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Abstract

Aims: The aim of this study was to evaluate the safety and efficacy of combined endovascular coiling and
Onyx embolisation in patients with a coronary artery fistula (CAF).

Methods and results: Between September 2014 and September 2016, 26 patients with CAFs were
enrolled in our study for attempted combined therapy using coils and Onyx. The mean age of patients was
64.0£9.5 years (range, 44-78 years). CAFs were large in 10 and medium in 16 patients. The mean number
of coils used was 3.1+1.2 (range, two to six), and the average volume of Onyx was 0.4+0.1 ml (range, 0.2-
0.6 ml). Immediate post-embolisation angiography demonstrated that complete occlusion was achieved in
23 patients (88.5%) and a small residual fistula was achieved in three patients (11.5%). Follow-up imag-
ing (median, 11.5 months; range, nine to 20) revealed stable occlusion of CAF in 21 cases (80.8%), trivial
recanalisation in four cases (15.4%), and large recanalisation in only one case (3.8%). Re-closure was per-
formed in the patient with large recanalisation. During the follow-up period, no deaths, severe procedure-
related complications, or new symptoms occurred.

Conclusions: In selected patients with CAF, transcatheter embolisation in combined therapy using coils
and Onyx appears to be a valid option, providing a high success rate and low rate of recanalisation.

*Corresponding author: Department of Cardiology, Changhai Hospital, Second Military Medical University, 168 Changhai Rd,
Shanghai, 200433, China. E-mail: 13764924032@163.com
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Abbreviations
CAF coronary artery fistula

DMS0  dimethyl sulfoxide
LAD left anterior descending artery
PA pulmonary artery

RCA right coronary artery
TTE transthoracic echocardiography

Introduction

Despite its relatively rare occurrence, coronary artery fistula (CAF)
remains the most common congenital coronary artery malforma-
tion'. Small CAFs are usually an incidental finding in asymptomatic
individuals but, when moderate to large, CAFs often produce symp-
toms and may cause complications including heart failure, myo-
cardial ischaemia, infective endocarditis, or even heart rupture*3.
The American College of Cardiology/American Heart Association
(2008) guidelines recommend intervening in all large fistulae, irre-
spective of whether symptoms are present, and in small to medium
fistulae with symptoms*. In the past, surgery was the primary treat-
ment for CAF, and this involved median sternotomy and cardio-
pulmonary bypass'®. Less invasive techniques providing lower
morbidity include various endovascular techniques such as the use
of coils?, vascular plugs®, covered stents’, and the AMPLATZER™
Duct Occluder (St. Jude Medical, St. Paul, MN, USA)®. At present,
detachable coils are the most commonly used materials for CAF,
but these have limited applications for large or twisted fistulae due
to the high rate of recanalisation and expense.

Onyx® (ev3 Neurovascular, Irvine, CA, USA), a mixture of ethyl-
ene-vinyl alcohol (EVOH), dimethyl sulfoxide (DMSO) and tanta-
lum powder®, was approved by the US Food and Drug Administration
(FDA) in 2005'". Since then, several studies have reported the endo-
vascular embolisation of brain vascular malformations using Onyx
alone or in combination with detachable coils, and such procedures
are associated with excellent results and low recanalisation rates'"12.
Nevertheless, until now, no literature reports have described the
transcatheter closure of CAF using Onyx embolisation.

In this article, we describe our preliminary experience of suc-
cessful transarterial embolisation using coils and Onyx in CAF. To
the best of our knowledge, this is the first series to evaluate the
efficiency and safety of the transcatheter closure of CAF using the
combination treatment of coils and Onyx.

Editorial, see page 2102

Methods

PATIENT ENROLMENT

Between September 2014 and September 2016, 12,673 consecu-
tive patients were examined by coronary angiography at Changhai
Hospital; of these, 41 (0.32%) were diagnosed as having CAF.
Large or moderate-sized CAFs in symptomatic patients were
included in our study; small CAFs or those with additional com-
plex cardiac disease requiring surgical treatment were excluded.
According to the angiographic result, large CAFs were defined as
>2x distal reference vessel diameter; medium CAFs were defined
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as 1-2x distal reference vessel diameter; and small CAFs were
defined as <1x distal reference vessel diameter!'>.

A total of 26 patients were enrolled for attempted treatment
with combined coils and Onyx. Patient demographics, fistula
characteristics, and cardiac catheterisation data as well as follow-
up data were analysed. The study protocol was approved by the
Ethics Committee of Changhai Hospital, Second Military Medical
University and was performed in accordance with the principles
established in the Declaration of Helsinki. The choice of the com-
bined therapy of coil and Onyx was discussed with all patients,

and valid informed consents were obtained.

EMBOLISATION AGENT

Various sizes of Axium™ detachable coils or Axium™ Nylon
detachable coils (both ev3 Neurovascular) were used in the pro-
cedure. These coils were used to form an initial framework into
which Onyx was carefully injected through the microcatheter.
Onyx (8% EVOH and 92% DMSO, and Onyx-34; or 6% EVOH,
94% DMSO, and Onyx-18) was chosen for the embolisation of
CAF to achieve a higher occlusion rate. The microcatheter was
pre-flushed with DMSO, and Onyx-34 or Onyx-18 was injected
slowly under fluoroscopic control until total occlusion was
achieved. To ensure adequate mixing and homogenous radiopacity
of the Onyx mixture, the vials were placed in a shaker (Vortex-
Genie; Scientific Industries, Inc., Bohemia, NY, USA) for at least
20 minutes before embolisation.

ENDOVASCULAR PROCEDURE

Briefly, the catheterisation procedure was performed under local
anaesthesia through radial artery access in all cases. Heparin
(100 TU/kg) was injected intravenously during the procedure. A 6 Fr
guiding catheter (ENVOY®; Cordis, Miami Lakes, FL, USA) was
navigated into the target vessel where the fistula was located.
Initially, an Echelon™ 10 microcatheter (ev3 Neurovascular) was
placed across the fistula ostium. Axium coils were then deployed
into the arterial fistula through the microcatheter to form a scaf-
fold structure. The number of coils used was determined based on
the flow and size of the fistula. An Onyx-compatible Echelon 10
microcatheter was subsequently placed in the proximal segment of
the coil mass, and Onyx-18 or Onyx-34 was then slowly injected
to fill the interstices of the coil mesh until complete occlusion
occurred. Both post-embolisation and follow-up coronary com-
puted tomography angiography (coronary CTA) or angiography
was performed to confirm complete obliteration of the fistula. All
patients were prescribed maintenance antiplatelet therapy (aspirin

plus clopidogrel for three months).

CLINICAL AND ANGIOGRAPHIC FOLLOW-UP

The follow-up protocol included assessments after one and six
months and annually thereafter. All visits included a routine phys-
ical examination, electrocardiography, chest radiography, trans-
thoracic echocardiography (TTE), and coronary CTA or coronary
angiography (usually at nine to 12 months after embolisation).
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STATISTICAL ANALYSIS

All continuous variables are expressed as the meantstandard
deviation (SD) or as medians with ranges as appropriate, and dis-
crete variables are presented as frequencies and/or percentages.
Continuous variables were compared using the unpaired Student’s
t-test and categorical variables by the chi-square test or the Fisher’s
exact test. All statistical analyses were performed using the SPSS
software package, Version 19.0 (IBM Corp., Armonk, NY, USA).

Results

BASELINE CHARACTERISTICS

The clinical characteristics of 26 patients are summarised in
Table 1. Of these patients, 17 (65.4%) were women, and nine
(34.6%) were men; the mean age of the patients was 64.0+9.5
years (range 44-78 years). CAFs were large in 10 patients and
medium in 16 patients. Chest congestion was the most common
symptom, presenting in 38.5% of the patients, followed by chest
pain, presenting in 30.8% of patients. NYHA functional Class was
II in nine patients, III in 13 patients and IV in four patients.

ANGIOGRAPHIC RESULTS

The sites of CAF origin and drainage are detailed in Figure 1.
CAF most commonly originated from the left anterior descend-
ing artery (LAD), and fistulae drained most commonly into the
pulmonary artery (PA). Procedural outcomes are summarised in
Table 2. All 26 patients were successfully treated with the combi-
nation of the coils and Onyx, and complete closure was achieved
in 23 (88.5%) patients (case 20, Figure 2, Moving iimage 1),
and mild residual flow was achieved in three (11.5%) patients
(case 15, Figure 3, Moving image 2) as verified by immediate
post-embolisation angiography. In case 2, the patient had previ-
ously undergone transcatheter closure of CAF with coils alone.
However, a significant residual shunt was found one year after
the procedure: that failure was more likely due to the large size of
the fistula. Therefore, the patient was enrolled in our study, then
successfully treated with the combined therapy of three coils and
0.4 ml Onyx-34 (Figure 4, Moving image 3).

Table 1. Clinical characteristics of all patients diagnosed with
CAF (n=26).

Women, n (%) 17 (65.4)
Men, n (%) 9 (34.6)
Age, yrs 64.0+£9.5
Recorded symptoms, n (%) | Chest pain 8(30.8)
Chest congestion 10 (38.5)
Palpitations 5(19.2)
Dizziness 2(7.7)
Syncope 1(3.8)
Murmur (continuous diastolic), n (%) 7 (26.9)
NYHA Class HI/IV, n (%) 17 (53.8)
Values are n, mean=SD, or n (%).
l Circ I l LM l RCA I LAD
) 1) 9 (14)
I I I
RV PA LA
1) (23) 2

Figure 1. Coronary artery fistulae origin and drainage sites.

Circ: circumflex artery, LA: left atrium; LAD: left anterior
descending coronary artery;, LM: left main,; PA: pulmonary artery;
RCA: right coronary artery, RV: right ventricle

Procedural details are summarised in Table 3. The mean number
of coils used was 3.1, with a range of 2-6. An average of approxi-
mately 0.4 ml of Onyx was injected, with a range between 0.2 and
0.6 ml. Onyx-18 was used in four (15.4%) patients, and Onyx-34
was used in 22 (84.6%) patients. During the procedure, no deaths,
distal migration of Onyx or coils, embolic or haemorrhagic com-

plications, catheter entrapment, fistula dissection, arrhythmia or

pericardial tamponade occurred.

Figure 2. Coronary angiography in case 20 showing a giant fistula. A) A giant fistula originating from the LAD and draining into the

pulmonary artery was identified in a 63-year-old woman. B) Three coils were initially deployed in the fistula, but significant residual flow

remained. C) Residual flow disappeared completely after injecting 0.6 ml of Onyx-34, as demonstrated by immediate post-embolisation

angiography.
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Table 2. Procedural details and complications of patients.

Fistula site Size of CAF

no. sex class coils used | volume (ml) | atdischarge on follow-up | on follow-up

Case | Age/ | NYHA No. of Onyx Residual shunt | Recanalisation | NYHA class

LELZ2-0€122:CT'8TOC uonuaAiduony [N

1 71/F I LAD-to-PA Medium 3 0.2 None None 1l
2 60/M IV LAD-to-PA Large 8 0.4 None None Il
3 57/M I LAD-to-PA Medium 3 0.3 Mild Trivial I
4 73/F 1l LAD-to-PA Medium 2 0.5 None Large I
5 61/F I LAD-to-PA Medium 2 0.3 None None I
6 76/F Il LAD-to-PA Large 3 0.4 None None 11
7 44/M Il LAD-to-LA Medium 2 0.2 None None |
8 60/M I LCX-to-PA Medium 2 0.3 None None Il
9 67/M 11 RCA-to-PA Large 5 0.25 None None I
10 66/F I RCA-to-PA Medium 3 0.4 None None Il
11 78/F I LAD-to-LA Medium 2 0.5 None None Il
12 46/M I RCA-to-PA Large 4 0.6 None Trivial 11
13 b2/F 1l RCA-to-PA Medium 2 0.3 None None |
14 75/F I LAD-to-PA Large 4 0.5 None None Il
15 71/F 1l LAD-to-PA Large 3 0.2 Mild None Il
16 68/M IV RCA-to-PA Large 6 0.2 Mild Trivial 11
17 62/F 11 RCA-to-PA Large 5 0.4 None None I
18 69/F Il RCA-to-PA Medium 2 0.3 None None Il
19 74/F 1 LAD-to-PA Medium 2 0.3 None None |
20 63/F Il LAD-to-PA Large 3 0.6 None None Il
21 76/F \% LCX-to-RV Large 5 0.2 None None 11
22 59/F 11 LAD-to-PA Medium 8 0.3 None None |
23 63/F I\ RCA-to-PA Medium 2 0.5 None Trivial Il
24 61/F Il LCX-to-PA Medium 4 0.4 None None Il
25 46/M [l RCA-to-PA Medium 3 0.3 None None |
26 65/M Il LAD-to-PA Medium 2 0.6 None None |
LAD: left anterior descending; LCX: left circumflex; PA: pulmonary artery; RCA: right coronary artery; RV: right ventricle

LABORATORY DATA in cardiac troponin I (cTnl) levels at 24 hours after operation,
Creatinine (CRE) levels showed a slight increase at 24 hours after  these remained in the normal range and decreased at one month,
the procedure but recovered to preoperative levels at one month.  thereafter returning to the basal level at six months. The trends of
There was no obvious change in blood urea nitrogen (BUN) lev-  changes in creatine kinase-MB (CK-MB) levels were the same as
els before and after embolisation. Despite a significant increase  those for ¢Tnl (Figure 5).

Figure 3. Coronary angiography in case 15 presenting a giant fistula. A) Coronary angiography showed that a fistula originated from the
proximal segment of the LAD and drained into the pulmonary artery. B) Significant residual flow was observed after deploying 3 coils into the
fistula. C) Coronary angiography revealed only a small amount of residual shunt after injection of 0.2 ml of Onyx-34.
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Figure 4. Coronary angiography in case 2 presenting with large recanalisation. A) Large recanalisation of CAF 12 months after embolisation

using 3 coils was found in a 60-year-old man; B) immediate angiogram after the reocclusion of the CAF with 3 coils; C) coronary

angiography confirmed complete occlusion after injection of 0.4 ml of Onyx-34.

Table 3. Procedural data of all patients diagnesed with CAF (n=26).

Angiographic sizing, n (%) Large 10 (38.5)
Medium 16 (61.5)
Procedure time, min 52.6x11.6
Fluoroscopy time, min 22.5+5.3
Number of coils used 3.1x1.2
Onyx volume, ml 0.4+0.1
Hospital stay, days 4.8+1.2
Follow-up period, months 12.3£3.4
NYHA Class I11/1V on follow-up, n (%) 7 (26.9)
Values are n, mean+SD, or n (%).
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CLINICAL FOLLOW-UP

Follow-up data were available for all patients. The median fol-
low-up period was 11.5 months (range, nine to 20 months) and
included clinical symptom, blood test, ECG, TTE, chest X-ray,
and coronary CTA or angiography monitoring. Improvement of
symptoms was noted in 20 of the 26 patients (76.9%), and symp-
toms were stable in six patients (23.1%). Thirteen patients were
in NYHA Class III and four patients were in NYHA Class IV at
baseline. At the most recent follow-up, 10 patients were in NYHA
Class II. Two patients were in NYHA Class IV at baseline and
were classified in NYHA Class III at follow-up. The proportion of
patients in NYHA Class III/IV was reduced from 53.8% at base-
line to 26.9% at the time of last follow-up (p<0.05).

B 10+

8 -[ -[ -‘r ]
o 67 '
©
£
E 4 -

2 -

BUN level

0 - T T T

Pre-closure 1day 1 month 6 months
D w

*

35

30 A

25 A
<
oo 20
c

15 1

10 1

5 clnl level

0 T T T
Pre-closure 1 day 1 month 6 months

Figure 5. Laboratory data regarding kidney function and myocardial injury indices. A) Creatinine (CRE) levels. B) Blood urea nitrogen (BUN)
levels. C) Creatine kinase-MB (CK-MB) levels. D) Serum cardiac troponin I (cTnl) levels. Data are presented as the mean+SD (range bars).

*n<0.05 compared with the basal level.



Angiographic follow-up was performed in 15 (57.7%) patients,
and follow-up CTA was obtained in 11 (42.3%) patients after the
initial procedure. A trivial-to-mild residual shunt immediately
after the procedure disappeared in two patients and remained
unchanged in one patient at follow-up. During the follow-up,
recanalisation of the fistula was found in five (19.2%) of the 26
patients; four (15.4%) of these experienced trivial recanalisation,
and the other patient (who was treated with two coils and 0.2 ml
Onyx-18) showed significant recanalisation at her 12-month fol-
low-up angiography. The latter patient was then re-occluded with
one additional coil and 0.3 ml Onyx-34, and no recanalisation was
verified by CTA at the six-month follow-up. No other procedure-
related complications, such as distal migration of Onyx or coils,
strokes, fistula dissection, or infective endocarditis, were observed

during the follow-up period.

Discussion

Although it remains the most commonly used device for endo-
vascular occlusion of CAF', the detachable coil has the disad-
vantages of a low success rate and high recanalisation rate®’.
Especially for large, tortuous or multiple fistula ostia, trans-
catheter coil embolisation may be technically difficult, with inac-
curate placement potentially leading to inadequate occlusion'.
Consequently, multiple coils may be required to obtain satisfac-
tory fistula occlusion!!¢, but the procedure is lengthy and expen-
sive!”. Currently, Onyx is usually used in combination with coils
for the embolisation of brain vascular malformations'®?'. Thus far,
no data have been published on the combined use of coils and
Onyx for the treatment of CAFs.

In our series, we first report the short-term findings of transarte-
rial coiling and subsequent Onyx embolisation in 26 patients with
large CAFs. Compared with coil embolisation alone, deploying
coils before Onyx injection can slow the blood flow of the fistula
and produce a “strong armoured concrete” structure??, which may
embolise the fistula more reliably. Indeed, in the present study,
successful occlusion occurred immediately in all patients with no
residual flow in 88.5% cases and with trivial flow in 11.5% cases.
The immediate closure success rate in our series was better than
previous reports of transcatheter closure studies involving coils
alone!®%,

Nevertheless, despite the high occlusion rate, recanalisation
remains the most serious complication when using Onyx embo-
lisation"®. Ambekar et al showed that the risk of fistula recanal-
isation was high in the first year after Onyx embolisation®. In our
series, median 11.5-month follow-up imaging indicated that, when
using transcatheter closure with a combined treatment of coils and
Onyx, only 19.2% of patients experienced recanalisation; this rate
is significantly lower than that reported by Jama et al for their
series of 29 patients'4, who underwent transcatheter closure using
coils or other occlusion devices alone (44.4% recanalisation rate).
Of note, trivial recanalisation was detected in two of 22 patients
(9.1%) treated with Onyx-34; however, trivial to significant
recanalisation was found in three of four patients (75%) who were
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treated with Onyx-18. The patient with significant recanalisation
was re-occluded completely using Onyx-34, indicating that Onyx-
34 might be more suitable than Onyx-18 for occluding CAFs, in
particular for larger fistulae.

Furthermore, the use of Onyx in association with coils greatly
reduced the number of coils that needed to be used, thereby
decreasing medical expense and fluoroscopy time®. The num-
ber of coils required to achieve satisfactory occlusion has been
reported to be as high as 25'. In comparison, on average, only 3.1
coils were needed when used in combination with Onyx to achieve
stable occlusion in the present study. The volume of Onyx used in
our series was much less (average, 0.4 ml) than that needed for
the transarterial embolisation of traumatic carotid cavernous fistu-
lae using Onyx alone (average, 3.94 ml)'’. Of note, based on the
financial data from our institution (for example, the total medical
cost of two coils plus Onyx is US$5,969 versus US$9,696 for four
coils), we hypothesised that the combined treatment of Onyx and
coils might be cheaper than procedures with coils alone.

Several technical issues could account for the high procedural
success rate and fewer complications. First, the avoidance of
Onyx reflux into normal vessels is essential for preventing severe
ischaemic events. It is therefore important to achieve tight packing
with coils before Onyx injection and to use an injection site distant
from the main functional vessels of the coronary artery. Usually,
the microcatheter is placed in the narrowest part of the distal fis-
tula; if there is no obvious stenosis of the fistula, the microcatheter
will be placed at least 2-3 cm from the fistula opening. Second,
Onyx has non-adhesive properties but still carries the risk of cath-
eter entrapment®*?’. In the present study, we placed the tip of the
microcatheter over the proximal portion of the coil mass, which
may lead to ease of catheter extraction and allow the Onyx to pen-
etrate within the coil interstices. Indeed, no occurrence of catheter
entrapment or difficult catheter removal was reported in our study.
Third, the injection of Onyx under radiographic control is critical
to achieving total occlusion. During the procedure, a small amount
(approximate 0.1-0.2 ml) of Onyx was initially injected, and the
interventionalist then waited three to five minutes. A little more
Onyx was then injected if a significant residual shunt remained
upon angiographic observation. This process “injection-angiogra-
phy-injection” was repeated until angiography demonstrated satis-
factory occlusion of the fistula.

Additionally, Onyx is dissolved in an organic solvent DMSO,
with the potential for cardiovascular toxicity or renal injury.
However, the laboratory indices did not change significantly after
coiling and Onyx embolisation, possibly due to the small amount
of Onyx used in this series. Moreover, based on our experience,
to reduce thrombotic events resulting from endothelial injury
caused by microcatheterisation, all cases received short-term dual
antiplatelet treatment. Nevertheless, considering that antithrom-
botic therapy may inhibit thrombus generation and thus decrease
the complete occlusion rate, the application of antiplatelet and/or
anticoagulation treatment after coil placement and Onyx injection

remains controversial.
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Limitations

Our study has several limitations. This study was a retrospective,
single-institution study involving a small population with a short
follow-up; thus, the actual efficacy of the endovascular coil-
ing and Onyx embolisation technique might not have been
ascertained. Therefore, further studies with larger sample sizes
and long-term follow-up are required to confirm our findings.
Angiographic follow-up was available for only 57.7% of patients,
and coronary CTA was performed at follow-up in the remaining
patients. Increasing evidence shows that coronary CTA can be
delineated non-invasively and with high accuracy for diagnosing
CAF?. However, the sensitivity of computed tomography versus
angiography for identifying small recanalisation events remains

controversial.

Conclusions

Our results indicated that coil placement in combination with
Onyx embolisation yielded a high rate of procedural success with
few complications. However, this report describes our preliminary
experience with a limited number of patients and a short follow-
up period. Hence, further investigations are needed to clarify the
efficacy and safety of procedures using coils and Onyx.

Impact on daily practice

Coronary artery fistula (CAF), the most common coronary
artery malformation, has potential complications and requires
immediate treatment. Transcatheter coil closure has been the
mainstay of therapy for CAF and exhibits a relatively low
complication rate. Unfortunately, it also carries the disadvan-
tage of a high rate of recanalisation, and its use is limited in
patients with large or twisted fistulae. Here, we reported trans-
catheter embolisation using a combination of coils and Onyx.
This method was found to be an attractive and successful alter-
native for selected patients with CAF.
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Supplementary data

Moving image 1. Angiography showing a large coronary artery
fistula that was completely closed using a combination of coils
and Onyx.

Moving image 2. Using coils and Onyx, a large coronary artery
fistula was successfully closed; residual flow was mild, as verified
by immediate post-embolisation angiography.

Moving image 3. Re-embolisation was performed; angiography
showed no residual flow.

The supplementary data are published online at:
http://www.pcronline.com/

eurointervention/133rd_issue/353
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