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Summary: The pattern of venous drainage from a dural
arteriovenous fistula (DAVF) has been shown to affect the
natural history of these lesions. Angioplasty and stent
placement of the dural sinuses have been described to
improve outflow in venous hypertensive states and may
improve the venous drainage pattern from a DAVF. We
report the case of a patient with a benign but stenosed type
IIa transverse sinus DAVF who underwent angioplasty to
improve venous outflow. This resulted in conversion of the
DAVF to a more malignant type IIb drainage pattern with
reflux into the cortical venous system.

Dural arteriovenous fistulas (DAVFs) demonstrate
a widely variable anatomy and natural history and
also may be managed with a variety of treatment
options. The classification system for DAVFs pro-
posed by Djindjian and Merland (1) and modified by
Cognard et al (2) is possibly the most widely used, and
it differentiates lesions primarily on the basis of ve-
nous drainage pattern. Type I lesions are generally
considered more benign and demonstrate antegrade
drainage directly into the venous sinuses. Type II
lesions have a more “malignant” course and show
retrograde drainage into the dural sinus system (IIa),
the cortical veins (IIb), or the dural sinus system and
cortical veins (IIa�b). Specific endovascular inter-
ventions are dictated by each lesion’s particular anat-
omy and include obliteration of arterial inflow, occlu-
sion of venous outflow, or some combination of both.
An alternative approach, recently described by Mur-
phy et al (3), attempts to re-establish antegrade dural
drainage through cortical veins when there is retro-
grade drainage. We report a case in which a patient
with a type IIa DAVF draining into a partially throm-
bosed transverse sinus underwent angioplasty for re-
canalization in advance of a stent placement in an
attempt to prevent complete thrombosis, and the
DAVF developed a more malignant type IIa�b
drainage pattern.

Case Report
A 37-year-old male patient presented with persistent head-

aches and a left-sided bruit approximately 2 years after being

involved in an automobile accident. He underwent diagnostic
angiography that demonstrated a DAVF in the region of the
left transverse sinus near the confluence with the vein of Labbé.
The fistula had complex arterial inflow, being fed primarily by
multiple branches of the left external carotid artery, including
the posterior division of the middle meningeal, superficial tem-
poral, and occipital arteries (Fig 1). The lesion also received
flow from the left internal carotid artery via a prominent
branch of the meningohypophyseal trunk and from the cervical
portion of left vertebral artery via a posterior meningeal
branch. Minimal inflow was also demonstrated via a small
branch off the contralateral occipital artery. Venous drainage
was primarily into the midtransverse sinus with antegrade flow
to the sigmoid and internal jugular veins (Fig 1). There were
multisegmental stenoses and irregularities of the draining si-
nuses, and the flow was compromised by these stenoses so that
some flow was also noted to be retrograde in the sinus across
the torcular herophili into the right transverse sinus. There was
no drainage into the cortical veins, making this a type IIa
fistula. The vein of Labbé was noted to empty into the trans-
verse sinus in the region of the proximal portion of the mal-
formation. Drainage of the remaining supratentorial left hemi-
sphere was through superficial cortical veins into the superior
sagittal sinus, which emptied primarily into the right transverse
sinus.

Because there was relatively high flow through the fistula
and evidence of significant stenoses in the draining sinus with
retrograde flow, a sign of early venous hypertension, it was
thought that the option of angioplasty and stent placement of
the dural sinus might well reduce the possibility of the patient
developing a more malignant drainage pattern. Endovascular
treatment was performed under conscious sedation by using
fentanyl and versed. The left femoral artery was accessed with
a 5F sheath, and a 5F catheter was placed in the left external
carotid artery on continuous drip after angiograms of the left
internal and external carotid artery were obtained.

The right femoral vein was accessed with a 7F sheath. A 6F
Envoy guide catheter (Cordis Endovascular Systems, Miami,
FL) was then navigated into left internal jugular vein at the
junction of the sigmoid sinus. A 0.014-inch guidewire was then
advanced across the fistulous portion into the proximal left
transverse sinus, and a 4 � 20-mm angioplasty balloon was
inserted into the left transverse sinus and expanded. A repeat
external carotid artery angiogram demonstrated increased an-
tegrade flow through the transverse sinus, although retrograde
flow persisted across the torcular herophili into the right trans-
verse sinus.

We then used a 6 � 20-mm angioplasty balloon in the
transverse and sigmoid sinuses in a similar fashion (Fig 2). A
repeat external carotid angiogram again revealed rapid shunt
surgery from the external carotid branches into the left trans-
verse sinus, with increased flow across the transverse sinus.
There was now, however, retrograde filling of an occipital
cortical vein arising from the junction of the left transverse and
sigmoid sinuses that was not present on the preangioplasty
angiograms (Fig 3).

Because there was now retrograde filling of the cortical
venous system, it was decided not to proceed with the plan to
perform stent placement. We therefore decided to perform coil
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embolization of the left transverse sinus and occlude the fistula.
A Rapid Transit microcatheter (Cordis Endovascular Systems)
was advanced into the left transverse sinus. Coils were placed
serially from the mid-left transverse sinus to the junction with
the sigmoid sinus and internal jugular vein. Final angiography
revealed obliteration of the fistula, and specifically the new
occipital cortical draining vein was no longer present (Fig 4).
The vein of Labbé, which had emptied into the transverse sinus
near the origin of the DAVF, was now redirected to a cortical
vein that fed into the superior sagittal sinus. Control angiogra-

phy of the left internal carotid artery, the right external carotid
artery, and the left vertebral artery were also done and showed
the fistula was obliterated.

Discussion
The approach described by Murphy et al (3) has

some theoretical advantages over attempts to occlude
arterial supply into or venous drainage from these

FIG 1. Anteroposterior (A) and lateral (B) angiograms of the left external carotid angiography demonstrate a type IIa DAVF with rapid
arteriovenous shunt surgery from multiple branches of the left external carotid artery to the left transverse sigmoid sinus complex. Note
multisegmental stenoses of the sigmoid sinus (arrowheads). This may represent a partially recanalized sinus with multiple channels.
There is some flow in a retrograde fashion across the torcular herophili into the right transverse sinus (arrows).

FIG 2. Lateral spot image obtained during angioplasty balloon inflation shows contrast material filled the balloon angioplasty catheter
within the left sigmoid sinus in the region of the multisegmental stenoses.

FIG 3. Postangioplasty anteroposterior
(A) angiogram from a left external carotid
artery injection demonstrates conversion
of type IIa to type IIa�b DAVF. Note ap-
pearance of a retrograde cortical draining
vein in the left occipital region arising from
the left transverse sinus (arrows). This cor-
tical draining vein (arrowheads) is better
seen on a lateral external carotid artery
angiogram (B) after coil placement in the
proximal portion of the draining venous
pouch.

FIG 4. Anteroposterior (A) and lateral (B)
angiograms of the left external carotid ar-
tery show complete obliteration of DAVF
after coil embolization.
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lesions. They described conversion of a type IV lesion
to a type I lesion following angioplasty. Stents were
then serially placed into the sinus, and the fistula was
completely occluded. The authors thought that the
radial force of the stent closed the intramural septa-
tions in the wall of the sinus that made up the fistu-
lous communications. The complexities and potential
complications involved with treating these lesions
make this approach appealing. By recanalizing a
thrombosed dural sinus, one may be able to transform
a malignant lesion to a more benign one. Certainly
more cases would require this treatment before being
able to assess what the true benefits (and risks) are
for this approach.

A number of reports have highlighted the success-
ful transvenous obliteration of DAVFs (3–7). This
approach, however, may not be ideal for all DAVFs.
Venous infarction or hemorrhage can occur if collat-
eral venous drainage is inadequate to compensate for
the occluded sinus (8). Even rigorous attempts to
occlude all the arterial supply may fail to cure the
DAVF; expansion of angiographically transparent fis-
tulas or recruitment of entirely new arterial feeders
has been reported (3).

This case underscores an important potential com-
plication that can follow endovascular attempts to use
angioplasty and stent placement to treat DAVFs. Al-
though we successfully reopened the stenoses in the
sigmoid sinus, paradoxically, this caused retrograde
flow into a cortical vein that was not seen on the
pretreatment angiograms. It is unclear whether this
represented an entirely new draining pattern or aug-
mented flow through an existing cortical vein. Prior
surgical and pathologic examinations of dural fistulas
suggest a possible explanation. Analyses of DAVFs
reveal a network of abnormally thickened dural ar-
teries and dilated dural veins infiltrating the wall of
the sinus through interruptions of the elastic lamina
of the sinus lumen (9). Both Nishijima et al (10) and
Barnwell et al (11) have found the key fistulous con-
nection was within the sinus wall, and others have also
seen direct fistulous communication within the sinus
lumen (11). It is possible that our patient’s lesion was
within the dural wall and that, in the process of
angioplasty, a connection was established between the

fistula and a cortical vein. This is in contradistinction
to the report by Murphy et al (3), which suggested
that stent placement probably closed these intramural
connections. For this reason, we elected to occlude
the venous sinus by use of coils.

It is certainly unclear how frequently this compli-
cation may arise. In cases in which venous hyperten-
sive disease already exists, re-establishing flow through
the venous sinuses with angioplasty may still yield great
benefit with a malignant lesion demonstrating cortical
venous drainage. It is far too early, however, to assess
the risks and benefits of this treatment technique, and
data from a far greater number of cases will be nec-
essary before these judgments can be made.
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venous fistula in children: endovascular treatment and outcomes
in seven cases. AJNR Am J Neuroradiology 2001;22:1217–1225

5. Dawson RC, Joseph GJ, Owend DS, Barrow DL. Trasvenous em-
bolization as the primary therapy for arteriovenous fistulas of the
lateral and sigmoid sinuses. AJNR Am J Neuroradiology 1998;19:3:
571–576

6. Halbach VV, Higashida RT, Hieshima GB, et al. Treatment of
dural arteriovenous malformations involving the superior sagital
sinus. AJNR Am J Neuroradiology 1998;9:337–343

7. Defreyne L, Vanlangenhove P, Vandekerckhove T, et al. Trans-
venous embolization of dural fistulas involving the transverse and
sigmoid sinuses. AJNR Am J Neuroradiology 1989;10:385–392

8. Kallmes DF, Jensen ME, Cloft HJ, et al. Percutaneous transvenous
coil embolization of a Djindjian type IV tentorial dural arterio-
venous malformation. AJNR Am J Neuroradiology 1997;18:673–676

9. Murphy KJ, Houdart E, Szopinski T, et al. A report of the clinical
use of the Detach-18 mechanical detachable coil in 41 patients.
AJNR Am J Neuroradiology 2001;22:341–344

10. Nishijima M, Takaku A, Endo S, et al. Etiological evaluation of
dural arteriovenous malformations of the lateral and sigmoid si-
nuses based on histopathological examinations. J Neurosurg 1992;
76:600–606

11. Barnwell SL, Halbach VV, Dowd CT, et al., A variant of arterio-
venous fistulas within the wall of the dural sinuses: results of
combined surgical and endovascular therapies. J Neurosurg 1991;
74:199–204

1088 GUTIERREZ AJNR: 25, June/July 2004


