients, which is usually non-uniform, dif
fuse, and often become more severe from days to weeks. 
The most common pattern is the sub-acute and chronic 
onsets with various severity levels.1,6,13 Focal neurological 
deficits may be seen in CVT, depending on which area is 
involved.14 Some CVT patients come with motoric and 
sensory disorders, aphasia, cranial nerve paralysis, and 
cortical blindness as the primary manifestations.4,15 

These cranial nerve deficits may be solitary or 
multiple.12 The recent study, conducted by Heldner et al, 
predicts CVT using clinical factors and D-dimer score. 
The study showed that a combination of D-dimer score 
and clinical factors had high sensitivity to diagnose 
CVT.16

Previous studies have approached the CVT disease 
based on its clinical features and the association with 
coagulation factors but had not specifically analyzed 
D-dimer’s relationship with focal neurological deficits. 
Then if there was an association, whether D-dimer played 
a direct role in focal neurological abnormalities or a sequel 
from the CVT location. Therefore, we look at the role of 
D-dimer in focal neurological deficits in patients 
with CVT.

Patients and Methods
Subject Selection and Study Design
This was a cross-sectional observational analytical study 
on retrospective data. The CVT patients’ medical records 
admitted to the Department of Neurology, Dr. Hasan 
Sadikin General Hospital from 2018 to 2020 were used 
as secondary data in this study. D-dimer examination was 
done on patients’ admission time. Standard laboratory 

measuring of D-dimer levels was determined with an 
automated immunoturbidimetric assay.

The inclusion criteria were completed medical records 
of CVT patients with the digital subtraction angiography 
(DSA) examination showing venous thrombus features. 
DSA becomes a routine examination in our center and 
a gold standard to detect CVT disease. Although this 
examination is invasive, DSA is a safe procedure. 
Medical records of patients with systemic diseases or 
conditions affect the D-dimer level, such as pregnancy, 
post-partum period, recent surgery or trauma, rheumatoid 
arthritis, septicemia, malignancy, renal dysfunction and 
central nervous system infection, were excluded in this 
study.

Each patient record was coded anonymously to ensure 
confidentiality during statistical analysis. The protocol 
study was approved by the Padjadjaran University Ethics 
Research Committee and conducted in compliance with 
the Declaration of Helsinki.

Statistical Analysis
Categorical data are presented in number, frequency and 
percentage while numerical data are presented in mean, 
standard deviation and range. Unpaired T-test was used for 
analyzing normally distributed numerical data, while the 
Mann Whitney test and Wilcoxon test were used as the 
alternatives for non-normally distributed numerical data. 
To understand the association between normally distribu
ted numerical data, Pearson’s correlation test and 
Spearman test were used for normally and non-normally 
distributed data, respectively. Before comparing more than 
two groups, the variance homogeneity was tested using the 
Levene test. If data were normally distributed and had 
homogenous variance, one-way ANOVA was used. If 
not, the Kruskal Wallis test was used. P-value was used 
for criteria of significance with p≤0.05 considered as sta
tistically significant while p>0.05 was considered as non- 
significant.

Results
In this study, 57 medical records of CVT patients as base
line data were collected. Only 30 patients were in the 
inclusion criteria, consisting of three men (10.0%) and 
27 women (90.0%) with an overall mean age of 40.73 
±9.853. History of injectable hormonal contraceptives 
was identified in 30.0% of the patients and 6.7% had 
a history of smoking. Most patients experienced focal 
neurological deficits (80.0%), such as hemiparesis and 
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cranial nerve paralysis. Of all coagulation factors mea
sured, mean abnormal values were seen in D-dimer of 
0.95±1.260 mg/L. These abnormal D-dimer levels were 
observed in 19 patients (63.3%). Thrombosis was mostly 
found in left transversal sinus, which contributed 53.3% of 
all thrombosis locations (Table 1).

When the characteristics of the headache were 
assessed, it was revealed that most patients had had head
aches for more than 3 months (76.7%), with most patients 
experienced unilateral headache (50.0%). Throbbing head
ache was the type of headache experienced by most 
patients (40.0%), with half of the patients (50.0%) found 
relief after taking analgesics. The factor that aggravated 
the headache most was physical activities (13.3%). Among 
patients with accompanying symptoms, most experienced 
vomiting and seizure (13.3%). The average initial VAS 
score (at admission) was 7.23±2.029, with most categor
ized in severe category (76.7%), while the average final 
VAS score at discharge was 1.97±1.608, with most cate
gorized as mild (83.3%). There was a statistically signifi
cant difference between the mean VAS score at admission 
and at discharge, with P<0.05. The average difference in 
VAS, or Delta VAS, was −5.27±2.016 (Table 2).

Results from Spearman’s test showed a statistically 
insignificant difference between initial VAS score, final 
VAS score, and coagulation factors (Table 3). There were 
statistically insignificant differences between initial VAS 
score, final VAS score, and coagulation factors, with 
P>0.05 (Table 3).

We analyzed the initial VAS category and coagulation 
factors to know the association amongst them. We showed 
that the association between the initial VAS category and 
coagulation factors was considered to be statistically insig
nificant (P>0.05) (Table 4).

The result of the statistical analysis of the association 
between final VAS score and coagulation factors showed 
that P was more than 0.05 (P>0.05), reflecting 
a statistically insignificant difference (Table 5).

Finally, the data were analyzed with appropriate statis
tic methods to understand the association between focal 
neurological deficits and coagulation factors. We showed 
P-value in the D-dimer variable was less than 0.05 
(P<0.05), meaning that it was statistically significant 
(Table 6).

Discussion
In this study, we found more young female patients diag
nosed with CVT compared to men. This is probably 

Table 1 Basic Characteristics of CVT Patients

Variables N=30

Age (year)
Mean±Std 40.73±9.853

Sex
Male 3(10.0%)

Female 27(90.0%)

Length of treatment (day)
Mean±Std 6.73±3.648

Risk factors
History of Contraceptive Use 9(30.0%)

History of Smoking 2(6.7%)

Focal neurological deficits
Yes 24(80.0%)

No 6(20.0%)

Hemoglobin (g/dL)
Mean±Std 13.14±2.085

Hematocrit (%)
Mean±Std 40.65±7.980

Trombosit (thousand/uL)
Mean±Std 317,566.67±87,808.444

Leucocyte (10^/uL)
Mean±Std 8220.33±2557.232

Fibrinogen (mg/dl)
Mean±Std 328.35±150.258

PT (second)
Mean±Std 12.47±3.804

APTT (second)
Mean±Std 28.25±7.633

INR
Mean±Std 1.10±0.424

D-dimer (mg/L)
Mean±Std 0.95±1.260

Fibrinogen category
Normal 26(86.7%)

Abnormal 4(13.3%)

PT category
Normal 28(93.3%)

Abnormal 2(6.7%)

APTT category
Normal 25(83.3%)

Abnormal 5(16.7%)

INR category
Normal 26(86.7%)

Abnormal 4(13.3%)

(Continued)
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a secondary difference due to hypercoagulability related to 
the increase in estrogen due to pregnancy and oral contra
ceptive use, especially the use of combination hormonal 
contraceptives. These factors increase the risk for 
thrombosis.17,18

Coagulation disorders are the main factor of thrombosis 
in CVT.18 The process of thrombosis can be detected through 
the D-dimer level. A high D-dimer level shows a high risk for 
thrombosis. D-dimer is a specific antigen originating from 
factor XIIIa cross-linked fibrin degradation. A specific 
monoclonal antibody for D-dimer antigen has been devel
oped to enable a laboratory testing that can differentiate 
between products originating from fibrinogen degradation 
and products originating from fibrin degradation. D-dimer 
antigen measured in clinical samples comes from fibrin 
degradation that comes from a joint action of thrombin, 
factor XIIIa, and plasmin.5 D-dimer assays are known as 
highly sensitive test but are often falsely positive in condi
tions as follows: malignancy, recent surgery or trauma, preg
nancy or postpartum state and renal dysfunction.16

Our study identifies the following signs and symptoms: 
headache, vomiting, seizure, and focal neurological defi
cits. The clinical presentation of cerebral vein thrombosis 
may vary. There are a lot of variations in the clinical 
features related to CVT with symptoms and signs may 
appear in acutely, sub-acutely, or chronically. The severity 
of the clinical presentation depends on the thrombosis 
level, sinus involved, and venous collateral expansion.6,19

The type of headaches reported by CVT patients also 
varies, starting from cluster headaches, such as the worse 
headache onset of a lifetime, migraine, exploding 

Table 1 (Continued). 

Variables N=30

D-dimer category
Normal 19(63.3%)

Abnormal 11(36.7%)

DSA feature
Right transverse sinus thrombosis 10(33.3%)

Left transverse sinus thrombosis 16(53.3%)

Bilateral transverse sinus thrombosis 1(3.3%)

Sagittal sinus thrombosis 1(3.3%)

Bilateral straight sinus thrombosis 1(3.3%)

Hemisphere thrombosis 1(3.3%)

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin 
time; INR, international normalized ratio.

Table 2 Characteristics of Headache in CVT Patients

Variables N=30

Onset of headache
<1 month 4(13.3%)

1–3 months 3(10.0%)

>3 months 23(76.7%)

Headache location
Unilateral 15(50.0%)

Localized 7(23.3%)

Diffuse 8(26.7%)

Type of headache
Throbbing 12(40.0%)
Tension 4(13.3%)

Band-like 4(13.4%)

Stabbing 10(33.3%)

Relieving factors
Sleep 2(6.7%)
Lie down 3(10.0%)

Take medicine 15(50.0%)

Aggravating factors
Coughing 1(3.3%)

Physical activities 4(13.3%)

Accompanying symptoms
Vomiting 4(13.3%)
Phonophobia 2(6.7%)

Photophobia 2(6.7%)

Seizure 4(13.3%)

Initial VAS
Mean±Std 7.23±2.029
Median 8.00

Range (min-max) 0.00–10.00

Final VAS
Mean±Std 1.97±1.608

Median 2.00
Range (min-max) 0.00–5.00

Delta VAS
Mean±Std −5.27±2.016

Median −5.00

Range (min-max) −8.00–0.00

Initial VAS category
Mild 2(6.7%)
Moderate 5(16.7%)

Severe 23(76.7%)

Final VAS category
Mild 25(83.3%)
Moderate 5(16.7%)

Severe 0(0.0%)

Abbreviation: VAS, visual analog scale.
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headache, chronic tension headache, chronic daily head
ache, and thunderclap headache.6,13 In our study, most 
patients experienced chronic headache with various types 
and quality of pain. Chronic headache was defined if the 
onset of headache more than one month.20 The presence of 
headache is most probably explained as originating from 
two main factors: the local process in the vein and dural 
sinus and increasing intracranial pressure. Unlike the 
brain, dura and venous sinus consist of fibers that are 
sensitive to pain. Sinus distension, especially when it is 
caused by inflammation, will activate those sensitive 
fibers. Thrombosis causes the obstruction of venous drai
nage from the intracranial structures. This increased 
venous pressure leads to increasing intracranial pressure.1

Focal neurological deficits is the most commonly iden
tified disorder other than headache.15 The most frequently 
observed focal neurological deficit in CVT is motoric 
disorders. CVT can also trigger single or multiple cranial 
nerve paralysis. The involvement of cranial nerves III, IV, 
V, VI, VII, VIII, IX, X, and XII have been widely 

reported. Focal neurological deficits observed will depend 
on the location of the thrombus and correlate with larger 
cerebral infarction.5,15 Motoric deficit and cranial nerve 
involvement are often seen in patients with a lesion in 
the transversal sinus.15 D-dimer had an association to 
infarct volume and neurological deficits. Positive exami
nation of D-dimer results indicate the presence of 
a thrombus, but cannot indicate the location and rule out 
other potential etiologies. D-dimer examination is useful to 
determine the formation of abnormal blood clots or the 
presence of thrombotic and to determine the presence 
of clot lysis or fibrinolytic processes.5,10,15 Thrombosis 

Table 3 Correlation Between Initial VAS Score, Final VAS Score, 
and Coagulation Factors

Variables Initial VAS Score Final VAS Score

Fibrinogen R= −0.107 P value= 0.557 R= −0.185 P value= 0.329

PT R= 0.007 P value= 0.970 R= −0257 P value= 0.170

APTT R= 0.138 P value= 0.466 R= −0.024 P value= 0.898
INR R= −0.032 P value= 0.867 R= −0.179 P value= 0.343

D-dimer R= −0.002 P value= 0.993 R= 0.085 P value= 0.655

Notes: Significant if p <0.05. R: correlation coefficient.

Table 4 Association Between Initial VAS Category and Coagulation Factors

Variables Initial VAS Category P-value

Mild Moderate Severe

N=2 N=5 N=23

Fibrinogen 0.436
Mean±Std 408.00±45.255 317.80±85.036 323.72±166.520

PT 0.332
Mean±Std 14.45±3.465 11.26±0.770 12.56±4.209

APTT 0.409

Mean±Std 33.65±0.212 25.12±3.968 28.46±8.307

INR 0.248

Mean±Std 1.35±0.396 0.98±0.099 1.11±0.468

D-dimer 0.216

Mean±Std 0.35±0.226 1.59±2.078 0.87±1.084

Table 5 Association Between Final VAS Score and Coagulation 
Factors

Variables Final VAS Score P-value

Mild Moderate

N=25 N=5

Fibrinogen 0.404

Mean±Std 338.80±162.712 276.10±27.209

PT 0.300

Mean±Std 12.72±4.108 11.20±1.105

APTT 0.988

Mean±Std 28.24±8.252 28.30±3.717

INR 0.300

Mean±Std 1.13±0.462 0.97±0.039

D-dimer 0.448

Mean±Std 1.07±1.354 0.38±0.111
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contributes to focal neurological deficits by causing brain 
perfusion reduction as well as cytotoxic and vasogenic 
edema which then lead to ischemic injuries and vein and 
capillary rupture, causing parenchymal bleeding.6,19

Magnetic resonance venography (MRV) has now 
become the most commonly used blood vein imaging mod
ality for confirming CVT diagnosis.1,15 MRV is limited by 
artifacts when identifying vascular anatomy and pathology.21 

DSA is still the standard reference for most vascular ima
ging. Cerebral intraarterial angiography with venous phase 
imaging is an invasive diagnostic technic reserved for rare 
occasions when there is a strong clinical suspicion of cere
bral vein thrombosis but the MRV result is inconclusive.18 

The lack of turbidity in a part of or in the overall venous 
channel is a primary angiographic proof of venous occlusion. 
Delayed drainage and dilatation of collateral venous channel 
are among other signs that are commonly observed.1

This study has a limitation. It has not been able to 
determine wether D-dimer directly affects the location of 
focal neurological deficits or only from the sequel.

Conclusion
Our results suggest that the D-dimer level could be used as 
an indicator of the presence of focal neurological deficits 
in CVT patients.
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