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Abstract

DAVF's at the SSS are extremely rare and usually present with in-
tracranial haemorrhage (ICH) or a progressive neurological defi-
cit. Due to their midline location and multiple arterial supply, en-
dovascular treatment alone often fails in eliminating the fistula.
Therefore, endovascular, combined with neurosurgical and/or
radiosurgical treatment is often needed to cure the patient. We
summarized our experience with three male patients over a ten-
year period who suffered from dAVF’s involving the middle and
posterior third of the SSS. Two of them presented with an ICH
during the clinical course. Despite multiple transarterial emboli-
sations, complete fistula occlusion could not be achieved in any
of them. Nevertheless, neurological symptoms improved in all
cases. One patient refused further treatment and died six years
later due to an ICH. Another patient was finally cured by micro-
surgical coagulation of the fistula. In the remaining patient ste-
reotactic radiosurgery (SRS) was performed after nearly com-
plete endovascular occlusion. We strongly recommend micro-
surgery and/or radiosurgery as adjunctive measures, if embolisa-
tion alone fails to eliminate these dangerous fistulae.
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Introduction

Intracranial dAVF’s are rare and account for 10% - 15% of all intra-
cranial arteriovenous malformations [1-4]. Most frequently,
they involve the transverse or cavernous sinus. Those located at
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the SSS are extremely rare [1,3,4,5-7]. Their frequency is re-
ported to be between 8 %-13% of all dAVF's [1,4,6,8].

The etiology of these “spontaneous” fistulas is still controversial.
Predisposing factors like head trauma, cerebral or peripheral in-
fections, intracranial surgery and even hormonal disturbances
are reported to play a role in the development of dAVF's
[1,6,7,9,10]. Pathological studies revealed large thin-walled ve-
nous pouches in close proximity to small dural arteries and arte-
rioles inside the normal dura mater. These venous pouches may
rupture due to an arteriovenous pressure gradient and create an
arteriovenous shunt that may grow because of the permanent
pressure gradient [1,6,7,11].

Depending on venous drainage, dAVF's may present with benign
symptoms like bruit or headaches, but also can cause fatal sub-
dural, subarachnoid or intraparenchymatous haemorrhage
[1,5,7,10,12,13].

Different forms of treatment include manual percutaneous com-
pression, transvascular embolisation, radiosurgery and open sur-
gery [3,5-7,10,13-16].

Because of their midline location and the multiplicity of arterial
feeders associated with a critical venous drainage, SSS-fistulae
have a reported rate of bleeding up to 40%. This percentage is
higher than in dAVF’s at other locations and therefore often un-
usual and more aggressive forms of treatment are required
[6,7,10,15,17-19].

During a ten-year period we encountered three such rare lesions

that could not be occluded by one form of treatment alone. In
two of them endovascular treatment combined with micro- or

Affiliation

Department of Neurosurgery, University of Vienna, Medical School, Vienna, Austria

Correspondence

A. Bertalanffy, M. D. - Department of Neurosurgery - University of Vienna - Medical School -
Waehringer Guertel 18 -20 - 1090 Vienna - Austria - Phone: +43-1-40400-2566 - Fax: +43-1-40400-4566

Bibliography

Minim Invas Neurosurg 2001; 44: 205-210 © Georg Thieme Verlag Stuttgart - New York - ISSN 0946-7211

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



(©)
=
=
=
=
>
=
g
m

radiosurgery was performed. The remaining patient died 6 years
after partial endovascular occlusion of his fistula as he refused
complementary surgical treatment.

Case Reports

Case 1

A 51-year-old male patient was admitted to another neurosurgi-
cal department because of sudden severe headache, diplopia and
a pulsatile bruit. Computerized tomography (CT) revealed dis-
tended vascular channels adjacent to the SSS and no ICH or sub-
arachnoid hemorrhage (SAH) could be seen. Angiography dis-
closed a dAVF involving the posterior part of the SSS and the con-
fluens sinuum. In the medical history a viral infection with me-
ningeal affection was found six months earlier.

After transferral to our institution, superselective angiography
showed the dAFV to be supplied by both external occipital arte-
ries (EOA), the left posterior auricular artery (PAA), both superfi-
cial temporal arteries (STA), both middle meningeal arteries
(MMA) and tentorial branches of both internal carotid arteries
(ICA). The fistula drained into the SSS, which appeared to be part-
ly occluded by an intraluminal thrombus in its posterior part.
The fistula was classified as a type Ila fistula, according to Co-
gnard et al. [1]. After superselective catheterisation of the main
feeders as close to the fistula as possible, multiple dural nidi
were embolised, but the fistula could not be completely occluded
in one session. Postoperatively, a discrete left-sided facial palsy
occurred, whereas all other symptoms improved.

Three weeks after dismissal from our institution symptoms reoc-
curred. Angiography revealed that a new arterial supply from
right-sided ECA branches had developed. Reembolisation was
performed, but again total occlusion was not possible due to
small remaining shunts from tentorial ICA branches.

Again symptoms improved, but reoccurred three weeks thereaf-
ter with the new symptom of a right-sided trigeminal hypaesthe-
sia and a facial palsy. Embolisation was performed, but AV shunts
coming from both ascendent pharyngeal arteries and the tentori-
al ICA branches remained. In the course of three embolisations,
microcoils (Target Therapeutics, Fremont, CA) and particles (IVA-
LONS, Ingenor, Paris, France) were used. Microsurgical discon-
nection of the SSS from its arterial supply was proposed, but the
patient refused further therapy. A control angiography eight
weeks later demonstrated an unchanged condition. Within the
following six years neurological symptoms markedly improved.
Hypaesthesia, diplopia and the bruit completely disappeared.
The facial palsy improved with mild headaches remaining.

However, six years later the patient suffered from a large left-
sided ICH that had to be evacuated in emergency at another neu-
rosurgical department. On preoperative angiography a dAVF
could not be detected. Two weeks later the patient rebled and fi-
nally died.

Case 2

A 57-year-old male patient was admitted to another neurosurgi-
cal department because of sudden headaches, a hemihypaesthe-
sia and severe weakness of the left arm. CT revealed an ICH in the

right motor strip. Magnetic resonance imaging (MRI) showed a
cluster of distended vessels adjacent to the haemorrhage near
the central sulcus. Angiographic studies including both ECAs in-
dicated a dAVF located at the middle part of a completely patent
unobstructed SSS. In the medical history head trauma, infection
or surgery was absent.

Superselective angiography at our institution showed a dAVF
type III, that was fed by the both MMAs and the right STA filling
up a pial, cortical, comma-shaped vein adjacent to the SSS, that
retrogradely filled cortical veins including the anastomotic vein
of Trolard (Fig.1a). The fistula was embolised twice using the
glue (N-butyl-2-cyanoacrylate, HISTOACRYL BLAU®, Braun Mel-
sungen, Germany) and particles via both MMAs and the right
STA. Postinterventional angiography revealed a persistent opaci-
fication of the comma-shaped pial vein via cutaneous transosse-
ous EOA branches (Fig.1b).

Fig. 1a Superselective angiogram of the right middle meningeal arte-
ry (MMA) (—) filling up a comma-shaped pial fistulous vein (—), lateral
view.

Fig. 1b After embolisation, the vein is still fed by cutaneous, transos-
seous external occipital artery (EOA) branches, lateral view.
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Fig. 1c Intraoperative view showing the pial, comma shaped draining
vein with shunting arterioles on its wall at the entry point to the SSS
before (above) and after coagulation (below).

Fig. 1d Superselective angiography of the right external carotid arte-
ry, one year after operation shows complete elimination of the fistula,
lateral view.

One week later, the fistula was explored via a small parasagittal
craniotomy and occluded microsurgically. Intraoperatively, we
found a partially thrombosed pial draining vein which was still
red in its distal part due to shunting arterioles running in its
thickened wall. The vein was coagulated and transsected at its
entrance point to the SSS, the adjacent dura was coagulated too.
Excision of the adjacent dura was not performed (Fig. 1c¢). Within
the following months the patient made a complete recovery. Fol-
low-up angiography two years later showed no residual fistula
and a patent SSS (Fig.1d).

Case 3

A 71-year-old male patient suffered from a sudden monoplegia
of the left leg followed by a general seizure. At another institu-
tion MRI showed an ICH located at the right motor strip and ve-
nous varices (Fig. 2a). At our institution angiography revealed a
type IV dAVF, with feeders coming from the anterior falx branch
of the right ophthalmic artery, both STAs and both EOAs. The ve-
nous drainage occurred through cortical veins to the middle part
of a patent SSS posterior to the fistula site with two aneurysmal
dilatations (Fig. 2b, ¢). The anterior and middle part of the SSS
appeared occluded by a thrombus.

Medical history demonstrated no predisposing factors, but a re-
cent myocardial infarction. Within two weeks we performed two
transfemoral embolisations via both MMA'’s using glue. During
the third intervention we performed surgical exposure of both
STA’'s and both EOA’s near the SSS for direct embolisation
(Fig.2d). A nearly total occlusion of the fistula was achieved,
with only the anterior falx branch remaining, which fed the ante-
rior part of the fistula (Fig. 2e, f). Due to his poor medical condi-
tion we decided to treat him one week later by stereotactic radio-
surgery with the gamma-knife unit. The fistula site was covered
with the 50% isodose and treated with 22 Gy using three 8 mm

Fig.2a T,-weighted MRI, demonstrates an intracerebral clot adjacent
to two venous varices (—), axial view.
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Figs. 2b,c  Angiography of the left common carotid artery (CCA) (b) and the right external carotid artery (ECA), (c), shows the fistula and the two

venous aneurysms (—).

Figs. 2e,f Preradiosrugical angiogram reveals the residual fistula fed by the anterior falx artery (—), a/p-view (e) and lateral view (f).

Fig.2d Conventional X-ray of the skull after surgical exposure and
embolisation via the right superficial temporal artery (STA) shows the
cast in the artery and near the fistula site.

collimator helmets (Fig.2e,f). During the following weeks the
patient recovered completely.

Discussion

Dural AVF’s involving the SSS account for 8 % - 13 % of all intracra-
nial dAVF’s [1-4,10]. Usually they occur with a female predomi-
nance at an age of 40 years and above [1,6,9]. Predisposing
factors like head trauma, infection or intracranial surgery may
lead to thrombosis of a cranial sinus, which is regarded to be the
inciting factor in the development of a dAVF [6,7,9]. Due to pro-
gressive organisation of the thrombus inside the sinus by in-
growing arterioles and capillaries an arteriovenous communica-
tion develops in the sinus wall itself. Therefore, dAVF's are often
associated with occlusion or stenosis of the fistula carrying sinus.
Our current study involves three male patients, with an age ran-
ging typically from 59 to 71 years. In the medical history, only
one patient had already had a viral meningitis half a year earlier.
Angiographically an SSS occlusion was seen in case 3 and an SSS
stenosis in case 2. In case 1 a patent, unobstructed sinus was de-
monstrated on control angiograms two years after treatment.

9e[njsi4 SNOUIAOLIRLIY |eln JO juduwijeal) ‘|e 3Py I(”UE|EJJGQ

01Z-S0T ‘b ‘100 binsoinap seauj wiuyy -

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



*** 3e|NJSl SNOUINOMIIY [eIN(] JO JudWIedl] °[e I3 Y Ayjuejeriag

01Z-S0Z :bb $100Z Bansonap seau) wiuiy

The clinical behaviour of a dAVF seems to be at least partly ex-
plained by its location [5]. For example, dAVF's located at the ten-
torial incisura have a higher incidence of presenting with an ag-
gressive clinical course than dAVF's located at the cavernous si-
nus or at the transverse/sigmoid sinus, although no location is
immune to ICH [5]. In dAVF’s involving the SSS the incidence of
bleeding is reported to be up to 40% [6,7,10,12,18]. All of our
three patients presented with an aggressive neurological course,
two of them with the initial symptoms of an ICH. The remaining
patient experienced two ICH’s, that finally led to a fatal outcome.

Another point to be stressed is the pattern of venous drainage,
that highly correlates with the clinical course [1]. Cognard et al
introduced a reviewed classification for dAVF’s based on the fis-
tulous venous drainage [1]. According to them, type I dAVF's
drain into a sinus with antegrade venous outflow. A type Ila has
areflux into the sinus, a type IIb presents with reflux into cortical
veins, and a type Ila+b with both, reflux into the sinus and into
cortical veins. Type Il is characterised by direct cortical venous
drainage without draining into the sinus. A type IV has additional
venous ectasias and type V drains exclusively via spinal veins.
The incidence of an intracerebral haemorrhage increases with
the type of dAVF. In our patients we encountered one type Ila, a
type Il and a type IV fistula. The type Il and the type IV dAVF ini-
tially presented with an ICH. We assume that the Ila fistula type
developed into a higher grade lesion during the clinical course,
which eventually led to two ICH’s. In Cognard’s series the bleed-
ing rate for type Ila was 0%, for type I11 40% and for type IV-fistula
66%[1].

Different single or combined treatment modalities have been
suggested for dAVF’s, depending on location, neurological course
and venous drainage pattern of the fistula. Forms of treatment
include percutaneous compression of feeding arteries, transarte-
rial or transvenous embolisation, microsurgery or stereotactic
radiosurgery (SRS). In the literature, transvascular embolisation
followed by transcranial microsurgery or radiosurgery is favour-
ed, if total occlusion is not possible [3,6,7,13,15,20,21,22]. Only
few reports exist concerning the treatment of dAVF's involving
the SSS. At that site most authors recommend transvascular em-
bolisation using particles or glue, either alone or in combination
with open microsurgery, or SRS [6,7,10,17,19]. Van Halbach et al.
reported on two series consisting of seven and ten dAVF'’s involv-
ing the SSS [6,10]. A complete radioanatomical cure by arterial
embolisation alone was achieved in 50%. 30% of the SSS fistulae
were treated by intraoperative exposure of the feeding arteries
for direct embolisation. The remaining 20% of the patients need-
ed additional open surgery to eliminate the fistula. In two cases
resection of the involved sinus was necessary. Pierot et al.
described a dAVF at the SSS accompanied by an occluded sinus
[19]. After the failure of transarterial embolisation, transvenous
embolisation and surgical sinus skeletonisation, the fistula was
finally occluded by surgical exposure of the SSS, direct puncture
and embolisation of the entire SSS with free spirals. Cloft et al.
described a successful transvenous coil embolisation of an SSS
fistula [17]. Picard et al. regard transarterial embolisation as the
method of choice, sometimes with the necessity of percutaneous
puncture of the feeding arteries. If embolisation fails they recom-
mend surgery [7]. In our patients we used various methods in-
cluding the combination of transarterial embolisation, embolisa-

tion after surgical exposure of the feeding arteries, microsurgical
resection and stereotactic radiosurgery.

Even though total occlusion of dAVF’s can be achieved by the dif-
ferent means listed above, it is not expected to happen after ap-
plication of one treatment method alone. Especially dAVF's at the
SSS are difficult to cure completely compared to dAVF's at other
sites, due to their midline location, their bilateral, multiple, and
often cutaneous arterial supply as well as the involvement of a
mostly critical venous cortical drainage. For this reason, transar-
terial embolisation alone is a sufficient method to cure the fistula
in only 50% of SSS dAVF’s when compared to dAVF’s located at
other sites [6,10,23]. The same is true for open surgery alone
with its inherent danger of the occurrence of disastrous intra-
operative arterial bleeding or of severe neurological postopera-
tive deficit due to the compromise of the venous drainage of
both hemispheres when the SSS has to be resected [10,24]. Com-
bined treatment modalities are therefore indicated [1,5,6,7,
10,13].

In our first patient multiple transarterial embolisations with
coils and particles reduced the size and flow of the dAVE. Even
though occlusion of many arteriovenous shunts involving a long
distance of the SSS occurred, a total fistula occlusion was not
achieved. Unfortunately, further surgical treatment was refused.
In the following years the fistula did not occlude spontaneously,
despite excellent clinical recovery of the patient, who was nearly
without symptoms for the following six years. However, he final-
ly died shortly after having experienced two ICH's.

In cases 2 and 3, who both presented with ICH’s, the treatment
consisted of multiple arterial embolisations followed by micro-
surgery in one case and by stereotactic radiosurgery in the other.
Despite moderately sized ICH’s having occurred, both patients
recovered completely and finally had an excellent neurological
outcome. Follow-up angiography showed complete eradication
of the fistula in the patient who was operated on. The patient
who underwent radiosurgery has a limited angiographic follow-
up study. To demonstrate complete occlusion this fistula is ex-
pected to disappear over the period of one year, as SRS already
proved an excellent tool in the treatment of dAVF’s with a mini-
mal risk of recurrent ICH in the waiting period for total occlusion,
provided the flow through the fistula has been markedly reduced
by previous embolisations [13,15,20,25].

As our experience with three SSS fistulae has shown total angio-
graphic occlusion should be the aim of therapy in each case.
There is no proof that partial fistula occlusion has any positive in-
fluence on the grave natural history of these aggressive dAVF’s.
Because of the extraordinary arterial supply and involvement of
the SSS over a long distance, one cannot assume spontaneous fis-
tula occlusion after partial embolisation. In addition, partial arte-
rial occlusion can lead to recanalisation of embolised vessels or
recruitment of other feeding arteries less accessible to embolisa-
tion. Therefore, additional forms of treatment are needed. At first
we recommend transarterial embolisation with glue or particles
until the size of the dAVF is reduced. For the remaining feeders,
surgical exposure for direct puncture near the fistula might be
necessary. By that means the flow through the dAVF is subse-
quently decreased and the venous drainage of the brain is
improved. Furthermore, the number of blood units is reduced in
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case open surgery becomes necessary. If the patient is in a poor
medical condition, which precludes open surgery, transarterial
embolisation followed by radiosurgery may be an effective alter-
native tool to finally obliterate the fistula.
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