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Abstract
The experience with echocardiographic diagnosis of five cases of Anomalous Origin of the Left 
Coronary Artery from the Pulmonary Artery  (ALCAPA) is reviewed. Material and Methods. all cases 
with a diagnosis of ALCAPA during a 10 year period were included. Results. two age groups were 
clearly identified: infants and older patients. In the former, the echocardiographic findings included 
a dilated left ventricle with low ejection fraction (19% and 26%), mitral regurgitation, dilated right 
coronary artery and difficulties in identifying the origin of the left coronary artery. An 11-year-old 
asymptomatic boy, a 17-year-old young woman with dyspnea on effort and a 55-year-old woman 
with angina formed the older group. In these three cases, an abnormal upward flow was de-
tected within the ventricular septum related to the collaterals and the inverse flow of the anterior 
descending artery.  A reverse flow within the origin of the left coronary artery, probably related to 
an origin in the pulmonary artery, was observed. In all five cases the diagnosis was corroborated 
using selective right coronary artery angiography. Conclusions: In the infants, the dilated left ven-
tricle with impaired systolic function, mitral regurgitation and dilated right coronary artery make 
it necessary to discard the ALCAPA diagnosis. In the older group, even in asymptomatic patients, an 
abnormal ascending flow within the ventricular septum, combined with a dilated coronary artery, 
was the most reliable echocardiographic evidence for a diagnosis of ALCAPA. 
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Origen anómalo de la arteria coronaria izquierda de la arteria pulmonar. Diagnóstico
ecocardiográfico

Resumen
Se revisa la experiencia con el diagnóstico ecocardiográfico del origen anómalo de la arteria 
coronaria izquierda que nace en la arteria pulmonar (ALCAPA). Material y Métodos. Se inclu-
yeron todas las personas a quienes se les diagnosticó ALCAPA durante un periodo de 10 años. 
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Introduction
The anomalous origin of the left coronary artery from the 
pulmonary artery (ALCAPA), in contrast to the normal ori-
gin from the aorta, is the primary cause of myocardial 
ischemia in children. This fascinating congenital anomaly 
of the coronary arteries is characterized by cardiac failu-
re and cardiogenic shock in small children. The mortality 
rate in untreated infants is 90%. However, in older pa-
tients and even in adults, it could be asymptomatic or 
only a minimal murmur can be detected. In adults, su-
dden death and severe arrhythmias have been previously 
described.1 

ALCAPA was first described in 1886 by Brooks,2 then 
by Abbot in 1908,3 although a major interest emerged in 
this malformation arose in 1933, with the description of a 
girl with a myocardial infarction, corroborated in the au-
topsy findings, by Bland, Garland and White.4 Since then, 
many works have been published on improving diagnosis 
and treatment of this lesion.5-7 In this work, a 10 year 
experience of five cases with ALCAPA diagnosed by echo-
cardiography is reported.

Materials and methods
From July 1998 to June 2008, five cases with ALCAPA were 
diagnosed using echocardiography and corroborated with 
coronary artery angiography. There were two patients un-
der two years of age (three and 21 months old) and three 
patients  11, 17 and 55 years of age, respectively. In all 
cases, the clinical file, the echocardiogram and cardiac 
catheterization were retrospectively analyzed looking for 
the most notable echocardiographic findings.

Results
The ALCAPA defect constitutes approximately 0.35% of all 
congenital heart diseases in our unit. The five patients 
can be clearly classified into two groups: the infant group 
with evident cardiac failure and the older patients, two 
of them asymptomatic, and one with dyspnea and angina 
on effort. 

Infant group
It was interesting to see that the two infants were re-
ferred to our hospital with the diagnosis of dilated car-
diomiopathy and symptoms of heart failure. In both pa-
tients a systolic mitral murmur was heard and both had 
a marked cardiomegaly. The electrocardiogram revealed 
anterior necrosis in one patient and anterolateral in the 
other. A dilated left ventricle, low ejection fraction and 
mitral regurgitation was observed by echocardiography in 
both (Figure 1a). In both patients it brought to our atten-
tion the dilated right coronary artery and the difficulty in 
identifying the origin of the left coronary artery (Figure 
1b). The selective coronary artery angiogram revealed 
ALCAPA in both infants. 
The first case, a 21 month old infant, with 19% ejection 
fraction, a surgical transfer of the coronary artery to the 
aorta was attempted. This patient died in surgery. In the se-
cond case the direct reimplantation procedure was suc-
cessfully performed. Today, two years later, the patient is 
asymptomatic and the ejection fraction improved to 58% 
by echocardiography.

Older group
An asymptomatic 11 year-old male patient was referred 
to our unit for a grade I systolic cardiac murmur along the 
sternal border, when having a check-up, with no other 
findings during the physical exam. The electrocardiogram, 
chest x-ray and electrical stress test were normal. The 
echocardiogram revealed an abnormal ascending flow at 
the ventricular septum (Figure 2a). The right coronary ar-
tery was dilated and the origin of the left coronary appea-
red to be possibly at the pulmonary artery, with a backflow 
into the pulmonary artery. The selective angiography 
clearly demonstrated ALCAPA with evidence of filling of 
the left side from a wide number of septal collaterals 
and a discrete shunt of the pulmonary artery (Figure 2b). 
The left ventricular angiography showed this cavity with 
normal morphology, dimensions and mobility. The nuclear 
medicine stress test revealed  discrete anterolateral is-
chemia. In this patient it was decided to continue only with 

Resultados. Se definieron dos grupos, el grupo de lactantes y el de enfermos mayores. En 
el primer grupo, los datos ecocardiográficos fueron dilatación del ventrículo izquierdo con 
fracción de expulsión disminuida (19% y 26%), insuficiencia mitral, dilatación de la arteria 
coronaria derecha y dificultad para identificar el origen de la coronaria izquierda. En el grupo 
de enfermos mayores se estudió a un niño asintomático de 11 años, una mujer de 17 años con 
disnea de esfuerzo y otra mujer de 55 años con angina. En estos tres casos, se observó flujo 
ascendente anormal en el tabique interventricular, relacionado con el flujo inverso de la des-
cendente anterior a partir de colaterales, combinado con dilatación de la coronaria derecha. 
En todos los casos se corroboró el diagnóstico de ALCAPA mediante coronariografía selectiva. 
Conclusiones. En los lactantes, la observación ecocardiográfica de dilatación del ventrículo 
izquierdo con función sistólica disminuida e insuficiencia mitral y coronaria derecha dilatada 
obliga a verificar si el diagnóstico es ALCAPA. En los enfermos de mayor edad, aun en pacien-
tes asintomáticos, la observación de un flujo ascendente anormal en el tabique interventricular 
combinado con dilatación de la coronaria derecha fueron los datos característicos para diag-
nosticar ALCAPA.
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medical treatment; in the event of hemodynamic com-
promise or major ischemia a reimplantation procedure 
will be scheduled. Close follow-up has taken place, with 
check-ups every two months, for the last four years with all 
clinical, echocardiographic and nuclear medicine examina-
tions. The patient has shown normal growth and develop-
ment, remains asymptomatic, with no changes in the left 
ventricular dimension and with the same nuclear medicine 
stress test results.

A 17 year-old female was referred to our center for 
dyspnea. She had  normal ventricular functioning, but 
with an abnormal upward flow at the ventricular septum 
by echocardiography (Figures 3a and b). This finding, 
combined with the observation of a dilated origin of the 
right coronary artery, generated the suspicion of ALCA-
PA. Figure 4a, shows the suprasternal viewed at 45° from 
which it was evident that the left coronary originated 
from the pulmonary artery with reverse flow.

The selective right coronary angiography demonstra-
ted dilation of this vessel and a collateral circulation at 
the muscular septum level was observed, which filled the 
left system in a retrograde fashion with a discrete flow of 
the contrasting agent at the pulmonary artery from the 
origin of the left coronary (Figure 4b). Reimplantation 
surgery was refused by the patient’s parents.

Finally, case three is a 55-year-old female, referred 
for stress angina, who had an anterior ischemia diagno-
sed by electrocardiogram with a positive nuclear medici-
ne test, without necrosis and 60% ejection fraction. The 

Figure 1. Case 1: A 21-month-old infant. A. Apical four chamber 
view. The left chambers are dilated; mitral regurgitation is docu-
mented (arrows). B. Paraesternal short axis view. The right coro-
nary artery is dilated. Left coronary artery is not recognized. 

A
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Figure 2. Case 3: 11 year-old male. A. Apical four chamber view. 
An abnormal ascending flow (yellow) is observed within the ven-
tricular septum. B. The selective right coronary angiography de-
monstrated the dilation of this vessel and a collateral circulation 
at the muscular septum level was observed, which filled the left 
coronary system in a retrograde way. 

A

B

echocardiogram revealed an abnormal upward flow at the 
ventricular septum level with the left ventricle and right 
coronary artery slightly dilated. This patient was schedu-
led for coronary reimplantation, but did not show up for 
the surgery, claiming she felt well living in Veracruz, at 
sea level.

In the past 10 years, an additional adult was inco-
rrectly diagnosed with ALCAPA by echocardiography when 
observing a dilated right coronary artery and an abnormal 
flow on the pulmonary artery. No collateral circulation 
was observed at the septum. The selective coronariogra-
phy demonstrated that both coronary arteries originated 
normally, with a dilated fistula of the right coronary which 
ended into the pulmonary artery.

Discussion
ALCAPA is considered to be the most significant conge-
nital coronary artery anomaly due to its prognostic and 
therapeutic implications. The incidence of ALCAPA ranges 
from 0.25% to 0.50% of all congenital cardiac anomalies.8 
The clinical aspects clearly define two groups: the infant 
group, with severe cardiac failure, and the older group, 
frequently asymptomatic.9 The severity of ALCAPA forms a 
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continuous spectrum and it may be detected at any age. 
The early or late clinical expression reflects the number 
of collaterals that the patient developed to prevent ische-
mia and necrosis in the left ventricle. It is interesting to 
note that a small number of asymptomatic infants under 
two months of age have been reported. This is due to the 
fact that during the first few weeks of life, the pulmonary 
diastolic pressure is still high, allowing for the perfusion 
of the left ventricle with blood flowing through the left 
coronary from the pulmonary artery. The heart tolerates 
hypoxemia better than low perfusion. In this scenario it 
is relevant to note the reported case of the catastrophic 
consequences of ligation of a large arterial duct, which 
supports the pulmonary pressure in a patient with ALCA-
PA. This patient died after the surgical ligation of the ar-
terial conduct.10

The critical period of the left ventricle is reached 
once the pulmonary pressure drops. If the patient deve-
lops enough collaterals to join the right and left coro-
naries, then the perfusion from the right coronary will 
reach the left myocardium overcoming ischemia and pre-
venting myocardial damage; these collaterals serve as a 
bridge between both coronaries. In the majority of cases 
with good collateral flow, a fraction of blood flow, up to 
the left coronary, is lost through from left-to-right shunt 
in the pulmonary artery. The well-established collateral 
circulation, which allows for normal development of the 

Figure 3. Case 4: 17 year-old female. A. Approach at the ventricular 
septum, an abnormal upward flow at the within ventricular sep-
tum is documented (yellow), in short axis B. view is also visualized 
(yellow).
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Figure 4. Same patient: A. Suprasternal view. The left coronary 
artery with reverse flow opening into the pulmonary artery is ob-
served. B. Selective right coronary angiography, this vessel is di-
lated, collateral filled the left coronary artery; discrete flow is 
observed at the pulmonary artery.
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patient, even up to adulthood, combined with the upward 
flow of the anterior descending coronary artery, is diagno-
sed by echocardiography as an abnormal upward flow at 
the ventricular septum. Since its description by Houston 
and colleagues in 1990, this finding has become the most 
solid evidence for the diagnosis of ALCAPA by echocardio-
graphy in older patients.11 In this work, this finding was 
observed in all three cases belonging to the older group 
in which the dilation of the right coronary artery at its 
origin was also identified. The direct observation with 
transthoracic echocardiography of the origin of the left 
coronary from the pulmonary artery is difficult. We were 
able to clearly observe this malformation in one patient 
from the suprasternal view, which has not been previously 
reported (Figure 4a). In any case, the direct visualization 
by transthoracic echocardiography has led to false posi-
tives and negatives.12 Transesophageal echocardiography 
seems to be a more reliable method in the direct identifi-
cation of anomalous formations of the left coronary from 
the pulmonary artery.13

In young children, collateral circulation is either ab-
sent of poorly developed, evidence consistent with the 
echocardiographic findings, as occurred in the two infants 
reported in this work. However, the dilation and hypoki-
nesia of the left ventricle combined with the different 
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degrees of mitral insufficiency and the difficulty in recog-
nizing the origin of the left coronary, must lead to the 
probable diagnosis of ALCAPA, in particular, when it is as-
sociated to ischemia, necrosis or both, as occurred with 
our patients.

In children and adults, an abnormal flow at the main 
pulmonary artery, which does not run parallel to the late-
ral wall (as in the flow of a permeable arterial conduct), 
could be the first echocardiographic sign of ALCAPA. Next, 
the ventricular septum must be studied in search of a co-
llateral flow or an upward flow from the left coronary.  
This should be performed, along with an analysis of a pos-
sible dilation of the origin of the right coronary, with the 
use of echocardiographic zoom.

Some authors consider the diagnosis by echocardiogra-
phy sufficient clinical evidence to schedule the patients 
for surgery.14 Others, 15,16 share our point of view that AL-
CAPA must be verified by selective coronary artery angio-
graphy, since there could be other lesions, such as a coro-
nary fistula opened to the pulmonary artery.
Magnetic resonance imaging has been helpful in the diag-
nosis of ALCAPA.17 201-thallium dipirimadol SPECT studies 
have also been successfully used to non-invasively study 
ventricular functioning and perfusion.18

Conclusions
ALCAPA is a rare congenital disorder, but it is the most 
significant congenital coronary artery anomaly.

A thorough understanding of its clinical and electrical 
manifestations in infants and older groups is required.

In all infants with cardiac failure, left ventricular dila-
tion with low systolic functioning and mitral insufficiency, 
as detected by echocardiography, is imperative to search 
for a right coronary dilation and the absence of a left co-
ronary originating from the aorta.

In older patients, even those who are asymptomatic 
and with normal ventricular function, the presence of an 
upward flow at the ventricular septum, combined with 
a dilated right coronary artery and abnormal flow at the 
base of the pulmonary artery, as observed by echocardio-
graphy, strongly suggest the presence of ALCAPA.

Even though some groups consider diagnosis by echo-
cardiography as sufficient evidence for its diagnosis, we 
believe that ALCAPA should be corroborated in all cases by 
selective coronary artery angiography.

During the revision of this article, another case, an 
11 year-old female diagnosed by echocardiography with 
ALCAPA, all the findings described in older group, were 
documented and confirmed by the cardiac surgeon who 
performed the reimplantation of the left coronary artery.
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