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Endovascular Treatment of Dural Arteriovenous Fistulas Using
Transarterial Liquid Embolization in Combination with
Transvenous Balloon-Assisted Protection of the Venous Sinus

D.F. Vollherbst, ““C. Ulfert, ““’U. Neuberger, ““'C. Herweh, ““'M. Laible, ““'S. Nagel, ““’M. Bendszus, and ' M.A. M&hlenbruch

ABSTRACT

BACKGROUND AND PURPOSE: Sinus-preserving endovascular embolization was described as a promising treatment technique for dural
arteriovenous fistulas. Our aim was to report our single-center experience in patients with dural arteriovenous fistulas who were treated
with transarterial liquid embolization in combination with transvenous balloon-assisted protection of the affected venous sinus.

MATERIALS AND METHODS: A retrospective analysis of a prospectively collected data base was performed. Demographic and clinical
data, angiographic features of the dural arteriovenous fistulas, procedural parameters, complications, treatment success, follow-up
imaging, and clinical outcome were assessed.

RESULTS: Twenty-two patients were treated in 25 procedures. All patients were symptomatic, of whom 81.8% presented with tinnitus;
9.1%, with ocular symptoms; and 9.1%, with headache. Most fistulas were located at the transverse and/or sigmoid sinus. The most frequent
fistula type was Cognard lla+b (40.9%), followed by Cognard | (31.8%) and Cognard lla (27.3%)/Borden | (59.1%), followed by Borden II
(40.9%). The affected sinus could be preserved in all except for 1 patient in whom it was sacrificed in a second treatment procedure by coil
embolization. The overall complete occlusion rate was 86.4%. The overall complication rate was 20%, with transient and permanent
morbidity and mortality of 8%, 0%, and 0%, respectively. After a mean follow-up of 18 months, most patients (68.2%) achieved complete
symptom remission, 27.3% showed symptom relief, and 4.6% had stable symptoms.

CONCLUSIONS: Transarterial liquid embolization of dural arteriovenous fistulas in combination with transvenous balloon-assisted pro-

tection of the venous sinus is feasible and safe and offers high rates of occlusion and of symptom remission.

ABBREVIATION: dAVF = dural arteriovenous fistula

Dural arteriovenous fistulas (dAVFs) are pathologic, usually
acquired connections between dural arteries and dural ve-
nous sinuses or cortical veins, resulting in arteriovenous shunting
of blood. The 2 major types of clinical presentation are either
hemorrhage, with corresponding neurologic deficits, or venous
hypertension, with the latter potentially resulting in a variety of
symptoms, such as headache, pulsatile tinnitus, visual distur-
bances, cognitive decline, or seizures.!

Endovascular treatment is considered effective for dAVFs.*?
Various endovascular treatment techniques have been and are
currently being used, using either a transarterial, transvenous, or
combined approach.” The armamentarium of embolic agents in-
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cludes liquid embolic agents, such as cyanoacrylates and ethylene-
vinyl copolymers, coils, and particles.>” In special situations,
transient occlusion with balloon catheters can be used as an ad-
junct to conventional transarterial or transvenous embolization.
When applied on the arterial side, they can be used for reduction
of the blood flow of the fistula, for enhancement of distal migra-
tion of the embolic agent while simultaneously reducing the
amount of reflux, and for improvement of embolization con-
trol.*”” In the venous system, balloon catheters can be used for
protecting the venous sinuses and nontarget veins from un-
wanted embolization.”*'® In dAVFs with a high risk for ve-
nous nontarget embolization, especially fistulas at the trans-
verse or sigmoid sinus, this aspect is of particular importance
because nontarget embolization risks occlusion of functionally
relevant venous drainage, potentially leading to venous con-
gestion, venous infarction, or intracerebral hemorrhage.'"'?
Transarterial embolization in combination with transvenous
balloon protection is a promising approach for the effective
treatment of dAVFs with prevention of nontarget emboliza-
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FIG1. Schematic illustration of the treatment technique. A, The treatment technique is shown in the example of a Cognard I/Borden |
dAVF located at the transverse and sigmoid sinuses with feeders from the occipital and middle meningeal arteries. B, After preinterven-
tional diagnostic angiography, a balloon catheter (in black) is navigated into the affected sinus, and a microcatheter (in green) is navigated
into the most promising feeder (in this example, the petrosquamosal branch of the middle meningeal artery). C, After superselective
diagnostic angiographies via the microcatheter with and without balloon inflation, Onyx is injected under balloon deflation until the Onyx
cast (in black) reaches the sinus. D, Subsequently, the balloon is inflated to prevent inadvertent embolization of the sinus and to enable
retrograde embolization of the other arterial feeders. E, Onyx injection is continued under balloon inflation and deflation until emboli-
zation of all feeders is achieved. F, After the intervention, all feeding arteries are embolized and the sinus and the normal superficial veins

(not shown) are preserved.

tion of the venous sinuses or normal superficial veins. So far,
only a few studies on this technique with a relatively small
number of patients are available.>®*'*!?

The aim of this study was to report our consecutive single-
center experience of patients with dAVFs who were treated with
transarterial liquid embolization in combination with trans-
venous balloon-assisted protection of the venous sinus and to
present the feasibility, effectiveness, and safety of this treatment

technique.

MATERIALS AND METHODS

Clinical and Angiographic Analyses

Study approval and informed consent for data collection were
provided by the local ethics committee and the patients,
respectively.

A retrospective analysis of a prospectively maintained patient
data base was performed to identify all subsequent patients with
dAVFs who were treated with endovascular transarterial liquid em-
bolization in combination with transvenous balloon-assisted protec-
tion of the venous sinus from January 2011 to November 2017.

Patient demographics, clinical presentation, and clinical fol-
low-up were assessed and recorded by a board-certified neurolo-
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gist, including preinterventional (on the day of the intervention)
and postinterventional (at discharge and after 6 months) modi-
fied Rankin Scale scores. Angiographic features of the treated
dAVFs were extracted, including location, type of fistula (ac-

14,15)’ and

cording to the Cognard and Borden classifications
territories and number of the feeding arteries, by 2 experienced
neuroradiologists (D.F.V. and M.A.M. with 5 and 12 years of
experience, respectively), one of whom had no involvement in
the treatment. Procedural parameters, such as the number of
procedures, number of embolization positions, and the pres-
ervation of the venous sinus were documented. Peri- and post-
procedural complications were assessed and graded as asymp-
tomatic complications, transient symptomatic complications,
and symptomatic complications with permanent neurologic
deficits. The initial complete angiographic occlusion rate was
assessed after the last treatment procedure. Overall complete
occlusion was defined as complete occlusion of the dAVF at the
last follow-up examination, diagnosed with digital subtraction
angiography, which was performed 6 months after the last
treatment, and/or MR imaging, which was performed before
discharge and during the follow-up.



Table 1: Patient demographics, clinical presentation, and
angiographic features of the treated dAVFs®

Patient demographics

Total No. of patients 22
Patient age (yr) 55+ 15
Male/female ratio 11
Clinical presentation
Symptomatic patients 22 (100%)
Hemorrhage 1(4.6%)
Preinterventional mRS 1£1
dAVF location
Transverse and/or sigmoid sinus 19 (86.4%)
Superior sagittal sinus 2(9.1%)
Marginal sinus 1(4.6%)
dAVF classification
Cognard | 7 (31.8%)
Cognard lla 6(27.3%)
Cognard lla+b 9 (40.9%)
Borden | 13(59.1%)
Borden Il 9 (40.9%)

Feeder territories
Middle meningeal artery 21(95.5%)
Occipital artery 21(95.5%)
Internal carotid artery (dural branches) 19 (86.4%)
Vertebral artery (dural branches) 14 (63.6%)
Superficial temporal artery 11(50.0%)
Other angiographic features

Bilateral feeders 13 (59.1%)
No. of feeder territories 5+2

=20 Feeding arteries® 19 (86.4%)
<20 Feeding arteries® 3(13.6%)

? Data are presented as No. (relative frequency in %) or mean = SD.
b Feeding arteries with a length of =10 mm (measured from the dural sinus).

Patient Selection

Transarterial liquid embolization in combination with trans-
venous balloon-assisted protection of the affected venous sinus
was chosen as the primary treatment technique in patients with
patency and functioning of the affected sinus and location of the
fistula point within the sinus wall. Contraindications for trans-
venous balloon-assisted protection of the sinus were nonpatency
or nonfunctioning of the sinus (for example, due to high-grade
stenosis or complete occlusion) or location of the fistula point in
a sinus compartment, which can potentially be embolized selec-
tively while preserving the sinus.'®

Interventional Procedure

All interventions were performed with the patient under general
anesthesia in a biplane angiography suite (Artis Q or Artis zee;
Siemens, Erlangen, Germany). During the procedure, patients
were anticoagulated using heparin to achieve an activated clotting
time of >250 seconds. After puncture, a 6F introducer sheath was
inserted into the right femoral artery and an 8F introducer sheath
was inserted into the left femoral vein. Preinterventional bilateral
diagnostic angiographies of the internal and external carotid ar-
teries and of the vertebral arteries were performed. A schematic
illustration of the treatment technique is shown in Fig 1. A com-
pliant, dimethyl sulfoxide—compatible, venous remodeling bal-
loon (Copernic RC, 8 X 80 or 10 X 80 mm; Balt Extrusion, Mont-
morency, France) was navigated via the transvenous route into
the affected sinus covering the arterial feeders. Subsequently, a
dimethyl sulfoxide— compatible microcatheter (Marathon micro-
catheter, Covidien, Irvine, California; or SONIC, Balt Extrusion)

was navigated into the most promising arterial feeder with the aim
of achieving a distal position as close as possible to the fistula
point.

Superselective diagnostic angiographies via the selected arte-
rial feeder with and without balloon inflation were performed to
assess the distribution into other arterial feeders and to determine
the optimal embolization and balloon position. If one balloon was
not sufficient for complete occlusion of the sinus or for complete
coverage of the fistula, a second balloon was inserted. Afterward,
transarterial embolization was performed using Onyx 18 (Covi-
dien) under a roadmap technique. Simultaneously, the venous
balloon was inflated and deflated with a maximum inflation time
of 5 minutes. The balloon inflation pressure was manually ad-
justed to prevent migration of the embolic agent into the main
sinus lumen and to simultaneously achieve retrograde penetra-
tion into the arterial feeders. After termination of the emboliza-
tion procedure, diagnostic angiographies were performed via the
feeder territories for treatment control.

RESULTS
Patient demographics, clinical presentation, and angiographic
features of the treated dAVFs are summarized in Table 1.

Twenty-two patients diagnosed with dAVFs who were treated
with endovascular transarterial liquid embolization in combina-
tion with transvenous balloon-assisted protection of the venous
sinus from January 2011 to November 2017 were analyzed. All
these patients were symptomatic, of whom 81.8% had tinnitus;
9.1%, ocular symptoms; 9.1%, headache; and 22.7%, other symp-
toms. One patient (4.6%) presented with an intracerebral hemor-
rhage. The fistulas were located at the transverse and/or sigmoid
sinus (86.4%), the sagittal superior sinus (9.1%), or the marginal
sinus (4.6%). Most treated fistulas were low-grade without corti-
cal venous reflux (59.1%). According to the Cognard classifica-
tion, the most frequent fistula type was Ila+b (40.9%), followed
by 1(31.8%) and ITa (27.3%). According to the Borden classifica-
tion, the most frequent fistula type was I (59.1%), followed by II
(40.9%). The middle meningeal artery, the occipital artery (both
95.5%), and dural branches of the internal carotid artery (86.4%)
were the predominant arterial supplies.

Procedural parameters, treatment results, follow-up, and out-
come are summarized in Table 2. An illustration of a representa-
tive case is shown in Fig 2.

Twenty-five treatment procedures were performed. In all patients,
the treatment technique of the first procedure was transarterial Onyx
embolization in combination with transvenous balloon protection.
Two of the 3 patients who needed an additional treatment were again
treated using the same technique, while for 1 patient, the second
treatment consisted of coil embolization of the affected sinus. The
reason for sinus occlusion in this patient was progressive thrombosis
of the sinus, which was exclusively draining the fistula and was no
longer involved in the normal venous drainage of the cranium. In 4
patients, 2 balloon catheters were required for adequate occlusion of
the venous sinus or for complete coverage of the fistula. Most fistulas
were embolized via the middle meningeal artery (80.0%); the second
most frequently selected feeder was the occipital artery (24.0%).

The initial complete angiographic occlusion rate was 63.6%,
followed by 5 more complete spontaneous occlusions during the
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Table 2: Procedural parameters, treatment results, follow-up, and outcome’

2 complications: 2 small infarctions, 2

No. of treatment procedures

Total No. of treatment procedures

1 treatment procedure per patient

2 treatment procedures per patient
Selected feeder for embolization

Middle meningeal artery

Occipital artery

Others
No. of embolization positions

1

=2
Complications

Overall complications

Asymptomatic complications

Transient symptomatic complications

Symptomatic complications with permanent neurologic deficits
Follow-up

Follow-up (mo)

Postinterventional angiography available

Postinterventional MRI available
Angiographic outcome

Initial complete angiographic occlusion

Spontaneous occlusion after subtotal endovascular occlusion

Time from last treatment to diagnosis of spontaneous occlusion (mo)

Overall complete occlusion at last examination
Residual fistula at last examination

Clinical outcome
Postinterventional mRS at discharge
Postinterventional mRS 6 mo after treatment
Complete symptom remission after treatment
Symptom relief after treatment
Stable symptoms after treatment
Worsening of symptoms after treatment

small subdural hemorrhages (most

25 likely caused by vessel perforation
19(86.4%) during navigation of the microcath-
3(13.6%) ) . :
eter into the respective arterial feeder
18(80.0%)  or during traction of the microcath-
5(24.0%) eter after embolization), and 1 small
2(8.0%) intracerebral hemorrhage (<1 c¢m in
diameter). In 1 patient with a small ve-
20 (80.0%) . . . .
nous infarction, inadvertent emboli-
5(20.0%) ) .
zation of the proximal part of the
5(20.0%)  vein of Labbé could be identified as a
3(12.0%) suspected reason for the complica-
2(8.0%) tion. For the small intracerebral hemor-
0(0%) rhage, which was detected on a peri-inter-
B+18 ventional conebeam CT scan during the
17 (7;.2%) treatment of a patient with a Cognard Ila/
22 (100%) Borden I dAVF, stasis in a small temporal
vein, caused by the temporary balloon oc-
14(63.6%)  clusion, could be identified as a suspected
5(227%) reason for the complication. Three com-
35+ 6.0 licati . d2
19 (86.4%) plications were asymptomatic, and 2 com-
3(13.6%) plications were symptomatic. The 2 pa-
tients with symptomatic complications
1+1 had headaches, which were declining until
T+1 discharge and no longer present 6 months
15 (68.2%) after treatment. No complication with
6(27.3%) logic defici
1 (4.6%) permanent neurologic deficits was re-
0(0%) corded. No procedure-related cranial

? Data are presented as No. (relative frequency in %) or mean = SD.

follow-up period, resulting in an overall complete occlusion rate
of 86.4%. One of the 3 patients with residual fistula on angiog-
raphy had a low-grade fistula (Cognard ITa/Borden I) and
showed complete symptom remission at the last clinical exam-
ination. The remaining 2 patients refused further treatment
because of symptom relief. For the 5 patients with spontaneous
occlusion after treatment, the mean time from treatment to
diagnosis of spontaneous occlusion was 106 days, ranging from
7 days to 14 months.

After a mean follow-up of 18 months, most patients (68.2%)
were free of symptoms, while 27.3% showed symptom relief and
4.6% had stable symptoms compared with the preinterventional
status. Five patients still had symptoms (symptom relief for 4
patients and stable symptoms for 1 patient) despite complete
occlusion of the fistula. These patients had nonpulsatile tinni-
tus (n = 2), headache (n = 2), and residual symptoms after
severe venous congestion (n = 1). No patient died during the
follow-up.

Postinterventional diagnostic angiography was performed
in 77.2% of cases. From the patients without follow-up DSA, 3
patients refused further invasive diagnostic imaging because of
complete symptom remission, and for 2 patients, follow-up
DSA is still pending. Postinterventional MR imaging was per-
formed in all patients.

Five procedure-related complications occurred, resulting
in an overall complication rate of 20% (with respect to the
number of treatment procedures). We recorded the following
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neuropathies were observed.

DISCUSSION

Endovascular therapy has become the treatment of choice for
most intracranial dAVFs and has considerably improved in recent
years, which can—among other factors— be attributed to the in-
troduction of new treatment techniques based on new devices,
such as embolic agents, microcatheters, and balloon cathe-
ters.>”'” More recently, the strategy of neuroendovascular treat-
ment aims to eliminate the respective pathology with preservation
of the surrounding healthy vasculature. A promising technique
for avoiding inadvertent occlusion of normal veins during tran-
sarterial embolization of dAVFs, which was first described by Shi
et al'? in 2009, is the transient placement of a balloon in the af-
fected venous sinus.“*'° The studies with the highest case num-
bers reporting this technique are those by Piechowiak et al® and
Ertl et al'? in 2017. Piechowiak et al® conducted a retrospective
study of 9 patients with fistulas of the transverse and sigmoid
sinuses who were treated using a technique that is similar to the
technique described here. However, they used balloon assistance
on both the venous and the arterial sides. Ertl et al'> compared
sinus-occluding and sinus-preserving endovascular treatment
techniques for dAVFs, reporting on a subgroup of 11 patients
treated with transarterial Onyx embolization combined with
transvenous balloon-assisted protection of the venous sinus. In
our retrospectively analyzed and prospectively maintained data
base, 22 patients treated with transarterial liquid embolization in
combination with transvenous balloon-assisted protection of the



FIG 2. lllustration of a representative case. A, Right external carotid artery angiogram shows a Cognard lla+b/Borden Il dAVF located at the
transverse and sigmoid sinuses with multiple feeding arteries out of numerous vascular territories. B, Right internal carotid artery angiogram
shows dural branches of the internal carotid artery feeding the fistula (black arrow). C, Venous phase of B. Note the proximity of the fistula point
(black arrow in B) to the junction of the vein of Labbé and of the inferior temporal veins into the sinus (black arrow). For successful treatment
of the dAVF, the fistula point should be embolized while simultaneously preserving these veins. D, Superselective angiogram without balloon
inflation via the feeder that was selected for embolization, the mastoid branch of the occipital artery (microcatheter tip marked with an open
arrow). There is drainage via the sinus (white arrows) and only slight filling of the adjacent feeders (black arrow). E, Lateral x-ray shows the
inflated balloon. F, Superselective angiogram after balloon inflation (microcatheter tip marked with an open arrow). Due to the temporary
occlusion of the sinus, which shows only minimal enhancement at the edge of the balloon (white arrow) at the junction of the vein of
Labbé and the inferior temporal veins (C), nearby feeders show marked filling of contrast agent (black arrows). The angiograms with the
inflated balloon serve as a test injection to estimate the distribution of the subsequently injected liquid embolic agent. G, Onyx cast after
embolization with distribution of the embolic agent in all feeding artery territories. Common carotid artery angiogram of the arterial (H)
and venous (/) phases 6 months after treatment shows complete occlusion of the fistula and patency of the venous sinuses and the normal
superficial veins.

venous sinus were analyzed, and the feasibility, effectiveness, and ~ postinterventional patency of the respective sinus was not specif-

safety of this treatment technique were investigated. ically reported.*'>"?

Except for 1 patient in our study in whom the affected sinus The described embolization technique promotes the preserva-
was occluded by coil embolization, preservation of the sinus could  tion of the normal venous structures. In addition, another major
be achieved in all procedures. In the above-mentioned studies, the ~ advantage of the technique is described here. Not only is the arte-
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rial feeder through which the injection is performed being embo-
lized but feeders from other arterial territories with connection to
the respective sinus segment are also embolized in a retrograde
manner by migration of embolic agent along the balloon and the
sinus wall into the feeders. As a result, feeding arteries that are
difficult or technically impossible to catheterize can be easily em-
bolized and the number of arterial feeders to be catheterized can
be reduced, potentially lowering the risk of periprocedural tech-
nical complications and also reducing the procedure time. Ac-
cordingly, in most cases in our study, only 1 embolization posi-
tion was necessary for complete or near-complete embolization of
the dAVFs. This is important because most of the dAVFs of the
transverse and sigmoid sinuses have multiple feeders,'® as was the
case in our series, in which 86% of the treated fistulas had >20
arterial feeding arteries. In this context, besides the facilitation of
embolization of feeding arteries, this treatment technique also
bears the risk of inadvertent embolization of cortical veins drain-
ing into the sinus. To prevent this complication, these veins must
be carefully observed during the embolization, and if necessary,
the balloon must be repositioned or another arterial feeder se-
lected for embolization.

The overall complete occlusion rate of 86% in our series is
comparable with the results of Piechowiak et al,® who achieved
complete occlusion or substantial flow reduction in 89% of
patients treated with balloon-assistance on the arterial and ve-

nous sides. Similarly, Ertl etal'?

reported a complete occlusion
rate of 71% for sinus-preserving endovascular treatments (not
further subdivided with respect to the specific treatment
technique).

Most of the fistulas in our series were low-grade without
cortical venous reflux. For this type of fistula, the risk of bleed-
ing is relatively low; therefore, substantial relief or complete
remission of symptoms is the main aim of the treatment.'® The
high rate of complete symptom remission and symptom relief
0f 95% in our study is in accordance with the results of recently
published studies and underlines the effectiveness of endovas-
cular embolization for the treatment of this type of dAVE.>®'?

A significantly lower complication rate for sinus-preserving
than for sinus-occluding techniques has been reported in a
recently published study (0% versus 33%), however, with a
higher rate of permanent fistula occlusion for sinus-occluding
techniques.'? In our study, the overall complication rate was
20% without any permanent neurologic deficits. Of the 5 com-
plications that occurred in the present study, 2 can be attrib-
uted to the balloon occlusion of the venous sinus: 1 case of
venous infarction due to inadvertent embolization of the prox-
imal part of the vein of Labbé (facilitated by the balloon occlu-
sion) and 1 case of intracerebral hemorrhage due to stasis of a
small temporal vein caused by the temporary balloon occlu-
sion itself. For the second patient who developed a venous
infarction, no specific reason could be identified; however, the
2 above-mentioned mechanisms might also have contributed
to this complication. To prevent procedure-related complica-
tions, as mentioned above, special attention should be paid to
cortical veins draining into the affected sinus because inadver-
tent occlusion of these structures (both by inadvertent embo-
lization and by too long temporary balloon occlusion) can lead
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to venous congestion and/or hemorrhage. The low rate of
symptomatic complications is in line with data from other

studies of sinus-preserving and sinus-occluding techniques

with and without balloon-assistance.”>®!%*2°

A potential limitation of this study is its relative low case num-
ber. However, to the best of our knowledge, this is the largest
study reporting on this treatment technique. Furthermore, the
study was conducted in a single institution with retrospective
analysis of prospectively maintained data, which is a potential
limitation on the study findings.

CONCLUSIONS

Transarterial liquid embolization in combination with trans-
venous balloon-assisted protection of the venous sinus is feasible
and safe for the treatment of dAVFs and offers high rates of com-
plete occlusion and of complete symptom remission or relief. Fur-
ther studies with higher case numbers and long-term follow-up
are necessary to further assess the value of this treatment
technique.
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