
Arq Neuropsiquiatr 2005;63(3-A):605-613

ANALYSIS OF THE BEST THERAPEUTIC 
ALTERNATIVE FOR INTRACRANIAL DURAL 
ARTERIOVENOUS MALFORMATIONS

César de Paula Lucas1, Mirto N. Prandini2, José Guilherme Mendes Pereira Caldas3

ABSTRACT - The material for this re s e a rch consisted of 93 patients with dural arteriovenous malform a t i o n s
( D AVMs) who were studied re t rospectively with regards to therapeutic success and failure, who had under-
gone either neuro s u rg e ry, or embolization or a combination of both methods and whose disease was locat-
ed in the cavernous sinus, the superior sagittal sinus, the transverse-sigmoid sinus of the anterior fossa and
the tentorium. Thus, it was possible to arrive at the following conclusions: treatment of the DAVMs must
be indicated, jointly, by an interventionist neuroradiologist and a neuro s u rgeon; DAVMs of the transverse-
sigmoid sinus were better treated when a combination of both methods was used; DAVMs of the tento-
rium were also better treated with a combined method; the endovascular method ensured only a 50%
chance of therapeutic success for DAVMs of the superior sagittal sinus; DAVMs of the cavernous sinus are
better treated when the endovascular method was used with a transvenous approach, relative to the
transarterial approach.
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Análise da melhor alternativa terapêutica para malformações arteriovenosas durais intracranianas

RESUMO - O material utilizado consistiu de 93 pacientes port a d o res de malformações arteriovenosas durais
( M AVDs) estudados re t rospectivamente em relação ao sucesso e ao fracasso terapêutico submetidos aos
métodos neurocirúrgico ou endovascular ou, ainda, combinação entre ambos, em que a doença se locali-
zou nas regiões do seio cavernoso, do seio sagital superior, do seio transverso-sigmóide, da fossa anterior
e do tentório. As conclusões foram as seguintes: o tratamento das MAVDs deve ser indicado pelo neuror-
radiologista intervencionista e pelo neurocirurgião, conjuntamente; as MAVDs do seio transverso-sigmóide
foram melhor tratadas através do método combinado; as MAVDs do tentório foram melhor tratadas através
do método combinado; as MAVDs do seio sagital superior tratadas por método endovascular asseguraram
apenas 50% de sucesso terapêutico; as MAVDs do seio cavernoso são melhor tratadas por método endovas-
cular empregando-se a via transvenosa quando comparadas com a via transarterial.
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Dural arteriovenous malformations (DAV M s )
a re rare and re p resent 10% to 15% of all intracra-
nial arteriovenous malform a t i o n s1 - 5. DAVMs are
complex lesions that need to be evaluated care-
fully so that the best therapeutic option can be
d e t e rmined, particularly when their biphasic beha-
vior is considere d6 , 7. Most DAVMs have a benign
behavior and it is sometimes possible to observ e
spontaneous re g re s s i o n1. DAVMs, however, may
also present with an aggressive neurological course
or a fatal cerebral hemorrh a g e1. A thorough un-
derstanding of the angiographic aspects of DAV M s
including their pattern of venous drainage, the

o c c u rrence of major sinus thrombosis, the pre s-
ence of leptomeningeal drainage, and the pre s e n-
ce of dysplastic venous aneurysms, can help pre-
dict a patient's clinical outcome and the natural
h i s t o ryof the disease. Left untreated, a DAVM of
the anterior fossa or of the tentorial apex demon-
strate up to 91% chance of hemorrhage. If a deci-
sion is made to treat DAVMs, re g a rdless of the type
of pro c e d u re, the goal of treatment needs to be
the total obliteration of the lesion. Otherwise, re-
c ruitment of collateral flow and continued risk of
hemorrhage are likely events.

A variety of treatment strategies for DAV M s
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a re off e red in the literature, including ligature of
the feeding arteries, coagulation or excision of the
nidus and venous drainage, transarterial, or trans-
venous embolization, compression of the vessels
in the neck, infusion of estrogen into the extern a l
c a rotid art e ry, electro t h rombosis of the aff e c t e d
sinus, conventional radiotherapy, and stere o t a c t i c
r a d i o s u rg e ry. Despite the wide variety of thera-
peutic options, few have achieved anatomic and
clinical cure.

The objective of this study is to clarify the best
therapeutic alternative among the three most fre-
quently used methods listed in the literature: endo-
v a s c u l a r, neuro s u rg e ry and a combination method.

METHOD
This work undertook to carry out a re t ro s p e c t i v e

analysis of 93 patients with intracranial dural art e r i o v e-
nous malformation. Eight of these patients were tre a t-
ed at the Instituto de Neurologia de Goiânia (GO), 68
were treated at the Teaching Hospital of the School of
Medicine of the University of São Paulo (SP), two at the
Federal University of São Paulo (SP). Results for the re-
maining 15 patients had already been published in the
j o u rnal Neuro s u rg e ry, in 19977. The study covered the
period from January 1s t to July 30t h, 2003. All cases were
a p p roved by the Ethical Committee of the re s p e c t i v e
Institution.

The authors found 93 patients harboring DAVM dis-
tributed in 5 regions: 32 (34,5%) at the cavernous sinus;
26 (28%) at the transverse-sigmoid sinus; 20 (21,5%) at
tentorium; 13 (14%) at the superior sagittal sinus; and
2 (2%) of DAVM of the anterior fossa.

All 93 patients had angiography done in at least six
cranial vessels (external and internal carotid and vert e-
bral) both before and after the treatment in order to
study both arterial irrigation and venous drainage.

The group as a whole received either endovascular
or neuro s u rgical therapy. Those patients with DAV M
associated to pial AVM, vein of Galen malform a t i o n ,
scalp arteriovenous fistula, direct caro t i d - c a v e rnous fistu-
lae, arteriovenous fistula of the foramen magnum with
m e d u l l a rydrainage, and medullary AVM and art e r i t i s
were excluded from the study.

Patients who met the inclusion criteria were divid-
ed into three groups, according to the therapeutic me-
thod used: Group A: patients with DAVMs who only re-
ceived surgical treatment; Group B: patients with DAV M s
who only received endovascular treatment; Group C:
patients with DAVMs who received a combined tre a t-
ment (endovascular and surgical).

Patients who achieved both clinical and angiograph-
ic cure were considered successful cases. Any other re s u l t
combination was considered therapeutic failure. The
patients were followed for at least three months.

Group A
In this group, four patients underwent coagulation

and resection of the compromised drainage vein8 a n d
in one patient the compromised venous sinus was skele-
t o n i z e d5. These techniques were used for fistulas with
up to three pedicles and for fistulas with four or more
pedicles, respectively.

1) Coagulation and resection of the vein with com -
p romised drainage – The four patients of this group pre-
sented DAVM containing, at the most, three vascular
pedicles extending towards the region of the fistula.
These patients received general anesthesia and were
referred to a craniotomy juxtaposed to the location of
the DAVM, which was dissected. The aim was to iden-
tify the site where the feeding art e ry was connected to
the drainage venous system. Following this pro c e d u re ,
the venous stru c t u re was coagulated and resected or,
in the case of dysplastic venous systems at a greater risk
of perioperative hemorrhage, metal clips were used to
block the flow.

2) Skeletonization of the compromised venous sinus
– The only patient in this group had a DAVM comprised
of four vascular pedicles extending towards the re g i o n
of the fistula. This patient received general anesthesia
and was re f e rred to a craniotomy juxtaposed to the loca-
tion of the DAVM, and the compromised venous sinus
was exposed. It was then skeletonized according to the
surgical technique proposed by Lucas et al.5.

Group B
In this group the endovascular technique was used

in all the patients. In 29 individuals the transart e r i a l
a p p roach was used, in 39, the transvenous appro a c h
was chosen and for 7 patients, treatment consisted of
a combined transarterial and transvenous appro a c h .
The patients were administered general anesthesia for
selective catheterization of six cranial vessels, accord-
ing to the technique described by Seldinger9. Emboliza-
tion was perf o rmed with: polyvinyl alcohol (PVA) part i-
cles, a mixture of n-isobutyl cyanoacrylate and lipiodol®,
f ree microcoils or coils with electrolytic detachment me-
chanisms, also called Guglielmi detachable coils (GDCs).

Group C
In this group, the 13 patients received the endovas-

cular treatment first and then the neurosurgical treat-
ment. For 11 of these patients, the transarterial appro-
ach was used, for one the transvenous approach was
p re f e rred and for the remaining patient, a combined
a p p roach was used. After the method failed, the 13 pa-
tients underwent neuro s u rg e ry and, in 11 individuals
the technique described by Lucas et al. was used5, while
in two patients technique described by Thompson et al.
was preferred8.

Statistical method
For the purpose of this study, Student's t test was
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used to test the uniformity of the groups with regards
to age; the chi-square test was used to test the associ-
ation between two variables which were analyzed with
re g a rds to quality; and the Fisher exact test was used to
also test the association in terms of quality. A p value
of less than 0.05 (p<0.05) was considered statistically
significant.

RESULTS
The therapeutic techniques used, namely, the

n e u ro s u rgical method (group A), the endovascu-
lar method (group B) and the combined method
( g roup C) for DAVMs of the five regions (cavern o u s
sinus, transverse-sigmoid sinus, superior sagittal
sinus, anterior fossa and tentorium) chosen for the
purpose of this study, were studied in detail. Firstly,
the three methods used for all the patients were
taken into consideration, on an equal basis. Ta b l e
1 illustrates the success and the failure for each of
the adopted methods. A systematic comparison of
the methods, two by two, with the fisher exact
test, made it possible to conclude that the combi-
ned method (group C) was superior to the endo-
vascular method used alone (group B) (p=0.0014).
The combined method (group C) was responsible
for a 100% therapeutic success rate, compared to
80% for the neuro s u rgical method (group A) and
57% for the endovascular method (group B). Those

results notwithstanding, it was not possible to
identify significant differences between the neu-
ro s u rgical method (group A) and the endovascu-
lar method (group B) or even between the neuro-
s u rgical method (group A) and the combined one
(group C).

Table 2 analyzes the three treatment options,
with the exception of the patients with DAVM of
the cavernous sinus, as most of them had been tre-
ated with the endovascular method only. It was
then possible to conclude that the combined me-
thod (group C) was better than the endovascular
method used alone (group B) (p=0.0029). We were
not able to demonstrate any significant diff e re n c e s
between the other methods. The combined me-
thod (group C) was responsible for a 100% ther-
apeutic success rate, compared to 80% for the neu-
ro s u rgical method (group A) and 58% for the en-
dovascular method (group B). Those results not-
withstanding, it was not possible to identify sig-
nificant diff e rences between the neuro s u rg i c a l
method (group A) and the endovascular method
( g roup B) or even between the neuro s u rgical me-
thod (group A) and the combined one (group C).

The authors also studied the instances of ther-
apeutic success and failure for the three methods
adopted and for each one of the regions includ-

Table 1. Success and failure rates for the three methods in this 93-patient popula -

tion.

Dural arteriovenous malformation in the five regions

Group A Group B Group C

N % N % N % Total

Success 4 80 43 57 13 100 60

Failure 1 20 32 43 – – 33

Total 5 100 75 100 13 100 93

N, number; p=0.0014

Table 2. Success and failure rates for the three methods excluding the 32 patients

with dural arteriovenous malformation of the cavernous sinus.

Dural arteriovenous malformation in the four regions

Group A Group B Group C

N % N % N % Total

Success 4 80 25 58 13 100 42

Failure 1 20 18 42 – – 19

Total 5 100 43 100 13 100 61

N, number; p=0.0029
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ed in the study, with the exception of those pati-
ents with DAVM of the anterior fossa because of
the small incidence (two cases only).

Transverse-sigmoid sinus – The patients in this
g roup (group A) did not receive neuro s u rgical tre-
atment alone. In spite of evidence suggesting that
the combined method (group C) (five patients suc-
cessfully operated on and no failures) is superior
to the endovascular method (group B) (21 patients
who underwent embolization as the only tre a t-
ment, with a 71.5% rate of success), there were
no significant diff e rences between both methods
(Table 3).

Tentorium – In this location it was possible to
detect a significant diff e rence between the endo-
vascular method (group B) and the combined one
( g roup C) (p=0.0397). The combined method
( g roup C) ensures a 100% therapeutic success rate
against only 43% for the endovascular method
( g roupB). The neuro s u rgical method was not suc-
cessful for the only patient studied (Table 3).

Superior sagittal sinus – In this location it was
not possible to detect a significant diff e rence bet-
ween the three methods, in view of the small num-
ber of events (Table 3). However, the results do
not point towards the use of the endovascular me-
thod (group B), since only four (50%), among the
eight patients treated, were considered cure d ,
a c c o rdingto the clinical and angiographic param-
eters. Both the neuro s u rgical treatment method
( g roup A) and the combined method resulted in
therapeutic success for all the patients assigned to
these techniques.

C a v e rnous sinus – In the region of the caver-
nous sinus a diff e rent pro c e d u rewas adopted, sin-
ce only the endovascular method was used in all
these cases. There f o re, for this particular location,
the best therapy was chosen on the basis of the
a p p roach used: transarterial or transvenous. Ta b l e
4 presents the instances of success and failure for
both approaches, for DAVMs in this region. It is
possible to conclude that there is a significant dif-
f e rence favoring the transvenous over the transar-
terial approach (p=0.0383). The endovascular tre a t-
ment method, using the transvenous appro a c h ,
c u red 61% of the patients, while the transart e r i-
al approach resulted in failure for all the patients.

DISCUSSION

Awad et al.1 0, in their re t rospective study of 377
patients with DAVM, found the following distri-
bution with re g a rds to their location: 62.6% of
D AVM of the transverse-sigmoid sinus; 15.6% of
D AVM of the cavernous sinus; 8.4% of DAVM of
the tentorium; 7.4% of DAVM of the superior sagi-
ttal sinus; and 5.8% of DAVM of the anterior fos-
sa. Brown et al.1 1, while following 54 patients, pro s-
p e c t i v e l y, found 45% of DAVMs of the transverse-

Table 3. Success and failure rates for the three methods in patients with dural arteriovenous malformation

of the transverse-sigmoid sinus, tentorium and superior sagittal sinus.

Transverse-sigmoid sinus Tentorium Superior sagittal sinus

Success Failure Success Failure Success Failure

N % N % N % N % N % N %

Group A – – – – – – 1 100 3 100 – –

Group B 15 71,5 6 28,5 6 43 8 57 4 50 4 50

Group C 5 100 – – 5 100 – – 2 100 – –

Total 20 – 6 – 11 – 9 – 9 – 4 –

N, number; p tentorium=0.0397

Table 4. success and failure rates for the transarterial and trans -

venous approaches in patients with dural arteriovenous mal -

formation of the cavernous sinus.

Cavernous sinus

Transarterial Transvenous

approach approach

N % N % Total

Success – – 17 61 17

Failure 4 100 11 39 15

Total 4 100 28 100 32

N, number, p = 0.0383
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sigmoid sinus, 20% of DAVMs of the cavern o u s
sinus, 13% of DAVMs of the superior sagittal sinus,
12% of DAVMs of the tentorium and 10% of
D AVMs of the anterior fossa. Cognard et al.1 2, whi-
le conducting a retrospective analysis of 258 pati-
ents admitted to their institutions, for 18 years,
found 50% of DAVMs of the transverse-sigmoid
sinus, 26% of DAVMs of the cavernous sinus, 12%
of DAVMs of the tentorium, 8% of DAVMs of the
superior sagittal sinus and 4% of the anterior fos-
sa. Lucas et al.7, in their meta-analysis of 263 pa-
tients described in the literature, found 31% of
D AVMs of the cavernous sinus, 25.5% of DAV M s
of the transverse-sigmoid sinus, 26.5% of DAV M s
of the tentorium, 11% of DAVMs of the superior
sagittal sinus and 9% of DAVMs of the anterior
fossa. In this study, among the 93 patient popula-
tion, the authors found 34.5% of DAVMs of the
c a v e rnoussinus, 28% of DAVMs of the transverse-
sigmoid sinus, 21.5% of DAVMs of the tentorium,
14% of DAVMs of the superior sagittal sinus and
2% of DAVMs of the anterior fossa. In spite of the
p revalence of DAVMs of the transverse-sigmoid si-
nus in the literature, the results of this study show-
ed that DAVMs of the cavernous sinus are more
p redominant. However, it was not possible to iden-
tify a reason for this fact, except, perhaps for the
clinical presentation of the DAVMs of the caver-
nous sinus (red-eye syndrome). It is visually much
m o reevident than the clinical presentation of the
D AVMs of the transverse-sigmoid sinus (pulsatile
tinnitus), a fact that may lead to greater diagnos-
tic accuracy. As far as the other regions are con-
c e rned, the results from this study, in terms of dis-
tribution, are in agreement with the literature.

This project involved 13 venous systems: the
leptomeningeal venous system, the veins of Galen,
the vein of Rosenthal, the superior and inferior
orbital, the superior sagittal, the transverse-sig-
moid, straight, cavernous, interc a v e rnous, superi-
or and inferior petrous sinus and the torcular He-
rophili. The leptomeningeal venous system was
p resent in 60% of the patients included in this stu-
d y, and was the most frequent drainage system in
the DAVM of the superior sagittal sinus, where it
was present in 61% of that population and in
100% of the DAVMs of the anterior fossa and ten-
torium, findings which corroborate those report-
ed in the literature6 , 1 3 , 1 4 .. DAVMs of the superior
sagittal sinus are frequently associated to the par-
tial or total thrombosis of a segment, which will
cause the venous flow from the sinusal system to
be re d i rected to the leptomeningeal system in a

re t rograde and hipertensive manner. From this
standpoint, any cortical venous pattern can be-
come a victim of this physiopathogenic mecha-
nism, from the small brinding veins to the larg e
hemispheric venous system, such as, for example,
the vein of Tro l l a rd1 5. According to King and Mar-
t i n6, DAVMs of the anterior fossa and tentorium
have a common characteristic, that is, they are con-
s i d e red critical and re q u i re urgent surgical inter-
vention because of the high rate of intracranial
h e m o rrhage, which is the result of a drainage sys-
tem which prioritizes the leptomeningeal system.
This finding was confirmed in this study, since
100% of the individuals with DAVMs of the ante-
rior fossa and tentorium, in this study population,
had venous drainage to the cortical system. Piske
and Lasjaunias1 4 and Lucas et al.5 called our atten-
tion to the presence of venous dilation which tend-
ed to form an aneurysm in the Galen system. This
would not only increase the risk of bleeding but,
above all, would create a mass effect with dire c t
c o m p ression at the level of the diencephalon, the
aqueduct of Sylvius, the region of the lamina qua-
drigemina, the superior cerebellar peduncle and
the cerebellum. This was observed in two patients
(Figure).

F i g u re. Cerebral angiography imaging of the encephalon with

dural arteriovenous malformation of the tentorium and dys -

plastic venous dilation compressing the lamina quadrigemina.
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In 88% of the cases of patients with DAVM of
the transverse-sigmoid sinus, venous drainage was
to the ipsilateral and contralateral transverse-sig-
moid sinus, re s p e c t i v e l y, in the presence of part i a l
and total venous thrombosis. According to Piton
et al.1 6, the presence of total venous thro m b o s i s
can cause the venous flow to be re d i rected to the
leptomeningeal system. Lalwani et al.1 7 d e m o n-
strated that the association between the pre s e n c e
of leptomeningeal venous drainage with part i a l
t h rombosis is physiopathogenically due to a pre-
vious total thrombosis of the compromised venous
sinus, followed by a recanalization of the throm-
bus, and its total or partial re-opening. Thus, ve-
nous drainage to the brain surface would be main-
tained. Leptomeningeal drainage in the DAV M s
of the transverse-sigmoid sinus was present in 54%
of the patients included in this study and most of
them flowed toward the Labbé system. Additio-
n a l l y, on DAVMs of the transverse-sigmoid sinus,
the re d i recting of the venous flow towards the su-
perior petrous sinus took place, pre f e rentially in
those patients in whom the site of the thro m b o-
sis is upstream from where this sinus emerges, caus-
ing a re t rograde filling of the system and, as a con-
sequence, of the system of Dandy. This can incre a s e
the risk of bleeding and also cause rare symptoms,
such as trigeminal neuralgia by compression of the
e n t ry zone of the sensitive branches of the fifth
cranial nerve4,18.

In those patients with DAVM of the cavern o u s
sinus, 72% presented venous drainage to the supe-
rior orbital vein, followed by 44% to the ipsilater-
al or contralateral cavernous sinus and 44% to the
leptomeningeal system. These data agree with the
study carried out by Barrow et al.19, in that a pre-
dominance of re t rograde drainage to the upper
orbital vein was found, which triggering the red-
eye syndro m e2 0. Parkinson2 1 made an anatomical
description of the compartmentalization of the
cavernous sinus by the trabeculae and independ-
ent venous spaces. Yamashita et al.2 2 d e m o n s t r a t-
ed how difficult it was to go around the trabecu-
lae inside this cavernous sinus. This mechanism of
anatomic distribution was particularly true in those
patients whose partial or total venous thro m b o-
sis made catheterization of the several compart-
ments involved in the fistula process especially dif-
ficult. As a consequence, therapeutic efficacy was
compromised. Another concept that is related to
D AVMs of the cavernous sinus, and which was mis-
interpreted by some authors until the end of the

80s, was the connection between these fistulas
and a low risk of bleeding2 3 - 2 5. Even nowadays,
choosing the right therapeutic method is a com-
plicated decision, since both the interv e n t i o n i s t
n e u roradiologist and the surgeon may have to fa-
ce technical difficulties which are inherent to the
DAVMs and, more frequently than not, an isolat-
ed eff o rt from the part of either one of the pro-
fessionals could be deemed irresponsible.

The primary objective of the treatment, re g a rd-
less of its nature, is to completely obliterate the
lesion, or rather, to achieve clinical and angiogra-
phic cure. An incomplete resolution of the DAV M s
results in the re c ruitment of new feeding vessels
which can cause the collateral flow of the lepto-
meningeal system to be re d i rected and thus trans-
f o rm a disease with a benign prognosis into some-
thing else, which would be the complete oppo-
s i t e5 - 7 , 1 2 , 1 5. The literature does not bring proof that
could serve to clear the role of the surgeon and
of the interventionist neuroradiologist, except,
p e rhaps in the case of DAVMs located in the ante-
rior fossa and cavernous sinus, and which are tre a t-
ed by surg e ryand by endovascular techniques, re s-
p e c t i v e l y. In this sense if the results obtained fro m
this study do not serve to determine the guide-
lines for the therapeutic pro c e d u re to be adopt-
ed, they will serve as a guide, fruit of diligent re-
s e a rch, which aims to be simple, and above all,
prudent, for the treatment of these lesions.

The treatment and handling of general DAV M s
is in constant evolution, especially because of the
technological advances in the field of interv e n-
tionist neuro r a d i o l o g y, and because of the new
equipment for superselective catheterization, not
to mention the new thromboembolic materials.
The determining factor for controlling these lesions
is, unquestionably, the choice of the best thera-
peutic alternative. In these cases, treatment modal-
ity can be either endovascular or neurosurgical26.
H o w e v e r, clinical and angiographic cures are not
solely the result of the method chosen. They de-
pend mostly on the correct interpretation of the
i n f o rmation related to the angiographic investi-
gation, and which include the presence of total
venous thrombosis, leptomeningeal drainage and
of dysplastic venous dilation.

Transverse-sigmoid sinus

DAVMs of the transverse-sigmoid sinus can be
t reated either by the neuro s u rgical or the endovas-
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cular method. However, it is important to note
that the treatment of a given DAVM must neces-
sarily include its total resolution, otherwise, the
intention to cure creates a more vile and tre a c h e-
rous disease. Yamashita et al.2 2 published a pre v i-
ously unheard of case of DAVM of the transverse-
sigmoid sinus which developed after an emboliza-
tion attempt, of a DAVM of the cavernous sinus,
using the transvenous approach. In this study, the
endovascular method used alone was capable of
curing, angiographically speaking, 71.5% of the
clinical cases of DAVM of the transverse-sigmoid
sinus. However, the combined method resulted in
100% of clinical and angiographic cures. In this lo-
cation, no patient was treated with the neuro s u r-
gical method alone. However, when associated to
endovascular therapy, this method was used in
those patients whose diseased venous sinus was
t h rombosed, thereby blocking the advance of mi-
c rocatheterization. A total thrombosis of the ve-
nous sinus was the main limiting factor for thera-
peutic success, when the endovascular method was
used. In this case, and in those patients in whom
drainage was anterograde, the compromised sinus
was skeletonized, as recommended by Lucas et
a l .5,7. Another pro c e d u rewas the complete re s e c-
tion of the compromised sinus, in the presence of
total thrombosis and retrograde resection3,6,26.

In view of the clinical and angiographic cure of
71.5% of the patients, as a result of the endovas-
cular method, we recommend this modality of
t reatment as the first therapeutic alternative for
D AVMs. The surgical method would be an alter-
native for those clinical cases, which proved to be
refractory to embolization.

Tentorium

The combined method was the best therapeu-
tic alternative to achieve both the clinic and the
angiographic cures of DAVMs of the tentorium
(p<0.05). The combined method resolved 100% of
the lesions located in this area, relative to 43% of
successful results achieved with the endovascular
method alone, and no success when the surg i c a l
method was used. According to King and Mart i n6

and Detwiler et al.15 the reduced diameter of the
feeding arteries deriving from the posterior cere-
bral art e ryand superior cerebellar art e ry imposes
a limit to the endovascular technique in terms of
curing these lesions. The same opinion is share d
by Pierot et al.2 7 and Lucas et al.5. The endovascu-

lar method is effective when one can see the me-
ningeal system which is not derived from the pos-
terior cerebral art e ry and the superior cere b e l l a r
a rt e ry5 , 7. When these feeding arteries are pre s e n t ,
this method must be restricted and act only as a
therapeutic adjuvant, in order to decrease periop-
erative blood loss. One should then re s o rt to the
s u rgical method, through the skeletonization of
the compromised venous sinus.

The natural history of the DAVMs of the tento-
rium is a poor one, in the sense that these lesions
a re frequently associated to leptomeningeal drai-
nage and venous dysplasia. In this study, venous
drainage to the cerebral cortex for DAVMs of the
tentorium occurred in 100% of the cases, while a
venous aneurysm was present in 25% individuals.
This association increases, significantly, the risk of
hemorrhage2,6,14,27. The presence of an aneurysm-
induced dilation of the vein of Galen is equally
related to an aggressive natural history6 , 1 3 , 1 4. These
D AVMs are located rather deeply, and that consti-
tutes the main limiting factor for achieving clini-
cal and angiographic cures, when the neuro s u rg i-
cal method is used by itself5.

Superior sagittal sinus

D AVMs of the superior sagittal sinus are rare .
In this paper only 13 patients had DAVM in this
location. The endovascular therapy by itself was
able to cure 50% of the treated lesions. The neu-
ro s u rgical method treated all three patients eff i-
c i e n t l y. The combined method produced clinical
and angiographic cure in the two patients listed.
In spite of the fact that DAVMs of the superior sa-
gittal sinus are not prevalent, it is possible to note
a trend which does not favor the use of the en-
dovascular method alone (eight patients tre a t e d
and only four cured), especially in those clinical
cases which present total thrombosis of the sinus.
In this location, the choice of the ideal therapeu-
tic method seems to rest on the individual feature s
of each case, and, naturally, on the data found in
the literature and which comprise a partial or total
t h rombosis of the compromised venous sinus and
the presence of cortical drainage and venous aneu-
rysm. However, the frequent association of DAV M s
of the superior sagittal sinus with leptomeningeal
drainage, normally with a single fistula, (only one
pedicle), makes the surgical technique described
by Thompson et al.8 the first therapeutic option
for these cases.
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Cavernous sinus

Most of the patients with DAVM of the caver-
nous sinus, in the literature, was treated with the
endovascular method. Only a minority of the pa-
tients underwent surg e ry, as the endovascular me-
thod failed with them, causing the persistence of
the leptomeningeal drainage. Several authors
mentioned in their work the fact that the associa-
tion between leptomeningeal drainage and DAV M
of the cavernous sinus was a rare one6 , 2 3 , 2 5. Howe-
v e r, in this study the authors identified 44% of ve-
nous drainage to the cortical system, which gen-
erated 12% of the intracranial hemorrhage epi-
sodes.

The analysis of the endovascular method using
the transarterial and transvenous approaches in a
p a i red matrix, it was possible to notice that the
technique which used the venous approach was
superior to that which used the arterial appro a c h
(p<0.05). That is, all the results for the patients
t reated with the transarterial approach only were
classified as failures, while for 61% of the patients,
t reated with a transvenous approach, the re s u l t s
w e resuccessful. This information agrees with the
experiences of some authors who advocate the
transvenous approach as the method of choice to
achieve clinical and angiographic cure for DAV M s
of the cavernous sinus19,20,22,24.

Anterior fossa

This location is surprisingly rare and the literatu-
re contains only 37 re p o rts of patients with DAV M
of the anterior fossa6 , 1 4 , 2 8. The recommended tre a t-
ment in the literature, in these cases, is primarily
surgical in nature because of the presence of the
feeding anterior and posterior ethmoidal art e r i e s ,
which branch out from the ophthalmic artery6 , 7 , 2 8.
This ramification makes for a very difficult endovas-
cular procedure since the possibility of migration
of a thromboembolic particle to the ophthalmic
a rt e ry and from there to the retinal art e ryexpos-
es the patient to the unnecessary risk of amauro-
sis. Several authors have warned against the risk
of thromboembolic material migration when the
t r a n s a rterial approach is used2 9 , 3 0. The diff i c u l t y
does not lie in the approach, but rather on the ex-
p e rtise of the interventionist neuroradiologist. His
m a s t e ry of the technique will enable him to cir-
cumvent this limitation and give him the appro-
priate clinical and angiographic control. In this
case, the recommendation is to use the transve-

nous approach, rather than the transarterial ap-
proach, in patients with no hemorrhagic events.

Venous drainage of a DAVM of the anterior
fossa is commonly done towards the leptome-
ningeal system, since the anterior ethmoidal art e r-
ies, after crossing the cribriform plate, reach the
c e rebral cortex thus establishing the formation of
a fistula. According to Martin et al.2 8, these DAV M s
a re constantly involved with cases of intracranial
hemorrhage.

CONCLUSION
The analysis of the material studied in this pa-

per allowed the authors to arrive at the following
conclusions:

1 . The treatment of DAVMs must be indicat-
ed, jointly, by the interventionist neuroradiologist
and the neurosurgeon.

2 . The neurosurgical method, in combination
with the endovascular method resulted in 100%
of clinical and angiographic cure for those patients
with DAVM of the tentorium, while the endovas-
cular therapy alone resulted in only 43% of cure s
(p=0.0397).

3 . The endovascular method by itself, for DAV M s
of the transverse-sigmoid sinus, resulted in a 71.5%
therapeutic success rate. When it was combined
with the neuro s u rgical method, the success rate
increased to 100%.

4 . The endovascular method by itself, for DAV M s
of the superior sagittal sinus, resulted in a 50%
therapeutic success rate. When it was combined
with the neuro s u rgical method, the success rate
increased to 100%.

5. The endovascular method with a transvenous
a p p roach was shown to be more efficient, re l a t i v e
to the transarterial approach for treating DAV M s
of the cavernous sinus (p=0.0383). None of the pa-
tient treated with the transarterial approach achi-
eved therapeutic success, in contrast with the trans-
venous approach, which resulted in a 61% rate of
success.
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