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OBJECTIVE AND IMPORTANCE: We present two interesting cases involving
carotid-cavernous dural fistulae draining only or predominantly into the
petrosal vein after previous incomplete, complicated, endovascular treat-
ments. Transvenous embolization with Guglielmi detachable coils, via the
petrosal vein, during surgical exposure completely obliterated the
fistulae.

CLINICAL PRESENTATION: A 64-year-old man manifesting left ocular symp-
toms after incomplete embolization of a left carotid-cavernous dural
fistula and a 56-year-old woman manifesting left hemiparesis after com-
plicated embolization of a right carotid-cavernous dural fistula were
referred to our hospital. A percutaneous transvenous approach was at-
tempted in both cases, but the catheter could not reach the fistula site. A
combined open surgical and endovascular approach was then used.

INTERVENTION: The hemispheric branch of the petrosal vein was exposed
via a retromastoid craniectomy. The catheter was then directly intro-
duced into the hemispheric branch, followed by navigation into the
fistula site. The fistula was completely embolized with Guglielmi detach-
able coils.

CONCLUSION: The technique of surgical transvenous embolization via a
petrosal vein is a valuable alternative for the treatment of carotid-
cavernous dural fistulae that drain only or predominantly into the petro-
sal vein, when the percutaneous transvenous route is not accessible.
(Neurosurgery 50:1380–1384, 2002)
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For carotid-cavernous dural fistulae,
transvenous embolization is the

most frequently performed treatment.
The goal is to reach the cavernous sinus
and occlude it with coils. The procedure
can usually be performed via an inferior
petrosal sinus or a superior ophthalmic
vein. However, there are patients for
whom the percutaneous approach to
these fistulae, via the femoral vein or a
surgically exposed superior ophthalmic

vein, is not feasible. The intractability of
these lesions and their tendency to re-
cur, especially after previous endovas-
cular treatments, exhausts the available
routes and tends to present difficulties
with access to the cavernous sinus. We
describe two patients with carotid-
cavernous dural fistulae for whom
drainage occurred only or predomi-
nantly into the petrosal vein after previ-
ous incomplete, complicated, endovas-

cular treatments, and we discuss a
surgical, transvenous, embolization
technique that may be useful in similar
cases.

CASE REPORTS

Patient 1

A 64-year-old man was referred to
our hospital after incomplete transarte-
rial embolization of a dural arterio-
venous fistula of the left cavernous si-
nus at another hospital. At admission, 3
weeks after the initial treatment, he
manifested moderate exophthalmus
and chemosis of his left eye. Four-vessel
cerebral angiography revealed a recur-
rent and more prominent arteriovenous
shunt of the left cavernous sinus. The
fistula was fed by branches of the inter-
cavernous and external carotid arteries.
The venous phase of the cerebral angio-
grams revealed no petrosal sinuses; the
fistula drained predominantly through
the cerebellar veins, via the left petrosal
vein, and slightly through a very small
left ophthalmic vein (Fig. 1). A percuta-
neous transvenous approach was at-
tempted, but the catheter reached only
to the midportion of the inferior petro-
sal sinus.

Therefore, the patient underwent a
suboccipital craniectomy. A combined
surgical and endovascular approach to
the cavernous sinus was used (see be-

FIGURE 1. Patient 1. Left internal
carotid artery angiogram, lateral view,
demonstrating the carotid-cavernous
fistula draining slightly into the superior
orbital vein (arrowheads) but mainly
into the petrosal vein (arrows).

1380 Neurosurgery, Vol. 50, No. 6, June 2002



low). The postoperative course was un-
eventful and, as noted in the follow-up
examination, the patient’s symptoms re-
solved completely. Follow-up angio-
grams obtained 6 months later revealed
no evidence of recurrence of the fistula
(Fig. 2).

Patient 2

A 56-year-old woman presented with
a history of redness in her right eye,
proptosis, double vision, and a progres-
sive decrease in visual acuity. She un-
derwent initial evaluation at another
hospital, and four-vessel cerebral an-
giography revealed a dural arterio-
venous fistula of the right cavernous si-
nus. The fistula was fed by branches of
the intercavernous and external carotid
arteries. The fistula drained predomi-
nantly through the superior orbital vein,
sphenoparietal sinus, and inferior petro-
sal sinus. The patient underwent
transarterial and transvenous emboliza-
tions via the superior orbital vein and
the sphenoparietal sinus; however,
those procedures proved to be incom-
plete and complicated. Although the pa-
tient’s ocular symptoms had almost
completely resolved, mild left-sided
hemiparesis was noted 3 days after the
transvenous embolization. The patient
was referred to our clinic for further
treatment because of progressive exac-
erbation of her hemiparesis during a
2-week preadmission period. The neu-
rological examination performed at the
time of admission revealed moderate
left hemiparesis, with mild ocular
symptoms. Computed tomographic
scans and magnetic resonance imaging
scans demonstrated a venous infarction

in the right thalamus and midbrain (Fig.
3). Four-vessel cerebral angiography re-
vealed a residual arteriovenous shunt of
the right cavernous sinus. The fistula
was fed by branches of the intercavern-
ous and external carotid arteries. The
venous phase of the cerebral angio-
grams did not demonstrate the superior
ophthalmic vein or the petrosal sinuses.
The fistula drained only through the
cerebellar veins, including a lateral mes-
encephalic vein connected to the basal
vein via the right petrosal vein (Fig. 4).
Although a percutaneous transvenous
approach was attempted, the catheter
could not reach the fistula site because
of thrombosis of the inferior petrosal
sinus.

The patient underwent a suboccipital
craniectomy. In this case also, a com-
bined surgical and endovascular ap-
proach to the cavernous sinus was used
(see below). The postoperative course
was uneventful, and the follow-up ex-
amination revealed that the patient’s oc-
ular symptoms and venous congestion
had almost completely resolved. The
patient was subsequently transferred to
another hospital for rehabilitation.
Follow-up angiograms obtained 3
months later revealed no evidence of
recurrence of the fistula (Fig. 5).

SURGICAL APPROACH

After routine induction of general en-
dotracheal anesthesia, the patient was
placed in a lateral position. With the use
of a linear retromastoid scalp incision, a
circular craniectomy was performed, ex-

tending up to the inferior edge of the
transverse sinus and laterally exposing
the medial edge of the sigmoid sinus.
The dura was incised in a cruciate man-
ner. As the cerebrospinal fluid drained
from the subarachnoid space, only min-
imal gentle retraction was required to
proceed along the superolateral margin
of the cerebellum. The junction of the
tentorium and the petrous bone was ex-
posed. As we proceeded anteriorly
along the superolateral margin of the
cerebellum, the distal part of the red
arterialized petrosal vein came into
view (Fig. 6). As long a branch as possi-
ble of this vein draining the superior
surface of the cerebellar hemisphere
was gently dissected away from the cer-
ebellar cortex, just proximal to its tribu-
tary branches. A temporary clip was po-
sitioned on the petrosal vein, and
another temporary clip was placed on
the dissected hemispheric branch of the
petrosal vein, just proximal to its

FIGURE 2. Patient 1. Follow-up angio-
gram obtained 6 months later, revealing
no evidence of recurrence of the
fistula.

FIGURE 3. Patient 2. Axial magnetic
resonance imaging scan, demonstrating
venous infarction in the right thalamus
and midbrain.

FIGURE 4. Patient 2. Left internal
carotid artery angiogram, lateral view,
demonstrating the carotid-cavernous
fistula draining only into the petrosal
vein (small arrows), with retrograde
emptying into the cerebellar vein
(arrowheads). Large arrows, previously
placed coils.

FIGURE 5. Patient 2. Follow-up angio-
gram obtained 3 months later, revealing
no evidence of recurrence of the fis-
tula. The additional coils (arrowheads)
and a clip (arrow) on the petrosal vein
just proximal to its branching site can
be observed.
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branching site. The hemispheric branch
was then sectioned just proximal to the
clip. A microcatheter was directly intro-
duced into the hemispheric branch at
the site of section (Fig. 7). A guidewire
was then introduced and directed ante-
riorly toward the cavernous sinus. We

encountered some difficulty in maneu-
vering the guidewire into the cavity of
the cavernous sinus, because of the
sharp angle between the petrosal vein
and the superior petrosal sinus. Widen-
ing of this angle via slight ventral incli-
nation of the petrosal vein allowed
smooth navigation of the guidewire into
the affected cavity of the cavernous si-
nus. A catheter was then pushed over
the guidewire into the cavernous sinus
and was used to place Guglielmi de-
tachable coils at the origin of the fistula.
This part of the operation was per-
formed by using both a surgical micro-
scope and intraoperative angiography.
The latter technique confirmed com-
plete obliteration of the fistula.

DISCUSSION

Although the exact pathophysiologi-
cal features of carotid-cavernous dural
fistulae are unknown, endovascular
treatment is the standard therapy; oc-
clusion of the venous side of the fistula,
via a transvenous approach, is currently
the predominant form of treatment (11).
Depending on the type of venous drain-
age and the anatomic relationships, var-
ious venous routes are available for nav-
igation of a microcatheter into the
cavernous sinus. These routes include
the petrosal sinuses (2–4, 6, 8, 13), the
superior ophthalmic vein (5, 9, 10, 12),
the sylvian vein (7), and the pterygoid
plexus (6).

If transvenous occlusion is to be per-
formed, then the most dangerous veins
observed should be occluded first, with
confirmation that the actual fistulous
site has been occluded. Care must be
taken not to occlude the inferior petrosal
sinus before cortical draining veins have
been occluded. If there is a cortical vein
draining the sinus, then occlusion must
be performed first on the side of the
cavernous sinus at the origin of that ves-
sel. Occlusion of venous outflow could
result in redirection of the flow into the
remaining pathways, thus aggravating
cerebral cortical venous hypertension.
These patients are at risk of intracere-
bral hemorrhage and should also re-
ceive emergency therapy (1).

For our Patient 1, the fistula drained
predominantly into the petrosal vein.
For Patient 2, the fistula drained only

into the petrosal vein. Although suc-
cessful catheterization of a nonobserved
inferior petrosal sinus (a major access
route) has been achieved by several au-
thors (2, 4, 8) and an approach via the
contralateral cavernous sinus may be
successful in some cases, these tech-
niques did not yield access to the fistula
site for our patients. The remaining op-
tion was direct surgical exposure of the
petrosal vein.

To avoid the risks associated with a
direct surgical approach to the cavern-
ous sinus (especially potential injury to
the intracavernous cranial nerves), we
used surgical transvenous embolization.
There were two important technical
points for this approach. First, as long a
branch as possible of the petrosal vein
that drained the superior surface of the
cerebellar hemisphere was dissected
away from the cerebellar cortex just
proximal to its tributary branches, be-
cause the working space was small and
deep. This provided sufficient working
space for direct catheterization. Second,
when we encountered difficulties in in-
troducing the guidewire into the cavity
of the cavernous sinus, we were able to
soften the sharp angle between the
petrosal vein and the superior petrosal
sinus via slight ventral inclination of the
petrosal vein. This allowed smooth nav-
igation of the guidewire, and subse-
quently the microcatheter, into the cav-
ernous sinus.

For our Patient 2, it is reasonable to
assume that occlusion of the venous
drainage pathways, including the supe-
rior ophthalmic vein and the sphenopa-
rietal sinus, with coils and thrombosis of
the inferior petrosal sinus redirected the
venous outflow into the petrosal vein,
resulting in venous infarction in the
thalamus and midbrain. Clipping of the
petrosal vein might have been adequate
for treatment of the fistula; however, we
considered packing of the affected sinus
to be more reliable than clipping of the
distal draining vein, because it elimi-
nated the possibility of opening other
draining channels that were not ob-
served on angiograms.

CONCLUSION

The technique of surgical trans-
venous embolization via a petrosal vein

FIGURE 6. Patient 2. Intraoperative
photograph, showing the red arterial-
ized and trifurcated petrosal vein. The
trigeminal nerve can be observed.

FIGURE 7. Patient 2. Intraoperative
photograph, demonstrating direct intro-
duction of a microcatheter into a
branch of the petrosal vein draining the
superior surface of the cerebellar hemi-
sphere, at the site of section (straight
arrow). The temporary clip on the
petrosal vein (asterisk) and the tip of
the microcatheter (curved arrow)
should be noted.
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that is described here is a valuable alter-
native for the treatment of carotid-
cavernous fistulae that drain only or
predominantly into the petrosal vein.
This method may be useful in some
cases in which transvenous access to the
fistula site via a femoral approach or via
exposure of the superior orbital vein is
not possible.
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COMMENTS

Hara et al. report on two patients
with complicated carotid-cavernous fis-
tulae that were successfully treated with
transvenous embolization via a surgi-
cally exposed petrosal vein. Transection
of a petrosal vein alone might have been
a conventional way to treat this type of
arteriovenous fistula. However, occlu-
sion of the fistula site is important and
reasonable, to avoid recruitment of new
dangerous draining pathways.

The cautionary aspects of this report
are also very important. The cases indi-
cate the danger of incomplete treatment
of carotid-cavernous fistulae and the
possibility of iatrogenic venous hyper-
tension as a sequela.

Akiyo Sadato
Nobuo Hashimoto
Kyoto, Japan

Hara et al. describe two fascinating
and challenging cases. They are fasci-
nating with respect to the pathophysio-
logical processes and natural progres-
sion of dural carotid-cavernous fistulae
and challenging with respect to treat-
ment options. The second case in partic-
ular seems to illustrate the propensity of
dural arteriovenous fistulae to perpetu-
ate after incomplete occlusion, by redi-
recting flow to available venous chan-
nels and causing venous hypertension
at any available site. The reason for new
venous recruitment in this case, i.e., pre-
vious occlusion of otherwise accessible
venous access to the lesion for emboli-
zation, is also a considerable obstacle to
treatment. The authors describe an ag-
gressive effective approach that takes
advantage of the dilated venous path-
ways created by the lesion itself.

Combined surgical and endovascular
treatment of carotid-cavernous fistulae
is hardly a new concept. In fact, one of

the earliest treatments was transarterial
muscle embolization after surgical ex-
posure of the carotid artery. In recent
years, however, the development of du-
ral fistula treatment (indeed, the treat-
ment of cerebrovascular disease itself)
has followed two parallel but separate
paths, i.e., open surgery and endovascu-
lar surgery. The appearance of highly
integrated surgical and endovascular
cerebrovascular services and the “hy-
brid” training of neurosurgeons to per-
form endovascular procedures has
made the combined surgical and endo-
vascular treatment of cerebrovascular
disease more widely available.

Andrew J. Ringer
John M. Tew, Jr.
Cincinnati, Ohio

Surgical access for transvenous em-
bolization of dural arteriovenous mal-
formations has been used in numerous
settings. Cannulation of the superior
ophthalmic vein, puncture of the torcu-
lar or transverse sinus, and direct punc-
ture of the cavernous sinus have all been
widely applied and described. Mullan
has written extensively on the use of
this technique for the treatment of com-
plex dural fistulae.

The authors present two cases involv-
ing clever application of the same prin-
ciple via direct cannulation of the petro-
sal sinus for transvenous access and
treatment of complex cavernous sinus
dural fistulae. Readers are reminded
that many advances are still possible
through the creative application of
pathoanatomic principles and the com-
bination of surgical and endovascular
techniques.

Issam A. Awad
Denver, Colorado

The authors present two interesting
cases involving carotid-cavernous fistu-
lae that drained primarily or solely into
the petrosal vein, where occlusion of the
inferior petrosal sinus precluded a ret-
rograde transvenous approach to the
fistula. In one case, prior partial obliter-
ation of the fistula had been accom-
plished with transarterial and trans-
venous embolization via the superior
orbital vein and sphenoparietal sinus.
Both patients were successfully cured
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with the use of a retromastoid craniec-
tomy, followed by intraoperative can-
nulation of the arterialized cerebellar
hemisphere branch of the petrosal vein
and transvenous navigation into the
cavernous sinus, where Guglielmi de-
tachable coils were successfully
deployed.

Although it might have been possible
to cure both residual fistulae by simply
surgically clipping or coagulating the
petrosal vein, those alternative proce-

dures might not have completely oblit-
erated the fistula and they would carry
some risk of causing cerebellar hemor-
rhage, if the cerebellar venous pressure
were suddenly increased. In the second
case, it is also possible that the residual
fistula might have progressed to occlu-
sion if more than 2 weeks had been al-
lowed to elapse after the initial emboli-
zation attempt and partial obliteration.
For some patients with carotid-
cavernous fistulae for which endovascu-

lar embolization was incomplete, we
cured the arteriovenous fistulae by sur-
gically packing the cavernous sinus, us-
ing Parkinson’s triangle as an entry
point. The authors describe a clever,
quite novel technique for curing these
inaccessible carotid-cavernous fistulae,
by using a surgical transvenous ap-
proach via the petrosal vein.

Gary K. Steinberg
Stanford, California
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