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Abstract
Purpose of Review  This review describes the presentation, diagnosis, and management of congenital coronary artery fistulas 
(CAFs) in adults.
Recent Findings  CAFs are classified as coronary-cameral or coronary arteriovenous fistulas. Fistulous connections at the 
distal coronary bed are more likely to be aneurysmal with higher risk of thrombosis and myocardial infarction (MI). Medium-
to-large or symptomatic CAFs can manifest as ischemia, heart failure, and arrhythmias. CAF closure is recommended when 
there are attributable symptoms or evidence of adverse coronary remodeling. Closure is usually achievable using transcatheter 
techniques, though large fistulas may require surgical ligation with bypass. Given their anatomic complexity, cardiac CT 
with multiplanar 3-D reconstruction can enhance procedural planning of CAF closure. Antiplatelet and anticoagulation are 
essential therapies in CAF management.
Summary  CAFs are rare cardiac anomalies with variable presentations and complex anatomy. CAF management strategies 
include indefinite medical therapy, percutaneous or surgical CAF closure, and lifelong patient surveillance.
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Introduction

Coronary artery fistulas (CAFs) are abnormal communica-
tions between coronary arteries and other vascular struc-
tures. CAFs can be subdivided into [1] coronary-cameral 
fistulas that drain into cardiac chambers (e.g., atria, ventri-
cles) and [2] coronary arteriovenous fistulas that drain into 
the pulmonary/systemic circulation (e.g., pulmonary artery, 
bronchial veins, vena cava, or coronary sinus) [1].

The absence of an outlet capillary bed allows for minimal 
vascular resistance to flow, which can lead to shunting of 
blood and progressive dilatation of the fistula and chamber 
over time. If a CAF originates within the proximal one-third 
of the artery, only the proximal feeding arteries are typically 
dilated, and the coronary artery diameter distal to the CAF is 
normal. Distal CAFs tend to have dilation of the entire vessel 
leading to coronary aneurysm formation.

CAFs, which can be both single or multiple in a given 
patient, are rare and found in ~ 0.9% of the population, with 
the majority being congenital in origin secondary to abnor-
mal embryological development. If sinusoids connected to 
primitive myocardium fail to regress, such as in pulmonary 
atresia with intact ventricular septum, there may be result-
ant coronary-cameral fistulae. Persistent remnant connec-
tions between coronary arteries and mediastinal arteries may 
lead to coronary arteriovenous fistulas [2]. There is a smaller 
percentage of CAFs that are iatrogenic from etiologies such 
as direct chest trauma, myocardial biopsies, percutaneous 
coronary interventions, cardiac surgery, intracardiac device 
implantation, and radiofrequency ablation [1]. CAFs connect-
ing to the pulmonary artery can also be acquired in patients 
with chronic thromboembolic disease. While the majority of 
CAFs are isolated, some are associated with other congenital 
anomalies such as atrial or ventricular septal defects, tetralogy 
of Fallot, and patent ductus arteriosus [2].

The right coronary artery is the most common site of 
CAFs which accounts for 50–55% of cases, followed by 
the left anterior descending artery. Most CAFs are simple 
with a single fistulous tract, but ~ 10% are complex with 
intertwined blood vessels and multiple fistulous tracts [2]. 
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If the communication is large enough, CAFs can mani-
fest clinically as myocardial ischemia, heart failure, and 
arrhythmias. Asymptomatic patients can become sympto-
matic with age-related variations in endothelial function, 
cardiac chamber and vascular compliance, and comorbid 
conditions, leading to increased risk of thrombosis. Still, 
most CAFs are discovered incidentally during noninvasive 
imaging or coronary angiography [3•]. Spontaneous clo-
sure of CAFs happens in 1–2% of cases, but repair may 
be warranted if fistulas are enlarging, have hemodynamic 
consequences, or are causing symptoms. Repair can be 
surgical or with percutaneous transcatheter closure, with 
the optimal approach determined by various patient and 
procedural factors [2].

Diagnosis

While most CAFs are discovered incidentally, some may 
present with unique features. Given the fistulous connec-
tion between two vascular structures with differences in 
pressure, there may be a continuous murmur on physical 
exam with a crescendo-decrescendo pattern. The differen-
tial for a continuous murmur also includes patent ductus 
arteriosus, ruptured sinus of Valsalva aneurysm, anoma-
lous left coronary artery arising from the pulmonary artery 
(ALCAPA), vasculitis, and coronary ectasia secondary to 
atherosclerosis [1, 2].

Medium to large CAFs can present with chronic angina 
due to coronary steal with blood shunted through the low-
pressure fistula and away from the distal native coronary 
artery. If large CAFs terminate in right-sided structures such 
as the right atrium, right ventricle, or pulmonary arteries, 
there can be left-to-right shunting of blood potentially lead-
ing to pulmonary hypertension secondary to high flow and 
biventricular heart failure. Large CAFs that terminate in the 
left atrium or left ventricle, create a left-to-left shunt at risk 
for left heart failure and secondary right heart failure given 
time. The cardiac chambers and vasculature at risk depends 
upon the location of CAF drainage.

Other clinical manifestations of large CAFs include 
thrombosis, embolism, and dissection which can present as 
acute coronary syndromes, hemopericardium, and tampon-
ade if the fistula ruptures, symptoms (e.g., stridor, dyspha-
gia, pain) due to physical compression of mediastinal struc-
tures from dilated coronaries or cardiovascular chambers, 
papillary muscle abnormalities causing valvular regurgita-
tion, and atrial/ventricular arrhythmias from resultant car-
diomyopathy [1, 3•]. While they are not part of the current 
endocarditis guidelines for routine prophylaxis, CAFs do 
portend an increased risk of infective endocarditis/endarte-
ritis compared to the general population [2].

Various imaging modalities can be used to visualize 
CAFs. Larger CAFs can be diagnosed on echocardiography 
as large vascular anomalies, but the differential diagnosis for 
this finding should include ALCAPA. Echocardiography is 
also essential for determining baseline atrial and ventricular 
chamber dimensions and function, screening for pulmonary 
hypertension, visualizing flow at the origin or termination 
points of the fistula, shunting of blood flow, and proximity 
of the fistula with neighboring cardiac structures [1, 3•].

Coronary angiography is used to diagnose CAFs and can 
help determine which fluoroscopic views are ideal to guide 
potential intervention. Visualization of fistulas with angi-
ography can be difficult due to incomplete opacification of 
contrast and overlap of aneurysmal, tortuous vessels, but can 
be improved with procedural techniques such as the use of 
larger catheters, power injections, balloon occlusion of the 
distal fistula, coronary wedge injections, and dual injection 
at the origin and termination of the fistula [3•].

While coronary angiography has been the gold standard 
historically, multidetector cardiac computed tomographic 
(CT) imaging is now being used more commonly to visu-
alize CAFs. This modality has the advantages of being a 
noninvasive procedure with high spatial and temporal reso-
lution, and with shorter acquisition times. While CT alone 
may not provide adequate visual understanding of size, num-
ber of fistulous connections, and anatomic path, multiplanar 
CT-guided reconstruction can greatly enhance procedural 
planning with true appreciation of the complexities of these 
vascular anomalies with 3-D-printed models [2]. 3-D recon-
struction involves volumetric image acquisition from CT, 
data postprocessing with segmentation and modeling, selec-
tion of the type of printer and material to be used, and finally 
the actual process of printing. 3-D-printed models can be 
used for manual bench testing of different sized and shaped 
occluder devices to confirm adequate seal and stable rims 
for closure [4, 5•].

MR angiography can be an alternative to CT if ioniz-
ing radiation and iodinated contrast are of concern, but has 
lower spatial resolution, longer acquisition times, and is less 
effective in portraying the distal coronary arteries and extra-
cardiac structures [2].

The most common types of CAFs identified on imaging 
are coronary-cameral fistulas, coronary artery-to-pulmonary 
artery fistulas, coronary artery-to-coronary sinus fistulas, 
and coronary artery-bronchial artery fistulas.

1.	 Coronary-cameral fistulas usually drain into the right 
ventricle followed by the right atrium and are either 
directly connected to the cardiac chamber or indirectly 
through a sinusoidal network of vessels.

2.	 Coronary artery-to-pulmonary artery fistulas are diag-
nosed more often now due to frequent usage of CT angi-
ography, and they appear as abnormal contrast blush 
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on imaging. These fistulas can be comprised of either a 
single fistulous connection, or small multiple fistulous 
connections between the coronary artery and the main 
pulmonary trunk. The left anterior descending artery is 
more commonly involved, followed by the right coro-
nary artery [2].

3.	 Coronary artery-to-coronary sinus fistulas are the third 
most common type of CAF presenting as dilated and 
tortuous coronary arteries attached to a dilated coro-
nary sinus or one of the other cardiac veins. If a dilated 
coronary sinus is seen on imaging, other causes of this 
finding should be eliminated such as unroofed coronary 
sinus, anomalous pulmonary venous return, persistent 
left-sided superior vena cava, and tricuspid valve abnor-
malities. Patients with fistulas to the coronary sinus are 
at high risk for thrombosis and MI [2].

4.	 Coronary artery-bronchial artery fistulas are much less 
common and usually originate from the left circumflex 
artery. These fistulas tend to be silent but can be more 
prominent in the setting of higher coronary artery pres-
sure (e.g., supravalvular aortic stenosis), or lower bron-
chial artery pressure (e.g., pulmonary atresia or tetralogy 
of Fallot). If patients are symptomatic, they can present 
with dyspnea, hemoptysis, or other clinical manifesta-
tions of bronchiectasis [2].

Management

There is a gap in the evidence base on how to best manage 
patients with CAFs. The 2018 ACC/AHA Guidelines for the 
Management of Adults with Congenital Heart do not go into 
specific recommendations of therapy but rather accentuate 
the importance of a knowledgeable multidisciplinary team 
to determine the role of medical therapy and/or percutane-
ous or surgical closure. Based on expert opinion, the 2008 
Guidelines attempted to be more granular in terms of when 
to intervene in CAF, giving a class I indication for closure 
of a large CAF via surgical or transcatheter techniques after 
defining the anatomic course of the anomaly, and a class I 
recommendation for closure of small to medium CAFs with 
symptoms including myocardial ischemia, arrhythmia, oth-
erwise unexplained ventricular systolic or diastolic dysfunc-
tion or enlargement, or endarteritis [6] (Table 1).

The 2008 ACC/AHA guidelines mention a class IIa rec-
ommendation to follow patients with small asymptomatic 
CAFs with echocardiography every 3–5 years to monitor 
for progression of size or chamber enlargement [6]. These 
patients are commonly placed on prophylactic long-term 
antiplatelet therapy. Anticoagulation is also considered for 
patients with large distal fistulas given the risk of thrombus 
formation [2].

Medium-sized CAFs have been defined as a vessel diam-
eter ≥ 1 to 2 times the largest diameter of the coronary ves-
sel not feeding the fistula, and large CAFs are > 2 times the 
largest diameter of the coronary vessel not feeding the fistula 
[3•]. If patients are low surgical risk and transcatheter clo-
sure is not logistically achievable, surgical closure should 
be considered [3•]. Anatomic features that support surgical 
CAF ligation include large fistulas with high flow, fistulas 
with multiple communications and drainage sites, very tortu-
ous and aneurysmal fistulas, fistulas where the distal portion 
is inaccessible with a closure device, if termination of the 
fistula is too close to normal coronary segments, if there are 
large branches at risk for embolization, and if there is need 
for surgical repair of other congenital abnormalities. In the 
setting of very large fistulas ≥ 10 mm in size, ligation of the 
coronary artery proximal and distal to the CAF with place-
ment of a distal coronary bypass graft, in addition to internal 
closure of the CAF, may be warranted [2, 3•].

The next branchpoint when considering closure is where 
the fistula originates from (Fig. 1). While comprehensive 
identification and closure of all feeder vessels is important 
for all CAFs, those that originate from distal beds are more 
likely to be associated with the post-procedural complica-
tion of MI. This can be due to various mechanisms such as 
thrombus formation secondary to stasis in the aneurysmal 
segment of the feeding coronary artery after CAF closure, 
pre-existing thrombus that embolizes from the proximal 
aneurysmal vessel to distal side branches, or unintentional 
jailing of distal side vessels with closure devices. If the risk 
of these complications is substantial, surgical closure may 
need to be considered [3•].

Interventional Approach of CAF Closure

Careful procedural planning is necessary to determine if 
transcatheter closure is feasible, and then, a suitable techni-
cal approach needs to be designated (Table 1). Adequate 
visualization of the CAF anatomy, typically by CT and 
coronary angiography, is fundamental to delineate fistulous 

Table 1   Indications for CAF closure

CAF, coronary artery fistula

1. Myocardial ischemia in distribution of the vessel of origin
2. Chamber dilation or coronary dilation from volume overload sec-

ondary to fistulous flow
3. Ventricular dysfunction
4. Arrhythmias
5. Vessel dissection or rupture
6. Endocarditis/endarteritis
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Symptomatic fistula?

Medium or large fistula? **

Transcatheter-based closure

Observation *

Proximal coronary artery dilation  10 

mm or significant chamber dilation

Surgical closure

Surgical closure +/- 

bypass grafting

Dual access (TA + TV wiring 

or AV rail) for delivery

Complex (multiple origins, 

plexiform, poorly-defined 

Proximal bed 

Simple (single-vessel 

origin, clear termination)

TA approach

Ambiguous origin?

Distal bed

Morphology

TortuousStraight

TV approach

CoilVP or coil

Closure feasible 

from venous side?

TV approachCovered stent

Significant myocardium 

at risk? ***

Morphology

Straight Tortuous

Coil

TA +/- AV rail

No

Yes

Yes

No

Yes

YesNo

Other surgical indications or 

catheter-based closure not feasible?

Observation *
No

VP or coil VP or coil

Yes

No

Yes

Yes

No

No

Unsuccessful

VP and/or coil

 

Examples of coronary fistulae visualized by angiography (from left to right): from the left circumflex to the right atrium, from the right coronary artery to the coronary sinus, and 

coronary sinusoids from the right ventricle in pulmonary atresia with an intact intraventricular septum. 

*Observation to include consideration of antiplatelet therapy or anticoagulation. 

**Medium fistulas are �1-2 times that of reference coronary vessel (i.e. vessel adjacent but not feeding the CAF). 

***Defined by number and size of branches that may be impacted with closure of CAF. 

CAF = coronary artery fistula; AV = arteriovenous; VP = vascular plug; TA = transarterial; TV = transvenous; LCx = left circumflex; RA = right atrium; RCA = right coronary 

artery; RV = right ventricle; IVS = interventricular septum.  

Fig. 1   Algorithm for CAF evaluation and management
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tract and normal coronary artery anatomy by the techniques 
described above. Procedural planning should include:

1.	 Proximal versus distal device closure based on CAF 
location.

2.	 Retrograde arterial approach typically using coaxial 
catheter systems or a prograde venous approach using 
an arteriovenous guidewire “rail.”

3.	 Choice of closure device depending upon the anatomy.

CAFs originating from proximal coronary beds should 
have a transarterial approach where the fistula is accessed 
antegrade through the parent coronary artery, due to a 
shorter distance to travel. A 7- or 8-French guide catheter 
can be used via radial or femoral arterial access to engage 
the coronary artery, after which a wire can be used to enter 
the fistula. While larger fistulas can be approached with 
0.035 hydrophilic wires, smaller fistulas should be tra-
versed with 0.014 coronary wires to prevent vascular injury. 
Depending on the size of the fistula, either microcatheters or 
delivery catheters can be advanced over the wires to trans-
port occluder devices for deployment.

A transvenous approach is most commonly used for CAFs 
originating from distal coronary beds, given a lower risk of 
injury to the parent vessel with retrograde access. Femoral or 
internal jugular veins are cannulated and the termination of 
the fistula is accessed with various sheaths or guiding cath-
eters over an extra support angled hydrophilic 0.035 wire, 
followed by delivery of the occluder device [3•]. Very tortu-
ous or aneurysmal distal fistulous attachments can be tech-
nically challenging for closure especially if the connection 
is small in diameter, often requiring the creation of an arte-
riovenous rail. Through either a transarterial or transvenous 
approach, the wire advanced through either the proximal 
or distal end of the fistula can be snared and exteriorized, 

therefore forming an arteriovenous rail that provides extra 
support for catheter and device delivery [3•].

The devices used for fistula closure include vascular 
occluders, embolization coils, and stent grafts (Table 2). 
Vascular occluders are more suitable for large fistulas and 
are made with braided Nitinol mesh which allows for mini-
mal flow through the device and therefore increased throm-
bogenicity. These plugs are malleable to vessel anatomy 
which allows for flexibility and less hemolysis. However, 
they require a large catheter and more support for delivery. 
Embolization coils are usually made of steel or platinum 
to easily conform to the vessel shape and are coated with 
fibers to increase thrombogenicity. Coils are more suitable 
for small and tortuous fistulas, but multiple coils may be 
needed to achieve complete seal and they cannot be easily 
repositioned unlike vascular occluders. Covered stent grafts 
are not the first intervention of choice due to risk of stent 
thrombosis, MI, and occlusion of parent coronary artery side 
branches, but can be considered for fistulas with multiple 
origins or if coil or vascular occluders are not feasible.

The need for concomitant medical therapy depends on the 
type of percutaneous intervention performed. Patients who 
receive stent grafts will likely have to be on oral anticoagula-
tion or prolonged courses of dual antiplatelet therapy to pro-
mote stent patency [3•]. Patients with coronary sinus-type 
CAFs generally need long-term anticoagulation to prevent 
adverse events after the reparative procedure, given high risk 
of thrombosis in these anomalies [2].

Outcomes

The natural history of patients with CAFs is overall benign, 
with the majority of adults remaining asymptomatic 
throughout life. However, older longitudinal studies of 

Table 2   Comparison of commonly employed CAF closure devices

AVP Amplatzer vascular plug, CAF coronary artery fistula, AV rail arteriovenous rail, MI myocardial infarction

Device category Commercially available examples Advantages Disadvantages

Vascular plugs AVP (e.g., AVP-II and AVP-IV) • Configuration is malleable to vessel anatomy
• Suitable for large fistulae
• Minimal flow through device increases thrombogenicity
• Lower risk of hemolysis

• Requirement for large deliv-
ery catheter

• Need for additional access 
and support for delivery (e.g., 
AV rail)

Coils
-Pushable
-Detachable

Nester coils
Tornado coils
Retracta coils
Ruby coils

• Easier delivery
• Conform to vessel shape
• Well suited for small vessels and tortuous fistulae
• Accelerated thrombogenicity (typically coated with 

thrombogenic fibers)

• Inability to reposition push-
able coils

• Embolization risk, particu-
larly with pushable coils

• Multiple coils needed to 
achieve complete seal and 
flow impedance

Stent grafts JOSTENT GraftMaster stent
PK Papyrus stent

• Ideal for management of fistulae with plexiform mor-
phology

• High thrombotic risk
• Higher risk of subsequent MI
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children with unoperated CAFs suggest a small risk of sud-
den death. Despite the lack of robust data in this population, 
the signal for premature mortality associated with this condi-
tion has motivated the consideration of CAF interventions 
to improve long-term outcomes, in addition to providing 
symptom relief [7–9].

Limited case series have shown that transcatheter CAF 
closure is effective in the setting of favorable anatomy, 
with ~ 80–90% success rates. Potential rare complications 
include device migration, MI, recanalization, coronary 
spasm, fistula dissection, and transient arrhythmias. Device 
migration is more common in patients with embolization 
coils, and MI occurs in the setting of stent grafts or large 
fistulas with stagnant flow after closure. Risk of MI from 
retrograde thrombus promulgation after transcatheter closure 
can be mitigated by placing the device > 1 cm away from the 
origin of the fistula, but these patients can also be referred 
for surgical closure with simultaneous bypass grafting and 
started on indefinite oral anticoagulation after closure [3•].

Due to ~ 10% potential risk of CAF residual leakage or reca-
nalization post procedure, it is recommended to follow patients 
with coronary CT angiography or angiography 1–5 years after 
CAF closure, or in the setting of recurrent symptoms [2, 3•].

In order to minimize adverse outcomes, transcatheter or 
surgical CAF closure should be performed at experienced 
tertiary care centers with the involvement of a comprehen-
sive team including general cardiology, interventional cardi-
ology, and cardiothoracic surgery. Multicenter longitudinal 
registries are needed to help elucidate the national pro-
gression of CAFs and how these patients fare after various 
transcatheter and surgical interventions. Advancements in 
cardiac imaging such as the use of 3-D-reconstructed mod-
els can hopefully continue to improve outcomes with more 
optimal peri-procedural planning and device selection [3•].

Conclusion

CAFs are rare cardiac anomalies with variable presentations 
and complex anatomy. Medium to large or symptomatic 
CAFs should be closed, with symptoms generally manifested 
as ischemia, heart failure, and arrhythmias. Transcatheter 
closure devices include vascular occluders, embolization 
coils, and stent grafts. Patients with very large fistulas may 
require surgical ligation with bypass. In repaired CAFs, 
long-term oral anticoagulation is recommended to mini-
mize the risk of MI. Given the complexity of CAFs, cardiac 
CT with multiplanar 3-D reconstruction can be utilized to 

enhance procedural planning. Closure should be considered 
at experienced tertiary care centers with appropriate special-
ists and access to equipment.
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