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Abstract Long-term outcome after closure of isolated
congenital coronary artery fistula (ICCAF) is poorly doc-
umented. To assess late outcome after ICCAF closure, a
1983-2013 retrospective study included all patients who
attempted an ICCAF closure and whose follow-up was
>1 year. ICCAF was diagnosed in 23 patients [median age
6.9 years (0.1-70.5 years), 13 children]. ICCAF was
symptomatic in 12 patients (52.2 %). First intervention was
either a transcatheter embolization (n = 19 patients,
82.6 %) or a surgical ligation (n = 4 patients, 17.4 %).
After a follow-up of 9.0 years (2.8-33.5), neither death nor
late ischemic event occurred but one patient was trans-
planted, because of postoperative myocardial infarction.
Late ICCAF recanalization occurred in eight patients,
leading to successful embolization of the shunt in all
patients after a delay of 9.8 years (5.7-13.8 years) from the
first intervention. Re-intervention occurred later in children
(p = 0.0027), with a 50 and 37.5 % freedom from re-in-
tervention in adults compared to a 100 and 89.0 % in
children, respectively, at 1 and 6 years of follow-up. At last
follow-up, coronary artery diameter had decreased from a
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mean z score of 12.0 & 7.7 to a mean z score of 6.0 + 6.0
(p = 0.002). Long-term outcome after ICCAF closure is
excellent, with neither death nor late ischemic event, and a
significant decrease in coronary artery diameter with time.
Late follow-up is of paramount importance, as one-third of
patients will require a re-intervention for late shunt
recanalization.

Keywords Coronary artery fistula - Percutaneous
closure - Congenital heart disease - Shunt

Introduction

Isolated congenital coronary artery fistula is a rare anom-
aly, defined as a direct abnormal connection of a coronary
artery with one of the four cardiac chambers or any vessel.
Considered as a major coronary artery malformation by
Odgen’s classification, it represents 0.4 % of all cardiac
malformations, with 0.002 % reported prevalence in the
general population [9]. While congenital coronary artery
fistula can be associated with another congenital heart
disease like pulmonary atresia with intact ventricular sep-
tum or tetralogy of Fallot, isolated congenital CAF
(ICCAF) accounts for up to 80 % of cases, occurring in
structurally normal hearts [25]. ICCAF management
remains not consensual in asymptomatic patients, as both
spontaneous regression and life-threatening complications
have been described [2, 26, 29].

From an interventional standpoint, with growing expe-
rience and technical developments, feasibility and safety of
both surgical ligation and percutaneous embolization have
been reported in most cases in experienced centers [11, 21,
28]. Although data regarding technical considerations and
early post-procedural outcomes have been largely reported,
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long-term outcomes after ICCAF closure are still poorly
documented. We report here the late follow-up of 23
patients who underwent ICCAF closure at our tertiary
institution.

Materials and Methods

We conducted an observational longitudinal monocentric
retrospective study. All adult and pediatric patients (1) who
had ICCAF, (2) who attempted fistula closure from 1983 to
2013 and (3) whose follow-up duration was >1 year were
included. Patients with a short follow-up <1 year and those
who were lost to follow-up were not included in the study.
Children were defined as aged less than 15 years old. Indi-
cation for ICCAF closure was either symptoms or fistula-
related significant shunt, assessed by ventricular dilation on
echocardiography and confirmed by Qp/Qs ratio at cardiac
catheterization. Twenty-three patients were identified and
classified into two groups: the group A (n = 19 patients,
82.6 %) included patients who first underwent a tran-
scatheter closure and the group B (n = 4 patients, 17.4 %)
included those who first had a surgical ligation. Medical files
were reviewed to collect demographic, clinical, 12-lead
electrocardiograms and echocardiographic data as well as
technical characteristics of the percutaneous procedure or
the surgery and early clinical outcomes. All imaging
modalities (transthoracic echocardiography, coronary
angiography and computed tomography) were analyzed for
all patients by two investigators in a blind manner, at the time
of diagnosis, fistula closure and last follow-up. ICCAF
anatomy was accurately described including its origin,
course and exit site; coronary arteries diameters, cardiac
chambers dimensions [left ventricular end-diastolic diame-
ter (LVEDD), left ventricular end-systolic diameter
(LVESD)] and systolic LV function data [ejection fraction
(EF)] were collected. Coronary artery diameters, LVEDD
and LVESD were compared to normal values according to
both age and body surface area [8, 15]. At the last visit, for a
given patient, coronary artery size was measured by the same
imaging modality that the one performed at the time of
diagnosis, to assess the evolution of diameters with time.
Percutaneous ICCAF closures were performed in the
catheterization laboratory with biplane fluoroscopic guid-
ance, under local anesthesia in adults and general anes-
thesia in children. All patients received intravenous
unfractionated heparin. Various materials were used fol-
lowing the size and anatomy of the ICCAF: releasable
balloons, coils, microparticles, Amplatzer occluder and
plugs. Immediate success was defined as a total or subtotal
occlusion of the given pedicle. Surgery consisted in an
external plication of ICCAF or, under cardiopulmonary
bypass, a closure of the intracardiac opening. A physical

examination, 12-lead ECG and TTE were performed at
24 h, 3 months, and 1 year after the procedure. The
referring cardiologists provided subsequent follow-up.
Long-term outcomes were assessed by telephone inter-
views of referring cardiologists to obtain information on
cardiac status, data at the last visit and any delayed com-
plications. The study was reviewed and approved by the
appropriate institutional ethics committee, and all patients
or legal guardians gave their informed consent to be
included in the database.

Statistical Analysis

Relevant variables were expressed either as numbers and
percentages or as mean value + standard deviation. Cor-
onary diameters after and before ICCAF closure were
compared by paired 7 test. Further re-interventions between
adults and children were compared with log-rank test.
Statistical analyses were performed using Statview soft-
ware version 5. Results were considered as statistically
significant for an alpha risk <0.05.

Results

A total of 34 patients underwent ICCAF closure at our
institution during the study period. We subsequently
excluded 11 patients because of loss of follow-up (n = 3
patients), short follow-up less than 1 year (n = 7) and
patient decline to participate (n = 1 patient), leaving 23
patients in the final analysis.

ICCAF Characteristics

Patients and ICCAF characteristics are summarized in
Table 1. ICCAF was symptomatic in 12 patients (52.2 %)
who complained about chest pain (n = 4 patients) or
exercise dyspnea (n = 8 patients). In 11 asymptomatic
patients, a continuous systolic—diastolic murmur led to
ICCAF diagnosis. ICCAF diagnosis was achieved by
transthoracic echocardiography in 20 patients (86.9 %). In
the 3 remaining patients, a coronary angiography was
required: Two adults presented a poor echogenicity that not
allowed an accurate diagnosis by echocardiography alone
and 1 child had multiple drainage sites into the pulmonary
artery. In 2 patients (8.7 %), the 12-lead ECG showed
negative T waves in anterior leads assessing ischemic
anomalies (Fig. 1).

ICCAF Closure and Early Outcome

The median age of ICCAF closure was 11.1 years
(0.1-70.5 years) distributing into 13 children (median age
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Table 1 Patients and ICCAF’s characteristics

Patient Age at diagnosis Age at Surgical vs. Used Origin Drainage  Proximal vs. Follow-up
(years) procedure Transcatheter closure  material site site distal fistula (years)
(years)

1 22 45.6 Transcatheter Balloon Bilateral PA Proximal 335
2 33 12.5 Transcatheter Plug RCA PA Proximal 12.6
3 0.1 4.1 Transcatheter Plug RCA RA Proximal 7

4 5 10.1 Transcatheter Coils Bilateral RV Distal 9.6
5 494 49.4 Transcatheter Plug RCA RA Proximal 4.5
6 10.7 11.1 Transcatheter Balloon Bilateral RV Distal 6.7
7 3 3.6 Transcatheter Plug + coils Bilateral RV Distal 4.6
8 0.1 6 Transcatheter Plug LCA RA Proximal 9.6
9 0.1 0.8 Transcatheter Plug RCA RV Distal 5.6
10 0.1 3.8 Transcatheter Plug + coils RCA RV Proximal 8.3
11 11.1 11.1 Transcatheter Plug RCA RA Proximal 8.7
12 51.8 51.8 Transcatheter Plug LCA PA Proximal 9
13 0.3 10 Transcatheter Balloon LCA RV Distal 21.8
14 70.5 70.5 Transcatheter Coils RCA RA Proximal 27.5
15 60.2 60.2 Transcatheter Coils LCA PA Proximal 7.9
16 6.9 61.9 Transcatheter Coils LCA PA Proximal 2.8
17 55.4 55.4 Transcatheter Coils Bilateral PA Proximal 4.1
18 0.3 6 Transcatheter Balloon Bilateral PA Proximal 22.1
19 62.6 65.4 Transcatheter Coils LCA RV Distal 16.2
20 0.1 0.1 Surgical Na Bilateral PA Proximal 53
21 29.5 30.5 Surgical Na RCA RA Proximal 23.6
22 41.1 57.8 Surgical Na LCA CS Proximal 244
23 0.1 55 Surgical Na RCA RV Proximal 14.6

RCA right coronary artery, LCA left coronary artery, PA pulmonary artery, RA right atrium, RV right ventricle, CS coronary sinus

Fig. 1 Freedom from re-
intervention after ICCAF

closure

@ Springer

Freedom form
re-intervention

14

N

Yo 4

10

8

=]

1
!
!
A
%

Y . SR

[}
o
Number at risk
Children: 13
Adults: 10

10

15

20

4]

= hildren

== pdults

3

23 Follow-up
(years)



Pediatr Cardiol (2015) 36:1728-1734

1731

6.0 years, 0.1-12.5 years) and 10 adults (median age
56.6 years, 30.5-70.5 years).

In the group A, the transcatheter closure was performed in
11 children (median age 6.0 years, 0.8-12.5 years) and 8
adults (median age 57.8 years, 47.6-70.5 years). Different
materials were used: releasable balloons (n = 4 patients,
21.1 %), plugs (n =7 patients, 36.8 %), coils (n =6,
31.6 %) (Fig.2), and plugs and coils (n = 2 patients,
10.5 %). The approach was anterograde in 16 patients
(84.2 %), retrograde in 2 (10.5 %) and both anterograde and
retrograde in 1 patient (5.3 %) with a voluminous ICCAF.
Two major peri-procedural complications occurred in two
distinct patients consisting in one ventricular fibrillation
efficiently treated with external defibrillation, and one coil
migration into the distal pulmonary artery, percutaneous
retrieved. In both cases, procedure was continued and fistula
was closed. Early success rate was 100 % with either occlu-
sion (n = 17, 89.5 %) or subocclusion (n = 2, 10.5 %).

In the group B, a surgical ligation was performed in 2
children (0.1 and 5.5 years) and 2 adults (30.5 and
57.8 years). Surgery was preferred because of the young
age and low body weight in one 1-month-old, 3.5-kg infant,
adjacent vessel at risk (superior vena cava, n = 1 patient;
coronary sinus, n = 1 patient), and large fistula aneurysm
with inadequate embolization material in 1 patient. Car-
diopulmonary bypass was used in all patients due to ana-
tomic considerations, and ICCAF drainage closure without
CAF origin closure was performed in all patients. Cavity
exposure was either right atrium (n = 3 patients) or right
ventricle (n = 1 patient). Successful closure was achieved
in all patients, but a 57.8-year-old woman experienced a

Fig. 2 Coil occlusion of an isolated congenital coronary artery fistula

major complication, presenting with a postoperative ante-
rior ST-segment elevation myocardial infarction and fur-
ther severe left ventricular systolic dysfunction (Table 2).

All patients received antiplatelet therapy from ICCAF
closure to hospital discharge. After hospital discharge,
medical treatment was led to the choice of referring car-
diologist: Nine patients had an abrupt treatment discon-
tinuation at hospital discharge, 8 received an antiplatelet
agent for 3 months, 5 for 6 months, and the patient whose
operation was complicated by a myocardial infarction had
an antiplatelet therapy for long term.

Long-Term Outcomes

After a median follow-up of 9.0 years (2.8-33.5), neither
death nor late ischemic event occurred. However, the patient
who experienced postoperative myocardial infarction
required a cardiac transplantation 5.7 years after the surgical
ICCAF closure, because of subsequent severe ischemic car-
diomyopathy with chronic heart failure. Late ICCAF
recanalization occurred in 8 patients (34.8 %). Six of them
were from group A (31.6 %; 1 retrievable balloon, 5 coils), 2
from group B (50 %). Ten re-interventions were needed in 8
patients (2 children) after adelay of 9.8 years (5.7-13.8 years)
from the first intervention. Re-intervention was done later in
children (p = 0.0027), with a 60, 50 and 37.5 % freedom
from re-intervention in adults compared to a 100, 100 and
89.0 % in children, respectively, at 6 months, 2 years and
6 years of follow-up (Fig. 1). In 6 (75 %) patients, mostly
adult patients [n =5 (50 %) adults versus n =1 (7.7 %)
child, p < 0.05], late recanalization affected ICCAF draining
into the pulmonary artery. In all ICCAF patients, the late
recanalization was successfully treated by percutaneous
embolization. Definite successful CAF closure was achieved
after 2 procedures in 6 patients, 3 procedures in 2 patients.

At last follow-up, the mean z score of coronary artery
diameter had decreased from 12.0 £ 7.7 to 6.0 £+ 6.0
(p = 0.002).

Regarding ECG follow-up, one patient had negative
T waves in inferior leads after his first percutaneous
embolization. He required a second procedure because of
late recanalization, with no ECG modification. In all other
patients, except the one who had postoperative myocardial
infarction, ECG was normal all along follow-up. Eighteen
patients (78.3 %) had a regular exercise test during their
follow-up, which was normal in all patients.

Discussion
Although technical considerations and early results of

ICCAF closure have been evaluated, long-term outcomes
are still poorly documented [3, 17, 20]. In our experience,
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Table 2 ICCAF’s characteristics at the time of procedure and at last follow-up

Patient Origin Age at Weight at  Maximal Maximal Method of Early FU Maximal Maximal
site procedure  procedure diameter of  diameter of fistula residual ~ (years) diameter of  diameter of
(years) (kg) the involved the involved  closure shunt the involved the involved
coronary coronary coronary coronary
artery at artery at artery at last artery at last
procedure procedure FU (mm) FU (z score)
(mm) (z score)
1 Bilateral 45.6 86 LCA: 11.6 LCA: +14.0  Transcatheter No 33.5 LCA: 8.9 LCA: 49.0
RCA: 3.5 RCA: —-0.25 RCA: 4.3 RCA: +1.04
2 RCA 12.5 41 RCA: 7 RCA: +8.2 Transcatheter No 12.6 RCA: 3.2 RCA: +0.17
3 RCA 4.1 15.5 RCA: 8 RCA: +15.4  Transcatheter No 7 RCA: 4.5 RCA: +5.6
4 Bilateral 10.1 30 LCA: 3 LCA: +1.6 Transcatheter No 9.6 LCA: 3.2 LCA: —04
RCA: 6 RCA: +94 RCA: 4 RCA: +1.7
5 RCA 494 53 RCA: 11.1 RCA: +15.5 Transcatheter No 4.5 RCA: 94 RCA: +12.2
6 Bilateral 11.1 39 LCA: 39 LCA: +1.8 Transcatheter No 6.7 LCA: 35 LCA: 4+0.44
RCA: 6.4 RCA: +7.5 RCA: 4.5 RCA: +3.04
7 Bilateral 3.6 15 LCA: 5 LCA: +7.4 Transcatheter No 4.6 LCA: 4.1 LCA: 4+3.7
RCA: 4 RCA: +5.3 RCA: 3.2 RCA: +2.1
8 LCA 6 24 LCA: 8.8 LCA: +14.8  Transcatheter No 9.6 LCA: 6 LCA: 4+7.3
9 RCA 0.8 7.3 RCA: 8.3 RCA: +20.7 Transcatheter No 5.6 RCA: 9 RCA: +17.9
10 RCA 3.8 13 RCA: 5 RCA: +13.7 Transcatheter No 8.3 RCA: 4 RCA: +4.7
11 RCA 11.1 37 RCA: 6 RCA: +94 Transcatheter No 8.7 RCA: 4.4 RCA: +3.02
12 LCA 51.8 45 LCA: 8.7 LCA: +11.2  Transcatheter No 9 LCA: 7 LCA: +7.7
13 LCA 10 40 LCA: 12 LCA: +18.3  Transcatheter No 21.8 LCA: 10 LCA: +10.9
14 RCA 70.5 79 RCA: 7 RCA: +6.5 Transcatheter No 27.5 RCA: 4.5 RCA: +1.9
15 LCA 60.2 79 LCA: 5.0 LCA: 4+2.0 Transcatheter No 7.9 LCA: 4 LCA: 40.25
16 LCA 61.9 87 LCA: 6.6 LCA: +4.7 Transcatheter Yes, 2.8 LCA: 4 LCA: +0.2
Trivial
17 Bilateral 55.4 58 LCA: 49 LCA: +1.8 Transcatheter Yes, 4.1 LCA: 4.8 LCA: +1.7
RCA: 11.1 RCA: +154 Trivial RCA: 6.8 RCA: +5.9
18 Bilateral 6 17 LCA: 3 LCA: +1.7 Transcatheter No 22.1 LCA: 3.2 LCA: -0.5
RCA: 8 RCA: +14.6 RCA: 8 RCA: +94
19 LCA 65.4 71 LCA: 6.7 LCA: +5.7 Transcatheter Yes, 16.2 LCA: 5.2 LCA: +2.8
Trivial
20 Bilateral 0.1 32 LCA: 2.2 LCA: 4+3.0 Surgical No 53 LCA: 2.5 LCA: +1.7
RCA: 5.4 RCA: +154 RCA: 5.7 RCA: +14.5
21 RCA 30.5 58 RCA: 11 RCA: +14.9  Surgical No 23.6 RCA: 6.2 RCA: +5.7
22 LCA 57.8 69 LCA: 12 LCA: +16.3  Surgical No 24.4 LCA: 9.6 LCA: +11.6
23 RCA 5.5 17 RCA: 8 RCA: +14.6  Surgical No 14.6 RCA: 8 RCA: +94

RCA right coronary artery, LCA left coronary artery

late outcome is excellent, with no death, no late ischemic
event and a significant decrease in coronary artery diameter
with time. However, patients have to be carefully evaluated
after ICCAF closure, as one-third of them will require a re-
intervention for late shunt recanalization during follow-up.

Management of asymptomatic ICCAF is still not con-
sensual, as its natural course may be variable. Both spon-
taneous closure and severe, life-threatening complications
have been reported, including atrial fibrillation, ventricular

@ Springer

arrhythmias, congestive heart failure, coronary artery
aneurysm, cardiac tamponade due to spontaneous rupture
of a coronary artery aneurysm, infective endocarditis [2, 5,
7, 14, 23, 24, 26, 29]. According to the American College
of Cardiology/American Heart Association guidelines,
ICCAF transcatheter occlusion should be considered in
symptomatic patients (class I indication) and in patients
with moderate or large coronary artery fistulae without
clinical symptoms (class Ila indication) [10].
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Our results add several novel insights compared to
previous reports. Liang et al. [18, 19] have suggested a
reduction in the involved coronary artery diameter in 4
patients with a mid-term follow-up, and our study confirms
in a larger population and after a longer follow-up that
involved coronary artery diameter significantly reduced
after ICCAF closure.

Rate of recurrent fistula or residual shunt is variable
among published series, whatever the occlusion method,
ranging from apparently no recanalization to a 10-15 %
incidence of recurrent fistula over time [1, 4, 6, 16, 22]. In
another report, 30 % of patients had documented residual
coronary artery fistula, but a re-intervention occurred in
less than 1 % of them [13]. Our study provides information
on one of the longest follow-up ever reported. We found a
high proportion of fistula recanalization, up to 31 % after
transcatheter closure and 50 % after surgical ligation, over
a 10-year follow-up period. Although being in an accept-
able range in children, freedom from re-intervention was as
low as 37.5 % at 6 years in adult patients. In our study,
distribution and characteristics of coronary artery fistula
are concordant with what was previously published,
ICCAF being unilateral in around two-third cases, and
drainage site being mainly the right heart side [24, 25]. We
found that fistulae were more complex in adults and pul-
monary artery was more frequently the drainage site. This
could explain the high rate of residual shunt in adults.
Nevertheless, these data strongly support the need for a
close, regular follow-up of patients after ICCAF closure,
even in the long term.

Surprisingly, despite a high proportion of ICCAF
recanalization, our long-term follow-up is uneventful, with
no major complication. In the huge experience of the
Boston’s group, major complications, including myocardial
infarction, angina with coronary thrombosis and symp-
tomatic cardiomyopathy, occurred in 15 % patients [27]. In
their series, the sole angiographic feature that was predic-
tive of adverse outcome was drainage of the ICCAF into
the coronary sinus. Clinical predictors associated with
adverse outcomes included older age at diagnosis, tobacco
use, diabetes, systemic hypertension and hyperlipidemia. In
another series, Cheung et al. [6] made coronary angiograms
in 21 asymptomatic patients after ICCAF surgical ligation
and found that the native coronary artery either remained
dilated and tortuous, or more frequently had thromboses
with a short proximal stump. Distal vessel was threadlike
or completely occluded in 4 patients, and 2 patients had a
thrombosed proximal artery with distal coronary artery
filled by collaterals. More recently, in a series of 16
patients, Gowda and coworkers showed that post-ICCAF
treatment sequelae include thrombosis and myocardial
infarction, revascularization, persistent coronary dilatation,
remodeling, and decrease in conduit coronary artery size

toward normal [12]. The large size distal type of CAF may
be at highest risk of coronary thrombosis post-closure. The
authors proposed to prescribe both anticoagulation therapy
and associated antiplatelet agent to treat CAF with high
risk of thrombosis. In our series, despite no (or no long-
term) treatment by antiplatelet agent, no ischemic clinical
event occurred, and no electrical changes were observed at
12-lead electrocardiogram and/or during exercise test all
along the follow-up. However, no recommendation can be
done based on this observation on a little series. Given the
risk of ischemic events reported by others, it makes sense
that patients receive at least long-term treatment by an
antiplatelet agent after ICCAF closure. Further collabora-
tive prospective studies may be of interest to assess anti-
coagulation benefits after ICCAF closure.

Conclusion

Long-term outcome after ICCAF closure is excellent in our
series, with neither death nor late ischemic event, and a
significant decrease in involved coronary artery diameter
with time. Late follow-up remains of paramount impor-
tance, as (1) thrombus formation and ischemic complica-
tions have been reported by other groups and (2) one-third
of patients will require a re-intervention for late shunt
recanalization.
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