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ABSTRACT 
There are several potential issues that affect the treatment and diagnostic pattern of anomalous left coronary 
artery arising from the pulmonary artery. We report three cases of infants who presented with anomalous left 
coronary artery arising from the pulmonary artery with severe left ventricular dysfunction and severe mitral 
regurgitation along with associated anomalies. One patient had congenital lobar emphysema of the right midde 
lobe. Another patient had left main stem bronchus compression, collapse of basal segments of left lower lobe and 
panlobular emphysema in medial basal segment of right lower lobe. The third patient had cleft lip and palate. 
All patients underwent successful repair. The hemodynamic stability was compromised when the infant with 
congenital lobar emphysema had spontaneous pneumothorax after extubation and she needed an intercostal 
drainage. The infant with lung collapse had to be reintubated on the second day since she became hypoxic due to 
recollapse of the lung once the airway positive pressure was removed. She needed chest physiotherapy, vigorous 
endotracheal suctioning and inhaled bronchodilator therapy. The patient who had cleft palate succumbed to as-
piration pneumonitis in the postoperative period. Follow-up of other two patients after three months showed 
very good improvement in left ventricular systolic function. 
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1. Introduction 
Anomalous left coronary artery arising from the pulmo- 
nary artery is one of the few congenital heart anomalies 
in which myocardial function is profoundly compromi- 
sed. The first clinical description of this anomaly was 
given by Bland, White, Garland in 1933 and hence ano- 
malous left coronary artery arising from the pulmonary 
artery bears the eponym Bland-White-Garland syndrome 
[1]. Myocardial ischaemia develops in the territory of the 
left coronary artery, interfering with left ventricular con- 
tractility and mitral valve function. The onset of the 
symptoms and the degree of myocardial insufficiency, or 
mitral valve regurgitation, depend on a balance of the 
rapidity of ductus arteriosus closure, maintenance of 
pulmonary hypertension and development of intercoro-  

nary collateral vessels from the right coronary artery to 
the anomalous left coronary artery arising from the pul- 
monary artery. In the infantile type there are little or no 
intercoronary collateral vessels [2]. In the adult type the 
collaterals are well developed, hence symptoms occur 
only in adulthood, or sometimes never appear [3].  

Here we present three patients with anomalous left 
coronary artery arising from the pulmonary artery who 
had other complex anomalies apart from heart. They 
were diagnosed in our hospital between August 2012 and 
December 2012. Symptoms included breathlessness, ex- 
cessive sweating, poor weight gain and recurrent lower 
respiratory infections. There were 2 girls and 1 boy. All 
of them were under 5 kg in weight. One patient had con- 
genital lobar emphysema of the right midde lobe (Figure 
1). Another patient had left main stem bronchus com-  *Corresponding author. 
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pression due to massive left atrial dilatation (Figure 2), 
collapse of basal segments of left lower lobe and panlo- 
bular emphysema in medial basal segment of right lower 
lobe. The third patient had cleft lip and palate (Figure 3). 
All patients underwent left coronary artery reimplanta- 
tion and annuloplasty of the mitral valve (Figure 4). The 
first patient underwent right middle lobectomy six weeks 
later. Patients summary is given in Table 1. All patients 
were approached through median sternotomy. High aor-
tic and bicaval venous cannulations were used, and mod-
erate hypothermia was established on cardiopulmonary 
bypass circulation. An aortic cross-clamp was placed 
high, and 30 ml/kg of cold-blood cardioplegia solution-
was infused into the aortic root and main pulmonary ar- 
tery in divided doses. The coronary orifice was excised 
 

 
Figure 1. Computed tomographic image of patient no 1 
showing emphysema of right middle lobe. 
 

 
Figure 2. Computed tomographic image in coronal and 
axial view of patient no 2 showing compression of left main 
bronchus by dilated left atrium. Blue arrow show the origin 
of main stem bronchus. 
 

 
Figure 3. Patient no 3 having cleft lip and palate. 

 
Figure 4. Intraoperative images of patient no 3 showing 
cardioplegia going into aorta and pulmonary artery, left 
coronary artery coming from pulmonary artery and left 
coronary artery separated from pulmonary artery for re-
implantation into aorta. 
 
with a generous cuff of the pulmonary sinus wall, and the 
proximal portion of the coronary artery was mobilized 
(Figure 4). Tranverse aortotomy made anteriorly and the 
left coronary artery was directly reimplanted by trap door 
technique. After the left coronary artery was transferred, 
the defect in the main pulmonary artery was closed with 
an autologous native pericardium. The procedure was 
completed with reanastomosis of the pulmonary artery. 
Mitral valve annuloplaty was done through left atrial 
approach and the cross-clamp was removed. Cardiopul-
monary bypass was stopped in normothermic conditions 
after a reperfusion period. Mechanical circulatory sup-
port was not used in any case. All patients were managed 
with infusions of dobutamine, adrenaline and milrinone. 

The paient who had cleft palate succumbed to aspira- 
tion pneumonitis in the postoperative period, which was 
due to cleft palate. The aspiration pneumonitis was com- 
plicated by the poor left systolic function. Follow-up of 
other two patients after three months showed very good 
improvement in mitral regurgitation, improvement in left 
ventricular systolic function and ejection fraction of 
greater than 45%. 

2. Discussion 
In the infantile type of anomalous origin of the left coro- 
nary artery from pulmonary artery there is usually asso- 
ciated left ventricular dysfunction [4]. We report three 
infants who presented with anomalous left coronary ar- 
tery arising from the pulmonary artery with severe left 
ventricular dysfunction. The associated anomalies com- 
plicated the postoperative course and affected the outco- 
me of surgical repair. These three examples illustrate the 
potential issues that affected the diagnosis and the seem-  

LMB-Left main stem bronchus
RMB-Right main stem bronchus
LA-Left atrium

PA-Pulmonary artery Ao-Aorta
C-Cardioplegia going into arota and pulmonary 
artery
OS-Left coronary ostium coming from 
pulmonary  artery 
LCA-Left coronary artery
R-Dilated right coronary artery
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Table 1. Patients summary. 

Patient Age (in 
months)  Sex Weight 

(in kg) Echocardiogram Associated  
anomalies Procedure Problems 

1 8  F 4.2 

Sclerosed papillary muscle, global 
hypokinesia of the left ventricle, 

dilated right coronary artery,  
diastolic runoff to pulmonary artery, 

anomalous left coronary artery  
arising from the pulmonary artery, 

moderate to severe mitral  
regurgitation, ejection fraction-35%. 

(Figure 5) 

Congenital lobar 
emphysema of the 
right middle lobe. 

(Figure 1) 

Left coronary 
artery  

implantation and 
mitral  

annuloplasty at 
the first stage. 
Right middle 
lobectomy six 
weeks later. 

Spontaneous 
pneumothorax 

on day 4. 

2 6 F 4.5 

Dilated left atrium and left ventricle, 
moderate to severe mitral  

regurgitation, anomalous left main 
artery arising from pulmonary  

artery, right coronary artery dilated, 
moderate to severe left ventricular 

dysfunction with a ejection fraction 
of 30%, left ventricular endocardial 

fibroelastosis. 

Left main stem  
bronchus  

compression (Figure 
2), collapse of basal 

segments of left lower 
lobe, panlobular 

emphysema in medial 
basal segment of right 

lower lobe. 

Left main  
coronary artery 
reimplantation 

and limited  
annuloplasty of 
the mitral valve. 

Reintubation 
due to  

hypoxia and 
lung collapse. 

3 3 M 4.75 

Dilated left atrium and left  
ventricle, moderate to severe mitral 

regurgitation, anomalous left  
coronary artery from pulmonary 

artery, right coronary artery  
dilated, moderate to severe left  
ventricular dysfunction with a  

ejection fraction of 35%. 

Cleft lip and palate 
(Figure 3). 

Left main  
coronary artery 
reimplantation 
(Figure 4) and 

limited  
annuloplasty of 
the mitral valve. 

Aspiration 
Died on 7th 
post op day 

 
ingly well accepted surgical repair. Diagnosis of anoma- 
lous origin of the left coronary artery from pulmonary 
artery may be difficult owing to the lack of specific clini- 
cal manifestations [5]. One of the children with lobar em- 
physema was evaluated elsewhere and the breathing dif- 
ficulty, feeding difficulty with sweating were attributed 
to the lobar emphysema. The mitral valve regurgitation 
in a structurally normal valve prompted us to evaluate the 
coronary arteries. The second infant was diagnosed when 
she was admitted for a respiratory infection and third 
baby with cleft palate was diagnosed when he was re- 
ferred for a pre-operative evaluation for cleft palate.  

Anomalous left coronary artery arising from the pul- 
monary artery generally occurs as an isolated anomaly 
but can be associated with other cardiovascular abnorma- 
lities, such as patent ductus arteriosus, ventricular septal 
defect, tetralogy of Fallot, and coarctation of the aorta. 
The existence of associated defects with anomalous left 
coronary artery arising from the pulmonary artery some- 
times helps us in an early diagnosis, thus permitting sur- 
gical correction with better results [6]. An inter-current 
respiratory infection could bring these patients to medical 
attention. The chest X-ray could show a cardiomegaly 
prompting for an echocardiogram leading to diagnosis 
[7]. Occasionally enlarged left atrium may compress the 
bronchus leading to lung collapse. Two patients had lung 
disease one congenital lobar emphysema and the other 
left main stem bronchus compression by the dilated left 

atrium. Chest X-ray was supplemented with computer 
assisted tomography of the thorax to confirm the diagno- 
sis. This also delinated the coronary anatomy.  

Although the electrocardiogram is usually abnormal, a 
normal electrocardiogram does not rule out anomalous 
left coronary artery arising from the pulmonary artery. 
Abnormal q waves in the lateral leads (I, aVL and V4-V6) 
are commonly seen in anomalous left coronary artery 
arising from the pulmonary artery, unlike normal infants 
in whom this is extremely rare. q waves in inferior leads 
are uncommon in anomalous left coronary artery arising 
from the pulmonary artery. Small q wave may be occa- 
sionally seen in lead II, but q waves in lead III are not 
seen in anomalous left coronary artery arising from the 
pulmonary artery. The morphology of the q wave is also 
unique in that it is much deeper but narrower when com- 
pared to adult ischemic heart disease. Other features inclu- 
de poor R wave progression with loss of R wave height 
and ST-T changes in left precordial leads [8]. These clas-
sical findings of the electrocardiogram were present in 
two of our patients. One patient had a normal electrocar-
diogram finding.  

When mitral regurgitation and severe left ventricular 
dysfunction are present in infancy, the diagnosis of ano- 
malous left coronary artery arising from the pulmonary 
artery should be considered and careful echocardiogra- 
phic interrogation of the coronary artery origins and flow 
is warranted. Once anomalous left coronary artery arising 
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from the pulmonary artery is suspected because of clini- 
cal and indirect echocardiographic clues, direct imaging 
of the coronary origin should be attempted. Usually it is 
possible to identify left coronary artery originating from 
pulmonary artery, but in difficult cases a high parasternal 
position in parasagittal long axis view of main pulmona- 
ry artery is often useful. Absence of aortic origin of left 
coronary artery in a minimum of three views was propos- 
ed as a diagnostic criterion by some authors [9]. But 
sometimes, spurious aortic origin thus missing the diag- 
nosis can be “created” due to presence of fluid filled trans- 
verse sinus of pericardium which can artificially mimic 
the origin of the left coronary artery from aorta [10]. Co- 
lour Doppler showing the flow in coronary artery to- 
wards the aorta is abnormal and confirms the diagnosis 
of anomalous left coronary artery arising from the pul- 
monary artery. Yet again, this is not always present either 
because of angulation of the transducer, or due to the 
presence of pulmonary artery hypertension [11].  

Anomalous left coronary artery arising from the pul- 
monary artery involves demonstration of the origin of the 
left coronary artery from pulmonary artery together with 
reversed flow in the left coronary artery and its main di- 
visions [8]. Dilated right coronary system including pos- 
terior descending artery, increased right coronary artery/ 
aorta ratio and the presence of myocardial sinusoids are 
helpful in diagnosis [12]. Classically there is myocardial 
scarring and thining at the anterolateral left ventricle 
while the posterobasal part may show hypertrophy and 
hyperfunction. In patients with dilated cardiomyopathy, 
endocardial fibroelastosis and apical ventricular aneury- 
sm, enhanced echogenicity of papillary muscles, or in- 
creased collateral circulation within interventricular sep- 
tum might indicate the presence of anomalous left coro-
nary artery arising from the pulmonary artery [9]. All the 
three patients had severe left ventricle dysfunction and 
mitral regurgitation. One of them had endocardial fibroe- 
lastosis. The right coronary artery was well dilated and 
anomalous left coronary artery arising from the pulmona- 
ry artery was clearly demonstrated by echocardiogram in 
all (Figure 5).  

In the past, anomalous left coronary artery arising 
from the pulmonary artery was confirmed invasively by 
cardiac catheterization and angiography. However, recent 
technical advances in echocardiographic imaging, mul-
tidetector computed tomography coronary angiography 
and cardiac magnetic resonance imaging had enabled 
better visualization of the anomalous origin of coronary 
artery and associated findings [13]. In our study, anoma-
lous left coronary artery arising from the pulmonary ar-
tery was confirmed by 64-slice computed tomogram as 
an alternative to traditional cardiac catheterization 
(Figure 6).  

Original operation for anomalous left coronary artery 

arising from the pulmonary artery was ligation of the left 
coronary artery at its origin from the pulmonary artery to 
interrupt the shunt and improve myocardial perfusion. 
Although there were several case reports with good long- 
term prognosis [14] most studies demonstrated high mor- 
tality in children after left coronary artery ligation sur- 
gery [15,16]. Re-establishment of a dual-coronary system 
seems to be an ideal method for the surgical treatment of 
anomalous left coronary artery arising from the pulmo- 
nary artery in infancy which includes left coronary artery 
ligation plus coronary artery bypass grafting, Takeuchi 
operation and left coronary artery reimplantation. Ta- 
keuchi operation is usually adopted when there is a dis- 
tance between the left coronary artery ostium and the 
aortic root. Its major complications are occlusion of the 
intrapulmonary tunnel and supravalvular pulmonary ste- 
nosis [15]. Most cardiac surgeons prefer to reimplant the 
anomalous left coronary artery directly onto the aortic  
 

 
Figure 5. Echocardiogram of patient no 1 showing left main 
coronary artery coming from main pulmonary artery and 
its further bifurcation into left anterior descending artery 
and circumflex artery. 
 

 
Figure 6. Computed tomographic angiogram patient no 2 
showing left main coronary artery arising from pulmonary 
artery and right coronary artery coming from aorta. Both 
the coronary arteries are shown by red arrow. 

NPA-Main pulmonary artery
LMCA-Left main coronary artery
AO-Aorta
Lad-Left anterior descending artery
LCx-Left circumflex artery

PA-Pulmonary artery
RV-Right ventricle
AO-Aorta
LCA-Left coronary artery
RCA-Right coronary artery
LA-Left atrium
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root which was possible in all of our patients.  
The pathophysiology of mitral regurgitation in anoma- 

lous left coronary artery arising from the pulmonary ar- 
tery is the combination of papillary muscles dysfunction, 
left ventricular dyskinesis, left ventricular dilatation and 
mitral annulus enlargement. Mitral valvuloplasty during 
anomalous left coronary artery arising from the pulmo- 
nary artery surgery remains controversial with some 
studies supporting it [17,18] and some against the repair 
[19], with some author [20] supporting both depending 
on whether it is organic and functional. Our current ap-
proach is to perform concomitant mitral valve annulo- 
plasty in infants with the severe mitral regurgitation. All 
of our patients had severe mitral regurgitation and all so 
underwent mitral valve repair. We prefer to repair the 
mitral valve rather than to wait for regurgitation to re- 
gress with improving left ventricle function which may 
take even years.  

Excellent outcomes were reported after surgical repair 
of anomalous left coronary artery arising from the pul-
monary artery and the repair usually brings about a dra-
matic improvement in the left ventricular function [18, 
21]. However in this series they included only isolated 
anomalous left coronary artery arising from the pulmo- 
nary artery. When additional anomalies exist, they alter 
the prognosis. In our series the lung pathology in two and 
the cleft palate in one had significant impact on the pos- 
toperative outcome. However none of the infants op- 
erated on developed stenosis or occlusion of the reim- 
planted coronary arteries as reported by other authors 
[22]. 

Young age at surgery, left ventricular ejection fraction 
<30%, prolonged cardiopulmonary bypass and severe 
preoperative mitral regurgitation are surgical risk factors 
for death after anomalous left coronary artery arising 
from the pulmonary artery repair [23]. All the three in- 
fants in our series had significant preoperative mitral 
valve regurgitation and low ejection fraction. Apart from 
these factors, associated anomalies add additional risk. 
Although all the patients had severe left ventricle dys- 
function, it was the associated anomalies which caused 
the morbidity. The hemodynamic stability was compro-
mised when the infant with congenital lobar emphysema 
had spontaneous pneumothorax after extubation and she 
needed an intercostal drainage. The infant with lung col-
lapse had to be reintubated on the second day since she 
became hypoxic due to recollapse of the lung once the 
airway positive pressure was removed. She needed chest 
physiotherapy, vigorous endotracheal suctioning and 
inhaled bronchodilator therapy. The patient with cleft 
palate succumbed to aspiration and low cardiac output.  

Infants with anomalous left coronary artery arising 
from the pulmonary artery are homogenous group of 
patients because: 1) coronary collaterals are insufficient- 

ly developed to maintain myocardial perfusion, 2) they 
present with severe symptoms of heart failure preopera- 
tively and 3) they urgently required surgical treatment 
once diagnosed. There was no statistical correlation be- 
tween mortality and preoperative factors, probably be- 
cause of the homogeneity of the patients due to compa-
rable age, weight and poor preoperative condition, or 
because of the relatively small group of patients [24]. 
However this homogeneity was affected in our series due 
to associated anomalies. Although surgical repair was 
accurate this co morbid conditions affected the outcome. 

3. Conclusion 
In conclusion, as accurate, early diagnosis of anoma- 
lous left coronary artery arising from the pulmonary ar- 
tery is made possible by technical advances in echocar- 
diographic imaging and multidetector computed tomo- 
graphic coronary angiogram. It can successfully be treat- 
ed with good long-term results and establishment of two 
coronary-artery circulation. As our case series illustrate, 
while surgical outcomes of isolated anomalous left coro-
nary artery arising from the pulmonary artery are uni-
formly good, the associated anomalies especially of the 
lung complicate the post operative course and can even 
result in mortality. This small cohort can’t definitely 
answer this but can be an eyeopener. 
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