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Purpose: To evaluate the efficacy and safety of ethylene vinyl alcohol copolymer (Onyx) with
or without coils in treatment of type Il endoleaks associated with abdominal aortic endografts.
Materials and methods: The medical records of 14 patients (12 men and 2 women, mean
age 73 years) with type II endoleaks associated with abdominal aortic endografts, and treated
with Onyx, with or without coils, were reviewed. These patients underwent 19 type Il endoleak
embolization procedures. Time to follow up computed tomography angiogram (CTA), initial
and follow-up aneurysm sac characteristics, embolization access technique, use of coils, volume
and type of Onyx used, and complications were recorded.

Results: Mean procedure time was 124 minutes (range, 51-237 minutes), and mean volume of
Onyx used per procedure was 2.1 cc (range, 1.5-3). Mean follow-up time between initial and
final CTA was 19.9 months (range, 0.5-64.4). After one or more treatments, follow-up imaging
documented complete occlusion of the endoleaks in 10 of 14 patients. Mean sac size decreased
by an average of 0.3 cm in those with successful embolization and increased by an average of 0.4
cm in those with failed embolization. One major complication (infection, 5.2%) occurred before
adding prophylactic antibiotics to our protocol. No significant inadvertent embolization occurred.
Conclusion: This study contributes to the growing body of data regarding safety and efficacy
of treating type II endoleaks using Onyx. Potential benefits are both technical and economic.
As we found advantages with the use of Onyx, additional studies are warranted.
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Introduction
After aortic endograft placement, flow in and out of the aneurysm sac through patent
branch arteries is the most common type of endoleak. These “type II endoleaks™ are
estimated to arise in approximately 9%—-30% of patients after endovascular aneurysm
repair (EVAR).! Reported spontaneous resolution of type Il endoleaks ranges from
33% to 50% within the first year.!? Those that do not resolve within the first year are
unlikely to do so spontaneously and are referred to as “persistent” type II endoleaks.!
Treatment of type Il endoleaks is generally performed via transcatheter therapeutic
embolization.®* Numerous techniques and materials for embolization of endoleaks
have been described. Access to the aneurysm sac is typically achieved with either
a transarterial approach or direct needle puncture under imaging guidance.! Many
materials have been used for endoleak embolization including coils, gelatin sponge,
thrombin, and tissue adhesive (cyanoacrylate), among others.* One product being
used at some centers is ethylene vinyl alcohol copolymer (Onyx; Covidien, Dublin,
Republic of Ireland). Onyx is a nonadherent, cohesive, liquid copolymer embolic
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agent that is permanent and radiopaque due to micronized
tantalum powder within the product. In the United States, the
Food and Drug Administration has approved Onyx for use
in embolization of intracranial aneurysms not amenable to
surgical clipping and for presurgical embolization of arterio-
venous malformations. This manuscript describes our tertiary
care center’s experience with off-label use of Onyx, with or
without coils, for embolization of endoleaks.

Materials and methods

This study was performed as a retrospective analysis of
patients at our tertiary care referral center. A University of
Vermont Institutional Review Board, Committee on Human
Research in the Medical Sciences, exemption was obtained
prior to acquisition of patient data. As this was a retrospective
study, written informed consent from each patient was not
required by the Institutional Review Board. The departmen-
tal database was searched for patients who had undergone
embolization treatment of an abdominal aortic aneurysm sac
endoleak with Onyx, between January 2007 and November
2012. Two inclusion criteria required satisfaction for inclu-
sion to the study. The first criterion was referral for treatment
from a vascular surgeon based on computed tomography
angiography (CTA) diagnosis of either suspected type II
endoleak persisting greater than 6 months, or suspected type
IT endoleak associated with a significant increase in aneurysm
sac diameter. Throughout the review period of this manu-
script, the threshold for treating based on sac growth evolved
from greater than 2 mm to greater than 5 mm. The second
criterion was the use of Onyx 34 for endoleak embolization,
with or without the use of adjunctive coils.

A total of 14 patients were identified meeting our inclu-
sion criteria. These patients underwent a total of 19 proce-
dures. Information was gathered using electronic medical
records and the picture archiving and communication system.
Review of the initial aneurysm characteristics (including
diameter) and the initial aneurysm repair procedure was
performed. The period of time between initial EVAR and
follow-up demonstration of persistent endoleak, or aneurysm
sac dilation, was noted.

Embolization access techniques were selected on a case
by case basis by the attending interventional radiologist and
included six transarterial approaches, eight computed tomog-
raphy (CT)-guided direct punctures, and five fluoroscopic-
guided direct punctures. Once access was obtained, the
decision to use adjunctive 0.018 Hilal (Cook, Bloomington,
IN, USA) pushable coils was made by the attending interven-
tional radiologist. All cases initially accessed by CT-guided
direct puncture had a coil placed in the CT scanner room.

This was done to have a fluoroscopic puncture target should
inadvertent loss of access occur in transport. Four additional
cases had one or more coils deployed to occupy space if the
suspected required volume of Onyx would be greater than
two doses (3 mL). In all cases, an attempt was made to fill the
entire endoleak flow channel within the aneurysm sac with
Onyx, with or without embolization coils. Onyx 34, which
is the least penetrable form, was used.

Follow-up evaluation for aneurysm sac size and persis-
tent or new endoleak was performed with CTA in all except
one postprocedure follow-up episode (which used duplex
ultrasound). The outcomes reported include endoleak type,
initial and final aneurysm sac diameter for each procedure,
presence of endoleak after each procedure, use of coils, and
volume of Onyx 34 used. Change in aneurysm sac diameter
for clinically successful embolization attempts was compared
to change in sac diameter for failed attempts using a two-
sample z-test analysis.

Results

Application of our inclusion criteria from January 2007 to
November 2012 identified 14 patients, including 12 men and
two women. Patient ages ranged from 56 to 83 years of age,
with a mean age of 73 years. A total of 19 technically suc-
cessful endoleak embolization procedures were performed.
Ten patients were treated with a single procedure, three
patients with two procedures, and one patient underwent
three endoleak embolization procedures. Twelve procedures
included use of both Onyx and coils. Seven procedures were
performed with Onyx alone (Table 1).

The mean interval from time from index endograft place-
ment to first endoleak treatment was 13.3 months (range of
1-60 months). This excludes one patient in whom the endo-
graft placement date was unknown. The mean embolization
procedure time was 124 minutes (range of 51-237 minutes).
In addition to time in the angiography suite, procedure time
included time in the CT scanner as well as transportation
time between the CT scanner and the angiography suite
when applicable. The time from embolization procedure to
postprocedural follow-up with CTA and duplex ultrasound
ranged from 0.5 to 64.4 months, with a mean of 19.9 months
and a median of 13.2 months.

An additional technical outcome was the volume of
Onyx used. A single dose of Onyx 34 (1.5 mL) was used
in eleven cases, while eight treatments delivered two doses
(3 mL) each. An average of 1.4 doses (2.1 mL) of Onyx 34
was used per procedure.

After one embolization procedure, seven patients had suc-
cessful embolization of their endoleak on follow-up. Three
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Table | Transcatheter embolization of type Il endoleaks with Onyx; procedural parameters and outcomes from January 2007 to

November 2012

Patient Procedure Endograftto Procedure Access Adjunctive Total Embolization Endoleak Final change
embolization time (min) technique coils placed volume of follow-up on follow-up in aneurysm
(months) (CT/DFITA) (YI/N) onyx used (months) (YIN) sac size (cm)
A | 6.1 139 CT Y 1.5 6.2 N -0.6
B 2 1.3 118 CcT Y 1.5 I.1 N -0.3
C 3 N/A 103 CcT Y 1.5 20.1 N -0.3
D 4 9.9 142 CcT N 3 64.4 N -0.4
E 5 60 94 DF Y 3 55.1 Y + 1.1
F 6 5.5 51 TA Y 3 13.2 N -0.9
G 7 2 237 TA Y 3 Y 0.1
8 199 TA Y 1.5 Y +0.2
9 79 DF Y 1.5 17.1 N 0
H 10 6.7 103 DF Y 1.5 Y +0.2
I 155 CT & DF N 3 7.9 Y 0
| 12 82 83 CcT Y 1.5 13.1 Y +0.6
J 13 | 54 TA N N/A 0.5 Y 0
K 14 8 98 CcT Y 1.5 72 N 0.2
L 15 89 197 TA N 3 36.7 N -0.3
M 16 36 137 TA N 3 Y +1.2
17 55 CcT Y 1.5 28 N -0.2
N 18 8.9 224 DF N 1.5 Y +0.4
19 93 DF N 1.5 8.6 N 0

Abbreviations: CT, computed tomography guided direct aneurysm sac puncture; DF, direct fluoroscopic puncture of aneurysm sac; TA, transarterial catheter access;

Y/N, yes/no.

patients with persistent endoleak after a single endoleak
embolization procedure did not have a repeat procedure.
A second attempt at endoleak embolization was performed
on four patients, resulting in elimination of the endoleak in
two patients (though one only evaluated by ultrasound on
follow-up), and persistent endoleaks in two patients (though
one had a significantly smaller aneurysm sac diameter). One
of the two patients with persistent endoleak after two pro-
cedure attempts underwent no further treatment. The other
patient underwent clinically successful embolization on the
third attempt.

Clinically successful endoleak embolization was achieved
in 10 of 19 procedures, as evidenced by absence of detectable
endoleak on final follow-up evaluation (one was evaluated
only by ultrasound). Overall, there was no significant change
in aneurysm sac size between pre-embolization and final
follow-up imaging. However, of the patients receiving clini-
cally successful endoleak embolization, there was a mean
decrease of 0.3 cm in the aneurysm sac diameter at final
follow-up imaging. In contrast, of the patients with persistent
endoleak after treatment, there was a mean aneurysm sac
diameter increase of 0.4 cm at final follow-up imaging. Two
sample 7-test analysis demonstrates a statistically significant
difference in sac diameter change between these two popula-
tions (p=0.0018).

A breakdown of endoleak embolization success based on
method of procedural access shows that transarterial access

was associated with clinically successful embolization in
only two of six (33%) procedures. CT-guided direct puncture
access was associated with successful endoleak embolization
in six of eight (75%) procedures. Fluoroscopic-guided direct
puncture access was associated with successful embolization
in two of five (40%) procedures.

Clinically successful endoleak embolization was also cor-
related with materials used during the procedure. For cases
using Onyx 34 alone, three of seven procedures (42.9%) were
successful. When Onyx 34 and coils were used in conjunc-
tion, 7 of 12 procedures (58.3%) had no endoleak on final
follow-up imaging.

One major complication occurred during the follow-
up period. A patient underwent transarterial embolization
1 month after the initial EVAR procedure. An endograft
infection subsequently developed. Successful open surgical
explantation with placement of a rifampin-soaked surgical
aortic graft was performed. The patient was asymptomatic
8 months later. After this, the protocol was amended to
included antibiotic prophylaxis during the procedure.

Discussion

It is clear that type Il endoleaks are associated with increas-
ing aneurysm sac size, and with increased reintervention.’
It is recommended to treat type Il endoleaks for aneurysm
sac expansion >5 mm within 6 months, or overall expansion
greater than 10 mm since the intervention.® Our experience
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with a combination of initial and repeat transcatheter emboli-
zation procedures using Onyx was that successful resolution
of type II endoleak made a statistically significant (p<0.01)
difference in aneurysm sac diameter. Despite this, data sug-
gest repeat intervention for type II endoleaks may not reli-
ably decrease likelihood or rate of aneurysm sac expansion.’
Therefore, it behooves us treat type Il endoleaks as effectively
as possible with each intervention.

The main purpose of this submission is to detail our expe-
rience with the alternative liquid embolic agent Onyx. This
agent has potential technical benefits during transcatheter
embolization procedures. Cost-effectiveness compared to
other liquid agents is unclear. In addition, general technical
considerations for transcatheter type II endoleak emboliza-
tion need further discussion and investigation.

A few other centers have published their results of off-
label use of Onyx 34 for treatment of endoleaks. In a study
of 101 patients with type II endoleaks embolized with Onyx,
Massis et al® successfully achieved resolution of endoleak
in 66% of patients. A study which compared Onyx to other
embolic agents suggests that Onyx may be superior as the
embolic agent compared to coils or other liquid embolic
agents.’ At our institution, 10 out of 19 (53%) of the pro-
cedures using Onyx 34, with or without coils, achieved
resolution of the endoleak. This is a rate similar to published
outcomes from other centers using Onyx, and for published
results of other embolic agents.

A recent review paper described a number of the
technical advantages of ethylene vinyl copolymer. These
included its ability to be deployed against arterial flow and

the increased duration of a controlled injection, due to its
cohesive properties.* These properties could allow for fill-
ing of a relatively large volume of an endoleak flow channel
from a remote catheter position prior to occluding the inflow
artery (Figure 1). For a needle or catheter position within
the flow channel, Onyx has the ability to occlude the flow
channel, draining artery, and inflow artery. The viscosity
characteristics and cohesive nature of Onyx 34 were likely
helpful in preventing any significant inadvertent emboliza-
tion of Onyx during our procedures.

It was suggested by Larzon and Fujita* that the benefits
of Onyx use came at an expensive financial cost. Our center
did not share this experience. At the time of data collection,
the cost paid by our institution for the average 1.4 doses of
Onyx was approximately 67% the cost of a single use vol-
ume of n-butyl cyanoacrylate (NBCA). Aside from choice
of liquid embolic agent, other factors are to be considered
for treatment efficacy.

Limitations

There are varied opinions about the impact that access route
plays in outcomes of endoleak intervention. Many authors
have published that there is a greater rate of successful type
IT endoleak embolization with direct puncture of the flow
channel within the aneurysm sac.? In our study, 9/14 (64%)
of direct puncture approaches achieved resolution, while
only 2/6 (33%) of transarterial approaches were clinically
successful. However, the sample size in our series is too low
to reach significance. In addition, the decision to place coils
was intimately tied with the choice of access. All CT-guided

Figure | (A) Digital subtraction angiography after contrast injection within the left iliolumbar artery demonstrating type Il endoleak inflow through the left L4 lumbar
artery and outflow through a small vessel to the right of the abdominal aortic aneurysm sac. (B) Digital image status postembolization with Onyx demonstrating a high
volume deployed downstream into the endoleak flow channel and extruding into the draining vessel. The embolization continues back into the feeding L4 lumbar artery.
These emphasize the technical advantage of Onyx’s cohesive properties. (C) Digital subtraction angiography demonstrating technical success with lack of flow through the

previous feeding vessel.
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direct punctures received coil embolization, a total of eight.
A total of 12 embolization procedures used adjunctive coil
embolization, with the additional four receiving coils to ensure
complete flow channel embolization while using a maximum
of two Onyx doses (3 mL). This overlap is a confounder limit-
ing evaluation of outcomes related to both access route and
synchronous use of coil embolization with Onyx. Further
investigation with larger sample sizes would allow for more
robust statistical analysis of the impact of each.

Additional notable limitations are present. Small sample
size limits statistical analysis. Multiple variables are present
from patient to patient, further reducing the study’s power.
Also, the retrospective approach provides additional potential
sources of bias.

Conclusion

This manuscript contributes to a growing body of mid-term
data that suggests use of the liquid cohesive embolic agent
Onyx is both safe and effective for treatment of type II
endoleaks. Furthermore, statistically significant decreased
aneurysm sac size was associated with clinically successful
endoleak embolization procedures (p<0.01). Onyx offers
potential technical, and in some regions, cost benefits over
NBCA and should be further investigated. However, the best
technical method is not clearly defined. Our data suggests
improved results with CT-guided direct puncture techniques
and with synchronous use of embolic coils. But the sample
sizes are much too small for statistical evaluation of these.
Therefore, further larger scale investigation into use of Onyx
with differing technical parameters is warranted to help make
treatment planning decisions.
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