
C A S E  R E P O R T Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Al-Obaidi et al. Journal of Cardiothoracic Surgery          (2024) 19:369 
https://doi.org/10.1186/s13019-024-02906-5

Journal of Cardiothoracic 
Surgery

*Correspondence:
Tomas Holubec
TomasHolubec@email.cz; Tomas.Holubec@herz-frankfurt.de
1Department of Cardiovascular Surgery, Heart Centre, Goethe University 
and University Hospital Frankfurt, Frankfurt/Main, Germany

Abstract
Background Anomalous left coronary artery originating from the pulmonary artery (ALCAPA), is a unique congenital 
anomaly, comprising only 0.24–0.46% of all congenital cardiac anomalies. Late presentations, ranging from 
asymptomatic cases to sudden cardiac arrest, are exceptionally rare. This unique case highlights the complexity of 
managing ALCAPA in adulthood and underscores the necessity of a comprehensive surgical approach addressing 
both coronary and valvular issues.

Presentation A 34-year-old female patient, who had been diagnosed with ALPACA in her early childhood, suffered 
sudden cardiac arrest at work, followed by out-of-hospital resuscitation. The patient had been followed-up regularly 
until adolescence, however, she had refused surgery. In the diagnostic work-up following successful resuscitation 
severe mitral valve regurgitation was additionally revealed. Subsequently, the patient underwent surgery, involving 
coronary artery bypass grafting (CABG), using bilateral internal mammary arteries, and mitral valve repair, with an 
excellent postsurgical result. At 16-month follow-up, the patient was asymptomatic and quality of life had significantly 
improved.

Conclusion This rare case initially presented as silent myocardial ischemia, resulting in reduced left ventricular 
function and secondary mitral incompetence. Surgical treatment of ALCAPA in adults poses greater challenges and a 
higher risk than in children. CABG procedure offers an excellent prognostic therapeutic strategy, since this procedure 
is a routine in adult cardiac surgery.
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Background
Anomalous left coronary artery originating from the pul-
monary artery (ALCAPA) was first described by Abbott 
in 1908 [1]. Further clinical description followed in 1933 
by Bland, White, and Garland. Therefore, ALCAPA is 
also referred to as Bland-White-Garland syndrome [2]. 
Without surgical correction, ALCAPA has a mortal-
ity rate of approximately 90% in the first year of life. Ten 
percent of patients survive due to the development of 
numerous intercoronary collaterals, ensuring myocar-
dial perfusion. Of these patients, approximately 90% suf-
fer sudden cardiac death at an average age of 35 years [3].
Thus, most adults with ALCAPA die without having been 
diagnosed the condition. Therefore, adults with ALCAPA 
present quite rarely in clinical practice, with clinical pre-
sentation ranging from asymptomatic to sudden cardiac 
arrest.

Embryology and pathophysiology
ALCAPA arises due to either a defect in septation of the 
conotruncus into aorta and pulmonary artery or mal-
position of the coronary buds [4]. Prenatally, a patent 
ductus arteriosus provides relatively equivalent pressure 
in the main pulmonary artery and aorta, and therefore 
a relatively equivalent oxygenation and perfusion of the 
myocardium. After birth, closure of the ductus arteriosus 
occurs. Thus, the pressure in the main pulmonary artery 
decreases, resulting in a reverse blood flow from the left 
coronary artery to the pulmonary artery. This steal phe-
nomenon leads to inadequate perfusion of the left ven-
tricular myocardium from the anomalous left coronary 
artery. In the case of poor collateral circulation, myocar-
dial ischemia develops, progressing to infarction, dilata-
tion of the left ventricle, and thus congestive heart failure, 
mitral valve regurgitation, arrhythmia and sudden death. 
Patients with an adequate collateral supply from the right 
coronary artery may survive to adulthood [5].

Case presentation
A 34-year-old female suffered a sudden witnessed col-
lapse at work. Out-of-hospital cardio-pulmonary 
resuscitation was initiated and after 8  min and cardiac 
defibrillation spontaneous circulation was re-established. 
The patient was admitted to the intensive care unit and 
extubated the next day without neurological complica-
tions. Transthoracic echocardiography (TTE) revealed a 
dilated left ventricle with globally reduced ejection frac-
tion of 40% due to ischemia, leading to fibrosis and mal-
function of papillary muscles causing a tethering of the 
mitral valve leaflets. This resulted in secondary moderate 
to severe mitral valve regurgitation. In addition, a mitral 
annular dilatation contributed further to the severity 
of the mitral valve insufficiency (Fig.  1A). Furthermore, 
the right coronary artery ostium was found to be dilated 

(Fig.  1B). The coronary angiogram and CT scan con-
firmed the diagnosis of ALCAPA syndrome (Fig. 1C and 
D). Following the discussion of the case in our interdisci-
plinary heart team, the patient was scheduled for urgent 
surgical therapy.

Surgical procedure
After median sternotomy, both internal mammary arter-
ies (IMAs) were harvested, and the pericardium was 
opened. The dilated right coronary artery was observed 
(Fig.  2A). After establishment of cardio-pulmonary 
bypass, the aorta was cross-clamped and antegrade cold 
cardioplegia (modified Del Nido solution) was adminis-
tered. The establishment of cardiac arrest was difficult 
due to steal phenomenon from the right to left coro-
nary artery via collaterals, therefore the main pulmo-
nary artery was dissected and the ostium of the ALCAPA 
identified postero-laterally. Consequently, the ostium 
of ALCAPA was blocked using a 4  F Fogarty® catheter 
(Edwards Lifesciences LLC; Irvine/CA, USA; Fig.  2B). 
Additional cardioplegic solution was administered via 
this catheter and sufficient cardiac arrest was accom-
plished. The left and right IMA was anastomosed to the 
obtuse marginal branch of the circumflex coronary artery 
and to the left anterior descending artery, respectively. 
The ALCAPA ostium was then occluded using an autolo-
gous pericardial patch treated with 0.6% Glutaraldehyde 
(Fig. 2C). Inspection of the mitral valve revealed a thick-
ening of the posterior mitral leaflet with annular dilata-
tion. Mitral annuloplasty was carried out using a 34 mm 
ETLogix® annuloplasty-ring (Edwards Lifesciences LLC; 
Irvine/CA, USA). The intraoperative course was unevent-
ful, and the patient had an uncomplicated further post-
operative course with early extubation and fast recovery. 
The patient was discharged on the seventh postoperative 
day. TTE performed at two months follow-up revealed 
improved contractility with increased ejection fraction 
of 45%, with a mild residual mitral valve regurgitation 
(Fig.  2D). The last follow-up at 16 months showed an 
excellent postoperative result with significant improve-
ment in quality of life. The TTE revealed further increase 
of the left ventricular ejection fraction (up to 50%) with a 
mild to moderate mitral regurgitation.

Discussion
In the majority of patients, ALCAPA syndrome is a lethal 
congenital anomaly posing a substantial risk of myo-
cardial ischemia, arrhythmia, and sudden death. While 
conservative medical therapy is considered for elderly 
patients with mild perfusion impairment [6], surgery 
remains the standard, essential therapy to prevent car-
diac ischemia and sudden cardiac death in ALCAPA syn-
drome. The surgical approach encompasses two primary 
goals: firstly, restoring a dual-coronary artery system for 
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sufficient myocardial perfusion, preventing arrhythmia 
and sudden death; secondly, ensuring long-term graft 
patency. Various surgical methods have been reported, 
all of which have their pitfalls, including: (1) simple 
occlusion of the left main coronary artery origin [7], 
which proved insufficient in preventing sudden death, 
as the patient is left with only one coronary artery; (2) 
direct re-implantation of the left coronary artery into the 
aorta [8], which is challenging in adults due to unfavour-
able anatomy related to the limited length and reduced 
elasticity of the left coronary artery, collaterals surround-
ing the coronary artery origin, and higher bleeding ten-
dency [9]; (3) saphenous vein graft between the origin of 
the left coronary artery and the aorta [10], not recom-
mended due to short patency of the graft along with the 
reported risk of occlusion; (4) Takeuchi repair involving 
tunnelling the anomalous ostium of the left coronary 
artery across the pulmonary artery to the aorta [11], may 
be associated with coronary conduit stenosis, pulmo-
nary artery stenosis, and aortic stenosis or regurgitation; 
and (5) CABG procedure using the IMA as a graft along 

with the occlusion of the ALCAPA ostium [7]. CABG 
has been found to be a convenient procedure in adults 
with ALCAPA, offering simplicity, avoidance of aortic 
root manipulation, and a reliable long-term patency of 
the IMA graft. Although the competitive flow from the 
native coronary artery can present a considerable risk 
of early graft failure, it has been reported that the IMA 
graft can adapt to the sustained competitive blood flow 
conditions [12]. The patency of the IMA after CABG pro-
cedure in patients with atherosclerotic coronary artery 
disease increases with the severity of the native coronary 
artery stenosis. At 15-year follow-up, IMA patency was 
93% when stenosis of the left anterior descending artery 
was 50% and 98% when stenosis was > 90%, respectively 
[13].

Applying bilateral IMA safeguards against coronary 
artery ischemia and overcomes the steal phenomenon, 
solidifying its status as a comprehensive and effective 
surgical strategy for ALCAPA syndrome in adults.

Fig. 1 Preoperative diagnostic images. A) Transthoracic echocardiogram showing regurgitation jet (arrow) of the mitral valve. B) Transthoracic echocar-
diogram (parasternal view) showing the dilated right coronary artery (RCA) ostium (arrow). C) Coronary angiogram demonstrating a tortuous dilated 
RCA giving intercoronary collaterals (arrow) to the left coronary artery (LCA) which drains into the main pulmonary artery (MPA). D) CT scan with three-
dimensional reconstruction demonstrating ALCAPA syndrome. AO: Aorta, LA: left atrium, LV: left ventricle, RV: right ventricle, RCA: right coronary artery, 
LCA: left coronary artery, MPA: main pulmonary artery, CT: computer tomography
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Conclusion
ALCAPA is a rare and lethal condition necessitating an 
early surgical correction to re-establish a dual-coronary 
system, which is defined as the gold standard therapy. In 
an array of surgical techniques CABG is a safe and prac-
tical procedure, that can be performed in patients with 
ALCAPA with good early results. Taking into account 
the use of arterial grafts and ligation of the native coro-
nary artery, as this may enhance the long-term patency of 
the graft and inhibits the competitive flow, thus avoiding 
graft atrophy and failure.

Additionally, a close and long-term follow-up is an 
essential postoperative part of the treatment of ALCAPA 
with bypass surgery.

As a result, bypass surgery should be viewed as one 
of the choices in the treatment of ALCAPA in adults, 

complemented by mitral valve repair, if necessary. This 
comprehensive approach can be considered a safe and 
reliable therapy for both coronary arteries and valve 
dysfunction, with early intervention being of great 
importance.
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