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ÖZ
Amaç: Bu çalışmada pulmoner arterden çıkan koroner arter 
anomalisi olan olguların klinik ve tanısal bulguları, tedavi ve 
takipleri değerlendirildi.
Ça­lış­ma­ pla­nı:­ Ocak 1998 - Haziran 2021 tarihleri arasında 
pulmoner arterden çıkan koroner arter anomalisi tanısı olan 
toplam 14 hasta (5 erkek, 9 kız; medyan yaş: 15 ay; dağılım, 
3-156 ay) retrospektif olarak incelendi. Hastaların demografik 
ve klinik verileri, elektrokardiyografik, ekokardiyografik, 
anjiyografik, cerrahi ve takip bulguları incelendi.

Bul gu lar: En sık görülen semptom solunum sıkıntısı (n=6) 
ve üfürüm idi (n=3). Üç hasta haricinde geri kalan hastalara 
ilk değerlendirmede ekokardiyografi ile tanı konuldu. 
Ekokardiyografide dört hastada ciddi ve diğer dört hastada orta 
derecede mitral yetersizlik tespit edildi. Ejeksiyon fraksiyonu 
%38 ila %79 aralığında idi. On bir hastaya koroner arterin 
aorta direkt reimplantasyonu, üçüne ise Takeuchi ameliyatı 
yapıldı. Yalnızca bir hastada mortalite izlendi. Ameliyat 
sonrası mitral yetersizlik ve ejeksiyon fraksiyon değerlerinde 
düzelme görüldü. Medyan takip süresi 62 (dağılım, 5-170) ay 
olup, tekrar ameliyat gereken bir hasta haricinde hastaların 
tümü asemptomatik idi.

So­nuç:­Pulmoner arterden çıkan koroner arter anomalileri nadir 
görülen doğumsal anomalilerdir. Ekokardiyografi temel tanı 
aracıdır. Tüm ekokardiyografik bulgular dikkatli bir şekilde 
araştırılmaz ise, tanı kolaylıkla gözden kaçabilir.

Anah­tar­ söz­cük­ler: Pulmoner arterden çıkan koroner arter anomalisi, 
doğumsal koroner anomali, ekokardiyografi, cerrahi.

ABSTRACT
Background:­The aim of the study was to evaluate the clinical 
and diagnostic findings, treatment, and follow-up of cases of 
anomalous origin of coronary arteries from the pulmonary artery.
Methods: Between January 1998 and June 2021, a total of 
14 patients (5 males, 9 females; median age: 15 months; 
range, 3 to 156 months) diagnosed with anomalous origin of 
coronary arteries from the pulmonary artery were retrospectively 
analyzed. Demographic and clinical data of the patients, 
electrocardiographic, echocardiographic, angiographic, surgical, 
and follow-up findings were evaluated.
Results:­The most common symptoms were respiratory distress 
(n=6) and murmur (n=3). With the exception of three cases, all 
other patients were diagnosed by echocardiography in the first 
examination. Severe mitral valve insufficiency was detected 
in four patients and four other patients had moderate mitral 
insufficiency on echocardiography. Ejection fraction values 
ranged between 38 and 79%. Eleven patients underwent direct 
implantation of the coronary artery into the aorta, and three 
underwent a Takeuchi procedure. Mortality occurred in only one 
case. After surgery, mitral insufficiency and ejection fraction 
values improved. Median follow-up was 62 (range, 5 to 170) 
months and all patients were asymptomatic, except one who 
required redo surgery.
Conclusion:­ Anomalous origin of the coronary arteries 
from the pulmonary artery is an uncommon congenital 
anomaly. Echocardiography is the main diagnostic tool. If all 
echocardiographic findings of the coronary anomaly are not 
investigated thoroughly, the diagnosis may be overlooked. 
Keywords: Anomalous origin of the coronary arteries from the pulmonary 
artery, congenital coronary abnormality, echocardiography, surgery.
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Anomalous origin of coronary arteries from 
the pulmonary artery (ACAPA) accounts for 
approximately 0.01% of the cases in a large series 
of patients undergoing coronary angiography. The 
majority of cases are of anomalous left coronary 
artery origin from the pulmonary artery (ALCAPA), 
while cases of anomalous right coronary artery origin 
from the pulmonary artery (ARCAPA) are rarely 
seen.[1,2] The time of onset and severity of symptoms 
depends on the type of anomaly, the direction of 
blood flow in the anomalous vessel, and the extent 
of collateralization. Although some patients may be 
completely asymptomatic and survive to adulthood, 
approximately 90% of them die suddenly at a mean age 
of 35 years. Others may develop early mortality due to 
heart failure, valvular insufficiencies, or myocardial 
infarction.

Neonatal ALCAPA patients are largely 
asymptomatic due to the high pulmonary arterial 
pressure during this period. During the first months 
of life when the pulmonary vascular resistance 
declines, the left coronary artery (LCA) changes 
to a retrograde flow with collaterals from the right 
coronary artery (RCA). Coronary steal from the 
LCA to the pulmonary artery leads to myocardial 
ischemia and, consequently, symptoms may develop. 
Early diagnosis and surgical intervention are 
critical, as the mortality rate in children who 
are symptomatic in infancy with late diagnosis 
and treatment can exceed 90%, particularly in the 
first year of life.[3] Transthoracic echocardiography 
serves as a non-invasive method for the diagnosis 
of ACAPA. Therefore, clinicians, particularly 
echocardiographers, should have a comprehensive 
understanding of the echocardiographic 
manifestations of this abnormality to reduce 
misdiagnoses and missed diagnoses.[4]

In the present study, we aimed to discuss the 
management of children with ACAPA based on our 
single-center experience.

PATIENTS AND METHODS
This single-center, retrospective study was 

conducted at Çukurova University Faculty of 
Medicine, Department of Pediatric Cardiology 
between January 1998 and June 2021. The 
hospital database was searched to identify all 
patients diagnosed with ALCAPA and ARCAPA. 
A total of 14 patients (5 males, 9 females; 
median age: 15 months; range, 3 to 156 months) 
were included. Exclusion criteria were as follows: 
Patients whose full clinical and surgical data could 

not be obtained. Demographic data of the patients, 
including age, sex, presentation type, initial diagnosis, 
and electrocardiography (ECG), echocardiography, 
cardiac catheterization, and angiographic finding 
were evaluated. The surgical findings, outpatient 
clinic follow-up, and echocardiography results 
were assessed. Two-dimensional, M-mode, and 
Doppler echocardiography were performed using 
standard imaging techniques in accordance with 
the recommendations of the American Society of 
Echocardiography (ASE). All ECGs were evaluated 
for the presence of pathological Q wave, ST elevation, 
and ST depression.

Other data from the coronary angiography study 
were also recorded. Coronary artery angiography was 
performed in all patients, if a diagnosis of ACAPA was 
suspected on transthoracic echocardiography.

Statistical analysis

Statistical analysis was performed using the 
SPSS for Windows version 15.0 software (SPSS Inc., 
Chicago, IL, USA). Continuous data were presented in 
mean ± standard deviation (SD) or median (min-max), 
while categorical variables were presented in number 
and frequency.

RESULTS
Clinical presentation

Of a total of 14 patients, 12 had ALCAPA 
and two had ARCAPA. The median weight was 9 
(range, 3 to 32) kg. The most common complaint in 
the patients with ALCAPA was respiratory distress 
(n=6). Three patients were presented with a murmur, 
one with palpitation, one with chest pain, and one 
with fatigue. One patient with ALCAPA underwent 
mitral valve surgery at an external center at the age 
of 3 years, but anomalous LCA was not noticed. 
This patient was admitted at the age of 13 years 
with the complaint of fatigue related to severe mitral 
insufficiency and was diagnosed with ALCAPA. Two 
patients with ARCAPA were diagnosed at the age of 
5 and 5.5 years, respectively. One of these patients 
was previously hospitalized due to ventricular 
septal defect (VSD)-related heart failure, but was 
subsequently diagnosed with ARCAPA with the 
identification of septal collaterals. The other patient 
had an atrial septal defect (ASD) which was closed 
with a transcatheter device. Meanwhile, ARCAPA 
was not noticed. In subsequent echocardiographic 
follow-ups, an abnormality was suspected, as 
septal collaterals were identified. The diagnosis 
was confirmed by angiography in both patients. 
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Table 1. Demographic, clinical, and imaging characteristics of ACAPA patients

Patient no Sex/age 
(months/years)

Symptoms Electrocardiography Echocardiography

1 M/8 years Chest pain ST depression in V6 EF: 70%, 
LVEDd Z score: 0.35
RCA/AA >1.4,
ICC: +, MR: No, 
PMH: –, RDF+

2 F/9.5 years Murmur ALMI EF: 67%, 
LVEDd Z score: 1.7
RCA/AA >1.4,
ICC: +, PMH: –
MR: moderate, RDF: +

3† M/13 years Fatigue T negativity in aVL,
V1-V3

Left anterior hemiblock

EF: 66%, 
LVEDd Z score: 2.7
ICC: +, PMH: –
MR: Severe, RDF: +

4 F/5 months Respiratory distress ALMI EF: 54%, 
LVEDd Z score: 7.3
MR: Mild, PMH: +, ICC: +

5* F/5 years No symptoms 
(during diagnosis; VSD, follow-up)

Normal EF: 75%
LVEDd Z score: –0.6
LCA/AA >1.3, ICC: +, VSD

6 F/3 months Respiratory distress, 
diaphoresis, failure to thrive

ALMI EF: 40% 
LVEDd Z score: 4.2
MR: Severe, ICC: +
PMH: +, RDF: +, RCA/AA >1.4

7 F/6 months Respiratory distress, 
decreased oral intake, 

diaphoresis, failure to thrive

ALMI EF: 56%
LVDDd Z score: 1.1
MR: Severe, ICC: +, PMH: +

8 F/7 months Shortness of  breath, diaphoresis, 
failure to thrive

ALMI EF: 38%
LVEDd Z score: 4.5
PMH: +, MR:severe, RDF

9* M/5.5 years No symptoms 
(during diagnosis ASD follow-up)

Incomplete RBBB, 
T negativity in V1-4

EF: 79%
LVEDd Z score: –0.5
ICC: +, RDF: +, ASD

10 M/2.5 years Respiratory distress, ALMI EF: 60%, 
LVEDd Z score: 3.3
MR: Mild
RCA/AA >1.4, PMH: +, ICC: +

11 F/9 months Respiratory distress, diaphoresis, 
failure to thrive

ALMI EF: 64%
LVEDd Z score: 2.8
MR: Moderate, PMH: +
ICC: +, RDF: +
RCA/AA >1.4

12 F/3 months Respiratory distress, diaphoresis, 
failure to thrive

ALMI EF: 44%
LVEDd Z score: 5
MR: Moderate, PMH: +
ICC: –, RDF: +
RCA/AA >1.4

13 F/15 months Murmur ALMI EF: 64%
LVEDd Z score: 3.3
MR: Mild, ICC: +
RCA/AA >1.4, PMH: –

14 M/2 years Palpitation ALMI EF: 59%
LVDD Z score: 5.3
MR: Moderate, PMH: +
ICC: +, RCA/AA >1.4

ACAPA: Anomalous origin of coronary artery from the pulmonary artery; EF: Ejection fraction; LVEDd: Left Ventricular End Diastolic Diameter; RCA: Right 
coronary artery; AA: Aorta artery; ICC: Intercoronary septal collaterals; MR: Mitral regurgitation; PMH: Papillary muscle hyperechogenicity; RDF: Reverse Doppler 
flow; ALMI: Anterolateral myocardial infarction; LCA: Left coronary artery; VSD: Ventricular septal defect; ASD: Atrial septal defect; RBBB: Right bundle branch 
block; ARCAPA: Anomalous right coronary artery origin from the pulmonary artery; † This patient had mitral valve surgery at the age of 3 years; * ARCAPA patients.
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The demographic, clinical, and imaging data are 
presented in Table 1.

Electrocardiography and echocardiographic 
findings
The ECGs of 10 ALCAPA patients showed a deep 

Q wave in the DI, aVL, and V6 leads (anterolateral 
myocardial infarction) (Figure 1). One patient had 
T negativity in aVL and left anterior hemiblock, which 
was probably related to previous mitral valve surgery. 
One ALCAPA patient had normal ECG findings. One 
of the patients with ARCAPA who also had ASD had 
an incomplete right bundle branch block, and one had 
normal ECG findings during diagnosis.

The echocardiographic features of the ALCAPA 
patients (n=12) showed abnormal left coronary ostium 
arising from the pulmonary trunk with retrograde 
coronary artery flow in seven patients, enlargement 
of the RCA in seven patients, intercoronary 
septal collaterals in 10 patients, papillary muscle 
hyperechogenicity in eight patients, moderate-
to-severe mitral regurgitation in eight patients, left 
ventricle dilatation in nine patients, and left ventricle 
systolic dysfunction in six patients (Figure 2). In the 
initial echocardiographic examination, one patient was 
misdiagnosed with myocarditis. This patient had mild 
mitral regurgitation and mild left ventricle systolic 
dysfunction. Coronary anomaly was not detected in 

the first examinations in both patients with ARCAPA. 
The diagnosis of ARCAPA was established during 
control echocardiographic studies by the detection of 
septal collaterals in both patients, as well as the LCA 
enlargement in one patient and the retrograde flow into 
the pulmonary artery in the other.

All patients were evaluated with cardiac 
catheterization and angiography. Catheter angiography 
was previously performed in one patient with 
ALCAPA, but was incorrectly considered to be a single 
coronary root. Selective coronary angiography was not 
performed on angiography. In this patient, angiography 
was performed again one month later due to continuing 
suspicion of anomalous LCA, and the diagnosis was 
confirmed (Patient No. 7). In the ARCAPA patient 
with previous ASD closure, the circumflex artery (Cx) 
also emerged from the RCA. Left ventricular systolic 
functions were normal in this patient (Figures 3a, b).

All ACAPA patients underwent surgery. Of the 
ALCAPA patients, 10 had LCA arising from Sinus 1, 
from the non-facing sinus in one, and from the right 
pulmonary artery in one (Figure 3c). Two ARCAPA 
patients had RCA arising from Sinus 2. In nine cases 
with left and two with right anomalous coronary arteries 
origin from the pulmonary artery, direct implantation 
of the coronary artery into the aorta was performed. 
Three ALCAPA patients underwent tubular aortic 

Figure 1. Preoperative electrocardiogram of Patient No. 6. Electrocardiogram shows signs of acute anterolateral 
myocardial infarction; deep Q waves, ST segment elevation and T-wave inversion in leads I and aVL.
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Figure 2. (a) Apical four-chamber view echocardiogram showing dilated left ventricle, 
hyperechogenicity in papillary muscles (bifid black arrow) and mitral regurgitation. (b) Modified 
parasternal short axis view. Appearance of intercoronary collaterals (arrow). (c) Two-dimensional 
cross-sectional view of the left coronary artery at the beginning of the right pulmonary artery in adult 
type anomalous left coronary artery from the pulmonary artery patient (arrow). (d) Color Doppler 
view of the same patient. Retrograde flow in pulmonary artery (arrow).
LV: Left ventricle; PM: Papillary muscle; MPA: Main pulmonary artery; RPA: Right pulmonary artery.

(a)

(c)

(b)

(d)

Figure 3. Angiographic view of ARCAPA. (a) Angiogram of the left anterior descending artery showing dilated left coronary artery 
and retrograde filling of right coronary artery via intercoronary collaterals (white arrow). (b) Contrast reflux from right coronary artery 
to the pulmonary artery. Note: This patient had ASD that was previously closed with the Amplatzer™ (St Jude Medical Inc., MN, USA) 
ASD device. (c) Selective right coronary angiogram in ALCAPA patient, showing retrograde filling of the left coronary artery which 
opens into the right pulmonary artery. Black arrow showing intercoronary collaterals.
LCA: Left coronary artery; ASD: Atrial septal defect; Cx: Circumflex artery; MPA: Main pulmonary artery; RCA: Right coronary artery; RPA: Right pulmonary artery; 
ARCAPA: Anomalous right coronary artery origin from the pulmonary artery; ALCAPA: Anomalous left coronary artery origin from the pulmonary artery.

(a) (b) (c)
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anastomosis (Takeuchi technique). In five ALCAPA 
patients with moderate-to-severe mitral regurgitation, 
concomitant mitral valve plasty was performed. Mitral 
valve replacement was performed in the patient who 
previously had mitral valve repair in another center 
(Patient No. 3). One patient with moderate-to-severe left 
ventricular dysfunction and severe mitral regurgitation 
died in the early postoperative period. In this patient, 
there was postoperative low cardiac output that required 
extracorporeal membrane oxygenation, and the patient 
died two days later in the intensive care unit.

Follow-up
The median follow-up duration was 62 (range, 5 to 

170) months for the entire cohort. At the end of the first 
month after coronary revascularization, the mean left 
ventricle ejection fraction (EF) in ALCAPA patients 
improved (60.7±6.2%, range 52 to 71%) compared to 
the preoperative EF values (56.8±10.8%, range 38 to 
70%) (p<0.01). At six months, left ventricle EF was 
normal in all the ALCAPA patients (64.8±4.3%, range 
58 to 72%). In four ALCAPA patients who underwent 
Holter ECG during follow-up, no arrhythmias were 
detected.

One ALCAPA patient developed severe pulmonary 
stenosis following the Takeuchi procedure and, 
therefore, pulmonary patch plasty was performed 
two years after the first operation. The most recent 

echocardiographic evaluations showed mild mitral 
valve regurgitation in six patients and moderate 
regurgitation in one. With the exception of the patient 
who died, 12 patients were categorized as New York 
Heart Association (NHYA) Class I at the postoperative 
follow-up examination. One ALCAPA patient who 
required reoperation due to pulmonary stenosis was 
categorized as NYHA Class II. The surgical and 
follow-up data are presented in Table 2.

DISCUSSION
Anomalous origin coronary arteries from 

the pulmonary artery are life-threatening due to 
consequential conditions such as coronary ischemia, 
heart failure, and even sudden cardiac death.[5] Many 
infant patients present with symptoms of congestive 
heart failure. If not operated timely, the majority 
of these patients die within the first year of life.[6,7] 
In the present study, all patients diagnosed during 
infancy presented with heart failure symptoms. 
Approximately 10 to 15% of ALCAPA patients 
are diagnosed after infancy.[4] In our study, this 
rate was 25%. Thanks to recent advances in non-
invasive cardiac imaging, there has been a substantial 
increase in the number of adults diagnosed with the 
syndrome. Their survival is due to a large dominant 
RCA with extensive intercoronary collaterals, as 
well as a restrictive opening between ALCAPA and 

Table 2. Surgical and follow-up characteristics of ACAPA patients (n=14)

n Mean±SD Median Range
Surgical method

Direct re-implantation
Takeuchi repair

11
3

Concomitant mitral repair/replacement 5
Mortality 1
Follow-up EF 

At postoperative first month
At postoperative sixth month

60.7±6.2%
64.8±4.3%

52-71
58-72

Postoperative MR≥ moderate 2
Follow-up duration (month) 62 5-170
Reoperation 1
NHYA classification

I
II 
III 
IV

12
1

None
None

ACAPA: Anomalous origin of coronary artery from the pulmonary artery; SD: Standard deviation; 
EF: Ejection fraction; MR: Mitral regurgitation; NYHA: New York Heart Association.



25

Demir F, et al.
Anomalous origin of coronary arteries from the pulmonary artery

the pulmonary artery. With subclinical myocardial 
ischemia, these patients may remain asymptomatic 
until adulthood. However, when coronary steal 
syndrome occurs or collaterals are narrowed, these 
patients may show symptoms or sudden death.[8,9] 
Yau et al.[10] reported that 66% of 151 adult ALCAPA 
cases presented with symptoms of angina, shortness 
of breath or fatigue, 17% with arrhythmia, syncope 
or sudden death. In the current study, three of six 
patients diagnosed after infancy were symptomatic 
and three were asymptomatic.

While most patients with ARCAPA are 
asymptomatic, a minority may be symptomatic with 
symptoms of murmur, angina, shortness of breath 
on exertion, and congestive heart failure.[11,12] Some 
authors have attributed this to the lower oxygen 
demand of the right ventricle.[2] The detection of this 
anomaly is usually incidental. In the literature, only 
one case has been reported in which both RCA and 
Cx originated from the pulmonary artery.[13] In that 
case, left ventricular EF was normal, as in the current 
case. In two patients, ARCAPA was not suspected 
in the initial evaluations in this study. Coronary 
anomalies may have been overlooked, probably due 
to the lack of careful examination with more focus 
on existing cardiac pathologies. Williams et al.[2] 
reported that, of 70 patients described in published 
literature, 34 presented with a murmur. Anomalous 
right coronary artery origin from the pulmonary artery 
is associated with other congenital heart anomalies in 
about 35 to 50% of cases.[2] One of the current study 
cases had ASD and one had VSD.

Electrocardiogram in ALCAPA patients almost 
always shows evidence of anterolateral myocardial 
infarction in symptomatic patients. In patients with 
extensive collateral, there may be non-specific ECG 
changes. Rodriguez-Gonzalez et al.[14] conducted a 
study of 12 patients and reported that six had specific 
ECG changes compatible with lateral myocardial 
infarction. Electrocardiography in ARCAPA may be 
normal. In this study, the ECG examinations revealed 
anterolateral myocardial infarction in 10 ALCAPA 
patients.

Echocardiography is used as the first imaging 
modality in ACAPA patients. The anomalous exit 
origin of LCA from the pulmonary artery may not 
always be possible to demonstrate on echocardiography. 
Patel et al.[15] reported that the origins of the coronary 
arteries were clearly visualized in only 54% of cases. 
In this study, the origins of the abnormal coronary 
artery could be clearly demonstrated in 57% of 
the patients. Left ventricular systolic dysfunction 

and papillary muscle hyperechogenicity were 
identified as the most common echocardiographic 
findings in patients who were diagnosed during 
infancy, while in patients diagnosed after infancy, 
abundant intercoronary septal collaterals were the 
most prominent finding. The same findings have 
been shown in previous studies.[4,16] Anomalous left 
coronary artery origin from the pulmonary artery 
has a higher rate of false initial diagnosis.[17,18] There 
are few reports of cases in which ALCAPA was 
misdiagnosed as cardiomyopathy.[19] A false-negative 
finding of ALCAPA was also described by Patel et 
al.[15] In the present study, one patient with ALCAPA 
and two with ARCAPA were diagnosed with normal 
coronary artery patterns in the initial examination. 
One patient with ALCAPA was previously operated at 
an external center for severe mitral regurgitation, and 
the anomalous LCA was unable to be detected. False-
negative misdiagnoses in the first examination were 
made at a rate of 21% in the current study. However, 
considering the subsequent follow-ups, a diagnosis 
could be made from echocardiography in all cases.

Most recent literature supports the accuracy 
of echocardiography, but usually, the diagnosis 
is confirmed by angiography and/or computed 
tomography (CT) and magnetic resonance imaging 
(MRI).[14,15,18-22] Of note, a poor acoustic image 
window may be a limitation for echocardiographic 
evaluation. Invasive coronary angiography remains 
the gold standard for ALCAPA diagnosis.[20] If 
selective coronary angiography is not performed, 
the diagnosis may be sometimes overlooked, as in 
Patient No. 7. Coronary angiography is not usually 
required currently; however, it is usually reserved for 
questionable cases. The CT or MRI imaging is usually 
preferred, particularly CT, as it is less invasive and 
highly accurate in coronary imaging.

Mitral regurgitation in ALCAPA can be 
functional, secondary to a dilated left ventricle or 
the result of papillary muscle ischemia and fibrosis. 
An intervention to the mitral valve during the first 
surgery in patients who are symptomatic during 
infancy is usually not recommended, as postoperative 
ventricular remodeling and mitral regurgitation are 
likely to improve with reperfusion.[23,24] Kanoh et 
al.[25] performed concomitant mitral annuloplasty 
in approximately 80% of ALCAPA patients with 
moderate-to-severe mitral insufficiency. In the 
present study, five ALCAPA patients needed mitral 
valve repair. A 13-year-old boy (Patient No. 3) 
with previous mitral valve repair underwent mitral 
valve replacement. During follow-up, four of these 
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patients had mild mitral insufficiency, while one 
did not.

The prognosis of ACAPA depends on early 
diagnosis and successful cardiac surgery. Surgery is 
the only definitive treatment for ALCAPA, even in 
asymptomatic patients. Different surgical techniques 
have been employed including ligation of the LCA and 
coronary artery bypass grafting, re-implantation of the 
LCA to the aorta, and the Takeuchi procedure, which 
involves using an aortopulmonary window to create an 
intrapulmonary tunnel to connect the anomalous ostium 
to the aorta.[25-27] Ligation of RCA or LCA condemns 
the patient to a single coronary system, which can 
be considered inappropriate for the life expectancy 
for pediatric patients. The preferred method is direct 
re-implantation of the LCA to the aorta. If direct 
re-implantation is not possible, Takeuchi repair can be 
performed. In this study, two of the three patients who 
underwent Takeuchi repair were in the first 10 years 
of our experience. In the third patient in whom the 
Takeuchi procedure was performed, the LCA arose 
far from the aorta. Cardiac function improvements 
have been reported to be more prominent in patients 
diagnosed during infancy, as the reversibility of the 
constrictive myocardium after revascularization is 
higher than in adults.[24-26,29] It has been reported that 
adult patients experience more frequent cardiovascular 
events after surgical correction due to preoperative 
long-term cardiac ischemia.[25]

 Overall mortality after dual coronary system 
repair has been reported from several patient series, 
ranging from 0 to 17%.[30,31] In the present study, 
the mortality rate in the ALCAPA group was 8.3%. 
Different degrees of pulmonary stenosis can be 
found after Takeuchi repair. In the current study, 
one ALCAPA patient with Takeuchi repair required 
reoperation due to severe pulmonary stenosis. 
Regardless of the technique applied, during the 
follow-up period, all surviving patients had well-
preserved heart function.

As adverse outcomes including the increased 
risk for myocardial infarction and sudden cardiac 
death have been described in ARCAPA patients 
regardless of previous symptoms, surgical correction 
is recommended whenever this anomaly is diagnosed. 
In patients diagnosed incidentally, elective repair is 
mostly advocated to avoid development of cardiac 
dysfunction associated with the systemic to pulmonary 
shunt, as well as to establish a dusal coronary artery 
system. A review of published ARCAPA cases 
confirmed that this approach was adopted in almost 
90% of asymptomatic patients.[32] Surgical correction 

of ARCAPA is associated with low operative mortality 
rates, ranging from 2 to 3%.[4,33]

Nonetheless, this study has certain limitations 
inherent to the retrospective design and small sample 
size. The fact that different surgeons performed these 
surgeries over a period of approximately 30 years, and 
the developments in different surgical techniques and 
perioperative care techniques at different times are 
among the limitations. Postoperative left ventricular 
systolic function was within a normal range almost in 
all ACAPA patients. However, there was no evaluation 
of the postoperative condition of myocardial damage 
as a consequence of long-term preoperative chronic 
ischemia, which causes cardiovascular events and 
cardiac dysfunction after revascularization.

In conclusion, different clinical conditions, 
postoperative course, long-term complications, 
difficulties in diagnosis are discussed in this study. 
Moreover, an unusual case is presented of isolated 
anomalous origin of both the right coronary artery 
and circumflex artery from the pulmonary artery. 
Our study results show that patients with anomalous 
origin of coronary arteries from the pulmonary 
artery who survive the perioperative period have 
a good prognosis. Although anomalous origin of 
coronary arteries from the pulmonary artery is a 
rare congenital abnormality, clinicians should pay 
attention to patients with coronary artery enlargement, 
interventricular coronary interaction, retrograde flow 
in the left or right coronary artery, and papillary 
muscle hyperechogenicity in anomalous left coronary 
artery origin from the pulmonary artery should raise 
suspicion of anomalous origin of coronary arteries 
from the pulmonary artery which can be confirmed by 
other diagnostic modalities. Anomalous left coronary 
artery origin from the pulmonary artery should be 
also excluded in patients with mitral regurgitation and 
dilated cardiomyopathy in infancy. Aortic implantation 
can be performed in almost all patients. If required, 
concomitant mitral valve repair can be also performed 
during surgery.
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