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Objective : Tentorial dural arteriovenous fistulas usually drain into cortical 2017 December;19(4):284-290
veins and often present with hemorrhage. Treatment goal is occlusion of Received : 8 October 2017

the draining vein, either by surgery or endovascular techniques. We pres- i‘i\é:;?eé ?g?;czcngbmegefozg”
ent the multimodality treatment results of 12 patients with tentorial dural '

arteriovenous fistulas. Correspondence to Hans Kortman

i Department of Radiology, St. Elisabeth Hospital,
Materials and Methods : Between January 2007 and January 2017, 12 Hilvarenbeekse Weg 60, 5022 GC Tilburg, The

consecutive patients with tentorial dural arteriovenous fistulas were treated. ~ enerands

There were 11 men and 1 woman with a mean age of 62 years (range Tel : +31-13-539-20:65

44-85). Clinical presentation was hemorrhage in 8 (67%), pulsatile tinnitus o’ Zﬁ’g;;g?c?go@r%ﬂgﬁgoz_4]83_788,
in 2 (17%) and an incidental finding in 2 (17%). The fistula location was

at the tentorium cerebelli in 5 (42%), the torcula Herophilii in 4 (33%) and

petroclival in 3 (25%).

Results : In 11 patients, arterial embolization with Onyx or PHIL was the
primary treatment. Complete obliteration was achieved in one session in
5 (45%) and in 2 sessions in 4 (36%). In 2 patients additional surgery
was needed. Primary surgery was performed in 1 patient followed by en-
dovascular coil occlusion via the venous route. One patient with exclusive
pial feeders from the posterior inferior cerebellar artery had a clinically si-
lent P3 occlusion during trans arterial embolization. Finally, all 12 fistula
were completely occluded, confirmed with angiography after 8-12 weeks.
There were no permanent procedural complications.

Conclusion : Patients with tentorial dural arteriovenous fistulas were effec-
tively and safely cured with a strategy of endovascular treatment with
various techniques and surgery. Surgical and endovascular techniques are
complementary in the treatment of these challenging vascular disorders. This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http;//creativecommons.org/li-

censes/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any

Keywords  Neurovascular, Dural arteriovenous fistula, Endovascular medium, provided the original work is properly cited.
INTRODUCTION hole fistulas connecting dural arteries with cortical dural
veins or dural sinus. The clinical course of DAVFs is
Dural arteriovenous fistulas (DAVFs) are uncommon variable depending on the pattern of venous drainage.z)
vascular disorders and account for 10-15% of all intra- Symptoms range from asymptomatic to an aggressive
cranial vascular shunts.”” They are acquired multiple clinical presentation consisting of hemorrhage, venous
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hypertension and neurological deficit. Tentorial dural
arteriovenous fistulas (TDAVFs) are a rare subgroup
and represent up to 4% of DAVFs. They occur in the
double dural layer of the tentorium and its attachments.”
TDAVFs commonly drain directly into cortical cere-
bral or cerebellar veins with inherent high hemor-
rhage risk.”® Therefore complete elimination of the
arteriovenous shunt is recommended, irrespective of
presentation.g)

DAVFs are characterized as multiple arterial dural
feeders draining into a single dural vein. To eliminate
the fistula the operator has to disconnect the draining
vein from the supplying dural arteries. Incomplete
treatment allows recruitment of collateral vessels and
persistent risk of hemorrhage. Treatment of DAVFs is
traditionally by surgical disconnection of the draining
vein but access in tentorial DAVFs may be difficult
due to the deep location.” In recent years endovas-
cular embolization has become a first-line treatment,
either alone or in combination with surgery. The optimal
method for endovascular treatment remains controversial.
A consideration of the advantages and disadvantages
of transarterial, transvenous, and combined approaches
should be given in each case before proceeding with
embolization.” Another treatment alternative is Gamma
Knife radiosurgery, which has been reported in feasi-
bility studies.”

In this study we evaluate the incidence, clinical pre-
sentation, vascular anatomy and multidisciplinary

treatment of a single center cohort of 12 TDAVFs.

MATERIALS AND METHODS

Patient cohort

Between January 2007 and January 2017, 135 pa-
tients with dural arteriovenous fistulas were treated
in our institution. Fifty patients (37%) had a spinal
DAVF. Of 85 cerebral DAVFs, 11 (8%) were located in
the cavernous sinus, 61 (45%) drained supratentorally
and 12 (9%) were located in the tentorium. These 12

consecutive patients with TDAVF are the subjects of
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this study. There were 11 men and 1 woman with a
mean age of 62 years (median, 63; range, 44-85 years).
Clinical presentation was hemorrhage in 8 (67%), pul-
satile bruit in 1 (8%) and 2 were an incidental finding
(16%). One patient (8%) with a previously endovas-
cular treated tentorial DAVF presented 9 years later
with recurrent pulsatile bruit. The primary fistula lo-
cation was at the tentorium cerebelli in 5 (42%), on the
torcula in 4 (33%) and the petroclival tentorial ridge
in 3 (25%). Treatment strategy was decided in a mul-
tidisciplinary meeting with neuroradiologists, neuro-
surgeons and neurologists based on imaging and
complete cerebral angiography. Endovascular trans

arterial approach was the primary treatment of choice.

Embolization procedure

Endovascular treatment was performed with the pa-
tient under general anesthesia on a biplane angio-
graphic unit (Integris Allura Neuro, Philips Healthcare,
Best, the Netherlands). A 5 F-guiding catheter was
positioned in the internal carotid, external carotid or
vertebral artery, and an Onyx-compatible micro-
catheter (Rebar 105-5081-153, Medtronic, Minneapolis,
MN or Scepter, MicroVention, Tustin, CA, USA) was
coaxially advanced in a feeding artery as close as pos-
sible to the fistula site. Whenever possible, the middle
meningeal artery was used for access to the fistula,
since this dural artery usually has a straight course al-
lowing for easy distal access. Onyx 18 (Medtronic) or
PHIL (MicroVention) was slowly injected. When re-
flux occurred, the injection was paused for a few
minutes. In most cases reflux occurred several times
before penetration of Onyx through the fistula site in-
to the draining vein. Once Onyx advanced, it was in-
termittently injected until the draining veins were fil-
led and all feeders were filled retrograde, thereby
completely occluding the fistula. In the last years, the
Scepter micro catheter was used. This catheter has a
micro balloon just proximal to the tip. When inflated,
the balloon prevents reflux in the feeding artery.
Immediate angiographic cure was defined as the for-

mation of the cast of the embolic agent in the target
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Fig. 1. A 50-year-old male with a right occipital hematoma. (A) Computed tomography scan showing the occipital hematoma. (B)
Left vertebral artery angiogram demonstrates a small tentorial dural fistula supplied by the medial dural branch of the superior cer-
ebellar to a deep cortical vein and ultimately draining into the straight sinus. Arrow shows drainage point in the straight sinus. (C)
Trans venous navigation via the straight sinus into the draining cortical vein. (D) Lateral radiograph showing the final coil mass in
the cortical draining vein close to the straight sinus. (E) Left vertebral angiogram demonstrates obliteration of the fistula with patent
straight sinus.

fistula as well as the proximal draining veins and no
residual arteriovenous shunting. Post procedural pain
was managed with medication according to local pro-
tocol, in some cases including intravenous morphine
or fentanyl. Follow-up angiography was performed
after 6-12 weeks. Illustrative cases are provided in
Fig. 1-3.

RESULTS

Patient- and treatment characteristics are summar-
ized in Table 1

In 11 of 12 patients, arterial embolization with Onyx
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or PHIL was the primary treatment. Complete ob-
literation was achieved in one session in 5 (45%) and
in 2 sessions in 4 (36%). In 2 patients additional sur-
gery was needed to completely close the fistula.
Surgery was considered first treatment in 1 patient.
This patient presented with a large intracranial hem-
orrhage from a small TDAVF. Surgery was not suc-
cessful due to the deep location and small fistula size.
The fistula was subsequently treated endovascular by
coil occlusion of the draining vein via a trans venous
approach. One patient who presented in 1994 with
unbearable pulsatile bruit was treated with particles
(250-350 pm) and coils at that time. The fistula per-
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Fig. 2. A 57-year-old male presenting with debilitating tinnitus. (A) Lateral angiogram demonstrating a petroclival tentorial dural arte-
riovenous fistula with feeders from the inferolateral trunk and meningohypophyseal trunk. (B) Lateral angriogram with external car-
otid artery injection demonstrating feeders from the middle meningeal artery (MMA) and occipital artery. (C) Digital subtraction im-
age demonstrating distal catheter access via the MMA. (D) Final Onyx (Medtronic) cast demonstrating obliteration of the fistula.

sisted, but the bruit decreased and was clinically
acceptable. Twenty-three years later, in 2007 the pa-
tient returned with agonizing bruit and was then em-
bolized with Onyx achieving complete obliteration.
Finally, all 12 fistulae were completely occluded, con-
firmed with angiography after 8-12 weeks.

One patient with exclusive pial feeders from the
posterior inferior cerebellar artery (PICA) had a clinically
silent P3 occlusion during trans arterial embolization.
There were no permanent adverse events, neither
from surgery nor from endovascular treatment (0%,
97.5% CI 0-30%).

Primary endovascular access was the occipital artery
in 4 (36%), middle meningeal artery in 3 (27%), poste-
rior meningeal artery in 1 (9%), inferolateral trunk
branch in 1 (9%), ascending pharyngeal artery in 1
(9%), and PICA in 1 (9%).

Ten (83%) patients experienced post procedural pain
after embolization, hypothetically because of dural
ischemia. All patients were managed according to lo-
cal analgesic protocol. At the time of follow-up an-
giography 8-12 weeks later, all patients were pain-free
without medication. Post procedural radiation in-

duced alopecia did not occur.
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Fig. 3. A 63year-old male presenting with right cerebellar hemorrhage. (A) Axial computed tomography (CT) scan demonstrating a
right cerebellar hemorrhage. (B} CT angiography sagittal reconstruction demonstrating venous ectasia and fistulapoint at the torcula
herophilii. (C) Left vertebral injection. Lateral angiogram demonstrating main arterial feeder from the posterior meningeal artery (PM).
(D) Left vertebral injection. Arrow demonstrating PM loop where the PM is crossing the tentorial ridge. Distal endovascular access
proved impossible because of this loop. Because no other viable arteries were available, the patient went for surgery.

DISCUSSION

TDAVFs are rare acquired lesions comprising a small
minority of all treated DAVFs in our institution. Most
were symptomatic presenting with hemorrhage or in-
tolerable bruit and the remaining were incidentally
discovered on magnetic resonance imaging. In our co-
hort there was a striking preponderance for males.

All our TDAVFs drained in the cortical venous system.
Either the deep venous system, cerebellar veins or the
temporo-occipital cortical veins. All but one of the

hemorrhagic patients presented with hemorrhage in
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the posterior fossa. Because of the aggressive natural
history and the presence of retrograde venous flow
(type III or IV according to Cognard) the treatment
goal was complete obliteration of the fistula, even in
the patients who presented with pulsatile bruit or
with a TDAVF as incidental finding.

TDAVFs are more challenging to treat compared with
DAVFs at other locations and may require multiple
endovascular or surgical treatment sessions. Surgically
these fistulas are difficult to access because of the
deep location. Endovascularly they are challenging

because there is usually dural supply from both in-



Table 1. Patient characteristics
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. . . - . . Classification . No of
Age Sex Presentation Fistula point Main feeding arteries (Cognard) Primary treatment treatments
74 M Cerebellar hemorrhage Torcula herophilii OcCcC Type IV Endovascular 1
66 M Cerebellar hemorrhage Torcula herophilii OCC, MMA, PM Type IV Endovascular 1
67 M Incidental Torcula herophili ocC, MMA Type Iv  Endovascular 2
(2" surgery)
85 V  Cerebellar hemorrhage Torcula herophilii OCC, MHT Type IV Endovascular 1
55 M Incidental Petroclival ILT Type I Endovascular 2
51 M Bruit Petroclival APA, MMA, MHT Type i Endovascular 2
(2 surgery)
57 M Bruit Petroclival APA, OCC, and MHT Type il Endovascular 2
50 M Occipital hemorrhage Tentorium cerebelli SCA medial branch Type Il Sudrgery 3
(3” endovascular)
63 M Cerebellar hemorrhage Tentorium cerebelli PICA, MHT, PM and OCC Type IV Endovascular 1
68 M Cerebellar hemorrhage Tentorium cerebelli PM, SCA, OCC and MHT Type IV F;g()s\:iarsgcgr';)r 2
56 M Cerebellar hemorrhage Tentorium cerebelli PM, SCA, MHT and MMA Type IV Endovascular 1
44 M Cerebellar hemorrhage Tentorium cerebelli PM, SCA, OCC and MHT Type IV Endovascular 3

APA = ascending pharyngeal artery; ILT = inferolateral trunk; MMA = middle meningeal artery, MHT = meningohypophyseal trunk; SCA
= superior cerebellar artery; OCC = occipital artery; PICA = posterior inferior cerebellar artery; PM = posterior meningeal artery

ternal carotid artery (ICA) and external carotid artery.
Arterial embolization through dural arteries from the
ICA increases the procedural risk of intracranial em-
bolic events. There is a vast anastomotic network be-
tween the intracranial and extracranial dural circulation
around the skull base and reflux of liquid embolic
may cause distal intracranial embolic complications. It
is well established that the middle meningeal artery is
a favorable access to the fistula point in DAVFs. However,
in TDAVFs this artery is mostly not involved. In some
cases the occipital artery is the only extracranial endo-
vascular access. This artery is surrounded by loose
connective tissue and may be very tortuous, especially
when it accommodates high flow. The tortuous course
makes advancement of the microcatheter difficult. If
obliteration of the fistula through the occipital artery
is unsuccessful or there is no extracranial dural arte-
rial supply at all, access via dural arteries from the
ICA or pio-dural connections via the vertebrobasilar
system is the remaining transarterial option. When re-
flux occurs during embolization of the tentorial artery
or posterior meningeal artery, the risk of severe neu-
rological complications is high.

During embolization with Onyx sometimes many

dural arterial feeders filled in a retrograde fashion be-
fore penetration into the draining vein was achieved.
Venous penetration and occlusion is crucial to perma-
nently obliterate the whole fistulous complex.

Most patients reported post procedural pain and some
needed pain medication during one or several days.
This pain is probably related to relative ischemia of
the dura as a result of occlusion of dural arteries.
Pain usually gradually decreased in the days follow-
ing the procedure, and at the time of follow-up an-

giography after 6-12 weeks all patients were pain free.

CONCLUSION

In conclusion, the strategy of surgery and endovas-
cular treatment in a multidisciplinary management of
patients with TDAVEFs led to stable angiographic cure in
all patients without permanent procedural complications.
TDAVFs are challenging to treat because of deep loca-
tion and frequent dural feeders from internal carotid
and vertebral artery. Multiple sessions were necessary
to completely obliterate the fistulas in the majority of

patients.
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