cambridge.org/cty

Cite this article: Kalustian AB, Eilers LF,
Doan TT, Reaves-O’Neal D, Molossi S, and
Binsalamah ZM (2023) Transection and
reimplantation of anomalous right coronary
artery from single left coronary artery in a
collegiate athlete. Cardiology in the Young 33:
1746-1749. doi: 10.1017/S1047951123000574

Received: 16 February 2023

Revised: 3 March 2023

Accepted: 4 March 2023

First published online: 23 March 2023

Keywords:

Coronary anomalies; single coronary artery;
coronary transection and reimplantation;
Leiden 2RLCx; Lipton LII-B

Author for correspondence:

Ziyad M. Binsalamah, Baylor College of
Medicine and Texas Children’s Hospital,
Division of Congenital Heart Surgery, 6651 Main
St, Legacy Tower Heart Center, Houston, TX
77030, USA. Tel: 41 832 792 5305.

E-mail: ziyadmss@gmail.com

© The Author(s), 2023. Published by Cambridge
University Press.

CAMBRIDGE

UNIVERSITY PRESS

Alyssa B. Kalustian! @, Lindsay F. Eilers?, Tam T. Doan?, Dana Reaves-O’Neal?,

Silvana Molossi?>® and Ziyad M. Binsalamah?

IDivision of Congenital Heart Surgery, Texas Children’s Hospital, Baylor College of Medicine, Houston, TX, USA and
2Division of Pediatric Cardiology, Texas Children’s Hospital, Baylor College of Medicine, Houston, TX, USA

Abstract

Coronary artery anomalies may induce myocardial ischaemia and sudden cardiac death when
associated with areas of compression or stenosis. We present a case of transection and reim-
plantation of an anomalous interarterial right coronary artery arising from a single left main
coronary artery. The 18-year-old collegiate athlete had exertional chest pain and haemody-
namically significant compromise to coronary blood flow.

Coronary artery anomalies are diverse lesions which can be associated with the risk of myocar-
dial ischaemia and sudden cardiac death. Ischaemia may result from abnormal ostia, acute angu-
lation, or compression due to an intramural, interarterial, or intramyocardial course of the
affected vessel. In patients with the evidence of impaired coronary blood flow or high-risk
lesions, surgical intervention may be indicated to improve myocardial perfusion and mitigate
risk of sudden cardiac death.

A single left coronary artery giving rise to an interarterial right coronary artery is an exceed-
ingly rare anatomic variant with few case reports in the literature.'-® We report a Division I
collegiate athlete who presented with ischaemic symptoms and significantly compromised coro-
nary perfusion due to this anatomy who underwent transection and reimplantation of the
anomalous right coronary artery.

The operation was performed via median sternotomy on cardiopulmonary bypass. The patient
was cooled to 28°C. The proximal coronary branches were dissected. The right coronary artery
shared a common wall with the aorta involving the intercoronary commissure. Following cross-
clamping and antegrade cardioplegia, an oblique aortotomy was performed extending into the
non-coronary cusp. The right coronary artery was ligated and divided at its take-off from its
common wall with the aorta. A neo-ostium was created in the right coronary sinus of
Valsalva with 3.5 mm aortic punch, and the right coronary artery was reimplanted with con-
tinuous posterior and interrupted anterior fine suture. Cardiopulmonary bypass time was 142
minutes and cross-clamp time was 71 minutes.

An 18-year-old female athlete with mitral valve prolapse and 10-year history of exertional chest
pain presented for further workup of worsening symptoms during competitive sports. She was
subsequently referred to our institution’s Coronary Artery Anomalies Program and completed
standardised comprehensive multimodal evaluation” consisting of echocardiogram, CT with
coronary angiography, exercise stress testing, dobutamine stress cardiac MRI, and cardiac cath-
eterisation supplemented by coronary angiography, fractional flow reserve, instantaneous wave-
free ratio, and intravascular ultrasound.

CT demonstrated a single non-stenotic coronary ostium in the left sinus of Valsalva giving
rise to a left main coronary artery which trifurcated proximally into the left circumflex, left ante-
rior descending, and right coronary arteries (Fig 1). The 3.5 cm interarterial segment of the right
coronary artery had 60-70% narrowing on intravascular ultrasound and significantly decreased
dobutamine stress instantaneous wave-free ratio of 0.78 (normal >0.85). Exercise stress testing
showed no ischaemic changes. Stress cardiac MRI had no perfusion defects or delayed myocar-
dial enhancement. Biventricular systolic function was low-normal with mildly dilated chambers,
and there was mild mitral valve prolapse without regurgitation. Given her symptoms and
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Figure 1. Preoperative imaging. (a) Three-
dimensional reconstructions from CTA of preop-
erative coronary anatomy, viewed from a
rotated coronal plane (left) and axial plane
(right), demonstrating the single coronary
artery originating from the left coronary sinus
and trifurcating into an RCA, LAD, and left cir-
cumflex. (b) Representative oblique (left) and
axial (right) cuts from preoperative CTA demon-
strate the compressed interarterial course of
the RCA. (c) Anatomy was confirmed on coro-
nary angiography during cardiac catheterisa-
tion and significant RCA compression was
noted based on invasive haemodynamic mea-
sures. Ao = aorta; CTA = computed tomography
with coronary angiography; LAD = left anterior
descending artery; LCx = left circumflex coro-
nary artery; RCA =right coronary artery.

haemodynamically significant coronary compression at the inter-
arterial portion of the right coronary, she was put forward for sur-
gical intervention by transection and reimplantation.

She was discharged home 3 days post-operatively with brief
readmission for post-cardiotomy syndrome managed with
NSAIDs and diuretics. Holter monitoring was notable for isolated
episode of non-sustained four-beat ventricular tachycardia and
frequent premature ventricular contractions (the latter also seen
pre-operatively). At 3-month post-operative follow-up, bilateral
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coronaries were patent on CT (Fig 2) with prograde flow on
echocardiogram. Stress fractional flow reserve and instantaneous
wave-free ratio were normal, and there was no significant luminal
diameter change throughout the reimplanted coronary. Stress car-
diac MRI confirmed no rest or inducible perfusion defects, wall
motion abnormalities, or delayed enhancement. Exercise stress
testing was likewise without the evidence of ischaemia.
Electrocardiogram showed improving non-specific ST changes.
Repeat Holter showed 4% premature ventricular contractions.
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Figure 2. Postoperative angiography demonstrating patent dual ostium coronary
system. (a) Three-dimensional reconstruction of aortic root and dual ostium coronary
system from CTA. (b) Representative axial CTA images demonstrating patency of the
LMCA and its proximal branches (left) and the RCA (right). Both coronaries now arise
from their respective sinuses following transection of the anomalous RCA from the
LMCA and its reimplantation into the right coronary sinus. (c) Post-operative catheter-
isation showed that her pre-operative haemodynamically significant coronary com-
pression in the right coronary artery (dobutamine iFR of 0.78) had resolved, with
post-operative dobutamine iFR measuring 0.92-0.93 (normal >0.85). Representative
postoperative angiogram of the reimplanted RCA with patent ostium and course (left)
and postoperative dobutamine iFR tracing (right) are shown. CTA = computed tomog-
raphy with coronary angiography; iFR = instantaneous wave-free ratio; LMCA = left
main coronary artery; RCA =right coronary artery.

She was asymptomatic and cleared of exercise restrictions. She will
continue long-term follow-up with interval surveillance studies.

Discussion

Coronary artery anomalies are rare defects, with reported preva-
lence estimated at 0.1-1% overall®, 0.1-0.7% for interarterial coro-
naries,® and 0.024-0.066% for a single coronary artery.
Interarterial course of an anomalous coronary is recognised as a
high-risk feature for myocardial ischaemia and sudden cardiac
death? This patient’s anatomy with a single coronary from the left
sinus of Valsalva giving rise to a left circumflex artery, left anterior
descending, and interarterial right coronary artery (Lipton classi-
fication LII-B,! Leiden convention 2RLCx’) has only been reported
in a handful of similar cases.!”® Several of these cases report
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evidence of myocardial ischaemia.'*>-¢ Surgical management of
this specific anomaly is sparse in the literature, with two young
adults undergoing coronary artery bypass graft after presenting
with acute myocardial infarction® and aborted cardiac arrest.’
Broader experience is available relating to anomalous coronaries
with interarterial course originating from a contralateral sinus.

Surgical techniques to directly address anatomic sources of
impaired perfusion are gaining favour as alternatives to bypass
grafting, which suffers from graft failure due to competitive flow.®
Coronary unroofing is a common strategy for intramural segments
with favourable mid-term durability but may pose a risk of aortic
valve regurgitation if the coronary commissures must be manipu-
lated to achieve repair.!” Transection and reimplantation have also
been successfully employed to address interarterial compression
and intramurality unfavourable to unroofing in patients with coro-
nary origin from a contralateral sinus.!’

We applied the transection and reimplantation technique to an
anomalous interarterial right coronary artery originating from the
proximal left main coronary artery in the setting of compromised
coronary perfusion. The advantages of this technique include ana-
tomic correction to a dual ostium coronary system with elimina-
tion of the interarterial geometry, minimised disruption to the
native aortic valve apparatus, and preservation of bypass graft
sources for potential future use. Although the coronary anastomo-
sis may be prone to stenosis long-term, it is now rendered indepen-
dent from the left coronary artery, creating protective redundancy
compared to a single ostium configuration.

At 3-month follow-up, our patient’s ischaemic chest pain had
resolved and she resumed athletic training. Post-operative workup
shows improved coronary patency and no evidence of inducible
myocardial ischaemia. Continued longitudinal follow-up remains
essential to determine the long-term durability and complications
of anomalous coronary repairs as surgical intervention becomes
more common. As part of our standardised approach to patients
with coronary anomalies,” short-term postoperative follow-up
consists of a surgical visit at 1 week followed by cardiology visits
at 1, 3, and 6 months. At 3 months, all pre-operative studies are
repeated prior to release of exercise restriction to evaluate for res-
olution of preoperative abnormalities. In the long term, patients
have cardiology visits every 1-2 years with ECG, echocardiogram
as needed, and functional testing every 3-5 years with multidisci-
plinary discussion and further workup as needed for symptoms or
abnormal/changing findings on surveillance testing.

Conclusions

Transection of anomalous right coronary artery from a left main
coronary artery with direct aortic reimplantation is feasible and
well-tolerated in the immediate post-operative period with
improved coronary perfusion. However, long-term outcomes are
lacking due to the rarity of the anatomy and recent adoption of this
technique.
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