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Abstract
Purpose of Review Coronary artery fistulas (CAFs) are rare coronary anomalies that most often occur as congenital mal-
formations in children. Although most children with CAFs are asymptomatic at the time of diagnosis, some present with 
symptoms of congestive heart failure in the setting of large left-to-right shunts. Others may develop additional complica-
tions including coronary artery ectasia and coronary thrombosis. Surgical and transcatheter closure techniques have been 
previously described. This review presents the classifications of CAFs in children and the short and long-term outcomes of 
CAF closure in children in the reported literature. We also summarize previously-reported angiographic findings and post-
treatment remodeling characteristics in pediatric patients.
Recent Findings With advancements in cross-sectional imaging technologies, anatomic delineation of CAFs via these modali-
ties has become crucial in procedural planning. Recent reports of surgical and transcatheter closure of CAFs in children have 
reported good procedural success and low rates of short-term morbidity and mortality. Distal-type CAFs have elevated risk 
for long-term sequelae post-closure compared to proximal-type CAFs. A recent report of a multi-institutional cohort also 
describes post-closure remodeling classifications which may predict long-term outcomes in these patients as well as guide 
individualized anticoagulation management.
Summary Invasive closure of significant CAFs via surgical or transcatheter techniques is feasible and safe in most children 
with good short and intermediate-term outcomes. However, close clinical and imaging follow-up is required to monitor for 
late complications even after successful closure. Antiplatelet and anticoagulation regimens remain important aspects of 
post-closure management, but the necessary intensity and duration of such therapy remains unknown.
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Background

Coronary artery fistulas (CAFs) are rare coronary anoma-
lies defined as an abnormal connection between a coronary 
artery and a cardiac chamber or other thoracic vessel with-
out an interposed capillary bed [1]. The incidence of con-
genital CAFs in the general population has been estimated 
at 0.002% [1]. In series of 126,595 primarily adult patients 
undergoing invasive coronary angiography to assess for 
atherosclerotic lesions, coronary artery fistulas comprised 

0.1–0.2% of isolated coronary artery anomalies with equal 
incidence in both sexes [2]. CAFs are noted in approximately 
0.3% of patients with congenital heart disease that includes 
ventricular and atrial septal defects, patent ductus arteriosus, 
tetralogy of Fallot, and pulmonary atresia with intact ven-
tricular septum [3]. Most CAFs in infants and children are 
congenital fistulas. Acquired fistulas are extremely rare in 
infants and children and are most often small, hemodynami-
cally insignificant, and do not require intervention.

About 75% of CAFs found incidentally in infants and 
children are small and hemodynamically insignificant [4–6]. 
Neonates and infants with large size CAFs typically present 
with congestive heart failure symptoms. Older children with 
CAF are either asymptomatic or diagnosed with a CAF when 
they are referred for evaluation of heart murmur, recurrent 
respiratory infection, and/or exercise intolerance. Invasive 
treatment of isolated CAFs in asymptomatic neonates and 
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infants is controversial. Symptoms and sequalae, when pre-
sent, typically arise from significant left-to-right shunts, cor-
onary artery ectasia, or coronary thrombosis. While medical 
therapy for congestive heart failure is first line treatment, 
early referral for surgical or transcatheter closure of large 
symptomatic CAFs has been the mainstay of treatment for 
infants and children.

Types of Coronary Artery Fistula

CAFs can occur either as a congenital malformation, thought 
to be due to persistence of sinusoidal-coronary arterial con-
nections during fetal cardiac development, or acquired as a 
result of infective endocarditis, traumatic injury, such as a 
complication of penetrating chest injury or endomyocardial 
biopsies, or due to other cardiac surgery (e.g., right ventricu-
lar outflow tract resection tumor resection) [7]. Different 
CAF terminology is used based on the outlet of the fistulas. 
These abnormal coronary connections may terminate in a 
chamber of the heart, referred to as coronary-cameral fistula, 
or into a vein as a coronary arteriovenous fistula. Rarely, a 
coronary artery fistula may end in a pulmonary artery in a 
coronary-pulmonary artery fistula.

In 1966, Sakakibara and colleagues from Japan pro-
posed the initial classification describing the three schema 
(Schema I, II and III) of CAF based on the site of origin of 
the fistulae [8]. Subsequently, the classification has been 
modified into two main types: Type A or the Proximal CAF 
and Type B or the Distal CAF [9, 10••]. Type A (Sakak-
ibara Schema I) fistulae originate from the proximal third 
of the epicardial coronary artery (Fig. 1a). The fistula has 
no significant coronary branches supplying the myocardium, 
and the distal coronary artery, beyond the fistula origin, has 
normal caliber. Type B (Sakakibara Schema III) fistulae 
originate from or at the distal end of the epicardial coronary 

artery leading to a diffusely dilated and tortuous native coro-
nary artery with normal coronary branches arising from this 
fistula (Fig. 1b). Maintaining blood flow in this dilated and 
tortuous epicardial coronary artery is critical for myocardial 
perfusion via the relatively smaller/normal branches sup-
plying the myocardium. Schema II CAF of Sakakibara clas-
sification was noted when fistula was observed at the mid 
portion of the epicardial coronary artery, but this type is 
not specified in the modified Type A and B classifications.

CAFs can be present as single or multiple fistulas. In 
addition, CAFs can also be classified as simple versus com-
plex fistulae: Simple CAFs typically are single origin arising 
from 1 epicardial feeding artery and have a single termina-
tion. Complex CAFs have more than one origin with multi-
ple exit points into the same or different chambers/vessels. 
Based on the mode of termination noted on transcatheter 
angiography, patients can either have a macro-CAF, where 
a discrete fistulous connection is noted, or a micro-CAF, 
where a diffuse contrast blush is visible without a discrete 
fistulous connection.

The actual size of the fistula itself is not considered to be 
a reliable indicator of hemodynamic insignificance. Based 
on the angiographic dimensions of the fistulae in reference 
to the adjacent/distal vessel diameter, simple CAF can be 
further classified as “small” CAF if the fistula size is less 
than the distal coronary artery diameter, “medium” CAF if 
the fistula size is 1–2 times the distal coronary artery diam-
eter, and “large” CAF if the fistula size is more than twice 
the distal coronary artery diameter [9, 11].

Clinical Presentation

The majority of patients with coronary artery fistulas are 
asymptomatic. In a review of 173 patients reported in the 
literature, Liberthson et al. found that patients less than the 

Fig. 1  Coronary artery fistula 
types A (proximal) and B (dis-
tal). a Type A or proximal-type 
coronary artery fistulas (CAFs) 
originate from a proximal 
portion of epicardial coronary 
artery without giving off coro-
nary branches. b By contrast, 
type B or distal-type CAFs 
originate from the distal aspect 
of an epicardial coronary artery. 
The coronary artery proximal 
to the fistulous connection is 
dilated with normal coronary 
branching. RCA, right coronary 
artery; LCx, left circumflex 
artery; LAD, left anterior 
descending artery
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age of 20 years old were less likely to be symptomatic (19%) 
at the time of diagnosis than those older than 20 years of 
age (63%) [5]. In the younger patient group, the most com-
mon symptoms were dyspnea on exertion or fatigue followed 
by angina. Preoperative complications occurred in 11% of 
patients, primarily as congestive heart failure from a left-to-
right shunt with a mean pulmonary-to-systemic flow ratio 
(Qp:Qs) of 1.6:1 [5]. Severe sequalae occur more frequently 
in adult patients, including myocardial infarction (9%), fistula 
thrombosis or aneurysm formation, or rupture (1%), endo-
carditis (4%), or death (14%) [5]. Physical examination often 
reveals a continuous murmur with diastolic accentuation, 
which stands in contrast to the systolic accentuation of the 
continuous murmur associated with a patent ductus arteriosus.

Diagnostic Studies

Initial diagnostic testing may reveal an abnormal electrocar-
diogram (ECG) with evidence of ventricular hypertrophy, 
ST changes suggestive of ischemic disease, or arrhythmias 
[12]. Chest radiographs may reveal cardiomegaly or pulmo-
nary vascular plethora.

Echocardiography is often performed as part of work-up 
for an audible murmur or other cardiac indications. In a sin-
gle center retrospective study on the use of echocardiography 
and the evaluation of coronary artery fistula, Vinograd et al. 
reported that CAFs were found incidentally on screening 
echocardiograms for indications such as prechemotherapy or 
evaluation of suspected genetic syndrome in 38% of patients 
with small CAFs and 5% in those with moderate-large CAFs 

[13]. Two-dimensional and color flow echocardiography 
may show dilation or ectasia of coronary arteries, an abnor-
mal vessel with continuous or diastolic flow pattern, and/or 
abnormal drainage into a cardiac chamber or major thoracic 
vessel (Fig. 2) [13, 14]. When hemodynamically significant 
shunting is present, enlargement of cardiac chambers may 
also be seen. Secondary signs such as impaired ventricular 
or valvar function may also rarely be seen.

Coronary computed tomography (CCT) has emerged as 
a valuable non-invasive diagnostic tool for comprehensive 
evaluation of coronary arteries and CAFs. Coronary CT is 
the first-line diagnostic tool to evaluate hemodynamically 
significant or large CAFs [15•]. This non-invasive imag-
ing modality offers several advantages in the assessment of 
CAF. It provides high spatial and temporal resolution, ena-
bling precise visualization of the origin of the fistula, ana-
tomic course and borders, and termination or drainage site/
sites [15•]. With the aid of electrocardiogram (ECG)-gating 
protocols, CCT minimizes cardiac motion artifacts, ensur-
ing clear and accurate depiction of the coronary artery tree 
and the features of the CAF (Fig. 3a). Three-dimensional 
(3D) volume rendering and post-processing techniques 
enhance the ability to examine CAF anatomy and course, 
which can be quite challenging with other imaging modali-
ties (Fig. 3b). Beyond diagnosis, CCT plays a crucial role 
in pre-procedural planning by defining the exact location 
of the fistulous connection relative to the coronary artery 
tree, providing essential information for interventional deci-
sions (transcatheter candidacy and transcatheter interven-
tion approach and strategy) [16]. Additionally, it offers a 
valuable means of follow-up after transcatheter closure 

Fig. 2  Echocardiographic view 
of dilated right coronary artery 
in setting of large coronary 
artery fistula. Parasternal 
short-axis echocardiographic 
view in two-dimensional and 
color mapping of patient with a 
distal-type right coronary artery 
fistula showing severely dilated 
proximal right coronary artery 
is seen highlighted by a star (*)
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procedures, allowing for the assessment of fistula closure 
success and patency of coronary artery branches (Fig. 3c). 
In summary, CCT has become an indispensable tool for 
both the initial evaluation and long-term management of 
coronary artery fistulas, offering the cardiologist a compre-
hensive view of these complex vascular anomalies.

While CCT is the mainstay non-invasive diagnostic tool 
for evaluating CAF, cardiac magnetic resonance (CMR) 
imaging can be used at times for further evaluation. The 
role of CMR is especially important when additional physi-
ological and functional information are required. Cardiac 
MRI provides hemodynamics of CAF by measuring the 
Qp:Qs using phase-contrast imaging, offering insights into 
the significance and impact of the shunt [17]. Cardiac MRI 
is also capable of evaluating myocardial viability through 
techniques like late gadolinium enhancement, which can be 
particularly relevant in cases where CAF-related myocardial 
ischemia or scarring is suspected. These techniques, how-
ever, have largely been limited to the adult population and 
reliability in young children is likely limited [18, 19]. Addi-
tionally, CMR can assist in identifying large coronary artery 
fistulas and their impact on adjacent structures. Overall, 
CMR complements other imaging modalities by providing 
a comprehensive assessment of CAF, including both ana-
tomic but more importantly functional data, making it an 
indispensable tool in the management and decision-making 
process for selected patients with coronary artery fistulas.

Coronary Angiography

The gold standard for diagnosis and categorization of 
CAFs remains selective coronary angiography [20–22]. 
Invasive angiography allows for detailed delineation of 
the fistula anatomy including fine vessels with a high 
degree of temporal and spatial resolution [11]. Tempo-
ral resolution is of particular importance in infants and 
young children, in whom faster heart rates may degrade 
image quality on cross-sectional modalities. Pre-existing 
luminal abnormalities such as thrombosis can be identi-
fied and delineated. Hemodynamic assessments includ-
ing quantification of left-to-right shunt burden can also 
be performed when congestive heart failure is the primary 
indication for invasive evaluation. Importantly, transcath-
eter closure of CAFs can be performed at the time of 
diagnostic imaging. Conventional angiography does have 
limitations, however, including inherent procedural risks 
and complications. Moreover, conventional angiography 
produces two-dimensional (2D) projection images, which 
may limit delineation of particularly complex or tortuous 
anatomy [22]. Cross-sectional imaging therefore remains 
an important adjunctive tool in the complete evaluation of 
many CAFs. During follow-up testing for patients follow-
ing transcatheter or surgical closure, conventional angiog-
raphy remains an important tool in assessing for residual 
shunts or development of coronary artery complications.

Fig. 3  Coronary computed tomography showing a proximal right cor-
onary artery fistula to the cavo-atrial junction before and after device 
closure. a Coronary CT showing proximal origin of a coronary artery 
fistula (black arrow) from the dilated right coronary artery (trian-
gle). b Three-dimensional volume rendering of coronary CT show-
ing course of large coronary artery fistula off the dilated right coro-
nary artery (triangle) to the cavo-atrial (SVC-RA) junction (star *). 

c Follow-up coronary CT 6  months post-device closure (device not 
seen here) of right coronary artery fistula with remodeling without 
residual fistulous connection and decrease in right coronary luminal 
diameter (block arrows). Triangle: dilated proximal right coronary 
artery. Black arrow: coronary fistula, cross (+) coronary artery fistula 
termination site to SVC-RA junction. Block arrows: decreased coro-
nary luminal diameter. RA, right atrium
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Exercise/Stress Testing

The role of exercise stress testing in children with CAFs 
has not been well defined. Published case reports with 
positive exercise stress testing have been restricted to older 
adult patients with CAFs [23–25]. In these patients, exer-
cise testing was positive for ischemic changes on stress 
ECG, myocardial ischemia on nuclear perfusion stress 
testing, or atrioventricular conduction abnormalities 
[23–25]. Given that most pediatric patients are asympto-
matic and those with symptoms are primarily related to 
left-to-right shunt burden, the role of exercise stress test-
ing on initial evaluation in the pediatric population appears 
limited. Nonetheless, given the risk of development of late 
coronary artery complications, physiologic stress testing 
may play an important role in long-term follow-up in these 
patients, particularly as they enter adulthood.

Management

Observation

Observation remains a viable treatment plan for patients of 
any age who are asymptomatic (no chest pain, no ventricu-
lar dysfunction, no heart failure or respiratory symptoms, 
normal exercise tolerance without EKG changes) and who 
have small, single outlet CAF with small volume shunts 
and no chamber enlargement [9, 26]. Most of these will 
not enlarge and a few will spontaneously close with time 
[6]. Young patients who are asymptomatic at the time of 
diagnosis, but who have moderate or even large shunts, can 
be observed for a period of time, but regular follow-up with 
repeat imaging is necessary to make informed decisions 
about intervention [21]. In asymptomatic patients with 
moderate-to-large type B fistulas, Gowda et al. suggest 
that antiplatelet therapy may be indicated for prevention of 
thrombosis of the fistula, although supporting data is lim-
ited [10••, 21]. Unlike small shunts, CAF with moderate to 
large shunts are unlikely to close spontaneously. They are 
more likely to become more hemodynamically significant 
over time as the patient ages and may progress to symptoms 
of chest pain or angina from coronary stenosis, thrombosis, 
or myocardial infarction or fistula rupture [27]. Moreover, 
the risk of intervention increases with comorbid conditions 
such as hypertension, diabetes, and smoking. Because of 
the unpredictable timing of serious complications and 
increased procedural risk over time, the traditional teach-
ings has been to perform elective closure in adults patients, 
even in the absence of significant symptoms [27].

Transcatheter Closure

Transcatheter closure of CAFs is a less invasive alterna-
tive to surgical closure and is applicable to most patients, 
including infants [10••]. Risks of transcatheter closure are 
related to type of CAF, number of outlets, older age, and 
number of comorbidities.

Ideal candidates for transcatheter closure would be 
patients with type A coronary artery fistula. These ves-
sels can typically be closed with a device in the proximal 
part of the fistula without significant risk of thrombosis 
extending into the normal coronary artery. These vessels 
can also be closed at the outlet (i.e. entrance into the right 
atrium, right ventricular, or pulmonary artery). Although 
thrombus may form in the dilated portion of the fistula, 
it only rarely will extend to the proximal origin of the 
fistulous vessel and compromise the normal coronary. 
Remodeling of this vessel typically leads to normal coro-
naries beyond the origin of the fistula. Figure 4 shows an 
example of transcatheter closure of a Type A fistula from 
the right coronary artery.

Patients with type B coronary fistula (Fig. 5) can also 
be closed using transcatheter devices but must be closed at 
their distal end, at the entrance into the chamber and away 
from the normal coronary branches, to prevent occlusion 
and thrombosis of normal vessels. Typically, small bal-
loon wedge catheters are placed distally into the fistulous 
vessel, and balloon occlusion angiograms are performed 
to look for normal distal coronaries originating distally 
near the outlet site. Closure targets can then be selected 
beyond the origin of the normal coronaries and proximal 
to the outlet sites. Distal closure must address all outlet 
sites to prevent persistent shunting. Unfortunately, distal 
closure can lead to stasis of blood flow in the fistulous 
coronary artery, leading to thrombosis of the dilated ves-
sel and occlusion of the normal coronary branches in that 
area. The larger the fistula and the larger the shunt, the 
higher the risk for a coronary event even at a young age. 
Anticoagulation and antiplatelet therapy are standard for 
these patients with distal transcatheter closure [10••].

Patients with very large and very tortuous coronary 
fistula or multiple outlet sights have the highest risk of 
complication and myocardial infarction, and transcatheter 
closure remains a controversial topic for this group [10••]. 
Older patients, who are high risk for observation or surgical 
closure, may be considered for transcatheter closure once 
the risks have been adequately explained to the patient.

Transcatheter closure can be achieved with many types 
of closure devices including coils, patent ductus arteriosus 
devices, and vascular plugs based on the size of the fistulous 
vessel and the need for distal outlet closure [10••, 20, 21, 28].
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Surgical: Epicardial vs Endocardial Closure

Surgical closure of coronary fistula has been in place for 
more than 70 years and represents an excellent option for 
select patients [29, 30]. Certainly, patients with large symp-
tomatic fistula with multiple communications, those with 
tortuous and aneurysmal arteries and those patients with 
need for simultaneous bypass surgery, are good candidates 
for surgical closure [22]. The simplest surgical treatment 

is the proximal epicardial ligation of the proximal fistula. 
But more complex fistulae require more complex closures. 
Complex fistulae with multiple outlet sites, or short tracks 
near important structures, such as the aortic valve or coro-
nary sinus, may benefit from endocardial closure [31]. Other 
techniques employed have been to ligate the coronary arter-
ies proximal and distal to the fistula and then construct a 
bypass for these vessels. Surgical closure has a low mortality 
rate, but careful follow-up is still needed [29, 32].

Fig. 4  Transcatheter closure 
of a proximal (Type A) right 
coronary artery to right atrium 
fistula. Aortic root angiography 
in posteroanterior (a) and lateral 
(b) projections outlining a large 
proximal right coronary to 
right atrium fistula with normal 
caliber distal right coronary 
artery. Arrows point to large fis-
tula arising from proximal right 
coronary artery. Selective bal-
loon occlusion of the proximal 
fistula in the posteroanterior (c) 
and lateral (d) projections show-
ing no right coronary branches 
arising from the fistula. After 
transcatheter closure with two 
Amplatzer Vascular Plug II 
devices, angiography in poster-
oanterior (e) and lateral (f) pro-
jections showing occlusion of 
fistulous tract with normal flow 
to remainder of right coronary 
artery branches. Single star (*), 
normal right coronary artery; 
double star (**), tortuous and 
dilated fistula
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Follow‑Up

Short‑Term Outcomes

Reports of surgical closure, either via an epicardial or 
endocardial approach, of CAFs in children have shown 
excellent acute procedural success rates, with procedural 
success rates of 89–100% [10••, 33–35]. Surgical closure 
of CAFs in children has been reported to be very safe, with 
no acute surgical complications, no reoperations during 
the same hospitalization, and 100% survival to discharge 
in case series [10••, 12, 27, 33, 35, 36]. Reinterventions 
for residual shunts are reasonable common. Zhang et al. 
reported a 17% incidence of residual shunt in their series of 
47 patients, five (10.6%) of which were found in the imme-
diate postoperative period with an additional three (6.4%) 
found in the median follow-up period of 7.8 years [33]. 
Two of the patients with immediately detected postopera-
tive shunts underwent transcatheter closure of the residual 
fistula, without additional reinterventions in the cohort 
[33]. Valente et al. reported a similar reintervention rate of 

15% in their cohort of 20 patients who underwent surgical 
closure without any major procedural complications [27].

Transcatheter closure of CAFs has also been reported to 
be highly successful. In the same Boston cohort with 44 
pediatric and adult patients undergoing transcatheter clo-
sure of CAFs, Valente et al. reported a 2.3% reintervention 
without procedural deaths, strokes, or infections [27]. They 
did report transient ST-T wave changes in 5 patients, atrial 
arrhythmia in 7 patients, 11 with device migration, and 2 
cases of coronary dissection without acute or long-term 
sequelae [27]. Thakkar et al. reported 100% procedural suc-
cess in 13 patients with 12 having complete occlusion of 
the CAF post-closure and 1 with trivial residual flow [34]. 
In a cohort of 48 neonates and infants who underwent CAF 
closure across 20 centers, Gowda et al. reported a 92% pro-
cedural success rate for transcatheter closure without acute 
deaths, strokes, or infections [10••]. There was one patient 
with a right coronary artery fistula who underwent coil 
occlusion which was complicated by immediate thrombosis 
extending into nearby coronary branches that was managed 
with anticoagulation and aspirin [10••]. An additional infant 

Fig. 5  Transcatheter closure of 
distal right coronary to right 
ventricle fistula. Selective right 
coronary angiography in pos-
teroanterior (a) and lateral (b) 
projections outlining large distal 
right coronary to right ventricle 
fistula with minimal opacifica-
tion of normal right coronary 
artery branches. Angiogram 
post-occlusion of fistulous 
connection with Amplatzer 
Vascular Plug IV device in pos-
teroanterior (c) and lateral (d) 
projections showing increased 
opacification of right coronary 
branches. Star (*), normal right 
coronary branches. Double star 
(**), dilated fistula
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who underwent closure of a large distal right coronary artery 
fistula using a vascular plug was placed on aspirin mono-
therapy post-procedure and presented 1 week later with irri-
tability, moderate right ventricular systolic dysfunction, and 
elevated troponin. This patient was medically managed with 
anticoagulation and beta-blockers for presumed coronary 
ischemia [10••]. The reported short-term complications of 
both surgical and transcatheter closure are therefore low but 
do occur, primarily related to coronary thrombosis.

Long‑Term Outcomes

The long-term outcomes of patients undergoing CAF clo-
sure have been mixed, with some series of surgical patients 
reported no mortality or symptoms at median follow-up of 
7.8 to 9.6 years [12, 33]. Despite favorable acute outcomes 
for both transcatheter and surgical closure of CAFs, there 
remains an important incidence of late major complications 
even following acutely successful procedures. In a series 
from patients at the Cleveland Clinic, 16 patients under-
went CAF closure between 1997 and 2007 at median age of 
1.6 years. Twelve patients underwent transcatheter closure, 
while four underwent surgical closure. The median follow-
up period was 2.3 years with complete closure on follow-up 
in 12 patients, trivial leak in 2, and small-moderate leak in 1 
patient. Three patients were confirmed or suspected to have 
coronary artery thrombosis and presented with myocardial 
infarction in their 50 s, all of whom had a distal-type CAF 
[12]. In the Boston series, of 44 patients who underwent 
transcatheter closure and 20 patients who underwent surgical 

closure, 11 patients (15%) had major complications: seven 
patients had myocardial infarctions, two patients presented 
with angina with documented intracoronary thrombus, 
and two developed cardiomyopathy and significant heart 
failure symptoms [27]. Thus, close clinical follow-up and 
high index of suspicion for coronary complications remains 
important over the long term in these rare patients.

Post‑Closure Coronary Remodeling

Gowda et al. have previously described an angiographic clas-
sification system for post-treatment coronary fistula remode-
ling broadly divided into “optimal” and “suboptimal” remod-
eling [10••]. Optimal remodeling is defined as thrombus 
occluding the fistulous segment without extension into the 
epicardial artery of the more proximal CAF or to the nearest 
branch (Fig. 6). In a proximal CAF, this results in complete 
occlusion of the fistulous connection (Fig. 6a) without proxi-
mal extension into the main coronary artery. In a distal CAF, 
optimal remodeling is considered thrombosis of the fistu-
lous connection followed by decrease in luminal diameter 
of the feeding artery with maintenance of patency and good 
flow into coronary branches (Fig. 6b). Figure 7 demonstrates 
follow-up coronary angiogram 6 months post-transcatheter 
closure on proximal CAF developing thrombus through the 
fistulous connection but without extension into the main right 
coronary artery. Figure 8 similarly shows follow-up coronary 
angiogram 2 years post-transcatheter closure of a distal CAF 
with maintained patency of right coronary branches.

In contrast, suboptimal remodeling refers to sympto-
matic coronary thrombosis with occlusion of adjacent 

Fig. 6  Optimal post-closure coronary artery fistula remodeling. Opti-
mal post-coronary artery fistula (CAF) closure remodeling with device 
location marked “X.” a Optimal remodeling of post-closure proxi-
mal CAF with thrombus completely occluding fistulous connection 
without encroaching into the proximal coronary artery or epicardial 
branches. b Optimal remodeling of post-closure distal CAF with com-

plete thrombus occlusion of distal fistulous connection and decrease in 
luminal diameter of the dilated conduit artery with formation of layer-
ing thrombus. Epicardial branches from the conduit artery remain pat-
ent with preserved coronary flow. RCA, right coronary artery; LCx, 
left circumflex artery; LAD, left anterior descending artery
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coronary branches (Fig.  9), asymptomatic thrombosis 
with revascularization through thread-like collaterals, and 
partial thrombosis with a residual cul-de-sac fistula with 
vessel irregularity and/or stenosis [10••]. A third category 
has been described as persistent coronary dilation due to 
residual flow from incomplete fistula closure [10••]. In 
Gowda et al.’s series of 20 patients with available post-
treatment coronary angiography, 10 patients had optimal 
remodeling, and 7 patients had suboptimal remodeling 

with 2 patients with symptomatic thrombosis including 
troponin leak. And additional four patients had residual 
CAF dilation in the setting of residual flow. Importantly, 
of the 7 patients with suboptimal remodeling, six patients 
did not receive anticoagulation and were on antiplatelet 
therapy alone [10••]. There was a tendency toward subop-
timal modeling in patients with distal type CAFs compared 
to proximal type as well as larger CAFs with maximal 
caliber of 7.3 mm [10••].

Fig. 7  Optimal remodeling 
post-closure of proximal coro-
nary artery fistula. Follow-up 
coronary angiography in poster-
oanterior (a) and lateral (b) pro-
jections 6 months after device 
closure of proximal RCA fistula 
showing optimal remodeling 
without residual fistula flow 
and widely patent “true” right 
coronary artery without luminal 
irregularity or stenosis. Star (*) 
showing unobstructed, normal 
right coronary branches

Fig. 8  Transcatheter closure of 
distal coronary artery fistula 
with follow-up angiogram 
showing optimal remodeling. 
Posterior (a) and lateral (b) 
projections of selective angio-
gram of a severely dilated right 
coronary artery with a type B 
CAF that was subsequently 
closed with Amplatzer vascular 
plug IV devices. Posteroanterior 
(c) and lateral (d) projections 
of follow-up angiogram 2 years 
post-closure showing no resid-
ual fistula flow and no extension 
of thrombus into proximal 
normal right coronary branches. 
There is good opacification of 
the distal right coronary artery. 
Star (*) showing unobstructed, 
normal right coronary branches
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Post‑Procedural Management

There is limited data supporting post-closure anticoagulation 
management decisions of CAFs. Gowda et al. reported that 
the use of antiplatelet agents only may have been associ-
ated with suboptimal post-closure remodeling [10••]. Given 
the higher relative risk of coronary events in patients with 
moderate-to-large distal-type coronary artery fistula com-
pared to proximal-type coronary artery fistulas, their group 
recommends anticoagulation for 3–6 months and antiplatelet 
therapy for 6–12 months in this higher risk group. Anti-
coagulation is continued until follow-up anatomic evalua-
tion is performed and the type of remodeling is identified. 
This approach seems to us to be reasonable, particularly 
given that major complications in the post-treatment period 
appear to be related to coronary thrombosis. In a series of 76 
patients who underwent either transcatheter (61%) or surgi-
cal (26%) closure of CAFs, Valente et al. found that drainage 
of the CAF to the coronary sinus was significantly asso-
ciated with major complications [27]. Thus, in higher risk 
groups, namely, patients older than 20 years old at the time 
of procedure, those with moderate-large distal-type fistulas, 
and those with coronary-to-coronary sinus fistulas, we agree 
that therapeutic anticoagulation for ~ 6 months with a longer 
period of antiplatelet therapy for 12 months would allow for 
coronary remodeling and development of chronic thrombus 
while mitigating risks of acute thrombotic events.

Other clinical risk factors associated with complications 
were older age at diagnosis, tobacco use, diabetes, systemic 
hypertension, and hyperlipidemia [27]. These same risk 
factors have been previously implicated in the development 
in coronary artery disease in adults [37]. These findings 

emphasize the need for long-term cardiology follow-up and 
aggressive management of these known coronary artery 
disease risk factors, particularly in this patient population.

Our Approach

We propose the following approach to the management of 
CAFs. In asymptomatic patients with small CAFs which 
may close spontaneously, close clinical and imaging fol-
low-up is reasonable. In those with larger fistulas, closure 
should be pursued prior to adulthood, even in the absence 
of symptoms. This recommendation is based primarily on 
the observation that CAFs in patients older than 20 years 
of age are more likely to present with symptoms and may 
incur a higher rate of major sequelae from observation or 
closure compared to younger patients [5, 27, 35]. Follow-
ing surgical or transcatheter closure, we recommend close 
clinical follow-up with interval coronary angiography, par-
ticularly in the first 6–12 months. Assessment in this post-
treatment period for optimal vs. suboptimal remodeling may 
hold important clinical implications for longer-term antico-
agulation and invasive imaging. Patients with distal CAFs, 
CAFs with maximal caliber > 7 mm, and CAFs that drain 
to the coronary sinus may have particularly high-risk pro-
files in the long-term. In these patients, as well as patients 
older than 20 years at time of intervention, we recommend 
therapeutic anticoagulation for at least 6 months and lifelong 
antiplatelet therapy to mitigate the risk of intermediate-term 
coronary artery thrombosis until remodeling trajectory is 
established on follow-up coronary angiography. Follow-up 
coronary angiography by CT or invasive angiography should 

Fig. 9  Suboptimal remodeling after coronary artery fistula closure. 
Suboptimal post-coronary artery fistula (CAF) closure remodeling 
with device location marked “X.” Direction and propagation of post-
closure thrombosis is shown by the yellow arrow. a Suboptimal 
remodeling of post-closure proximal CAF with thrombus extending 
and encroaching into the proximal coronary artery (star *), result-

ing in narrowing of the distal left main coronary artery. b Subopti-
mal remodeling of post-closure distal CAF with thrombus extending 
proximally with occlusion of coronary artery branches of the conduit 
left circumflex artery (star *). RCA, right coronary artery; LCx, left 
circumflex artery; LAD, left anterior descending artery
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be performed 6 months post-procedure to assess remodeling. 
If optimal remodeling is not established, anticoagulation 
should be continued. Even after demonstrated longitudinal 
stability of CAFs posttreatment, continued close follow-up 
is important due to some small risk of recurrence. Finally, 
the aggressive management of modifiable risk factors such 
as tobacco exposure, hyperlipidemia, hypertension, and 
diabetes is critical in mitigating increased risk of coronary 
artery disease. In keeping with guidelines from the Ameri-
can Heart Association and American Academy of Pediat-
rics for high-risk patients, we recommend lipid and blood 
pressure screening beginning between 7 and 9 years of age 
in order to identify these risk factors for intervention at an 
early age [38–41].
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