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Abstract

Coronary artery fistulae (CAF) are rare congenital or acquired in which a connection forms between one of the coronary
arteries and a heart chamber or with other vessels. This paper describes three cases of CAF along with their initial presenta-
tion, imaging findings and management. The first case is a rare form of CAF in which the left circumflex coronary artery
fistula empty into left ventricle. We discuss the different types of CAF along with their prevalence and the different imaging
tools that could be utilized to identify CAF. There is no unifying consensus on treatment strategy for symptomatic fistulae
and we proposed a management algorithm that could be used to make a decision for intervention versus observation. We
discuss options for intervention- surgical, catheter-based and medical therapy.
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Abbreviations LA Left atrium
AF Atrial fibrillation LAD Left anterior descending artery
CAD Coronary artery disease LCA Left coronary artery
CAF Coronary artery fistula LCX Left circumflex artery
CCF Coronary cameral fistula LM Left main
CHF Congestive heart failure LV Left ventricle
COPD Chronic obstructive pulmonary disease LVEF Left ventricular ejection fraction
CS Coronary sinus NSTEMI Non-ST segment elevated myocardial
CVA Cerebrovascular disease infarction
DM Diabetes mellitus PA Pulmonary artery
FFR Fractional flow reserve PDA Patent ductus arteriosus
HLD Hyperlipidemia PV Pulmonary vein
HTN Hypertension RA Right atrium
RCA Right coronary artery
RV Right ventricle
D<I Mahboob Ali TIA Transient ischemic attack
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¢ Single, proximal and non-tortuous CAF can be treated
percutaneously.
e Tortuous, distal and multiple CAF need surgical closure.

Introduction

Coronary artery fistulae (CAF) are rare congenital or
acquired epicardial coronary communications with a cardiac
chamber coronary cameral fistula (CCF) or the great vessels
of the heart e.g. pulmonary veins or arteries. They bypass
the myocardial capillary network, hence the term coronary
arterio-venous fistulae is also used [1-3]. The majority of
CAF are incidentally found and rarely lead to symptoms.
There is no consensus on the management of fistulae in
symptomatic patients; thus, current strategies remain largely
contingent on experience and discretion. Herein we discuss
three cases of CAF, a brief review of the literature, as well
a proposed algorithm for management. One of the cases is
a rare form of CAF (left circumflex coronary artery fistula
emptying into left ventricle). A unilateral/single left circum-
flex coronary fistula shunting into the left ventricle (LV) has
rarely been described, though identified as part of multiple
coronary artery fistulae [6]. According to Salah et al. this
particular morphology constitutes only 4% of all published
cases from 2000 to 2010. In this report we also discuss the
management of CAF in the setting of unstable angina and
non-ST segment elevated myocardial infarction (NSTEMI).

Classification

There are various classifications for coronary artery fistu-
lae. The different forms of classification typically take into
account the following variables: vessel of origin, segment
of origin (Sakakibara type A vs. Sakakibara type B), site
of termination (coronary arteriovenous fistulae vs. coronary
cameral fistulas), fistula morphology (simple vs. complex
fistula), fistulae number (single vs. multiple), and angio-
graphic size. Sakakibara type A describes a fistula that origi-
nates from the proximal third of the native vessel, whereas
Sakakibara type B describes a fistula that forms beyond the
proximal third or the continuation of the native vessel. Arter-
ies with proximal fistulae tend to be dilated, whereas those
with distal fistulae are often more tortuous, thus posing a
challenge for catheter based therapies [1-4]. A fistula that
terminates into a great vessel such as the coronary sinus
(CS), pulmonary artery (PA), pulmonary veins (PV), bron-
chial vessel, vena cava or other veins is called a coronary
arteriovenous fistula. However, if it terminates into one of
the four heart chamber then it is referred to as a coronary
cameral fistula. The majority of these fistulae terminate in
the right atrium or the pulmonary artery [5].
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Morphology of fistulae is essential for their classification. A
fistula is characterized as simple if it originates from a single
vessel and has a single termination. Complex fistulae are char-
acterized by plexiform variants. Although angiography plays
an important role in the classification of fistulae by size, it is
only applicable to simple macro-fistulae. A fistula is consid-
ered large if it is more than twice the size of the distal reference
vessel diameter, medium if one to two times the size of the
distal reference vessel diameter, and small when less than the
distal reference vessel diameter.

Case 1

An 85 year old female with a history of atrial fibrillation
(AF) on coumadin therapy, hypertension, hyperlipidemia,
papillary thyroid cancer with bone metastasis status post
total thyroidectomy, radiation therapy (20 + years ago), and
recent cholangitis, presented to the emergency department
for sudden onset of moderate to severe substernal chest pain
with radiation to the left shoulder and jaw that occurred
while she was washing dishes. The pain was associated with
diaphoresis and cold clammy extremities. She denied any
previous episodes of chest pain. Her blood pressure was
234/64 mmHg and heart rate was 63 bpm. Cardiac and res-
piratory examinations were unremarkable except for a 2/6
early systolic murmur heard towards the apex. Initial EKGs
revealed AF, new left axis deviation and new Q waves in
V1-V3. Transthoracic echocardiography showed a left ven-
tricular ejection fraction (LVEF) of 30%, akinetic septum,
apex and anterior wall. There were moderately dilated left
and right atria with trace aortic regurgitation and moderate
mitral regurgitation. Cardiac troponin-I was 8.8 ng/ml and
subsequently rose to> 50 (normal 0-0.03 ng/ml). Cardiac
catheterization was performed and showed a 30% lesion in
the mid left anterior descending artery (LAD), a 30% lesion
in the distal LAD, and a 30% lesion in the proximal portion
of the 1st diagonal branch. A large fistula originating from
the left circumflex coronary artery and emptying into the left
ventricle was visualized, as shown in Fig. 1. This patient had
a large fistula and presented with NSTEMI and low LVEF,
which are indications for fistula closure. The risks versus
benefits of fistula closure were discussed with the patient;
because of her advanced age, she opted to proceed with
medical management going forward. Thus, she was man-
aged medically with beta-blockers and aspirin, with a plan
for periodic follow ups.

Case 2

A 64-year-old man with a history of coronary artery dis-
ease (CAD), percutaneous coronary intervention with drug
eluting stents to the right coronary artery (RCA), Type 1
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Fig. 1 Coronary angiogram of patient in case 1. CCF of LCX empty-
ing into LV

diabetes mellitus (DM), transient ischemic attack (TIA),
hypertension (HTN), hyperlipidemia (HLD), chronic
obstructive pulmonary disease (COPD), depression, and
ongoing smoking presented with increasing dyspnea. He
also had a history of snoring and possible sleep apnea, with-
out formal diagnosis. He denied chest pain or symptoms of
cardiac ischemia or arrhythmia. His heart rate was 75 bpm
and regular, and his BP was 136/83 mmHg. Physical exami-
nation including cardiovascular examination was normal.
EKG revealed normal sinus rhythm, left anterior fascicu-
lar block and normal ST-T pattern. The patient underwent
nuclear SPECT myocardial perfusion stress testing which
revealed mid inferior and inferior-lateral wall ischemia. He
then underwent cardiac catheterization, which revealed 50%
in-stent restenosis of mid RCA, 50% stenosis of obtuse mar-
ginal branch, and a small coronary cameral fistula arising off
RV marginal branch emptying into RA as shown in Fig. 2.
Transthoracic echocardiography revealed normal biventricu-
lar size and function. Estimated pulmonary arterial pressures
were within normal limits. The patient was managed medi-
cally without further symptoms.

Case 3

A 60-year old female with a history of HTN, heart failure
with preserved ejection fraction (HFpEF), COPD, cerebro-
vascular disease (CVA), HLD, breast cancer, and right
partial mastectomy was admitted with intermittent pres-
sure-like chest pain for 4 weeks. She had no other symp-
toms. Her heart rate was 71 bpm and regular, and her BP
was 150/90 mmHg. Her physical examination including

Fig.2 Coronary angiogram of patient in case 2. CCF of RCA empty-
ing into RA

cardiovascular examination was normal except for partial
right mastectomy. EKG revealed normal sinus rhythm with
normal conduction and ST-T segment pattern, as shown in
Fig. 3. Cardiac troponin-I was elevated at 0.48 ng/ml (nor-
mal 0-0.03 ng/ml). She underwent cardiac catheterization
which revealed 40-50% stenosis of proximal right coronary
artery (RCA). Coronary fractional flow reserve (FFR) did
not reveal a significant pressure drop across the lesion in
the RCA, suggesting a non-obstructive lesion. There was a
small coronary arterial fistula from the LAD opening into
left pulmonary circulation as shown in Fig. 4. Left ventricu-
lar end diastolic pressure was 13 mmHg. A transthoracic
echocardiogram revealed mildly reduced left ventricular
systolic function with estimated LVEF at 50% and features
of early diastolic dysfunction. The patient’s presentation was
thought to be secondary to uncontrolled hypertension. Her
medical management was optimized, and she continued to
do well on follow up.

Discussion

The prevalence of CAF is variable, and has been reported to
be 0.1-0.22%. Zanchin et al. estimated 0.26%, whilst a Turk-
ish registry of patients undergoing cardiac catheterization
showed 0.08% [7]. The largest reported series comprised
33,600 patients who had diagnostic cardiac catheterization
and showed a 0.1% prevalence [8]. In addition to being clas-
sified on the basis of where they terminate and originate,
CAFs should also be described whether they are multilateral
or unilateral [9]. Said et al. noted that 69% of unilateral fistu-
lae originated from the left coronary artery (LCA) and 31%
from the right coronary artery (RCA). About 29% of LCA
originating fistulae are from the LCx [7, 8]. Only 4% of LCx
originating fistulae terminate in the left ventricle as with our
first case [7], while 81% terminate in PA/RA/RV according
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Fig.4 Coronary angiogram of
patient in case 3. CAF of LAD
emptying into PA

to Said et al. [9]. There is no racial or gender predilection;
about 47% are male [9], and the mean age is 51.4 years.

The majority of CAFs are congenital, however there are
few reports of acquired fistulae. Acquired fistulae could
result from acute myocardial infarction, tumor, percutane-
ous coronary angioplasty, coronary artery bypass grafting,
cardiac transplant, cardiac biopsy, and pacemaker placement
or ablation of accessory pathways [10]. Coronary steal phe-
nomenon is believed to be the primary pathophysiological
problem in coronary fistulae [11]. Symptoms depend on the
degree of steal or shunt. Shunt flow depends on the size of
fistula and the receiving chambers. Significant runoff from
a high-pressure coronary vessel to a low resistance receiv-
ing cavity (RA/RV/PA/CS) could cause ischemia. However,
Angelini et al. concluded that few fistulae cause critical
ischemia [12].

Large CAF can present with signs and symptoms of heart
failure depending on the amount of left to right flow shunt
into the RA/RV/PA; they may also present as angina depend-
ing on the amount of steal [1, 9, 15, 16]. Symptoms may
include fatigue, orthopnea, dyspnea on exertion and chest
pain. Three main syndromes arise; CHF reported in 8% of
patients with CAF, MI in 2%, and 4% present with infec-
tive endocarditis [9]. Our patient in case one presented with
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NSTEMI with normal coronaries on coronary angiography.
Hence, coronary artery steal phenomenon could explain the
ischemia, though this is an uncommon presentation, espe-
cially for unilateral fistulae [13].

Coronary arterial fistulae are usually asymptomatic and
are found incidentally on routine angiography. Clinical
examination may not be revealing, or a continuous murmur
may be audible. A continuous murmur usually results from
a shunt flow between two vascular systems, and among the
differential diagnoses are coronary arterial fistulae, pulmo-
nary arterial fistulae, ruptured sinus of Valsalva aneurysm,
or patent ductal arteriosus (PDA). Most patients will be
referred for asymptomatic continuous murmur, which mim-
ics a patent ductal arteriosus (PDA). The typical murmur is
over the mid-chest or even lower, compared with below the
left clavicle for PDA [13, 14].

Young people usually present with exertional dyspnea
(60%), endocarditis in fistula (20%), or angina (3—-7%).
Fistulae that terminate in the right sided chamber cause
left-to-right shunts that could lead to development of pul-
monary hypertension. On the other hand, fistulae that ter-
minate in a left sided chamber could cause left ventricular
overload, and these patients typically present with symp-
toms and signs of heart failure. They can also present with
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palpitations, syncope, myocardial ischemia or infarction.
Maron et al. reported that 13% of sudden cardiac deaths
in young athletes were due to coronary arterial malforma-
tions. Congestive heart failure (19%) and arrhythmias are
the usual presentations in older populations [1, 9, 15].

The gold standard for diagnosis is cardiac catheteri-
zation and angiography. Noninvasive techniques include
cardiac computed tomography (CT), magnetic resonance
imaging (MRI), and transesophageal and transthoracic
echocardiography. Cardiac catheterization is usually used
to assess the significance of the fistula and provide infor-
mation regarding its anatomy. The use of a transesophageal
echocardiography is essential intraoperatively to assess the
precise location of the drainage. 3D images of MRI or
cardiac CT (as shown in Fig. 6) can be reconstructed to
better assess the anatomy of the fistulous tract (as shown
in Fig. 5) [14, 16].

There are no guideline-based medical therapies
approved for treatment of CAF. Medications are often used
to treat the sequelae of fistulae including heart failure and
arrhythmia. So far, there is no unifying evidence-based
consensus on treatment strategies for symptomatic fistulae
[16]. Medical management, surgical repair, and catheter
closure have all been used. Indications for interventions
on CAF include large fistulas, increasing left-to-right
shunt, congestive heart failure, left ventricular dysfunction

Fig.5 Thoracic computed
tomogram showing course of a
fistula (black arrows) originat-
ing from left main coronary
artery, coursing parallel to left
circumflex artery (white arrow),
posterior and above the pulmo-
nary artery (PA), and draining
into the right atrium (The right
atrium not visualized in these
sections)

Fig.6 Coronary angiogram of the LMCA showing a large CAF origi-
nating near the LMCA bifurcation and connecting to the right atrium.
Noted previous coiling, which failed to obliterate CAF. LMCA =left
main coronary artery, LCX =left circumflex artery, LAD =left ante-
rior descending artery CAF =coronary arteriovenous fistula

(diastolic or systolic), history of endocarditis, and myocar-
dial ischemia [14].

Coronary fistulae close spontaneously in only 1-2% of
cases. The 2008 ACC/AHA ACHD Management Guide-
lines give a Class I recommendation for closure of large
coronary artery fistulas (as shown in Fig. 6), regardless of
symptom status, by transcatheter or surgical routes [19].
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Transcatheter approaches are often feasible, especially if
the fistulous communication takes off proximally from
the coronary artery [17, 18]. Surgical repair is preferred
in cases of large or tortuous fistulae [17, 18]. Another
Class I recommendation is for mild to moderate coronary
artery fistulae closure in the following settings: myocar-
dial ischemia, arrhythmia, unexplained systolic or diastolic
dysfunction, or endarteritis. On the other hand, for patients
with asymptomatic, small to moderate, coronary artery
fistulae, follow up with echocardiography every 3-5 years
is reasonable [18, 19]. All the recommendations are level
C of evidence as shown in Table 1. We have proposed an

algorithm for management of coronary fistulae as shown
in Fig. 7.

It is critical to understand the anatomy of the fistula once
selected for transcatheter closure. The body of the fistula
is usually the landing zone for the device that will be used.
It is essential to avoid particular sites, including the native
coronary vessel, fistulae ostium, or the fistulae termination.
For example, if the device is landed in or interferes with the
native coronary vessel, it could cause dissection, spasm or
in situ thrombosis. Also, it is important that the fistula nar-
rows as it terminates, otherwise there is a high risk for device
embolization. The size of the fistula leads to the selection

Table 1 Recommendation for treatment of CAF. Adapted from Warnes et al. [19]

Fistula size Recommendation Level of
evidence
Large Should be closed via either a transcatheter or surgical route regardless of symptoms. C

Small to moderate Should be closed via either a transcatheter or surgical route if patient had 1 of the following documented: myocar- C
dial ischemia, arrhythmia, otherwise unexplained ventricular systolic or diastolic dysfunction or enlargement, or

endarteritis
Small Small asymptomatic fistulae should not undergo closure. Clinical follow up with echocardiography every 3 to C
5 years.
Coronary
Arterial
Fistula
Large Small to Small
Moderate
Clinical follow
Myocardial ischemia up
Arrhythmia TTE every 3-5
LV systolic or diastolic years
dysfunction or
. enlargement
Single Tortuous &
Proximal Distal Endarteritis
Non-tortuous Multiple If
Other symptomatic
indications for or abnormal
cardiac surgery TTE due AVF,
follow large or
small-
moderate
Percutaneous Surgical Yes NO pathway
Closure Closure

Fig. 7 Proposed algorithm for management of coronary fistulae
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of devices that will be used for closure. Usually hydrophilic
vascular coils are used as the first line device when the fis-
tula measures <5 mm in diameter. Patent ductus occluders
or vascular coils are used when the fistula measures > 5 mm
in diameter [20, 21].
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