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Summary

We describe a case of dural arteriovenous fis-
tulas (DAVFs) involving the superior sagittal si-
nus (SSS) successfully treated with stent place-
ment for an occluded sinus and transarterial
embolization.

A 61-year-old man who had been treated with
anticoagulation for a known SSS thrombosis
presented with a sudden onset of headache. CT
scan revealed an intraventricular hemorrhage
and cerebral angiography revealed DAVFs in-
volving the SSS which had severe venous con-
gestion and sinus occlusion. We treated this case
with a staged endovascular approach which
consisted of stent placement for the occluded si-
nus and transarterial intravenous embolization
resulting in complete eradication of DAVFs.

Recanalization of an occluded sinus by stent
placement can reduce venous congestion and
transarterial intravenous embolization can oblit-
erate dural arteriovenous shunts. This staged
strategy is feasible and should be considered a

Abbreviations:

DAVFs = dural arteriovenous fistulas;

SSS = superior sagittal sinus;

MRI = magnetic resonance imaging;

MMA = middle meningeal artery;

STA = superficial temporal artery;

OA = occipital artery;

NBCA = n-butyl-2-cyanoacrylate;

PTA = percutaneous transluminal angioplasty

first option of treatment, especially for DAV Fs
which presented with intracranial hemorrhage
and aggressive venous hypertension.

Introduction

Dural arteriovenous fistulas (DAVFs) in-
volving the superior sagittal sinus (SSS) are
rare but frequently have aggressive features in-
cluding intracranial hemorrhage and venous
hypertension !. Therapeutic intervention of
DAVFs in this region remains a challenge even
with a variety of methods. We present a case of
ruptured DAVFs involving the SSS that was
successfully treated with stent placement for an
occluded sinus and transarterial embolization.

Case Report

A 6l-year-old man suddenly developed
headaches. He had no history of head trauma,
infection, or neurosurgical intervention, but
had a known SSS thrombosis and had been
treated with anticoagulation for one year at an-
other hospital. He also suffered from dizziness,
especially when going downstairs and his cog-
nitive impairment had been pointed out by his
family a few months ago. Computed tomogra-
phy on admission revealed an intraventricular
hemorrhage in the left lateral ventricle (Figure
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Figure I A) A CT scan on admission shows intraventricular hemorrhage in the left lateral ventricle. B) An MRI FLAIR
image on admission shows hyperintensities along the sulcus which implies cerebral edema.

1A). Fluid-attenuated inversion recovery im-
ages on MRI showed hyperintensity along the
sulcus which implied cerebral edema (Figure
1B). Magnetic resonance venography revealed
enlarged cortical veins and an occlusion of the
SSS. Cerebral angiography revealed DAVFs in-

volving the SSS fed by the bilateral MMA,
STA, and OA (Figure 2). DAVFs drained into
the cortical veins of the bilateral frontoparietal
region and a varix in the left midregion of the
cortical vein was observed. The posterior third
of the SSS was occluded. These DAVFs were
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Figure 2 A-D) Anterior-posterior view of a common carotid artery angiogram (A, right, arterial phase; B, right, late phase;
C; left, arterial phase; D, left, late phase) demonstrating dural arteriovenous fistulas in the superior sagittal sinus. The feeders
include the bilateral middle meningeal arteries, superficial temporal arteries, and occipital arteries. Severe venous congestion
and a varix are observed; E,F) Lateral view of a right common carotid artery angiogram (E, arterial phase; F, late phase)
demonstrating dural arteriovenous fistulas in the superior sagittal sinus. The posterior third of the sinus is occluded.

A B c D

Figure 3 A) Percutaneous transluminal angioplasty (PTA) balloon was dilated at the occluded superior sagittal sinus. B) A
self-expanding stent was deployed. C) Three stents were deployed and post-dilation with a PTA balloon was performed.D)
Postprocedural angiography revealed recanalization of the SSS and antegrade venous flow.
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Figure 4 A-D) Anterior-posterior view of a common carotid artery angiogram (A, right, arterial phase; B, right, late phase;
C, left, arterial phase; D, left, late phase) demonstrating total obliteration of fistulas and normal antegrade venous flow.

classified as a type Ila+b fistulas according to
Cognard et al'. It was unclear whether DAVFs
had been present for one year, but they were
discovered due to the intracranial hemorrhage
and marked venous congestion. Therefore, ag-
gressive treatment was needed.

Intervention

One day after admission, endovascular treat-
ment was performed. Each 7F sheath was
placed in the right femoral artery and the left

femoral vein. Throughout the procedure,
heparin was administered to maintain an acti-
vated clotting time of 200 to 250 seconds. After
transarterial embolization of the right occipital
artery with NBCA and microcoils, we attempt-
ed a transvenous approach. A 7F guiding cath-
eter (Roadmaster; Goodman, Nagoya, Japan)
was placed in the right jugular bulb and a 4F
guiding catheter (Cerulean G40; Medikit, To-
kyo, Japan) was advanced to the right trans-
verse sinus. Through the 4F guiding catheter, a
microcatheter (Excelsior SL10; Boston Scien-
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tific, Natick, MA,USA) was advanced over a
microguidewire (GT wire 16; Terumo, Tokyo,
Japan) into the thrombosed SSS. The tip of the
microguidewire was frequently checked from
an anteroposterior view and a lateral view to
avoid perforation. Finally, the microguidewire
was successfully advanced through the throm-
bosed sinus, and was followed by the micro-
catheter into the anterior part of the SSS. The
microguidewire was then exchanged with a
long wire (Transend '* 300 cm; Boston Scientif-
ic), and a PTA balloon catheter (Gateway 3.0
mm*9.0 mm; Boston Scientific) was introduced
over the wire. PTA was performed four times
from the distal portion of the occluded sinus to
the confluence. Post-procedural angiography
revealed no recanalization of the sinus. There-
fore, the PTA balloon was exchanged for one
with a larger balloon size (RX-Genity 5.0
mm*30 mm; Kaneka, Osaka, Japan), and PTA
was performed again at the occluded sinus
(Figure 3A). The occluded sinus was then reca-
nalized and antegrade flow was observed down
the SSS to the jugular vein, and retrograde cor-
tical venous drainage was markedly improved.
To maintain this antegrade flow, we planned a
stent placement in this recanalized sinus. Aspi-
rin and clopidogrel were administered via a na-
sogastric tube. A self-expanding stent (Carotid-
Wallstent 8 mm*21 mm; Boston Scientific) was
then inserted over the guidewire and an at-
tempt was made to introduce it into the SSS. It
was difficult to advance them into the SSS, so
we advanced a 7F guiding catheter as far as
possible into the transverse sinus over a 4F in-
ner catheter and 0.035 inch wire. Finally, the
stent was advanced into the SSS and deployed
from the patent sinus (Figure 3B). A post-dila-
tion balloon (Aviator 6.0 mm*40 mm; Cordis,
Miami Lakes, FL, USA) was introduced into
the stent and dilated at a nominal pressure.
Similarly, three stents were deployed from the
SSS to the confluence (Figure 3C). Postproce-
dural angiography revealed good recanaliza-
tion of the SSS and antegrade venous flow, and
venous congestion was much improved (Figure
3D). No complications occurred during or after
the procedure.

In another session, additional transarterial
embolizations were performed in the bilateral
STA, the left OA, and the right MMA with
NBCA and microcoils. In these procedures, we
advanced a flow-directed catheter (Marathon:
EV3, CA, USA) across a fistula site via the
right MMA, and reached the parasinus venous

pouch which was regarded as the shunting
point of these DAVFs. We performed a transar-
terial intravenous embolization with microcoils
along the stent wall, and postprocedural angi-
ography revealed no opacification of the fistu-
lous draining vein and total obliteration of the
fistula (Figure 4).

The patient was discharged without neuro-
logical deficits. Follow-up angiography at three
months post-intervention showed complete
closure, no recanalization of the fistula, and
good patency of the stents.

Discussion

Dural arteriovenous fistulas (DAVFs) in-
volving the superior sagittal sinus (SSS) are
rare but frequently have aggressive features in-
cluding intracranial hemorrhage and venous
hypertension !. In a nationwide survey of Japan,
though DAVFs involving the SSS represented
5.3% of all DAVFs, the incidence of bleeding
caused by rupture of the draining veins or by
venous hypertension was greater than that of
DAVFs in other locations 2. Therefore, DAVFs
involving the SSS often require intensive treat-
ment until complete occlusion has been
achieved. However, they are difficult to treat
because of their unique midline location, multi-
ple feeding arteries, and critical venous drain-
ages?.

The treatment options for DAVFs involving
the SSS include endovascular embolization
with transarterial or transvenous approaches,
surgery (sinus isolation or resection) combined
with endovascular embolization, and radiation
therapy *'0. Transarterial embolization is a com-
paratively safe and effective method to reduce
blood flow to the fistulas, however, it is difficult
to extirpate fistulas in this region using this
method alone. Some cases were reported with
transarterial intravenous catheterization and
coil embolization via the middle meningeal ar-
tery¢’. In the present case, we also used this ap-
proach in an additional session and it was very
effective. It can obliterate DAVFs under limit-
ed conditions, but it depends on the tortuosity
of the access route and the size of the fistulas.

Transvenous embolization has been reported
as sinus packing or target embolization which is
used for other DAVFs in the region of a cav-
ernous sinus or transverse sinus 4. However, a
transvenous approach is often difficult because
DAVFs involving the SSS are strongly associ-

337



Superior Sagittal Sinus Dural Arteriovenous Fistulas Treated by Stent Placement for an Occluded Sinus and...

ated with sinus occlusion, so a microcatheter
needs to be introduced through the occluded
sinus. If the transvenous approach is difficult,
standard techniques include transvenous em-
bolization with a surgical approach, and surgi-
cal isolation or resection of the sinus 2. Surgi-
cal removal of the fistulous sinus, which has a
high obliteration rate, is not always feasible and
carries the risks associated with open surgery '2.
Furthermore, transvenous sinus embolization
or surgical resections have more problems. If
the involved sinus does not participate in nor-
mal venous drainage, total occlusion or total
resection can be performed safely 1. However,
sinus occlusion or resection often carries the
risk of damaging normal venous drainage and
causing disastrous results. Therefore these pro-
cedures should be performed carefully after
firstly recognizing that the fistulous portion of
the SSS does not have a normal sinus function.

There have been few reports on the treat-
ment of DAVFs involving the SSS with irradia-
tion 8, but the efficacy of radiation therapy in
treating transverse-sigmoid sinus DAVFs sug-
gests that irradiation may be an effective treat-
ment 4. However, there is a delayed response
(about 6-12 months) after irradiation, and pa-
tients remain at risk of hemorrhage during this
time lag '*. Radiosurgery alone is a safe therapy
only in clinically stable patients who can toler-
ate symptom resolution in a delayed fashion.

Of these options, the treatment selection
should be chosen on an individual basis, taking
into consideration the angiographic appear-
ance of the lesion and feasibility.

Recently, on the other hand, some authors
reported on the use of stent placement for
DAVFs in other locations +19. In 2000, Murphy
et al. described a case of DAVFs involving a
transverse and sigmoid sinus treated with reca-
nalization using transluminal angioplasty and
stent placement in a partially thrombosed fistu-
lous sinus 8. They emphasized that recanaliza-
tion of the sinus could restore venous outflow
and correct venous hypertension, and that stent
deployment at the site of the fistula could
achieve complete closure of multiple DAVFs
feeders. Other authors subsequently described
that stent placement for DAVFs is a promising
technique and should be considered a first-line
treatment 1516,

As described above, DAVFs, especially those
involving the SSS, are often associated with si-
nus occlusion or thrombosis. When DAVFs and
venous sinus thrombosis coexist, the cause-ef-

fect relationship between the two conditions is
still debated. In fact, our case had been treated
as a sinus thrombosis until intracerebral hem-
orrhage occurred. It was suspected that DAVFs
developed after a sinus thrombosis, but this has
yet to be confirmed. Many authors believe that
a common mechanism in the development of
DAVFs is venous hypertension 2, which may
result from obstruction of venous outflow by
sinus or venous thrombosis, stenosis, or from
alterations in blood flow due to increased vis-
cosity or hypercoagulable states.

Two hypotheses have been proposed for the
pathogenesis of DAVFs. The first is based on
physiological arteriovenous shunts between
meningeal arterial networks and dural venous
sinuses. An increase in sinus and venous pres-
sure, for example, by obstruction of the venous
outflow by a sinus thrombosis, may open these
channels to create DAVFs. The second hypoth-
esis, as shown in a rat model, suggests that ve-
nous hypertension induced by an obstruction
to venous outflow may reduce cerebral per-
fusion and lead to ischemia, followed by angio-
genesis 1521, On the basis of this theory, a correc-
tion in venous hypertension should reduce cer-
ebral venous edema and switch off this vicious
cycle which may create DAVFs. Also, recanali-
zation of the thrombosed or occluded sinus us-
ing balloon angioplasty or stent placement may
correct venous hypertension.

In the present case, we treated ruptured
DAVFs involving the SSS successfully by stent
placement and transarterial embolization. We
first planned to treat DAVFs by transarterial
embolization followed by transvenous emboli-
zation if possible. However, we confirmed that
shunts collect at the parasinus, so it was diffi-
cult to reach this point with a transvenous ap-
proach, and we were also uncertain if obliter-
ating the shunts by sinus packing alone was
possible. Therefore, when we could advance
the microguidewire and microcatheter into the
patent SSS through the thrombosed sinus, we
decided to try balloon angioplasty for the oc-
cluded sinus, which resulted in recanalization
of the sinus and restored venous antegrade
flow. Hence, we decided on stent deployment
at the sinus to maintain venous antegrade flow.
As a result, recanalization of the occluded si-
nus transformed DAVFs from type Ila+b to
type 1Ib.

The risk of intracranial hemorrhage due to
venous hypertension is much higher in patients
who have experienced a previous hemorrhage
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22 Thus, in these circumstances, we suggest that
staged therapy is needed: first to ameliorate
high venous pressure and restore cerebral per-
fusion, and then to obliterate DAVFs accord-
ingly. This strategy is very reasonable and phys-
iological, especially for DAVFs which have ag-
gressive features, and should be considered a
first option of treatment. To our knowledge,
this is the first case that was treated by stent
placement for DAVFs involving the SSS.

However, angioplasty and stent placement
for the involved sinus of DAVFs need particu-
lar conditions, so all cases may not be success-
fully treated like ours. This technique has some
limitations and problems. First, it might be not
always feasible to recanalize a totally occluded
SSS. Endovascular access and delivery are very
important problems that need to be addressed.
It is often difficult to advance a microguidewire
and a microcatheter through occluded sinus. To
prevent perforation or migration to cortical
vein, they should be advanced gently. If it is im-
possible to advance them, other strategies such
as surgical or transarterial approaches must be
considered. Furthermore, PTA balloon and
stent delivery often present difficulties due to
many septa inside venous sinus walls and the
acute angle of the sinuses. To advance the bal-
loon or stent, it would be important to intro-
duce a guiding catheter as far as possible into
the transverse sinus. It is expected that im-
proved devices which have a more flexible and
softer shaft may make it easier to complete this
method successfully.

Second, the long-term effects of stent place-
ment for sinus occlusion are not yet known. To
prevent restenosis or thrombosis, the best med-

ical treatment remains unsettled, but previous
reports of transverse sinus stenting for idio-
pathic intracranial hypertension suggest that
dual antiplatelets might prevent restenosis 2324,
In our opinion, the patency of the stents, espe-
cially in the SSS, would be maintained as long
as the antegrade venous flow to the jugular
vein keep draining: in other words, unless the
vicious cycle of DAVFs and sinus thrombosis is
resumed. So, to maintain patency of the venous
stents, additional embolization which can result
in shunt obliteration would be more important.

In addition, the choice of stent type remains
a problem. Previous reports used self-expand-
ing stents in the recanalization of occluded si-
nus in DAVFs 151718, We think that self-expand-
able and closed-cell type stents such as Wallst-
ent are suitable for recanalization of throm-
bosed sinus in DAVFs because their radial
force may also induce compression of the fistu-
lous dural wall of the sinus.

Despite these problems, we propose this
staged therapy as the first choice treatment be-
cause it is the most physiological. In case of
failure, other treatment options may be ap-
plied.

In conclusion, we reported the successful
treatment of DAVFs involving the SSS by stent
placement for an occluded sinus and transarte-
rial embolization. Stent placement could re-
store venous outflow and correct venous hy-
pertension, and subsequent transarterial em-
bolization obliterated the shunt flow. This
staged strategy is feasible and should be con-
sidered a first treatment option, especially for
DAVFs which presented with intracranial hem-
orrhage and aggressive venous hypertension.
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