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Abstract
Background Galenic dural arteriovenous fistulas (DAVF) are
rare; however, they are the most frequent type of DAVF to
manifest aggressive clinical behavior and usually represent a
diagnostic and therapeutic challenge for clinicians.
Methods We retrospectively reviewed clinical and imaging
data of patients managed with neuroendovascular techniques
for the treatment of galenic DAVFs from 2000 to 2016. We
searched the 2000–2016 English-language literature for pa-
pers discussing neuroendovascular management of galenic
DAVFs, with or without companion surgical procedures.
Results Five patients were treated for galenic DAVFs during
the study period (four males; mean age, 61 years). Three pre-
sented with progressive neurological deterioration due to

venous congestion, two with acute intracranial hemorrhage.
Three were treated by staged transarterial embolization proce-
dures (three procedures in two, four procedures in one); two
underwent a single transvenous embolization procedure. Four
out of five fistulas were completely occluded. All patients
improved clinically; the patient whose fistula was partially
occluded remains angiographically stable at 2-year follow-
up. Six reports describing 17 patients are reviewed.
Embolization was performed via transvenous approach in
1/17 and transarterial approach in 16/17 with additional open
surgery in 9/16. The trend toward the use of transarterial ap-
proaches is based primarily on advances on embolization
techniques that allow better and more controllable penetration
of the embolizing agents with improved clinical and angio-
graphic results, as well as the technical complexity of the
transvenous approach.
Conclusions Although transarterial embolization is the pre-
ferred endovascular route for the management of most galenic
DAVFs, selected cases can be successfully treated by
transvenous approach.
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Introduction

Galenic dural arteriovenous fistulas (DAVF) are, by defini-
tion, the most deeply and anteriorly located subtype of the
relatively rare family of falco-tentorial fistulas [1, 8, 19, 26].
Although there are few descriptions of galenic DAVFs in the
literature, they are the most frequent type of DAVF tomanifest
aggressive clinical behavior. This is likely the result of asso-
ciated deep veno-occlusive disease and the recruitment of cor-
tical venous drainage, which increases the risk of venous
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hypertension, interstitial edema, and hemorrhage [1, 8, 26].
Due to their rarity and their wide and varied clinical presenta-
tion, these fistulas represent a diagnostic and therapeutic chal-
lenge for clinicians. Based on recent reports, and mainly due
to advances on microcatheter technology and embolizing
agents, transarterial embolization is the preferred therapeutic
modality to deal with this entity. Transvenous embolization,
although frequently used in other types of DAVFs, has been a
less explored alternative in galenic fistulas.

We report two cases of galenic DAVF with varying clinical
presentations and angiographic features that were successfully
managed by transvenous endovascular approaches, as well as
three patients managed with transarterial approaches.
Neuroimaging evaluation, endovascular therapy, and the rele-
vant literature are discussed.

Material and methods

We retrospectively searched for patients with galenic DAVF
admitted to our unit during the period 2002–2016. In that
period, we diagnosed and treated five patients with galenic
DAVFs. The diagnosis of DAVFwas suspected based on com-
puted tomography (CT) and magnetic resonance imaging
(MRI) studies, and confirmed by cerebral angiography.
Their clinical records and neuroradiological exams were ret-
rospectively reviewed and relevant demographic and clinical
data was extracted under Institutional Review Board approval
with a waiver of informed consent. We correlate their clinical
presentation, mainly venous congestion or hemorrhage, with
specific angiographic features and physiopathological mech-
anisms, and describe their neuroendovascular management.

A search for the relevant English-language literature from
2000 to 2016 was performed using Medline and Google
Scholar, with the search terms: Bvein of Galen,^ Bvein of
Rosenthal,^ Bdeep venous system,^ and Barteriovenous
fistula.^ Reports of patients with DAVFs involving the galenic
system who were managed with neuroendovascular tech-
niques alone or in combination with open surgical procedures
were included.

Results

Patients

Details regarding the presentation, management, and outcomes
of the five patients included in this report are shown in Table 1.
There were four men and one woman, with ages ranging from
41 to 73 years (mean age, 61). Two of the patients (nos. 2 and
3) presented with acute subarachnoid and intraventricular
hemorrhage, and three with progressive neurological deterio-
ration (patients 1, 4, and 5). Both patients presenting with

hemorrhage required insertion of external ventricular drainage
upon admission. Patients with progressive neurological deteri-
oration presented after protracted clinical deterioration over
several years (patient 1, 2 years; patient 4, 2 years; patient 5,
3 years). All three had beenmisdiagnosed as presenting degen-
erative, vascular, and/or demyelinating processes. The five pa-
tients in this series all improved clinically following treatment.
Those presenting with symptoms stemming from venous con-
gestion (patients 1, 4, and 5) were stabilized first and then
improved even at early stages following intervention when
partial occlusion had been achieved. The two presenting with
acute hemorrhage (patients 2 and 3) did not rebleed during
clinical follow-up of 1 and 5 years, respectively.

Three patients (nos. 3, 4, and 5) were managed by staged
transarterial embolization procedures, three procedures in pa-
tients 3 and 4, four procedures in patient 5. Two to three
arterial pedicles were embolized in every procedure (median,
3); the preferred route for transarterial embolization was the
middle meningeal artery in all the three cases. Onyx, the pre-
ferred embolizing agent in each case, was used in 22 out of a
total of 28 embolized arterial pedicles and glue was used in
six. In patients 1 and 4, the DAVF was completely occluded.
In patient 5, the fistula was subtotally occluded with residual
meningo-hypophyseal trunk feeders, but it remained angio-
graphically stable with clinical and radiological improvement
at 2-year follow-up.

Two patients (nos. 2 and 3) were managed using a single
transvenous embolization procedure that was curative. These
two are the primary focus of this report.

Transvenous neuroendovascular procedures

Patient 1 A 71-year-old man presented with a 2-year history
of dizziness, double vision, hemifacial numbness, slow cog-
nition, and gait imbalance. Over the last 6 months, paraparesis
had evolved to progressive quadriparesis. On neurological
examination, he presented neuropathies of cranial nerves V,
VI, and VII, left hemi-hypoesthesia, right arm tremor,
diadochokinesia, severe paraparesis, moderate left arm pare-
sis, and mild right arm paresis (ascending quadriparesis).

Based on a series of earlier neuroradiological examina-
tions, he had been incorrectly diagnosed with extensive small
vessel disease affecting the brainstem, and later with a proba-
ble demyelinating process. Reexamination of previous imag-
ing studies and admission CT and MRI demonstrated
brainstem swelling and an increased T2 signal in the pons,
midbrain, and thalami (Fig. 1a-c). CT angiogram (CTA)
showed pseudoaneurysmatic enlargement of the vein of
Galen, raising the possible diagnosis of vascular malformation
(Fig. 1d).

After admission, the patient developed aspiration pneumo-
nia and presented a complicated clinical course requiring in-
tubation and mechanical ventilator assistance. When clinical
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Table 1 Selected recent reports of galenic dural arteriovenous fistulas treated by endovascular means

Authors/year Age/gender
Clinical presentation

Imaging findings Therapeutic approach Angio/clinical outcome

Present report Pat. 1: 71/M
CN palsy, major

motor disability

Increased signal in the
pons, midbrain, thalami on
T2W-MRI

Transvenous coiling DAVF occlusion. Patient
fully recovered. Imaging
improvement

Pat. 2: 41/F
Sudden onset headaches,

altered consciousness

SAH, intraventricular
hemorrhage

Transvenous coiling
of Galen vein aneurysm

DAVF occlusion. Patient
fully recovered. Imaging
improvement

Pat. 3: 52/M
Sudden onset headaches

SAH, intraventricular
hemorrhage

Transarterial embolization,
Onyx × 3

DAVF occlusion. Patient
fully recovered. Imaging
improvement

Pat. 4: 73/M
Longstanding dizziness,

gait imbalance,
cognitive decline

Pons, midbrain, and thalamus
FLAIR hyperintensities

Transarterial embolization,
Onyx x 3

DAVF occlusion. Patient
partially recovered.
Imaging improvement

Pat. 5: 68/M
Dementia

Bithalamic FLAIR
hyperintensities

Transarterial embolizations
4 procedures: NBCA× 2

and Onyx × 2

DAVF faint remnant.
Patient improved. Imaging

improvement
Holekamp et al., 2016

[17]
53/M
Dementia

Thalamic FLAIR
hyperintensities

Transarterial embolization,
Onyx

DAVF occlusion. Patient
fully recovered. Imaging
improvement

59/M
Dementia

Thalamic FLAIR
hyperintensities

Transvenous coiling of the
vermian vein

DAVF occlusion. Patient
improved, died(MI) 3
months after treatment

60/M
Dementia

Thalamic FLAIR
hyperintensities

Transarterial embolization,
Onyx, surgical clipping

DAVF occlusion. Patient
fully recovered. Imaging
improvement

71/M
Dementia

Thalamic FLAIR
hyperintensities

Transarterial embolization,
Onyx × 2, surgical
clipping

DAVF occlusion. Patient
fully recovered. Imaging
improvement

Wu et al., 2016 [27] 55/M Hydrocephalus Transarterial embolization,
Onyx

DAVF occlusion. Patient
fully recovered

54/F
Headaches

Not reported Transarterial embolization,
Onyx

Intraoperative hemorrhage
leading to death

29/M
Headaches

Not reported Transarterial embolization,
Onyx

DAVF occlusion. Patient
fully recovered

48/M Intraventricular
hemorrhage

Transarterial embolization,
Onyx

DAVF occlusion. Patient
fully recovered

Laviv et al., 2016 [18] 54/M
Sudden onset headache

Intracerebral and
pericallosal hemorrhage

Transarterial embolization,
Onyx (single session)

DAVF occlusion. Patient
fully recovered. Imaging
improvement

De Vleeschouwer et al.,
2011 [12]

64/M, sudden onset
headache

SAH, intracerebellar
hemorrhage

Transarterial embolization,
Onyx, surgical clipping
of venous aneurysm

DAVF occlusion. Patient
fully recovered. Imaging
improvement

Lawton et al., 2008 [19] 53/F Hemorrhage Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

56/M Hydrocephalus Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

67/F Hemorrhage Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

37/F Hydrocephalus Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

52/M Vertigo Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

73/F Venous hypertension Transarterial
embolization, surgery

DAVF occlusion.
Patient improved

Weigele et al., 2002 [26] 53/M
Dizziness, diplopia,

perioral numbness,
personality changes.

CN V, VI, VII neuropathies,
hemisensory, cerebellar

Increased signal
in the pons,
midbrain, and
thalami on T2W-MRI

Transarterial
embolization, NBCA

Complete DAVF occlusion.
Patient fully recovered.
Imaging improvement

CN cranial nerve, DAVF dural arteriovenous fistula, F female, FLAIR fluid-attenuated inversion recovery, M male, P myocardial infarction,
NBCA N-butyl cyanoacrylate, SAH subarachnoid hemorrhage, T2W-MRI T2-weighted MRI
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stabilization was achieved, he underwent digital subtraction
cerebral angiography, which demonstrated a galenic system
DAVF supplied by petrosal branches of the middle meningeal
arteries (MMA), mastoid branches of the occipital arteries,
posterior meningeal branches of the posterior inferior cerebel-
lar arteries (PICA), and vermian branches of both superior
cerebellar arteries (Fig. 1e-g).

Under general anesthesia, femoral arterial and venous ac-
cesses were obtained. Angiograms of the left external carotid
artery were used to obtain venous road maps. By means of the
triaxial system and after retrograde microcatheterization of the
thrombosed straight sinus, microangiogram obtained at the

superior cerebellar vein demonstrated an arterialized flow pat-
tern through the vein of Galen, as well as reversal of the
direction of flow through the basal vein of Rosenthal, the
lateral mesencephalic vein, and the petrosal veins (Fig. 1h).
The superior cerebellar venous pouch and vermian vein, con-
sidered the site of the fistula, were occluded by means of
detachable coils (Fig. 1i). Immediate postembolization angio-
gram confirmed complete occlusion of the DAVF (Fig. 1j-l).

On the day following intervention, the patient’s cranial
neuropathies and motor functions showed marked improve-
ment. He was discharged 1 week later to a rehabilitation facil-
ity after having regained his ability to stand and walk with the

Fig. 1 a–c T2-weighted MRI demonstrating diencephalic and brainstem
swelling in a 71-year-old man (patient 1). Note hyperintense T2 signal in
both thalami, mesencephalon, and pons. d Midsagittal CT angiogram
(CTA) showing pseudoaneurysmatic enlargement of the vein of Galen,
raising the possible diagnosis of vascular malformation. e–g
Angiographic images of selective external carotid and left vertebral
arteries showing that the DAVF is supplied through the middle
meningeal, transdiploic-occipito-dural, posterior meningeal, and
vermian branches. h Intraprocedural magnified angiographic view after
retrograde microcatheterization of the thrombosed straight sinus.

Microangiogram obtained at the superior cerebellar vein (thin arrow)
after navigating through the vein of Galen (thick arrow) and superior
cerebellar vein (bridging veins), demonstrates the arterialized flow
patter of the vein of Galen, the inverted direction of flow in the basal
vein of Rosenthal (curved arrow) and lateral mesencephalic vein (star). i
Road map image shows occlusion of the pouch of the superior cerebellar
vein by implant of detachable coils. j–k Immediate postembolization
angiogram of the left common carotid and the left vertebral arteries
confirm complete occlusion of the galenic fistula
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aid of a walker. At 1-month follow-up, he was able to walk
independently. MRI obtained after 4 months confirmed com-
plete resolution of brainstem and diencephalic edema
(Fig. 1m). MR follow-up after 36 months showed no signs
of edema.

Patient 2 This previously healthy 41-year-old woman was
admitted through the emergency room after sudden onset of
headache, followed by deterioration in consciousness.
Admission CT showed massive intraventricular hemorrhage
causing ventricular enlargement (Fig. 2a). CTA demonstrated
a pseudoaneurysm of the vein of Galen associated with mul-
tiple abnormal vessels at the Galen-straight sinus junction
(Fig. 2b). The patient was urgently intubated and external
ventricular drainage was placed. Digital subtraction cerebral

angiography demonstrated a galenic system DAVF supplied
by the petrosal and tentorial branches of both middle menin-
geal arteries (MMA), the mastoid branches of the occipital
arteries, the posterior meningeal branches of the posterior in-
ferior cerebellar arteries (PICA), and the vermian branches of
both superior cerebellar arteries (SCA) (Fig 2c-f). The vein of
Galen presented an irregularly shaped pseudoaneurysmatic
dilatation and clear small daughter sac anteriorly, which was
considered the site of hemorrhage.

Under general anesthesia, right femoral arterial and
right cervical internal jugular venous accesses were obtain-
ed. Angiograms of the right external carotid artery were
used to obtain procedural venous road maps (Fig. 2g). By
means of a coaxial system (FARGO guiding catheter—Balt
Extrusion, Montmorency, France; Excelsior SL-10

Fig. 2 a Nonenhanced CT of a 41-year-old woman (patient 2) shows
intraventricular hemorrhage and hydrocephalus. b CTA shows
pseudoaneurysmatic enlargement of the vein of Galen. c–f Selective
angiographic images of the right external carotid artery (lateral view),
left external carotid artery (anteroposterior view), right internal carotid
artery (oblique view), and left vertebral artery (anteroposterior view).
The galenic DAVF is supplied by middle meningeal, occipital, and
tentorial branches and confluent at the vein of Galen pseudoaneurysm,
which drains caudally through the patent straight sinus. g Selective

angiographic image of the right external carotid artery (oblique view) is
used as road map for transvenous access. h Radioscopic image shows the
intermediate catheter placed at the straight sinus and the microcatheter tip
at the anterior aspect of the galenic pseudoaneurysm. i Microangiogram
obtained at the galenian pouch shows cribriform filling defects caused by
the afferent feeders. j Radioscopic image obtained after tight coiling of
the pseudoaneurysm. k–l Immediate postembolization angiogram of the
right external and internal carotid arteries confirming complete occlusion
of the galenic fistula
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microcatheter—Stryker, Kalamazoo, MI, USA), retrograde
microcatheterization of the straight sinus allowed
microcatheterization and microangiographic evaluation of
the lesion. The pseudoaneurysmatic pouch of the vein of
Galen presented a cribriform appearance (feeder inflow)
and demonstrated arterialized, high flow and rapid transit
through the straight sinus (Fig. 2h-i). The galenic venous
pouch, considered the site of the fistula, was then occluded
by means of detachable coils (Fig.2j). Immediate
postembolization angiogram confirmed complete occlu-
sion of the DAVF (Fig. 2k-l).

The patient evolved satisfactorily and regained full con-
sciousness without any focal neurological sequelae after
48 h. Ventriculostomy was converted to permanent
ventriculoperitoneal shunt at day 12 and the patient was
discharged to a rehabilitation facility on day 15. Follow-up
angiogram after 3 months and CTA after 10months confirmed
occlusion of the DAVF.

Literature review

Six reports published between 2002 and 2016 were included
in the current review [12, 17–19, 26, 27], with findings sum-
marized in Table 1. A total of 17 patients are presented, in-
cluding 12 men and five women with mean age 55 years
(range, 29–73). Five presented with hemorrhage, three with
hydrocephalus, and eight with neuropathies. Thalamic
hyperintensities were seen in five of the 17. Overall, 7/17 were
managed with transarterial embolization (six with onyx, one
with glue); one patient underwent transvenous embolization
with coils, and nine had a combination of transarterial embo-
lization (three with onyx, six with other embolizing agents,
including polyvinyl alcohol particles, coils, ethanol, glue, and
combinations of these agents) and surgical treatment.
Neuroendovascular procedures were thus performed via
transarterial approaches in 16 patients with companion surgi-
cal procedures in nine, and through a transvenous approach in
one patient. The DAVF was occluded in 16 patients (15 treat-
ed via transarterial approaches and one through a transvenous
approach); one 54-year-old patient died after he hemorrhaged
during the endovascular procedure.

Discussion

Galenic DAVFs are a heterogeneous group defined by drain-
age into the deep venous system at various sites and represent
approximately 23% of all tentorial DAVFs [19]. They are
located at the anterior falco-tentorial junction, and have been
distinguished from straight sinus and torcular DAVFs that are
based more posteriorly at the middle and posterior falco-
tentorial junction. Lesions at these last two locations present

a different angioarchitecture and clinical behavior, and require
different surgical approaches [19].

We present two cases of galenic DAVFs with very different
clinical presentation that were completely occluded in a single
embolization procedure performed using a transvenous ap-
proach. The first patient had experienced a long, slowly
progressing neurological deterioration, and the second pre-
sented with acute intraventricular and subarachnoid hemor-
rhage. Differences in clinical presentation may be attributed
to different arterial feeding patterns or, more importantly, to
differences in angioarchitectural venous features such as asso-
ciated veno-occlusive disease (sinodural vein thrombosis),
variations in venous collateral pattern, and venous outflow
restriction. In general, tentorial DAVFs are classified as
Borden type III/Cognard III–IV and present a high relative
risk of hemorrhage [13].

In patient 1, we hypothesized that thrombosis of the
straight sinus and associated compromise of the deep ve-
nous system, including the distal superior cerebellar vein,
triggered development of a superior cerebellar-bridging
vein DAVF. The superior cerebellar vein is a single trunk
resulting from the union of the pre-central cerebellar vein
and the superior vermian vein, which usually drains direct-
ly into the vein of Galen [9]. A DAVF at this vein should
cause cerebellar venous hypertension and arterialization of
the vein of Galen with flow inversion in its tributaries, thus
leading to various degrees of venous hypertension of the
basal, petrosal, pontine, precentral and mesencephalic
veins [3, 9]. As a result, the venous drainage of the dien-
cephalon, mesencephalum, striatum, and periventricular
white matter was compromised in our patient, as evidenced
by his clinical and neuroradiological data; however, the
cerebellar vermis and tentorial cerebellar surface were not
affected as expected. It seems that the vermis and tentorial
cerebellar surface remained protected from the congestive
hypertensive process due to coexistent distal thrombosis of
the superior cerebellar vein. In cases of obstruction of the
vein of Galen, or as in this case, hypertension with outflow
occlusion (straight sinus thrombosis), anastomoses via the
basal vein of Rosenthal and its most important venous out-
let, the lateral mesencephalic vein, provide an important
salvage outlet for venous drainage toward the petrosal si-
nus system. In this patient, collateralization proved to be
insufficient to cope with the fistula debit, resulting in
sustained venous congestion, and then mesencephalic and
diencephalic interstitial edema.

Compromise of the deep venous system can cause different
degrees of diencephalic edema, mental symptoms, coma, hy-
perpyrexia, tachycardia, tachypnea, myosis, limb rigidity, and
exaggeration of deep tendon reflexes or eye movement disor-
ders, closure of the aqueduct of the mesencephalon, and blind-
ness and extraocular palsies [9, 22]. Anatomic variations of
the mesencephalic veins may explain different clinical

850 Acta Neurochir (2017) 159:845–853



scenarios [7]. Holekamp et al. [17] recently presented their
experience with a 71-year-old man who presented with cog-
nitive decline and bilateral thalamic hyperintensities on MRI
fluid-attenuated inversion recovery (FLAIR) examination.
The patient had a partial improvement after undergoing two
transarterial onyx embolizations with obliteration of the fistu-
la, followed by surgery. The authors hypothesized that con-
gestion of the patent draining veins may affect different terri-
tories, leading to unique clinical presentations such as thalam-
ic dementia. Despite the clinical and radiological differences
from our patient, in whom this congestion led also to myelop-
athy, the feeding vessels, flow, and site of the fistula were
similar. Probst et al. [23], who described a non-galenic
DAVF causing brainstem venous congestion, compared the
pathophysiological mechanism of venous congestion in cere-
bral DAVFs, which cause reversible neurological symptoms
of the brain stem, to the pathomechanism in the spinal dural
fistula disease known as Foix-Alajouanine disease.

In patient 2, the DAVF developed at the vein of Galen
itself, leading to pseudoaneurysmatic enlargement of the vein
and rupture through an anteriorly located bleb. This type of
venous aneurysm is exceptionally encountered with clinical
symptoms. It develops as a direct result of the fistula, and
represents its site. It is considered the source of hemorrhage,
and its occlusion is thus considered mandatory. In contrast,
venous aneurysms or ectasias are generally the result of
longstanding venous hypertension or retrograde venous flow.
They are to be seen as signs of focal structural decompensa-
tion of the cerebral venous system and markers of venous
strain, as recently described by Baltsavias et al. [5]. In these
cases, occlusion of the ectasias is not necessary and even
detrimental. The fistula in our patient did not present
leptomeningeal retrograde venous flow, a recognized feature
of DAVFs presenting aggressive neurological behavior.
Instead there was a bilateral arterial supply, high-flow
shunting, and galenic venous drainage with this venous aneu-
rysm, all characteristics associated with aggressive behavior
[1, 5]. In addition, a Galen-straight sinus junction relative
stenosis was identified as responsible for the venous outflow
restriction that led to venous aneurysm rupture. This case ex-
emplifies the exceptional but real hemorrhagic risks of an
arterialized venous pouch and its treatment was analogous to
the accepted approach for arterial aneurysms, i.e., emboliza-
tion of the arterialized venous aneurysm.

De Vleeschouwer et al. [12] presented the first case of a
ruptured galenic DAVF in a patient whose large central ve-
nous aneurysm was associated with the vein of Galen, which
formed the key point of the fistula. The venous aneurysm was
treated by surgical clipping and the DAVF was completely
excluded. The case we present here confirms the rupture of a
fistular venous aneurysm of the vein of Galen itself as the
physiopathological mechanism for galenic DAVF hemor-
rhage, with the resulting need for aneurysm occlusion. It is

noteworthy that, despite the fact that vein of Galen aneurysmal
malformations may present venous aneurysms of giant dimen-
sions, their rupture is considered exceptional.

It is generally accepted that the presentation of a DAVF is
intrinsically linked to shunt topography, and that galenic le-
sions are the most frequent type of DAVF to manifest aggres-
sive clinical behavior. Recently, Baltsavias et al. [4, 5] showed
that topography is intrinsically linked to a specific venous
anatomy that determines the angioarchitectural features of
the dural shunts and dictates clinical presentation.

A review of the galenic DAVF subgroup is limited by the
fact that many authors included their experience in the man-
agement of galenic DAVFs together with a broader undistin-
guished category of tentorial or falco-tentorial DAVFs [14,
20]. Our literature review shows these fistulas are more fre-
quently managed by transarterial endovascular embolization
techniques, primarily because of advances in embolization
techniques that allow better and more controllable penetration
of the embolizing agents with consequent improved clinical
and angiographic results, as well as the technical complexity
of the transvenous approach in this type of fistulas. The com-
parative advantages associated with the use of onyx for em-
bolization of dural AV fistulas were discussed by Cognard
et al. [11] and Nogueira et al. [21].

From the surgical point of view, Lawton et al. [19] consid-
ered galenic DAVFs to be the most complex of the tentorial
fistulae. The galenic region is the deepest location, the conflu-
ence of falx and tentorium creates awkward barriers and sur-
gical blind spots, arterial inflow arrives from all directions,
and venous outflow can be difficult to decipher, particularly
when veins are tortuous or variceal. Despite all these factors,
some authors have reported complete and persistent oblitera-
tion of the fistula with good clinical results using embolization
followed by surgery [12, 19]. Indeed, Halbach et al. [15] con-
cluded that treatment of galenic DAVFs is challenging, often
requiring combined transarterial-transvenous embolization
and open surgery.

The transvenous approach and dural sinus therapeutic oc-
clusion sacrifice has been an established and widely used
method for the treatment of cranial DAVF for decades [15,
25]. Both dural sinus and emissary vein shunts are suitable
for safe transvenous navigation and occlusion; however, nav-
igation through leptomeningeal veins makes this approach
more challenging in cases of bridging vein shunts [2, 3]. The
two patients who are the primary focus of the current report
illustrate the technical feasibility and efficacy of transvenous
endovascular coiling in cases of bridging vein shunts in the
management of this entity. However, venous anatomy is often
extremely tortuous and thus inaccessible to this retrograde
venous approach. Unfortunately, the transarterial route faces
the dual problem of difficult access and multiplicity of feeder
sources supplying the galenic DAVFs; thus, transarterial em-
bolization has generally been considered palliative, and only
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rarely curative. Despite this limitation, with the advent of new
embolizing agents such as onyx, there are a growing number
of reports of complete galenic DAVF obliteration after
transarterial embolization, with either preservation [10, 27]
or occlusion of the vein of Galen [18, 27].

Our review of the recent literature on endovascular emboli-
zation of galenic DAVFs confirms that there is a relative shift
towards transarterial embolization with onyx, and that the
transvenous approach is used less often (Table 1). We also
chose to treat three out of our five patients via transarterial
routes, due to a relatively direct transarterial access and, more
importantly, due to extreme tortuosity of the venous access in
these cases. Nevertheless, despite the expected complexity with
venous routes, straightforward venous access is feasible in se-
lected cases, as shown in two patients who were successfully
managed by transvenous coil embolization of a compromised
superior cerebellar bridging vein and a galenic aneurysm.

The galenic system is a complex venous network, and em-
bolization of the vein of Galen or its tributaries is dreaded by
most neurointerventionalists, although the consequences of
venous sacrifice have not been consistently reported in the
literature [9]. However, as in other types of DAVFs, if the
compromised vein, the target of embolization, no longer con-
tributes to the drainage of normal tissue, the procedure can be
carried out with acceptable safety. This has been shown pre-
viously in cases where the vein of Galen was intentionally
occluded [18] and supports the embolization strategy used
on patient 2. Based on experience in the management of pineal
tumors, sacrificing the superior vermian, hemispheric, or
vermian bridging veins has been considered relatively safe
[16, 24], lending conceptual support to the embolization per-
formed on patient 1. Nevertheless, every intended venous oc-
clusion presents some degree of clinical unpredictability; thus,
as a general rule, and especially in symptomatic cases where
the clinical importance of the vein with retrograde filling can-
not be adequately assessed, it is recommended that venous
occlusion should be limited to the directly affected venous
segment to reduce the risk of venous infarction, avoid distal
occlusions, and reduce the probability of fistula progression.

The transvenous approach, performed through a thrombosed
(patient 1) or a patent (patient 2) retrograde venous path,
allowed complete occlusion of these DAVFs in a single embo-
lization session. The efficacy and safety of retrograde naviga-
tion through thrombosed sinuses can be greatly aided by the
gentle use of J-tipped, soft-tipped guidewires or by using the
loop technique described by Benndorf et al. [6] for thrombosed
inferior petrosal sinus access to the cavernous sinus.

Conclusions

The advent of new embolizing agents and advances in onyx-
compatible microcatheter and microballoon technology have

increased the efficiency and control of embolizing agent in-
jection, leading to a trend toward transarterial embolization of
dural fistulas. Moreover, results with this technique are con-
siderable better in comparison to early reports, when curative
transarterial procedures were not realistic. The procedures pre-
sented here exemplify the feasibility, safety, and efficacy of
the transvenous approach in specific cases.
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