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Technical Note

Double-balloon Technique for Embolization of Carotid
Cavernous Fistulas

Michael Mu Huo Teng, Cheng-Yen Chang, Jen-Huey Chiang, Jiing-Feng Lirng, Chao-Bao Luo, Shing-Su Chen,
Feng-Chi Chang, and Wan-Yuo Guo

Summary: Embolization of a carotid cavernous fistula
(CCF) by means of a detachable balloon is an established
method for treating CCFs while preserving a patent parent
internal carotid artery (ICA). However, failure to embolize
the CCF may occur on a few occasions, such as when the
balloon cannot pass through the fistula into the cavernous
sinus by blood flow, or when the inflated balloon in the
cavernous sinus retracts to the carotid artery. Under these
circumstances, the ICA may have to be sacrificed in order
to treat the CCF. Herein we describe a double-balloon tech-
nique for embolization of a CCF. By applying this tech-
nique, we successfully treated nine of 11 CCFs, without
compromise of the parent ICA when the conventional one-
balloon technique failed.

Carotid-cavernous fistulas (CCFs) are classified
into four types, according to Barrow DL et al (1).
Type A is defined as a direct shunt between the
intracavernous portion of the internal carotid artery
(ICA) and the cavernous sinus (CS). It is usually
and simply called a CCF or the direct type of CCF.
Types B to D are indirect shunts, often attributable
to dural arteriovenous fistulas or dural arteriove-
nous malformations of the CS. In this report, we
focus on the type A CCF.

Embolization of a CCF by means of a detachable
balloon has been widely accepted as a therapeutic
option (2–8). Ideally, the parent ICA can often be
preserved with this technique. However, Lewis et
al reported that, when using a detachable balloon,
carotid blood flow was only preserved in 75% of
their patients (9). Failure to embolize the CCF from
the arterial approach, using a detachable balloon, may
occur on a few occasions, such as when the balloon
cannot pass through the fistula into the CS by blood
flow, or when the inflated balloon in the cavernous
sinus retracts to the parent ICA.
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In order to solve these dilemmas, we have de-
veloped a double-balloon technique that may in-
crease the success rate in the embolization of CCFs
by preserving blood flow in the parent ICA.

Technique
During the past 3 years (from March 1996 to February

1999), 31 consecutive CCFs were treated at our institution (Ta-
ble). Two CCFs were recurrent after previous surgical trapping.
The other 29 fistulas, which were not treated previously, had
patent ICAs. In all 29 CCFs with patent ICAs, we started em-
bolization by using one detachable balloon from the arterial
approach, and tried to preserve the parent ICA. Debrun’s N3
detachable balloon set was used. A 9F guiding catheter was
placed in the cervical ICA. A detachable balloon was mounted
at the tip of the 2F catheter in the 2/3F coaxial catheter system.
The size of the balloon to be used was determined on the basis
of the size of fistula and CS on the angiograms. The balloon
was advanced to the ICA inside the 9F guiding catheter to
explore the opening of the fistula. After passing through the
fistula, the balloon was inflated on the venous side (CS) to
occlude the fistula. A rotating Y-connector with adjustable
valve (Microvena Corp., MN) or a double-rotating Y-connector
with adjustable valve (Microvena Corp.) was used to prevent
blood oozing between the 9F guiding catheter and the 2/3F
coaxial system.

If the detachable balloon failed to be located in the CS, we
proceeded to apply the double-balloon technique in which one
more balloon catheter was used to facilitate placement of the
embolization balloon.

We discovered that this technique was helpful in the follow-
ing two circumstances. First, the exact site of the fistula could
be identified by a sump effect, with the partially inflated bal-
loon staying at the orifice of the fistula, but the balloon could
not be carried to the venous side through the fistula by blood
flow (seven cases). Second, the single detachable balloon could
pass through the fistula, but retracted to the ICA after inflation
(two cases).

For the first situation mentioned above (Fig 1–4), the pro-
cedure was described as follows. Step 1. The first balloon (the
embolization balloon) to be placed inside the CS was brought
to the orifice of the fistula and was inflated to a size that would
stay at the orifice of the fistula. Step 2. The second balloon
(the bracing balloon) was inflated in the ICA, overlying the
embolization balloon. The bracing balloon was inflated to a
size so it would not be moved or detached by subsequent in-
flation of the embolization balloon. Step 3. The embolization
balloon at the fistula was deflated and then inflated. With the
bracing balloon occluding the lumen of the ICA, the emboli-
zation balloon would usually pass through the fistula to the CS
in the direction of least resistance. Step 4. Inside the CS, the
embolization balloon could slowly be inflated to a proper size
to obliterate the fistula. Step 5. The bracing balloon was then
deflated and retreated away from the orifice of the fistula. Step
6. A control angiogram was performed. Step 7. The size of the
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Cases of CCF, March 1996 to February 1999 (n 5 31)

Recurrent fistula after a previous surgical trapping of the ICA 2
Fresh cases (No previous trapping of the ICA) 29

Single-balloon technique 18
Successful embolization with flow in the ICA preserved 16
The ICA was occluded 1 week later because of recurrent

epistaxis 1
The fistula was too large and the ICA was occluded with

the fistula 2
Double-balloon technique 11

Double-balloon technique succeeded 9
Double-balloon technique failed 2

Embolization with NBCA mixture, microcoils and ICA
remained patent 1

Fistula became larger, and later was occluded with oc-
clusion of the parent ICA 1

embolization balloon was further adjusted if necessary; then,
the embolization balloon was detached. Step 8. The bracing
balloon catheter was removed.

For the second situation, we inflated the embolization bal-
loon and brought it inside the CS. Then, the bracing balloon
was inflated in the ICA to occlude the opening of the fistula.
Next, the embolization balloon in the CS was slowly inflated
to a size larger than the opening of the fistula. The remaining
procedures were the same as for the above-mentioned step 5
through step 8.

Results
We have performed the double-balloon tech-

nique in 11 of 29 fresh CCFs with patent parent
ICAs after the standard single-balloon technique
failed. In nine of them, the fistulas were success-
fully obliterated (Table). There were two failures in
which the balloon could not pass through the fistula
regardless of the maneuver used. In one of them,
the fistula was finally explored with a microcatheter
and was obliterated by using microcoils and an n-
butyl-2-cyanoacrylate (NBCA) mixture inside the
CS. In the other case, the fistula became larger and
could only be managed by occlusion of the parent
ICA. However, no neurologic complication was
noted. There were no other complications resulting
from this technique.

Discussion
The size of the CS and the fistula may affect the

success rate of detachable-balloon embolization of
a CCF. The CS must be large enough to accom-
modate the detachable balloon/balloons for embo-
lization. The size of the fistula must be smaller than
the inflated balloon, but large enough to allow ac-
cess for a deflated or partly inflated balloon. How-
ever, the size of the fistula should not be too large,
because the embolization balloon may retract to the
ICA at inflation in the CS.

Graeb et al (7) suggested the combination of a
large fistula with a small CS might preclude safe
balloon detachment in the CS. Therefore, precau-
tions must be taken to avoid intraarterial balloon

detachment in the treatment of CCF in order to pre-
serve the blood flow in the ICA.

The double-balloon technique is particularly use-
ful for the following two occasions. First, the ori-
fice of the fistula or flow is too small for passage
of the deflated or slightly inflated balloon. Second,
the width of the CS is smaller than is the opening
of the fistula; ie, the combination of a large fistula
with a small CS.

In the embolization of a CCF achieved using the
detachable balloon/balloons, the balloon is usually
carried to the venous side (CS), where the blood
flow is. If the orifice of the fistula is small or the
flow through the fistula is slow, a detachable bal-
loon may not be carried to the venous side by blood
flow. Under this circumstance, it is usually impos-
sible to embolize the fistula and preserve ICA flow
with detachable balloon/balloons from an arterial
approach without using a special maneuver. Herein
we describe a double-balloon technique in which a
bracing balloon temporarily occludes the ICA at
the orifice of the fistula, facilitating passage of the
embolization balloon through the fistula to the CS,
in the direction of least resistance. However, the
double-balloon technique may also fail if the fistula
is really too small. In this situation, other tech-
niques can be used to treat the CCF while preserv-
ing ICA flow, such as 1) transarterial catheteriza-
tion with a microcatheter and embolization with an
NBCA mixture or microcoils (10–12) and 2) trans-
venous embolization through the inferior petrosal
sinus or through the ophthalmic vein (13–14). Di-
rect puncture of the CS through the superior orbital
fissure is a difficult technique and is not recom-
mended in usual cases of CCF (15).

Occasionally, when the width of the CS is small-
er than the opening of the fistula, inflation of the
balloon inside the venous side (CS) may push the
balloon back to the ICA. By using the double-bal-
loon technique, the embolization balloon inside the
CS can be inflated to a size larger than the diameter
of the opening of the fistula while the bracing bal-
loon is temporarily inflated in the ICA. Because the
embolization balloon is larger than the size of the
fistula, it will remain inside the CS after removal
of the bracing balloon in the ICA. Another reason
that the embolization balloon will stay inside the
CS is that, with the help of a bracing balloon, the
embolization balloon can adapt to a shallow space
in the CS, molding into a disklike shape and oc-
cluding the fistula. The double-balloon technique
may not always work when the fistula is too large
and the CS is too small. Then, occlusion of the
parent ICA as well as the fistula may be necessary.

There are several potential risks in applying the
double-balloon technique. Overinflation of the
bracing balloon in the ICA may result in rupture
of the ICA, enlargement of the fistula, or creation
of a new CCF. If the bracing balloon is a detachable
balloon, it may be detached prematurely while the
embolization balloon is inflated. Premature detach-
ment of the inflated bracing balloon in the ICA may
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FIG 1. Lateral-view right carotid angiogram shows carotid cavernous fistula (arrow).

FIG 2. A balloon (arrow) is sucked to the fistula in the ICA. However, it cannot pass through the fistula to enter the CS. This is the
first indication for using the double-balloon technique.

FIG 3. Steps involved in double-balloon technique. The embolization balloon marked by an arrow is to remain inside the CS after
embolization. The bracing balloon, indicated by an arrowhead, is for temporary inflation inside the carotid artery, and will be removed
after embolization.

A, The smaller balloon is the embolization balloon. It is at the arterial side of the fistula. The larger balloon is the bracing balloon. It
is partially inflated now, and will be inflated further to cover the ICA surface of the embolization balloon.

B, The bracing balloon is inflated such that it is large enough to cover the inner surface of the ICA.
C, After deflation and then inflation of the embolization balloon, it is partially inflated and in the CS.
D, The embolization balloon inside the CS is inflated to its proper size to obliterate the fistula. Then, the bracing balloon is deflated

and ready to be removed.

FIG 4. Lateral-view carotid angiogram after embolization shows disappearance of fistula.

eventually result in occlusion of the ICA, because
retrieval of the detached balloon is usually very
difficult. Patients who cannot tolerate acute occlu-
sion of the ICA will suffer from cerebral infarction.
We used a detachable balloon as the bracing bal-

loon because it was readily available to us. We be-
lieve a nondetachable occluding balloon, or a dou-
ble-lumen–occluding balloon, would be a better
selection. The following precautions should be em-
phasized in order to prevent possible premature de-



AJNR: 21, October 20001756 TENG

tachment of the bracing balloon in the double-bal-
loon technique. The bracing balloon should be tied
firmly onto the 2F catheter; otherwise, a nonde-
tachable balloon should be used instead. The brac-
ing balloon should be inflated to a size that is large
enough to be trapped on the inner wall of the ICA
so that it will not be detached during inflation of
the embolization balloon. The importance of care-
ful fluoroscopic monitoring during inflation, defla-
tion, and movement of these balloons cannot be
overemphasized.

Conclusion

We have described a double-balloon technique
for the embolization of CCF. This technique is
helpful in the following conditions. 1) The detach-
able balloon cannot be carried to the CS by blood
flow because of the relatively small size of the fis-
tula. 2) The detachable balloon can pass through
the fistula, but inflation of the balloon inside the
CS pushes the balloon back to the ICA.
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