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We present a unique sinus protection technique that uses a short-length supercompliant
balloon during the transarterial Onyx embolization for the dural arteriovenous fistula (DAVF)
of the lateral tentorial sinus. With this technique, we temporarily change the Borden classi-
fication from type II to type III, avoiding venous compromise and reducing the risk of Onyx
migration into the patent sinus. A 54-year-old man presented with left persistent tinnitus
of 4 months’ duration. Cerebral angiography revealed a Borden type II left lateral tentorial
sinus-DAVF associated with retrograde cortical venous reflux draining into the vein of Labbé.
In the venous phase, the ipsilateral transverse-sigmoid sinus was recognized as a functional
sinus and the posterior temporal vein drained into the transverse sinus near the drainage
channel. We planned to perform transarterial Onyx embolization using a short-length sinus
protection balloon to protect against Onyx migration. During transarterial Onyx injection, a
7 x 7-mm HyperForm balloon was navigated into the affected sinus and positioned to cover
the drainage channel from the shunt. After confirming the change in Borden classification
with angiography, transarterial Onyx embolization was performed via the middle meningeal
artery. This procedure resulted in complete obliteration of the fistula with good patency of
both the transverse-sigmoid sinus and neighboring normal cortical veins. No procedure-
related complications were observed and the patient remained free of recurrence during
the 24-month follow-up period. Short-length balloon-protected Onyx embolization can be
safe and effective for the treatment of Borden type II DAVF.
© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Tentorial dural arteriovenous fistulas (DAVFs) are rare, ac-
counting for 2.9%-14.0% of all intracranial DAVFs [1-3]. Most
tentorial DAVFs have direct retrograde leptomeningeal venous
drainage (i.e., nonsinus type, Borden type III) [4] and exhibit
aggressive behavior such as hemorrhage or venous ischemia;
these lesions require treatment [1,2,5]. The lateral tentorial si-
nuses (LTS), located in the lateral half of the tentorium, usually
drain into either the transverse sinus (TS)/sigmoid sinus (SS)
junction or the anterior two-thirds of the TS [6,7]. Thus, a DAVF
located in the LTS may take the form of a Borden type II DAVF
draining into these sinuses, and complete obliteration of the
fistulous network is difficult to achieve by a simple transarte-
rial approach. A complete sinus occlusive strategy has been
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advocated for such lesions; however, sacrifice of functional si-
nuses is associated with a risk of complications [8].

Transarterial embolization (TAE) was recently recognized
as a curative therapeutic option for DAVF [3,9], especially
after the introduction of Onyx (Medtronic, Irvine, CA). Dur-
ing transarterial Onyx embolization, the transvenous balloon-
assisted sinus protection technique has shown encouraging
results using a specially designed balloon (Copernic RC bal-
loon; BALT Extrusion, Montmorency, France) [8,10,11]. This bal-
loon is 80 mm long, covering almost the entire sinus (from
SS to TS). This raises concerns about venous compromise
during protection of the sinus because a long balloon could
block the orifice of the normal cortical veins and cause venous
infarction [12].

We herein present a case of a Borden type II LTS-DAVF that
was successfully treated with transarterial Onyx embolization
assisted by targeted sinus protection with a short-length su-
percompliant balloon. During embolization by Onyx, a short-

Fig. 1 - (A) Lateral view of a left common carotid angiogram (CCAG) shows a dural arteriovenous fistula (DAVF) of the lateral
tentorial sinus (LTS) supplied mainly by the middle meningeal artery and occipital artery. (B) The late arterial phase shows
retrograde cortical reflux into the vein of Labbé (arrow) associated with a varix at the origin. Note antegrade flow into the
sigmoid sinus (SS). (C) The venous phase shows that the left SS serves as normal cortical venous drainage and that the
posterior temporal vein (arrows) drains into the transverse sinus near the drainage channel from the LTS. (D) The right
oblique view of the left CCAG also reveals reflux into the vein of Labbé (arrows) and antegrade flow into the SS. (E) The
arterial phase of the left CCAG under targeted sinus protection shows that the DAVF has been altered from Borden type II to
III. (F) The unsubtracted view of the left CCAG shows a short supercompliant balloon positioned in the SS to cover the

drainage channel from the LTS.
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Fig. 2 - (A) Working view (left anterior oblique projection) of left middle meningeal artery angiograms for visualizing the
drainage channel (arrow) from the lateral tentorial sinus to the sigmoid sinus (SS). Unsubtracted anterior oblique (B) and
lateral (C) views during transarterial Onyx embolization under targeted sinus protection with a short-length supercompliant
balloon. Note the Onyx cast filling the varix without migration into the SS. (D) Unsubtracted lateral image shows Onyx cast
filling the varix. Lateral arterial (E) and venous (F) phase of the left common carotid angiogram also show complete
obliteration of the fistula and preservation of the posterior temporal vein (arrows) draining into the left transverse sinus.

length balloon placed across the drainage point into the si-
nus temporarily changed the DAVF from Borden type II to type
111, preventing not only Onyx migration but also venous com-
promise because the length of the occluded sinus was very
limited.

Case presentation

A 54-year-old man with a history of hypertension presented
with left persistent tinnitus of 4 months’ duration. His neu-
rologic examination findings were normal. Digital subtraction
angiography revealed a left LTS-DAVF supplied by the poste-
rior branches of the left middle meningeal artery (MMA), left
occipital artery, left posterior meningeal artery, and left tento-
rial artery (Fig. 1A). Based on the findings of retrograde cortical
reflux into the vein of Labbé (Fig. 1B, arrow) with a varix and
drainage into the SS, this lesion was diagnosed as a Borden
type II DAVF. In the venous phase, the ipsilateral SS was rec-
ognized as a functional sinus, and the posterior temporal vein
drained into the TS (Fig. 1C, arrows) near the drainage chan-

nel from the shunt. We planned to perform transarterial Onyx
embolization using a short-length sinus protection balloon to
protect against Onyx migration.

After induction of general anesthesia, a 7-Fr guiding
catheter (Roadmaster; Goodman, Aichi, Japan) was placed in
the left external carotid artery. A microcatheter (Marathon;
Medtronic, Minneapolis, MN) was advanced into the posterior
branch of the MMA as close to the fistulous site as possible,
supported by a 4-Fr intermediate catheter (Cerulean; Medikit,
Tokyo, Japan). A 7- x 7-mm HyperForm balloon (ev3 Neurovas-
cular, Irvine, CA) was carefully positioned to avoid occlusion
of the posterior temporal vein through a 9-Fr guiding catheter
(Optimo; Tokai Medical Products, Aichi, Japan) and a 6-Fr in-
termediate catheter (Cerulean DD6; Medikit) coaxially located
in the internal jugular vein. A right oblique view of the left
common carotid angiography showed a Borden type II DAVF
draining into the vein of Labbé (Fig. 1D), which changed to a
Borden type III DAVF under inflation of the HyperForm bal-
loon (Fig. 1E and F). During injection of Onyx, the left anterior
oblique view (Fig. 2A) was selected for good visualization of
the drainage channel from the shunt to the SS. First, Onyx
34 was injected to rapidly create a proximal plug; Onyx 18
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Fig. 3 - Conceptual schema of our technique to alter a dural arteriovenous fistula (DAVF) from Borden type II to type III. (A)
Borden type II lateral tentorial sinus (LTS)-DAVF with retrograde cortical venous reflux. Note the antegrade flow (arrow) into
the transverse sinus through the drainage channel from the LTS. The orifice of the posterior temporal vein and the drainage
channel are very close to each other. (B) The short balloon is inflated to cover only the drainage channel from the LTS to
preserve the normal venous return of the sinus and posterior temporal vein. This balloon temporarily changes the Borden
classification from type II to III, avoiding venous compromise and reducing the risk of Onyx migration into the sinus.

was then injected. When advancement of Onyx was observed,
the targeted sinus protection technique was applied (Fig. 2B
and C), and the injection of Onyx was continued. No Onyx
migrated into the drainage channel and to the SS through-
out the procedure (Fig. 2D). A postembolization angiogram re-
vealed complete obliteration of the fistula (Fig. 2E) with good
patency of the SS and preservation of normal flow through
the posterior temporal vein (Fig. 2F). The total inflation time
of the HyperForm balloon in the TS was 17 minutes. After in-
jection of Onyx, microcatheter removal was attempted; how-
ever, the Marathon microcatheter was firmly trapped by Onyx
in the MMA and ruptured during forceful retrieval. Retrieval of
the microcatheter fragment was successfully performed with
a 4-mm gooseneck snare (Covidien, Minneapolis, MN). The pa-
tient’s tinnitus completely disappeared, and his postoperative
course was uneventful with no recurrence at the 12-month
follow-up digital subtraction angiography.

Discussion

Successful treatment of a Borden type II DAVF is related not
only to complete shunt obliteration but also to the preserva-
tion of normal venous drainage. In this report, we showed that
short-length sinus-protection balloon-assisted TAE was effec-
tive for the treatment of a Borden type II DAVF. A conceptual
schema of our technique is shown in Figure 3. With coverage
of the small drainage channel from the LTS, the Borden type II
DAVF (Fig. 3A) was temporally altered to a type III lesion (Fig.
3B). During positioning of the balloon, careful attention is re-
quired to avoid interference with the normal cortical venous
drainage (Fig. 3B) by ensuring that the balloon covers only the

small drainage channel from the LTS. We believe that a DAVF
of the LTS may be an especially good candidate for this tech-
nique because the LTS physiologically drains into the TS/SS [7],
resulting in a single drainage channel that can be covered by
a short-length balloon. The advantage of targeted sinus pro-
tection using a short-length balloon is the avoidance of po-
tential sequelae such as venous infarction or hemorrhage be-
cause the functional sinuses are patent during inflation of the
balloon.

Transvenous balloon-protected TAE was first reported by
Shi et al [13]. They treated 1 superior sagittal sinus DAVF
and 2 TS-DAVFs with Onyx TAE with sinus protection using
a short-length supercompliant balloon. However, the authors
provided no description of the targeted sinus protection pre-
sented herein. An 80-mm-long venous remodeling Copernic
RC balloon (BALT Extrusion) has recently become available,
and the application of this balloon for complex DAVFs has
been described [10-12,14]. The reported advantages of using
a long balloon are that it protects the entire length of the af-
fected sinus, minimizing the possibility of Onyx leakage into
the dural sinus, and that it avoids the need to stop Onyx injec-
tion and relocate the balloon during the golden period when
Onyx begins to penetrate compartments of the fistula [11]. The
use of this long sinus-protection balloon involves intermittent
sinus protection covering the entire length of the TS and SS.
The major concern is that the long balloon can block the ori-
fice of normal cortical veins, which might result in intracra-
nial hypertension or venous infarction. To avoid venous in-
farction, an inflation time of 2-5 minutes has been used [11,15]
during Onyx injection; however, the most appropriate time
for temporary sinus occlusion has not been established. Guo
et al [12] recently reported procedure-related complications
of Onyx TAE using a long sinus-protection balloon. Among
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14 patients treated, 3 developed complications (epidural
hemorrhage, cerebellar hemorrhage, and cerebellar infarction,
respectively), which may have been caused by occlusion of
cortical draining veins into the sinuses. The authors empha-
sized the importance of controlling the duration of temporary
occlusion and monitoring the normal venous flow by angiog-
raphy. Our technique further minimizes the risk of venous in-
farction because the sinus is protected only at the point of the
drainage channel from the LTS, and almost the entire sinus
can function even during the TAE procedure. We believe that
targeted occlusion of the point of connection between the si-
nus and shunt seems more reasonable than occlusion of the
entire ipsilateral sinus, especially when the sinus is patent
and functional. The key to success of our technique was ap-
propriate patient selection, and our 3 criteria for use of short-
length balloon protection were the presence of a Cognard type
I or II fistula, localization of the fistula at the major functional
sinuses, and the presence of a single fistula on the sinus wall
or close to the sinus draining into by a single channel. We ex-
cluded patients with multiple or diffuse fistulous points on
the sinus wall because a short-length balloon could not pro-
tect sinus completely.

Although a relatively high occlusion rate has been reported
with TAE using Onyx, long-term recurrence is a potential is-
sue. Ambekar et al [16] reported that 14.3% of patients ex-
hibited angiographic recurrence at a mean follow-up period
of 14 months after undergoing curative TAE using Onyx and
were angiographically judged to have been “cured.” These re-
currences were frequently observed within 1 year after treat-
ment. The authors suggested insufficient penetration of the
embolic material to the shunting network and entire venous
drainage as factors responsible for this recurrence. We be-
lieve that our technique of occluding diseased connections
between the shunt and normal sinus by targeted sinus pro-
tection is effective and improves Onyx penetration into the
fistula. However, further investigation is warranted to validate
the long-term effect of this short-length balloon in selected
patients.

Conclusion

Short-length sinus-protection balloon-assisted TAE may be an
effective treatment for Borden type II DAVFs. LTS-DAVFs may
be good candidates for this technique because the LTS physi-
ologically drains into the TS/SS, resulting in a single drainage
channel that should be covered. The most important factor to
achieve satisfactory embolization is precise placement of the
short-length balloon at the point of the drainage channel from
the LTS to the TS/SS without obstruction of the normal cortical
venous drainage.
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