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ABSTRACT

Introduction: The coronary arteries, which have to origi-
nate from the aorta, may sometimes rise from the pulmonary
artery. This study evaluated clinical and diagnostic findings,
treatment methods, and follow up of cases with anomalous
coronary arteries arising from the pulmonary artery.

Patients and methods: Eight patients with the diagnosis
of anomalous left coronary artery from the pulmonary artery
(ALCAPA) (N = 6) and anomalous right coronary artery from
the pulmonary artery (ARCAPA) (N = 2), between January
2014 and January 2020 from a single center university hos-
pital, were included in the study. Data from patients’ demo-
graphic characteristics, electrocardiography, echocardiogra-
phy, angiographic findings, operation, hospitalization, and
follow up were evaluated.

Results: The study included eight patients (six females
and two males) — six patients with ALCAPA and two with
ARCAPA. The ages of the patients ranged between 3-135
(average: 53.25) months. The median body weight was calcu-
lated as 17.4 kg. Severe mitral valve insufficiency was detected
in two patients and two other patients had a moderate degree
of mitral insufficiency on echocardiography. Ejection frac-
tions ranged between 16-74%. One patient had perimembra-
nous malalignment large ventricular septal defect with pulmo-
nary stenosis. Operative techniques were Takeuchi procedure
(three patients), direct implantation (four patients), and left
internal thoracic artery to left main coronary artery bypass
(one patient). Mechanical cardiac support was not required
in the postoperative period. Mortality did not occur. Mitral
insufficiency and ejection fractions improved following cor-
rection of the coronary anatomy.

Conclusion: It is important to diagnose the ALCAPA
or ARCAPA, where the coronary artery originates from the
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pulmonary artery. Patients should be treated before conges-
tive heart failure and fatal complications occur. Surgical cor-
rection should be planned regardless of symptom status, even
though some of patients reach adulthood with an increased
number of collaterals.

INTRODUCTION

The coronary arteries, which have to originate from
the aorta, may sometimes rise from the pulmonary artery.
Four different variations have been reported for coronary
arteries originating from the pulmonary artery. The most
common type is ALCAPA, which is defined as the origin of
the left coronary artery from the pulmonary artery, and more
rarely, ARCAPA, which is defined as the origin of the right

Figure 1. Coronary angiography image of anomalous left coronary artery
from the pulmonary artery. Image shows the left coronary artery retro-
grade filling when the contrast is injected from the right coronary ostium.
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Table 1. Demographic and preoperative features of the patients

Age Sex Weight Preoperative Diagnosis and ECHO ECG

10M F 28kg, 133cm ARCAPA, EF 60%, MVI none, LVEDd 41 mm, Z score (0.74), PH none Regular

3M M 6 kg, 60cm ALCAPA, DCMP, EF 16%, Medium MVI, LVEDd 47 mm, Z score (12,2), PH none D1 aVL, V1-4 T negative
37M F 13kg, 92 cm ALCAPA, EF 55%, MVI none, LVEDd 39mm, Z score (3), PH mild Regular

50M F 15kg, 100 cm ALCAPA, EF 50%, MVI severe, LVEDd 41 mm, Z score (3.3), PH none Regular

M F 8.5kg, 73 cm ALCAPA, VSD (Perimemb malalig), PS (90 mmHG grad), EF 35%, Minimal MVI, LVEDd 42mm, Z Regular

score (6.0), PH none

64M F 21 kg, 112 cm ALCAPA, EF 63%, Severe MVI, LVEDd 44mm, Z score (2.65), PH none Regular

135M F 38kg, 145 cm ALCAPA, EF 74%, Mid MVI, LVEDd 40 mm, Z score (0.55), PH none D1 aVL, V1-4 T negative
15M M 10kg, 66 cm ARCAPA, EF 66%, MVI none, LVEDd 31 mm, Z score 4.11, PH none Regular

ALCAPA, anomalous left coronary artery from the pulmonary artery; ARCAPA, anomalous right coronary artery from the pulmonary artery; F, female; M,
male; kg, kilogram; cm, centimeter, EF, ejection fraction; DCMP, dilated cardiomyopathy; LVEDd, left ventricular end diastolic diameter; MVI, mitral valve

insufficiency; VSD, ventricular septal defect; ECG, electrocardiography; PH, pulmonary hypertension

coronary artery from the pulmonary artery. Less common
than ALCAPA and ARCAPA are the cases that accessory cor-
onary arteries and all coronary blood supply originate from
the pulmonary artery [Koestenberger 2007].

ALCAPA was first described in 1933. It occurs quite rarely
and forms 1/200 of all congenital heart anomalies. Although
it is more common in males, it is seen with an average fre-
quency of 1/300000 [Friedman 2010]. Myocardial infarction
during the course of ALCAPA may result in heart failure and
sudden death [Sato 2013]. It occurs in the first 6 months of life
with a decrease in pulmonary vascular resistance and associ-
ated decrease in coronary artery flow. In cases where coronary
artery collaterals develop well, patients may be asymptomatic
until adulthood. The mortality of ALCAPA is quite high,
and 90% of untreated cases die within the first year of life
due to congestive heart failure and dilated cardiomyopathy
[Kristensen 2008]. ARCAPA has a prevalence of 1/500 and
often can remain asymptomatic. It is more difficult to gauge
the true prevalence of cases with isolated ARCAPA, as diag-
nosis is difficult due to the lack of symptoms. Patients with
isolated ARCAPA are incidentally diagnosed with angiogra-
phy that is performed for other reasons [Guenther 2020].

Surgical correction is strongly recommended even if the
patient is asymptomatic. Patients diagnosed with ALCAPA
carry a risk of coronary ischemia, heart failure, and sudden
cardiac death [Zheng 2010]. Patients with associated cardiac
anomalies are diagnosed early in life, when compared with
the patients with isolated ARCAPA. Those without associated
cardiac defects may present with a heart murmur, congestive
symptoms, and sudden cardiac death or may remain asymp-
tomatic. Detection of ARCAPA, during coronary angiogra-
phy evaluation, generally is random for other problems, such
as chest pain [Gupta 2012]. Normally, there is a retrograde
flow in the anomalous artery, due to the pressure difference
between systemic and pulmonary circulation leading to inter-
coronary steal phenomena. Any increase in oxygen demand
leads to depletion of the physiological reserve that causes
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ischemia, infarction, and sudden cardiac arrest [Parasramka
2011]. Sudden cardiac death occurs due to the right coronary
artery originating from the pulmonary trunk, and therefore
a corrective operation is recommended regardless of the
symptom condition [Balakrishna 2017]. The most preferred
surgical strategies are Takeuchi operation (intrapulmonary
compartment) and direct re-implantation of the left main
coronary artery (LMCA) onto the aortic root [Ceylan 2013].
Bypass with the internal thoracic arteries may be preferred for
patients who can reach adulthood.

In this report, we present our experiences with anomalous
coronary arteries originating from the pulmonary artery.

PATIENTS AND METHODS

Eight patients with the diagnosis of ALCAPA (N = 6) and
ARCAPA (N = 2), between January 2014 and January 2020
in a single center university hospital, were included in the
study (Figure 1). The patients were investigated retrospec-
tively. Before the procedure, the entire coronary anatomy and
cardiac structures were examined in detail with echocardiog-
raphy (ECHO), cardiac catheterization, and/or cardiac com-
puterized tomography angiography. Patients with anomalous
coronary arteries were evaluated with electrocardiography
for pathological Q waves at D1, AVL, and V4-V6 and the
presence of an inverted T wave. Symptoms of the patients
included fatigue, exercise intolerance, and sweating. Feeding
difficulties were observed in the early infancy period.

All patients underwent surgical treatment. The preferred
surgical techniques were: Takeuchi procedure for patients
during the infancy period or when the coronary artery aris-
ing from the pulmonary artery was remoted from the aorta;
direct implantation technique, if possible; or a bypass using
the internal thoracic artery. The surgical technique involv-
ing the use of the saphenous vein between the left ante-
rior descending artery and the aorta was not preferred due
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Figure 2. A, and B, Computerized tomography angiography of a patient
with ALCAPA.

to need for reoperation secondary to intimal hyperplasia
or atherosclerosis.

Statistical analysis: Statistical analysis was not performed
due to the small sample size. Discrete data were expressed
in frequencies and percentages. Continuous variables were
expressed as mean + SD and as counts for categorical vari-
ables. Analysis of the data and calculations were performed
using SPSS 18.0 (Package for Social Sciences Inc., Chicago,
IL, US) computer software.

RESULTS

Clinical findings: Six ALCAPA and two ARCAPA cases
were included in the study. There was one boy and five girls
in the ALCAPA group. The ARCAPA group included one
boy and one girl. The ages of the patients ranged between
3-135 (average: 53.25) months. The median body weight was
calculated as 17.4 (average: 6-38) kg.

While four of six patients with ALCAPA had varying
degrees of left ventricular dilatation and dysfunction, one
patient had dilated cardiomyopathy with an ejection frac-
tion (EF) of 16% at the preoperative ECHO. The mean
preoperative EF was 52.38 + 6.63% (median: 57.5%, range:
16-74%). There was mild pulmonary hypertension in one
patient. The mean preoperative left ventricular end diastolic
diameter and Z scores were 40.6 = 1.63 (median: 41mm,
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Figure 3. Takeuchi procedure, the pericardial tunnel prepared for the
left coronary artery.

range: 38-47mm) and 4.07 = 1.31 (median: 3.15, range: 0.55-
12.2), respectively.

Severe mitral valve insufficiency was detected in two
patients and two other patients had a moderate degree of
mitral insufficiency on ECHO. One patient had perimem-
branous malalignment large ventricular septal defect with
pulmonary stenosis (gradient: 90mmHg). There was nega-
tive T waves on the electrocardiograms of two patients at
the leads D1, aVL, and V1-4. Coronary angiography was
performed in four cases (Figure 1). Computerized tomog-
raphy angiography was performed in four cases (Figures 2A
and 2B).

The demographic feaures and preoperative findings of the
patients are presented on Table 1.

Surgical treatment: Operative techniques were Takeuchi
procedure (Figure 3) in three cases, including the vetricu-
lar septal defect closure and right ventricular outflow tract
reconstruction in one, direct implantation (Figure 4) of two
ALCAPAs and two ARCAPAs and left internal thoracic
artery to left main coronary artery bypass (Figure 5) [Ata
2019], in one case. Mean cross-clamp and cardiopulmonary
bypass times were 99.75 + 9.43 minutes (median:100.5, range:
62-142minutes) and 139.88 + minutes (median 134.5, range:
85-181 minutes). Mitral insufficiency did not interfere in any
of the patients.

Follow up: The follow-up periods were divided into early,
medium, and long-term. The early period included the oper-
ative and postoperative course until discharge from the hos-
pital. Midterm follow up was accepted as the first 1-month
period, and long-term follow up was accepted beyond the
first 6 months. The patients were followed up a mean of
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Figure 4. Coronary artery ostium prepared for direct implantation.

44.75 + 8.65 (median: 39.5 range: 7-79 ) months. Mortality
did not occur.

All patients were transferred to the pediatric section of the
intensive care unit of cardiovascular surgery, while still intu-
bated on mechanical ventilation. Mean duration of mechani-
cal ventilation was 13.88 + 1.77 hours (median: 12, range:
8-24 hours). Patients were discharged from the intensive care
unit at a mean 36.75 = 7.42 hours (median: 36, range 14-84
hours), and mean length of hospital stay was 10.25 + 3.16 days
(median 5.5, range: 5-29 days). The patient with ventricular
septal defect and pulmonary stenosis, who underwent com-
plete repair, was readmitted to the intensive care unit due to
food aspiration at the ward follow up on the fifth postoperative
day. The patient was intubated and followed on mechanical
ventilation for 27 days. A tracheostomy was executed for the
patient, and she was discharged home with neurologic sequela
after 29 days with tracheostomy and home ventilator support.

The main reasons of mortality in this particular patient
population are low cardiac output and ventricular arrhyth-
mias. Advanced life-support systems to reduce mortality are
proposed in the literature to prevent mortality [Jian-Yong
2010]. Postoperative left ventricular functions were not worse
than preoperative measurements in our patients; therefore,
extracorporeal membrane oxygenation (ECMO) support was
not required in our cases. Although ECMO was readily avail-
able for the patient with severely decompressed systolic dys-
function (EF:16%), it was not required as the patient could
be weaned off cardiopulmonary bypass easily and successtully.

Early ECHO controls showed improved mitral valve insuf-
ficiency. The mean EF was measured at 58.6 + 2.83% (median:
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Figure 5. Bypass with the left internal thoracic artery.

60%, range: 50-70%). The EF of ALCAPA case with dilated car-
diomyopathy increased to 50% in the first month control ECHO.

In the long run, trivial mitral regurgitation was observed
at the 6th month ECHO control of only one patient. The left
ventricular systolic functions recovered in all with a mean EF
of 69.1 +2.31% (median: 68.5 %, range: 60-81%). All patients
were followed up with no symptoms, active, and within normal
limits of growth. The patient sent home with a tracheostomy
cannula and home ventilator was weaned off the mechanical
ventilator and the tracheostomy cannula at the 13th month.
Although she improved, she still receives physiotherapy.

Heparinization routinely was administered in the postop-
erative period of all patients. Standard heparin at 100 unit/
kg was prescribed in the first two days of the operation.
After two days, the patients received 0.5 mg/kg/dose low-
molecular-weight heparin twice daily. At discharge, 5 mg/kg
acetylsalycylic acid was given to the patients.

Operative characteristics of the patients, operation tech-
niques, and follow-up ECHO features are presented on Table 2.

The pulmonary artery and aortic pressures are similar
during fetal life. The symptoms of patients with abnormal
coronary originating from the pulmonary artery start after
birth, with decreasing pulmonary vascular resistance. Hence,
early after birth, retrograde flows toward the pulmonary
artery affects the physiologic coronary blood flow. Secondary
coronary steal signs and symptoms of coronary ischemia may
occur [Matherne 2008]. Depending on the symptoms, such
as congestive heart failure, diagnosis is possible in the first
year of life when investigating the baby for irritability, fatigue,
inability to feed, sweating, and tachypnea. In rare cases where
coronary collaterals develop well [Conkbayir 2019], patients
may grow asymptomatic; however, these patients may experi-
ence sudden death in adulthood [Jian-Yong 2010]. In cases
that cannot be diagnosed, any increase in oxygen demand
in the early infantile period causes depletion of the physi-
ological reserve and this causes myocardial infarction, lead-
ing to ischemia or sudden cardiac arrest [Guzeltas 2017].
Subendocardial infarcts and ischemia of papillary muscles due
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Table 2. Operative characteristics of the patients, the operative techniques, follow-up echocardiography results at the 1st and 6th

months.

CPB Cross-Clamp Postoperative 1 Month Postoperative 6
Preoperative Diagnosis Procedure time Time MV Time  Hospitalization ECHO Month ECHO
ARCAPA Direct implantation 85 min 62 min 8 hours 5 days EF 60%, Minimal, AR EF 60%, None valve

pathology

ALCAPA, DCMP, Mid MVI Direct implantation 165 min 100 min 17 hours 19 days EF 50%, Mid MVI EF 81%, Minimal MVI
ALCAPA Direct implantation 137 min 68 min 12 hours 5 days EF 60%, MVI None EF 65%, MVI None
ALCAPA, Severe MVI Takeuchi procedure 125 min 91 min 12 hours 6 days EF 50%, Mid MVI EF 70%, MVI None
ALCAPA, VSD, PS Takeuchi procedure 174 min 124 min 16 hours 29 days EF 50%, Min MVI EF 67%, MVI None
ALCAPA, Severe MVI Takeuchi procedure 181 min 142 min 10 hours 5 days EF 61%, Min MVI, MVP EF 65%, MVP
ALCAPA, Mid MVI LIMA-LMCA bypass 132 min 10 min 12 hours 5 days EF 70%, Min MVI EF 70%, MVI None
ARCAPA Direct implantation 120 min 101 min 24 hours 8 days EF 68%, MVI None EF 75%, MVI None

ALCAPA, anomalous left coronary artery from the pulmonary artery; ARCAPA, anomalous right coronary artery from the pulmonary artery; CBP, cardiopul-

monary bypas; MV time, mechanical ventilation time; EF, ejection fraction; MVI, mitral valve insufficiency; AR, aortic regurgitation

to coronary ischemia may cause mitral valve insufficiency. It
has been shown that the establishment of physiological coro-
nary circulation without mitral valve repair leads to improved
left ventricular functions, regardless of age at the time of
repair and mitral regurgitation decreases over time in surviv-
ing patients [Yakut 2019; Georgiev 2012]. Our clinical experi-
ence provides an idea that mitral valve insufficiency caused by
subendorcardial ischemia resolves in a short period of time
postoperatively. When our patients were evaluated preopera-
tively with ECHO, we detected the consequences of chronic
ischemia. Four of six patients with ALCAPA had varying
degrees of left ventricular dilation and dysfunction. One of
these patients already had developed dilated cardiomypa-
thy, and the EF was measured as 16%. Severe mitral valve
insufficiency was detected in two patients; moderate mitral
valve insufficiency was detected in another two patients. We
observed striking improvement in mitral valve leak rates in
all patients with mitral regurgitation even at the 1st month
ECHO controls. Minimal mitral valve insufficiency was
detected in only one patient on the postoperative 6th month
ECHO. Left ventricular systolic functions returned to normal
in all patients. Patients were followed up with no symptoms,
active, and normal growth.

Although the coronary arteries originating from the pulmo-
nary artery is usually an isolated anomaly, the most common
cardiac defects are reported to be ALCAPA, ARCAPA, tetral-
ogy of Fallot, and aortopulmonary window. Other relatively
less common congenital cardiac disorders include aortic ste-
nosis, septal defects, and aortic coarctation [Su 2007]. In our
series, one patient had perimembranous malalignment ven-
tricular septal defect and infundibular pulmonary stenosis
accompanying the ALCAPA.

Cardiomegaly can be seen on the chest X-rays of patients
with ALCAPA and ARCAPA. Electrocardiography may be
normal in ALCAPA or signs of anterolateral ischemia/infarc-
tion may occur in leads D1, AVL and V4-V6. Pathological Q
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waves and reverse T waves can be seen in ARCAPA [Ceylan
2013]. Non-specific electrocardiography changes can be seen
in patients with well developed coronary collaterals [Zheng
2010]. In all cases with non-specific electrocardiography
changes, the possibility of coronary artery anomalies should
also be considered. T wave negativities were observed in D1
and aVL and V1-V4 in two patients in our study.

Abnormal origin of the coronary artery, enlargement of
the left heart structures, decrease in systolic functions and
mitral regurgitation and aneurysmatic expansion of the coro-
nary artery can be diagnosed with echocardiography. In addi-
tion, diastolic retrograde flow from the coronary artery to
the pulmonary artery can be observed by doppler evaluation
[Ghaderi 2014]. Cardiac computerized tomography, coronary
angiogram, and cardiovascular magnetic resonance imaging
provide detailed anatomical information about the origin,
course and relationship of the abnormal coronary artery with
other myocardial and cardiovascular structures [Pandey 2019].

Oxygen, diuretics, afterload-reducing agents, and inotro-
pic support are used for the treatment of congestive heart fail-
ure. With oxygen and drugs that reduce after-load, pulmonary
arterial pressure may decrease, which may increase coronary
retrograde flow and coronary ischemia findings in cases of
ALCAPA/ARCAPA pathologies. Medical management of the
patients with ALCAPA is challenging [Bonnemains 2010].
When patients with abnormal origin coronary artery are not
treated surgically, the pathology results in chronic myocardial
ischemia and sudden death may occur. Hence, it is recom-
mended to plan surgical treatment as soon as the condition is
diagnosed [Li 2020].

Various surgical techniques are explained for the treatment
of the pathology. The surgical ligation of the left coronary
artery with an aim to prevent coronary steal has historical
value, but is no longer used because of its high mortality
rates [Williams 2006]. The goals of surgical correction are
to eliminate the shunt from left to right and to ensure double
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coronary circulation. This prevents the potential risk of
myocardial ischemia caused by coronary steal phenomenon
[Alexi-Meskishvili 2011]. On the other hand, myocardial
protection during surgical treatment has utmost importance
[Ugurlucan 2020].

The technique known as Takeuchi procedure is usu-
ally executed in early childhood, where the flow between
ostium and aorta is provided by using an intrapulmonary
tunnel. Takeuchi procedure is the preferred technique when
the distance between the empty left aortic sinus and loca-
tion of the origin of the anomalous left coronary artery are
not suitable for button type anastomosis [Tsutsumi 2014]. It
was preferred in three of our cases in whom direct implan-
tation of the ALCAPA were found presumably challenging.
Complication rates, such as pulmonary artery stenosis and the
need for reoperation following the procedure, are common
with this technique [Ata 2019]. The most commonly used
technique is the directimplantation technique of the abnormal
coronary artery. The literature shows that direct reimplanta-
tion (coronary button technique) is independent of similar
survival and reoperation rates compared with the Takeuchi
procedure [Hoashi 2013]. The complication and mortality of
the reimplantation technique is low, and there are publica-
tions showing that long-term results are good [Naimo 2016].
Another surgical approach involves placing a saphenous vein
graft between the aorta and the distal coronary artery and
ligation of the proximal coronary artery ostium. In pediatric
patients, a saphenous vein is not preferred, due to diameter
mismatch and high risk of intimal hyperplasia and atheroscle-
rosis in the long run [Conkbayir 2019]. In adult patients, the
left internal thoracic artery can be preferred as a bypass graft
to the left anterior descending artery and the saphenous vein
to circumflex artery bypass, while an anostomosis that can be
performed between the left internal thoracic artery and left
main coronary artery can provide the most physiological flow
[Ata 2019]. The Takeuchi procedure was mostly preferred in
relatively younger age patients who did not have sufficient
coronary length for direct implantation in our series. Direct
implantation technique was the most commonly used tech-
nique in our series and applied in four cases with sufficient
coronary body length. In one relatively grown-up patient
with short coronary artery for reimplantation, the left inter-
nal thoracic artery to left main coronary artery bypass was
preferred. The patency rates and excellent growth potential
of the internal thoracic artery grafts in pediatric patients,
when used for coronary artery bypass procedures, have been
proven in the literature [Arnaz 2018].

Limitations: The major limitation of the study was the
small size of the cohort. Another limitation is the retrospec-
tive nature of the study.

The diagnosis of ALCAPA or ARCAPA may be chal-
lenging; however, early diagnosis of the pathology in which
the coronary artery originates from the pulmonary artery
has critical importance. Patients should be treated before

E70

congestive heart failure and fatal complications occur. Sur-
gical correction should be planned regardless of the symp-
tom status, even though some of patients reach the adulthood
with an increased number of collaterals. The defined surgical
interventions, including the internal mammary artery to left
main coronary artery anostomosis, as well as defined other
techniques, such as Takeuchi and direct implantation, will
provide physiologic coronary flow and longer-term survival.

In the current report, we aimed to present our modest
experience on anomalous coronary arteries arising from
the pulmonary artery in a context of variations and alterna-
tive surgical treatment techniques. Multicenter studies with
increased cohort sizes with long-term follow-up results of
applied surgical techniques are warranted in order to establish
a treatment protocol for this challenging pathology.
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