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Abstract

Coronary arteriovenous fistula (CAF) is a rare congenital anomaly
that occurs when there is an abnormal connection between the coronary
artery and cardiac chamber or a great vessel. We report an unusual case of
a gigantic CAF between the circumflex branch of the left coronary artery
(LCx) and the superior vena cava (SVC) in a 54-year-old patient treated by
totally endoscopic surgical closure through right anterior mini-thoracotomy
(RAMT). The excellent clinical and cosmetic results confirm the safety and
effectiveness of this technique even in certain rare congenital cardiovascular
anomalies.
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Abbreviations
AF atrial fibrillation
CAF coronary arteriovenous fistula
CPB cardiopulmonary bypass
CTA computer tomography angiogram
ICS intercostal space
LCx left circumflex coronary artery
RAMT  right anterior mini-thoracotomy
SvC superior vena cava
TEE transesophageal echocardiography
Introduction

First described by Krause in 1865, coronary arteriovenous fistulas
(CAF) represent a coronary abnormality where one or more coronary
artery communicates with a cardiac chamber, coronary sinus, or a major
adjacent vessel. These fistulas are most commonly congenital in nature, but
can be acquired as well [1,2]. These anomalies are usually asymptomatic
and discovered incidentally, but can however be associated with major
cardiac manifestations and complications through different and multiple
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pathophysiological processes, including a left-to-right shunt,
coronary “steal” phenomenon, and anatomical consequences
associated with large fistulas and aneurysmal changes such as
compression of nearby structures and/or ruptures [2,3]. Due
to the apparent rarity of CAF and the subsequent scarcity
of clinical data in the current literature, there is still debate
regarding the treatment and management of this condition,
where the current consensus is to intervene in cases of large,
complicated or symptomatic CAF, either via endovascular
or surgical closure. [6]. We report a case of a massive and
aneurysmal CAF between the circumflex branch of the left
coronary artery (LCx) and the superior Vena cava (SVC)
that was surgically treated via a totally endoscopic approach
through right anterior mini-thoracotomy (RAMT) in “on-
pump beating-heart” approach.

Case Description

A 54-year-old man diagnosed with a massive CAF
between the circumflex branch of the left coronary artery
and the superior vena cava was referred at our institution for
surgical treatment. The anomaly was discovered incidentally
following extensive investigations of atrial fibrillation
(AF), until percutaneous coronary angiography showed the
gigantic aneurysmal CAF (Figure 1). Preoperative computed
tomography angiography (CTA) confirmed the findings and
demonstrated the course of the CAF running behind the aorta
forming an aneurysm with a maximum diameter of 25 mm
just before its confluence with the SVC. An attempt to close
the tract percutaneously by coiling had previously failed due
to the diameter and tortuosity of the CAF.

Panels A and B show a pre-operative antero-postal view
of the left coronary angiography with early left main coronary
contrast filling in panel A, and late aneurysmal contrast filling
in panel B. Panel C shows a pre-operative RAO view of the

Figure 1: Pre-operative and post-operative left coronary
angiography stills
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left coronary tree. Panel D is a still from the post-operative
coronary angiography showing the left coronary tree with
the absence of the coronary arteriovenous fistula and its
aneurysmal formation. Legend: Asterisks denote the large
aneurysm. Arrow heads show the fistula tract. Downward
arrows point at the dilated left main coronary artery.

Surgical Technique

The surgical technique is documented in a step-by-step
manner in video 1. The patient was placed in a supine position
on the operating table. After induction of general anesthesia
and intubation, the right femoral vessels were cannulated
percutaneously under transesophageal echocardiographic
(TEE) control and cardiopulmonary bypass (CPB) was
started.

Right anterior mini-thoracotomy (RAMT) was then
performed via a 3 cm skin incision at the second right
intercostal space (ICS) (Figure 2). Intercostal tissue was
divided and a soft tissue retractor (Valve Gate™ Soft Tissue
Protector, Geister, Germany) was placed followed by the
introduction of the 3D camera port (Aesculap Einstein Vision,
Tuttlingen, Germany) into the chest cavity via a separate stab
incision above the main thoracotomy at the level of the first
ICS.

Figure 2: Endoscopic minimally invasive operative
access through right anterior mini-thoracotomy.
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Panel A shows the patient laying supine on the operating
table. Right anterior mini-thoracotomy is performed at the
level of the second intercostal space through which is installed
the soft tissue retractor (Valve Gate™ Soft Tissue Protector,
Geister, Germany) (Asterisk). 3D Camera port (Aesculap
Einstein Vision, Tuttlingen, Germany) (Right facing arrow)
in inserted via a stab incision at the level of the first intercostal
space (Arrow head) and is held in place with the support arm
(triangle). Panel B depicts the excellent cosmetic results of
RAMT at the 4th post-operative day.

After CO, in situ infusion through the camera port and
good visualisation of the heart, pericardial fat was dissected
until 2 cm above the phrenicus nerve before opening the
pericardium transversely. Using a Prolene 4/0 stay suture,
the aorta was then pulled anteriorly in order to obtain a
better exposure of the aneurysmal CAF which started from
the proximal LCx, running between the ascending aorta and
the pulmonary artery, and finally drained into the SVC
(Figure 3).

Starting with the distal end of the CAF at the junction
between the aneurysmal formation and the SVC, clipping
of the CAF was achieved using Weck® Hem-o-lok® XL
Polymer Ligating clips (Teleflex®, Morrisville, NC 27560)
(Figure 3), followed by ligation with 3/0 Prolene sutures.
Several clips were then placed proximally near the ingress of
the fistula behind the ascending aorta before performing the
transection of the tract at the level of the aneurysm. Both open
ends of the CAF were then sutured shut using 3/0 Prolene.

s - .
Figure 3: Intra-operative endoscopic view of the coronary
arteriovenous fistula.
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After control for any remaining leak or bleeding, the
patient was weaned from CPB after the placement of a
right ventricular pacing wire. Following the reduction of
the extracorporeal circulation and the verification of intra-
pericardial hemostasis, the camera port was removed and a
pericardial as well as a right pleural drains were inserted.

Femoral decannulation was then performed. Venous
hemostasis was achieved by slowly removing the cannula
followed by manual compression for 10 minutes. The
MANTA® vascular closure device (Essential Medical Inc.,
Malvern, Pennsylvania, PA, USA) was used for femoral artery
closure. Steps for the percutaneous femoral decannulations
and the use the MANTA® system were previously published
in detail [7].

After hemostatic control, the ribs were secured with two
FiberWire (Arthrex; Naples, FL, USA). The thoracotomy was
closed in layers and the remaining auxiliary incisions were
closed with single-button sutures. Finally, a compression
bandage was applied to the right groin.

The patient was then extubated on the operating table. Our
patient had an uneventful recovery after the surgery. A post-
operative coronary angiography confirmed the closure of the
fistula and an excellent coronary artery perfusion (Figure 1).
Our patient was discharged home on the 6™ postoperative
day with satisfactory early results and favorable cosmesis
(Figure 2).

Discussion

CAF, and especially when associated with a large
aneurysm, is a rare anomaly that is usually diagnosed
incidentally. In all patients undergoing selective coronary
artery angiography, the incidence of CAF is estimated to be
between 0.1% and 0.2% with the majority of fistulas being
asymptomatic with no hemodynamic or ischemic impact
[8,9]. Through various mechanisms, CAF can however
have significant hemodynamic impacts such as left-to-
right shunting and the diversion of blood flow away from
the coronary circulation distal to the origin of the fistula,
which is proposed as the pathophysiology of the coronary
“steal phenomenon”. These hemodynamic changes may
potentially cause cardiac ischemia, symptoms of congestive
heart failure, arrhythmias, atrial fibrillation, and myocardial
infarction, among others [2]. Additionally, hemopericadium
and cardiac tamponnade can occur following the rupture of an
accompanying large aneurysm of the fistula [10]. In addition
to the potential rupture and bleeding, a large associated
aneurysm has also been proposed to be a cause of cardiac
ischemia by way of extrinsic stenosis of adjacent coronary
arteries instead of stealing distal coronary supply [11].

Although the current literature lacks in large enough
data sets enabling the establishment of clear therapeutic
strategies for the treatment of CAF, it has been recommended
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to approach each patient with CAF on a case by case basis,
and to percutaneously or surgically treat patients presenting
with symptomatic CAF, complications thereof, or with a
significant shunt [6].

Apart from the 25 mm large aneurysm complicating
the CAF, our patient presented with atrial fibrillation, the
investigations of which revealed the presence of the fistula.
Although a causal link has not been established between
idiopathic AF and CAF, some authors have theorized a
relation between those two conditions [12]. With the risk
of aneurysmal rupture, the large size of the fistula, and the
presence of arrhythmia, our patient was deferred to surgical
treatment following a failed attempt at endovascular closure.
Failure of percutaneous treatment was due the large diameter
of the fistula and its tortuosity as those factors have been
reported to be the most important in limiting procedural
success [13].

The choice of a minimally invasive and totally endoscopic
approach to the surgical treatment via RAMT stems from
our extensive experience in this technique [14]. Minimally
invasive approaches to valvular surgery have already been
shown to offer several advantages over classical sternotomy,
including a better pain profile, less requirements for blood
transfusion, shorter intensive care stay and satisfactory
cosmetic results by sparing the surgical trauma of the classical
approach [7,15]. Although RAMT is already established as a
safe and effective approach to valvular surgery, the current
body of literature reporting this techniques being used in
the surgical treatment of such rare anatomical anomalies as
CAF is very slim. Successful ligation of CAF through RAMT
and other minimally invasive approaches such as partial
sternotomy or sub-xyphoidal thoracotomy has indeed been
described [16-18]. However, to our knowledge, the current
literature lacks in reports of a successful surgical treatment
by clipping, ligation, and excision of a large aneurysmal CAF
using a totally endoscopic “on-pump beating-heart” approach
through RAMT.

Conclusion

Totally endoscopic minimally invasive surgery through
right anterior mini-thoracotomy in a patient with a large
aneurysmal coronary arteriovenous fistula from the LCx to
the SVC was performed safely with excellent clinical and
cosmetic results.
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