
E N TO R I A L d u ral art e ri ovenous malfo rm at i o n s
( AV M ’s) are art e ri ovenous fistulas located in
the tentorial dura mat e r. Th ey are fed pri m a ri ly

f rom bra n ches of the meningo hy p o p hyseal tru n k ,
m i ddle meningeal art e ry, and occipital art e ry. Unlike
the less aggre s s ive dural AV M ’s of the lat e ral and cav-
e rnous sinuses that drain into venous sinuses, tentori-
al dural AV M ’s drain into pial veins. Often tentori a l
d u ral AV M ’s present as high-fl ow fistulas with an
a s s o c i ated venous aneurysm. These ch a ra c t e ri s t i c s
m a ke dural AV M ’s prone to subara chnoid hemorr h age
(SAH) and pare n chymal hemorr h age, wh i ch may lead
to serious neuro l ogical sequelae (Fi g. 1).

In 1962, Ciminello and Sach s8 fi rst rep o rted suc-
cessful obl i t e ration of a tentorial dural AVM by ligat-
ing a posterior meningeal bra n ch from the ve rt eb ra l
a rt e ry. Since then, another 44 cases have been
d e s c ri b e d.1 – 3 , 9 – 1 3 , 1 5 – 1 7 , 1 9 – 2 1 , 2 4 – 2 6 , 2 8 – 3 0 , 3 2 , 3 3 , 3 6 , 3 7 In a rev i ew of
the literat u re on dural AV M ’s, Awad and associat e s2

e s t i m ated that tentorial dural AV M ’s comprised 8.4%
of all intra c ranial dural AV M ’s found that 31 of 32
p resented with hemorr h agic or nonhemorr h agi c

s t ro ke. With fe at u res such as a multitude of fe e d i n g
vessels, cortical venous dra i n age, and deep locat i o n ,
d u ral AV M ’s of the tentorium are ex t re m e ly diffi c u l t
to obl i t e rat e.

Te n t o rial dural AV M ’s fo rm a unique subset of
i n t ra c ranial dural AV M ’s. We present the cl i n i c a l ,
a n atomical, and ra d i o l ogical fe at u res of 54 tentori a l
d u ral AV M ’s, including nine new patients from our
s e ries. Based on our ex p e rience with these complex
m a l fo rm ations, we have developed a tre atment pro t o-
col that combines tra n s a rt e rial embolization with
s t e reotactic ra d i ation or micro s u rge ry. The rat i o n a l e
and success of our tre atment strat egies are discussed.

Clinical Material and Methods

Patient Population

B e t ween 1982 and 1992, we eva l u ated and tre at e d
nine patients with symptomatic dural AV M ’s of the
t e n t o rium (Table 1). Patients included five men and
four women, ra n ging in age from 52 to 72 ye a rs old
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� The clinical, anatomical, and radiological features of nine cases of tentorial dural arteriovenous malformations
(AVM’s) are presented, and 45 reported cases are reviewed. Unlike dural AVM’s of the transverse sigmoid and cav-
ernous sinuses that usually have a benign natural history, dural AVM’s of the tentorium typically present with hem-
orrhage or progressive neurological deficit. In this series, patients ranged in age from 52 to 72 years and included
five men and four women. These patients presented with subarachnoid hemorrhage, parenchymal hemorrhage,
brainstem dysfunction, cerebellar signs, and obstructive hydrocephalus. Malformations were fed principally by the
meningohypophyseal trunk, branches of the middle meningeal artery, and the occipital artery. Venous drainage was
uniform through the cortical veins (predominantly the mesencephalic, petrosal, and cerebellar veins). Eight of the
nine patients had an associated venous aneurysm(s); two had more than one venous aneurysm, and two patients had
a vein of Galen aneurysm associated with the tentorial dural AVM. Eight of nine patients improved after treatment,
including four patients with complete obliteration of the dural AVM. Based on our experience, we have developed
a treatment protocol for tentorial dural AVM’s that uses transarterial embolization followed by direct microsurgery
or stereotactic radiation. These therapies, applied in a staged manner, have proven safe and relatively effective for
the treatment of dural AVM’s.
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(mean 61 ye a rs). In this series, five patients suffe re d
an SAH or intra c e reb ral hemorr h age, three pre s e n t e d
with obstru c t ive hy d ro c ephalus, and two with pro-
gre s s ive neuro l ogical deficits. Our patients fre q u e n t - ly
p resented with brainstem dysfunction, cereb e l l a r
signs, and hy d ro c ephalus. The presenting neuro l ogi-
cal deficits in 54 patients with dural AV M ’s are sum-
m a ri zed in Table 2.

Diagnostic Studies

A cereb ral angi ogram was perfo rmed in each of
the nine patients to make a defi n i t ive diagnosis and
to plan endovascular therapy. Angi ograms incl u d e d
b i l at e ral selective injection of the internal caro t i d,
ex t e rnal caro t i d, and ve rt eb ral art e ries. Magnetic re s o-
nance (MR) imaging (at 1.5 tesla) with and without

gadolinium enhancement was perfo rmed in eight
of nine patients and MR angi ograp hy was perfo rm e d
in fo u r.

Treatment Protocol

Eight patients underwent 14 tra n s a rt e rial emboliza-
tion pro c e d u res via a percutaneous tra n s fe m o ral ro u t e.
One patient did not undergo embolization because the
feeding vessels we re too small to cannu l at e. Prior to
the actual embolization of feeding art e ries, amytal or
lidocaine was injected to ensure that normal cap i l l a r-
ies we re not embolized inadve rt e n t ly. Amytal wa s
used to test for ischemia of brain tissue (gray mat t e r ) ,
and lidocaine was used to test for ischemia to the cra-
nial nerves (white matter). The feeding art e ries we re
injected with a glue mixture of N-butyl cya n o a c ry l at e,
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p a n t o p a q u e, and tantalum powder in a 1:1:1 ratio or
p o ly v i nyl alcohol (PVA) sponges (250 to 700 �m
s i ze). Sponge part i cles larger than 250 �m we re used
to avoid inadve rtent embolization of art e ries that sup-
p ly cranial nerve s .

S even patients underwent stereotactic ra d i ation of
the dural AVM nidus using a linear accelerator in
doses ra n ging from 800 to 2000 cGy (mean 1560
cGy); the dural AVM was localized employing         the
C o s m a n - R o b e rt s - Wells stereotactic coord i n ate sys-
t e m .

Two patients had surgical excision of their nidus,
one by an anterior petrosal ap p ro a ch and the other by
a subtemporal ap p ro a ch, and both underwent intra -
and postoperat ive angi ograp hy. Five patients re q u i re d
ve n t ri c u l o p e ritoneal shunting for hy d ro c ep h a l u s ,
wh i ch was caused by obstruction of the cereb ral aque-
duct in three cases and SAH in two .

Follow-Up Evaluations

Patients re t u rned after tre atment at 1 month, 6
months, 1 ye a r, and 2 ye a rs or sooner if symptoms
re c u rred or progre s s e d. Both MR imaging and MR
a n gi ograp hy perfo rmed after embolization pro c e d u re s
we re undert a ken to eva l u ate pat e n cy of the nidus,
t h rombosis of the va rix, pare n chymal edema, and ve n-
t ricular size. One year after ra d i o s u rge ry, MR imagi n g
and MR angi ograp hy we re perfo rmed to eva l u at e
p at e n cy of the dural AVM and the surrounding bra i n .
If MR images demonstrated a fl ow void within the
d u ral AVM, the malfo rm ation was assumed to be
p atent and the patient was not subjected to the risk of
an angi ogram unless further embolization pro c e d u re s
we re necessary. When thrombosis of the dural AV M

was seen on MR imaging and angi ograp hy, the pat i e n t
u n d e r went selective fo u r- vessel cereb ral angi ograp hy
to confi rm complete obl i t e ration of the malfo rm at i o n .
C e reb ral angi ograp hy was perfo rmed 2 ye a rs after
s t e reotactic ra d i o s u rge ry.

Illustrative Cases

Case 3

History. This 66-ye a r-old man with a dural fi s t u l a
and a dilated vein of Galen had prev i o u s ly undergo n e
placement of a ve n t ri c u l o p e ritoneal shunt for obstru c-
t ive hy d ro c ephalus. Despite ach i eving good decom-
p ression of the ve n t ricular system, symptoms of bra i n-
stem compression pers i s t e d. The patient was re fe rre d
to our institution for further eva l u ation and tre at m e n t .

Angiographic Studies. A cereb ral angi ogram demon-
s t rated a dural AVM of the tentorium fed pri n c i p a l ly
by both meningo hy p o p hyseal art e ries with contri bu-
tions from the right middle meningeal, right occipital,
and left posterior meningeal art e ries. Dra i n age fro m
the nidus was through the cortical veins. Th e
a n gi ogram also demonstrated a patent giant vein of
Galen aneurysm and thrombosis of the straight sinu s
( Fi g. 2 upper left) .

Treatment Protocol. The patient underwent em-
b o l i z ation of the occipital art e ry and the right me-
n i n go hy p o p hyseal trunk. Pa rtial thrombosis of the
vein of Galen aneurysm occurre d. Gait ataxia, memo-
ry, and coord i n ation improved marke d ly. He then
u n d e r went stereotactic ra d i ation of the residual nidus
with 1700 cGy to the 80% isodose line.

Outcome. Ap p rox i m at e ly 15 months after emboliza-
tion and ra d i ation, the patient developed increased fre-
q u e n cy of headaches, evidence of brainstem compre s-
sion, and gait ataxia. At this time, the right midd l e
m e n i n geal art e ry was embolized and the entire mal-
fo rm ation, including the vein of Galen aneury s m ,

J. Neurosurg. / Volume 81 / December, 1994 853

Management of tentorial dural arteriovenous malformations

FI G. 1. Schematic drawing of a dural arteriovenous malfor-
mation of the tentorium with arterial supply from the tentorial
artery of the meningohypophyseal trunk, middle meningeal
artery branches, and occipital artery. The plexiform nidus is in
the dura mater of the tentorium. Cerebellar and vermian veins
drain the malformation posteriorly, a petrosal vein with an
associated giant venous aneurysm drains the malformation
inferolaterally, and a dilated superficial sylvian vein drains it
superiorly. The straight sinus is thrombosed.



became completely thrombosed (Fi g. 2 l ower left) .
Th e re was no evidence of residual malfo rm ation on
MR imaging or angi ograp hy. During a routine 1-
month fo l l ow-up office visit, he was walking indep e n-
d e n t ly and swa l l owing without difficulty; the
h e a d a ches had re s o l ve d. A fo l l ow-up angi ogram 2
ye a rs after ra d i o s u rge ry confi rmed obl i t e ration of the
t e n t o rial dural AV M .

Case 2

History and Examination. This 53-ye a r-old man had
p rev i o u s ly re c e ived a ve n t ri c u l o p e ritoneal shunt fo r
o b s t ru c t ive hy d ro c ephalus from bilat e ral petro s a l
venous aneurysms that compressed the sylvian aque-
duct. Four ye a rs after shunting, he developed an in-
sidious onset of headaches, tinnitus, slurred speech ,

and gait disturbance. Neuro l ogical ex a m i n ation wa s
re m a rk able for dy s a rt h ria, left pro n ator drift, left-
sided cerebellar signs, and mye l o p at hy.

Radiological Studies. A computeri zed tomograp hy
(CT) scan of the head showed a patent giant right pet-
rosal venous aneurysm and a part i a l ly thro m b o s e d
giant sister petrosal venous aneurysm indenting the
left brain stem; howeve r, there was no evidence of
h e m o rr h age. Th e re we re nu m e rous dilated cereb e l l a r
veins and pare n chymal swelling of the brain stem and
c e rebellum. A cereb ral angi ogram showed that the
m a l fo rm ation was fed by the right middle meninge a l
a rt e ry, right meningo hy p o p hyseal trunk, art e ry of the
i n fe rior cave rnous carotid art e ry, accessory meninge a l
a rt e ry, and a tentorial bra n ch of the superior cereb e l l a r
a rt e ry. The venous dra i n age was through the superfi-
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FI G. 2. Angiographic and magnetic resonance (MR) imaging studies of the dural arteriovenous malformation
(AVM) presenting in Case 3. Upper Left: Lateral right internal carotid angiogram showing a dilated tentorial
artery (large arrow), middle meningeal artery ( a r r o w h e a d ), and occipital artery (small arrow) feeding a plexiform
nidus that drained through a dilated vein of Galen aneurysm. The straight sinus is thrombosed. Upper Right: A
T1-weighted sagittal MR image performed before embolization and radiosurgery showing the flow void within the
nidus and the aneurysm. There is moderate obstructive hydrocephalus. Lower Left: Magnetic  resonance image
demonstrating that the dural AVM and vein of Galen aneurysm are completely thrombosed after two emboliza-
tion procedures and radiosurgery with 1700 cGy. The patient recovered rapidly from symptoms of brainstem com-
p r e s s i o n . Lower Right: Follow-up sagittal MR image 1 year later showing the vein of Galen aneurysm to be
smaller with less mass effect exists on the brain stem compared with the previous study. Note that the lateral and
third ventricles are small after ventriculoperitoneal shunting.



cial sylvian, superior cereb e l l a r, and pontine ve i n s .
Both petrosal aneurysms filled angi ograp h i c a l ly and
the straight sinus was thrombosed (Fi g. 3).

Treatment Protocol. The patient underwent em-
b o l i z ation of the left and right middle meningeal art e r-
ies, the left accessory meningeal art e ry, and the tento-
rial art e ry from the meningeal hy p o p hyseal tru n k .
The nidus of the dural malfo rm ation was then stere o-
t a c t i c a l ly irra d i ated with 1875 cGy at the 80% iso-
dose line.

Outcome. The patient initially improved neuro l ogi-
c a l ly, spoke fl u e n t ly, and ambu l ated indep e n d e n t ly.
U n fo rt u n at e ly, 14 months later he developed ri g h t -
sided facial numbness, dy s a rt h ria, and a mild left-
sided hemiparesis. Magnetic resonance imagi n g
s h owed ra d i ation-induced edema of the brain stem.
Since that time, the patient has regained strength on

his left side and the dy s a rt h ria has diminished. At
a 20-month fo l l ow-up ex a m i n ation  (6 months after
the onset of ra d i ation injury), MR imaging and MR
a n gi ograp hy showed resolution of the ra d i at i o n
ch a n ges, a marked decrease in the size and nu m b e r
of dilated veins, and thrombosis of the nidus. An
a n gi ogram was perfo rmed to confi rm the obl i t e rat i o n ;
h oweve r, on angi ograp hy there was persistent fl ow to
the nidus from a small bra n ch of the right midd l e
m e n i n geal art e ry.

Case 5

History and Examination. This 67-ye a r-old wo m a n
with a previous history of hy p e rtension and ve rt i go
s u ffe red an SAH. On physical ex a m i n ation she wa s
l e t h a rgic and hypesthetic on the left side of the fa c e
and left upper ex t remity and had a diminished gag
re fl ex and decreased right uvula elevation. Th e
remaining neuro l ogical ex a m i n ation was norm a l .

Radiographic Studies. A CT scan showed diff u s e
SAH around the basal cisterns. A cereb ral angi ogra m
d e m o n s t rated feeding art e ries from the meningo hy-
p o p hyseal trunk to a nidus located at the petrous ap ex .
Venous dra i n age was through the pontomesencep h a l-
ic and petrosal veins. An associated venous aneury s m
indented the brain stem at the right lat e ral pon-
t o m e d u l l a ry junction. Hemorr h aging from the ve n o u s
a n e u rysm was evident on MR imaging (Fi g. 4).

Treatment. E m b o l i z ation of the dural AVM was not
attempted because the feeding vessels we re too small.
A right anterior petrosal ap p ro a ch to the dural malfo r-
m ation was perfo rm e d. Seve ral small feeding art e ri e s
on the tentorium we re coag u l ated with bipolar elec-
t ro c a u t e ry. The tentorium was then split, exposing the
t e n t o rial art e ry. The tentorial art e ry from the meningo-
hy p o p hyseal trunk could be seen draining into an art e-
ri a l i zed pontomesencephalic vein. Upon clipping the
feeding art e ry, the vein and venous aneurysm col-
l ap s e d. Intra- and postoperat ive angi ograms showe d
no evidence of residual malfo rm at i o n .

Outcome. The patient developed commu n i c at i n g
hy d ro c ephalus postoperat ive ly and underwent ve n-
t ri c u l o p e ritoneal shunting. One year after surge ry her
n e u ro l ogical deficits are left-sided hy p a l gesia in the
fi rst and second divisions of the tri geminal nerve and
a mildly diminished left corneal re fl ex. Curre n t ly, she
is able to provide daily care for her two gra n d ch i l d re n .

Results

Radiological Studies

Our ex p e rience and a rev i ew of the literat u re con-
c e rning the art e rial supply and venous dra i n age for 54
t e n t o rial dural AV M ’s are summari zed in Table 3. In
our nine patients, dural AV M ’s we re fed pri m a ri ly by
a rt e ries from the meningo hy p o p hyseal trunk, midd l e
m e n i n geal bra n ches, and occipital art e ry. Ve n o u s
d ra i n age was unifo rm through the cortical veins (pre-
d o m i n a n t ly from the mesencep h a l i c, petrosal, and
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FI G. 3 . Case 2. L e f t : Lateral right internal carotid
angiogram showing a tentorial dural arteriovenous malforma-
tion fed by the meningohypophyseal trunk ( a r r o w ). An elon-
gated and dilated petrosal venous aneurysm extends from the
lateral ventricles to the posterior fossa. R i g h t : A lateral left
internal carotid angiogram of the same patient demonstrating
a giant sister petrosal venous aneurysm on the left side and a
plexiform nidus filling from the left internal carotid artery
b r a n c h e s .

FI G. 4. Case 5. A T
1
-weighted sagittal magnetic reso-

nance image showing a petrosal venous aneurysm indenting
the brain stem. The surrounding high-intensity signal repre-
sents subacute blood from rupture of the venous aneurysm.



c e rebellar veins). Eight of nine patients had an asso-
c i ated venous aneurysm(s), two had more than one
a n e u rysm, and two patients had a vein of Galen
a n e u rysm associated with the dural AV M .

Endovascular Therapy

Eight of nine patients in our series underwe n t
t ra n s a rt e rial embolization, all of whom had re d u c e d
fistula fl ow after embolization and no endova s c u l a r
c o m p l i c ations. Five (62.5%) of the eight pat i e n t s
re q u i red rep e at embolization pro c e d u res. One pat i e n t
(Case 1) had a progression of symptoms despite
u n d e rgoing three sep a rate embolization pro c e d u re s ,
and he re q u i red surgical excision of the dural AV M .
All cases we re inaccessible from a percutaneous tra n s-
venous ro u t e.

Radiosurgical Results

S even patients underwent stereotactic ra d i ation of
the dural AVM nidus. Five (71.4%) of seven pat i e n t s
s h owed thrombosis of the dural AVM on MR imagi n g
at a 24-month fo l l ow-up ex a m i n ation; two other cases
had a fo l l ow-up ex a m i n ation at less than 24 months,
but MR imaging or MR angi ograp hy or both showe d
m o re than a 50% reduction in venous fl ow. On an-
gi ograp hy three patients (Cases 4, 6, and 8) demon-
s t rated total obl i t e ration of their dural AV M ’s, and
another patient (Case 3) had total obl i t e ration after a
t h i rd embolization pro c e d u re. One patient (Case 2)
s u ffe red transient ra d i ation injury to the brain stem 14
months after ra d i o s u rge ry. Fo l l ow-up ex a m i n at i o n
after ra d i o s u rge ry ra n ged from 9 to 35 months (mean
24 months).

Surgical Management

S u rgical excision of the tentorial dural AVM wa s
p e r fo rmed in two cases, the fi rst because symptoms
p rogressed despite three sep a rate embolization pro c e-
d u res. Although the malfo rm ation was eliminat e d, the

p atient (Case 1) suffe red a distant hemorr h agic ve n o u s
i n fa rction postoperat ive ly and remains seve re ly dis-
abl e d. The second patient (Case 5) underwent surgi c a l
excision because the art e rial feeding vessels we re too
small to embolize. Fo l l ow-up intervals for all nine
p atients ra n ged from 9 months to 10 ye a rs (mean 30
months). Except for the patient described in Case 1,
all patients improve d. Ove rall, five patients (56%) had
complete obl i t e ration and four (44%) had partial obl i t-
e ration of their dural AVM at the time of this rep o rt .
Th e re has been no re c u rrent hemorr h age or mort a l i t y
t h at can be associated with this pro c e d u re.

Discussion

Presentation of the Tentorial Dural AVM

The most common pre s e n t ation of a tentorial dura l
AVM is hemorr h age, perhaps due to the deve l o p m e n t
of pial venous dra i n age. Of all cases in this study and
among those rep o rted in the literat u re, 40 (74%) of 54
p atients presented with hemorr h age. In compari s o n ,
o n ly 15% of other intra c ranial dural AV M ’s, incl u d i n g
those in the anterior cranial fossa, presented with
h e m o rr h age.2 H e m o rr h age occurs either from cort i c a l
veins or venous aneurysms. Furt h e rm o re, pat i e n t s
m ay slow ly and progre s s ive ly decline in neuro l ogi c a l
function due to venous hy p e rtension, wh i ch causes a
d e c rease in cereb ral perfusion and ischemia to the sur-
rounding tissues.1 9 Venous hy p e rtension also leads to
e n l a rged and tortuous draining veins and the fo rm a-
tion of va rices. In this series, eight of nine patients had
a venous aneurysm(s); ove rall, 31 (57.4%) of 54 ten-
t o rial dural AV M ’s demonstrated a venous aneury s m .
Patients who present with mye l o p at hy ra re ly have
a s s o c i ated venous aneurysms but appear to become
s y m p t o m atic befo re va rices fo rm, wh e reas pat i e n t s
with venous aneurysms usually remain cl i n i c a l ly
silent until the aneurysm has ru p t u re d.

Venous stenosis is a known risk factor for hemor-
r h age in pial AV M ’s and dural AV M ’s of the tra n s-
ve rse sigmoid sinu s .1 8 , 2 7 In this series, the initial
a n gi ograms showed significant venous stenosis in
eve ry case, and the fa i l u re of a venous sinus to opaci-
fy either from thrombosis or venous hy p e rtension wa s
seen in seven cases. On histological ex a m i n ation, we
h ave found endothelial pro l i fe ration, collagen dep o -
sition, smooth-mu s cle fo rm ation, and re c a n a l i z at i o n
within the veins and va rices of dural AV M ’s .
P re s u m ably these ch a n ges are a response to the high
p re s s u re and turbulent fl ow caused by the direct shunt-
ing of art e rial bl o o d. Venous re s t ri c t ive disease may
be the initial process that leads to venous hy p e rt e n-
sion, sinus thrombosis, antegrade fl ow through cort i-
cal veins, and va rix fo rm at i o n .

Te n t o rial dural AV M ’s that drain into spinal
m e d u l l a ry veins may produce mye l o p at hy.3 1 , 3 2 , 3 7 Two
of our patients (Cases 2 and 7) demonstrated signs of
mye l o p at hy that improved marke d ly after emboliza-
tion. Because dural AV M ’s of the tentorium are often
h i g h - fl ow fistulas, they may produce an art e rial steal
phenomenon. In contrast, most intra c ranial dura l
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AV M ’s have low - fl ow shunts and ra re ly show signs of
a rt e rial steal.1 9

C o m p ression of the sylvian aqueduct by a large dis-
tended vein or va rix may produce obstru c t ive hy d ro-
c ep h a l u s .1 0 , 2 4 C o m mu n i c ating hy d ro c ephalus may
occur after SAH or decreased cereb rospinal fl u i d
(CSF) ab s o rption from venous conge s t i o n .1 6 , 3 3 , 3 4 I n
a ddition, venous hy p e rtension may raise intra c ra n i a l
p re s s u re (ICP) by increasing CSF pre s s u re and
d e c reasing CSF ab s o rp t i o n .3 4 , 3 5 Fifteen (27.8%) of 54
p atients with tentorial dural AV M ’s presented with
hy d ro c ephalus and 10 (18.5%) re q u i red ve n t ri c u l a r
s h u n t i n g.

D u ral AV M ’s may undergo spontaneous thro m b o s i s
or regre s s i o n .4 Th e re have been no rep o rts of tentori a l
d u ral AV M ’s resolving spontaneously. The mu l t i t u d e
of small dural art e ries, a va riety of venous pat h way s ,
and high fl ow may prevent spontaneous cl o s u re.

Anatomy of the Tentorial Dural AVM

Te n t o rial dural AV M ’s are similar in rega rd to art e-
rial supply: all nine cases in our series we re supplied
by the meningo hy p o p hyseal trunk. Add i t i o n a l ly, the
m i ddle meningeal bra n ch vessels and the occipital
a rt e ry supplied the dural AVM in most pat i e n t s .
Venous dra i n age va ried gre at ly and depended on the
t e n t o rial location of the malfo rm at i o n .2 3 Those locat e d
near the petrous ap ex along the incisura drained via
m e s e n c ephalic and basilar veins and the vein of
Rosenthal. Those in the lat e ral region near the tra n s-
ve rse sigmoid sinus drained through the infe rior tem-
p o ral, occipital, and superficial sylvian veins. Those in
the midline near the junction of the falx drained via
c e rebellar and ve rmian ve i n s .3 2 Signs and symptoms
did not predict the location of the dural AVM on the
t e n t o rium. Two patients presented with a ra re dura l -
based vein of Galen aneury s m .2 4 , 2 8 , 3 0 Two cases pre-
sented with two venous aneurysms; dural AV M ’s with
m o re than one venous aneurysm have not been rep o rt-
ed prev i o u s ly.

Pathogenesis of the Tentorial Dural AVM

L i ke other intra c ranial dural AV M ’s, the etiology
of dural AV M ’s of the tentorium is uncl e a r. Most
p atients (74%) with tentorial dural AV M ’s present in
the fifth and sixth decades of life. Th rombosis of a
d u ral sinus is seen in the majority of cases. Numero u s
t i ny art e ries feeding the dural AVM suggest that art e-
rial re c ruitment contri buted to the fo rm ation of tento-
rial dural AV M ’s. These anatomical fe at u res fo rm a
s t rong argument for the suggestion that tentorial dura l
AV M ’s are acquired lesions.6 , 1 4

On the other hand, tentorial dural AV M ’s do not
a lways demonstrate a thrombosed sinus. Many tento-
rial dural AV M ’s are located near the petrous ap ex ,
wh i ch is an embryonic vascular border zone betwe e n
the internal maxillary art e ry system and the phary n go -
occipital system. Over time, embryonic art e ri ove n o u s
fistulas between the two systems may have opened
and cre ated the dural AV M .1 1 Th e re are no rep o rts of

t e n t o rial dural AV M ’s arising as a result of trauma or
s u rgical pro c e d u re. Intere s t i n g ly, tentorial dura l
AV M ’s occur more than twice as often in men than
women; this rep resents a gender predominance simi-
lar to that found in cases of anterior cranial fossa dura l
AV M ’s, a disorder rega rded as congenital in nat u re.2 2

In contrast, cave rnous sinus and tra n s ve rse sinus dura l
AV M ’s have a female predominance and are believe d
to be acquire d fi s t u l a s .2 2 The arguments for a conge n-
ital etiology are equally compelling to those arg u-
ments made for an acquired ori gi n .

Treatment Protocol

Transarterial Embolization. Based on the anat o my,
the nat u ral history, and our ex p e rience with dura l
AV M ’s, we have developed a protocol to tre at these
c o m p l ex vascular malfo rm ations. After perfo rm i n g
c e reb ral angi ograp hy, tre atment begins with tra n s a rt e-
rial embolization of the feeding art e ries from the
ex t e rnal carotid art e ry. Miyasaka and cowo rke rs2 6

we re the fi rst to embolize a dural AVM using Gelfo a m
p a rt i cles. We found that adhesive glue (N-butyl cy -
a n o a c ry l ate) was more easily contro l l e d, was more
p e rmanent than PVA sponge, and produced better
results than PVA sponges. Howeve r, physicians not
familiar with glues should not use them to perfo rm
e n d ovascular pro c e d u re s .

Venous hy p e rtension and art e rial steal we re de-
c reased by reducing art e rial fl ow to the fi s t u l a .
H oweve r, in our ex p e ri e n c e, multiple pro c e d u res we re
often re q u i red and cure was obtained in only one case,
although symptoms we re palliated in eve ry pat i e n t .
M a ny feeding art e ries we re too small to embolize or
we re inv i s i ble on angi ograp hy. Sometimes art e ries of
the meningo hy p o p hyseal trunk we re cannu l ated bu t
we re not embolized because the risk of occluding nor-
mal cap i l l a ry beds was too high. It is unknow n
whether partial embolization of dural AV M ’s re d u c e s
the risk of hemorr h age. Although none of our pat i e n t s
rebled after partial embolization, we suspect that, as
with other vascular malfo rm ations, the risk for hem-
o rr h age remains unch a n ged if the dural AVM is not
e n t i re ly obl i t e rat e d.

Transvenous Embolization. Access to tentorial dura l
AV M ’s is not ava i l able via a percutaneous ro u t e
because dra i n age takes place entire ly through the pial
veins. Barn well, et al. ,3 s u c c e s s f u l ly obl i t e rated a fa l x -
t e n t o rial dural AVM by employing open cra n i o t o my
and direct injection of glue into a ligated ve i n .
H oweve r, multiple pat h ways on the venous side make
total obl i t e ration using a tra n s venous route ve ry diffi-
cult. In fact, occluding the venous side befo re decre a s-
ing fl ow from the art e rial side may aggravate ve n o u s
hy p e rtension and increase the risk of hemorr h age.
F u rt h e rm o re, hemorr h agic venous infa rction may
occur as a result of occluding normal draining ve i n s .
The tra n s a rt e rial ap p ro a ch is safe r, more effe c t ive, and
should be the fi rst line of tre atment. After tra n s a rt e ri-
al embolization, the patient is tre ated by stere o t a c t i c
ra d i ation or direct surgical obl i t e ration. If the pat i e n t
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i m p roves neuro l ogi c a l ly after art e rial embolizat i o n ,
we recommend stereotactic ra d i ation of the dura l
AVM nidus. If new symptoms arise or old ones re c u r
while waiting for nidal thrombosis to take place,
another tra n s a rt e rial embolization is perfo rmed on
a c c e s s i ble feeding art e ries. Surge ry is indicated if the
feeding art e ries are too small to embolize, if the
p atient does not improve after tra n s a rt e rial emboliza-
tion, or if the risk of ra d i ation injury to the surro u n d-
ing stru c t u res is too high.

Radiosurgical Results. C o nventional or stere o t a c t i c
ra d i ation of dural AV M ’s has been rep o rted infre-
q u e n t ly but with good results and minimal morbidi-
t y.5 , 7 , 3 8 R a d i o s u rge ry is well suited for tentorial dura l
AV M ’s because they are deep seated and usually have
a multitude of tiny vessels feeding a small (� 3 cm)
p l ex i fo rm nidus. The goal of ra d i o s u rge ry is to elimi-
n ate the remaining feeding art e ries that are too small
or cannot be embolized without a risk of infa rc t i o n .
Th e re is a risk for hemorr h age and ra d i ation injury to
the brain stem, but there have been no episodes of
h e m o rr h age and only one case of transient neuro -
l ogical deficit in seven tre ated patients. Pre l i m i n a ry
results show that stereotactic ra d i o s u rge ry and tra n s a r-
t e rial embolization are safe and effe c t ive in eliminat-
ing most tentorial dural AV M ’s .

Microsurgical Techniques. D i rect surgical ligat i o n
and excision of the dural AVM are indicated wh e n
t ra n s a rt e rial embolization has not allev i ated neuro l og-
ical symptoms or when art e rial vessels are too small to
e m b o l i ze. Grisoli, et al. ,1 1 rep o rted good results wh e n
t h ey clipped the venous side of the shunt. We believe
t h at tentorial dural AV M ’s are cl i n i c a l ly distinct fro m
c ave rnous and tra n s ve rse sinus dural AV M ’s and
b e h ave more like pare n chymal AV M ’s. In our ex p e ri-
e n c e, ligation of draining veins or sinuses is associat-
ed with a high incidence of hemorr h agic ve n o u s
i n fa rction. Te n t o rial dural AV M ’s should be surgi c a l-
ly obl i t e rated from the art e rial side. To ligate only the
venous side may provo ke brain swelling and an inad-
ve rt e n t ly high risk of cerebellar infa rction. Clipping a
venous aneurysm is unnecessary because it will col-
l apse and thrombose when the fistula is obl i t e rat e d.
I n t ra o p e rat ive angi ograp hy should be perfo rmed to
c o n fi rm obl i t e ration of dural AV M ’s .

Conclusions

Te n t o rial dural AV M ’s are a unique subset of
i n t ra c ranial dural AV M ’s that are prone to hemorr h age
f rom cortical veins or associated venous aneury s m s .
Te n t o rial dural AV M ’s are difficult to obl i t e rate by
e m b o l i z ation because of the multiple tiny fe e d i n g
a rt e ries that are adjacent to vital normal vascular beds.
Reducing art e rial fl ow by embolization and obl i t e rat-
ing the remaining dural malfo rm ation with ra d i o-
s u rge ry or direct micro s u rge ry is the best tre at m e n t
s t rat egy. Combining these therapies in a staged man-
ner has proven safe and effe c t ive for the tre atment of
t e n t o rial dural AV M ’s .
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