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Surgical Management of Left Circumflex Coronary
Artery Fistula: A 25-Year Single-Center Experience
in 29 Patients
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Background. Left circumflex coronary artery (LCX) fis-
tula is rare, and surgical experience is limited. We report
our experience with 29 patients with LCX fistula during a
25-year period in terms of clinical features, pathology,
surgical procedure, and late outcomes.

Methods. Between June 1988 and July 2013, 29 patients
(19 males, 10 females; median age, 10 years) with LCX
fistula were treated surgically and followed up. Preopera-
tive diagnosis was made echocardiographically in 29 pa-
tients and angiographically in 17. The fistula drained into
the right atrium in 12, the right ventricle in 8, left atrium
and left ventricle, each in 3, main pulmonary artery in 2,
and coronary sinus in 1. Surgical procedure included
endocardial closure in 17 patients, epicardial closure in 5,
endocardial and epicardial closure in 2, suture ligation
in 1, and off-pump suture ligation in 4. Postoperative
anticoagulation was prescribed for at least 6 months.
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Results. There were no operative deaths. Complica-
tions included residual shunt in 2 patients, and LCX
thrombosis, pneumothorax, hemoglobinuria, and wound
infection, each in 1 patient. At the latest follow-up
extending to 25 years (mean, 10.1 ± 4.6 years), 17 pa-
tients were asymptomatic and in New York Heart Asso-
ciation functional class I, 4 in II and 2 in III. Residual
shunt, myocardial infarction, and right atrial thrombosis
occurred, each in 1 patient.
Conclusions. Surgical repair of LCX fistula is safe and

effective, with low risks and favorable late outcomes.
Our experience implies the necessity for postoperative
anticoagulation therapy to achieve good long-term
outcomes.

(Ann Thorac Surg 2014;97:530–6)
� 2014 by The Society of Thoracic Surgeons
oronary artery fistula (CAF) is a rare heart defect that
Cis defined as a direct communication of a coronary
artery with a cardiac chamber, great vessel, or other
vascular structure. The reported incidence of CAF was
0.2% to 0.6% of all patients undergoing cardiac catheteri-
zation [1–4] and accounted for 0.27% to 0.40% of all
congenital cardiac defects [5]. The left circumflex coronary
artery (LCX) fistula is an uncommon type of CAF [3]. In
this report we analyze the clinical data of 29 patients
with CAF originating from the LCX during a 25-year
period with regard to clinical presentation, pathology,
surgical procedures, and late outcomes.
Patients and Methods

The Fu Wai Hospital and Cardiovascular Institute Ethics
Committee approved this retrospective study. The need
for individual patient consent for this study was waived.

Patients
Between June 1988 and July 2013, 29 patients (19 males,
10 females) with LCX fistula were treated surgically at
our institution. The mean weight of patients was 37.7 �
23.9 kg (range, 8 to 78 kg) and their mean age was 20.3
years (range, 4 months to 56 years; median, 10 years).
Nineteen patients (65.5%) were younger than age 20
years, among whom 16 (84%) were asymptomatic. At the
time of diagnosis, 17 patients (16 aged <20 years, 1 aged
>20 years) were asymptomatic but had an audible
murmur. The other 12 patients complained of palpita-
tion, dyspnea on exertion, cyanosis, or chest pain, which
is seen in 75% (9 of 12) of those aged more than 20 years.
On auscultation, a grade 2-3/VI systolic murmur
could be heard at the left side of the sternum in 9
patients, a diastolic murmur in 3, and a continuous
murmur in 17.
The electrocardiogram result was normal in 8 patients

and abnormal in 21 (Table 1). Chest roentgenograph
demonstrated increased pulmonary vascularity in 19
patients, with a cardiothoracic ratio of 0.57 � 0.07 (range,
0.44 to 0.72). Left ventricular ejection fraction was 0.62 �
0.07 (range, 0.45 to 0.73) on echocardiogram. The
preoperative diagnosis was made by echocardiography in
all patients and by coronary angiography in 17 patients
to confirm the diagnosis and delineate the exact anatomy
of the fistula.
The fistula in 29 patients arose from a single origin of

the LCX, 2 of which were a congenital anomalous single
left coronary artery. The fistula entered the right atrium
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Table 1. Preoperative Clinical Data

Variable

No. Mean � SD,
or

Median (Range)

Demographic features
Age, y 10 (4 mo–56 y)
Age � 20 y 19
Sex

Male 19
Female 10

Weight, kg 37.7 � 23.9
Body mass index, kg/m2 18.8 � 4.2

Clinical manifestation
Asymptomatic 16
Palpitation 9
Dyspnea on exertion 9
Chest pain 3
Cyanosis 1
Systolic murmur 9
Diastolic murmur 3
Continuous murmur 17

Electrocardiogram
Normal 8
ST segment or T wave changes 5
Left ventricular hypertrophy 5
Left ventricular high voltage 2
Atrial fibrillation 3

Chest roentgenogram
Increased pulmonary vascularity 19
Prominent pulmonary artery segment 5
Cardiothoracic ratio 0.57 � 0.07

Echocardiogram
Fistula diameter, mm 6.1 � 3.0
Left ventricular ejection fraction 0.62 � 0.07

Associated cardiac diseases
Rheumatic mitral stenosis 1
Rheumatic mitral stenosis þ aortic

regurgitation
2

Mitral regurgitation 1
Atrial septal defect 3
Patent ductus arteriosus 2
Double-outlet right ventricle 1
Coronary artery disease 1

SD ¼ standard deviation.
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(Fig 1) in 12 patients, the right ventricle (Fig 2) in 8, the
left atrium (Fig 3) and left ventricle (Fig 4), each in 3, the
main pulmonary artery in 2, and the coronary sinus in 1.
Of the 25 patients with available data, the mean fistula
diameter was 6.1 � 3.0 mm (range, 1.5 to 12 mm). The
fistula entered the drainage chamber with only a
single opening in 25 patients and with double
openings in 4.

Eleven patients had associated cardiac diseases, which
are presented in Table 1.
Surgical Techniques
Surgical operations were performed through a median
sternotomy with continuous electrocardiographic moni-
toring. Transesophageal echocardiography has been used
intraoperatively since 2000 to evaluate the competence of
repair and detect residual shunt. The surgical procedure
included endocardial closure in 17 patients, epicardial
closure in 5, endocardial plus epicardial closure in 2, su-
ture ligation in 1, and off-pump suture ligation in 4
(Table 2).
The fistula in 4 patients was easily identified and

inspected on the epicardium and closed by suture
ligation without cardiopulmonary bypass (CPB). The
suture was tied down after several minutes of trial oc-
clusion to confirm that there were no electrocardio-
graphic changes. Moderate hypothermic CPB with
antegrade cardioplegia was used in the remaining 25
patients.
Two approaches, epicardial and endocardial, or a

combination of both, were used to close the fistula. In 5
patients, the orifice of the fistula could be easily located
on the epicardium, an arteriotomy was made in the
dilated vessel, and the fistula was exposed and closed
with a 5-0 or 6-0 Prolene suture (Ethicon, Somerville, NJ),
buttressed by a Dacron (DuPont, Wilmington, DE) or an
autologous pericardial patch, when necessary. Endocar-
dial closure was undertaken in 17 patients because the
fistulous connection could not be explored on the
epicardium. Repair through endocardial and epicardial
approaches was required in 2 patients. The fistula was
closed by suture ligation during a concomitant mitral
valve replacement in 1 patient.
Concomitant cardiac procedures are listed in Table 2.

The fistula in 1 patient entered the right ventricle
immediately beneath the tricuspid annulus and posterior
leaflet, and closure was only possible after opening the
tricuspid posterior leaflet and annulus, followed by
reconstruction with leaflet reapproximation and insertion
of an annuloplasty ring. In the patient with an associated
mitral regurgitation, the regurgitation was mild and
given no surgical treatment, which deteriorated during
long-term follow-up.
After the surgical repair, anticoagulation therapy with

aspirin or dipyridamole was initiated in all patients for at
least 6 months, unless contraindicated. In patients with a
concomitant mechanical valve replacement, only warfarin
was used.
Results

Early Outcome
There were no operative or in-hospital deaths. The mean
times of operation, CPB, and aortic cross-clamp were 164
� 60 (range, 85 to 300), 72 � 39 (range, 21 to 170), and 42 �
31 (range, 5 to 121) minutes, respectively. The mean time
to extubation was 9.4 � 6.1 hours (range, 0 to 18 hours),
and the intensive care unit stay averaged 1.7 � 1.3 days
(range, 4 hours to 5 days). Early complications included
hemoglobinuria, pneumothorax, and wound infection,



Fig 1. Left circumflex coronary artery-to-
right atrial fistula is demonstrated on se-
lective left coronary angiography. The
image shows a remarkably dilated left
main coronary artery (LM) and left
circumflex (CX) artery with an aneurysm
of more than 4 cm in diameter at the
middle portion of the fistulous vessel
(Panels A, B and D). The distal segment of
the dilated vessel enters the right atrium
(Panel C) (RA; hollow white arrow).
(RCA ¼ right coronary artery.)
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each in 1 patient, all of which had resolved at discharge.
Predischarge transthoracic echocardiography showed the
fistula were successfully closed in 27 patients and
detected a residual shunt of 2 mm in 2 (Table 2).

Severe chest pain developed in 1 patient at 1 month
after fistula closure and tricuspid valve repair with an
annuloplasty ring. Coronary angiography detected a
Fig 2. Left circumflex coronary artery-to-
right ventricular fistula is demonstrated
on selective left coronary angiography
(Panel A). The tortuous and dilated left
circumflex (CX) artery was visualized as
the aneurysm drained into the right
ventricle (RV) through some small orifices
(black arrow) (Panel B).
thrombosis in the LCX, which was believed to have
resulted in a myocardial infarction. Coronary artery
bypass grafting was not chosen because the segment of
LCX distal to the fistula opening was too short and
small in size. His symptoms responded well to oral clo-
pidogrel, aspirin, and warfarin therapy, which lasted for
1 year. Afterwards, warfarin was taken for lifelong



Fig 3. Left circumflex coronary artery-to-
left atrial fistula is seen on selective left
coronary angiography. A proximal
branch of the left circumflex artery
directly enters the left atrium (LA), which
was visualized earlier (hollow white ar-
row) (Panels A, B and D). On aortic root
angiogram, the right coronary artery
(RCA) and the left atrium were visualized
simultaneously (Panel C). (LAD ¼ left
anterior descending coronary artery.)
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anticoagulation, and he has been doing well through the
latest follow-up.

Late Outcome
We have been able to follow-up 23 of 29 patients (79%) for
10.1 � 4.6 years (range, 4.7 to 25.1 years; median, 9.2
years). Of the 6 patients lost to follow-up, 4 were younger
than 10 years. Given their young age and good early
surgical outcomes, their long-term prognosis is expected
to be favorable.
Of the 2 patients with residual shunt at discharge, a

coronary computed tomography angiogram detected a
residual fistula of 2.5 mm in diameter at 3 years in the
first patient, which was similar to early postoperative
Fig 4. Left circumflex coronary artery-to-
left ventricular fistula is seen on aortic
root angiography (Panel A). A tortuous
and dilated left circumflex (CX) coronary
artery drains into the left ventricle (LV;
hollow white arrow) (Panel B).



Table 2. Operative Findings, Techniques, and Early Outcomes

Variable
No. or

Mean � SD

Fistula terminations
Right atrium 12
Right ventricle 8
Main pulmonary artery 2
Coronary sinus 1
Left atrium 3
Left ventricle 3

Openings in drainage chamber
Single opening 25
Double openings 4

Surgical procedure
Endocardial closure 17
Epicardial closure 5
Endocardial þ epicardial closure 2
Suture ligation under

cardiopulmonary bypass
1

Off-pump suture ligation 4
Concomitant cardiac procedure

Closure of atrial septal defect 3
Mitral and aortic valve replacement 2
Mitral valve replacement 1
Closure of ductus arteriosus 1
Tricuspid valve repair (annuloplasty ring) 1
Tricuspid valve repair þ arteriosus

ductus ligation
1

Repair of double-outlet right ventricle 1
Coronary artery bypass grafting 1
Operation time, min 164 � 60
Cardiopulmonary bypass time, min 72 � 39
Cross-clamp time, min 42 � 31
Time to extubation, h 9.4 � 6.1
Intensive care unit stay, d 1.7 � 1.3

Early complications
Residual fistula 2
Left circumflex artery thrombosis 1
Pneumothorax 1
Hemoglobinuria 1
Wound infection 1

SD ¼ standard deviation.

Table 3. Long-Term Outcome

Variable
No. or Mean � SD

(range)

Follow-up time, y 10.1 � 4.6 (4.7–25.1)
Available cases 23
Lost in follow-up 6
Echocardiography 13
Coronary angiography 3
Outcome
Residual shunt 3
Right atrial thrombosis 1
Myocardial infarction 2
Mitral regurgitation with

left ventricular dysfunction
1

Asymptomatic with normal
cardiac function

17

New York Heart Association
functional class

I 17
II 4
III 2

SD ¼ standard deviation.
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echocardiographic findings. The second patient under-
went successful transcatheter closure at 21 years and took
oral aspirin for 5 months. He sustained a myocardial
infarction 15 months after transcatheter closure, due to an
occluded second obtuse marginal branch detected on
coronary angiography. His symptoms were relieved by
oral clopidogrel lasting for 1 year, followed by oral aspirin
and dipyridamole. These 2 patients remained asymp-
tomatic, with normal cardiac functions, at the latest
follow-up.

Recurrent angina developed in 1 patient 10 years after
fistula closure and coronary artery bypass grafting.
Coronary angiography detected a residual shunt and an
occluded vein graft, although the left internal mammary
to left anterior descending coronary graft was still patent
and the left ventricular ejection fraction was 0.30. He
refused further surgical treatment and only took oral
aspirin and clopidogrel. Then, he was lost to follow-up,
and the possibility of his long-term survival is expected
to be very low.
Echocardiography detected right atrial thrombosis

partially compressing the superior vena cava, which
resolved at 1 year after oral aspirin, and mild-to-severe
mitral regurgitation with left ventricular dysfunction,
each in 1 patient.
The electrocardiogram was normal in 3 patients and

unspecific in 11 patients, including nonspecific ST-T
changes in 3, atrial fibrillation (mostly seen in mitral
valve patients) in 3, and left ventricular high voltage in 2.
Specific ST-segment changes or Q waves suggestive of
acute or old myocardial infarction were observed in 2
patients.
At the latest follow-up, 17 patients were asymptomatic

and in New York Heart Association functional class I, 4 in
II, and 2 in III (Table 3).
Comment

Although Krause described congenital CAF as early as in
1865 [5], it was not until 1958 that the first successful
surgical treatment was reported [6]. Patients with CAF
may present clinically with palpitations, dyspnea on
exertion, symptoms of angina, heart failure, or bacterial
endocarditis [7]; however, 40% to 55% of CAF patients
are totally asymptomatic [4]. The appearance of any
symptom depends on the size of the CAF, the amount
of blood shunt, and the resistance of the drainage
chamber. Some CAF patients may present with angina



535Ann Thorac Surg HOU ET AL
2014;97:530–6 SURGICAL REPAIR FOR LCX FISTULA

A
D
U
L
T
C
A
R
D
IA

C

pectoris, which might be ascribed to the coronary steal
phenomenon [8].

In a review of 174 patients, Liberthson and colleagues [9]
found that in patients aged less than 20 years, 9% were
symptomatic and 19% had complications, whereas in
patients aged more than 20 years, 55% had symptoms and
63% had complications. This is similar to our findings, in
which 16 of 19 patients (84%) aged less than 20 years were
asymptomatic, whereas 9 of the remaining 12 patients
(75%) older than 20 years were symptomatic.

A fistula originating from the LCX is very rare. So far,
clinical experience with this rare anomaly is limited to case
reports or short series involving a few patients [7, 10–18].
To the best of our knowledge, our series represents the
largest group of patients to date. The usual origin of CAFs
is the right coronary artery, followed by the left anterior
descending and lastly by the LCX [3, 19, 20].

Canga and colleagues [21] reported 59 CAF patients in
which LCX fistulas accounted for 11.9% (7 of 59). In the
review of Said [19], 48 of 243 unilateral CAFs (20%)
arose from the LCX, which drained into the pulmonary
artery (23%), right atrium or coronary sinus (52%), right
ventricle (4%), superior vena cava (6%), and left
ventricle (4%). Even rarer is the hepatic vein in which
an LCX fistula has entered [13]. In this series, 79% (23 of
29) of the LCX fistulas entered the right heart, including
the right atrium in 41% (12 of 29), right ventricle in 28%
(8 of 29), main pulmonary in 7% (2 of 29), and coronary
sinus in 3% (1 of 29), which is less than the 90% in the
review of Said and colleagues [14]; the remaining 21%
of fistulas entered the left heart, including the left
atrium and left ventricle, each in 3 (10.5%).

The goal of surgical treatment is complete obliteration
of the fistula and preservation of normal flow through the
coronary arteries. Surgical procedures include external
ligation of fistulous vessel, arteriotomy and suture closure
of fistula, and intracardiac suture closure of fistulous
ostium. The choice of the optimal surgical procedure
depends on the points of termination, origin of the fistula,
and whether the coronary vessels have become
aneurysmal [20].

It is widely recommended that a symptomatic CAF
should be treated, but treatment for asymptomatic
patients is controversial [22]. Some recommend closure of
a CAF, even in asymptomatic patients, to prevent fistula-
related complications that will increase with age, espe-
cially because of the risk of heart failure, endocarditis,
and myocardial ischemia [22–24]. Others argue that
surgical repair is not indicated in asymptomatic
patients and that such fistulas may be managed conser-
vatively [3, 25]. Spontaneous closure has been reported
but is uncommon [26].

Jaffe and colleagues [27] concluded that (1) small shunts
remain small; (2) the role of shear-induced intimal dam-
age resulting in premature atherosclerosis may occur in
narrow fistulas, which leads to self-healing, but not in
large feeding coronary arteries; and (3) the possibility
of rupture is unlikely to be influenced by an operation.
Sherwood and associates [28] have maintained that
silent CAFs (fistulas without a heart murmur) in
childhood and adolescence, especially those diagnosed
incidentally by echocardiography, are not associated
with adverse clinical outcomes and should be managed
conservatively with continued follow-up.
At present, however, there is no definite criterion on

how small a small CAF can be ignored. In this series, a
residual fistula of about 2 mm in diameter was detected in
2 patients early in the postoperative period and was given
no surgical treatment. Both patients remained asymp-
tomatic at the latest follow-up. Our experience with these
2 patients, to some extent, suggests that a fistula of 2 mm
in diameter could be ignored.
To date, there is no consensus on use of antiplatelet

therapy to prevent myocardial ischemia and embolism after
surgical repair of CAF. Li and associates [17] reported a case
of neonatal CAF in which a thrombus was found in a dilated
coronary sinus 3 weeks postoperatively. Oral aspirin and
dipyridamole were given, resulting in complete resolution
of thrombus 4 month later. At 1 year, however, coronary
angiography detected aneurysmal dilation of the left main
coronary artery. Davis and colleagues [29] reported a
sudden death in a patient 14 years after repair of CAF,
which was ascribed to myocardial ischemia secondary to
coronary dilatation.
It seems reasonable to prescribe antiplatelet therapy to

prevent coronary ischemia and thromboembolic events
for patients with a repaired CAF. In our practice, we
routinely prescribe antiplatelet therapy with aspirin or
dipyridamole for at least 6 months. In patients with a
concomitant mechanical valve replacement, we would
prescribe only warfarin. Even though our long-term
outcomes at 10.1 � 4.6 years are favorable, thrombosis
in the LCX and right atrium developed in 3 of 29 patients
(10.3%), 2 of which occurred after anticoagulation
therapy, with 1 patient still taking oral warfarin.
Although the size of the coronary artery proximal to the

fistula and the reduction in flow after fistula closure might
have caused the thrombosis, we believe that these
thromboembolic events were all associated with absence
of anticoagulation. This implies the importance of anti-
coagulation therapy to achieving good late outcomes and
suggests that antiplatelet therapy might be superior to
warfarin in preventing thrombosis after surgical closure
of CAF. The dose and duration of anticoagulants should
be determined by further studies.
Since its first success in 1982 [30], continued efforts

have been made to occlude the CAF by transcatheter
coil embolization [31–34]. Liang and Ko [35] reported
that a pediatric CAF leading to a dilated coronary
artery exceeding 5 mm in diameter or secondary
aneurysmal formation may be considered an indication for
interventional or surgical treatment. Jiang and colleague
[34] suggested that patients should be given oral aspirin
(3 mg/kg daily) for 6 months to prevent thromboembolic
events after coil embolization. In our series, 1 patient with
residual shunt undergoing transcatheter closure at 21
years sustained a myocardial infarction 15 months later,
which was ascribable to discontinuation of oral aspirin.
Further studies are warranted to decide the duration of
antiplatelet therapy after transcatheter coil embolization.
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A major limitation of this observational study is that
only 23 of 29 patients (79%) were followed up for a rela-
tively short period of 10 years. Longer-term follow-up in
more patients is necessary to provide evidence of late
satisfactory surgical palliation.

In conclusion, our experience shows that surgical
closure of the LCX fistula can be performed with very low
risks and favorable late outcomes. Long-term results in
this series imply the importance of postoperative
antiplatelet therapy to achieving good late outcomes.
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