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Abstract

Coronary arteriovenous fistulae are uncommon
abnormal connections between one of the coronary
arteries and a heart chamber or another blood ves-
sel, usually pulmonary vasculature or other venous
vessels. Clinically significant fistulae may lead to isch-
emia of the segment of the myocardium perfused by
the affected coronary artery. Therefore, closure of such
fistulae is indicated. Transcatheter closure if feasible is
recommended and can be achieved using different oc-
clusion devices. This paper discusses the clinical classi-
fication of fistulae and the interventional approach to
eliminate such fistulae with some case examples. The
availability of new coils and catheters render the inter-
ventional approach safe and effective.
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Coronary artery fistula is defined as an abnormal con-
nection between one of the coronary arteries and a
heart chamber or another blood vessel, usually pul-
monary vasculature or other venous vessels. It is esti-
mated to account for 0.2-0.4% of total congenital car-
diac anomalies [1]. In 1908 Maude Abbott published
the first pathological account of this condition [2].

Bjork and Crafoord in 1947 performed the first suc-
cessful surgical closure of a coronary fistula in a pa-
tient with a preoperative diagnosis of patent ductus
arteriosus [3].

In general, most coronary artery fistulae are small
and do not cause any symptoms. Most are clinically
undetectable and are found incidentally on echocar-
diography performed for other reasons or in adults
undergoing coronary angiography performed for an
unrelated cause. Most fistulae resolve spontaneously
without causing any complications. Only those fis-
tulae that are about three times the size of a normal
caliber of a coronary artery may cause symptoms or
complications and require management. Symptoms
may include the following:

+ Dyspnea on exertion
« Angina

- Fatigue

- Palpitations

Due to steel phenomenon, large fistulae may lead
to ischemia of the segment of the myocardium per-
fused by the affected coronary artery. The mecha-
nism is related to the diastolic pressure gradient and
runoff from the coronary vasculature to a low-pres-
sure receiving cavity/vessel. If the fistula is large, the
intracoronary diastolic perfusion pressure progres-
sively diminishes.
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Prior to the era of echocardiography, the right cor-
onary artery was considered to be the major site of
origin of the fistulae (40-60%), followed by the left
anterior descending (30-60%) then circumflex and a
combination thereof. However, currently, we believe
more fistulae originate in the left anterior descend-
ing artery. The right side of the heart (ventricle, pul-
monary arteries, right atrium, coronary sinus, etc) is
the major drainage (termination) site of most fistulae
(90%) [4, 5].

Prior to 1990, surgical ligation was considered the
treatment of choice with external ligation of the fistu-
la preferred if possible. However, if the fistula is poste-
riorly located behind the heart, internal closure of the
termination site on cardiopulmonary bypass offered
a safe alternative [6]. Recurrence rate after surgical
closure is about 10% [7].

Since the report by Reidy et al. [8], percutaneous
closure in the cardiac catheterization laboratory has
become the most common option for management
of large fistulae. To enable successful and safe closure,
it is imperative to define the anatomy of the fistula
by selective coronary angiography. Detachable bal-
loons, coils, devices, and vascular plugs all have been
used successfully to close coronary fistulae [9, 10].

The purpose of this paper is to discuss the man-
agement decisions and details of transcatheter clo-
sure techniques.

Management Decisions

As mentioned above, small fistulae in an asymp-
tomatic patient need not be closed. However, if the
fistulais large or if the patient is symptomatic, closure
is recommended. The decision process in managing
fistulae depends on: site of origin of the fistula (prox-
imal vs distal) [11], size of the fistula, patient’s symp-
toms, presence of any complication caused by the
fistula (angina, heart failure, endocarditis, rupture,
etc), age of the patient, the anatomy of the fistula and
presence of other indications to undergo an invasive
procedure. The current recommendations by the
AHA/ACC guidelines [12] include for Class 1: patients
with continuous murmur should undergo exact de-
lineation of the origin and termination of the fistula
by either echocardiography or CT/MRI; patients with
large fistulae should undergo closure (surgical or per-

cutaneous) after delineation of the exact anatomy
and finally, small-moderate fistulae with complica-
tions (ischemia, arrhythmias or ventricular dysfunc-
tion of unexplained etiology) should undergo clo-
sure. Last but not least, the approach of elimination
of the fistula (surgical vs. transcatheter) depends on
the expertise of the physicians involved in the man-
agement of the patient.

Proximal Fistulae

If small in size with no symptoms, observation is
recommended and no medications. However, if the
fistula is medium or large with or without symptoms,
closure is recommended (surgical vs. transcatheter)
followed by antiplatelets for at least one year.

Distal Fistulae

If small in size with no symptoms, observation is
recommended with no medications. However, if me-
dium in size with or without symptoms one has two
options: closure followed by antiplatelets for one year
or observation while receiving antiplatelets indefi-
nitely. If the fistula is large with symptoms, closure is
recommended, 6 hours post-closure, heparin should
be started to keep PTT at 1.5 times normal while war-
farin is started. Patients should be discharged home
on Warfarin to keep INR around 2.5 for a period of
6-12 months [11]. Also, these patients should receive
antiplatelets indefinitely. If the fistula is large with no
symptoms, one has two options: either observation
while receiving antiplatelets indefinitely or closure. If
fistula is closed, one should treat as large fistula with
symptoms.

Another important factor in the decision-making
process is the size of the patient.

Fistulae in small patients

If small-moderate in size, they can be left alone
until the patient is bigger. Spontaneous regression of
fistulae has been reported [13], however, if the fistula
is big and leading to cardiac symptoms, closure is rec-
ommended. Elective closure of moderate-large sized
fistulae that are not causing symptoms is reasonable
and can be performed once the child is an appropri-
ate weight (approximately >15 kg).

If fistula is associated with other cardiac lesions
(most commonly tetralogy of Fallot, patent ductus ar-
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teriosus, atrial septal defect), the fistula can be closed
at the time of repair of the primary cardiac lesion.

Transcatheter Closure Techniques

Once a decision is made about the need for closure
of the fistula, it is very important to plan the proce-
dure appropriately. We recommend the following:

1. Discussion of the case with an interventional adult
cardiologist colleague. We can't overemphasize
the importance of collaboration with adult cardi-
ologists when it comes to the coronary circulation.
They need to be involved in the planning of the
case.

2. Discussion of the case with an interventional ra-
diologist to see what equipment may be needed.
Interventional radiology uses many coils and cath-
eters that are not readily available in the congenital
cardiac catheterization laboratory. We have found
over the years that getting help from intervention-
al radiology has contributed to the success of the
procedures.

3. If the patient is an adult age (over 18-21 years), we
advise to admit the patient post-procedure into an
adult unit equipped with continuous cardiac moni-
toring (telemetry) and with staff familiar with EKG's
and management of cardiac ischemia. We believe
this is an important aspect of managing such pa-
tients. The pediatric units, for the most part, are not
familiar with cardiac ischemia/enzymes, and they
may miss important events in these patients that
could lead to catastrophe.

4. When placing coils/devices to occlude fistulae,
it is very important to delineate the myocardial
branches to ensure that coils/devices are beyond
the last viable myocardial branch. Obviously, oc-
clusion proximal to such branches will result in car-
diac ischemia.

5. Available coils: coils are made of different materi-
als, available in various lengths, diameters, shapes
and several methods of delivery. Coils are available
in lengths from 1 to 300 mm and in diameters rang-
ing from 1 to 27 mm. Available coil shapes include
J- or C-shaped, helical, conical, tornado, straight,
and complex three dimensional (3D) shapes. Coils
may be bare or fibered with material such as Da-
cron, nylon fibers, polyester, wool, silk, or polyvinyl

acetate (PVA) embedded within them to increase
thrombogenicity. Steel was the initial material used
for coils then came Platinum and different alloys
that made them softer, more radio-opaque and
non-ferromagnetic enabling future MRI follow-ups
[14]. The methods of coil delivery had evolved over
the last five decades in response to the need for
a safer and more controllable deployment as well
as to solve the technical problems encountered in
old methods. Among the early methods were the
pushable, injectable and liquid coils delivered by
pushing wires or injecting saline or contrast after
loading the coils in the delivery catheters [14]. The
first detachable coil was described in 1977. Cur-
rent detachable coils are deployed by a variety of
mechanisms including mechanical, by electrolysis,
and by hydrostatic means. The disadvantage of
the mechanical detachment is that there is often
friction between the coil and the microcatheter,
during embolization through tortuous vessels, this
friction can limit delivery, or the coil can rotate or
flip at detachment [14]. Deployment of coils can
be done by a wide range of catheters, the current
assortment of microcatheters widely used may
not be all well suited for several anatomic variants,
including excessive vascular tortuosity. The most
commonly used microcatheters for coiling are Ex-
celsior SL-10 and 10-18 (Stryker, Kalamazoo, M,
USA), Echelon 10 and 14 (Medtronic, Minneapolis,
MN, USA) and Headway 17 (Microvention TERUMO,
Tustin, CA, USA). As mentioned above, these cathe-
ters are readily available in radiology departments
engaged in aneurysm coiling. The proper coil for
embolization should be sized 20 to 30% larger than
what the target vessel measures on pre-deploy-
ment angiogram to prevent distal embolization
or migration. Placement of an undersized coil risks
its distal embolization away from the intended lo-
cation. Attempting to place an oversized coil may
result in the coil not forming the intended shape
or even straightening in the vessel [14]. In general,
dense packing of the target vessel is recommend-
ed to achieve complete embolization. The key to
inducing complete thrombosis is cross-sectional
occlusion which can be done by different tech-
niques [15]. A scaffold technique involves initially
deploying a higher radial force coil followed by a
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softer coil or an anchoring technique where a dis-
tal coil is anchored in a branch vessel then packed
proximally [15]. This prevents distal migration and
results in a tighter coil pack. An inflated compliant
occlusion balloon may be used distal to the coil
delivery catheter to prevent unwanted distal em-
bolization, especially in high-flow fistulae. Then
the balloon can be deflated and withdrawn after
the deployment of the first coil that acts as a future
basket for further coils [14].

6. The Amplatzer family of devices have been used
for percutaneous closure of fistulae. The muscular
device, the Duct occlude and the vascular plugs (I,
I, IV) all have been used successfully for the clo-
sure of these fistulae [16-20]. The advantage of the
plugs over the conventional devices is the need
for a smaller sheath/catheter for deployment, thus
making retrograde delivery possible. For deploy-
ment of devices (muscular VSD device or the PDA
device), perhaps the best approach is to form an
arteriovenous wire loop and deployment of the
device from the venous side (see example below).
However, for the vascular plugs, it is possible to
deploy them from the retrograde approach using
the corresponding guide catheter or small delivery
sheath.

7. Finally, we want to emphasize the importance of
anticoagulation and antiplatelet therapy post de-
vice/coil closure of fistulae. As discussed above
[11], in some patients intravenous heparin has to
be initiated about six hours after closure and bridg-
ing to Warfarin and antiplatelet therapy thereafter.
This is extremely important to avoid the unfortu-
nate complication of thrombus propagation proxi-
mal to the devices/coils [21].

Techniques

Fistulae can be closed either in a retrograde fash-
ion (approach from the arterial system) or from the
venous side (direct access if possible or after estab-
lishing an arteriovenous wire loop). Each technique
has its own merits.

Retrograde approach

Access should be obtained via the right femoral ar-
tery and vein. We usually insert a 4-5Fr sheath in the
artery in children and 6Fr in adults. For the vein, a cor-

responding size can be used. On occasions, we also
obtain access in the contralateral femoral artery. We
do this if we use a 4-5Fr diagnostic coronary catheter
for closure. The purpose of this is to perform control
angiography for assessment of the position of coils/
devices prior to release. However, if we use a guide
catheter, one may not need additional access. After
a careful hemodynamic assessment is performed,
selective coronary angiography is performed in the
affected coronary artery. Usually, we perform at least
two angiograms in different orthogonal views. The
purpose of the angiograms is to delineate the exact
anatomy of the fistula (origin, course, termination
and viable myocardial branches). If the flow is brisk
due to the size of fistula, one may need to balloon
occlude the fistula with an end-hole balloon cathe-
ter advanced over a wire into the fistula and injection
via this catheter after removal of the wire. We find
this technique to be helpful in delineating the ter-
mination site and also in delineating the myocardial
branches distal to the balloon (see case below).

Case example:

Four year young female child presented with con-
tinuous murmur heard shortly after birth. Echocar-
diography revealed the presence of moderate-large
sized coronary artery fistula arising from the left an-
terior descending artery (LAD) and terminating in the
right ventricle. She has been followed conservative-
ly until age four years, when it was decided to close
it on an elective basis. Her weight was 16.4 kg. A 4Fr
sheath was inserted in the right femoral artery and
a 5Fr sheath in the right femoral vein. Selective left
coronary angiography was performed using a 4Fr JL
diagnostic catheter (Figure 1A). Then a 150cmx6cm
Excelsior SL-10 Microcatheter (Stryker, Kalamazoo, MI,
USA) was inserted inside the JL. The Transend floppy
tip guidewire, 0.016” (Stryker, Kalamazoo, MI, USA)
was used to navigate the tortuosity of the coronary
artery until the wire reached to the right ventricle
(Figure 1B). Then over this wire, a 4Fr balloon-tipped
catheter was exchanged and positioned in the distal
coronary artery. With balloon inflation, hand injec-
tion delineated the fistula better (Figure 1C). Then
over the same wire, the balloon-tipped catheter was
exchanged for the JL and then the Excelsior Microca-
theter was fed over this wire all the way to the dis-
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Figure 1. Selective Left Main Coronary Artery Angiograms in a 4 yr. young female child with left anterior descending (LAD) coronary
artery to right ventricle (RV) fistula. Panel A. Dilated LAD terminating with a fistula to the RV (arrow). Panel B. Diagnostic JR catheter
in left main and an 0.016"Transend guide wire all the way to RV (arrow). Panel C. A 4Fr. Balloon tipped catheter was advanced in LAD.
Balloon inflated to block flow (arrow) and this delineated fistula better. Panel D. Cine fluoroscopy of the Excelsior Microcatheter in
fistula. Two radio-opaque markers delineating position of the Microcatheter (arrows). Panel E. Cine fluoroscopy after deployment of
first Target detachable coil (arrow)[8mmx20cm]. Panel F. Cine fluoroscopy after 4 additional Target detachable coils were deployed
(arrow)[second coil was also 8mmx20cm, 3rd and 4th coils were 4mmx8cm and last coil was 6mmx20cm]. Panel G. Angiogram just
after the deployment of the five coils revealed no flow distal to coil. Panel H. Final angiogram shows flow stopped proximal to coils.

Journal of Structural Heart Disease, October 2018 Volume 4, Issue 5:212-221



217

Original Scientific Article

Video 1. Video which illustrates the case mentioned in fig-
ure 1. View supplemental video at https://doi.org/10.12945/].
jshd.2018.043.17.vid.01.

tal part of the fistula (Figure 1D). The first coil used
(Figure 1E) was 8mmx20cm Target detachable coil
(Manufactured by Boston Scientific for Stryker Neuro-
vascular). The advantage of such coils is its electrically
released mechanism. Subsequently, four additional
Target detachable coils were deployed (the second
coil was also 8mmx20cm, 3" and 4 coils were 4mmx-
8cm and last coil was 6mmx20cm (Figure 1F). Repeat
angiography between coil deployment was done to
assess residual flow. Final angiogram after the fifth
coil revealed good coils position and no residual flow
(Figure 1G, H).

The patient was allowed to recover in the intensive
care unit. After six hours and due to the sluggish cor-
onary flow at the end of the procedure (Figure 1G, H),
heparin drip was initiated at 15 units/kg/hr keeping
PTT at 1.5 times normal. The same evening, the pa-
tient received 75mg aspirin and 2mg Warfarin. She
was discharged home after 2 days on 75mg aspirin
and 2 mg Warfarin. For video of the case, see Video 1.

Anterograde Approach

As mentioned above, a closure can be done from
the venous side either by creating an arteriovenous
wire loop [16] or via direct access of the fistula from
the venous side [22].

The wire loop technique: to do so, one has to cross
the fistula from the arterial side and advance a wire
until it exits into the right side and then snare and ex-
teriorize from either the femoral vein or jugular vein
depending on the location of the fistula.

Case example:

We previously have published this case [17]. 12
days young female baby, 2.4 kg presented in florid
congestive heart failure due to a very large left main
coronary (LMC) artery to the right ventricle fistula.
Her right femoral artery was occluded due to a prior
cardiac catheterization. Access was achieved from the
left femoral artery 4Fr, left femoral vein 4Fr, and right
internal jugular vein 8Fr. The initial hemodynamic as-
sessment revealed systemic pulmonary artery pres-
sure and infinite Qp:Qs ratio. Angiography in the left
main coronary artery revealed the presence of huge
LAD to right ventricle fistula (Figure 2A, B). The fistula
was crossed easily from the arterial side using a 0.035”
floppy tip guidewire. The wire was advanced all the
way to the main pulmonary artery and snared using
a 4Fr., 10mm gooseneck snare (Microvena) and was
exteriorized from the right jugular vein (Figure 2C, D)
creating an arteriovenous wire loop. An 8Fr. Mullins
sheath was advanced over this wire from the jug-
ular vein through the right ventricle into the fistula
and into the distal LAD. The first device used was a
12mm Amplatzer muscular VSD device (AGA Medical,
Plymouth, MN)[Figure 2E). A total of 7 Flipper coils
(five of them were 5mmx8cm, and two were 5Smmx-
10cmm (Cook Medical, Bloomington, IN) were de-
ployed from the arterial side to create a nest behind
the VSD device (Figure 2F, G). Repeat angiogram still
revealed significant residual shunt (Figure 2H). Due to
the heavy contrast load used (7ml/kg), the procedure
was terminated. The baby remained stable without
a rise in troponin or lactate but remained intubated
with the continued moderate residual flow by echo-
cardiography. Therefore, two days later the baby was
brought back to the catheterization laboratory and
a right carotid artery cut down was used and an 8Fr.
sheath was inserted. A 10/8 mm Amplatzer Duct Oc-
clud (AGA Medical)(Figure 2I) and a 9mm Gianturco
Grifka Vascular Occlusion Device (Cook Medical)(Fig-
ure 2J) were deployed proximal to the coils and mus-
cular VSD device. Repeat angiography revealed good
devices positions and minimal residual flow (Figure
2K, L). Repeat hemodynamics revealed that the pul-
monary artery pressure dropped to 40% systemic and
the Qp:Qs ratio decreased to 2.7:1. The baby was ex-
tubated two days later. She was transferred back to
referring institution on 4mg/kg aspirin orally. She was
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Figure 2. Selective left main coronary angiograms in a 2.4 kg 12 days young baby with large left main coronary artery (LMC) fistula
terminating in right ventricle (RV). Panel A. Angiogram in right anterior oblique (RAQ) view showing large LMC artery fistula draining
into RV. Panel B. Repeat angiogram in left anterior oblique (LAO) view showing drainage to RV (arrow). Panel C. Cine fluoroscopy
after passing an 0.035" guide wire from fistula to RV to main pulmonary artery where it was snared using a gooseneck snare (arrow).
Panel D. Forming of an arteriovenous wire loop with exit into the right internal jugular vein. Panel E. LMC artery angiogram after
deployment of a 12mm Amplatzer muscular VSD device (arrow) from the right internal jugular vein. Panel F. Cine fluoroscopy after
deployment of 1st Flipper coil (5mmx8cm) from the arterial side (arrow) proximal to the device. Panel G. Cine fluoroscopy after de-
ployment of additional 6 coils from the arterial side (arrow)[four of them were 5Smmx8cm and two were 5mmx10cmm] to create a
nest behind the VSD device. Panel H. Angiogram revealed residual flow through the fistula to the RV (arrow). Panel I. Cine fluoroscopy
during deployment of a 10/8mm Amplatzer Duct Occlud (arrow) from right carotid artery cut-down proximal to the coils and VSD
device. Panel J. Cine fluoroscopy during deployment of a 9mm Gianturco Grifka Vascular Occlusion Device (GGVOD) (arrow) proximal
to the PDA device. Panel K. Final angiogram in RAO view showing near complete occlusion of fistula (arrow). Panel L. Angiogram in
LAO view showing devices with coils in good position with near complete occlusion. Thin arrow shows opacification of circumflex,
fat short arrow shows LAD and fat long arrow shows right coronary artery.

discharged home after ten days from the procedure.
She had been doing well since then. Echocardiogra-
phy at one month revealed complete closure of the
fistula and normal cardiac function.

The direct access technigue

If the fistula could not be crossed from the arterial
side to close retrogradely or to create wire loop, one
may attempt to cross directly from the venous side
(fistula exit) [22]. The following case illustrates this
technique.

Case Example:

A 76-year-old gentleman was referred to us due to
symptoms of increased shortness of breath. He was
known to have a circumflex to pulmonary artery fis-
tula for ten years prior to this procedure. He was a
previous smoker. Pulmonary function test revealed
a mild form of chronic obstructive pulmonary dis-
ease. Cardiac catheterization was performed via the
right femoral artery using 7Fr. sheath and right fem-
oral vein using 6 Fr. sheath. Hemodynamics revealed
slightly elevated pulmonary artery pressure with a
mean of 26mmHg and Qp:Qs ratio of 1.4:1. Angiogra-

Journal of Structural Heart Disease, October 2018

Volume 4, Issue 5:212-221



219 Original Scientific Article

Figure 3. Panel A. Selective left main coronary angiogram in a 76 yr. old gentleman showing very narrow and tortuous circumflex
(medium arrow). There is a fistula arising from circumflex (long arrow) and this fistula drained to the right pulmonary artery (short ar-
row). Panel B. Selective right coronary angiogram showing the posteromedial branch draining into a fistula (short arrow) that drains
into the fistula that arose from the circumflex, all drain into the right pulmonary artery (long arrow). Panel C. Angiogram in LMC artery
where fistula drains into mouth of right pulmonary artery, where a 5Fr. JR catheter was positioned (arrow). Panel D. Cine fluoroscopy
during deployment of 12mmx30cm Target detachable coil (arrow) using the Excelsior Microcatheter. Panel E. angiogram after de-
ployment of additional 7 Target detachable coils (2™ coil: 10mmx30cm; 3 and 4™ coils: 9mmx20cm; 57, 61 and 7™ coils: 4mmx8cm
and 8" coil: 3mmx4cm) showing filling of the circumflex (arrow). Panel F. few frames later showing contrast up to the coils (arrow)

and (Panel G), few frames later no residual flow in fistula and good coils position (arrow).

phy in the left main coronary artery revealed normal
LMC and LAD. The circumflex origin was very narrow
and very tortuous. At mid circumflex, a fistula arose
and drained to the right pulmonary artery (RPA). The
fistula size was double the size of the circumflex (Fig-
ure 3A). Angiography in the right coronary artery re-
vealed normal artery with minimal coronary artery
disease; however, the distal branch (posteromedial
coronary artery) drained via smaller channels and
connected with the circumflex fistula and all drained
to the RPA (Figure 3B). Multiple attempts to cross the
fistula from the LMC artery failed. Therefore, a 5Fr. JR
catheter was used from the venous side to the RPA
and crossed the exit site of the fistula (Figure 3C). A

0.016" guidewire (Transend) was used to navigate the
fistula. The wire and a 150cmx6cm Excelsior SL-10 Mi-
crocatheter were advanced all the way to the origin of
the fistula from the circumflex. The wire was removed
and a total of eight Target detachable coils were de-
ployed in mid-distal fistula (1** coil: 12mmx30cm; 2"
coil: T0mmx30cm; 3@ and 4" coils: 9mmx20cm; 5™, 6™
and 7" coils: 4mmx8cm and 8™ coil: 3mmx4cm (Fig-
ure 3D, E, F). Repeat angiography revealed complete
closure of fistula (Figure 3G). The patient had recov-
ered overnight and a repeat echocardiography the
next day revealed complete closure of the fistula. He
was discharged home after 24 hours from the proce-
dure on his medications of warfarin and aspirin.
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Follow-up

It is mandatory to follow patients with coronary ar-
teriovenous fistulae life-long. Such patients may be at
increased risk for acute or late-onset coronary throm-
bosis [21-26], Patients with distal fistulae with dilated
proximal conduit are especially at increased risk for
such complications. We propose that such patients
receive life-long antiplatelet therapy. The issue of an-
ticoagulation needs to be taken into consideration
as discussed above. Further, these patients need to
undergo coronary imaging every few years based on
symptoms or even periodic CT coronary angiogra-
phy. Other factors may increase the risk of coronary
thrombosis such as smoking, diabetes, hypertension,
and hyperlipidemia. Patients with fistula drainage to

the coronary sinus may be at higher risk of coronary
thrombosis [27]. To best understand the long-term
sequelae of coronary fistulae closure, there is an on-
going registry by the CCISC (Congenital Cardiovascu-
lar Interventional Study Consortium) collecting data
on these patients.
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