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A 58-year-old man was admitted for stable angina. The coronary angiogram revealed a coronary-pulmonary fistula with a

nonsignificant atheroma. We decided to perform percutaneous embolization of the fistula in view of the symptoms and the

hemodynamic assessment findings. Embolization was performed using a liquid embolic agent with no residual flow. (Level

of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2022;4:391–394) © 2022 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 57-year-old man was admitted to our department
(EuropeanHospital of Paris, La Roseraie, Aubervilliers,
France) for typical angina with symptoms present for
2 months. Cardiac auscultation revealed normal first
and second heart sounds without murmurs.

PAST MEDICAL HISTORY

The patient had current smoking as a risk factor of
atherosclerosis and a history of coronary artery dis-
ease with chronic obstructive pulmonary disease.
EARNING OBJECTIVES:

To assess the hemodynamic impact of a
coronary fistula by using FFR.
To show the feasibility of embolization with
a liquid agent in a coronary fistula.
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis included myocardial
ischemia, microvascular angina, or noncardiac chest
pain (esophageal).

INVESTIGATIONS

The electrocardiogram did not show any significant
repolarization disorder, and the chest radiograph
revealed a normally shaped heart without dilation
and normal pulmonary vascularity. The transthoracic
echocardiogram indicated that the cardiac structure
and function were normal, without an abnormal
shunt. Considering the cardiovascular risk factors and
the typical characteristics of the symptoms, the de-
cision was made to perform diagnostic coronary
angiography, which revealed a nonsignificant
atheroma and 1 coronary-pulmonary fistula (CPAF)
originating from the middle left anterior descending
https://doi.org/10.1016/j.jaccas.2021.11.010
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ABBR EV I A T I ON S

AND ACRONYMS

CAF = coronary artery fistula

CPAF = coronary-pulmonary

artery fistula

FFR = fractional flow reserve

LAD = left anterior descending

(coronary artery)

LEA = liquid embolic agen
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(LAD) coronary artery and draining into the
pulmonary artery (Figure 1, Videos 1 and 2).

MANAGEMENT

Given these findings, treatment options were
discussed by the heart team. Surgical treat-
ment was discarded, and the indication for
embolization of the fistula was retained after
proof of myocardial ischemia by fractional
flow reserve (FFR). A right radial 7-F approach was
selected, and a 7-F guiding catheter was used to
catheterize the left main coronary artery. A pressure
guidewire was positioned at the distal LAD artery.
The FFR in this site was 0.80 under maximal hyper-
emia. Selective catheterization of the fistula was
performed using a microcatheter and a microguide.
After checking the position and stability of the
microcatheter with hand iodinated contrast injection,
the microcatheter was flushed with physiologic saline
to clear the contrast material; the microcatheter dead
space and hub were then filled with 0.34 mL of
dimethyl sulfoxide. Slow injection of 0.4 mL of a
liquid embolic agent (LEA), was performed under
subtracted fluoroscopy. After a period of 5 minutes,
necessary for the copolymerization and solidification
of the LEA, a control angiogram was performed
through the guiding catheter and showed an excellent
final result with no residual flow in the fistula
(Figure 1, Videos 3 and 4). Finally, we performed a
new pressure measurement under maximal hyper-
emia that revealed a clear improvement with an FFR
at 0.95. After the procedure, the subsequent clinical
course was uneventful, and the patient was dis-
charged the next day with aspirin, 100 mg/d. The
patient felt that his symptoms were relieved and re-
ported the absence of any discomfort during the 1-
year follow-up period.

DISCUSSION

A coronary artery fistula (CAF) is a congenital or ac-
quired abnormal vascular communication of coronary
arteries with cardiac chambers or any segment of the
systemic or pulmonary circulation. CAFs are uncom-
mon, accounting for 0.3% of congenital heart dis-
eases.1 Although most patients with CAF are
asymptomatic or have an incidental diagnosis, angina
is the most frequent symptom in patients presenting
with symptoms. In patients presenting with ischemic
symptoms caused by fistula in the absence of coro-
nary artery disease, the proposed explanation for this
discrepancy between the clinical symptoms and
anatomical findings is the theory of the “coronary
steal phenomenon,” with coronary blood

t

preferentially passing through the fistula instead of
more distal myocardial capillaries.2 The diagnosis and
functional assessment of CAFs are challenging.
Myocardial perfusion single photon-emission
computed tomography was performed in many pre-
vious studies to demonstrate fistula-related myocar-
dial ischemia in patients with CAF.3,4 Myocardial
perfusion positron emission tomography with better
spatial resolution and sensitivity may be a promising
tool to evaluate myocardial ischemia in patients with
CPAF.3,5 The use of FFR to interrogate the functional
significance of CAF is not new. Some cases of FFR use
to assess the functional severity of the CAF alone or in
combination with coexisting de novo mild to moder-
ate coronary lesions have been reported.6,7 A low FFR
indicates the presence of myocardial ischemia asso-
ciated with anatomically normal vessels. At
maximum hyperemia, a coronary steal phenomenon
can be manifested, especially if the donor vessel
supplies the territory of a dominant vessel. Härle
et al6 demonstrated that the FFR under maximal hy-
peremia improved in the donor vessel when the fis-
tula was temporarily occluded with a balloon; thus, it
was assumed that FFR measurement is a feasible
means of diagnosing functional severity in patients
with possible coronary steal. In our case, we per-
formed an FFR measurement under maximal hyper-
emia without temporary balloon occlusion of the
fistula, and it was positive at 0.80. A clear improve-
ment in the FFR value (at 0.95) was observed after
closure of the fistula, and this allowed us to conclude
that the coronary steal resulting from the fistula was
hemodynamically significant. The American College
of Cardiology and American Heart Association 2008
guidelines recommend intervening in all large fis-
tulas, irrespective of whether symptoms are present,
and in small to medium fistulas in patients with
symptoms.8 Several percutaneous options are avail-
able using coils or occluders. Currently, an LEA is
usually used in combination with coils for emboliza-
tion of brain vascular malformations,9 and the first
successful percutaneous treatment of a CAF with an
LEA embolization system worldwide was performed
by Tchantchaleishvili et al.10 In the case reported
here, we planned the use of coils as a secondary
bailout embolization technique in case we had un-
satisfactory results with an LEA. Of note, the cost of a
detachable coil system is higher than that of an LEA
ampule, especially if multiple coils were to be used.

FOLLOW-UP

After the procedure, the subsequent clinical evolu-
tion was uneventful, and the patient was discharged

https://doi.org/10.1016/j.jaccas.2021.11.010
https://doi.org/10.1016/j.jaccas.2021.11.010
https://doi.org/10.1016/j.jaccas.2021.11.010


FIGURE 1 Coronary Angiograms and FFR Assessment Before and After Embolization of the Fistula

F ¼ fistula; FFR ¼ fractional flow reserve; LAD ¼ left anterior descending (artery); LCx ¼ left circumflex (artery).
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the next day with aspirin, 100 mg/d. The patient felt
that his symptoms were relieved and reported the
absence of any discomfort during the 1-year follow-up
period.
CONCLUSIONS

Even though it is a rare anomaly, CAF can cause a
coronary steal phenomenon that can be objectively
evaluated by FFR. Percutaneous closure of a CAF has
become the preferred method of treatment, and the
LEA system is a promising embolic agent that could
be safely used.
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APPENDIX For supplemental videos,
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