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Anomalous Origin of the 
Left Coronary Artery from 
the Pulmonary Artery:
Diagnoses and Surgical Results in 12 Pediatric Patients

Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is a 
rare congenital condition. It responds well to early diagnosis and treatment, but otherwise 
the prognosis is poor. We present our case series of 12 patients (mean age, 2 ± 2.58 yr; 
age range, 2 mo–8 yr), emphasizing the diagnostic process and discussing our surgical 
results. The diagnosis of ALCAPA should be suspected in infants who have dilated 
cardiomyopathy with electrocardiographic changes that suggest ischemia, and in older 
children who have isolated mitral regurgitation. When clinical suspicion is high, the results 
of 2-dimensional echocardiography combined with color-flow Doppler studies in expert 
hands can establish the diagnosis, thus avoiding angiography in critically ill infants. The 
treatment of choice in our patients was transfer and reimplantation of the left coronary 
artery onto the ascending aorta. There were 2 deaths: both were infants in extremis who 
underwent emergency surgery. An older child with severe ventricular dysfunction was 
given mechanical ventricular assistance and then heart transplantation. As of this report, all 
10 survivors remained well and asymptomatic. (Tex Heart Inst J 2015;42(4):350-6)

A nomalous origin of the left coronary artery from the pulmonary artery (AL-
CAPA), a rare malformation, is the most prevalent coronary artery anomaly 
described in children. It occurs in approximately 1 in 300,000 live births 

(0.25%–0.5% of all congenital cardiac anomalies). It is usually an isolated cardiac 
malformation.1-4

 The 2 clinical variants of ALCAPA, found in infants and older individuals, respec-
tively, are distinguished by the presence or absence of adequate intercoronary collateral 
circulation that supplies blood from the right coronary artery (RCA) to the left side 
of the heart.5 The 80% to 85% of patients without an adequate collateral supply typi-
cally present with congestive heart failure (CHF) secondary to ischemia within the 
first few months of life; their mortality rate is 90% without early surgical correction.5 
Patients with an adequate collateral supply can remain asymptomatic until adoles-
cence or adulthood and then present with a murmur (usually continuous) on the left 
parasternal border. Alternatively, they can present with angina on exertion. They are 
at risk of sudden death.6-11

 We present our experience with 12 pediatric patients who had ALCAPA, and we 
discuss the diagnostic process and our surgical results.

Patients and Methods

We retrospectively studied the cases of 12 patients (4 boys, 8 girls) who underwent 
surgical correction of ALCAPA from 1980 through 2009. Eleven were operated on at 
our hospital; one patient with particularly poor ventricular function was transferred 
to a hospital where heart transplantation was available. The patients’ mean age at 
presentation was 2 ± 2.58 years (range, 2 mo–8 yr). Eight were infants (age, <2 yr); 
of these, 5 were 2 months old. The 12 patients’ mean weight upon diagnosis was 10 
± 7.76 kg (range, 3–26.5 kg); 8 patients weighed less than 10 kg.
 All patients were evaluated by means of chest radiography, electrocardiography 
(ECG), echocardiography, and cardiac catheterization. The mean duration of study 
was 46.6 ± 59.7 months (range, 2 d–14 yr). The echocardiographic method was exclu-
sively 2-dimensional before 1988; color-flow Doppler evaluation was added thereafter 
(ATL® Ultramark®, 11XATP, and iE33 xMatrix successively; Koninklijke Philips 
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N.V.; Best, The Netherlands). One patient took an ex-
ercise ECG test.
 Postoperatively in our institution, upon a patient’s 
arrival at the intensive care unit, ECG and echocar-
diography are performed. If the results are normal, if 
the patient has an uneventful postoperative course and 
progresses well, and if monitoring reveals no worrisome 

ECG developments, further ECG might not be per-
formed until the patient’s discharge from intensive care. 
Otherwise, ECG is performed at least daily.
 In these patients, the ECG results were evaluated for 
signs of ischemia (alterations in the ST segments and 
T waves, and the presence or absence of Q waves). The 
echocardiographic studies involved left ventricular (LV) 

TABLE I. Clinical, Electrocardiographic, Echocardiographic, and Outcome Data on the 12 Patientsa

Pt.  
No.

Age/ 
Sex

 
Symptoms

 
ECG Findings

 
Echocardiographic Findings

Outcome  
(Age, yr)

 1 2 mo/M Cardiogenic shock ALMI 2D false negative; DCM, LVEF 0.23, 
and moderate MR

Asymptomaticb

 2 9 mo/M Pneumonia, systolic 
murmur, and incidental 
cardiomegaly

Negative T wave in 
leads aVL and V6

2D false negative; DCM, LVEF 0.30, 
and moderate MR

Asymptomaticb

 3 2 mo/F Cardiogenic shock ALMI DCM, LVEF 0.25, severe MR, dilated 
RCA, diastolic inverted flow in PA, LCA 
aortic origin not seen, and reverse LCA 
flow

Died after 
surgery

 4 2 mo/M Cardiogenic shock ALMI 2D false negative; DCM, LVEF 0.27, 
severe MR, diastolic inverted flow in 
PA, and reverse LCA flow

Asymptomaticb

 5c 4 yr/F Systolic murmur Negative T wave in 
leads aVL and D1

2D false negative as infant (catalogued 
as DCM); DCM, LVEF 0.60, dilated 
RCA, slight MR, inverted flow in PA, 
reverse LCA flow, and transseptal 
collateral flow

Asymptomaticb

 6 2 mo/F Cardiogenic shock ALMI DCM, LVEF 0.29, severe MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, and LCA origin from PA

Asymptomaticb 
(2)

 7 8 yr/F Dyspnea during 
moderate activity; 
continuous murmur

Normal at rest; 
ST-segment depression 
and negative T wave in 
leads aVL and D1 during 
ergonometry

LVEF 0.59, moderate MR, dilated RCA, 
inverted flow in PA, reverse LCA flow, 
transseptal collateral flow, and LCA 
aortic origin not seen

Asymptomaticb 
(14)

 8 2 mo/F Cardiogenic shock ALMI DCM, LVEF 0.20, severe MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, and LCA aortic origin not seen

Died during 
surgery

 9 5 mo/F Cardiogenic shock ALMI DCM, LVEF 0.24, severe MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, and LCA aortic origin not seen

Asymptomaticb 
(2)

 10c 5 yr/F Long-term evaluation 
after MR repair

Normal 2D false negative (catalogued as MR 
earlier); LVEF 0.65, slight MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, transseptal collateral flow, and 
LCA aortic origin not seen

Asymptomaticb 
(6)

 11 4 yr/M Pneumonia, systolic 
murmur, and incidental 
cardiomegaly

ALMI DCM, LVEF 0.15, severe MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, and LCA aortic origin not seen

Ross class II, 
Berlin Heart, 
and heart 
transplantation; 
alive and well

 12 20 mo/F Pneumonia, systolic 
murmur, and incidental 
cardiomegaly

ALMI DCM, LVEF 0.35, severe MR, dilated 
RCA, inverted flow in PA, reverse LCA 
flow, and LCA aortic origin not seen

Asymptomaticb 
(3)

 
2D = 2-dimensional echocardiography; ALCAPA = anomalous left coronary artery originating from the pulmonary artery; ALMI = 
anterolateral myocardial infarction; DCM = dilated cardiomyopathy; ECG = electrocardiographic; F = female; LCA = left coronary artery; 
LVEF = left ventricular ejection fraction; M = male; MR = mitral regurgitation; PA = pulmonary artery; Pt = patient; RCA = right coro-
nary artery 
 
aDiagnosis was by means of cardiac catheterization. 
bWith normal ECG and echocardiographic results. 
cDiagnosis of ALCAPA confirmed during long-term evaluation. All other patients were diagnosed at presentation.
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function, mitral insufficiency, increased echogenicity 
of the papillary muscles, morphology and diameter of 
the coronary arteries and the site and direction of flow 
within, and evidence of collateral coronary flow within 
the septum and free ventricular walls.
 After the diagnosis of ALCAPA was made, the pa-
tients underwent surgical correction. The technique of 
choice was reimplantation of the left coronary artery 
(LCA) onto the ascending aorta, with use of extracor-
poreal circulation.

Results

 Table I shows the findings in our 12 patients.
 Clinical Findings. Six patients who had dilated car-
diomyopathy (DCM) and severe CHF at presentation 
were younger than 1 year old, and 5 were 2 months 
old. Two older patients underwent long-term evaluation 
after original diagnoses of DCM and rheumatic mitral 
regurgitation; this last patient had undergone surgical 
mitral valve repair. One asymptomatic older child pre-
sented with a continuous murmur and dyspnea. Three 
patients (2 younger than 1 year of age) presented with 
incidental cardiomegaly and systolic murmurs in the 
context of pneumonia.
 Electrocardiographic Findings. Ten patients had ECG 
evidence of ischemia; in 8 (7 infants), it signified acute 
myocardial infarction (MI) (Fig. 1). All the infants with 
CHF caused by DCM had ECG signs of acute MI. Of 
the 4 older patients, 2 had normal ECG results and 2 
had T-wave inversions. The patient who took the ex-
ercise ECG test had ST-segment depression in the left 
anterior chest leads.
 Echocardiographic Findings. The results of 2-dimen-
sional echocardiography and color-flow Doppler study 
raised our suspicion of ALCAPA in 7 patients. The 
echocardiograms in 5 patients erroneously indicated 
that the LCA emerged from the aortic root (Figs. 2A 
and B), leading to false-negative diagnoses in those 
patients. The diagnosis of ALCAPA was firmly estab-
lished when the origin of the LCA was actually seen 
(Fig. 2C). The most recent 7 patients, in all of whom 
color-flow Doppler mode was used, were diagnosed cor-
rectly from the outset.
 We identif ied 2 distinct ALCAPA groups, infant 
and older. In the infant group (characterized by CHF 
and ischemic ECG changes), we found severe LV 
dilation and dysfunction, moderate-to-severe mitral 
insufficiency, hyperechogenicity of the papillary mus-
cles, retrograde diastolic f low in the LCA and main 
pulmonary artery (PA), a slightly dilated RCA, and 
little intraseptal collateral circulation. The 2nd group 
comprised older and asymptomatic children who had 
dilation but preserved function of the LV, mild-to-
moderate mitral insufficiency, a severely dilated RCA 
(Fig. 2B), considerable transseptal blood flow from col-

lateral vessels (Fig. 3), and retrograde flow in the LCA 
and main PA.
 Features common to both groups, although with dif-
ferent severity, were RCA dilation and retrograde flow 
in the LCA and main PA.
 Catheterization and Angiography. Catheter and angio-
graphic studies confirmed the diagnosis of ALCAPA in 
all our patients. In the older, asymptomatic children, a 
well-developed network of intercoronary collateral ves-
sels was seen (Fig. 4A). In the infants with DCM, poor 
collateral circulation necessitated pulmonary angiogra-
phy to identify the origin of the LCA from the PA (Fig. 
4B).
 Surgical Treatment. In the 11 surgical repairs in our 
hospital, the LCA ostium was removed from the PA and 
anastomosed to the ascending aorta. The anomalous 
LCA arose from the posterior aspect of the PA in all 
instances.
 Two infants who presented with severe hemodynamic 
instability and ECG evidence of MI were diagnosed 
with ALCAPA too late for anything but emergency sur-
gery as a desperate measure, and both died. One hemo-
dynamically stable older patient who had particularly 
poor ventricular function was transferred to a hospi-
tal where ventricular assistance devices, extracorporeal 
membrane oxygenation (ECMO), and heart transplan-
tation were available. The patient indeed needed me-
chanical assistance and subsequent transplantation.

Fig. 1  Electrocardiograms show signs of acute anterolateral 
myocardial infarction: deep Q waves, marked ST-segment  
elevation, and T-wave inversion in leads A) I and aVL (Patient 6) 
and B) V4 through V6 (Patient 8).

A

B
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 Follow-Up Evaluation. Follow-up periods varied be-
tween 2 days and 14 years (mean, 46.6 ± 59.7 mo). 
There were no late sequelae in the 10 survivors, contrary 
to reported follow-up results of other surgical techniques. 
Therefore, the overall survival rate was 83%; in the 
older, asymptomatic children, it was 100%. The survi-
vors progressed favorably, remained asymptomatic, and 
had normal ECG and echocardiographic values within 
a few months. However, RCA dilation persisted in the 
older children (Fig. 4C). As stated, the patient who was 
transferred underwent eventual heart transplantation.

Discussion

Unlike other cardiomyopathies in pediatric patients, 
the severe ischemic cardiomyopathy in ALCAPA can 
respond to surgical treatment, as evidenced by the 83% 
survival rate in our series.2-4 Early diagnosis of ALCAPA 
is crucial because of its grim progression of irreversible 
ischemic damage.
 This report of our 12 ALCAPA patients emphasizes 
the diagnostic aspect. We saw both forms of presenta-
tion, as described earlier; 75% were of the infant type, 
consistent with the medical literature.1-11 Our suspicion 
of ALCAPA on the basis of the clinical and ECG find-

Fig. 2  Two-dimensional echocardiograms. A) Patient 6. The 
parasternal short-axis view gives the erroneous impression that 
the left coronary artery emerges from the aortic root (arrow). In 
color-flow Doppler mode, diastolic flow from right to left (in blue) 
is seen inside the left coronary artery from the pulmonary artery. 
B) Patient 10. The parasternal short-axis view shows that the 
left coronary artery has no connection to the aorta despite their 
proximity and has retrograde diastolic flow (in blue) from right to 
left (asterisk). The dilated right coronary artery emerges from the 
aortic root (arrow). C) Patient 4. The parasternal short-axis view 
shows retrograde diastolic flow in the main pulmonary artery 
from the left coronary artery (in red) from left to right (arrow). 
The origin of the left coronary artery from the main pulmonary 
artery (asterisk) should not be mistaken for a persistent ductus 
arteriosus.

A

B

C

Fig. 3  Patient 7. Two-dimensional echocardiograms (short-axis 
views in color-flow Doppler mode, with posterior angle to the 
apex) in A) mid septal and B) apical locations show diastolic or 
continuous flow (arrows) within the ventricular septum. These 
signs of intercoro nary collateral vessels should not be mistaken 
for multiple ventricular septal defects.

A

B
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ings proved to be crucial, because it prompted angio-
graphic studies after nondiagnostic echocardiograms. In 
turn, the angiographic findings led to prompt surgical 
treatment.
 In the infants, the chief symptom was irritability elic-
ited by only slight effort, such as feeding, with signs of 
poor peripheral perfusion. These features started within 
2 months of birth, coinciding with substantial reduc-
tion in pulmonary vascular resistance that resulted in 
coronary steal from the anterolateral aspect of the LV. 
The ECG signs of ischemia accompanied the deterio-
rating ventricular function. This progression created 
strong suspicion of ALCAPA.12

 The older children were asymptomatic and might 
have remained so until adolescence or young adulthood, 
presumably because of effective collateral blood supply 
to the LV from the RCA. Such patients can have angina 
upon exertion and are at risk of sudden death. Alterna-
tively, they can present with signs of CHF caused by 
decompensation of already-borderline cardiac function, 
secondary to acute infectious illness. Their baseline 
ECG usually shows ischemic changes only in cases of 
decompensation or during a stress test.6-11 Table II shows 
typical clinical, ECG, and echocardiographic findings 
in infants and older individuals who have ALCAPA.
 Color-f low Doppler echocardiography is currently 
the diagnostic method of choice. In experienced hands 
and with suspicion of ALCAPA, information of such 
high quality is obtained that some authors advocate not 
performing angiography, especially in severely ill in-
fants.13 Before the use of the color-flow Doppler mode, 
the false-negative diagnostic rate was 50%,14 compa-
rable with our series.
 The chief diagnostic mistake occurs in the short-axis 
echocardiographic view, when the apparently vascular 
structure originating from the aortic root can be misin-
terpreted as bifurcation. This structure can be misidenti-
fied as the LCA.13 However, color-flow Doppler imaging 
clarifies that this structure and the aorta have no con-
nection, despite their proximity, and that the structure 
has either retrograde flow or none. The retrograde flow 
corresponds to blood received by the anomalous LCA 
from the collateral arteries. This finding, together with 
the identification of a dilated RCA and diastolic or con-
tinuous retrograde f low in the PA near the site where 
the LCA would be, strongly points to ALCAPA—and 
should not be misidentified as persistent ductus arterio-
sus. Obviously, the diagnosis can be firmly established 
when the origin of the LCA is actually seen.15,16

 Another contributory finding is diastolic or continu-
ous flow within the ventricular septum, which suggests 
intercoronary collateral circulation. This phenomenon 
should not be confused with multiple ventricular septal 
defects.17

 Mitral regurgitation caused by ischemia of the papil-
lary muscles is so characteristic that its absence, even 

Fig. 4  A) Patient 10. Right-sided coronary angiogram shows 
a well-developed network of intercoronary collateral vessels 
(asterisk) that enable flow from the right coronary artery to the 
left coronary artery (arrow). B) Patient 12. Pulmonary arteriogram 
(posteroanterior projection) shows the left coronary artery and its 
division into the left circumflex and left anterior descending coro-
nary arteries (arrow). C) Patient 11. Aortogram shows a dilated 
right coronary artery (arrow).

A

B

C
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in the presence of DCM, rules out ALCAPA.18-20 Of 
note, one of our patients had been diagnosed elsewhere 
to have mitral regurgitation of rheumatic origin, and 
mitral valve repair had been performed. The diagnosis 
of ALCAPA was established during follow-up echocar-
diographic studies.
 When collateral circulation is less developed, the echo-
cardiographic f indings are less visible—which means 
that diagnosing ALCAPA in severely ill infants can be 
difficult. Nevertheless, severe DCM with mitral regur-
gitation and ECG signs of ischemia suggests ALCA-
PA.20 Because of feeble collateral circulation, aortograms 
or right-sided angiograms might fail to reveal the LCA; 
nonetheless, the existence of only one coronary artery 
should raise suspicion.21 Pulmonary arteriography then 
becomes necessary and will establish the diagnosis of 
ALCAPA.
 Cardiac catheterization and angiography, the classical 
gold standard for confirming the diagnosis of ALCA-
PA,21 achieved that end in all our patients. Performing 
angiography in severely ill infants is being questioned,20 
although these infants are precisely those in whom diag-
nosis by other means might be difficult. In this context, 
Chang and Allada20 have devised a scoring system, with 
use of ECG and echocardiography but not angiography, 

for the diagnosis of ALCAPA and its differentiation 
from DCM. This system has a sensitivity of 100% and 
a specificity of 91%. In addition, advances in cardiac 
magnetic resonance and computed tomography might 
make these methods an alternative to catheterization 
when the diagnosis is in doubt.22-24

 Progress in diagnosis, surgical techniques, and post-
operative care has yielded dramatic prognostic im-
provements in ALCAPA patients: mortality rates have 
declined from 90% to ≤20%.25-29

 We think that the best repair technique for ALCAPA 
is reimplantation of the LCA in the aortic root, and in-
deed this has produced results superior to those of other 
techniques.30-32 Our hospital’s surgeons have extensive 
experience with the arterial switch operation and greatly 
prefer the more anatomic coronary-transfer technique 
to the Takeuchi procedure. Tension or kinking is pos-
sible when a coronary vessel is transferred; however, our 
surgeons have had no such technical problems in cor-
recting ALCAPA, and the end results in the operating 
room have appeared to be morphologically satisfactory. 
Indeed, the mobilization of the LCA has been no more 
extensive than that in the arterial switch, so we do not 
think that this factor would explain the poor results in 3 
of our ALCAPA patients. The 2 deaths and the eventual 
transplantation occurred because of late diagnoses and 
the grave prognostic consequences thereof. Our hospital 
had no ventricular assist devices or ECMO available 
during those clinical presentations. Of note, when AL-
CAPA presents with a patient in extremis, emergency 
surgery is appropriate. Placing such patients on ECMO 
might worsen the cardiac ischemia by decompressing 
the PA and increasing steal from the right coronary sys-
tem, thus compromising the chances of recovery.

Conclusion
The early diagnosis and treatment of ALCAPA can 
overcome its otherwise poor prognosis. The diagnosis 
should be suspected in infants who have CHF that sug-
gests DCM and who have ECG changes that suggest 
anterolateral myocardial ischemia, and in older children 
who have isolated mitral regurgitation. Two-dimension-
al echocardiograms combined with color- flow Doppler 
studies might establish the diagnosis without angiogra-
phy in critically ill infants. Reimplantation of the anom-
alous LCA in the aortic root is our treatment of choice. 
We think that severely ill patients should undergo repair 
in centers that have mechanical ventricular assist devices, 
ECMO, and heart transplantation programs.
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