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Background and Purpose This study evaluated the clinical value of detachable-balloon
embolization for traumatic carotid-cavernous fistula (TCCF), focusing on the frequency, risk fac-
tors, and retreatment of recurrence.

Methods Fifty-eight patients with TCCF underwent transarterial detachable-balloon emboli-
zation between October 2004 and March 2011. The clinical follow-up was performed every 3
months until up to 3 years postprocedure. Each patient was placed in either the recurrence group
or the nonrecurrence group according to whether a recurrence developed after the first procedure.
The relevant factors including gender, fistula location, interval between trauma and the interven-
tional procedure, blood flow in the carotid-cavernous fistula, number of balloons, and whether the
internal carotid artery (ICA) was sacrificed were evaluated.

Results All 58 TCCFs were successfully treated with transarterial balloon embolization, in-
cluding 7 patients with ICA sacrifice. Recurrent fistulas occurred in seven patients during the fol-
low-up period. Univariate analysis indicated that the interval between trauma and the interven-
tional procedure (p=0.006) might be the main factor related to the recurrence of TCCE. The
second treatments involved ICA sacrifice in two patients, fistula embolization with balloons in
four patients, and placement of a covered stent in one patient.

Conclusions Detachable balloons can still serve as the first-line treatment for TCCFs and re-
current TCCFs despite having a nonnegligible recurrence rate. Shortening the interval between
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Introduction

Most traumatic carotid-cavernous fistulas (TCCFs) are abnor-
mal shunts with a direct communication between the internal
carotid artery (ICA) and the cavernous sinus, and are catego-
rized as Barrow Type A based on the arterial supply.'? The

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http:/creative-
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mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

trauma and the interventional procedure may reduce the risk of recurrence.
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classic manifestations of TCCFs include orbital bruit, conjunc-
tival hyperemia, chemosis, proptosis, decreased visual acuity,
and ocular motor palsy, occasionally combined with cerebral
complications or recurrent epistaxis. The condition may be
life-threatening if timely treatment is not employed.
Endovascular treatments with various embolization materi-
als such as detachable balloons, microcoils, liquid adhesive, or
covered stents are used to occlude TCCFs.*® Detachable bal-
loons still represent an important therapeutic option due to
their efficacy, safety, procedure simplicity, and cost-effective-
ness (the last factor is especially important in some developing
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countries). However, there have been few systematic evalua-
tions of risk factors for a recurrent TCCF (RTCCF) previous-
ly treated using detachable-balloon embolization.

In this study we retrospectively evaluated the clinical effec-
tiveness of detachable balloons in the treatment of TCCFs at
our institute. The frequency, risk factors, and retreatment rates
of RTCCFs were also analyzed.

Methods

Patient group

The study protocol was approved by the ethics committee of
the Institutional Review Board of the First Affiliated Hospital
of Nanjing Medical University. All of the patients provided
written informed consent for endovascular procedures and re-
lated clinical data collection before study entry. We retrospec-
tively collected data from 58 TCCF patients who were treated
by transarterial-balloon embolization at our institute between
October 2004 and March 2011. The 58 cases consisted of 43
men and 15 women with a mean age of 43 years old (range,
15-68 years), all of whom had a history of trauma. The most
common manifestations were orbital bruit (#=52), conjuncti-
val hyperemia and chemosis (7=49), proptosis (n=48), de-
creased or lost visual acuity (n=21), and ptosis, ocular motor
palsy, or recurrent epistaxis. The interval between trauma and
the interventional procedure ranged from 11 to 170 days in 57
patients (mean, 48 days). The 58th patient represented an out-
lier, having received the procedure 12 years after the onset of
the symptoms.

Procedure

All procedures were performed under local anesthesia via a
femoral approach. All patients routinely received six-vessel
cerebral angiography and a temporary-balloon-occlusion test
in order to obtain precise information about the fistula, such as
the flow pattern, venous drainage, and hemodynamic effects
of the TCCFs, and to assess the extent of collateral blood flow
and the compensatory ability of the circle of Willis before the
initial treatment. Systemic heparinization was achieved by ad-
ministering an intravenous bolus of heparin according to the
patient’s weight (approximately 0.6 mg/kg), with maintenance
achieved by the continuous infusion of heparinized normal sa-
line under pressure. The activated clotting time was main-
tained at a value that was approximately twice the baseline
value. After the guiding catheters (8F) were placed in the ICA,
the balloon-mounted microcatheter (Balt Medical Corpora-
tion, Somerset, NJ, France) was negotiated slowly into the fis-
tula under flow guidance. In most cases the balloon (Balt
Medical Corporation, Somerset, NJ, France) had to be partial-
ly inflated in order to achieve access to the fistula orifice. The
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balloon was inflated using standard hypertonic, water-soluble
contrast material (Omnipaque 300, GE Healthcare, Shanghai,
China). The location of the balloon was confirmed and the tar-
geted fistula was characterized by injecting contrast agent
through the guiding catheter. Once the balloon had been
placed in the desired position, it was gradually inflated. Post-
embolization cerebral angiography was performed to demon-
strate whether the fistula had been completely obliterated.
Occasionally it was necessary to reposition the balloon so as
to fully close the fistula. Finally, the balloon was detached. In
some cases more than one balloon was used to occlude large
compartments of the cavernous sinus.

If the above-mentioned procedure could not be implement-
ed, the technique of ICA sacrifice was employed. After the
first balloon was used to occlude the arterial segment bearing
the fistula, a second balloon was placed proximal to the fistula
to reduce the hemodynamic scouring effect. All patients were
kept on absolute bed rest for up to 24 hours after the proce-
dure, with head movement in particularly being restricted.

Follow-up

Patients were generally followed by clinical evaluations in the
outpatient clinic or by phone calls every 3 months until up to 3
years after the procedure. The follow-up lasted 3 years in 39
of the 58 patients and the follow-up has lasted 6 month in the
rest patient. During the follow-up period, angiography was not
performed unless the symptoms or signs recurred.

Group division and statistical analysis

Each of the 58 patients was placed in either the recurrence
group or the nonrecurrence group according to whether a re-
currence developed after the first procedure. The relevant fac-
tors that were evaluated included gender, fistula location,
whether the ICA was sacrificed, blood flow in the TCCF, the
number of detachable balloons used, and the interval between
trauma and the interventional procedure. The fistula location
was classified into the ascending cavernous segment and the
horizontal cavernous segment according to the ICA segmenta-
tion described by Lasjaunias and Santoyo-Vazquez.’

The blood flow in the TCCF was classified into three cate-
gories as described by Van Rooij et al.' high, intermediate,
and low. In high-flow carotid-cavernous fistulas (CCFs) all of
the blood from the ICA entered the fistula without filling in-
tracranial vessels, in intermediate-flow CCFs both the fistula
and intracranial vessels received blood from the ICA, while in
the low-flow CCFs only slow and sluggish filling of the cav-
ernous sinus was apparent.

The seven cases in which the ICA was sacrificed were ex-
cluded when evaluating the blood flow in the CCF, number of
balloons, and the interval between trauma and intervention;



Table 1. Angiography data of all 58 patients

Factor Number of patients

Location

ACS 33

HCS 25
Flow in the fistula

High 20

Intermediate 37

Low 1

Number of fistulas
One 55
Two or more 3

Drainage structure

[e)% 54
IIPS, ISPS 27
CS, CCS 2
CV 18

ACS: ascending cavernous segment, CCS: contralateral cavern-
ous sinus, CS: circular sinus, CV: cortical vein, HCS: horizontal cav-
ernous segment, IIPS: ipsilateral inferior petrosal sinus, IOV: ipsilat-
eral ophthalmic vein, ISPS: ipsilateral superior petrosal sinus.
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for the last factor the single recurrence case with an extremely
long interval (12 years) was also excluded. The quantitative
data were analyzed with a ¢ test, and the enumeration data
were analyzed with a Fisher’s exact test. The significance level
was defined as p<0.05. All calculations were performed with
SPSS (version 17.0, Chicago, IL, USA).

Results

Angiography results of TCCFs
The general angiography data are summarized in Table 1.

Detachable-balloon embolization results

All 58 patients were successfully treated using between 1 and
7 balloons (Fig. 1). The ipsilateral ICA was sacrificed in seven
patients for the following reasons: the balloon could not pass
the small fistula in two patients, five balloons ruptured during
inflation in one patient, an enlarged cavernous sinus could not
be completely occluded with multiple balloons in three pa-
tients (Fig. 2), and the ipsilateral ICA was obliterated distal to

Fig. 1. A 23-year-old man who present-
ed with right-sided proptosis, chemosis,
orbital bruit, and decreased visual acuity
that occurred 7 days after head blunt tr-
auma. A: Computed tomography indi-
cated right-sided proptosis (arrowhead),
superior ophthalmic vein enlargement,
and multiple orbital fractures (arrows). B:
Cerebral angiography confirmed a high-
flow direct carotid-cavernous fistulas
that drained into the superior ophthalmic
vein, inferior petrosal sinus, intercavern-
ous sinus, and contralateral cavernous
sinuses with cortical reflux. C and D: Im-
mediate angiography after single-balloon
embolization showed occlusion of the fi-
Y stula and preservation of the internal ca-
rotid artery.
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Fig. 2. A 50-year-old man who present-
ed with right-sided chemosis, proptosis,
orbital bruit, and lost visual acuity that
occurred 61 days after head blunt trau-
ma. A: Lateral cerebral angiography
showed a high-flow TCCF that mainly
drained into the ophthalmic vein (arrow-
head), and (B) contralateral cerebral
angiography confirmed good hemody-
namic compensation via the communi-
cating artery. C: Angiography showed a
residual fistula after embolizations using
five balloons, of which two ballons were
punctured during the procedure, and he-
nce the ICA was sacrificed (arrow) (D).
E and F: Cerebral angiography at the 2-
month follow-up showed good compen-
sation via the circle of Willis; the fistula
had completely disappeared.

the fistula point in the seventh patient (Fig. 3). Symptoms re-
lated to the fistulas improved gradually after the procedure in
all patients. Most of the patients suffered from endurable
headache. No patients experienced severe complications relat-
ed to the procedure such as hyperperfusion or premature de-
tachment of the balloon. The patients were discharged at a
mean of 4.8 days (range, 2-7 days) after the detachable-bal-
loon embolization.

Symptoms such as orbital bruit were relieved immediately
after the first procedure in all 58 patients, and symptoms such
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as chemosis or proptosis were relieved at 4-40 days after the

procedure. However, some symptoms, such as lost visual acu-
ity, were not relieved.

Recurrence of CCF

Seven of the 58 patients (12.1%) presented with recurrence of
CCF during the follow-up. One balloon was used during the
first procedure in all seven patients with RTCCF. The interval
between the first procedure and recurrence ranged from 3 to
40 days (mean, 9.4 days). The seven patients received the sec-
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Fig. 3. A 42-year-old woman who presented with right-sided proptosis, chemosis, orbital bruit, and headache 35 days after a vehicle acci-
dent. A: Computed tomography indicated right-sided proptosis, superior ophthalmic vein enlargement (arrowhead), and multiple orbital fractures
(arrow). B: Cerebral angiography confirmed a high-flow direct CCF that drained into the superior ophthalmic vein and inferior petrosal sinus
with cortical reflux (arrow). C and D: Cerebral angiography of the contralateral ICA confirmed good compensation of the circle of Willis. E: Ce-
rebral angiography of the ipsilateral ICA after two-balloon embolization confirmed partial occlusion of the fistula and absence of the distal ICA
(arrow), which prompted a diagnosis of obliteration of the ipsilateral ICA distal to the fistula point. F: The CCF was successfully treated after
subsequent occlusion of the proximal ICA with a detachable balloon (arrow). CCF: carotid-cavernous fistula, ICA: internal carotid artery.

ond interventional procedure at between 2 and 7 days after
symptomatic recurrence. Fluoroscopy during the second pro-
cedure showed that balloon deflation occurred in six patients
(three of whom also had balloon migration), while only the
metal marker was visible in the original position without con-
trast medium in the seventh patient. Four patients were treated
successfully using a second detachable-balloon embolization
with preservation of the ICA (Fig. 4). A covered stent was im-
planted in another hospital in one patient. The ICA was sacri-
ficed in one patient because the shrunken balloon partially
blocked the orifice of the fistula, which prevented a new bal-
loon from being successfully navigated to the cavernous sinus.
In the last patient, due to the venous route not being available,
a procedure involving transarterial coils and Onyx emboliza-
tion was planned. However, after two coils were placed in the

cavernous sinus, the protected-balloon-mounted microcathe-
ter could not be navigated distal to the ipsilateral ICA, so the
ICA was sacrificed with coils. Symptoms related to the RTC-
CF improved gradually after the procedure in all seven pa-
tients, and there was no recurrence during the follow-up.

Risk factors analysis

The relevant factors of all 58 patients are summarized in Ta-
ble 2. Univariate analysis indicated that relevant factors in-
cluding sex, fistula location, blood flow in the CCF, and the
number of balloons may not be the main factors related to the
recurrence of TCCFs, while the interval between trauma and
the interventional procedure was a statistically significant fac-
tor (1=8.343, p=0.006).
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Discussion

TCCFs are rare complications that occur in 0.2-0.3% of crani-
omaxillofacial injuries." The goal in treating TCCFs is to oc-
clude the site of communication between the ICA and the
cavernous sinus while preserving the patency of the ICA."
Nowadays such fistulas are occluded using various endovas-
cular materials, including detachable balloons, microcoils, lig-
uid adhesive, and covered stents. Detachable balloons still
represent an important therapeutic option due to their efficacy,
safety, procedural simplicity, and cost-effectiveness. In our se-
ries, the mean expenditure during the first procedure was US$
2211 (range, US$ 1428-3264) and the mean length of stay was
4.8 days (range, 2-9 days), which indicates that detachable-
balloon embolization is both relatively inexpensive and pro-
vides a speedy recovery.

Some disadvantages of detachable-balloon embolization re-
main to be resolved. The main disadvantage is the rate of ICA
sacrifice; this was 12.1% in our 58 cases. The size of the fistu-
la crucially affects the likelihood of successful occlusion of
the fistula when using detachable balloons. Ideally the fistula
should be larger than the deflated balloon,’ since a smaller fis-
tula may affect the passage of the balloon and result in an un-
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Fig. 4. A 43-year-old man who present-
ed with left-sided proptosis, chemosis,
diplopia, and orbital bruit 70 days after a
vehicle accident. A: Cerebral angiogra-
phy confirmed an intermediate-flow di-
rect CCF that drained into the superior
ophthalmic vein (arrow). B: Immediate
angiography after a single-balloon em-
bolization showed occlusion of the fistu-
la and preservation of the ICA (arrow). C:
The patient developed a recurrent fistu-
la on day 7 after the initial embolization,
which was attributed to premature defla-
tion and migration of the balloon (arrows)
(D). Two detachable balloons were sub-
sequently deployed, which resulted in
successful treatment of the RTCCF (ar-
row). CCF: carotid-cavernous fistula,
ICA: internal carotid artery, RTCCF: re-
current traumatic CCF.

successful procedure. The volume of the cavernous sinus is
also very important. The presence of a markedly enlarged cav-
ernous sinus makes it difficult to completely occlude the fistu-
la, which may result in residual blood flow. In these situations
the ICA may have to be sacrificed. However, continuing de-
velopments in embolization materials and techniques may
lead to ICA sacrifice being unnecessary in the future.

Another disadvantage of detachable-balloon embolization
for treatment of TCCFs is recurrence; the rate of this was also
12.1% in our 58 cases. Clarifying the risk factors is very im-
portant for the effective application of detachable balloons.
Similar to the report of Lue et al.,”® the interval between trau-
ma and the interventional procedure was markedly longer in
our recurrence group than in the nonrecurrence group. An in-
creasing interval decreases the stability of detachable balloons
in an enlarged cavernous sinus, thus increasing the likelihood
of recurrence. Therefore, based on our findings we suggest
that the TCCF should be treated as quickly as possible in or-
der to reduce the risk of recurrence.

Transarterial detachable-balloon embolization is still the
first-line curative therapy for the retreatment of RTCCFs.
However, the navigation of additional balloons may be diffi-
cult due to the presence of a deflated or migrated balloon par-
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Table 2. Factors relevant to recurrence of a traumatic CCF managed with detachable balloons

Factor Recurrence group Nonrecurrence group 2 o)
Gender 0.556 0.664
Male 6 37
Female 1 14
Fistula location 0.488 0.989
ACS 29
HCS 3 22
ICA condition 1.093 0.581
Sacrificed 7
Preserved 44
Blood flow in CCF 0.706 0.657
High 1 13
Intermediate 6 31
Number of balloons 2.422 0.217
One 6 24
Two or more 1 20
Interval from tfrauma to intervention 79 days 44 days 8.343 0.006

The seven cases in which the ICA was sacrificed were excluded when evaluating the blood flow in the CCF, number of balloons, and
the interval between frauma and intervention; for the last factor the single case with an extremely long interval was also excluded.
ACS: ascending cavernous segment, CCF: carotid-cavernous fistula, HCS: horizontal cavernous segment, ICA: internal carotid artery.

tially blocking the orifice of the fistula or changing the struc-
ture of cavernous sinus, which might require the ICA to be
sacrificed using detachable balloons during the retreatment
procedure.

Due to their good manageability and the greater familiarity
to neurointerventionalists, coils are nowadays more common-
ly applied in the treatment of TCCFs, especially for small fis-
tulas with diameters of 2-3 mm.""'>"* However, many coils
would be needed when they are used alone for TCCFs with an
enlarged cavernous sinus, thus making the procedure extreme-
ly expensive and increasing the probability of cranial nerve
compression symptoms. Balloon-assisted or stent-assisted lig-
uid adhesive embolization with or without coiling could be an
effective treatment option.>" Balloons or coils slow the flow
patterns in the cavernous sinus, serve as a scaffold for polym-
erization of the liquid adhesive, and form a physical barrier
preventing further movement of the liquid adhesive. Covered
stents have recently been considered a promising treatment
choice of TCCFs, particularly for recurrent, residual, and mul-
tiple fistulas, and fistulas combined with pseudoaneurysms or
dissections.'*'" However, the treatment limitations when us-
ing a covered stent in TCCF patients include the stiffness of
the stent, the difficulty of navigation, and the absence of uni-
fied perioperative medication. Therefore, long-term follow-up
and large-scale studies are warranted to clarify the long-term
patency rate of covered stents.'®

Conclusion

In developing countries, endovascular treatment with a de-
tachable balloon is still the first-line choice for TCCFs in se-
lected patients because of its efficacy, safety, procedural sim-
plicity, and especially its cost-effectiveness, despite having a
nonnegligible recurrence rate. The interval between trauma
and the interventional procedure might be the main risk factor
related to recurrence.
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