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Transverse-sigmoid sinus dural arteriovenous fistulae are abnormal arteriovenous
communications within the dural wall of the transverse-sigmoid sinuses. They
present with a variety of clinical features, ranging from benign bruits to intracranial
hemorrhage and neurologic deficits. The presentation and natural history of these
fistulae are largely determined by the pattern of venous drainage. Knowledge of
natural history and careful study of the angioarchitecture by angiography is therefore
mandatory for correct management of these lesions. In this review, anatomy and
pathology, principles of management, and the various factors that influence treat-
ment decisions are discussed, with a focus on endovascular therapy. Indications for
endovascular treatment, therapeutic goals, approaches, and techniques are re-
viewed. The role of surgical treatment is also briefly discussed.

INTRODUCTION

Dural arteriovenous fistulae (DAVFs) con-
sist of arteriovenous fistulae of blood con-
fined within dural leaflets (51). Studies have
shown the crude risk of hemorrhage for
DAVF to be 2% per year (7). The most com-
mon locations of dural arteriovenous mal-
formations (DAVMs) are the transverse and
sigmoid venous sinuses (56). The endovas-
cular cure rate of DAVF involving other lo-
cations (e.g., tentorium or cavernous sinus)
has been dramatically improved up to 80%-—
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Abbreviations and Acronyms

AV: Arteriovenous

DAVF: Dural arteriovenous fistula

DAVM: Dural arteriovenous malformations
NBCA: N-butyl cyanoacrylate

TSDAVF: Transverse—sigmoid sinus dural
arteriovenous fistula

TSS: Transverse—sigmoid sinus

From the Beijing Neurosurgical Institute,
. Beijing Tiantan Hospital, Capital Medical
University, Beijing, People’s Republic of China

To whom correspondence should be addressed:
Zhongxue Wu, M.D. [E-mail: ttyyzjb@sina.com]

Citation: World Neurosurg. (2010) 74, 2/3:297-305.
DOI: 10.1016/j.wneu.2010.02.063

Journal homepage: www.WORLDNEUROSURGERY.org
Available online: www.sciencedirect.com

1878-8750/$ - see front matter © 2010 Elsevier Inc.
All rights reserved.

100% in recentyears (23, 36, 39). However,
in the case of transverse—sigmoid sinus du-
ral arteriovenous fistulae (TSDAVFs), the
rate was lower than 40% because of its com-
plex anatomic factors (35).

CLINICAL PRESENTATION OF DAVFs

Patients with TSDAVFs may present with
subjective pulse-synchronous tinnitus, bruit,
insomnia, headache, visual decline, sei-
zure, and/or altered mental status, includ-
ing dementia (3, 41). The most common
symptoms of TSDAVFs were pulsatile tinni-
tus (81% of cases), headaches (15%), and
intracranial hemorrhage (10%) (21, 25).
Even trigeminal neuralgia has been re-
ported (11). However, a history of pulsatile
tinnitus was reported in 50% of the case
reports of trigeminal neuralgia caused by a
DAVE (11). Dural AVFs can also result in
life-threatening brain edema, hemorrhage,
and venous infarction (24, 37, 57). Those
with a retrograde leptomeningeal venous
drainage are regarded as high-risk, having
the potential to hemorrhage and result in
serious neurologic complications requiring
urgent treatment (27). Neurologic dysfunc-
tion is thought to be due to venous hyper-
tension, with resulting venous ischemia or
hemorrhage (43, 58). Drainage of the fis-
tula into cerebral surface veins, as opposed
to dural sinuses, probably predisposes to an
aggressive course and merits surgical or
endovascular therapy. Pulsatile tinnitus,
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heard by the patient or by auscultation over
the mastoid, may be an indication for mag-
netic resonance imaging or angiography (3,
59, 60). Conventional magnetic resonance
imaging is often positive in DAVF with ret-
rograde cortical venous drainage or retro-
grade flow in the venous sinus with venous
congestion. DAVFs with retrograde cortical
venous drainage or retrograde flow in the
venous sinus with venous congestion often
has prominent flow voids on the surface of
the brain. High-intensity lesions in the deep
white matter on T2-weighted images are
secondary to the venous hypertension and
venous congestion (Figure 1). The combi-
nation of prominent flow voids on the sur-
face of the brain and high-intensity lesions
in the deep white matter on T2-weighted
images is highly suggestive of a DAVF (48).

ANATOMY

The transverse sinus extends from the con-
fluence of sinuses to the opening of the su-
perior petrosal sinus, beyond which it con-
tinues as the sigmoid sinus and then the
jugular bulb. The transverse sinus always
has venous cranial afferents, whereas the
sigmoid sinus never receives cerebral veins.
The potential for retrograde leptomenin-
geal venous drainage evolving in these loca-
tions is therefore not the same. Septations
may occur within the dural sinuses and re-
sult in separate venous channels, which
may run parallel to each other (5). On occa-
sion, one of these channels may be draining
the brain while the other is exclusively used
for drainage of the DAVFs, providing a spe-
cific target for treatment (56).

TSDAVFs have two types of arterial sup-
pliers (6, 30). The first type is transosseous
arterial supply, which is mainly tortuous
and multiple and comes from a single
arterial trunk, normally the transosseous
branches of the occipital artery and/or su-
perficial temporal artery. In addition to rep-
resenting the main path for most of the
blood flow for the DAVF, it is also difficult
to perform superselective catheterization of
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TRANSVERSE-SIGMOID SINUS DURAL ARTERIOVENOUS FISTULAE

Figure 1. A, T2-weighted image. Diffuse white matter hyperintensity is
seen in occipital lobe on the left side. B, Left external carotid angiogram
shows the dural arteriovenous fistula (DAVF) fed by posterior auricular
artery with drainage into the left isolated sigmoid sinus. Note reflux into

the cortical veins, occlusion of the left sigmoid sinus and severe stenosis
of the left transverse sinus. C, Left external carotid angiogram obtained
after transarterial embolization shows that the DAVF was completely
obliterated and there is no reflux into the cortical veins.

this transosseous arterial supply. The sec-
ond type of vascularization for TSDAVFs is
meningeal, the petrosquamous branch of
the middle meningeal artery is frequently
recruited in TSDAVFs of the transverse—
sigmoid sinus. Although the meningeal ar-
terial system may appear to be a supplemen-
tary afference network for DAVFs (Figure
2), it provides a natural access to the venous
collector system of these lesions (30). Con-
trary to the transosseous arterial supply, the
meningeal arterial system penetrates the
cranium through the base, thus making
the anatomy more navigable and, conse-
quently, more favorable to microcatheter-
ization (Figure 3).

PATHOGENESIS

TSDAVFs may be of either congenital or
acquired origin. Congenital lesions are
much rarer and thought to develop in the
first trimester as a result of persistent com-
munication between future arterial and ve-
nous segments of the primitive vascular
plexus as the intervening capillary network
fails to develop (22). Sinus thrombosis and
increased venous pressure are recognized
contributors to the development of ac-
quired TSDAVFs (20). Nishijima et al. (46)
reported a 72% rate of sinus thrombosis
concomitant with TSDAVFs. In experimen-
tal models, increased venous pressure asso-
ciated with sinus thrombosis and venous
outflow obstruction resulted in the opening

of preexisting arteriovenous (AV) fistulae in
the normal dura mater (22). Ishikawa et al.
found that normal AV fistulae exist within
the dura and DAVFs may subsequently
evolve from these normally occurring fistu-
laeif the conditions are favorable (22). Con-
genital factors, namely the persistence and
enlargement of primitive dural arterio-
venous communications that normally in-
volute during development, are thought by
some authors to be causal. The occurrence
of DAVFs during childhood, however, is
rare. When they do occur in children, these
lesions tend to be complex and bilateral,
occur more often in male patients, and are
associated with cardiac failure and a high
mortality rate (38%) (2). Arnautovic et al.
(2), in their comprehensive meta-analysis,
outlined three possible stages in the natural
history of DAVMs: 1) sinus thrombosis with
engorged dural venous collaterals and the
opening of embryonic arteriovenous com-
munications; 2) arteriovenous shunting,
which favors the recruitment of arterial
feeders into the nidus with secondary ve-
nous hypertension; and 3) leptomeningeal
retrograde venous drainage, with possible
subsequent varicose and aneurysmal dila-
tion. Hamada et al. (16) hypothesized that
the venous hypertension in patients with
DAVMs is based on two factors: 1) the in-
creased blood flow through the draining
vein caused by a direct shunt into this vein
and 2) the restricted venous outflow, which
arises distal to the DAVMs because of the

increased blood flow, elevated pressure,
and turbulence in the draining vein. Ac-
cording to Hamada etal. (16), these stresses
combine to restrict the venous outflow and,
in turn, decrease cerebral compliance, ele-
vate intracranial pressure, and even cause
hydrocephalus in some patients (2). If
blood flow through existing dural AV fistu-
lae increases because of sinus thrombosis,
trauma, or sinus or venous hypertension,
AV fistulae may develop into DAVFs. Thus,
the involvement of AV fistulae in the normal
dura mater in the etiology of DAVFs cannot
be ruled out (22). It mightbe postulated that
sinus hypertension, caused by stenoocclu-
sive disease of the venous sinuses (atleastin
some cases), and arterial hypertension
force open abnormal connections between
arteries and veins in the dura mater, which
may result in increasingly dilated venules
and the formation of DAVFs (22). After such
an abnormal arteriovenous fistula has been
formed in the wall of the venous sinus,
thickening and stenoocclusive sinus le-
sions ensure that the fistula also recruits
arterial blood from numerous dural and,
later, pial arteries. Increased sinus pressure
promotes the progression of the disease
process, and thus a vicious cycle might be
created (19).

PATHOPHYSIOLOGY

Histopathologically, DAVFs consist of mul-
tiple abnormal direct communications (so
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