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ABSTRACT

Objectives: Coronary artery fistulas (CAFs) are uncommon vascular anomalies traditionally
considered congenital. However, emerging evidence suggests that chronic coronary artery disease
(CAD) may trigger CAF formation through ischemia-induced angiogenesis. Two cases illustrate
the potential relationship between CAD, angiogenic signaling, and CAF formation, while exploring
the clinical implications of shunt anatomy and physiology.

Methods: Two cases of acquired CAFs were evaluated, each presenting with distinct symptoms.
The first case involved a left anterior descending artery (LAD) to pulmonary artery (PA) CAFina
patient with dyspnea and ischemic cardiomyopathy. The second case described a right coronary
artery (RCA) to PA and LAD to PA CAF, complicated by a giant coronary artery aneurysm, in a
patient presenting with palpitations. In both cases, angiographic imaging and clinical data were
analyzed to assess anatomical features and potential pathophysiological mechanisms.

Results: Patient A exhibited significant left-to-right shunting with pulmonary hypertension,
severe mitral regurgitation, and reduced ejection fraction, requiring coronary artery bypass
grafting (CABG), mitral valve replacement, and CAF ligation. Patient B had dual CAFs with an
associated coronary artery aneurysm, detected incidentally during evaluation for palpitations.
The coronary artery aneurysm subsequently thrombosed, likely due to flow dynamics altered by
CABG. Both cases demonstrated CAFs originating near areas of significant CAD and calcification,
with angiographic findings suggestive of chronic ischemia-driven angiogenesis.

Conclusion: This case series underscores the potential for chronic CAD to induce CAF forma-
tion through VEGF-mediated angiogenesis, challenging the conventional assumption of congenital
origin in adult presentations. Proximity to CAD-affected regions, shunt physiology, and associated
symptoms should prompt clinicians to consider angiogenesis-related mechanisms when evaluating
suspected CAFs. Further research is warranted to explore CAD-related angiogenic patterns and
their implications for CAF diagnosis, management, and prognosis.

Background

Coronary artery fistulas (CAF) are rare
anomalies with variable presentations and
complications including congestive heart
failure, myocardial infarction, and arrhythmia
depending on anatomy.! Congenital etiologies
account for the majority of CAFs, arising
from the persistence of embryonic vascular
sinusoids.' The most common origin is the
right coronary artery (RCA) (50%-55%)
and left anterior descending artery (LAD)
(35%-40%) .2 Many CAFs are small and do not
manifest clinically, and the true incidence is
speculative. If symptomatic, serious compli-
cations can occur including infective endocar-
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ditis, myocardial infarction, congestive heart
failure, arrhythmia, and death, necessitating
improved understanding of both congenital
and acquired etiologies.?

Although some reports suggest that a CAF
may contribute to cardiomyopathy, it remains
unclear whether anatomical variations influ-
ence the likelihood of symptomatic presen-
tation.’ There is ample literature highlighting
angiogenesis and development of collaterals
as CAD progresses, but little discussing the
relationship between stable, pre-existing CAD
and/or calcification, and how this contributes
to accelerated/aberrant neovascularization
and CAF formation.** Both cases discussed

Emerging evidence suggests
that chronic coronary artery
disease may trigger coronary
artery fistula formation
through ischemia-induced
angiogenesis. Two cases
illustrate the potential
relationship.

herein are significant examples of how this
process may have occurred in patients previ-
ously unaffected by their underlying cardiac
clinical picture. An emerging body of evidence
suggests that chronic CAD may trigger CAF
development through angiogenesis driven by
ischemia-induced vascular endothelial growth
factor (VEGF) signaling. VEGF, particularly
VEGF-A and VEGF-C, has been implicated
in formation of collateral coronary circula-
tion under ischemic conditions.”® In chronic
CAD, prolonged ischemic stress and vascular
inflammation promote aberrant angiogenesis,
potentially culminating in CAF formation.’

We present two patients with distinct
CAF presentations linked to chronic CAD
and explore the angiogenic mechanisms
underlying their formation. We aim to (1)
describe the clinical presentation, anatomical
characteristics, and shunt physiology in these
cases; (2) investigate the potential role of
CAD-driven angiogenesis in CAF formation;
and (3) discuss the clinical implications of
these findings for early detection and man-
agement of similar cases.®

Case Reports

Case #1

Patient A is a 71-year-old man, recreational
marathoner, with a history of hyperlipidemia,
prediabetes, and premature ventricular con-
tractions (PVCs) and a strong family history
of premature CAD. He presented with two
months of dyspnea on exertion.
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Figure 1, Case 1. Left anterior descend-
ing (LAD) to pulmonary artery (PA) fistula
(junction, star), obtained under fluoroscopy
during left heart catheterization.

On physical examination, he did not have
a murmur, elevated jugular venous pressure,
or edema.

Initial diagnostic testing included a treadmill
exercise stress electrocardiogram (ECG),
during which he exercised for 9 minutes with
the Bruce protocol without ischemic ECG
changes. Resting ECG showed sinus brady-
cardia, prior anteroseptal infarct, left atrial
abnormality, and PVCs. Chest x-ray revealed
cardiomegaly and trace pleural effusion. Trans-
thoracic echocardiogram demonstrated a
markedly dilated left ventricular (LV) cavity,
severely reduced systolic function with an
ejection fraction (EF) of 15%-20%, diffuse
hypokinesis, severe mitral regurgitation, dilated
atria, and possible left-to-right interatrial shunt.

Subsequent left and right heart catheterization
revealed a left-dominant coronary circulation,
significant obstructive CAD involving the prox-
imal LAD, and a fistula from the LAD to the
main pulmonary artery with a pulmonary-to-sys-
temic shunt ratio (Qp/Qs) of 1.3 (Figure 1).
Right-sided filling pressures were normal, while
pulmonary capillary wedge pressure (PCWP)
was moderately elevated. Cardiac index and
cardiac output were preserved.

He underwent 2-vessel coronary artery
bypass grafting (CABG), fistula ligation, and
bioprosthetic mitral valve replacement. His
post-operative course was complicated by
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Figure 2, Case 2. Right coronary artery (RCA)
to PA fistula (junction, arrow), obtained under
fluoroscopy during left heart catheterization.

cardiogenic shock, requiring inotropic support
and intra-aortic balloon pump placement,
but he was successfully weaned after one
week. He was discharged on guideline-directed
medical therapy for heart failure with reduced
ejection fraction. Due to persistently reduced
LV systolic function, an implantable cardio-
verter-defibrillator was subsequently placed.

Case #2

Patient B is a 68-year-old man with a history
of CAD who presented to his primary care
physician with two years of palpitations and
lightheadedness. His symptoms occurred at
rest, lasted a few minutes, and resolved spon-
taneously. He exercises 3-4 times weekly and
has a normal body mass index.

On physical examination, he had no murmur,
jugular venous distension, or peripheral edema.

Initial diagnostic testing included a resting
ECG which showed normal sinus rhythm. A
coronary artery calcium computed tomogra-
phy (CT) scan was performed, which could
not exclude an incidental coronary artery
aneurysm. He was referred for coronary CT
angiography, which demonstrated 25%-49%
stenosis at the ostium of the first diagonal
branch from the proximal LAD, multiple ste-
noses in the distal LAD, mild-to-moderate
diffuse calcification, and a giant 2.7 x 2.7 cm
coronary artery aneurysm at the proximal
LAD, proximal to a CAF between the LAD
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Figure 3, Case 2. Giant, spherical coronary
artery aneurysm, obtained under fluoroscopy
during left heart catheterization.

and right coronary artery (RCA).

Further testing included a 24-hour Holter
monitor, treadmill exercise stress test, and
transthoracic echocardiogram. The Holter
monitor demonstrated 21 episodes of supra-
ventricular tachycardia (SVT). The transtho-
racic echocardiogram showed a preserved
EF (60%-65%), a dilated right ventricle, and
a large atrial septal aneurysm without evi-
dence of shunting. The treadmill stress ECG
was negative for ischemia, with the patient
completing 9 minutes on the Bruce protocol
without chest pain.

Cardiac catheterization revealed fistulae
from the RCA to the pulmonary artery (PA)
(Figure 2) and from the LAD to the PA,
diffuse CAD, and a giant coronary artery
aneurysm as previously described (Figure
3). The aneurysm demonstrated complex
web-like vasculature extending towards the
aortic root, across the right ventricular out-
flow tract, and into the proximal PA, with one
large vessel connecting with the proximal
RCA. The pulmonary-to-systemic flow ratio
(Qp/Qs) was 1.14, indicating insignificant
shunting, and cardiac index was normal.

The patient underwent ablation of SVT, sus-
pected to be atrioventricular nodal re-entrant
tachycardia (AVNRT), without complication.
He subsequently underwent 3-vessel CABG to
address his CAD and repair the RCA-to-PA CAF.
Post-operatively, he developed atrial flutter,
which resolved with cardioversion. He was
discharged on amiodarone and warfarin, which

Cath Lab Digest - October 2025



4 CASE SERIES

CAD-induced coronary artery fistulas (CAF) may be
more prevalent than currently appreciated. As imaging
modalities for detection improve, we may discover that
CAD and acquired CAF are not necessarily mutually
exclusive; one may portend the other. Further research
is needed to clarify whether CAD-induced angiogenesis
constitutes a distinct subtype of acquired CAF and to
explore the potential role of angiogenic biomarkers
such as VEGF in screening and risk stratification.

were later discontinued after repeat Holter
monitoring confirmed normal sinus rhythm.
He was scheduled for catheter-based closure
of the coronary artery aneurysm; however,
at the time of intervention, the aneurysm
was suspected to have thrombosed due to
competing flow following bypass graft sur-
gery. Ascertained on fluoroscopy during
left heart catheterization, the RCA-to-PA
CAF demonstrated limited flow, while the
LAD-to-PA CAF demonstrated partial flow.
Repeat CCTA confirmed thrombosis of the
coronary artery aneurysm without residual
communication to the PA. The patient re-
ported improved exercise capacity and no
further cardiopulmonary symptoms.

Discussion

CAF is a rare, abnormal communication
between a coronary artery and a cardiac
chamber or the systemic or pulmonary cir-
culation."*! Approximately 90% of CAF
are congenital, presenting with symptoms
of congestive heart failure near birth or
remaining asymptomatic until adulthood.'?
CAF are thought to occur due to persistence
of embryonic sinusoids perfusing the myo-
cardium or connections between coronaries
and other mediastinal vessels."»!" While
acquired cases are typically provoked by per-
cutaneous coronary intervention, coronary
artery bypass graft surgery, myocardial in-
farction, trauma, or irradiation, our patients
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had no history that suggested iatrogenic or
traumatic development of their fistulae,
raising questions regarding the underlying
mechanisms of formation."*!> CAF can
occur spontaneously due to inflammatory
pathologies such as endocarditis, CAD, and
vasculitis.!!*?

Coronary angiogenesis, mediated in part
by VEGF and hypoxia-inducible factors, com-
pensates for ischemia in conditions such
as CAD."" While this process may reduce
oxidative stress and support tissue perfusion,
dysregulated or excessive angiogenic activity
has been linked to aberrant vascular connec-
tions.”* ¥ These mechanisms provide a
plausible explanation for the CAFs observed
in our patients.

Both of our patients had significant CAD at
presentation. In both cases, CAFs were located
adjacent to areas of chronic CAD and calcifi-
cation in the LAD, with angiographic findings
suggestive of ischemia-induced neovascular-
ization. As inflammation is known to drive
angiogenesis and collateral vessel formation
in settings such as infection and vasculitis,
it is plausible that chronic, stable CAD may
similarly contribute to CAF formation through
inflammatory pathways. This association may
be particularly relevant in patients presenting
with new-onset heart failure or unexplained
coronary abnormalities.

Early identification of CAFs may facilitate
prompt intervention to mitigate complications

such as aneurysm formation, pulmonary hy-
pertension, or ischemic cardiomyopathy.

Patient A presented with dyspnea on exer-
tion; his workup revealed a LAD-to-PA CAF
with significant left-to-right shunt, mitral
regurgitation, and elevated PCWP. Pulmonary
artery systolic pressure was 46 mmHg, con-
sistent with pulmonary arterial hypertension
(PAH).!516 This patient’s PAH is likely Group
1/Group 2, with one being the regurgitation
of blood from the LV into the pulmonary
vasculature and the second being the shunt
physiology via the CAF, resulting in dyspnea
on exertion, classically associated with this
presentation.” With surgical ligation of Pa-
tient A’s CAF, bypass graft surgery, and mitral
valve replacement, his dyspnea improved.
His ECG demonstrated a prior anteroseptal
infarct, indicating a possible missed or silent
myocardial infarction. The consequences of a
missed myocardial infarction include Patient
A’s worsening ischemic cardiomyopathy and
reduced EF. Causes of CAF include myocar-
dial infarction, which was discovered during
his workup.'>'” While Patient A’s dyspnea
on exertion can be explained by his ischemic
cardiomyopathy and valvular pathology, the
significant shunting due to his CAF can ex-
acerbate symptom progression.'”

Patient B’s palpitations were later dis-
covered to be AVNRT. His workup revealed
two fistulae to the PA complicated by a cor-
onary artery aneurysm.*® He had no known
history of inflammatory conditions such as
Kawasaki disease or Takayasu arteritis that
could explain his CAF or the coronary artery
aneurysm.'?° While Patient B’s shunting
was less significant than that of Patient A,
the cause of his palpitations warrants in-
vestigation. A coronary artery aneurysm
has a higher risk of co-occurring with CAF
and is typically due to CAD. While typically
being asymptomatic, depending on the size,
location, and compression upon adjacent
structures, a coronary artery aneurysm can
cause angina, tamponade, arrhythmia, and
sudden cardiac death.18 Although Patient
B’s symptoms resolved after ablation, his
case highlights that tachyarrhythmias can
be associated with underlying structural
heart disease.
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Conclusion

While previously thought to be primarily
congenital, there is growing literature and
presentations of CAF which may indicate
acquired, spontaneous causes such as chronic
inflammation due to CAD. These two cases
highlight instances of CAFs associated with
chronic CAD, suggesting that ischemia-induced
angiogenesis may have contributed to acquired
CAF formation. The pathophysiological link
between chronic myocardial ischemia and
aberrant vascular connections, potential-
ly mediated by VEGF signaling, aligns with
findings from animal and clinical studies.””
These cases underscore the importance of
early evaluation and risk assessment of cardiac
symptoms that may be attributable to CAF.
Patients may tolerate a CAF for years until
they result in complications that manifest
symptoms such as dyspnea and palpitations.
Although comorbidities such as CAD and val-
vular pathology can significantly contribute to
clinical presentation, the potential impact of
CAF should not be overlooked, particularly in
the presence of concerning shunt physiology
or aneurysmal anatomy.

CAD-induced CAF may be more preva-
lent than currently appreciated. As imaging
modalities for detection improve, we may
discover that CAD and acquired CAF are
not necessarily mutually exclusive; one may
portend the other. Further research is needed
to clarify whether CAD-induced angiogenesis
constitutes a distinct subtype of acquired CAF
and to explore the potential role of angiogenic
biomarkers such as VEGF in screening and
risk stratification. l
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