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Coronary arteriovenous fistulas (CAF) and coronary artery aneurysms (CAA) are uncommon, 
but their detection has recently increased. In this case we succeeded in identifying the residual 
shunt flow by using an intraoperative fluorescence imaging technique with indocyanine green 
after surgical treatment. The photodynamic eye imaging system is based on fluorescence of 
indocyanine green. This is the first report to identify residual shunt flow with such a giant 
coronary aneurysm by using fluorescence imaging, and the result indicates that this technique 
is useful for acceptance as one of the examinations to evaluate CAAs. Furthermore, it may be 
useful for the detection of shunt cases, such as congenital heart disease. (Ann Thorac Cardiovasc 
Surg 2010; 16: 354–357)
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Introduction

Coronary arteriovenous fistulas (CAF) and coronary 
artery aneurysms (CAA) are uncommon, but their detec-
tion has recently increased because of the widespread use 
of coronary angiography and multidetector computed 
tomography (MDCT).1,2) There are some surgical reports 
about successful operative strategies, but few have 
announced the detection of residual shunt after surgical 
treatment, except for those using transesophageal echocar-
diography (TEE). We describe a case of a giant saccular 
aneurysm of coronary arteriovenous fistula to the main 
pulmonary artery. In this case we succeeded in identifying 
the residual shunt flow by using an intraoperative fluores-

cence imaging technique with indocyanine green (ICG) 
after surgical treatment. The technique is based on the 
capture, by a charge-coupled device video camera, of 
fluorescence of ICG when illuminated with near infrared 
light using laser energy from the photodynamic eye (PDE). 
This is the first report to identify residual shunt flow 
with such a giant coronary aneurysm by using fluores-
cence imaging.

Case Presentation

A 62-yr-old woman with hypertension was referred to 
our hospital because of an abnormal shadow on her chest 
roentgenogram. She has never recognized such symptoms 
as chest oppressions and been pointed out of such an 
abnormal shadow. She reported no history of Kawasaki 
disease or cardiac trauma. On physical examination, a 
continuous murmur was audible at the 4th intercostal space. 
Multidetector row CT revealed a giant coronary artery 
aneurysm 70 × 45 mm in diameter. Coronary angiography 
confirmed that the left coronary artery #7 fed into and 
drained into the main pulmonary artery; the pulm-syst 
flow ratio (Qp/Qs) is 1.2 (Fig. 1). From these findings, she 
was found to have a giant saccular aneurysm of coronary 
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arteriovenous fistula to the main pulmonary artery. 
During the operation (Fig. 2A), under cardiopulmonary 

bypass (CPB) 1 ml of ICG (Diagnogreen 0.5%; Daiichi 
Pharmaceutical, Tokyo, Japan) was intravenously injected 
by an anesthesiologist via a central venous line. We utilized 
a newly developed near-infrared PDE camera system 
(Hamamatsu Photonics K.K., Hamamatsu, Japan) that 

activates ICG with emitted light, enabling it to handle 
real-time images of a giant aneurysm. The aneurysm, 70 × 
40 mm in diameter, was fluoresced and identified with 
the shunt flow to the pulmonary artery (Fig. 2B). After 
aortic clamping, it was opened, a small mass of thrombus 
was removed, two ostia were revealed, and we closed the 
orifice of the feeder from the left anterior descending 

Fig.1.  Coronary angiography revealed a giant saccular aneurysm 
with coronary arteriovenous fistula to the main pulmonary artery.
ANR: aneurysm

A     BFig. 2.  
A: The giant aneurysm is 70 × 40 mm in diameter (white arrows).
B: The giant aneurysm was fluoresced and identified with the shunt flow to the pulmonary artery (black arrows).
ANR: aneurysm; PA: pulmonary artery
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artery (LAD) #7 with a pledgeted suture; we then closed 
the drainer artery’s orifice, and the aneurysm was over-
wrapped. The collateral artery to the pulmonary artery 
(PA) was closed near the main PA from outside. At that 
time, we thought there was no residual shunt flow. Wean-
ing CPB, we again injected ICG, checking the coronary flow. 
The native flow was very smooth, but we found that the 
residual shunt drained to the pulmonary artery and 
closed the shunt from the outside on a beating heart (Fig. 3).

The postoperative course of the patient was steady and 
uneventful. Postcoronary angiography showed no stenosis 
of native flow. Pathological examination showed no ath-
erosclerotic changes, and the specimens exhibited thin 
fibrous media with no elastic tissue. A postoperative car-
diac catheter showed fluent flow, and no residual shunt.

Discussion

The CAF is an uncommon congenital cardiac malformation 
identified in only 0.1% of routine cardiac angiographic 
studies.3) Levine et al. reported that the vessels originated 
from the right coronary artery (50%), from the left coronary 
artery (42%), and from both vessels (5%). The low-pressure 
chambers are the usual drainage sites into the right ven-
tricle in 41% of patients, into the right atrium in 26%, into 
the pulmonary artery in 17%, into the coronary sinus in 
7%, into the left atrium in 5%, into the left ventricle in 
3%, and into the superior vena cava in 1%.4) The CAA 
was present in 26% of patients with the CAF.5) Hirooka 
et al. first reported a huge saccular aneurysm of a CAF 
in 2002.6) We experienced the giant CAA associated with 
CAF. This case was asymptomatic, the reason perhaps being 
because the shunt flow was very small. Young patients 
are generally asymptomatic. More than half of the older 
patients have such symptoms as dyspnea, fatigue, and 
anginal chest pain. Angina is thought to be a consequence 
of a coronary steal phenomenon. The current manage-
ment of older adults who are asymptomatic is controversial. 
Some physicians report that patients without symptoms 
are currently being managed conservatively.7) Lowe et al. 
recommended that all patients with major CAF should 
be considered for surgical correction, and the closure 
should be electively performed before symptoms and 
pathological changes in the heart become apparent.8) 
Some reports suggest basing the decision to operate on 
the degree of shunting through the fistula because any 
communication that creates a Qp:Qs ratio ≥ 1.5:1 will sur-
gically correct.9,10) But our case showed that the flow ratio 
is 1.2 and has no atherosclerotic change. The reason for 

growth into such a huge aneurysm is because there are two 
genetic types of CAF, chamber and pulmonary artery. 
This case belongs to a pulmonary artery type, which has 
less short flow in comparison with the chamber type.11) 
This may suggest that minor shunt flow enables growth 
with no symptoms. But according to the Reitz report, an 
experimental model, the pulmonary artery PA-circumflex 
artery (LCx) shunt model whose pulm-syst flow ratio is 
1.1, 26% of coronary flow was stolen.12) If our patient had 
symptoms that include fatigue, exertional dyspnea, 
angina, and myocardial infarction as a result of the coro-
nary steal, we might be able to manage treatment at a 
much smaller size. So we believe that early surgical treat-
ment must be recommended if a sacular aneurysm shows 
progressive dilatation during the follow-up period with 
asymptomatic patients.

Many institutions use TEE to confirm the disappearance 
of the abnormal shunts after the operative procedure.1) 
But TEE does not show the residual shunt precisely 
because it depends on the situation at that time and on 
the person operating on it. We identified the residual fistula 
by use of a device called the PDE, produced by Hamamatsu 
Photonics, Hamamatsu, Japan, that is equipped with a 
Charge Coupled Device (CCD) camera as a detector with 
a 760 nm light-emitting diode (LED) and a filter-cutting 
light below 820 nm. The PDE imaging system is based on 
ICG fluorescence. The principle is that ICG obtains fluo-
rescence when the peak wavelength is 845 nm, at which 
time the ICG is combined with serum protein. LED acti-
vates the fluorescence, and the image is visualized at the 

Fig. 3.  We found the residual shunt drained to the pulmonary 
artery (white arrow).
ANR: aneurysm
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monitor for real-time display. ICG is a medically useful 
dye and has been used clinically for various clinical situ-
ations, such as liver function evaluation, assessment of 
intraocular neovascular formation, sentinel lymph node 
detection,13) cardiac output measurements and assessment 
of myocardial blood flow or perfusion (intraoperative 
graft patency control after coronary artery bypass graft-
ing (CABG)),14) and evaluation of f lap viability.15 –17) 
Although the injection of ICG causes few complications, 
patients with a history of allergic reactions, especially to 
iodine, must be excluded. The rates of complications are 
very low (0.17%), including nausea (0.08%), fever (0.02%), 
and nonsevere shock (0.02%).18) We always use this system 
to assess CABG graft flow, and there are currently limi-
tations to the technique. First, it is only semiquantitative 
because it permits assessment of graft flow as “excellent,” 
“satisfactory,” or “poor,” but it does not provide an exact 
measure of graft flow measurement. Second, the depth 
of laser beam penetration is only about 1 mm; thus it is 
vulnerable to varying depths of the native coronary 
artery; also, the images of LCx or the right coronary 
artery (RCA) area are less clear because of the camera 
position.19) However, this is not same as in the case of 
coronary aneurysms, especially giant ones. The results 
indicate that this technique is useful for acceptance as one 
of the examinations to evaluate such a coronary aneurysm. 
Furthermore, it may be useful for the detection of shunt 
cases, such as congenital heart disease. 
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