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Abstract Tentorial dural arteriovenous fistulas are rare and
complex lesions in deep locations with unusual vascular
anatomy and critical surrounding neuroanatomy. A rare
case presenting a complex fistula with a giant venous
draining ampulae, causing headaches and visual troubles is
presented. We describe the case of a 52-year-old woman
admitted in our department for headaches and visual
troubles. Magnetic resonance imaging and cerebral angiog-
raphy showed a tentorial dural arteriovenous fistula drain-
ing in a giant tentorial venous ampulae and leptomeningeal
veins. The patient was embolised via an arterial route with a
good clinical and radiological result. However, 4 days later
she presented a sudden change of her clinical status with
coma, left hemiparesis and a right midriasis. The cerebral
computed tomography scan showed a huge occipital
haemorrhagic mass and a severe cerebral oedema. An
emergent surgical procedure was decided realising evacu-
ation of the occipital haematoma and a complete resection
of the giant venous ampoule. The neck of the ampulae was
sutured and clipped at its dural entrance. Postoperatively a

new embolisation was realised because of persistent of a
small dural fistulae with occipital leptomeningeal drainage.
The patient recovered rapidly with only a residual hemi-
anopsy. Treatment of dural AV malformation represent a
serious challenge. Our report describes an unusual case of a
tentorial dural complex fistula treated by an endovascular
procedure with secondary clinical aggravation that needed
emergent surgical therapy. Even in a case for good
immediate radiological result after endovascular procedure,
dural arteriovenous fistulas with giant venous ampulae and
important venous engorgement, need closed follow-up,
because of the possibility of aggravation secondary to
venous thrombosis and haemorrhage. Treatment and pato-
physiology of the aggravation mechanism are discussed.
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Introduction

Intracranial dural arteriovenous fistulas (DAVF) account for
10% to 15% of all brain arteriovenous malformations
(AVMs) and consist of single or multiple fistulas whose
niduses lie entirely within the dura [1, 58].

Tentorial dural arteriovenous fistulas (TDAVF) are a
subgroup of dural fistulas, compromising about 4–8% of all
dural arteriovenous fistulae [1, 5, 13, 38, 58]. They
represent rare and complex lesions in deep locations with
unusual vascular anatomy and critical surrounding neuro-
anatomy [35].

Tentorial DAVFs are located in the tentorial dura mater
and are fed primarily from branches of the meningohypo-
physeal trunk, middle meningeal artery and occipital artery.
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Venous drainage varies greatly and depends on the tentorial
location of the fistula. They typically drain into deep
cortical and leptomeningeal veins [5]. Fistulas with lep-
tomeningeal venous drainage, variceal or aneurysmal
venous dilations, and galenic often present an aggressive
behaviour with haemorrhage or progressive neurological
deficit [1].

Case report

A 52-year-old right handed woman was admitted to our
department for progressive diffuse headaches, visual trou-
bles (left homonym hemianopsy) and small difficulties
using the left arm, lasting from 1 month. The patient
complained also for a left eye pain. Neurological examina-
tion revealed a left homonym hemianopsy and mild left
brachial monoparesis. She had no past medical history.

The cerebral computed tomography (CT) showed an
important hyperdense occipital lesion. The lesion was
round and homogenous, 6 cm diameter (Fig. 1). Magnetic
resonance imaging (MRI) revealed an important vascular
occipital mass (Fig. 2) with flow void on fluid-attenuated
inversion recovery sequence (Fig. 3) localised in the right
occipital lobe, on the tentorium.

Cerebral angiography showed a complex tentorial
arteriovenous fistula with a giant venous varix (type IIb in
Borden classification, type IV according Cognard's classi-
fication). There were feeding arteries coming from both
occipital arteries, the right and left middle meningeal
arteries, the right tentorial branch of the meningohypophy-
seal trunk and the meningeal branch of the right ophthalmic

artery. Injection of the vertebral arteries showed also a
vascularisation of the fistulae via the posterior meningeal
branch of the right vertebral artery and a small contribution
from meningeal branch of the left vertebral artery. The
venous drainage was thrown a right giant tentorial venous
ampulae which drained in the right lateral sinus via a
stenosed tentorial sinus, and also via occipital leptomenin-
geal veins which drained in the superior sagittal sinus
(Fig. 4).

Because of the complex anatomy of the fistula, an
endovascular procedure via a transarterial route was
decided initially. Firstly, it was realised as a selective
catheterization of the superior branch of the right middle
meningeal artery. During the embolisation of these
branches, a hyperdrainage in the lateral sinus with
migration of the Onyx (Micro Therapeutics Inc., Irvine,

Fig. 1 Initial computed tomography showing an important round
hyperdense occipital mass, 6 cm diameter

Fig. 2 T1 Gadolinium ponderate sagital magnetic resonance imaging
sequence on admission showing an important occipital vascular mass

Fig. 3 Axial brain magnetic resonance imaging fluid-attenuated
inversion recovery sequence showing signs of flow void in right
occipital area
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CA) was found. Then it was decided to embolise the
patient's inferior branch of the right middle meningeal
artery using Onyx. The meningeal branch of the right
vertebral artery was embolised with Glubran glue realising
a radiological disappearance of the fistula.

After embolisation, the patient still presented headaches
with no neurological change. The postembolisation angi-
ography showed a complete obliteration of the fistula
(Fig. 5).

Four days later, she presented a sudden change of her
clinical status with coma, a right midriasis and left hemi-
paresis. The emergent computed tomography showed an
important haemorrhagic occipital mass, important occipital
oedema and subfalcorial herniation (Fig. 6).

A surgical option was decided in the emergency room.
The patient was operated in prone position using a right
occipital supratentorial approach. An occipital craniotomy
was realised. After opening the dura, a huge cerebral

Fig. 5 Postembolisation right external carotid artery angiogram lateral
view, showing complete interruption of the fistula

Fig. 4 Initial right internal cerebral artery angiograms: lateral (a) view
demonstrating very small arterial supply to the fistula from the
tentorial artery (short arrow) and meningeal branch of the ophthalmic
artery (long arrow). Right external cerebral angiograms anteroposte-
rior (b), lateral (c) showing an important tentorial dural arterio venous
fistula fed by the middle meningeal artery (long arrow) and right
occipital artery (short arrow), and draining in a huge tentorial venous
ampulae, which drains in the right lateral sinus (via a stenosed

tentorial sinus) and also in occipital leptomeningeal veins. Lateral (d)
angiogram view of the right vertebral artery showing the fistula fed by
the meningeal branch of the vertebral artery (arrow). Anterioposterior
(e) and lateral (f) angiography (venous phase) showing a giant venous
ampulae draining in the right transverse sinus, via a stenosed tentorial
sinus (long arrow) and leptomeningeal veins draining in the superior
sagittal sinus (small and medium arrow)
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oedema and intracererbral occipital haemorrhage were
noticed. The haematoma was evacuated under operative
microscope. There was an important occipital clot in the
venous ampulae and around it. The venous ampulae contin-
ued with a sinus in the tentorium, which drained in the right
transverse sinus. Delicate aspiration of haemorrhage was
realised and also the opening of the venous ampoulae. A
constant haemorrhage persisted during surgery. Initially, the
clot was evacuated from the ampoule and then the wall was
completely resected not far from the base where it entered the
dura. A small haemorrhage persisted at the neck of the
ampulae and also on the tentorium. Electro-coagulation of
small vessels on the tentorium was realised. Because of the
persistent venous haemorrhage at the neck of the varix, it was
decided to suture the neck under microscope. Amicrovascular
continuous suture was carefully realised, then a straight clip
was also applied to reinforce the neck suture and the
haemorrhage completely stopped. The brain presented a
normal pulsatility without oedema.

Control computed tomography showed disappearance of
the cerebral oedema and of the occipital mass (Fig. 7).

Postoperatively, the patient recovered progressively. A
postoperative angiography was realised and showed a small
residual fistulae which drained in a cortical paramedian
leptomeningeal vein (Fig. 8a). This drainage vein was
observed also on the diagnostic angiography (Fig. 4f,
medium arrow).

A new complement of embolisation of the right occipital
artery was realised using Glubran glue, giving a complete
eradication of the fistula. The angiographic control 1 day
and 3 months later showed a complete eradication of the
fistulae (Fig. 9).

The patient presented a good recovery and was dis-
charged to a rehabilitation centre with small visual troubles
and a slight gait disability. One year after the treatment, she
returned to a normal life with only a residual left hemi-
anopsy. The control angiography (3 months after surgery)
showed no residual fistulae.

Discussion

Intracranial dural arteriovenous fistulas (DAVF) account for
10 to 15% of all brain AVM and consist of single or
multiple fistulas whose niduses lie entirely within the dura
[1, 58]. Tentorial dural arteriovenous malformation repre-
sent a subgroup of dural fistulas compromising about 4–8%
of all dural arteriovenous fistulae [1, 5, 13, 38, 58]. They
represent rare and complex lesions in deep locations, with
unusual vascular anatomy and critical surrounding neuro-
anatomy [35]. Tentorial DAVF are located in the tentorial
dura mater and are fed primarily from branches of the
meningohypophyseal trunk, middle meningeal artery and
occipital artery. Venous drainage varies greatly and depends
on the tentorial location of the fistula. However, they
typically drain into cortical and leptomeningeal veins [5,
36, 45, 55]. Tentorial dural arteriovenous fistulas draining
into the spinal venous system are rare lesions [8].

Tentorial DAVF usually have aggressive neurological
behaviour with haemorrhage or progressive neurological
deficit. Because their complex anatomy, their management
represents a challenge and controversial exists regarding the
optimal treatment strategy [58].

Fig. 7 Postoperative CT cerebral scan showing resection of the
occipital mass

Fig. 6 Computed tomography realised in emergency 4 days post-
embolisation, showing an important occipital haemorrhagic mass,
occipital oedema and also midline shift with subfalcorial herniation
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Classification systems

It exists multiple classification of dural fistula trying to
predict which patients are most likely to develop progres-
sive neurological symptoms and/or haemorrhages [7, 13,
35, 48]. There are two widely used angiographic classifi-
cation systems for DAVF: the Borden–Shucart and the
Cognard classifications [7, 13]. Both the Borden–Shucart
and Cognard systems highlight the importance of cortical
venous drainage [7, 13, 17].

Our fistula drained essentially in a giant venous
ampulae, then threw a small stenosed tentorial sinus in the
transverse sinus, but also in occipital leptomeningeal veins.
The ampulae increased progressively and started to make a
mass effect on the occipital lobe explaining the symtoma-
thology of the patient. We have classified it as Borden IIb,
Cognard IV fistula.

Pathogenesis, history

Although the pathogenesis of dural AVMs remains contro-
versial, most authors now think that they are acquired;
resulting from spontaneous or traumatic sinus thrombosis
that revascularizes and in the process develops a dural
blood supply with microshunts between the dural layers
[11, 36, 44, 46].

Posttraumatic dural arteriovenous fistula of the tento-
rium and straight sinus are rarely described in the
literature [59].

In our case, there was a stenosis of a tentorial sinus
which drained in the right transverse sinus, but no major
sinus thrombosis. The junction between this tentorial sinus
and the right transverse sinus was stenosed explaining the
size of the ampulae and the fact the blood remains within
before draining in the transverse sinus (Fig. 4c).

A small increase in the degree of stenosis within a
draining sinus may lead to a significant rise in the pressure
proximal to the restriction, resulting in the development and
recruitment of retrograde draining veins and the formation
of venous varices or aneurysms, which have high rates of
haemorrhage [53].

Lewis reported that 31 (57.4%) of 54 tentorial DAVFs
were associated with a venous pouch and 40 (74%) of them
presented with intracranial haemorrhage [36].

The natural history and clinical manifestations of
DAVMs are largely dictated by the venous drainage of
each lesion. A progressive focal neurological deficit or
haemorrhage is much more frequently observed in lesions
of the petrosal or straight sinus, in fistulae with leptome-
ningeal venous drainage, with variceal or aneurysmal
venous dilations, or in galenic drainage [6, 9, 16, 21, 26,
31, 51, 52].

In one of the largest series, the risk of bleeding is
evaluated at 1.8% per year [9]. The source of bleeding is
not the fistula but rather the distended leptomeningeal
venous varices [38].

Fig. 9 Right external cerebral angiography (lateral view), realised
after a complementary embolisation: showing complete disappearance
of the tentorial fistula

Fig. 8 Postoperative
angiograms: right external
carotid artery anteroposterior (a)
and lateral (b) views, shows a
small residual fistula (short ar-
row) fed by the right occipital
artery with cortical paramedian
venous drainage (long arrow)
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Duffau showed that AV fistulas with retrograde cortical
venous drainage present also a high risk of early rebleeding
(35% within 2 weeks after the first haemorrhage), with
graver consequences than the first haemorrhage. They
therefore advocate complete and early treatment in all cases
of AVF with cortical venous drainage revealed by an ICH
[21].

Clinics

TDAVFare lesions which can have aggressive neurological
behaviour, causing haemorrhage or progressive focal
neurological deficits (visual troubles (including bilateral
proptosis, bilateral episcleral and retinal venous congestion,
conjunctival injection optic disc palor, quadrantanopia and
concentric narrowing of the visual field), hemisensory
disturbance, hemifacial spasm, atypical trigeminal neuralgia
[5, 19, 29, 30, 43, 45, 46, 50]. Rare cases with spinal cord
myélopathiy [8, 47], pachymeningitis [25] or even demen-
tia [42] are described in the literature.

The literature cited aggressive neurologic behaviour
rates in 55–97% of cases and haemorrhage rates in 38%
to 79% of cases [31, 35, 36, 46, 52].

There is a male preponderance in dural fistulas with
aggressive behaviour (55–85%) [14, 15, 40].

In this case, there were progressive neurological symptoms
due to the mass effect of the varix with headaches, left
hemianopsia and ocular pains. Due to the leptomeningeal
drainage and a giant venous ampulae, a haemorrhagic risk
existed, so a rapid treatment after the diagnosis was decided.

Imaging

Six-vessel catheter angiography remains the most accurate
method for the detection and classification of a DAVF.

Recent advances in CT angiography and MR angiogra-
phy have allowed improved lesion detection with these
modalities. These tools, particularly CT angiography, may
aid in surgical planning by locating draining veins relative
to brain structures. MRI and MR angiography can show
dilated and tortuous flow void [27, 30, 44, 46, 58] and can
be used also for the follow-up. Complementary informa-
tions are also given by SPECT which can show venous
congestion [30]

In our case, MRI showed a huge vascular mass. Inves-
tigations were completed with six vessels angiography.

Therapy

Because of their complex anatomy, optimal management of
this fistulas is a serious challenge.

Due to their aggressive behaviour, tentorial DAVF are
treated aggressively when diagnosed, even in the absence

of haemorrhage. The goal of treatment is permanent and
complete obliteration of flow through the arteriovenous
shunt [16, 26, 41, 52, 58].

Optimal management of this fistulas rest also controver-
sial due to their complex anatomy [14, 24, 26].

Therapeutical options of TDAVF include endovascular
therapy [6, 18, 31, 41, 55], surgery [24, 35], radiosurgery
[10, 43, 49] or combination of them [3, 23, 30, 38, 48, 52,
58, 59].

Endovascular therapy

Endovascular therapy has become the predominant therapy
for intracranial DAVF because their arterial supply from the
external carotid artery (ECA) can be embolised safely, and
their location on dural venous sinuses facilitates access and
occlusion through that sinus.

The transarterial [28, 29, 31, 34, 45, 46, 48, 55],
transvenous embolisation [12, 32, 37, 56] or the combina-
tion of them [3, 31, 33, 36, 38, 53, 54] result in high
obliteration rates for most DAVF, but tentorial DAVF are an
exception. Endovascular procedure can use coils, glue,
particules; n-butyl cyanoacrylate or Onyx [18, 28, 29, 58].
It is possible to use more than one session for the therapy of
the fistula [6, 29].

Even if embolisation is incomplete, it minimises the
bleeding risk for subsequent surgical therapy. Transarterial
embolisation also aided in simplifying the angioarchitecture
of more complex lesions [38].

The arterial supply of DAVF can be extensive, involving
meningeal arteries from the internal carotid artery (ICA)
and vertebral artery that are difficult to cannulate and riskier
to embolise than ECA feeders. In these cases transvenous
navigation was chosen and reported in literature. The
transvenous approach was preferred when the venous
anatomic features were not too tortuous to allow catheter-
ization of the draining vein at the point of the fistula [37].

The overall morbidity and mortality rate of the endovas-
cular treatment is between 9–10.5% reported in the
literature [31, 52] and complication can occur in 22.5% of
cases [41, 57]. Residual small fistula can be treated by
radiosurgery or surgery [31].

Postembolisation complications are described in the
literature as: cerebral infarction, trigeminocardiac reflex or
venous rupture with death. Venous rupture can appear if the
fistula is subtotally obliterated, because of Onyx migration
which can occlude the distal draining vein and may lead to
the venous varix rupture [31].

Surgery

The management of tentorial DAVF may require often
microsurgical interruption, unlike most other DAVF
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because of the anatomy of venous drainage in the
subarachnoidian veins rather than venous sinuses [30,
38, 47].

Surgery is usually used complementary to embolisation.
It is generally recognised that arterial embolisation alone
allows complete and permanent obliteration of the fistula in
less of 50% of cases [14, 15]. In fact, failure of distal
superselective catheterization is not uncommon, and com-
plete occlusion of the fistula can be very difficult. If the
occlusion remains partial, this invariably results in the
recruitment of other feeding vessels, often from the ICA
and the VB complex, thus making the angioarchitecture of
the dural AVF more complex. Furthermore, recanalisation
of embolised vessels is possible.

The surgical approach in case of giant dural fistulae rest
challenging. Some authors used vascular doppler, intra-
operative digital angiography or endoscopy in surgery [2,
24, 30]. Low-flow deep hypothermic cardiopulmonary
bypass can be used to control intraoperative bleeding for
surgical excision of a giant intracererbral dural arteriove-
nous fistula [4, 22].

Surgical options described in the literature are: excision of
the fistula, surgical skeletonization of the dural sinus, or
surgical interruption of leptomeningeal veins [14–16, 35, 38–
40, 52]. These options are realised using different approaches:
supracerebellar-infratentorial, torcular, supratentorial-
infraoccipital, extended retrosigmoid approach, pterional or
subtemporal, transpetrous or cranio-orbito zygomatic ap-
proach [19, 20, 26, 33, 35, 47, 58].

We operated our patient in emergency in a prone
position and we have a good access on the falcotentorial
junction.

Collice et al. recommend excision of the sinus in fistulas
that drain into a large dural sinus with retrograde filling of
leptomeningeal veins; and the simple surgical interruption
of the draining veins as they exit the dural wall in fistulas
with pure leptomeningeal drainage [14, 15]. By occluding
the venous drainage the shunts are obliterated, with
subsequent regression of the feeding arteries [32, 51].

Surgical goal of obliterating of the draining vein as its
exits the dura is the strategy adopted by many authors [14–
16, 35, 38, 52]. In the series of Lawton, fistulas were
treated microsurgically by simple interruption of the drain-
ing vein, 94% being completely obliterated [35].

Because of a complex anatomy of the fistulae in our
case, an endovascular treatment was decided initially and
was realised with a good radiological result.

The aggravation appeared in a delayed fashion, 4 days
after the embolisation. It shows that patients with
important venous engorgement and venous ampulae with
mass effect need close follow-up even if they do
neurologically well. A fast discharge for this kind of
patients is not recommended.

This aggravation was the consequence of the venous
ampulae thrombosis with an important cerebral oedema and
bleeding.

Post treatment thrombosis with venous engorgement and
bleeding was described in the literature and can be a
potential cause of rapid clinical aggravation. This condition
was found in cases with important preoperative venous
engorgement [14, 15].

During surgery haemorrhage was also found around this
giant ampulae, as a result of diapedesis and venous rupture
following the thrombosis. After haemorrhage aspiration and
resection of the venous ampulae, the intracranial hyperten-
sion was released but persisted the ampulae's neck situated
on the medial upper surface of the tentorium, with a
continous small haemorrhage. The neck of the ampulae was
sutured under microscope with a 4.0 thread and a great
aneurysmal clip was simply adjusted to reinforce the suture,
at the place where the venous ampulae entered the dura.

The angiographical postoperative control showed a small
residual fistula alimented by the occipital artery and with an
occipital leptomeningeal drainage (Fig. 8a). This residual
fistula was not treated with a complementary embolisation,
and it shows that we must not trust entirely on an early
angiographical control.

In our case, the advantage of preoperative embolisation
was important in reducing considerably the debit of the
fistula. However, due to the importance of the venous varix
and its mass effect, an immediate surgical approach of the
fistulae after or before the embolisation could be discussed
as another management option. This therapeutical option
was initially not chosen because of the good neurological
status of the patient, high operative haemorrhagic risk and
complexity of this fistula.

Transarterial embolisation and even surgery can leave
small residual arterio venous shunts because of the
complexity of arterial anatomy. For this reason, a close
fellow-up in the immediate posttreatment period and long-
term angiographical controls is recommended.

This illustrative case shows that on the management of
this dural AV fistula rest an important challenge. However,
cooperation between neurosurgeon, neuroradiologist and
anesthesist is needed. It is recommended that these patients
be treated in dedicated neurovascular centres. Regular
angiographic controls after 3 months and 1 year are also
recommended to eliminate residual fistulas.

Conclusion

Tentorial dural arterio venous fistulas with leptomeningeal
drainage and venous ampulae are rare lesions with
progressive and aggressive neurological evolution. Treat-
ment is challenging and still often needs a combination of
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endovascular and surgical approach depending on the
anatomy of the fistula. This article shows that even in case
of a good immediate radiological result after endovascular
procedure, giant arterio venous fistulas need closed follow-
up in our experience because of possible aggravation risk
due to venous thrombosis with haemorrhage.

References

1. Awad IA, Little JR, Akarawi WP, Ahl J (1990) Intracranial dural
arteriovenous malformations: factors predisposing to an aggres-
sive neurological course. J Neurosurg 72:839–850

2. Barrow DL, Boyer KL, Joseph GJ (1992) Intraoperative angiog-
raphy in the management of neurovascular disorders. Neurosur-
gery 30:153–159

3. Bavinzski G, Richling B, Killer M, Gruber A, Levy D (1996)
Evolution of different therapeutic strategies in the treatment of
cranial dural arteriovenous fistulas—report of 30 cases. Acta
Neurochir (Wien) 138:132–138

4. Bendok BR, Getch CC, Frederiksen J, Batjer HH (1999) Resection
of a large arteriovenous fistula of the brain using low-flow deep
hypothermic cardiopulmonary bypass: technical case report. Neuro-
surgery 44:888–890. doi:10.1227/01.NEU.0000068873.63576.5E,
discussion 890-1

5. Benndorf G, Schmidt S, Sollmann WP, Kroppenstedt SN (2003)
Tentorial dural arteriovenous fistula presenting with various visual
symptoms related to anterior and posterior visual pathway
dysfunction: case report. Neurosurgery 53:222–226

6. Biondi A, Casasco A, Houdart E, Gioino C, Sourour N, Vivas E,
Dormont D, Marsault C (1999) Evolution of angiographic signs of
venous hypertension and clinical signs of intracranial hypertension in
intracranial dural arteriovenous fistulas. J Neuroradiol 26:49–58

7. Borden JA, Wu JK, Shucart WA (1995) A proposed classification
for spinal and cranial dural arteriovenous fistulous malformations
and implications for treatment. J Neurosurg 82:166–179

8. Bret P, Salzmann M, Bascoulergue Y, Guyotat J (1994) Dural
arteriovenous fistula of the posterior fossa draining into the spinal
medullary veins–an unusual cause of myelopathy: case report.
Neurosurgery 35:965–968, discussion 968-9

9. Brown RD Jr, Wiebers DO, Nichols DA (1994) Intracranial dural
arteriovenous fistulae: angiographic predictors of intracranial
hemorrhage and clinical outcome in nonsurgical patients. J
Neurosurg 81:531–538

10. Chandler HC Jr, Friedman WA (1993) Successful radiosurgical
treatment of a dural arteriovenous malformation: case report.
Neurosurgery 33:139–141

11. Chaudhary MY, Sachdev VP, Cho SH,Weitzner I Jr, Puljic S, Huang
YP (1982) Dural arteriovenous malformation of the major venous
sinuses: an acquired lesion. AJNR Am J Neuroradiol 3:13–19

12. Choi BJ, Lee TH, Kim CW, Choi CH (2009) Reconstructive
treatment using a stent graft for a dural arteriovenous fistula of the
transverse sinus in the case of hypoplasia of the contralateral
venous sinuses: technical case report. Neurosurgery 65:E994–
E996, discussion E996

13. Cognard C, Gobin YP, Pierot L, Bailly A-L, Houdart E, Casasco
A, Chiras J, Merland J-J (1995) Cerebral dural arteriovenous
fistulas: clinical and angiographic correlation with a revised
classification of venous drainage. Radiology 194:671–680

14. Collice M, D'Aliberti G, Talamonti G, Branca V, Boccardi E,
Scialfa G, Versari PP (1996) Surgical interruption of leptomenin-
geal drainage as treatment for intracranial dural arteriovenous
fistulas without dural sinus drainage. J Neurosurg 84:810–817

15. Collice M, D'Aliberti G, Arena O, Solaini C, Fontana RA,
Talamonti G (2000) Surgical treatment of intracranial dural
arteriovenous fistulae: role of venous drainage. Neurosurgery 47
(1):56–66, discussion 66-7

16. Da Costa LB, Terbrugge K, Farb R, Wallace MC (2007) Surgical
disconnection of cortical venous reflux as a treatment for Borden
type II dural arteriovenous fistulae. Acta Neurochir (Wien)
149:1103–1108, discussion 1108

17. Davies MA, TerBrugge K, Willinsky R, Coyne T, Saleh J, Wallace
MC (1996) The validity of classification for the clinical
presentation of intracranial dural arteriovenous fistulas. J Neuro-
surg 85:830–837

18. Deasy NP, Gholkar AR, Cox TC, Jeffree MA (1999) Tentorial
dural arteriovenous fistulae: endovascular treatment with trans-
venous coil embolisation. Neuroradiology 41:308–312

19. Deshmukh VR, Maughan PH, Spetzler RF (2006) Resolution of
hemifacial spasm after surgical obliteration of a tentorial arteriove-
nous fistula: case report. Neurosurgery 8(1):E202, discussion E202

20. De Jesús O, Rosado JE (1999) Tentorial dural arteriovenous
fistula obliterated using the petrosal approach. Surg Neurol
51:164–167

21. Duffau H, Lopes M, Janosevic V, Sichez JP, Faillot T, Capelle L,
Ismaïl M, Bitar A, Arthuis F, Fohanno D (1999) Early rebleeding
from intracranial dural arteriovenous fistulas: report of 20 cases
and review of the literature. J Neurosurg 90:78–84

22. Dufour H, Levrier O, Bruder N, Messana T, Grisoli F (2001)
Resection of a giant intracranial dural arteriovenous fistula with
the use of low-flow deep hypothermic cardiopulmonary bypass
after partial embolization: technical case report. Neurosurgery
48:1381–1385

23. Friedman JA, Pollock BE, Nichols DA, Gorman DA, Foote RL,
Stafford SL (2001) Results of combined stereotactic radiosurgery
and transarterial embolization for dural arteriovenous fistulas of
the transverse and sigmoid sinuses. J Neurosurg 94:886–891

24. Fujita A, Tamaki N, Nakamura M, Yasuo K, Morikawa M (2001)
A tentorial dural arteriovenous fistula successfully treated with
interruption of leptomeningeal venous drainage using microvas-
cular Doppler sonography: case report. Surg Neurol 56:56–61

25. Hamada J, Yoshinaga Y, Korogi Y, Ushio Y (2000) Idiopathic
hypertrophic cranial pachymeningitis associated with a dural
arteriovenous fistula involving the straight sinus: case report.
Neurosurgery 47:1230–1233

26. Hoh BL, Choudhri TF, Connolly ES, Solomon RA (1998)
Surgical management of high-grade intracranial dural arteriove-
nous fistulas: leptomeningeal venous disruption without nidus
excision. Neurosurgery 42:796–804, discussion 804-5

27. Horie N, Morikawa M, Kitigawa N, Tsutsumi K, Kaminogo M,
Nagata I (2006) 2D Thick-section MR digital subtraction
angiography for the assessment of dural arteriovenous fistulas.
AJNR Am J Neuroradiol 27:264–269

28. Huang Q, Xu Y, Hong B, Li Q, Zhao W, Liu J (2009) Use of onyx
in the management of tentorial dural arteriovenous fistulae.
Neurosurgery 65:287–292, discussion 292-3

29. Iizuka Y, Maehara T, Hishii M, Miyajima M, Arai H (2001)
Successful transarterial glue embolisation by wedged technique
for a tentorial dural arteriovenous fistula presenting with a
conjunctival injection. Neuroradiology 43:677–679

30. Iwamuro Y, Nakahara I, Higashi T, Iwaasa M, Watanabe Y, Hirata
E, Tsunetoshi K, Taha M (2006) Tentorial dural arteriovenous
fistula presenting symptoms due to mass effect on the dilated
draining vein: case report. Surg Neurol 65:511–515. doi:10.1016/
j.surneu.2005.07.076

31. Jiang C, Lv X, Li Y, Zhang J, Wu Z (2009) Endovascular
treatment of high-risk tentorial dural arteriovenous fistulas:
clinical outcomes. Neuroradiology 51:103–111. doi:10.1007/
s00234-008-0473-8

1752 Acta Neurochir (2010) 152:1745–1753

http://dx.doi.org/10.1227/01.NEU.0000068873.63576.5E
http://dx.doi.org/10.1016/j.surneu.2005.07.076
http://dx.doi.org/10.1016/j.surneu.2005.07.076
http://dx.doi.org/10.1007/s00234-008-0473-8
http://dx.doi.org/10.1007/s00234-008-0473-8


32. Kallmes DF, Jensen ME, Cloft HJ, Kassell NF, Dion JE (1997)
Percutaneous transvenous coil embolization of a Djindjian type 4
tentorial dural arteriovenous malformation. AJNR 18:673–676

33. Kattner KA, Roth TC, Giannotta SL (2002) Cranial base
approaches for the surgical treatment of aggressive posterior fossa
dural arteriovenous fistulae with leptomeningeal drainage: report
of four technical cases. Neurosurgery 50:1156–1160, discussion
1160-1

34. Kiyosue H, Hori Y, Okahara M, Tanoue S, Sagara Y, Matsumoto
S, Nagatomi H, Mori H (2004) Treatment of intracranial dural
arteriovenous fistulas: current strategies based on location and
hemodynamics, and alternative techniques of transcatheter embo-
lization. Radiographics 24:1637–1653

35. Lawton MT, Sanchez-Mejia RO, Pham D, Tan J, Halbach VV
(2008) Tentorial dural arteriovenous fistulae: operative strategies
and microsurgical results for six types. Neurosurgery 62:5110–
5125. doi:10.1227/01.NEU.0000297027.98243.21

36. Lewis AI, Tomsick TA, Tew JM Jr (1994) Management of
tentorial dural arteriovenous malformations: transarterial emboli-
zation combined with stereotactic radiation or surgery. J Neuro-
surg 81:851–859

37. Liebig T, Henkes H, Brew S, Miloslavski E, Kirsch M, Kühne D
(2005) Reconstructive treatment of dural arteriovenous fistulas of
the transverse and sigmoid sinus: transvenous angioplasty and
stent deployment. Neuroradiology 47:543–551

38. Liu JK, Dogan A, Ellegala DB, Carlson J, Nesbit GM, Barnwell
SL, Delashaw JB (2009) The role of surgery for high-grade
intracranial dural arteriovenous fistulas: importance of obliteration
of venous outflow. J Neurosurg 110:913–920. doi:10.3171/
2008.9.JNS08733

39. Lucas CP, De Oliveira E, Tedeschi H, Siqueira M, Lourenzi M,
Piske RL, Conti M, Peace D (1996) Sinus skeletonization: a
treatment for dural arteriovenous malformations of the tentorial
apex. Report of two cases. J Neurosurg 84(3):514–517

40. Lucas CP, Zabramski JM, Spetzler RF, Jacobowitz R (1997)
Treatment for intracranial dural arteriovenous malformations: a
meta-analysis from the English language literature. Neurosurgery
40:1119–1132

41. Lv X, Jiang C, Zhang J, Li Y, Wu Z (2009) Complications related
to percutaneous transarterial embolization of intracranial dural
arteriovenous fistulas in 40 patients. AJNR Am J Neuroradiol
30:462–468

42. Magalhães Z, Pereira JR, Reis AM, Pereira S, Vaz AR (2001)
Dementia as a result of dural vascular malformation. Acta Méd
Port 14:61–64

43. Matsushige T, Nakaoka M, Ohta K, Yahara K, Okamoto H,
Kurisu K (2006) Tentorial dural arteriovenous malformation
manifesting as trigeminal neuralgia treated by stereotactic radio-
surgery: a case report. Surg Neurol 66:519–523

44. Meyer X, Berthezene Y, Ongolo P, Tournut P, Turjman F, Froment
JC (1996) Diagnosis of a post-thrombophlebitic dural fistula using
MR angiography. J Neuroradiol 23:69–73

45. Ott D, Bien S, Krasznai L (1993) Embolization of a tentorial dural
arterio-venous fistula presenting as atypical trigeminal neuralgia.
Headache 33:503–508

46. Panagiotopoulos V, Kastrup O, Wanke I (2009) Endovascular
treatment resolves non-hemorrhagic brainstem dysfunction due to
tentorial dural AV fistula. J Clin Neurosci 16:317–320.
doi:10.1016/j.jocn.2008.02.022

47. Pannu Y, Shownkeen H, Nockels RP, Origitano TC (2004)
Obliteration of a tentorial dural arteriovenous fistula causing
spinal cord myelopathy using the cranio-orbito zygomatic
approach. Surg Neurol 62:463–467. doi:10.1016/j.sur
neu.2004.01.017, discussion 467

48. Picard L, Bracard S, Islak C, Roy D, Moreno A, Marchal JC, Roland
J (1990) Dural fistulae of the tentorium cerebelli: radioanatomical,
clinical and therapeutic considerations. J Neuroradiol 17:161–181

49. Shin M, Kurita H, Tago M, Kirino T (2000) Stereotactic
radiosurgery for tentorial dural arteriovenous fistulae draining
into the vein of Galen: report of two cases. Neurosurgery 46:730–
733, discussion 733-4

50. Soderman M, Pavic L, Edner G, Holmin S, Andersson T (2008)
Natural history of dural arteriovenous shunts. Stroke 39:1735–1739

51. Thompson BG, Doppman JL, Oldfield EH (1994) Treatment of
cranial dural arteriovenous fistulae by interruption of leptomenin-
geal venous drainage. J Neurosurg 80:617–623

52. Tomak PR, Cloft HJ, Kaga A, Cawley CM, Dion J, Barrow DL
(2003) Evolution of the management of tentorial dural arteriove-
nous malformations. Neurosurgery 52:750–762

53. Troffkin NA, Graham CB 3rd, Berkmen T, Wakhloo AK (2003)
Combined transvenous and transarterial embolization of a
tentorial-incisural dural arteriovenous malformation followed by
primary stent placement in the associated stenotic straight sinus.
Case report. J Neurosurg 99:579–583

54. van Lindert E, Hassler W, Kühne D, Henkes H (2000) Combined
endovascular-microsurgical treatment of tentorial-incisural dural
arteriovenous malformations. Report of five cases. Minim
Invasive Neurosurg 43:138–143

55. van Rooij WJ, Sluzewski M, Beute GN (2006) Tentorial artery
embolization in tentorial dural arteriovenous fistulas. Neuroradi-
ology 48:737–743

56. Wong GK, Poon WS, Yu SC, Zhu CX (2007) Transvenous
embolization for dural transverse sinus fistulas with occluded
sigmoid sinus. Acta Neurochir (Wien) 149:929–935, discussion
935-6

57. Zhang J, Lv X, Jiang C, Li Y, Wu Z (2009) Superior cerebellar
artery infarction in endovascular treatment for tentorial dural
arteriovenous fistulas. Eur J Radiol 74:e33–e34

58. Zhou LF, Chen L, Song DL, Gu YX, Leng B (2007) Tentorial
dural arteriovenous fistulas. Surg Neurol 67:472–482

59. Zink WE, Meyers PM, Connolly ES, Lavine SD (2004)
Combined surgical and endovascular management of a complex
posttraumatic dural arteriovenous fistula of the tentorium and
straight sinus. J Neuroimaging 14:273–276

Acta Neurochir (2010) 152:1745–1753 1753

http://dx.doi.org/10.1227/01.NEU.0000297027.98243.21
http://dx.doi.org/10.3171/2008.9.JNS08733
http://dx.doi.org/10.3171/2008.9.JNS08733
http://dx.doi.org/10.1016/j.jocn.2008.02.022
http://dx.doi.org/10.1016/j.surneu.2004.01.017
http://dx.doi.org/10.1016/j.surneu.2004.01.017

	Tentorial dural fistula with giant venous ampulae treated with embolisation and surgery. A case report
	Abstract
	Introduction
	Case report
	Discussion
	Classification systems
	Pathogenesis, history
	Clinics
	Imaging
	Therapy
	Endovascular therapy
	Surgery


	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


