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Summary: Anomalous origin of the right coronary artery 
(ARCA) from the main pulmonary artery (MPA) is a rare con- 
genital anomaly, with only 18 reported cases in the pediatric 
age group. More than half of these had associated cardiac 
anomalies that masked the presence of ARCA. Conversely, in 
many patients with ARCA as an isolated anomaly, the diagno- 
sis has been missed during lifetime. The only patient with an 
isolated ARCA who was diagnosed in infancy presented with 
congestive heart failure. Asymptomatic infants with ARCA 
from the MPA have not been previously reported. Three addi- 
tional cases, two infants and a child with ARCA from the 
MPA, are reported in this paper. The diagnostic dilemmas and 
the prognosis are discussed and management is recommended. 
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defect in 2; tetralogy of Fallot in 2; and ventricular septal de- 
fect, patent ductus arteriosus. and pulmonic stenosis each in 1 
patient. Of the eight patients in whom ARCA was an isolated 
anomaly, one presented with congestive heart failure, four 
were asymptomatic but had heart murmurs considered sig- 
nificant, and three were diagnosed at autopsy. Four of the pa- 
tients were diagnosed in infancy and three of these had addi- 
tional cardiac anomalies.”-l I The only patient with an isolated 
ARCA who was diagnosed in infancy presented with conges- 
tive heart failure.12 No patients with ARCA from the MPA 
who were asymptomatic were previously diagnosed in infan- 
cy. In this paper, three additional cases, two infants and one 
child with isolated ARCA from the MPA, are reported. All 
three were asymptomatic and were diagnosed by two-dimen- 
sional echocardiography and Doppler studies. Their manage- 
ment is discussed and a review of the literature is presented. 

Case No. I 
Introduction 

Anomalous origin of the right coronary artery (ARCA) 
from the main pulmonary artery (MPA) is a rare congenital 
anomaly first reported by Brooks I as an incidental autopsy 
finding. Overall, 52 such cases have been reported in the liter- 
ature,l-x but only 18 were reported in the pediatric age group 
(< 18 years). In this group, 10 patients had associated cardiac 
defects, including aortopulmonary window in 5; atrial septal 
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A 9-month-old African American girl was referred for eval- 
uation of a heart murmur. Birth and subsequent history were 
unremarkable, and she has been asymptomatic regarding her 
cardiovascular system. 

On physical examination, weight was 7.5 kg (5th percent- 
ile), height was 71 cm (25th percentile), heart sounds were 
normal, and there was a grade 11-III/VI continuous murmur 
at the left upper sternal border. The rest of the cardiovascu- 
lar examination was normal. The electrocardiogram (ECG) 
showed a QRS axis of 80°, deep Q waves of 4-8 mm in leads 
11,111, and aVF, but the width of the Q waves was only 1 mm. 
There was mild left ventricular hypertrophy by voltage cri- 
teria. The two-dimensional (2-D) echocardiogram showed a 
right coronary artery (RCA) in direct communication with the 
MPA (Fig. 1). The RCA was uniformly dilated and tortuous, 
and Doppler study showed diastolic reversal in the descend- 
ing abdominal aorta. Color Doppler showed retrograde flow 
from the RCA into the MPA (Fig. 2). Cardiac catheterization 
and angiography demonstrated anomalous origin of the RCA 
from the MPA (Fig. 3) with a significant oxygen step-up in 
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FIG. 1 Two-dimensional echocardiographic study, parasternal short 
axis view: Note the direct communication ofthe RCA with the MPA. 
Ao = aorta. RCA = right coronary artery, MPA = main pulmonary 
artery, RPA =right pulmonary artery, LPA = left pulmonary artery. 

the MPA compatible with a Qp/Qs ratio of 1.9 to 1.0. Pulmon- 
ary artery pressure was normal. The infant was submitted for 
surgery during which the RCA was transsected from the 
MPA and reimplanted into the ascending aorta. A select an- 
giogram of the RCA 1 year after surgery showed unobstruct- 
ed tlow in the transplanted coronary artery (Fig. 4). Follow-up 
period was 5 years and 10 months, and the patient has re- 
mained asymptomatic. 

Case No. 2 

A 7-month-old African American boy with a history of 
obstructive sleep apnea was referred for an echocardiograph- 
ic Doppler study to evaluate the presence of pulmonary artery 
hypertension. Prenatal history indicated maternal diabetes 
inellitus and hypertension. The infant was born pre- 
maturely at a gestational age of 36 weeks because of maternal 
preeclampsia. 

Past medical history was otherwise unremarkable, and the 
infant was asymptomatic regarding the cardiovascular system. 

Physical examination was unremarkable: weight was 11 
kg, height was 80 cm, both at the 25-50th percentile. Cardio- 
vascular examination showed a faint grade I/VI systolic ejec- 
tion murmur at the left upper sternal border. The ECG and the 
chest x-ray were normal. 

The 2-D echocardiogram, Doppler study, and angiography 
showed pictures similar to those of Patient No. 1,  but the RCA 
was less dilated and the left-to-right shunt was smaller. 

Surgery was performed similar to that in Patient No. 1. The 
postoperative course was unremarkable and during a follow- 
up period of 4 years and 5 months the patient has remained 
asymptomatic. 

FIG. 2 Color Doppler study of the same view as in Figure I .  Legend 
as in Figure I .  Note retrograde flow from RCA into MPA. 

Case No. 3 

A 5-year-old African American girl was referred for evalu- 
ation of a heart murmur. She had been asymptomatic regard- 
ing her cardiovascular system. 

On physical examination, weight and height were both at 
the 90th percentile. There was a grade II/VI soft systolic ejec- 

FIG. 3 Left ventricular angiogram. Contrast has mostly cleared 
from left coronary artery. Note large and tortuous RCA seen entering 
MPA. Arrow indicates MPA. Arrow head shows RCA. LV = left 
ventricle. Other abbreviations as in Figure I .  
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FIG. 4 Selective right coronary artery (RCA) angiogram. Note the 
origin of the reimplanted RCA into the ascending aorta. The RCA is 
less dilated and less tortuous I year after reimplantation. 

tion murmur best heard at the left upper sternal border. The 
rest of the cardiovascular examination was normal. 

The ECG and the chest x-ray were normal. The 2-D echo- 
cardiogram and the angiogram were similar to those of the 
previous two patients. There was a small oxygen step-up in the 
MPA compatible with a Qp/Qs ratio of 1.3 to 1 .O, and pulmon- 
ary artery pressures were normal. Cardiac surgery was per- 
formed similar to the previously described patients. The post- 
operative course was unremarkable. Follow-up period was 2 
years and 8 months, and the patient has been asymptomatic. 

Discussion 

Many congenital cardiac anomalies are associated with ab- 
normalities of coronary artery origin. Most of these, however, 
are of abnormal origin of a coronary artery from the aorta.13 
Anomalous origin of the RCA from the MPA is a rare congen- 
ital anomaly, but since many patients reported in the literature, 
as well as the three patients reported in this paper, are asymp- 
tomatic and their murmurs are inconspicuous, the true inci- 
dence of this anomaly is not known. The fact that all three pa- 
tients were diagnosed within a 3-year period in a modest size 
program such as ours may be a coincidence, but may also in- 
dicate a higher incidence than that previously reported. 

Among the 18 pediatric patients, the incidence of associat- 
ed cardiac anomalies was 67% and included a wide spectrum 
of anomalies. However, 5 of the 1 2 associated anomalies were 
aortopulmonary windows. It is difficult to explain a common 
embryologic defect for both ARCA and aortopulmonary win- 
dow. A defect in truncal septation has been previously pro- 

posed, but is unlikely as truncal septation occurs before the ap- 
pearance of coronary 0rifi~es.I~ Another theory for this asso- 
ciation is the development of accessory coronary orifices, of 
which two become prominent. However, Bogers et aLi5 have 
shown that the setting of the coronary orifices is determined by 
the epicardial coronary network and that the coronaries grow 
into rather than out of the aorta. 

The diagnosis of ARCA from the MPA in all pediatric and 
adult patients was established during cardiac catheterization 
performed primarily for the associated lesions, or intraopera- 
tively as part of the complete surgical repair. Most patients 
with isolated ARCA from the MPA were also diagnosed by 
cardiac catheterization performed to evaluate either a contin- 
uous heart murmur with or without cardiomegaly” R l  

or unexplained congestive heart failure.5. I * *  17.20 In the adult 
patients, angiography was most commonly performed be- 
cause of angina and suspected atheromatous coronary artery 
d i s e a ~ e . ~ , ~ ,  l8 Although the diagnosis of the three patients in 
this report was established by 2-D echocardiography and 
Doppler studies, we performed a cardiac catheterization and 
angiography in order to visualize the entire length and the ex- 
tent of tortuosity of the RCA, assess the degree of shunting, 
and measure pulmonary artery pressure. It is quite likely that 
with increasing experience with this anomaly, the diagnosis 
by echocardiography and Doppler studies may suffice for a 
complete anatomic evaluation and surgery. 

The three patients described in this paper highlight a con- 
siderable diagnostic dilemma as they were all asymptomatic, 
and the murmurs, at least in Patients No. 2 and 3 ,  were incon- 
spicuous and could have passed as a functional heart murmur 
of the pulmonary ejection type. The question can be raised 
whether all patients with such a murmur should have echo- 
cardiographic and Doppler studies to identify the few with 
ARCA from the MPA. This may not be cost effective, but it is 
important to identify these patients and to intervene surgical- 
ly. Patient #I in this report had a significant left-to-right shunt, 
and the indications for surgery are clear. One might argue 
about the indications as well as the timing of surgery in the 
other two patients who did not have large shunts and were 
asymptomatic. We recommended surgery for several reasons. 
First, with time and the patient’s growth, the coronary arteries 
may continue to dilate and eventually increase in size, result- 
ing in a larger shunt. Second, although some patients are 
asymptomatic, others may develop myocardial ischemia and 
sudden death. Wald et a/. l 8  reported a 17-year-old boy with 
this anomaly and ECG changes of myocardial ischemia who 
eventually died suddenly. Lerberg et d . * I  described a 2-year- 
old boy who was found dead in his crib, as well as two addi- 
tional patients: an 1 I-year-old girl and a 72-year-old man who 
sustained a cardiac arrest. In all three cases, ARCA from the 
MPA was the only cardiovascular abnormality found at au- 
topsy. Autopsy findings from other patients with ARCA who 
died suddenly showed no significant abnormal changes in the 
right ventricle, but left ventricular myocardium showed wide- 
spread pathologic findings including fibroelastosis,I8. ** is- 
chemia,14. 18,21 and infarction.” I 8  The underlying pathophysi- 
ology for these changes is considered to be the left-to-right 
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shunt. which causes a steal from the left coronary artery into 
the pulmonary artery due to the low resistance in the latter. 
Finally. it is reasonable to assume that with advancing age and 
the development of atherosclerosis the patients will benefit 
more from a two-coronary artery system than from one. 
Therefore, we recommended transplanting the ARCA from 
the MPA to the ascending aorta at the time the diagnosis is 
made, as previously recommended by Tingelstad eta/." This 
will prevent the steal from the RCA with its deleterious con- 
sequences and establish a two-coronary artery system. Since 
significant experiences with coronary artery surgery in infants 
have been accumulated following the arterial switch opera- 
tion for transposition of the great arteries, this surgical proce- 
dure carries a low risk and we recommend early surgical in- 
tervention even when patients are asymptomatic. The 
reimplanted RCA (Fig. 4) is considerably smaller and less 
tortuous compared with the same ARCA before surgery (Fig. 
3). Although this artery is patent 1 year after surgery, long- 
term follow-up will determine the incidence of possible 
stenosis in the reimplanted vessel. 
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