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Dural Arteriovenous Malformations of the
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OBJECTIVE AND IMPORTANCE: Debate continues regarding the pathogen-
esis of dural arteriovenous malformations (dAVMs). The prevailing theory
is that dAVMs are acquired lesions that occur after thrombosis of the

dural venous sinus.

CLINICAL PRESENTATION: We reporl unique cases of two patients having
different tumors (one meningioma and one glomus jugulare paragangli-
oma) that occluded the ipsilateral transverse and sigmoid sinuses, respec-
tively, and were associated with dAVMs. In each patient, the occluded
venous sinus was the dominant sinus.

CONCLUSION: Our experience with these patients supports the hypothesis
that dAVMs are acquired and induced lesions that may occur after sinus
occlusion. We suggest that the occlusion of the dominant transverse/
sigmoid sinus is a major contributing factor to the development of dAVMs
because of the inability of the contralateral (nondominant) sinus to
handle the venous flow from the obstructed (dominant) side. (Neurosur-

gery 42:383-388, 1998)

Key words: Dominant dural venous sinus, Dural arteriovenous fistula, Dural aneriovenous mal-
formations, Glomus jugulare paraganglioma, Meningioma, Transversefsigmoid sinus

ural arteriovenous malformations
(dAVMs) (also commonly de-
scribed in the literature as dural arterio-
venous fistulae) consist of arteriovenous
shunts of blood confined within dural
leaflets. Essential defining features are
the nidus of the malformations and the
early appearance of venous structures
during the arterial phase of angiogra-
phy (3). The most common location of
dAVMs is in the transverse and sigmoid
venous sinuses (3, 20), with the nidus
invariably localized at the transverse/
sigmoid junction (22},
The cause and pathogenesis of
dAVMSs remain unclear. Reports of con-

genital dAVMs have been published
{26), and cases of dAVMs without a
compromised venous sinus have been
reported (4, 31, 32, 34, 41). A few reports
have suggested that sinus thrombosis is
either a secondary (subsequent to) or a
“two-directional process” (1, 2, 12, 31,
33). Nonetheless, the prevailing thought
is that the appearance of dAVMSs is pre-
ceded by compromise of the dural ve-
nous sinus (3, 6, 8, 13, 15, 16, 19, 21, 22,
25, 29, 35, 37).

Occlusion of the transverse/sigmoid
sinus occurs in a variety of clinical cases.
Such occlusion, however, has relatively
rare association with dAVMs. We re-

cently encountered two patients with
different tumors that occluded the
transverse/sigmoid venous sinus and
were associated with dAVMs. In these
patients, two factors were present that
we think were major contributors to the
evolution of the dAVMs: 1) tumor occlu-
sion of the dominant draining transverse/
sigmoid sinus; and 2) a small contralat-
eral, nondominant venous sinus unable
to handle the venous drainage from the
occluded side.

CASE REPORTS

Patient 1

Tentorial meningioma

A 63-year-old woman had a several-
year history of headache, localized pain
in the left orbit, left paranasal sinuses,
and constant tinnitus in her left ear,
which produced an objective bruit. Pre-
operative magnetic resonance imaging
{MRI) revealed an enhancing extra-axial
tumor along the dural leaflet of the left
subtentorial region, with occlusion of
the transverse sinus (Fig. 14). Coronal
reprojection of a magnetic resonance
venogram (MRV) study showed flow
signal loss along the left proximal trans-
verse sinus, with good visualization of
the distal transverse/sigmoid sinus.
Prominent signal changes were noticed
along the outer surface of the sigmoid
sinus, which represents flow along the
dural surface of the sinus, Drainage to
the right transverse /sigmoid sinus was
poorly visualized. Drainage of the
dAVMs was through the left distal
transverse and sigmoid sinus (Fig. 1B).
A left external carotid angiogram dem-
onstrated supply to the dAVMs from
the right occipital artery (Fig. 1C),

Partial embolization of the feeding
arteries of the dAVMs (left and right
occipital arteries and the posterior
branches of the middle meningeal ar-
tery) was performed preoperatively. Af-
ter a suboccipital craniotomy and a ret-
rosigmoid dural incision, a meningioma
was observed adhering to the tentorium
along the medial aspect of the trans-
verse sinus. The lesion invaded and oc-
cluded the sinus. The entire lumor was
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FIGURE 1. Tentorial meningioma.
A, coronal T1-weighted magnelic
resonance image showing an
enhancing tumor (*) at the lefl
tentorium that extends toward the
left transverse/sigmoid sinus
{arrow). B, coronal reprojection of a
two-dimensional “time-of-flight”
MRV showing the occlusion of the
left (dominant) transverse sinus
{arrow) by the tumor. There is an
increased flow in the left distal
transverse/sigmoid sinus with
multiple rounded flow signals along
the dural leaflets of the left distal transverse/sigmoid sinus (arrowheads). Note
the poor flow of the contralateral (right) transverse/sigmoid sinus (large
arrowhead). C, left (ipsilateral) external carotid arteriogram (lateral projection)
showing enlarged branches of the occipital artery (small arrowheads) and the
posterior branches of the middle meningeal artery (large arrowheads)
supplying the dAVMs (*). D, follow-up T1-weighted postcontraslt magnetic
resonance image showing radical resection of the tumor, Note also a fat graft
(*) in the tumor's bed. E, follow-up coronal reprojection of a two-dimensional
time-of-flight MRV showing radical excision of dAVMs withoul evidence of
recurrence (left side),

removed, and its base was coagulated.
The tentorium had a bluish color, and
an abnormal area of blood collection
representing the dAVMs was continu-
ous with the tumor along the posterior
tentorial margin. The area was coagu-
lated with a bipolar cautery in a step-
wise fashion, and the dAVMs were
completely excised. In addition, the en-
tire tentorium on the left side was ex-
cised, including all residual tumor and
the dAVMSs.

After the surgery and during the
follow-up period (40 mo), the patient
was free from headaches and tinnitus,
Follow-up postcontrast  Tl-weighted
MRI (Fig. 1D) was performed and an
MRV (Fig. 1E) was obtained on two oc-
casions, which confirmed the radical ex-
cision of the tumor and dAVMSs,

Patient 2

Jugular foramen paraganglioma

A 57-year-old woman had a several-
year history of vertigo. She also had a
several-month history of dizziness and
functional hearing loss and weakness of
the tongue on the right side. In addition,
she had intermittent numbness on her
left side, a right-sided paresis of the
lower cranial nerves (Cranial MNerves
IX-XIT}, and a mild contralateral hemi-
paresis. An MRI study revealed a large,
enhancing tumor of the right jugular
foramen that extended posteriorly into
the cerebellopontine angle and inferi-
orly along the carotid sheath (Fig. 24).
An MRV disclosed associated dAVMs,
with the ipsilateral dominant sigmoid
sinus obstructed. There was retrograde
flow from the transverse sinus to the
small, nondominant, contralateral (left)
transverse,/ sigmoid sinus (Fig, 2B). The
tumor was supplied by the right ascend-
ing pharyngeal artery, the stylomastoid
artery from the right posterior auricular,
and the caroticotympanic artery from
the right internal carotid artery (ICA).
The associated dAVMs were supplied
by the mastoid branches of the right
occipital artery, the mastoid branches of
the right middle meningeal artery, the
muscular branches of the vertebral ar-
tery, and the tentorial branches of the
ICA (Fig. 2, C and D).

The extracranial blood supply to the
tumor and the dAVMs was partially
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FIGURE 2. Jugular foramen
paraganglioma, A, parasagittal
obligue reconstruction of the
three-dimensional “spoiled

grass” data set shows the
enhancing mass in the right
jugular foramen (*). The lesion
extends inferiorly along the
carotid sheath (white arrow)

and posteriorly inlo the
cerebellopontine angle (black
arrow). B, coronal reprojection of
a two-dimensional lime-of-flight
MRV showing occlusion of the
right (dominant) sigmuid sinus
ilarge arrow). The venous
drainage is maintained through
the ipsilateral transverse sinus
(large arrowheads), which
maintains flow from the dAVMs. The contralateral (left) transverse/sigmoid
sinus is poorly visualized (small arrowheads). C, right external carotid
angiogram (lateral projection) showing enlarged branches from the ipsilateral
occipital artery (small arrows) and the posterior branch of the ipsilateral
middle meningeal artery (Jarge arrows), which supply the dAVMs, D, right 1CA
angiogram (lateral projection) demonstrating narrowing of the distal cervical
ICA (black arrow), with multiple branches of the caroticotympanic artery
(white arrows) supplying the paraganglioma. An enlarged tentorial

artery supplies the dAVMs (open arrows). E, follow-up T1-weighted
postcontrast magnetic resonance image showing radical tumor excision. Note
also a fat graft (*) in the tumor bed.

embolized 1 day before surgery. The le-
sions were approached through the
right transtemporal approach. During
the first stage of surgery, the extracra-
nial portions of the lower cranial nerves
{Cranial Nerves IX-XII) and the vascu-
lar structures of the neck were dissected.
The ascending pharyngeal, posterior au-
ricular, and occipital arteries were coag-
ulated. The seventh nerve was skeleton-
ized and transposed from its canal. The
paraganglioma invaded the wall of the
carotid canal in the petrous bone, which
was drilled away. It also invaded and
occluded the lumen of the sigmoid si-
nus, which was ligated distal to the tu-
maor invasion and proximal to the mastoid
emissary vein. The extradural portion of
the tumor was then resected. With contin-
ued exposure of the extradural tumor, a
significant amount of bleeding was en-
countered along the exposed dura from
the associated dAVMs. The dAVMs were
carefully identified, the arterial feeders
were localized and meticulously coagu-
lated, and the dAVMs were excised.

During the second stage of surgery,
the intradural portion of the tumor was
observed to grossly involve the IXth and
Xth cranial nerves. The tumor and the
dAVMs were removed, the dura in-
volved by the tumor or dAVMs was
excised, and duraplasty was performed.

Immediately after surgery, the patient
had palsy of the lower cranial nerves,
and a gastrostomy tube was placed. Vocal
cord medialization was also performed.
A gold weight was placed on the pa-
tient’s right upper eyelid to overcome
seventh nerve palsy. The patient gradu-
ally resumed oral feedings, her mild
hemiparesis resolved, and she was able to
walk. At the most recent follow-up exam-
ination (28 mo after surgery), she had
House Grade T seventh nerve function
on the right side, mild hoarseness, and
functional hearing loss on the right side.
Other preoperative neurological symp-
toms were resolved. Follow-up postcon-
trast T1-weighted MRI confirmed radical
tumor excision (Fig. 1E).

DISCUSSION

Cause and pathogenesis

The statement that dAVMs are a
nosologically heterogeneous group of
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lesions linked by their architecture (19)
highlights the diversity of opinion about
the cause and pathogenesis of these le-
sions. Their dynamic natural history was
emphasized by Djindjian and Merand
{11). Congenital factors, namely the per-
sistence and enlargement of primitive du-
ral arteriovenous communications that
normally involute during development,
are thought by some authors to be causal
{26, 39). The occurrence of d AVMs during
childhood, however, is rare. When they
do occur in children, these lesions tend to
be complex and hilateral, occur maore of-
ten in male patients, and are associated
with cardiac failure and a high mortality
rate (389%) (26). Furthermore, most dAVMSs
oocur in middle-aged patients. However,
this does not exclude a certain degree of
embryological contribution to their patho-
genesis, as was shown by Mullan et al.
(28). Some patients have had “spontane-
ous” transverse/sigmoid sinus dAVMs
(tss dAVMSs) without compromise of the
sinus flow (4, 31, 32, 34, 41). Nonetheless,
acquired factors are thought to predomi-
nate in the cause of fss dAVMs.

Many authors have noted that some
degree of flow compromise in the
transverse/sigmoid sinus, such as
thrombosis, trauma (cranial fracture,
craniotomy), infection, previous tumor
resection in the area, a hypercoagulable
state, pregnancy, hormonal disease, the
rupture of an aneurysm, and arterial
dysplasia, is associated with tss dAVMs
(3. 6, 8, 13, 15, 16, 19, 21, 25, 29, 35-37).
Mironov (23) reported a 72% rate of si-
nus thrombosis concomitant with iss
dAVMs. Fermand et al. (12) observed
frank anomalies of venous drainage on
the angiograms of all but four patients
with {ss dAVMs in their series. In these
four, the lateral venous sinus appeared
to be normal but was associated with
opacification of adjacent venous struc-
tures. Reports of bilateral sinus occlu-
sion associated with tss dAVMs have
also been published (2, 15). A grading
system based on the restrictive state of
venous drainage in patients with dAVMs
has been reported to be useful from a
therapeutic standpoint (7, 9, 18, 32). Mul-
tiple dAVMSs {combinations of cavernous
sinus and fss dAVMs or sagittal and tss
dAVMSs) have also been reported (17, 27).

Primary sinus compromise

The prevailing thought is that compro-
mise of the transverse/sigmoid sinus is a
primary event that subsequently causes
dAVMs. Several authors (16, 22, 37) sug-
gested that dAVMSs are an acquired ab-
normality evolving from revasculariza-
tion of the previously thrombosed sinus.
Other investigators (7, 8, 14, 21) have sup-
ported this hypothesis. Awad et al. (3), in
their comprehensive meta-analysis, out-
lined three possible stages in the natural
history of dAVMs: 1) sinus thrombosis
with engorged dural venous collaterals
and the opening of embryonic arterio-
venous communications; 2) arteriovenous
shunting, which favors the recruitment of
arterial feeders into the nidus with sec-
ondary venous hypertension; and 3) lep-
tomeningeal retrograde venous drainage,
with possible subsequent varicose and an-
eurysmal dilation. Bederson (5) hypothe-
sized that the venous hypertension in pa-
tients with dAVMs is based on two
factors: 1) the increased blood flow
through the draining vein caused by a
direct shunt into this vein; and 2) the re-
stricted venous outflow, which arises dis-
tal to the dAVMSs because of the increased
blood flow, elevated pressure, and turbu-
lence in the draining vein. According to
Bederson (5), these stresses combine to
restrict the venpus outflow and, in turn,
decrease cerebral compliance, elevate in-
tracranial pressure, and even cause hy-
drocephalus in some patients. Terada et
al. (38) induced experimental dAVMSs in
rats by creating the venous hypertension.
They postulated four reasons for this in-
duction: 1) transmission of elevated ve-
nous pressure from the dural sinus retro-
grade to capillaries and arterioles, their
resulting dilatation, and loss of sphincter
control function; 2) stimulation of angio-
genesis, subsequent thickening of vessel
walls, and new vessel formation; 3) tissue
hypoxia stimulating angiogenesis and an-
giogenic factor formation; and 4) opening
of preexisting microscopic arteriovenous
communications.

Another factor reported to compro-
mise transverse,/sigmoid sinus flow and
precede the generation of dAVMs is
previous surgery in the area. Sasaki et
al. (36) reported the case of a patient
with bilateral tss dAVMSs occurring 2
years after the resection of a trigeminal

neuroma through a transpetrosal ap-
proach. These authors thought that
postoperative sinus thrombosis and the
apposition of muscle blood vessels to
the dura caused the ipsilateral dAVMs
and the subsequent elevation of venous
pressure in the contralateral sinus.
Among 12 cases of tss dAVMs occurring
5 months to 6 years after intracranial
surgery (b, 24, 25, 29, 35, 36, 42), 9 were
at the site or in the neighborhood of the
craniotomy (25, 29, 35, 36). The other
three were distant from the original le-
sion and the craniotomy (6, 24, 42). Five
of these 12 lesions developed 2 to 6
years after the sacrifice of the sigmoid
sinus, which was involved by a tumor
(35). The angiograms obtained before
and immediately after the tumor surgery
showed no dAVMs. Two of the 12 lesions
developed at the site of previous suboc-
cipital craniectomies 1 and 2.5 years later,
respectively. These fistulae, according to
the authors (29), could have developed
after apposition of the vessels of the scalp
or muscles to the dura during the initial
surgery. Surprisingly, in reported cases of
dAVMs associated with transverse/
sigmoid sinus compromise, the domi-
nance or nondominance of the compro-
mised sinus is not documented.

Our experience

The unique finding in our cases was
the association of the tumor invading
and occluding the transverse/sigmoid
dural venous sinus and the dAVMs. The
enly other reported case of such associ-
ation was that presented by Yokota et al.
{40}, with the coexistence of a meningi-
oma at the transverse/sigmoid sinus,
adjacent tss dAVMSs, and thrombosis of
the ipsilateral sigmoid sinus. Our cases
differed in that the sinuses were in-
vaded and occluded by tumors. None-
theless, our cases further support the
hypothesis of an acquired origin of
dAVMs. In addition, our cases lend cre-
dence to the "causality” hypothesis that
the sinus occlusion preceded the forma-
tion of the dAVMs (40); this hypothesis
was challenged in the commentary to
that article. It was postulated that the
association of the tumor and the dAVMSs
might have occurred randomly (10).

Qur cases add tumor occlusion of the
dural venous sinus to the list of causes




compromising the transverse,/sigmoid
sinus, which plays a further role in the
formation of #s dAVMs. Another
unique finding was the association of
the paraganglioma and the dAVMs; this
has not been previously documented,
The occlusion of the transverse/sigmoid
sinus by two different tumors (meningi-
oma and paraganglioma) adds more
weight to the opinion that the tumor is a
“nonspecific agent” occluding the sinus
and leading to the formation of dAVMs
than to the opinion that the tumor in-
duced the formation of the dAVMs by its
growth into the sinus (40) or by produc-
ing some unknown angiogenic factor. It
may also be speculated that highly vascu-
lar tumors (meningioma and paragangli-
oma) might have contributed to the for-
mation of dAVMs by arteriovenous
shunting through the highly vascular tu-
mor bed inte the dural sinus, elevating its
intraluminal pressure.

The dominant venous sinus was in-
vaded and occluded in each of our pa-
tients with associated dAVMSs. This sug-
gests that the dAVMs developed after
the tumor cccluded the dominant sinus,
We hypothesize that the contralateral,
patent, and nondominant venous sinus
was not able to manage the additional
burden of venous drainage from the oc-
cuded side. This factor, we think, com-
bined with the sinus occlusion, was a
major contributor to the development of
the dAVMSs. According to Newton and
Potts (30}, in only 50% of the population,
the drainage from the superior sagittal
sinus is primarily or entirely to one {dom-
inant) transverse sinus. This may explain
why sinus occlusion is a commaon clinical
event but is relatively infrequently accom-
panied by dAVMs. Association of the
dAVMSs can thus be expected in only 25 to
50% of the cases with transverse/sigmoid
sinus occlusion.

Subsequently, we have encountered
two other cases of meningiomas that oc-
cluded the ipsilateral nondominant
transverse/sigmoid sinus. No dAVMs
were associated with either case, which
further supports our hypothesis of
“dominant sinus occlusion.”

Other considerations

The size, extension, and character of
the tumor in each of our patients with
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dAVMs seemed to determine the extent
of the patient’s symptoms and whether
the symptoms were related predomi-
nantly to the tumor or the dAVMs. The
symptoms in our first patient (head-
aches, tinnitus, and objective bruit) re-
lated predominantly to the dAVMs; in
the second patient (ipsilateral VIIlth—
X1Ith cranial nerve palsies, contralateral
hemiparesis), the symptoms were re-
lated to the tumaor. The size and exten-
sion of these dAVMSs, as well as their
arterial recruitment, were directly pro-
portional to the size and extension of the
tumors. In other words, the larger tu-
mor was associated with the larger
dAVMSs. In both patients, the tumors
were supplied by ipsilateral arteries.
The vascularization of both tss dAVMSs,
however, was bilateral. Finally, the
blood supply to each tumor was inde-
pendent of the supply to the dAVMs.
For both patients, treatment consisted
of partial preoperative transarterial em-
bolization (to significantly reduce the
blood supply to the lesions) and then
surgical removal. Early devasculariza-
tion of the tumor and the dAVMs, re-
spectively, further decreased blood loss
and allowed simultaneous excision of
the lesions. Any dura or bone involved
by either lesion was radically excised.

CONCLUSION

Our experience with two cases of Iss
dAVMs associated with tumors that oc-
cluded the transverse and sigmoid si-
nuses supports the hypothesis that
dAVMs are acquired and induced. In ad-
dition, these lesions were associated with
compromise of the flow through the dom-
inant transverse/sigmoid sinus and, sup-
posedly, the inability of the patent, non-
dominant, contralateral sinus to handle
the burden of venous drainage from the
occluded side. Finally, our cases add
tumor occlusion of the transverse/
sigmoid sinus to the list of factors that
compromise the sinus and play a role in
the cause and pathogenesis of the for-
mation of tss dAVMs, The possibility of
associated dAVMs should be consid-
ered in the diagnostic evaluation of tu-
mors arising adjacent to the dominant
transverse/sigmoid sinus.
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COMMENTS

This article provides a good descrip-
tion of two cases of dominant sinus oc-
clusion by tumors associated with dural
arteriovenous malformations (dAVMs)
The association between dAVMSs and si-
nus thrombosis is well recognized, but a
clear cause and effect has not been proven,
Generally, this association has been noted
with spontaneous sinus thrombosis; this
report is one of the first showing dAVMs
associated with sinus occlusion from a -

mor. However, it does not prove that
there is a cause and effect. A recent article
in Neurosurgery demonstrates that the fis-
tulous connections are within the dura,
rather than the sinus (1). The authors of
that article suggest, as have others, that
the sinus occlusion is an effect of the
dAVMSs, This and previous reports do not
really explain why the arteriovenous mal-
formations are in the dura, and it is pos-
sible that the relationship between sinus
occlusion and dAVMs is coincidental in
most cases. It is important that these ob-
servations are clearly described and pub-
lished, as with this article, so that more
knowledge is gained regarding this fasci-
nating disease.

Stanley L. Barnwell
Fortland, Oregon

1. Hamada Y, Goto K, Inoue T, lwaki T, Matsuno
I, Suzuki 5, Matsushima T, Fukui M, Miyake F:
Histopathological aspects of dural  arberio-
venous fistulas In the transverse-sigmoid sinus
reglon in nine patients. Neurosurgery 40:452-
458, 1997.

Arnautovic et al. describe two patients
who presented with tumors and dAVMs
of the transverse and sigmoid sinuses,
which they thought were caused by the
tumor growth invading and eventually
occluding a sinus. T think their observa-
tions support the concept that these are
acquired lesions that may be related to
problems of venous cutflow. [ do not nec-
essarily think that it must always be the
dominant sinus; I have observed dAVMs
involving the nondominant transverse/
sigmoid sinus, even when tumor is not
the potential cause,

[ do think it is important that patients
who undergo the surgical excision of
dAVMs are treated with endovascular
therapy. They should also undergo
follow-up angiography, particularly be-
cause these lesions are dynamic. If there
are any remaining dAVMs and the out-
flow has been removed, it is possible
that cortical venous drainage can occur
as a consequendce, with potentially seri-
ous implications.

Robert H. Rosenwasser
Philadelphia, Pennsylvania



