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Definition

Coronary artery fistulas are rare vascu-
lar anomalies that establish direct links be-
tween a large subepicardial coronary artery
and a cardiac chamber or a large thoracic
vessel. They most frequently drain into one
of the ventricles, the pulmonary arteries,
the coronary sinus, superior vena cava or
pulmonary veins. Thus, their clinical sig-
nificance derives mainly from the magni-
tude of the left-to-right shunt they are re-
sponsible for. Their etiology is most fre-
quently congenital1, but they may be occa-
sionally attributable to cardiac trauma2 or
to iatrogenic factors such as therapeutic
chest irradiation3, surgery for congenital
defects4, coronary angioplasty5 or repeated
endomyocardial biopsies after heart trans-
plantation6. The first published description
of a coronary fistula was done in a patho-
logical report dated 18657. Biörck and
Crafoord8 performed the first successful
surgical closure in 1947 and the first thera-
peutic embolization of abnormal thoracic
vessels was performed in 1974 by Zuber-
buhler et al.9. 

Their prevalence in the selected popula-
tion of patients submitted to coronary an-
giography for any reason is low and ranges
from 0.2 to 0.25%10,11. Fistulas are the most
common congenital defects of coronary ar-
teries1, but represent only 0.4% of all con-

genital cardiac malformations12. Coronary
fistulas are also found in association with
various congenital heart diseases such as
tetralogy of Fallot or pulmonary atresia
with intact ventricular septum in which
they can be associated with proximal coro-
nary artery stenoses13. The fistulas may
represent the only blood supply from the
hypertensive right ventricle to a significant
part of the left ventricle. A similar situation
may be found as part of the hypoplastic left
heart syndrome in infants with mitral
stenosis and aortic atresia14. The manage-
ment of these fistulas is not discussed in
this review as they are most often surgical-
ly corrected at the time of intervention for
the basic cardiac defect.

They are almost equally distributed in
frequency between the right and left coro-
nary arteries, but fistulas originating in the
right coronary are slightly more frequent
than those of the left coronary artery15. Oc-
casionally bilateral coronary fistulas have
been encountered (4 to 5% of all coronary
fistula cases)15,16. 

Most of the fistulas originate proximal-
ly in the coronary tree, in the first segment
of the involved coronary artery. Such an
origin facilitates their closure by endolumi-
nal or surgical intervention. Those located
in the middle or distal segment of a coro-
nary artery usually drain into the ventricu-
lar chambers.
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Coronary fistulas are uncommon anomalies of congenital and rarely iatrogenic etiology. Their
clinical significance is mainly dependent on the severity of the left-to-right shunt they are responsible
for. Symptoms, high-flow shunting and the occurrence of complications, only partially related to the
magnitude of the shunt, are the main indications for their closure, especially in the adult population.
Pediatric patients, even asymptomatic but presenting with electrocardiographic or chest X-ray ab-
normalities, should be treated in order to avoid the long-term complications related to the presence
of the fistula. Treatment of adult asymptomatic patients with non-significant shunting is still a mat-
ter of debate. Surgery and direct epicardial or endocardial ligation were traditionally viewed as the
main therapeutic method for the closure of coronary fistulas. Progress in the techniques of endolu-
minal intervention has led to fistula embolization using different devices including coils, balloons and
chemicals. The success rate is good and the procedure-related morbidity acceptable.
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Clinical significance, consequences

Most of the patients with coronary fistulas are
asymptomatic and the anomaly is incidentally recog-
nized at the time of coronary angiography performed
for another reason. 

Although they may be completely asymptomatic,
patients with coronary artery fistulas may have signifi-
cant abnormal findings at clinical examination, on stan-
dard ECG or at chest X-ray4. The most common clini-
cal presentation is the finding of a continuous heart
murmur, sometimes accompanied by signs of pul-
monary congestion at X-ray and ECG signs of right
ventricular volume overload. 

Accumulating evidence suggests that the majority
of patients do become symptomatic with advancing
age, during the fifth or sixth decade of life15,17, in rela-
tion to the slow, progressive enlargement of the fistula
and to shunt augmentation. Only about one fifth of pa-
tients < 20 years of age and with coronary fistulas are
symptomatic versus nearly two thirds of those > 20
years of age, with an overall incidence of symptoms of
39% in a series of 174 patients15.

Complications of coronary fistulas include significant
and sometimes serious conditions such as myocardial is-
chemia18, pulmonary arterial hypertension19, and conges-
tive heart failure20 due to left-to-right shunting. Other
complications have been reported, including various ar-
rhythmias21,22, infectious endocarditis20,23, and rupture
with cardiac tamponade20,24, but they are extremely rare.

Left-to-right shunting

The connection between the coronary tree and the
pulmonary circulation due to the coronary fistula results
in a left-to-right shunt of variable magnitude. In a major-
ity of cases the shunt is small and has no hemodynamic
consequences. In other cases, the severity of the shunt,
expressed by a high pulmonary-to-systemic flow ratio, is
responsible for hemodynamic abnormalities and the de-
velopment of symptoms. Chronic volume overload of
the right heart may lead to arterial pulmonary hyperten-
sion19. When long-term severe left-to-right shunting is
present, congestive heart failure may occur20. The most
frequently associated symptom is exercise dyspnea. This
is due to high arterial pulmonary pressures and capillary
engorgement with interstitial stasis. 

There are no literature citations of Eisenmenger’s
syndrome occurring as a consequence of isolated un-
treated coronary fistulas, even when bilateral.

Myocardial ischemia

The relation between the presence of coronary fistu-
las and myocardial ischemia is well recognized25-27. In-
creased blood flow over the systemic-to-pulmonary fis-
tula may lower the distal intracoronary diastolic pressure

and result in ischemia by a “coronary steal phenome-
non” in the absence of coronary artery disease25,28-30.
Most of these patients develop exercise angina and much
less frequently myocardial infarction31,32.

Occasionally a coronary fistula may coexist with an
atherosclerotic stenosis of the same coronary artery.
Both contribute to the pathophysiology of myocardial
ischemia33. Shear-induced intimal damage, caused by
increased flow in the artery supplying the fistula, may
result in the accelerated development of atherosclerosis
in the involved vessel. Exercise angina is a common
symptom and myocardial infarction has been occasion-
ally reported34,35. The concomitant presence of coronary
fistulas and coronary atherosclerosis has been described
in patients who required surgery for both diseases33.

The location of the coronary fistula with respect to
the coronary stenosis may play a significant role in the
pathophysiology of myocardial ischemia. In most pub-
lished reports the fistula is located proximally to the
coronary stenosis. In other cases the fistula is located
distally to the stenosis and is variably associated with a
right-to-left shunt because of the significant drop in the
coronary pressure distal to the coronary lesion24,36. 

The mechanisms involved in the pathophysiology
of ischemia with respect to fistula location are slightly
different. In the first case, ischemia occurs because of
the coronary steal phenomenon associated with the di-
minished coronary flow over the stenosis. In the second
situation, ischemia is induced because of the reduction
in coronary flow over the stenosis and myocardial irri-
gation with oxygen deprived blood from the pulmonary
artery. Interestingly, in case of proximal coronary oc-
clusion in the latter form of coronary-to-pulmonary fis-
tula, the fistula may function as a bypass circuit that al-
lows myocardial salvage and avoids infarction24.

Indications for coronary fistulas treatment:
to close or not to close?

Symptoms, complications and significant shunt are
the main indications for the treatment of coronary
artery fistulas37. There is a general consensus to close
coronary fistulas in the presence of symptoms15,38. Fis-
tula closure should always be attempted when associat-
ed with myocardial ischemia, even in the absence of
coronary artery disease25. In case of traumatic coronary
artery-cameral fistulas, that are uncommon sequelae of
thoracic trauma, early surgical intervention is recom-
mended in order to avoid long-term complications39.

There is still controversy concerning fistula closure
in asymptomatic patients. Since the potential long-term
complications are serious, all those with moderate to se-
vere shunting should be treated. Morbidity is minimal
and results are good: patients with large, anatomically
well identifiable fistulas can be referred to surgery (Fig.
1), even if asymptomatic37. Some investigators suggest-
ed elective surgical ligation even in the absence of symp-
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toms and independently of shunt severity15,20,40. This is
particularly true for pediatric patients in whom the lack
of symptoms may be misleading and should not consti-
tute the main criterion for therapy. The presence of sig-
nificant clinical, ECG or roentgenographic abnormali-
ties should be followed by fistula closure even in young
asymptomatic patients4. Endoluminal closure may repre-
sent a valuable alternative in selected cases (Fig. 2).

Some authors argued in favor of closure in asymp-
tomatic patients because they do develop symptoms
with time, when the perioperative morbidity and mor-
tality increase41. However, there is no clear indication
to close a coronary fistula in asymptomatic adults or el-
derly subjects37 with non-significant left-to-right shunt-
ing. In these patients the natural history of the disease
has not been fully elucidated. There are published re-
ports of spontaneous coronary fistula closure, although
this is improbable in the majority of cases42.

Prior to the decision regarding the method of closure,
surgical or percutaneous, the pathological presentation
and precise anatomy of the fistula should be assessed by
angiography. As most of these anomalies originate in the
proximal vessel segments, as a single conduit that later
develops into a maze of capillary vessels, they are easi-
ly accessible for endoluminal or surgical closure. Some-
times fistulas have multiple origins in the coronary
artery and present as a complex, plexiform, diffuse vas-
cular anomaly resembling hemangiomas (Fig. 3). In
these cases fistula closure raises difficult technical prob-
lems for the surgeon or the interventionist. 

Methods of closure: cut and sew or fill with steel? 

Surgery. Soon after coronary fistulas were recognized
surgical closure became the technique most widely em-
ployed for successful treatment21. There is an inherent
risk of perioperative mortality of 2 to 4%43,44 and of pe-
rioperative myocardial infarction of 3.6%43 in adults.
Perioperative complications are directly related to age:
the incidence of complications reaches 23% for patients
> 20 years whereas it is < 1% among those < 20 years15.
Recent studies report a 100% closure rate with a 100%
postoperative survival in pediatric populations4.

Two techniques may be employed for definitive sur-
gical closure of coronary fistulas: external ligation
(“epicardial approach”), without cardiopulmonary by-
pass, and direct suture of the fistulous ostium from with-
in the recipient chamber (“endocardial approach”)4. A
coronary artery bypass graft may occasionally be neces-
sary following epicardial ligation of the fistulous vessel
due to accidental closure of the main coronary vessel39. 

The surgical techniques are associated with a re-
duced incidence of fistula recurrence, mainly when di-
rect endocardial ligation with cardiopulmonary bypass
is used37,45. In a group of 21 patients, the incidence of
angiographically confirmed long-term fistula recur-
rence was 16.6% for patients submitted to the endocar-
dial approach and 22.2% for patients in whom an epi-
cardial closure was performed, with a surprisingly high
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Figure 1. Right coronary angiography of a 58-year-old man who pre-
sented with exercise-induced breathlessness and ECG signs of right ven-
tricular volume strain. An aneurysmally dilated right coronary artery
due to high volume overload in the presence of a fistula draining into the
coronary sinus from the right coronary artery (white arrow) was ob-
served. An endoluminal approach was not attempted owing to the large
size of the fistula and which was therefore closed surgically with com-
plete resolution of symptoms at short-term follow-up.

Figure 2. A: right anterior oblique incidence showing a large fistula connecting the left coronary sinus of Valsalva with the right atrium. The fistula was
totally opaque (black triangles), and involved the left main trunk of a 12-year-old patient with a significant left-to-right shunt. The left anterior de-
scending and the circumflex arteries (white arrows) are poorly opacified owing to the preferential flow to the fistula. An aneurysmal cavity (white tri-
angles) is evident at the atrial end. B and C: right anterior oblique and left lateral incidence after full endoluminal fistula closure with multiple coils de-
ployed in the aneurysmal cavity (black triangles). Good opacity of the otherwise normal left anterior descending and circumflex arteries.
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mean incidence of patency (19%)37. However, a ran-
domized direct comparison of the therapeutic efficacy
of surgery versus endovascular closure of coronary fis-
tulas has not been performed yet.

Surgical ligation should be reserved for patients
who are not suitable for endoluminal closure owing to
the presence of a complex and distally located fistula,
of adjacent vessels at risk, of a large fistula or in view
of the subject’s young age4 and in case an associated in-
tervention for the correction of other congenital defects
or coronary artery bypass graft operation is required40.

Endoluminal intervention. As technological progress
and technical refinements allowed the successful ac-
complishment of complicated endoluminal interven-
tions, some catheter-based methods were also designed
for coronary fistula closure. They included detachable
balloons, stainless steel and platinum coils or different
chemicals, such as pure alcohol46-49. All catheter-based

methods were conceived mainly to reduce the inherent
risks associated with open-chest surgery, hospital stay
and intervention-related costs17,43,49.

Endoluminal closure should be performed in pa-
tients with a single proximal fistula origin, in case of
advanced age and in the absence of other cardiac dis-
eases necessitating surgery (coronary artery disease,
other congenital heart diseases, etc.) (Fig. 4). Technical
details that maximize the success rate include the abil-
ity to safely and firmly cannulate the origin of the fis-
tula, the absence of large collateral vessels that would
not be amenable to adequate embolization and a single
narrow distal drainage of the abnormal vessel4.

Coil embolization

The coils available in clinical practice are made of
stainless steel or platinum and some of them have a fiber
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Figure 3. Coronary angiography of a 62-year-old woman with exercise angina and minor T wave abnormalities in the anterior ECG leads. Selective
left main contrast injections show a complex coronary artery fistula with multiple origins in the left main, proximal left anterior descending and cir-
cumflex coronary arteries (white arrows) and draining into the pulmonary trunk (white triangles) (A). Another complex fistula was identified in the prox-
imal segment of the right coronary artery (white arrows) also draining into the pulmonary artery (white triangles) (B). The pathological presentation of
this type of fistula makes surgical or endoluminal closure extremely difficult.

Figure 4. Left lateral angiographic incidence of the left coronary artery showing a single fistulous vessel emerging from the left anterior descending
coronary artery and draining into the pulmonary artery (white arrows) in a 65-year-old woman presenting with medium threshold exercise angina and
scintigraphic anterior wall reversible ischemia (A). Selective left anterior descending coronary artery contrast injections in the left lateral projection
show persistent flow in the fistula after coil embolization (white triangles) (B). An exercise test and perfusion myocardial scintigraphy performed 3
months following the procedure were negative for ischemia, suggesting full late closure of the fistula by coil-induced thrombosis. 

A B

A B



design to increase thrombogenicity50. The first steel coils
ever used were large (0.038”-0.035”), had to be deployed
through large 5 or 6F catheters and could not be drawn
back into the guiding catheter. All these characteristics
limited their use to large, proximally located coronary
fistulas and inadequate embolization was rather fre-
quent. New interlocking detachable coils can be de-
ployed through a 3F microcatheter (Tracker, Target
Therapeutics, Cork, Ireland) co-axially introduced in a 5
or 6F coronary guiding catheter. The tracker can be ad-
vanced via a floppy 0.014” guidewire introduced in the
native coronary artery and positioned inside the fistula50.
Embolization can then be performed with appropriately
sized coils, 10 to 20% larger than the diameter of the ves-
sel as measured when occluded51. The interlocking de-
tachable coils have a controlled release system consist-
ing of a connection with the pusher. This system allows
their retrieval in the tracker when necessary, even after
deployment in the abnormal vessel50.

In high-flow fistulas, temporary balloon occlusion
of the proximal vessel may be necessary to allow coil
deployment. In these cases a combination of large di-
ameter coils and interlocking coils can be used (Fig. 2). 

Gianturco coils have been used to percutaneously
close coronary fistulas. The success rate was moderate-
ly good when these devices were used alone. In two
small series of patients only 47% could be successfully
treated with coils alone47,51.

The use of coil embolization may be burdened by in-
complete fistula closure: in a small group of patients, full
suppression of abnormal flow was achieved in 92% of
treated vessels, with a 23% rate of inadequate deploy-
ment of coils that necessitated snare retrieval50. Other
studies reported a much lower success rate, around 40-
50%51. Improper coil delivery may be associated with
acute myocardial infarction and even death due to distal
embolization in a large epicardial vessel17. Even high-
flow coronary fistulas can be closed by coil deployment
and surgery is not always needed52,53 (Fig. 2).

Hybrid procedures, such as alcohol and coil em-
bolization, have been reported by our group. Such
procedures were resorted to with the purpose of reduc-
ing the probability of a residual shunt and the develop-
ment of collateral feeding vessels after simple coil em-
bolization and in order to increase procedural success
(Fig. 5)54.
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Figure 5. Selective angiography of the left anterior descending and circumflex arteries in a 70-year-old patient presenting with myocardial ischemia. A
tortuous fistula originating from the left main coronary artery and draining into the pulmonary artery (white arrow) is noted (A). After alcohol injection,
multiple coils have been delivered into the mid part of the fistula with complete occlusion (coils, white arrow) (B). Right coronary artery angiography
demonstrating a fistula originating from the proximal right coronary artery and draining into the right pulmonary artery in the same patient (C). Control
angiography after coil deployment into the middle part of the fistula (white arrow) with complete exclusion of the left-to-right shunt (D). The coils used to
close the fistula originating from the left coronary artery are also evident (white triangle). From Sangiorgi et al.54, with permission.
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Other procedures

Alcohol injection has been used to occlude the first
large septal branches in hypertrophic cardiomyopathy55

or to close peripheral arteriovenous malformations56.
Pure alcohol causes extensive endothelial damage by cell
dehydration and precipitation of cytoplasmic proteins.
Endothelial necrosis is followed by thrombosis deter-
mined by the activation of the coagulation cascade and
platelet adhesion and aggregation in contact with media
constituents. Alcohol-induced necrosis of the vessel wall
may extend up to the level of the internal elastic lamina57.
Technical considerations regard firm occlusion of the fis-
tula origin with an appropriately sized over-the-wire bal-
loon and injection of an alcohol volume approximately
equal to that of the volume of contrast necessary in order
to achieve full opacity of the fistula58. 

Some authors prefer detachable balloons to coils;
these have to be precisely sized to the largest fistula di-
ameter so as to safely close the abnormal communica-
tion59. In view of their ability to follow winding catheter
courses without any recoil of the tip thus allowing pre-
cise positioning, their use is indicated in patients in
whom the fistula has a very tortuous anatomy51. They
should be filled with diluted contrast and not with a sili-
cone polymer: if improperly delivered they can be de-
flated and safely retrieved using a snare, while silicone
cannot be removed after it polymerizes47. Detachable
balloons necessitate larger guiding catheters (8 or 9F)
thus increasing the risk of vascular complications and are
not suitable for pediatric patients60.

There are some reports of closure of large congeni-
tal coronary arteriovenous fistulas using the Amplatz
Duct Occluder48,61 or the Bard PDA Umbrella51. This
procedure is rarely technically possible and should be
reserved to particular anatomical presentations. In case
of coronary-cameral fistulas, it is preferable to deliver
umbrella devices from the right ventricle in order to
avoid damage of the artery51. The diameter of the um-
brellas should be at least twice that of the opening into
the right heart51. 

Covered stents

The so-called “covered stents” or “stent grafts” rep-
resent an alternative technique for closure of coronary
fistulas. 

The background for coronary fistula closure with a
stent graft is derived from its successful use in treat-
ing serious complications of coronary angioplasty
such as coronary rupture62 or late aneurysm forma-
tion63. The unique quality of the stent graft is that it
may build an artificial arterial wall hence allowing ex-
clusion of aneurysms64 or sealing of any vessel perfo-
ration65,66. 

An important limitation of stent graft implantation
in coronary arteries is that these devices may occlude
the lateral branches emerging from the target segment.
This is particularly important in the left anterior de-
scending coronary artery that gives origin to large
septal or diagonal branches. In case of coronary fistu-
las, this disadvantage converts to a therapeutic target,
since correct positioning of the stent may result in ex-
clusion of the fistula. Another problem with the use of
covered stents is the fact that this foreign body (stent
and synthetic membrane), having a large surface, may
predispose to acute closure and delayed endotheliza-
tion63.

Implantation of stent grafts to close coronary fistu-
las is presently reserved for those rare cases that con-
comitantly present with a fistula and a coronary steno-
sis in the same vessel segment. We have recently re-
ported the case of a patient with early post-infarction
angina who had a coronary-to-pulmonary artery fistu-
la and atherosclerotic disease of the proximal left an-
terior descending coronary artery that were both treat-
ed by the deployment of a single ePTFE stent graft that
covered both lesions (Fig. 6)67. A similar case has been
presented by other authors68.

Implantation of a covered stent to close a coro-
nary fistula in the absence of atherosclerotic disease
of the native vessel is not presently justified or ac-
cepted.
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Figure 6. Left lateral projection (A) of the left coronary artery of a 47-year-old man who presented with early post-myocardial infarction angina. A steno-
sis in the proximal segment of the left anterior descending coronary artery is evident (white large triangle) and quantified as occupying 40% of the vessel
lumen by intracoronary ultrasound examination (small panel). The fistula origin (arrow) with small branches emerging from it (small triangles) is shown.
Control angiography after ePTFE covered stent deployment in the 90° left lateral and 30° caudal projections (B) shows complete occlusion of the fistula
and lack of residual stenosis in the left anterior descending coronary artery. Full expansion of the stent graft was confirmed by intracoronary ultrasound
(small panel). From Balanescu et al.67, with permission.
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Conclusions

Fistulas are rare congenital or acquired, sometimes
iatrogenic, anomalies of coronary arteries. The pres-
ence of symptoms, complications and a significant
shunt are the main indications for coronary artery fistu-
la closure. Treatment of asymptomatic patients with
non-significant left-to-right shunt is still a matter of de-
bate; the evolutive nature and potential complications
of the lesion have been used by some authors as argu-
ments in favor of treatment even for these patients.
Surgery is presently indicated in young patients with le-
sion characteristics which make endoluminal closure
inappropriate (complex anatomy with distal location,
adjacent vessel at risk, large fistula) and in those who
require concomitant surgery for other congenital heart
disease or coronary artery bypass graft operation. Tech-
nical progress in interventional cardiology has allowed
endoluminal closure in selected patients by a large va-
riety of embolization methods with good success rates
and an acceptable procedure-related morbidity. Percu-
taneous closure can be used in elderly patients with a
single proximal fistula origin in the absence of con-
comitant cardiac disease necessitating surgical correc-
tion; it reduces the morbidity and mortality associated
with open chest surgery, intervention related costs and
hospital stay. Coils or detachable balloon embolization,
alcohol or foam injection and Amplatz devices have all
been used to close coronary fistulas with acceptable
success and complication rates. Covered stents may
represent a treatment alternative in those rare cases of
coronary fistulas associated with adjacent atheroscle-
rotic stenosis. 
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