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De Novo Dural Arteriovenous Fistula Formation Following
Asymptomatic Sinus Thrombosis: A Case Report and
Review of the Literature
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Abstract

Cerebral venous sinus thrombosis (CVST) has been suggested to
play an important role in the pathogenesis of dural arteriovenous
fistular (DAVF) formation but studies supporting a causal rela-
tionship are rare. We report a 15-year-old male who developed a
brief syncopal episode that was felt to be secondary to dehydration.
A non-contrast computerized tomography (CT) scan of the head
showed hyperdensities of the posterior superior sagittal and bilat-
eral transverse sinuses. Magnetic resonance venogram confirmed
the presence of diffuse CVST without cerebral edema, infarction
or hemorrhage. Dural sinuses were partially recanalized after a six-
week anticoagulation treatment. At 14 months patient was found
with a left sided DAVF that was embolized successfully without
complications. The presence of asymptomatic, minimally symp-
tomatic or partially treated CVST may be implicated in the patho-
genesis of DAVF.
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Introduction

Dural arteriovenous fistulas (DAVFs) are abnormal intracra-
nial vascular channels through which meningeal or extracra-
nial arteries shunt blood directly into mostly dural sinuses,
and rarely meningeal or subarachnoid veins. DAVFs are usu-
ally located at the dura mater within or near a dural sinus
wall. Cerebral venous sinus thrombosis (CVST) has been
suggested to play an important role in the pathogenesis of
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DAVF but studies supporting a causal relationship are rare
[1]. Here we report a rare case of de novo DAVF forma-
tion following the occurrence of extensive but asymptomatic
CVSTs.

Case Report

A 15-year-old Asian male developed a brief syncopal epi-
sode the day after taking a long international flight trip and
suffering dehydration from prolonged poor oral intake. There
were no other symptoms. His neurological examination was
entirely normal. A non-contrast computerized tomography
(CT) scan of the head showed abnormal hyperdensities of
the posterior superior sagittal and bilateral transverse sinuses
(Fig. 1). Magnetic resonance venogram (MRV) and mag-
netic resonance imaging (MRI) of the head confirmed the
presence of diffuse venous thrombosis in the superior sag-
ittal, straight, bilateral transverse, and left sigmoid sinuses
without the presence of parenchymal edema, infarction or
hemorrhage (Fig. 1). Hypercoagulable studies including an-
tiphospholipid antibody, fibrinogen, antithrombin III, plas-
minogen and activated protein C resistance were all within
normal limits. Factor V Leiden and prothrombin G20210A
mutational analyses were negative. Intravenous heparin
treatment was initiated, followed by oral warfarin with a
target International Normalized Ratio (INR) of 2.0-3.0. At
6 weeks, a repeated MRV showed a marked improvement
with prominent venous flow seen in the superior sagittal and
right transverse sinuses. The left transverse sinus recanalized
but remained narrow, and both the left sigmoid sinus and
jugular vein were patent. The brain parenchyma remained
entirely normal on MRI (Fig. 1). The warfarin therapy was
discontinued.

At 14 months, the patient started to experience left oc-
cipital and upper neck pain upon strenuous exercises. Papill-
edema was noted on the funduscopic examination but the re-
maining neurological exam was normal. Head MRV showed
a lack of significant flow in the left sigmoid sinus and jugular
vein but otherwise remained the same when compared to the
previous study. MRI of the brain did not show any infarc-
tion or hemorrhage but revealed new findings of abnormally
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Figure 1. Head imaging. At initial presentation, non-contrast computerized tomography (CT) of the head (A) demonstrated
hyperdensities in multiple sinuses including bilateral transverse and superior sagittal sinuses (arrowheads) which pres-
ence was verified on magnetic resonance venogram (MRV) (B). After a six-week anticoagulation treatment, repeated
MRYV (C) showed prominent flow in the superior sagittal and right transverse sinuses. The left transverse sinus recanalized
but remained narrow. Flow was also seen in the left sigmoid sinus and left jugular vein. Fluid attenuated inversion recov-
ery (FLAIR) image at six weeks (D) was normal but FLAIR image at 14 months (E) revealed abnormally dilated cerebral
vessels representing venous congestion (arrowhead). Follow up MRV at 14 months (F) demonstrated an occlusion of left

sigmoid sinus and left jugular vein.

dilated cerebral vessels representing venous congestion in
the left sided supratentorial regions (Fig. 1). Cerebral an-
giogram confirmed the presence of a left transverse-sigmoid
DAVF with ipsilateral transverse-sigmoid sinus occlusion
and prominent cortical venous reflux (Fig. 2). At 16 months
the patient underwent endovascular embolization of mul-
tiple feeding branches arising from internal carotid, exter-
nal carotid and vertebral distributions, using a mixture of
n-butyl cyanoacrylate and ethiodized oil prepared from the
TRUFILL liquid embolic system (Codman neurovascular,
Codman & Shurtleff, Inc., Raynham, Massachusetts, USA).
Follow-up cerebral angiograms at 19 and 31 months showed
a completely resolved DAVF. At 32 month follow-up, patient
remained free of symptoms with a completely normal neuro-
logical examination.

Discussion

Intracranial DAVF accounts for 10-15% of all intracranial
vascular malformations. While the earlier literature speculat-
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ed that DAVFs were congenital lesions, recent data suggest-
ed that they are probably acquired. DAVFs have reportedly
developed in association with surgery, trauma, tumor and in-
tracranial hemorrhage [2-6]. It was suggested that these con-
ditions compromise the blood flow of dural sinuses, resulting
in venous hypertension and cerebral ischemia which in turn
initiate the formation of DAVEF. Other clinical conditions that
are rarely associated with DAVF include protein S deficien-
cy, thrombophilia, antiphospholipid antibody syndrome and
presence of factor V Leiden or prothrombin G20210A muta-
tion [7-11]. Most of these inherited conditions lead to venous
thromboembolism, further raising the possibility of CVST
playing a significant role in the development of DAVEF.

A close association between CVST and DAVF has been
established. Tsai and colleagues reported that CVSTs were
detected in 39% patients with DAVFs, and all CVSTs were
located within the sinuses around the DAVFs or the down-
stream venous outflow pathways [12]. Houser et al first
described two patients with angiographic evidence of sig-
moid and transverse sinus occlusion before the appearance
of DAVF in the transverse sinuses [13]. Chaudhary et al re-
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Figure 2. Digital subtractive angiography. At 14 months, a diagnostic arteriogram demonstrated a DAVF with feeders
from the left internal carotid artery (A, arrow indicating the tentorial branch), left external carotid artery (B, arrow indicating
occipital branch; arrowhead indicating the patent right transverse sinus), and left vertebral artery (C, arrow indicating the
meningeal branch). Prominent cortical venous reflux was also observed (D, arrow).

ported two cases of transverse and sigmoid sinus thrombosis
prior to the development of DAVF [2]. DAVF can appear as
early as three months after the formation of CVST [14]. His-
tological examination of surgically resected sinuses in pa-
tients with DAVF revealed subintimal fibrous thickening and
hypertrophic changes in the sinus wall, suggesting a possible
existence of previous CVST [15]. Conversely, CVST may
emerge in the course of DAVF because of the stenosis or oc-
clusion of sinus lumen. Among the 5 cases demonstrating the
coexistence of DAVF and CVST in one report, DAVF was
probably the causative factor in 1 patient leading to CVST
formation [16]. Nishijima and his colleagues made similar
observations of DAVF being the primary lesion in causing
CVST [17]. Therefore, a mutually promoting relationship
could exist between CVST and DAVF, and it may be dif-
ficult in some cases to ascertain which of the two is exactly
the primary event.

Two hypotheses were proposed to account for the devel-
opment of DAVF following CVST. The existing shunt theory
states that an increase in the sinus and venous pressure by
CVST may open the dormant arteriovenous shunts between
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meningeal arteries and dural venous sinuses. The angiogen-
esis theory proposed that neovascularization or angiogenesis
initiates as a response to CVST and venous hypertension.
Based on observations from murine DAVF models, Lawton
et al suggested that venous hypertension leads to a reduced
cerebral perfusion which promotes aberrant angiogenesis
[18]. The formation of DAVF further intensifies the venous
hypertension and causes a vicious cycle. Consistent with
the angiogenesis theory, a strong expression of angiogenic
growth factors has been identified in the human DAVF tis-
sue [19].

Here we report a case of de novo DAVF formation fol-
lowing diffuse CVSTs in an asymptomatic patient. We be-
lieve that the presence of CVST was the cause for the subse-
quent development of DAVF in our patient based on both the
temporal and spatial relationship. The long delay between
the initial CVST and subsequent DAVF formation in our
case is consistent with the angiogenesis theory rather than
the existing shunt hypothesis. Diffuse cortical vein involve-
ment was evident on multiple images in our patient (Fig. 2).
Endovascular embolization procedures were adopted for this
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case due to the concerns for future complications such as
hemorrhage, brain edema, stroke, seizures or dementia [20].

CVST usually occurs in young and healthy patients.
The most common sites of thrombosis are the transverse and
sigmoid sinuses. CVST is a rare disease with an estimated
overall incidence of 5 people per million annually. However,
a surprisingly higher prevalence of 9.3% was reported in
a consecutive autopsy study suggesting that many patients
were under-diagnosed and under-recognized [21]. CVST
may present with signs and symptoms of intracranial hyper-
tension or focal neurological deficits. Up to 25% of patients
can be minimally symptomatic with nonspecific symptoms
such as headache without focal neurological symptoms [22].
Head CT is widely used as the initial neuroimaging study
in patients with new-onset neurological symptoms such as
headache, seizure or mental status change. However, non-
contrast head CT has a limited sensitivity of less than 30%
for CVST [22]. Causes of CVST are numerous, nonspecific
and obscure in most cases. All these features add to the diffi-
culties in diagnosing CVST and a significant portion of cases
could be easily missed. Our patient presented with a brief
syncopal episode that was attributed to dehydration. At the
initial presentation, there was a complete lack of focal neu-
rological symptoms and signs despite the extensive CVST
noted on imaging. To our knowledge, this is the first report
describing an extensive CVST leading to DAVFs in a patient
with essentially no attributable symptoms. Without brain
imaging studies, CVST would have been overlooked in this
case, and the subsequent development of DAVF would have
been interpreted as being idiopathic or congenital.

Current practice guidelines recommend an initial usage
of heparin or low molecular heparin, followed by warfarin
for a period of 3 to 6 months for CVST patients with tran-
sient risk factors such as dehydration [22]. Our patient had
no other identifiable risk factors of venous thrombosis. He
received oral anticoagulation treatment for six weeks only.
At the time when his anticoagulation treatment was discon-
tinued, prominent venous blood flow was seen on the left
side but the left transverse sinus remained narrow. At follow-
up the left sigmoid sinus and left jugular vein were totally
occluded, and DAVF formation on the left side was identi-
fied 14 months later on angiography. We suspect that a lon-
ger anticoagulation treatment could have changed his clini-
cal course and might have avoided the subsequent DAVF
development.

Our speculation is that in many DAVF cases, the diag-
nosis of previously-existing CVST has been missed. This is
due to the inherent difficulties in recognizing CVST for the
following reasons: the frequent absence of a unique etiol-
ogy, significant neurological symptoms and the low sensitiv-
ity of common imaging techniques such as non-contrast CT.
We do not suggest that all DAVF cases are associated with
CVST, and it is also true that CVST does not always result
in DAVF. Preter et al reported 77 CVST patients with a mean
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follow-up period of 6.5 years. Only 1 (1.3%) patient devel-
oped DAVF 12 months later [23]. However, our case sug-
gests that a high index of suspicion is required in studying
the causal relationship between CVST and DAVF, and early
recognition and appropriate treatment of CVST may lead to
a successful prevention of DAVF in some cases.
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