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Summary
Background: Evaluation of a case series of anomalous origin of the left coronary artery from the pulmonary artery 
corrected with the Takeuchi procedure, analyzing their immediate and late surgical outcomes as well as the related 
morbidity.

Objective: To report a case series of anomalous origin of the left coronary artery from the pulmonary artery corrected 
with the Takeuchi procedure.

Methods: The analysis was based on data collected from the medical records of 12 patients undergoing surgical 
correction between 1981 and 2003.

Results: The mean age of the patients was 5.9 ± 1.7 months. The predominant manifestation was heart failure, especially 
in the infants. The baseline electrocardiogram showed a Q wave in DI and aVL and signs of myocardial ischemia in ten 
cases. Echocardiogram with a pattern of dilated cardiomyopathy and mitral regurgitation was found in six patients. The 
mean age at surgical correction was 31.8 ± 14.3 months. The immediate surgical mortality was 16% (two patients), from 
cardiac dysfunction. In the outpatient follow-up we observed that the symptoms, ischemic electrocardiographic changes, 
cardiac function and mitral regurgitation improved. Three cases progressed with supravalvar pulmonary stenosis during 
follow-up.

Conclusion: This heart disease should be suspected in every infant presenting with heart failure. Surgical correction with 
the Takeuchi procedure has proven efficient, with a low mortality rate. Cardiac function returns to normal and mitral 
regurgitation improves after surgical correction. (Arq Bras Cardiol 2008; 90(3):167-171)
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Introduction
Anomalous origin of the left coronary artery (ALCA) is a 

rare congenital anomaly in which the left coronary artery 
originates from the pulmonary artery or one of its branches. 
The estimated frequency is of 0.2% patients with congenital 
heart disease1,2. Approximately 80 to 90% of the patients 
die in their first year of life if left untreated. Morbidity is also 
high, and heart failure is the most frequent complication. 
This results from the ischemic cardiomyopathy induced by 
a reduction in myocardial perfusion. Infants survive thanks 
to the development of collaterals between the right and left 
coronary arteries, which reduces the ischemia2. 

The treatment of this condition is strictly surgical and 
consists of maintaining a viable two-coronary system, which 
is currently achieved using the technique of left coronary 

artery reimplantation into the aorta, or the creation of an 
intrapulmonary tunnel (Takeuchi procedure3).

The objective of this study is to report a series of cases 
operated using the Takeuchi procedure, and to analyze 
the clinical profile of the patients as well as the surgical 
outcomes. 

Materials and Methods
The sample studied is comprised of 12 patients seen 

at Hospital Infantil Pequeno Príncipe between 1981 and 
2003, who underwent surgical correction using the Takeuchi 
procedure.

Clinical, surgical, radiographic (chest), electrocardiographic, 
echocardiographic, and cardiac catheterization variables were 
analyzed. Mitral regurgitation was classified as mild, moderate 
and severe using color-Doppler analysis of the mitral regurgitant 
jet. All patients underwent surgical correction using the Takeuchi 
procedure performed by the same medical team. 

Data are expressed as means and standard deviation, and 
medians with limit values. 
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In the preoperative assessment, eight (66%) patients were 
referred for heart failure, and four (33%), for symptoms of 
irritability, dyspnea or refusal to eat. Five (41%) patients 
diagnosed with congestive heart failure were receiving 
medication regularly, and the most frequently used drugs 
were furosemide, captopril and digoxin. Ten (83%) patients 
presented a heart murmur suggestive of mitral regurgitation. 
All had cardiomegaly on chest radiography, with a mean 
cardiothoracic ratio of 0.6 ± 0.06, and pulmonary congestion. 
The most frequent findings on resting electrocardiogram are 
shown in Table 1. The diagnosis of anomalous origin of the 
left coronary artery was confirmed by echocardiography in 10 
patients (83%). Mitral regurgitation found in the 12 patients 
was graded as mild in five of them (42%), as moderate in six 
(54%), and as severe in one (4%). Six patients had a pattern of 
dilated cardiomyopathy, with a fractional shortening equal to 
or lower than 20% in five cases, and all had a left ventricular 
diastolic diameter higher than the normal values for the age. 
Three (25%) patients had associated congenital heart diseases: 
one with patent ductus arteriosus, another with patent ductus 
arteriosus plus ostium secundum atrial septal defect, and the 
third with pulmonary artery sling. 

Eight patients underwent cardiac catheterization for 
diagnostic confirmation, study of the coronary collateral 
circulation, and analysis of associated anomalies. 

Mean age at correction was 31.8 ± 14.3 months. 
The modified technique was chosen, using PTFE for the 
construction of an intrapulmonary tunnel in two patients (cases 
5 and 12 - Table 1). In one patient (case 7), mitral valve repair 
(posterior commissure plication) was also performed due to 
severe mitral regurgitation. All associated congenital anomalies 
were concomitantly corrected.

Surgical Technique
In this service, the surgery is performed via a median 

sternotomy with the patient undergoing extracorporeal 
circulation with hypothermia. The Takeuchi procedure 
consists of the creation of an aortopulmonary window and of 
an intrapulmonary tunnel connecting the ostium of the left 
coronary artery to the aorta (Figure 1). For this purpose, the 
surgeon initially performs a transverse flap-shaped incision in 
the anterior wall of the pulmonary artery, thus exposing its 
interior, which enables the ostium of the left coronary artery to 
be located. Next, the surgeon creates a small aortopulmonary 
window through two longitudinal incisions, one in the aorta 
to the left, and the other in the basis of the pulmonary artery 
flap. Thus, a side-to-side anastomosis between these two 
orifices can be performed. Then, the flap obtained from 
the wall of the pulmonary artery is sutured to form a tunnel 
around the orifice of the coronary artery, using a running 
whipstitch suture. The resulting orifice in the anterior wall of 
the pulmonary artery is repaired with the placement of a PTF 
or pericardial patch using a running whipstitch suture. As the 
patient is weaned from the extracorporeal circulation, the 
surgeon checks the left coronary artery filling by the aorta and 
the need for reintervention. 

Results
Of the 12 patients analyzed, six were females. The mean 

age at the baseline visit was 5.9 ± 1.7 months (2 months to 
24 months), and by the time the study was carried out the 
median age was 57 months (17 to 167 months). The mean 
outpatient follow-up period was 37.6 ± 14.4 months, with a 
median of 57.5 months. 

Fig. 1 - Schematic Takeuchi procedure; A - side-to-side anastomosis between the aorta and the pulmonary artery after creation of an aortopulmonary window; B - construction 
of the intrapulmonary tunnel encircling the ostium of the left coronary artery; C - closure of the pulmonary artery with autologous tissue; D - final outcome; Source: Kyrklin-
Barratt-Boyes. Cardiac Surgery third edition.
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Table 1 - Clinical, electrocardiographic and echocardiographic data of the patients undergoing the Takeuchi procedure

Case Age 
(months) Manifestation Baseline 

electrocardiogram
Baseline 

echocardiogram
Age at surgery 

(months)
Follow-up period 

(months)

1 2 CHF
LVO, LAO, q in DI and 

aVL, global alterations of 
ventricular repolarization 

ALCA, mild MR, DCM, 
FS 20% 2 death

2 2 CHF

LVO,LAO, q in DI and aVL, 
ST elevation DIII, global 
alterations of ventricular 

repolarization 

ALCA, moderate MR, 
DCM, FS 13% 29 44 

3 19 CHF
LVO, q  in DI and  aVL, 

global alterations of 
ventricular repolarization

Mild MR, DCM, FS 25 
%, PDA 20 53

4 1 CHF
LVO, q  in DI and  aVL, 

global alterations of 
ventricular repolarization 

ALCA, mild MR, DCM, 
FS 17% 3 death

5 24 CHF
LVO, q in DI and  aVL, 

LASDB , global alterations 
of ventricular repolarization

ALCA, moderate MR, 
NHC 25 30

6 2 CHF
LVO, q in DI  and  aVL, 

global alterations of 
ventricular repolarization 

ALCA, moderate MR, 
NHC 141 165

7 13 CHF
LVO, LAO, RAO, q in DI 

and aVL, global alterations 
of ventricular repolarization

Severe MR, NHC 110 103

8 5 Refusal to eat RBBCA, q in DI and aVL, 
ST elevation V3-V6

ALCA, moderate MR, 
DCM, FS 10 % 5 83

9 6 CHF
LVO, LAO, RVO, global 
alterations of ventricular 

repolarization

ALCA, moderate MR, 
pulmonary artery sling 6 death

10 2 Irritability LVO, global alterations of 
ventricular repolarization

ALCA, moderate MR, 
DCM, FS 10%, OS-ASD, 

PDA
2 15

11 2 Irritability
LVO, q in DI and aVL, 
global alterations of 

ventricular repolarization 
ALCA, mild MR, NHC 3 100

12 4 Dyspnea
LVO, q in DI and aVL, 
global alterations of 

ventricular repolarization 
ALCA, mild MR, NHC 4 109

LVO - left ventricular overload; RVO - right ventricular overload; RAO - right atrial overload; LAO - left atrial overload; LASDB - left anterior superior division block; 
RBBCA - right bundle branch conduction abnormalities; ALCA - anomalous origin of the left coronary artery; MR - mitral regurgitation; DCM - dilated cardiomyopathy; 
FS - fractional shortening; NHC - normal heart chambers; SPS - supravalvar pulmonary stenosis; SG - systolic gradient; LCA - left coronary artery.

The origin of the left coronary artery from the pulmonary 
artery was visualized during surgery. In six cases (50%), the 
left coronary artery originated from the left Valsalva sinus; 
in two cases from the right sinus; and in four cases from the 
posterior sinus.

Two intraoperative deaths (16%) occurred (cases 1 and 4). 
The mean intensive care unit stay was 14.4 ± 2.8 days. 

The clinical events that extended this stay were: infection 
(4 patients), diaphragmatic palsy (2 patients), myocardial 
ischemia (2 cases), chorea (2 cases), and low cardiac output 
syndrome (1 case).

Six patients are being followed up in our service and one by 
the cardiologist in the city from which he had been referred. 
One patient died (case 9) in the late postoperative period, 
from non-cardiac death (pneumonia). 

The control test results showed improvement. On chest 

radiography, the cardiac silhouette returned to normal 
and there were no signs of pulmonary congestion in all 
patients. A significant improvement of the preoperative 
ischemic alterations was observed on the electrocardiogram 
(Table 1).

The echocardiogram showed return of the cardiac 
function to normal and patency of the left coronary artery 
in all patients assessed (Figure 2). Mitral regurgitation was 
resolved in most cases.

Three patients developed supravalvar pulmonary stenosis 
(cases 2, 8 and 11) (Figure 3), as diagnosed on Doppler 
echocardiogram. Surgical correction was necessary in two 
cases (8 and 11), with supravalvar pulmonary peak systolic 
gradients of 72 mmHg and 127 mmHg. After pulmonary 
arterioplasty, these patients maintained a residual systolic 
gradient of 40 and 27 mmHg, respectively. The third case 
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of supravalvar pulmonary stenosis is being followed up; the 
respective systolic gradient did not increase in the past few 
months, and no surgical intervention was required.

Discussion
Anomalous origin of the left coronary artery from the 

pulmonary artery is an uncommon anomaly and cause of 
heart failure in infants. It was first described in 1886 by 
a pathologist, in a publication of two cases of ALCA1. In 
1993, it was published under the name of Bland-White-
Garland Syndrome2,3. Since then, several descriptions 

of this heart disease have been found, focusing on the 
surgical techniques and their outcomes. Our case series 
with correction using the Takeuchi procedure is one of the 
largest in the literature reviewed3.

ALCA is found as an isolated anomaly in most of the cases, 
but in 2 to 21% it may be associated with other cardiac 
malformations, mainly atrial septal defect, coarctation of the 
aorta, and ventricular septal defect4-7. In our study, only three 
patients presented other cardiac malformations (PDA, ostium 
secundum ASD, and pulmonary artery sling).

The origin of the left coronary was predominantly from the 
left sinus, thus corroborating the literature8-10. Studies show 
that, in addition to Valsalva sinuses, the coronary artery may 
also originate from the pulmonary branches11.

The predominance of patients with heart failure in this 
series results mainly from the prevalence of infants, which is 
the age range where this manifestation is more common. This 
presentation was also found in other studies such as Vouhé et 
al8, in which 45% of the cases with heart failure were infants 
under 7 months of age; in Bunton et al5 study, in which 62% 
were infants with a mean age of 3 months; and Laks et al12 
with 42% of the cases under 6 months of age.

The electrocardiogram is of key importance in the diagnosis 
of anomalous origin of the left coronary artery, where the 
presence of a Q wave in the D1 and aVL leads suggests the 
diagnostic hypothesis of this heart disease. Amaral et al13 found 
a Q wave in aVL in 91% of the patients; Bunton et al5 in 95% 
of the cases; and Isomatsu et al14 in 82%. In the present study, 
this rate was 83% of the patients. 

Currently, the elective test for diagnostic confirmation is 
the echocardiogram; however, in our sample, eight patients 
underwent cardiac catheterization because diagnostic 
confirmation, investigation of associated lesions, study of 
collateral circulation and of the anatomic position of the left 
coronary artery were required.

The Takeuchi procedure3 is used in some specific situations 
such as anomalous origin of the left coronary artery from the 
anterior or left Valsalva sinus, or in older patients, due to the 
development of collaterals around the sinuses, thus hindering 
the displacement of the main coronary artery. In our service, 
the Takeuchi procedure has been frequently used because 
the surgeons are familiar with it. 

 The mortality rate in this series was 16%, similar to that 
found in other health centers, where it ranges from 0 to 
27%4,6,7,15,16. The late complications described are: aortic 
regurgitation, tunnel obstruction, and supravalvar pulmonary 
stenosis. In our study, three patients developed supravalvar 
stenosis, and two required surgical reintervention. This is the 
most frequent complication, and its incidence ranges from 
18 to 60%3,4,5,10,13. The need for surgical reintervention is of 
approximately 12% to 42%.

Surgical correction of mitral regurgitation performed 
in one of our patients is not routinely recommended in 
the index surgical procedure, because it may increase 
the surgical risk. Additionally, repair of ALCA provides 
improvement of the left ventricular function and size by 
improving ischemia; consequently, regression of mitral 
regurgitation occurs17.

Fig. 2 - Aortogram showing patent left coronary artery after surgery.

Fig. 3 - In this angiographic image of the pulmonary artery, the arrow shows 
supravalvar pulmonary stenosis, a complication of the Takeuchi procedure.
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Conclusion
Anomalous origin of the left coronary artery from the 

pulmonary artery should be suspected in infants presenting 
with heart failure, and its diagnosis may be made using non-
invasive methods such as echocardiogram.

The Takeuchi procedure is a surgical technique with  good 
immediate outcome. Postoperative mortality is usually due to 
the cardiac dysfunction of dilated cardiomyopathy. During the 
follow-up of these patients, an improvement of symptoms, of 

the signs of myocardial ischemia on electrocardiogram, and 
of the cardiac function on echocardiogram can be observed. 
Mitral regurgitation following surgical correction resolves 
thanks to the improved left ventricular myocardial perfusion, 
thus mitral repair is not required. Late morbidity depends 
on the development of supravalvar pulmonary stenosis. This 
not so uncommon complication ultimately implies a repeat 
surgical intervention to alleviate obstruction, thus affecting the 
patient’s quality of life.
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