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Background Anomalous coronary origin from the left ventricular outflow tract (LVOT) is an exceedingly rare condition thought to be as-
sociated with the bicuspid aortic valve (BAV). While the malignant presentation of this entity has been described, its pathophysi-
ology and diagnostic evaluation are poorly understood.

Case summary A 33-year-old woman status post Ross procedure in childhood for congenital aortic stenosis due to BAV with presumed com-
mon origin of right and left coronary arteries based on single coronary ostium seen on aortic valve inspection, presented with
symptomatic pulmonary regurgitation and stenosis. Invasive left coronary angiography revealed retrograde filling of the right
coronary artery (RCA) with systolic washout of contrast indicating a patent RCA ostium. No RCA ostium was found on aortic
root injection, but an injection into the LVOT revealed an RCA ostium below the aortic valve. Selective RCA angiography re-
vealed pulsatile antegrade flow down the RCA occurring during systole. There was no anatomic RCA stenosis. We proceeded
with valve-in-valve TcPVR. The patient had significant improvement of symptoms and RCA reimplantation was hence deferred.

Discussion This case is the first of an anomalous coronary artery arising from the LVOT diagnosed in a patient after the Ross procedure.
Our angiograms shed light on the unusual physiology of coronary filling during systole and ischaemia arising from inadequate
perfusion gradient between the left ventricle and the coronary during systole, leading to collateralization despite the lack of ana-
tomic stenosis. We urge consideration of this potentially malignant entity in any symptomatic patient, especially with concomi-
tant BAV.
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Learning points

challenges.

pulmonary bypass.

including the implications of a systolic-predominant coronary circulation.

e Understand the pathophysiologic considerations of anomalous coronary artery arising from the left ventricular outflow tract (LVOT),
e Use multimodality imaging to diagnose anomalous coronary artery arising from the LVOT, with an appreciation for the various diagnostic

e Understand the implications of anomalous coronary artery arising from the LVOT in patients undergoing cardiac surgery under cardio-

Introduction

Coronary artery anomalies encompass a wide range of clinical pre-
sentations and disease severity, ranging from a complete lack of
symptoms to sudden cardiac death. Anomalous coronary origin
from the left ventricular outflow tract (LVOT) is an exceedingly
rare condition, whose mention in the literature is restricted to iso-
lated case reports. Notably, multiple reports have described an asso-
ciation with bicuspid aortic valve (BAV) and subaortic membrane.'~
Patients are usually symptomatic from myocardial ischaemia, with
presentations as severe as acute global ischaemia® and sudden car-
diac death.® The pathophysiology is poorly understood due to very
limited data, but its potentially malignant presentation indicates an
urgency to better understand and diagnose this condition.

We present a 33-year-old patient with a prior Ross procedure and
a subvalvular right coronary artery (RCA), which we diagnosed on
invasive coronary angiography. Our findings provide crucial insights

Coronary angiography

Intervention

6-month follow-up

Decision

Revealed anomalous right coronary artery
origin from the left ventricular outflow
tract with atypical pulsatile antegrade
filling during systole and no stenosis

Transcatheter pulmonary valve-in-valve
replacement with a 23 mm Sapien S3
prosthesis

Exertional dyspnoea markedly improved.
Improved exercise performance on
exercise stress test with no ventricular
ectopy or ST segment changes

Conservative management of anomalous

right coronary artery

into the pathophysiology and diagnostic pitfalls of this condition.

Timeline

Current presentation

23 years ago

11 years ago

Transthoracic
echocardiogram

Cardiopulmonary

exercise test

Decision

A 33 y/o woman presented with 5 months
of progressive dyspnoea on exertion

Underwent Ross procedure at age 10 years
for congenital bicuspid aortic stenosis.
Found to have a single coronary ostium
from left coronary cusp on aortic valve
inspection

Transcatheter pulmonary valve
replacement performed at age 22 years
with a Melody prosthesis due to
symptomatic pulmonary conduit
stenosis, and stenting of coarctation of
the aorta

Revealed moderate pulmonary
regurgitation and moderate pulmonary
valve stenosis

Showed severely reduced peak oxygen
consumption (14 mL/kg/min), ventricular
bigeminy during exercise and recovery,
and diffuse 1 mm flat ST depressions
during exercise

Invasive angiography, valve-in-valve
implantation

Case presentation

A 33-year-old woman with congenital heart disease and obesity pre-
sented with exertional dyspnoea for 5 months. She had a history of
congenital aortic stenosis due to BAV and coarctation of the aorta.
She underwent a Ross procedure at 10 years old and per the opera-
tive report, she was found to have a single coronary ostium from the
left coronary cusp upon inspection of the aortic valve. She was diag-
nosed with common origin of the right and left coronary arteries, and
a single coronary button was created from the left cusp and reim-
planted following suturing of the pulmonary autograft in the aortic
position. A 20 mm synthetic graft (Vascutek Ltd.) was placed in the
pulmonic position. She eventually developed symptomatic stenosis
of the synthetic graft and underwent uncomplicated transcatheter
pulmonary valve replacement (TcPVR) with a Melody valve pros-
thesis with concomitant stenting of the aortic coarctation at 22 years
old.

As part of her current evaluation, physical examination was not-
able for a palpable right ventricular lift, a grade [ll/VI mid-systolic cres-
cendo murmur and a Grade IlI/IV short diastolic decrescendo
murmur, both heard best at the left upper sternal border. The pul-
monary examination was normal. Transthoracic echocardiography
showed moderate stenosis and moderate regurgitation of the pul-
monary prosthesis. The peak velocity across the pulmonary pros-
thesis was 3.3 m/s with peak instantaneous gradient of 44 mmHg
and mean gradient of 25 mmHg. There was normal neo-aortic valve
and biventricular systolic function, trace tricuspid regurgitation, and
no evidence of re-coarctation of the aorta. Cardiopulmonary exer-
cise test revealed severely reduced peak oxygen consumption of
14 ml/kg/min with a total exercise time of 5 min 40 s, ventricular
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Video 1 Anteroposterior cranial view of selective left coronary
artery angiography showing no evidence of epicardial coronary ar-
tery disease as well as late retrograde filling of the right coronary
artery via collateralization. There is antegrade washout of contrast
from the right coronary artery during systole, suggestive of patency
of the right coronary artery ostium.

bigeminy during exercise and recovery, and diffuse 1 mm flat ST de-
pressions during exercise. These results were markedly worse com-
pared with a test done 2 years prior, during which the patient was

Video 2 Aortic root angiography in the left anterior oblique view
with a pigtail catheter with transient prolapse into the left ventricu-
lar outflow tract at the time of injection, revealing the right coron-
ary artery origin at the subvalvular level.

Video 3 Selective right coronary artery angiography in the left
anterior oblique view showing pulsatile flow filling the proximal seg-
ment of the vessel. During diastole, there is retrograde reflux of
contrast into the left ventricular outflow tract, and during systole
there is both antegrade flow down the coronary and ejection of
the refluxed contrast in the left ventricular outflow tract through
the aortic valve.

able to exercise up to 9 and 10 s with peak oxygen consumption
of 20 mL/kg/min and only rare ventricular ectopy seen during
recovery.

Given concern for symptomatic prosthetic valve disease, she was
referred for valve-in-valve TcPVR with coronary angiography to
evaluate for coronary ostial stenosis given the history of a prior
Ross procedure. Laboratory tests were notable for elevated
B-type natriuretic peptide at 214 pg/mL, undetectable serum
troponin-| level, mild thrombocytopenia of 139 000/uL, normal
leukocyte count, renal and hepatic function, and normal C-reactive
protein of 0.7 mg/dL.

A cardiac catheterization was performed, demonstrating right
ventricle (RV) systolic pressure of 76 mmHg with a peak-to-peak sys-
tolic gradient of 23 mmHg across the pulmonary valve, and angiog-
raphy of the main pulmonary artery demonstrated severe
pulmonary regurgitation. Aortic pressure was 98/55 mmHg.
Selective angiography of the left coronary artery (LCA) demon-
strated a large left anterior descending artery (LAD) that wrapped
around the left ventricular apex, and no epicardial LCA disease.
However, retrograde filling of a medium-sized dominant right coron-
ary artery (RCA) via collaterals from the LAD was noted, with sys-
tolic washout of contrast from the RCA (Video 7). Aortic root
angiography showed no evidence of an RCA ostium, but the pigtail
catheter momentarily prolapsed into the LVOT during injection.
This revealed an RCA ostium originating from the high LVOT, imme-
diately below the aortic valve (Video 2). Selective RCA angiography
was then performed using a Judkins Right 4.0 catheter prolapsed
across the aortic valve, and showed an angiographically patent
RCA ostium with pulsatile antegrade flow augmented during systole,
with washout and reflux of contrast into the LVOT during diastole
(Video 3, Supplementary material online, Video S7). The aortic valve
was clearly seen to be above the level of the RCA ostium (see
Supplementary material online, Video ST).

Given the absence of angiographic stenosis, we concluded that the
collateralization of the RCA occurred because of ischaemia in the
RCA territory resulting from inadequate coronary perfusion pres-
sure due to the subvalvular coronary origin and the consequent sys-
tolic dominant RCA flow. We successfully performed valve-in-valve
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Figure 1 Coronary computed tomography angiography showing the ostium of the right coronary artery originating in the left ventricular outflow
tract below the level of the aortic valve. This is seen in the coronal view (A) and curved multiplanar reconstruction of the right coronary artery (B).

TcPVR with a 23 mm Sapien S3 prosthesis, with the improvement of
transvalvular gradient to 8 mmHg and resolution of pulmonary re-
gurgitation. A coronary computed tomography angiogram (CCTA)
was obtained, which re-demonstrated the subvalvular RCA takeoff
(Figures 1 and 2). Transthoracic echocardiography done the day after
valve replacement showed complete resolution of pulmonary regur-
gitation and improvement in pulmonary valve haemodynamics when
compared with before the valve-in-valve TcPVR. The peak velocity
was 2.8 m/s with peak instantaneous gradient of 32 mmHg and a
mean gradient of 17 mmHg. Trace tricuspid regurgitation was
seen. Over the next 6 months, the patient reported significant im-
provement of her exertional dyspnoea with improved exercise per-
formance and absence of angina, ventricular ectopy, and wall motion
abnormalities on repeat stress echocardiography. Given these re-
sults, along with consideration of the risk of redo sternotomy for
coronary bypass grafting or RCA reimplantation, conservative man-
agement including medical therapy with aspirin and labetalol as well
as targeted lifestyle counselling directed towards weight reduction
was pursued, after a discussion with the patient.

Discussion

Our case provides insights into the key pathophysiologic concepts of
this coronary anomaly to a degree not described in the literature to
date. The antegrade RCA angiograms demonstrate systolic dominant
coronary flow, rather than conventional diastolic dominant coronary
flow. This occurs because the RCA ostium is now anatomically con-
tiguous with the LV. Coronary perfusion pressure in this anomaly is
hence governed by the difference between systolic pressure in the
LVOT and systolic pressure in the ventricular cavity—a setup for
myocardial ischaemia, particularly in the LV where there is minimal
pressure gradient between the LVOT and the LV cavity. This

pathophysiology can also impact the RV and lead to ischaemia, par-
ticularly in cases of RV systolic hypertension due to pulmonary vas-
cular disease or RV outflow obstruction. Our patient was relatively
well compensated before developing severe pulmonary valve dis-
ease, likely because of collateralization by the LAD and the fact
that the majority of the inferior LV myocardium was supplied by
the large wrap-around LAD rather than the anomalous RCA. The
TcPVR reduced RV systolic pressure and improved coronary perfu-
sion pressure to her RV, which also may have contributed to im-
proved exercise capacity and resolution of previously seen
ventricular ectopy.

Diagnosis of this anomaly can be challenging, since the absence of a
coronary ostium on invasive angiography combined with the pres-
ence of retrograde filling via collateralization from the contralateral
coronary can lead to the erroneous diagnosis of a chronic total cor-
onary occlusion.? In such a situation, identification of systolic wash-
out of contrast during retrograde injection of the anomalous
coronary as well as left ventricular (LV) or LVOT angiography can
lead to the correct diagnosis, which may be needed rapidly in the
case of an acute presentation. Careful evaluation of the coronary os-
tia on CCTA can also lead to the diagnosis in less acute cases.’

While this is the first case, to our knowledge, of a subvalvular cor-
onary artery being reported after a Ross procedure, our report car-
ries wide-ranging implications from a surgical standpoint given the
association with BAV and subaortic membrane that may necessitate
surgical intervention.' Antegrade cardioplegia will not perfuse the
LV myocardium supplied by the subvalvular coronary, and without
a retrograde approach, haemodynamic collapse and fatal LV failure
may result when coming off pump, particularly in young patients
who may lack sufficient collateralization. Delineation of coronary
anatomy invasively or non-invasively before aortic valve replacement
can hence be vital for surgical planning, and should be considered in
patients with BAV to avoid missing this rare entity. In addition, careful
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Figure 2 Three-dimensional volume rendered coronary com-
puted tomography angiography, sagittal projection, showing the
ostium of the right coronary artery originating in the left ventricular
outflow tract below the level of the aortic valve. The left coronary
ostium is seen originating above the aortic valve. Also noted is the
previously placed stent in the descending aorta at the site of prior
coarctation.

intraoperative inspection of the origins and courses of the individual
coronary arteries should be done to evaluate for this diagnosis,
should a single supravalvular coronary ostium be seen upon inspec-
tion of the aortic sinuses.

Conclusions

We report a rare anomaly of a coronary artery originating from the
LVOT that was diagnosed angiographically in a patient following a

Ross procedure. Our case adds to the understanding of the patho-
physiology of this rare condition, and a multimodality approach is
needed for this challenging diagnosis. We underscore the need to
consider this diagnosis in symptomatic patients with an absent supra-
valvular coronary ostium on aortic root angiography as well as in
young patients with BAV undergoing cardiac surgery, as this carries
important implications for management strategies for this
population.
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Supplementary material

Supplementary material is available at European Heart Journal — Case
Reports online.

Slide sets: A fully edited slide set detailing these cases and suitable
for local presentation is available online as Supplementary data.
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