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A b s t r a c t

Introduction: Coronary artery fistula consists of abnormal congenital connections between a coronary artery and cardiac cham-
bers, a coronary vessel or an intrathoracic vessel that can be complicated by intracardiac shunts, endocarditis, myocardial infarction, 
or coronary aneurysms. Recent reports have emphasized the efficacy of percutaneous transcatheter techniques as an alternative to 
surgical closure, but the reported experience is relatively limited. 

Aim: To assess angiographic outcomes in a series of 20 patients who underwent transcatheter closure of coronary artery fistula.
Material and methods: We evaluated all patients presenting with significant coronary artery fistula and undergoing transcath-

eter closure with coils and a vascular plug between March 2008 and June 2012.
Results: There were 20 patients (14 men; mean age: 53 ±8 years) with coronary artery fistula. Fistula diameter ranged from 4 to 

12 mm; an average of three coils were used in the percutaneous procedure. Post-deployment angiograms demonstrated complete 
occlusion in all patients. The patients were followed up for 4 ±1.6 years. The control coronary computed tomographic angiography 
was performed in the sixth month and no patients had recanalization of the embolized vessel.

Conclusions: Percutaneous closure of coronary artery fistula is a safe and effective treatment modality.
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Introduction
Coronary artery fistula (CAF) is most commonly con-

genital in origin and rarely of iatrogenic origin. It is an 
uncommon anomaly characterized by an abnormal con-
nection between the coronary arteries and cardiac cham-
bers or nearby vessels bypassing the usual myocardial 
capillary network. The majority of CAF are small, are de-
tected incidentally in about 0.1% of adult patients under-
going routine coronary angiography and do not require 
intervention [1].

The clinical presentation of congenital CAF may vary 
considerably, depending on its anatomy and the size of 
the fistulous connection to the left or right side of the 
heart and its flow reserve. Treatment of CAF is indicat-
ed for symptomatic patients and for those asymptom-
atic patients with significant shunt or large fistulas that 
create a  risk for future complications, such as infective 
endocarditis, pulmonary hypertension or heart failure 
[1]. Traditionally, surgery has been the main therapeu-

tic method for the closure of CAF, with proven efficacy 
and safety, but transcatheter closure approaches have 
emerged as a  less invasive strategy and are nowadays 
considered a valuable alternative to surgical correction, 
with similar effectiveness, morbidity and mortality [2–8]. 
However, information on the long-term outcome after 
percutaneous CAF closure is limited. 

Aim
The purpose of the present article is to evaluate the 

immediate and long-term follow-up results of transcath-
eter closure of CAF.

Material and methods
Twenty patients with CAF who underwent catheter-

ization between March 2008 and June 2012 were enrolled 
in the study. Patients with additional complex cardiac 
disease requiring surgical management and those with 
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a small CAF found incidentally during echocardiography 
or catheterization were excluded. All patients underwent 
a cardiac evaluation, including medical history, physical 
examination, electrocardiogram and transthoracic echo-
cardiogram. Written informed consent was obtained 
from all patients before the procedure.

Once access was secured via the femoral artery, an 
intravenous heparin bolus (60 to 100 U/kg) was given 
to all patients. After obtaining hemodynamic data, the 
coronary arteries were engaged selectively using various 
diagnostic guidewires and catheters. Hand injection of 
contrast allowed visualization of coronary anatomy, and 
location of CAF including origin and drainage sites. The 
left to right shunting was assessed by measurement of 
pulmonary to systemic flow ratio data (QP:QS) gathered 
from diagnostic catheterization. Delivery catheters were 
positioned either directly from the coronary ostia into the 
CAF, typically with small French size catheters and coro-
nary guidewires. This allowed for deep intubation, per-
mitting accurate coil delivery to the desired target within 
the fistula. We used embolization devices including stan-
dard coils, controlled-release coils, microcoils (standard, 
GDC or IDC) and Amplatzer vascular plug II. The devices 
and their delivery systems have been described in de-
tail previously [9–14]. Selective coronary angiography 
was performed immediately after device deployment. All 
the procedures were performed by the same operator. 
Patients were not routinely treated with oral anticoag-
ulation or antiplatelet therapy following the procedure. 
Control multidetector computed tomographic (MDCT) 
angiography was performed in the sixth month and first 
year follow-up.

Results
Twenty patients (14 men; mean age: 53 ±8 years) 

with symptomatic CAF underwent transcatheter closure 
with coils and Amplatzer vascular plug II. The most com-
mon presenting symptom was chest pain with exercise 
dyspnea (75%). Five patients had a  fistula originating 
from the first diagonal artery draining into the pulmonary 
artery, 2 patients had a fistula draining into the coronary 
sinus from the posterior descending artery, and 1 patient 
had a fistula from the first obtuse marginal branch to the 
right ventricular outflow tract. The fistula most common-
ly (9 patients) originated from the right coronary artery 
draining into the right cardiac chambers (atrium-ventri-
cle). Two patients had fistulas originating from the left 
circumflex artery and draining to the bronchial artery. 
One had a large fistula originated from the right coronary 
artery draining the vena cava superior. Mean QP:QS ratio 
was 1.9 (range: 1.6–2.5).

Fistula diameter ranged from 4 to 12 mm; an aver-
age of 3.3 coils were used in 18 patients and Amplatzer 
vascular plug II in 2 patients. Post-deployment angio-
grams taken 30 min after closure demonstrated com-

plete occlusion in all patients. Complete atrioventricular 
block occurred in 1 patient. In this patient, the fistula 
was between the right coronary artery and the right atri-
um. During implantation of the coil, AV block developed 
abruptly. In the sixth month and first year follow-up, 
coronary computed tomographic angiography was per-
formed and no recanalization of the embolized vessel 
was found (Figure 1). The mean follow-up period was  
4 ±1.6 years; all patients were asymptomatic and no late 
complications or deaths were recorded. Baseline and fol-
low-up clinical and functional data are shown in Table I. 
Six patients with palpitation at baseline had sinus tachy-
cardia. Patients with palpitation after the procedure had 
normal sinus rhythm. 

Discussion
The first transcatheter closure of congenital CAF was 

performed in 1983 by Reidy et al., and it has increasingly 
become the first line therapy in anatomically suitable cas-
es [15]. This technique has advantages over surgery that 
include: lower cost, shorter recovery time and duration of 
hospitalization, and avoidance of thoracotomy and car-
diopulmonary bypass. Our results have confirmed previ-
ous evidence suggesting that the percutaneous closure 
of CAF with coil placement was a safe and effective treat-
ment modality [2–8]. Prognosis of our patients after the 
closure procedure is good in long-term follow-up results.

Treatment of CAF is indicated for symptomatic pa-
tients and for those asymptomatic patients with signif-
icant shunt or large fistulas that create a risk for future 
complications, such as infective endocarditis, pulmonary 
hypertension or heart failure [1]. Most patients are as-
ymptomatic; symptoms mostly depend on underlying 
cardiac anatomy and the size of the CAF. With a tenden-
cy for symptoms to develop over time, symptomatic CAF 
may present for the first time in adulthood. The 2008 
American College of Cardiology/American Heart Asso-
ciation guidelines for the management of adults with 
congenital heart disease recommend closure of all large 
CAF regardless of symptomatology using transcatheter 
or surgical techniques, and call for closure of small to 
moderate fistulas only in the presence of symptoms (in-
cluding ischemia, arrhythmia, and unexplained systolic 
or diastolic dysfunction). They do not recommend closure 
of small, asymptomatic CAF [16]. Mavroudis et al. recom-
mend elective coil occlusion in patients who satisfy the 
following criteria: absence of multiple fistulas, a  single 
narrow drainage site, absence of large branch vessels, 
and safe accessibility to the coronary artery supplying 
the fistula [17]. Development of catheter and coil tech-
nology has made it a safe procedure [18–21]. Techniques 
previously described for transcatheter closure of CAF in 
adults include the use of various types of detachable 
occlusion coils, Amplatzer vascular plugs, Amplatzer um-
brella devices, detachable balloons, covered stents, and 
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histoacryl resin, while the vast majority of the fistulas 
were closed using microcoils [22–29]. 

The procedural complications reported in the litera-
ture include transient ischemic changes, unretrieved de-

Figure 1. A  – Multislice computed tomography 
shows the coronary artery fistula between the 
left circumflex (LCX) artery and bronchial artery. 
B – Coronary angiography (antero-posterior cau-
dal view) demonstrates the coil embolization and 
closure of the fistula. C – Multislice computed to-
mography shows the closure of the fistula after 
coil embolization

BA

C

Table I. Baseline and 6-month follow-up clinical 
findings of the study population

Variable Baseline  
(n = 20)

Follow-up  
(n = 20)

Value of p

Angina pectoris: 8 (40) 2 (10) < 0.05

NYHA class 1 4 (50) 2 (100)

NYHA class 2 3 (37.5) 0

NYHA class 3 1 (12.5) 0

NYHA class 4 0 0

Dyspnea 15 (75) 3 (15) < 0.01

Palpitations 11 (55) 6 (30) < 0.01

Positive treadmill 
stress test 

4 (20) 0 < 0.001

Results presented as n (%).

vice embolization, fistula dissection, myocardial infarc-
tion, transient atrial arrhythmia and death. In our group 
AV block developed during the coil embolization proce-
dure. Complete AV block has not been reported to date. 
However, coil embolization is a rare entity and unexpect-
ed complications may occur. In this patient we suggest 
that the fistula had side branches to the AV node. “Jail-
ing” these side branches resulted in complete AV block 
and we implanted a permanent pacemaker. 

There are cases reported in the literature in which low-
dose aspirin and oral anticoagulant therapy addition for 
prophylaxis of thrombosis were used if the coronary flow 
was sluggish. However, there is limited data available re-
garding the risk of coronary thrombosis in this group, and 
the benefits are still controversial [30, 31]. Thus, we did 
not routinely treat the patients with oral anticoagulation 
or antiplatelet therapy following the procedure.

During follow-up, recanalization of the fistula was 
also reported [4–7]. Given the presence of recanalization 
risk after percutaneous fistula closure, it is important to 
routinely follow these patients after fistula closure even 
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if they remain asymptomatic. In this study we evaluat-
ed the role of multislice computed tomography for the 
follow-up of CAFs [32]. The MSCT provides detailed in-
formation regarding the location of the device with re-
spect to surrounding anatomic structures and reveals 
anomalies not evident in transesophageal echocardiog-
raphy (TEE) [2]. However, MDCT is not a  suitable imag-
ing method in patients who have CAF originating in the 
distal segment of a coronary artery with small vascular 
structure and coursing between coronary arteries and 
cardiac chambers.

In our study we used an antegrade approach. In the 
literature, it was reported that a retrograde approach has 
some advantages over the antegrade approach [33]. The 
retrograde approach has an advantage in cases when the 
fistula is draining near the coronary sinus. None of our 
patients was of this type, so we preferred the antegrade 
approach. 

The limitation of the present report is the small sam-
ple of patients. However, because of the low incidence of 
CAF, and treatment only being indicated in symptomatic 
patients, it is difficult to achieve a more representative 
sample of patients.

Conclusions
Transcatheter closure using interventional devices 

must be considered as an alternative treatment in select-
ed cases of isolated CAF depending on the anatomy of 
the fistula, the presence or absence of associated defects 
and the experience of the interventional cardiologists 
and surgeons.
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