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ABSTRACT
Background: Congenital coronary artery ﬁstula (CCAF) is a rare anomaly. Treatment strategies tend to close the
defect with a symptomatic and signiﬁcant shunt, primarily based on expert consensus and case series. Results for
long-term follow-up in children are limited Methods: We conducted a retrospective study to assess clinical and
imaging outcomes of children with CCAF at Siriraj Hospital, Thailand during 2000–2020. Patients with single
ventricle were excluded. Treatment strategies [surgical closure (SC), and percutaneous closure (PC)] were classiﬁed and the clinical outcomes at the follow-up in 2021, including coronary thrombosis, myocardial ischemia, and
the results of cardiovascular imaging were reviewed. Results: Twenty-eight children with CCAF were included in
the study. The median age at diagnosis was 2.5 years (2 days–18 years). Presenting symptoms were audible
murmur (82%) and heart failure (35%). Most of ﬁstulae arose from the right coronary artery (12/28) and exited
at the right atrium (11/28). In recent visits (0.5–14 years follow-up), six patients with asymptomatic small CCAF
were managed by watchful follow-up without complications. PC was primarily treated in 11 children: 7 underwent
successful procedures; 1 had a residual shunt and required re-intervention; 1 had ischemic symptoms immediately
after the procedure with left coronary occlusion that required device removal plus SC and 2 were technically
unable to place the device, requiring SC. Four patients were waiting for interventions (1 PC and 3 SC). Cardiovascular imaging surveillance that followed closure demonstrated asymptomatic thrombus formation in three
patients (1 PC and 2 SC). No mortality presented. Conclusion: CCAF with signiﬁcant shunt is indicated to close
either SC or PC. Ischemic events are rare but have been reported after closure. In addition, thrombus formation
should be watched for post-intervention. Surveillance with cardiovascular imaging is recommended after defect
closure (ideally 1–5 years post closure), or at interval follow-ups in patients with symptoms to evaluate possible
recanalization, thrombus, or ischemia. Life-long clinical and echocardiographic follow-up is warranted. Watchful
follow-up is acceptable for hemodynamically insigniﬁcant ﬁstula without complication in the series.
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1 Introduction
Congenital coronary artery ﬁstula (CCAF) is a rare form of congenital heart disease. It is deﬁned as a
direct connection of the coronary artery to an ending vessel (coronary artery ﬁstula) or chamber (coronary
cameral ﬁstula). The prevalence of CAF is 0.002% in the general population, 0.4% among all cardiac
malformations, and up to 0.9% in patients undergoing cardiovascular computerized tomography (CCT)
for cardiac or non-cardiac purposes [1–5]. Moderate to large CCAF can lead to signiﬁcant left to right
shunting from the involved coronary artery to the exit structure, resulting in heart failure, myocardial
steal, and ischemia. The presence of symptoms, complications, and a signiﬁcant shunt are the main
indications for percutaneous closure (PC) or surgical closure (SC) [5–10]. Post-closure sequelae, such as
residual leakage, thrombosis with or without myocardial infarction, and coronary stenosis are important
concerns [1,8,11,12], and watchful waiting in asymptomatic patients with small shunting has been
accepted in the adult guidelines [6,10]. Cardiovascular imaging such as CCT and cardiovascular magnetic
resonance (CMR) is widely used to evaluate high-risk coronary anomalies and for surveillance follow-ups
[5,6,10,13]. To date, deﬁnite guidelines for the treatment, timing of interventions, and recommendations
for long-term follow-up in children have not been established. At Siriraj Hospital, therapeutic
interventions for children with CCAF have been performed, based on patient symptoms, shunt size, age,
ﬁstulous anatomy, associated cardiac anomalies, and underlying disease with an awareness of the riskbeneﬁts and the limited resources. CCT and CMR have been used for diagnostic evaluations and followups whenever possible. In this report, the authors aim to assess the clinical outcomes and results of
imaging at follow-up for pediatric patients with CCAF who were treated at our medical center for the last
two decades.
2 Materials and Methods
This retrospective study was approved by the Siriraj Institutional Review Board, Faculty of Medicine,
Siriraj Hospital, Mahidol University (Study number 787/2563 (EC2)) and informed consent from patients
was waived, though a speciﬁc process was required to ensure protection of the subjects’ conﬁdentiality.
All research methods were performed in accordance with Good Clinical Practice (GCP) guidelines and
regulations. The Trial Registration Number is: TCTR20210602001.
Data from pediatric patients diagnosed with CCAF between January 01, 2000, and December 31, 2020,
was reviewed. Patients with complex congenital anomalies such as pulmonary atresia with intact ventricular
septum, or single ventricle were excluded from the study. Patient baseline characteristics included gender,
age at diagnosis and treatment, presenting symptoms (cardiac murmur, congestive heart failure, or chest
pain), ischemic evidence from 12-channel electrocardiography (ECG), and left ventricular ejection
fraction (LVEF) from transthoracic echocardiography (TTE) at diagnosis. Fistula anatomy and associated
cardiac condition were explored from TTE, CCT, CMR, or coronary angiography. Size of CCAF was
classiﬁed as small, medium, or large if the ﬁstula diameter was <1, 1–2, or >2-times the largest diameter
of the coronary vessel not feeding the coronary ﬁstula, as previously described [5]. Treatment strategies,
including surgical closure (SC), percutaneous closure (PC), and conservative watchful follow-up were
classiﬁed. The management of individual patients was discussed in pediatric cardiology and cardiovascular
thoracic surgery conferences prior to proceeding with a closure. PC is preferred in patients with CCAF
who have the proximal type, single exit site and non-tortuous ﬁstula. If CCAF anatomy was not
suitable for PC, a surgical approach was chosen. Asymptomatic small CCAF received a watchful
follow-up. The PC technique via the transarterial or transvenous approach to the CAF origin and SC
under general anesthesia and cardiopulmonary bypass were performed as standard protocols as reported
in the literature [5,14,15].
Long-term clinical and imaging outcomes were examined, including major adverse cardiac events
(MACE) and mortality, using either the current hospital’s databases or phone contact at the patient’s most
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recent follow-up visit on November 30, 2021. An MACE was deﬁned as having a cardiovascular-related
illness including coronary occlusion, heart failure, cardiac tamponade, clinical or imaging evidence of
coronary thrombosis, and myocardial ischemia (MI) by either CMR, CCT, or coronary angiography
(CAG), requiring coronary artery bypass grafting (CABG), or percutaneous coronary intervention (PCI)
following treatment.
2.1 Statistical Methods
Statistical analyses were performed using SPSS 20.0 for Windows (SPSS Inc., Chicago, IL, USA).
Demographics and treatment data were presented as frequencies with percentages for the categorical
variables and mean ± SD or median with a range for continuous variables.
3 Results
3.1 Patient Characteristics
The study was comprised of 28 children, with demographics and characteristics of CCAF shown in
Table 1. The age at diagnosis and age at treatment ranged from 2 days to 18 years (median of 2.5 years)
and 1 month to 15 years (median of 5 years), respectively. Females predominated (57%). The common
presentation in this series was cardiac murmur (82%), while heart failure was reported in 35% of the
patients. Of the 28 patients, only 5 had a decreased NYHA FC to II. Isolated CCAF was identiﬁed in
15 patients and associated simple congenital heart disease was noted in 13 patients (46%), which
included ventricular septal defect, atrial septal defect, partial atrioventricular canal (PAVC), patent ductus
arteriosus, bicuspid aortic valve, tetralogy of Fallot, and pulmonary atresia with ventricular septal defect
(PA/VSD). The type of CCAF was mostly proximal (n = 25), and most of these were of a single opening
with a diameter ranging from 1 to 10.9 mm (median of 4.9 mm). Eighteen patients had signiﬁcantly
enlarged terminal openings, which required closure. Complex ﬁstulous structures were observed such as
two openings (2 cases), tortuosity (8 cases), aneurysm (1 case), and single coronary artery (2 cases). The
most common origin and drainage sites for the ﬁstulae were RCA (n = 12) and RA (n = 11), respectively.
All patients had preserved LV function and no ischemic pattern on ECG.
Table 1: Baseline characteristics at initial diagnosis of congenital coronary artery ﬁstula (n = 28)
Mode of treatment

Conservative
(n = 6)

PC
(n = 11)

SC
(n = 7)

Waiting for
intervention
(n = 4)

Gender M:F
Age at diagnosis

3:3
2 days–10 years
(4.5 years)

3:8
2 months–14 years
(3 years)

4:3
4 days–7 years
(1 month)

2:3
3 days–
18 years
(10 years)

1.5–15 years
(6 years)

1 month–9 years
(2 years)

8
3
–

2
5
–

Age at treatment
Presenting symptoms
Murmur
CHF
Chest pain
NYHA- FC

5
1
–

2
1
–
(Continued)
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Table 1 (continued)

Mode of treatment

Conservative
(n = 6)

NYHA FC I
NYHA FC II
ECG:ischemic evidence
LVEF (%)
Qp:Qs
Associated cardiac
condition

6
–
–
65.9–80 (73.0)

PC
(n = 11)

SC
(n = 7)

Waiting for
intervention
(n = 4)

5
2
–
57.7–75 (69.1)
1.4–3.8 (2.0)
· Secundum ASD
(1)
· PDA (1)

2
2*
–
60–78 (72.0)

11

6

1

9
2
–
60.4–80 (70.5)
1.1–3.6 (2.0)
· TOF (post repair) · Perimembranous
(1)
VSD (1)
· PA/VSD (1)
· Muscular VSD (1)
· Large PDA (1)
· PAVC (1)
· BAV (1)
· Secundum ASD (1)
· VSD (post
closure) (1)

Fistula characteristics
Anatomy
 Coronary- cameral 2

· TOF (post
repair) (1)
· PA/VSD (1)



Coronary- MPA

–

–

–

1



Coronary- CS

4

–

1

1



Coronary- SVC

–

–

–

1



Small

5

–

–

–



Medium

–

1

1

1



Large

–

10

6

3

5

10

6

4

1

1

1

–

Complexity
 Multiple openings –

–

1

1

Size

Location
 Proximal


Distal



Tortuous

–

4

3

1



Aneurysm

–

–

1**

–



Single coronary
artery

1

–

1**

1
(Continued)

CHD, 2022, vol.17, no.4

467

Table 1 (continued)

Mode of treatment

Fistula origin
 LCA

Conservative
(n = 6)

PC
(n = 11)

SC
(n = 7)

Waiting for
intervention
(n = 4)

2

5

2

2



LAD

2

1

–

1



LCx

–

–

1

1



RCA

2

5

4

1

4

–

–

–

Fistula drainage
 MPA


RA

1

8

2

–



RV

1

2

4

1



RVOT

–

1

–

–



CS

–

–

1

1



SVC-RA junction –

–

–

1



LPA

–

–

–

1

2.7–10.9 (6.2)

2.6–8 (4.8)

4–5 (4.4)

Diameter of draining site 1–3.2 (2)
(mm)

Note: Data presented as number of patients, range (median). *associated RV failure, **same patient. ASD, atrial septal defect; BAV, bicuspid aortic valve;
CHF, congestive heart failure; CS, coronary sinus; d, days old; LAD, left anterior descending artery; LCA, left coronary artery; LCx, left circumﬂex artery;
LPA, left pulmonary artery; LVEF, left ventricular ejection fraction; m, months old, MPA, main pulmonary artery; NYHA-FC, New York Heart
Association functional classiﬁcation; PA/VSD, pulmonary atresia with ventricular septal defect; PAVC, partial atrioventricular canal; PC, percutaneous
closure; PDA, patent ductus arteriosus; Qp, pulmonary blood ﬂow; Qs, systemic blood ﬂow; RA, right atrium; RCA, right coronary artery; RV, right
ventricle; RVOT, right ventricular outﬂow tract; SC, surgical closure; SVC, superior vena cava; VSD, ventricular septal defect; y, years old.

Eleven and seven patients who had signiﬁcant increased pulmonary blood ﬂow (Qp) underwent
percutaneous closure (PC) and surgical closure (SC), respectively. Complex ﬁstula such as multiple
drainage sites and aneurysm formation were sent to surgery as the primary treatment (Table 1). Four
patients were on a waiting list for intervention and six patients had watchful follow-up. No death was
reported in any of the treatment groups (Fig. 1).
4 MACE, Clinical and Imaging Outcomes
4.1 Conservative Treatment and Watchful Follow-Up
Six patients were treated with watchful follow-ups (Table 2). All patients had single opening ﬁstula
(diameter from 1.3 to 3.2 mm). The youngest age at diagnosis was 2 days in a female neonate who was
born at the gestational age of 26 weeks with a birthweight of 800 g. With respiratory distress syndrome,
large PDA with a CCAF size of 1.7 mm. She had CHF mainly from a large PDA. Ventilator support and
medical closure for PDA were required. Her clinical condition greatly improved, and therefore, her CCAF
was left untreated, and she was given a watchful follow up. She was discharged home with low dose
diuretic. During a follow-up, she was thriving. The CCT at 1.5 years of age showed a small sized 1.9 mm
CCAF from the LCA-LAD junction to the RA. Diuretic was discontinued. This patient was thriving and
has been followed-up regularly. Of the six patients, three were diagnosed with small CCAF by incidental
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ﬁndings from CCT, which was performed due to their primary cardiac condition (CN9, CN16, and CN 32).
The other two patients (CN13, CN33) were found intraoperatively during surgical repair for their congenital
heart disease. One patient had PA/VSD post-unifocalization with a medium-sized CCAF diameter of 3.2 mm.
This patient had an inadequate pulmonary vascular bed, and could not undergo further surgery, and was
classiﬁed in this group. During a follow-up period (range 1–5 years), all patients were doing well,
without signs of CHF or ischemic cardiomyopathy. No MACE was reported.

Figure 1: Treatment ﬂow chart for all patients in the study (n = 28) (CCAF, congenital coronary ﬁstula; PC,
percutaneous closure; SC, surgical closure)
4.2 Percutaneous Closure (PC)
Eleven patients underwent PC. The median age at diagnosis and treatment was 3 years (range 2 months–
14 years) and 6 years old (range 1.5–15 years), respectively. All patients had single ﬁstulous opening
(diameter 2.7–10.9 mm). TTE was used as a diagnostic tool and then the therapeutic diagnosis was
conﬁrmed by traditional CAG. Hemodynamic data from cardiac catheterization showed signiﬁcant left to
right shunt with a median Qp:Qs of 2. Overall, seven patients had successful primary PC without signiﬁcant
residual shunt. One patient had a post-procedural residual shunt requiring a re-PC. Of the 11 patients, three
required subsequent SC due to 1 device migration and 2 unsuccessful PCs (Fig. 1) (Table S1).
In 7 patients with successful PC [median age 6 years (range 2.5–15 years)], an AmPlatzer Vascuar
Plug II (AVP II) was commonly used to close the ﬁstulous tract. No procedure had related complications
such as wound infection, bacterial arteritis, device migration, ﬁstula dissection, or hemolysis in this
group. The average hospital length of stay was 3 days (including the pre-operative period). Medical
treatment for heart failure could be discontinued after 6 months following the intervention. Residual shunt
with spontaneous resolution was noted in a 4-year-old patient (CN24), who had a 6 mm diameter CCAF
from RCA to RA and who underwent PC using a 6 mm AVP II. The tiny residual shunt was noted on the
postoperative echocardiogram at one month. After dual antiplatelet therapy for 6 months, the subsequent
echocardiogram showed no residual lesion, and the CMR 3 years later conﬁrmed good cardiac function
without residual lesion or thrombosis. During follow-ups from 2–14 years, all patients were relatively
asymptomatic and were classiﬁed as NYHA FC I. Five patients had surveillance follow-up with CCT or
CMR. Importantly, one patient with a large LCA-RVOT CCAF (10.9 mm diameter at the terminal site)
had transient thrombus formation after PC using 14 AVP II, but was without ischemic heart symptoms at
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the subsequent CCT 6-months post-procedure. Warfarin and aspirin were prescribed. The CMR at one-year
follow-up showed normal wall motion with LVEF of 56.2% and resolved thrombus formation. Warfarin was
then discontinued.
Table 2: Progression of patients with small CCAF who had conservative treatment and watchful follow-up
(n = 6)
CN Age
at Dx

Originending

Size Imaging
(mm) approach

Follow- Clinical course
up time
(months)

Medication

25 2 days

LCA-RA

1.9

20

Diuretic
until 1 year
of age

9 10 years LAD-MPA 2.4
13 10 years LCA-RVOT 1

Echo, CCT

16 3 years

RCA-MPA

3.2

Echo, CCT
24
Intraoperative
ﬁnding
CCT
42

32 6 years

LAD-MPA

1.5

CCT

33 3 years

RCA-MPA

1.3

Intraoperative 60
ﬁnding

12

Preterm 26-week, weight
800 g, large PDA postmedical closure, CCAF
noted, LCA-LAD junction to
RA 1.9 mm from CTA
Post KD with LCA ectasia
TOF with single coronary
from LCC
PA, VSD, MAPCAs status
post unifocalization CTA
requested to evaluate
RMBTS. CCAF was found
incidentally
BAV with large PDA post
PDA device closure, postprocedural echocardiogram
found small CCAF,
progressive AR
Outlet VSD with prolapse
RCC

Clopidogrel
Aspirin
Aspirin

Losartan

None

Note: AR, aortic regurgitation; BAV, bicuspid aortic valve; CCAF, congenital coronary artery ﬁstula; CCT, cardiovascular computerized angiography;
Dx, diagnosis; KD, Kawasaki disease; LAD, left anterior descending artery; LCA, left coronary artery; LCC, left coronary cusp; MAPCAs, multiple
aortopulmonary collateral arteries; MPA, main pulmonary artery; PDA, patent ductus arteriosus; RA, right atrium; RCA, right coronary artery; RCC,
right coronary cusp; RMBTS, right modiﬁed Blalock-Taussig shunt; TOF, tetralogy of Fallot; VSD, ventricular septal defect.

The patient who required re-PC was a 12-year-old female with Down syndrome status post total repair of
PAVC. The CCAF from RCA to RA with a terminal diameter of 6.8 mm was found during a postoperative
TTE. Coil embolization was performed using a 038–8–8 Gianturco coil but the procedure was not
successfully deployed. Re-intervention was performed successfully two months later using a 10 mm AVP
II. Warfarin and aspirin were prescribed. At a recent follow-up at 6 months, the patient was classiﬁed as
NYHA FC I, asymptomatic, and no residual shunt presented.
Following a primary PC, three cases required SC according to different indications. The ﬁrst case was of
a 1.5-year-old girl who had CCAF from LAD to RV apex with a terminal diameter of 3.1 mm. She underwent
the procedure for 6 mm AVP II implantation and had ST elevation intraoperatively after the device was
deployed. Emergency surgical ligation was performed, and total occlusion of the mid-LAD was noted due
to the device migration. Her total length of stay in hospital was 8 days. Heart failure was controlled. All
medications were discontinued at the 1-year follow-up. At the 5-year follow-up, post-procedure, she was
asymptomatic and placed on Aspirin. The TTE showed no residual CCAF with normal LV function. Her
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recent CCT showed no thrombus formation or coronary dilation. The second patient was a 6-year-old boy who
had muscular VSD in addition to CCAF from proximal RCA to RV (terminal diameter of 3 mm) with Qp:Qs of
2.56. PC was attempted with a 10 mm, and then followed with a 12 mm AVP II. Nevertheless, a signiﬁcant
residual shunt was present, and the procedure was then abandoned. Consultation was made with the surgery
team. Surgical ligation of CCAF together with VSD closure was performed a year later. At this time, he has
been followed-up for 9 years with a good functional class and LV function. During the CMR surveillance at
7-year post-procedure, a scar at the mid-postero-inferior LV was noted with a LVEF of 76%. The third
patient was a 5-year-old boy who had CCAF from RCA to RA with a terminal site diameter of 8 mm. PC
was performed unsuccessfully due to a failed loop creation. CCT showed a proximal type CCAF with a
severely dilated proximal RCA of 12.6 mm. Elective SC was performed two months later. At the 6-month
follow-up, he was asymptomatic with no residual shunt.
4.3 Surgical Closure (SC)
Primary treatment with SC was chosen for 7 patients [median age at diagnosis of 1 month (range 4 days–
7 years)], all of whom had isolated CCAF with symptoms of heart failure. All of the preoperative TTEs
showed good LV function. The median age at the time of the repair was 2 years (range 1 month–9 years).
A complex ﬁstula (i.e., 2 openings) was noted in one patient. All patients had dilated ﬁstulous tracts and
one had the drainage site to the coronary sinus (Fig. 2). The surgical procedures included surgical
ligation/direct closure (n = 5), pericardial patch closure (n = 1), and ﬁstulous ligation with
aneurysmorraphy (n = 1). In addition, three patients underwent surgical ligation subsequent to the
attempted PC, as previously described. Ten patients who underwent SC had no operative mortality. The
median cardiopulmonary bypass and cross clamp time was 34 min (range 15–86 min) and 15 min (range
10–54 min), respectively. Postpericardiotomy syndrome and transient asymptomatic ST depression was
noted in one patient. Average hospital length of stay was eight days (including a pre-operative day). At
the median time of follow-up [3.3 years (range 0.1–8 years)], the ten patients survived without ischemic
heart or heart failure symptoms. Four patients had postoperative CCT and CMR surveillance. Two
patients with post-operative thrombus formation in the dilated ﬁstulous tract had a stenosis of the distal
coronary artery without perfusion deﬁcit and they had preserved LV function. Characteristics of the
original CCAF were complex: 2 large openings in 1 patient and a large-diameter drainage site with a
dilated distal coronary artery in one patient (Figs. 3 and 4) (Table S1).
4.4 Waiting for Closure
Four children (age at diagnosis 3 days–18 years) were waiting for closure intervention. Three patients
were to undergo SC and among these, two were to undergo a repair of their underlying heart defects (redo
pulmonary valve replacement and a primary repair of TOF). One had isolated CCAF (LCA to RA) with two
drainage openings. One patient with RCA to an RV ﬁstula was on the waiting list for PC.
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Figure 2: Pre-operative images of congenital coronary artery ﬁstula (CCAF) from left circumﬂex artery
(LCx) to coronary sinus (CS) in a 6-year-old boy. A. Aortic root angiogram demonstrating the dilated left
coronary artery (LCA) with tortuous CCAF to the CS opening (blue arrow); B, C. Reconstructed
cardiovascular computerized tomography showing CCAF from LCx to CS with tubular ectasia of LCA
(LAD, left anterior descending artery)
5 Discussion
This cohort study describes the long-term clinical and imaging outcomes of 28 children with CCAF at a
single medical center in Thailand. Closure of moderate to large defects was performed by either PC or SC in
usual ways for 18 patients. No operative mortality was reported, though acute coronary syndrome following
PC occurred in one patient, requiring emergency surgical removal and ﬁstula ligation. Of 10 patients who had
imaging surveillance post-intervention, thrombotic occlusion of ﬁstula without evidence of MI was noted in
three of the patients (1 PC, 2 SC). The presence of a small area of myocardial scar was observed in one patient
who had SC following a failed PC without ischemic or heart failure symptoms. In addition, watchful followup was used to reveal hemodynamically insigniﬁcant ﬁstula without complication in the series. The result
from this series indicates that thromboembolic risk does not end with the repair, even though it might be
asymptomatic.
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Figure 3: Pre- and post-operative cardiovascular computerized tomography (CCT) in a one-year-old girl
with a large congenital coronary artery ﬁstula (CCAF) from the right coronary artery (RCA) to the right
ventricle (RV); A, B. Pre-operative CCT demonstrating the large tortuous RCA and the CCAF from RCA
to RV (red arrow); C. Post-operative CCT showing total RCA occlusion (white arrow) compared to preoperation (blue arrow) in B

Figure 4: Pre-operative aortic root angiography in a patient at one year of age and cardiac image at 6-year
post-operation with large congenital coronary artery ﬁstula (CCAF) from the right coronary artery (RCA) to
the right ventricle (RV); A, B. Aortic root angiography showing aneurysmal dilation of RCA and CCAF from
proximal RCA to RV (*); C, D. Post-operative CMR showing ﬁlling defect (yellow arrow) at the mid-RCA
due to intraluminal thrombus. The 3-D reconstruction shows a small, mid-RCA aneurysm (white arrow). No
RCA ﬂow was observed distal to the aneurysm
CCAF is a rare anomaly, and the pathophysiology depends on the pressure resistance between the ﬁstula
connection, the site, and the opening size at the termination. Coronary cameral ﬁstulae were the most
common ﬁstulous connections in our series, which is similar to previous reports, illustrating that the
shunt commonly involves the right coronary system and mostly drains into the right atrium or right
ventricle [1,13]. Most of the children presented with an audible murmur (82%) or heart failure due to the
volume load (35%). No ECG abnormalities were reported in our series. Practitioners are recommended to
not rely solely on an uneventful resting ECG, which can occur in CCAF. The modality of treatment at the
medical center is based on size and clinical symptoms. In contrast to the adult guidelines [5,6,10],
ventricular dysfunction or ischemic cardiomyopathy in children is uncommon and none of the patients in
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our series reported chest pain or ischemic heart symptoms even though most of them had medium-to largesized CCAF (82%). A small CCAF can be followed with watchful follow-up since spontaneous closure has
been reported at a rate of 1%–2% [6,9,16]. In any case, neither spontaneous closure nor MACE was noted in
the 5-year follow-up of ﬁve patients in our series who had small CCAF with conservative treatment.
Closure intervention has been recommended for medium and large CAF since ﬁstula-related
complications can arise with age, even when asymptomatic and especially in adult patients [5,6,10]. PC is
indicated for CAF with favorable anatomy, including a single, narrow drainage site, proximal ﬁstula
origin, absence of multiple ﬁstulae or large branching vessels adjacent to the optimal plugging position,
and when the catheter and device can be implemented to safely close the ﬁstula [5,8,9,12]. Different
incidences of clinical outcomes and complications have been reported in prior publications, including
post-coronary dilatation, residual shunt, thrombosis with or without MI or coronary stenosis, and death
[9,11,12]. Long-term ischemic events have been found in association with a drainage site into the
coronary sinus and with ﬁstulae that originate from distal segments of ectatic coronary vessels, especially
for sizes that are greater than 10 mm [5,12]. In the present study, moderate to large ﬁstulae can be closed
percutaneously despite some tortuosity. The proximal type with a single opening was noted. Among the
11 patients that underwent PC, 2 had residual shunt (18%) and 1 had device migration (9%), resulting in
mid-RCA occlusion. Device mismatching was a plausible reason for these complications. PC with coil
embolization is suitable for a ﬁstula opening less than 5 mm, while a vascular plug is recommended for
patients with a ﬁstula opening that is larger by choosing the device number to be 1.5–2 times larger than
the lesion [1,5,15]. SC is the mainstay therapy for medium to large CCAF and it has excellent immediate
outcomes. Nevertheless, a risk of cardiopulmonary bypass and median sternotomy exists, and surgical
complications can include bleeding, postpericardiectomy syndrome, arrhythmia, myocardial infarction,
cerebrovascular accident, and mediastinitis, which can occur early post-operatively [8,13]. Similar to PC,
residual shunt/recanalization and coronary thrombosis has been reported in long-term follow-up
(3.6%–9.6% and 9.6%–34.2%, respectively) [8,11,14,17]. In this study, three children (10.7%; 1 PC and
2 SC) were noted to have thrombotic occlusion of the ﬁstula without evidence of MI, which raises a
concern that propagated coronary thrombosis is not uncommon following CCAF closure.
To our knowledge, no speciﬁc postprocedural thromboprophylaxis following percutaneous closure (PC)
or surgical closure (SC) of congenital coronary artery ﬁstula (CCAF) closure is typically recommended by
the standard guidelines [18,19]. Furthermore, treatment strategies for thrombotic occlusion of the ﬁstula in
children are debated, unlike Kawasaki disease, which has been well- described for the management of
coronary aneurysm with thrombus. The recent retrospective review of CCAF in neonate and infants [20]
showed the usage of thromboprohylaxis; antiplatelets and anticoagulation in 90% of patients post closure.
Suboptimal remodeling was also reported in some patients. Therefore, thromboprophylaxis post-closure
of CCAF and treatment of coronary thrombosis is variable, depending on the surgeon’s preference. In our
center, a mainstay thromboprophylaxis following closure of CCAF is antiplatelet (aspirin; ASA). If a
large ﬁstula segment or aneurysmal dilation occurs, anticoagulant; warfarin is often added. In the three
patients who experienced propagated coronary thrombosis, two patients were prescribed ASA and
warfarin post-closure due to a previous large ﬁstula segment. The third patient had only ASA
postoperatively. The coronary thrombus was subsequently shown in her 3-month post-operative
echocardiography, and clopidogrel was added. All patients were relatively asymptomatic.
Currently, CCT is widely accepted as the gold standard imaging modality to evaluate coronary
anomalies and CMR plus coronary magnetic resonance angiography is a standard tool used to evaluate
myocardial function, myocardial viability, and the delineation of the coronary anatomy. In our center, the
traditional protocol for the follow-up for patients with CCAF used interval echocardiography
postoperatively. Life-long clinical assessment and echocardiography is routinely used in the follow-up.
Presently, both CCT and CMR and an anesthetic team are available for pediatric patients in the center.
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We recommend a follow-up cardiac imaging for surveillance after defect closure (ideally 1–5 years post
closure), or at follow-up intervals for patients with symptoms to evaluate possible recanalization,
thrombus, or ischemia, as described in the adult guidelines [5]. Regarding a conservative treatment group,
we routinely schedule patients for a follow-up, to assess clinical signs and symptom with serial
transthoracic echocardiogram, which includes a functional and ﬂow study. No ischemic symptoms or left
ventricular dysfunction were reported. The patients had very small lesions, which would not likely lead to
heart failure or the steal phenomenon and consequent ischemic heart disease. Therefore, no patients in
this group were scheduled for strain echocardiography, stress echocardiography, or adenosine stress CMR
since clinical signs and symptoms were not present. In any case, it would be of interest to include a tissue
Doppler and strain echocardiography in the protocol for these patients in the future.
6 Conclusion
SC or PC is indicated to close CCAF with signiﬁcant shunt. Most of the patients in our study were in a
good functional class after the defect closure. Nevertheless, thrombus formation can occur after the procedure
(up to 10.7%, even in asymptomatic patients). A scar at the LV myocardium is rare but it has been reported.
Post-intervention surveillance by cardiovascular imaging is recommended once after defect closure (ideally
1–5 years post closure), or at an interval follow-up in patients with symptoms to evaluate recanalization,
thrombus, or ischemia. Life-long clinical assessment and echocardiographic follow-up is warranted.
Watchful follow-up is acceptable for hemodynamically insigniﬁcant ﬁstulae without complication.
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Table S1: Detail of patients who underwent CCAF closure (n = 18)
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