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Background: Thrombophilia could be one of the causes of venous thromboembolism at the unusual sites such as cerebral
venous sinus thrombosis (CVST). In addition, it is generally accepted that CVST is one of the etiologies of dural arteriovenous
fistulas (DAVFs).
Objective: The present study aimed to examine the prevalence of CVST in DAVF patients and to identify the associations
between thrombophilia and DAVFs.
Material and Method: This is a cross sectional pilot study included 30 patients with DAVFs. All patients underwent cerebral
angiography and were examined for thrombophilic factors potentially relevant to venous sinus thrombosis. The prevalence
of thrombophilic abnormalities were compared between patients with and without CVST.
Results: CVST was diagnosed in 21 out of 30 patients (70%) patients with DAVFs. There are 11 out of 30 patients (36.7%)
who had low protein S level. Six out of 28 patients (21.4%) had low antithrombin III level. Four patients (13.3%) had positive
lupus anticoagulant. There was no patient with low level of protein C or positive anticardiolipin antibodies. There was no
statistical difference in the prevalence of thrombophilic abnormalities between the patients with and without CVST.
Conclusion: This pilot study reported the prevalence of CVST in DAVFs in Thai population. It provides the information that
DAVFs seemed to correlate with thrombophilia, whether the patients had CVST or not.
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Intracranial dural arteriovenous fistulas
(DAVFs) are abnormal shunts localized to the intracranial
dura mater. They account for 10 to 15% of all intracranial
arteriovenousmal formations(1,2). While there is
abundant evidence among current literatures regarding
the treatment of DAVFs, the pathogenesis of DAVFs
remains inconclusive. Nonetheless, it is generally
accepted that cerebral venous sinus thrombosis (CVST)
plays an important role as one of the etiologies of
DAVFs(2-5). In addition, Tsai et al reported a high
frequency of sinus thrombosis (39%) among DAVF
patients(6).

Thrombophilia, a predisposition to develop
blood clot, is among the causes of venous
thromboembolism at the unusual sites such as CVST,
which can be either hereditary or acquired. The common
hereditary and acquired thrombophilia in Asian
population included antithrombin III, protein C, or
protein S deficiency, and antiphospholipid antibody
syndrome, respectively. Currently, the association
between thrombophilia and DAVFs is still unknown.
Previously, there is no prior data regarding the
prevalence of CVST in patients diagnosed with DAVFs.
Furthermore, neither the prevalence of thrombophilia
in DAVF patients nor the type of hypercoagulable
defects found in patients with and without CVST have
been formerly studied. Therefore, we conducted a pilot
study to examine the prevalence of CVST in DAVF
patients and to identify the associations between
thrombophilia and DAVFs.
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To the best of our knowledge, this is the first
study reporting the prevalence of thrombophilia in
DAVF patients including those with CVST and without
CVST.

Material and Method
Patients

This is a cross sectional study. All adult
DAVF patients diagnosed by digital subtraction
cerebral angiography at Siriraj Hospital from July 2011
to January 2015 were recruited to the study. All related
information was prospectively collected. The inclusion
criteria was adult (age >18 years) DAVF patients with
or without CVST diagnosed by cerebral angiography
(Fig. 1). The exclusion criteria were previous history
of head trauma or cranial surgery, recent extracranial
thromboembolic events such as deep vein thrombosis,
diseases or conditions that can affect the thrombophilic
testing such as liver disease, anticoagulant treatment,
or pregnancy.

Methods
All patients underwent cerebral angiography

with special attention directed to establish the evidence
of CVST. The diagnosis of CVST was made by two
neurointerventionists whose experience was more than
5 years and who were blinded to the result of
thrombophilic testing. Kappa statistic was used to
evaluate the agreement in angiographic interpretation
of CVST between the two neurointerventionists.
The diagnosis of CVST was then separate to cavernous
sinus and non-cavernous sinus thrombosis. The
diagnosis of CVST was based on the following criteria:

Non-cavernous sinus thrombosis was
diagnosed if there was any evidence of the followings:
total occlusion, filling defect, outlet occlusion, or
isolated sinus.

Cavernous sinus thrombosis was diagnosed
if less than half of the common outlets were seen
(less than 4 outlets). Common outlets of the cavernous
sinus included the followings: ophthalmic venous

drainage (superior ophthalmic vein or inferior
ophthalmic vein), sphenoparietal sinus, pterygoid
venous plexus, intercavernous sinus, pericarotid
venous plexus, superior petrosal sinus, inferior petrosal
sinus, and meningeal vein.

Blood was collected for complete blood count,
activated partial thromboplastin time, prothrombin
time, antithrombin, protein C and protein S activities,
anticardiolipin IgG and IgM, anti-β

2 
glycoprotein 1

IgG and IgM and lupus anticoagulants in all patients
prior to the performance of cerebral angiography. The
specimens were sent to the hospital’s central laboratory
and were processed according to the standard methods.

The data was analyzed with SPSS program
(PASW statistics 18.0). A p-value less than 0.05 was
considered statistically significant. The prevalence of
thrombophilic abnormalities were compared between
the two groups (patients with CVST and without CVST)
using the Chi-square test. Other categorical variables
and continuous variables were compared using Chi-
square test and T-test, respectively. The study was
approved from Institutional Ethics Committee.

Results
Of the 30 patients, 11 were men and 19 were

women. The mean age at diagnosis was 51.4+12.85 years
(Table 1). There were no sex and age differences with
regard to the presence and absence of CVST (Table 2).

The locations of DAVFs were at cavernous
sinus in 10 patients (33.3%) and at non-cavernous sinus
locations in 20 patients (66.7%). Non-cavernous sinus
locations were further divided into transverse-sigmoid
junction in 10 patients (33.3%), superior sagittal sinus
in 4 patients (13.3%), torcular herophili in 2 patients

Characteristics      Value

Age, mean + SD (years) 54.1+12.85
Sex, n (%)

Male 11 (36.7)
Female 19 (63.3)

Location, n (%)
Cavernous sinus 10 (33.3)
Transverse-sigmoid sinus 10 (33.3)
Superior sagittal sinus   4 (13.3)
Torcularherophili   2 (6.7)
Others   4 (13.3)

CVST, n (%)
Present 21 (70)
Absent   9 (30)

Table 1. Characteristics of 30 patients

Fig. 1 The schematic design of the study.
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defined as at least one positive thrombophilic testing
in patients with and without CVST were compared using
Chi-square test. Interestingly, the prevalence of
thrombophilia was not significantly difference between
the two groups (p = 0.417) (Table 3). In addition, the
type of thrombophilic abnormalities found in patients
with and without CVST was not statically different
between the two groups (Table 4). Two patients had
incomplete blood test (no data of antithrombin activity)
and were excluded from the comparison analysis.

Discussion
The locations of DAVFs in the present study

(6.7%). The rest of the locations were tentorial sinus,
falx, posterior condylar vein, and lateral condylar vein
with a single patient at each site. The most frequent
locations of DAVFs were cavernous sinus and
transverse-sigmoid junction, followed by superior
sagittal sinus (Fig. 2).

CVST was diagnosed in 21 (70%) patients.
Eleven out of 21 non-cavernous sinus-DAVF patients
had CVST (52%), while all cavernous sinus-DAVF
patients had CVST (100%).

Moderate agreement in CVST angiographic
interpretation between the two neurointerventionists
with Kappa of 0.46 was observed.

Thrombophilic test results
Eleven out of 30 patients (36.7%) had low

protein S activity. Six out of 28 patients (21.4%) had
low antithrombin activity. Four out of 30 patients
(13.3%) had positive lupus anticoagulant. However,
there was no patient with low protein C activity or
positive neither anticardiolipin antibodies nor anti-β

2

glycoprotein 1.
The prevalence of thrombophilic abnormalities

Characteristics DAVF with CVST DAVF without CVST p-value

Age, mean + SD (years)     54.43+14.99         53.3+5.98   0.77
Female sex (%)     61.9         66.7   1

Table 2. Comparison of age and sex among DAVF patients with CVST and without CVST

Thrombophilic testing results DAVF with CVST DAVF without CVST p-value

Abnormal, n (%)       11 (57.9)           7 (77.8)  0.417
Normal, n (%)         8 (42.1)           2 (22.2)
Total       19           9

Table 3. Comparison of thrombophilic abnormalities in DAVF patients with CVST and without CVST

Hematologic abnormalities        DAVF with    DAVF without   Total p-value
CVST (Total n = 21) CVST (Total n = 9)

Protein S deficiency, n (%)           7 (33.3)          4 (44.4) 11 (36.7)  0.687
Antithrombin deficiency, n (%)           4 (19)          2 (22.2)   6 (20)  1.000
Positive lupus anticoagulant, n (%)           2 (9.5)          2 (22.2)   4 (13.3)  0.563
Low protein C activity, n (%)           0 (0)          0 (0)   0 (0)
positive anticardiolipin antibodies, n (%)           0 (0)          0 (0)   0 (0)
Positive anti-β

2 
glycoprotein 1, n (%)           0 (0)          0 (0)   0 (0)

Table 4. Comparison ofthe prevalence of protein S deficiency, antithrombin deficiency, and positive lupus anticoagulant in
DAVF patient with CVST and without CVST

Fig. 2 Locations of DAVF.
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were similar to previous reports(2,6) that the most
frequent locations were cavernous sinus, transverse-
sigmoid sinus, and superior sagittal sinus.

CVST was diagnosed in 21 (70%) patients
with DAVFs. This finding is in harmony with a previous
report(6) that the prevalence of CVST in DAVFs was
high, especially in our series. However, the definition
of CVST is different among prior studies. Therefore,
the results should be interpreted with caution.
Previously, Satomi et al(7) reported that cavernous sinus
location was preferentially related to CVST compared
to other locations. In addition, all 10 patients with
cavernous sinus DAVFs in our study also had CVST.
This may suggest that cavernous DAVFs have
tendency to develop CVST at some degree.

As shown in previous reports, thrombophilia
was related to DAVFs(8,9). Considering the cause of
thrombophilia associated with DAVFs in this study,
low protein S activity was the most frequent
abnormalities followed by low antithrombin activity and
positive lupus anticoagulant. The prevalence of low
protein S activity was as high as a third of all patients
and was much higher than that found in healthy
subjects(10,11). To the best of our knowledge, this is the
first study to demonstrate the high prevalence of
thrombophilia in patients diagnosed with DAVFs. On
the basis of current evidence, the formation of DAVFs
seems to strongly correlate with thrombophilia. Thus,
it could serve as a warning sign that, when dealing
with patients diagnosed with DAVFs, clinicians should
be aware of the association between thrombophilia and
DAVFs. In addition, screening for thrombophilia may
be useful in patients diagnosed with DAVFs in order to
identify the patients who might be at high risk to develop
CVST in the future. Hence, the appropriate treatment
and monitoring could be planned in advance for such
high risk patients who are also at increased risk to
develop venous thromboembolism at other locations.
The prevalence of thrombophilic abnormalities in
patients with and without CVST were not statistical
different. Moreover, patients without CVST had
tendency to have an abnormal blood test compared
to those with CVST (77.8% versus 57.9%). We
hypothesized that patients who did not have CVST
detected at the time of cerebral angiography might
already have thrombus resolved before or after the time
of blood sampling. Furthermore, given that the sample
size was rather small in this pilot study and that
our study did not have adequate power to detect the
difference of thrombophilia between the two groups, a
future research with larger sample size needs to be

conducted to validate current findings and our
hypothesis.

Conclusion
The prevalence of thrombophilic abnormalities

in Thai DAVF patients was high. Clinicians should be
aware of the association between thrombophilia and
DAVFs. Further study is required to determine the
usefulness of thrombophilia screening in patients
diagnosed with DAVFs.

What is already known from this topic?
The incidence of CVST in Thai population

was high. However, there is no prior data regarding
the prevalence of CVST in patients diagnosed with
DAVFs. There is also no study concerning either the
prevalence of thrombophilia in DAVF patients or the
hypercoagulable defects found in patients with and
without CVST.

What this study adds?
This pilot study reported the prevalence of

CVST in DAVFs in Thai population. It provides the
information that DAVFs seemed to correlate with
thrombophilia, whether the patients had CVST or not.
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     ⌫⌫⌫⌫⌫ 
  

  ⌫       ⌫⌫ 

      ⌦      ⌦
⌫  ⌫    ⌦⌦⌦
       ⌫⌫
   ⌫⌫⌫ 
⌫   ⌫      
           
          β       
⌦     ⌫⌫         ⌫⌫  
     ⌫⌫        ⌫⌫   
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