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ABSTRACT

Background: Anomalous left coronary artery from the 
pulmonary artery (ALCAPA), a very rare congenital car-
diac anomaly, is associated with a high mortality rate among 
infants who are not diagnosed or treated in a timely manner. 
Surgical intervention with the reconstruction for a two-
coronary-system circulation is the main treatment; however, 
there have been very few reported cases from Taiwan. In this 
study, we aim to describe the clinical manifestations, diagnos-
tic methods, surgery types, and surgical outcomes in patients 
with ALCAPA from a single Taiwanese medical center.

Methods: We retrospectively reviewed patients diagnosed 
with ALCAPA who underwent surgery at our institution 
between January 2001 and October 2018. Clinical presenta-
tions, noninvasive and invasive study results, surgical meth-
ods, and postoperative follow-up results were assessed from 
medical records. Moreover, literature on this particular car-
diovascular anomaly was reviewed.

Results: The study included 6 patients (5 children and 1 
adult). The diagnosis was confirmed using cardiac catheteriza-
tion and coronary angiography in four patients and only echo-
cardiography in two patients. All patients underwent surgical 
correction and survived. Four patients showed improvements 
in left ventricular function and mitral regurgitation (MR).

Conclusion: Early diagnosis and timely surgical interven-
tion could avoid mortality regardless of the method of opera-
tion. ALCAPA can be definitively diagnosed using noninvasive 
echocardiography. Both left ventricular systolic function and 
mitral insufficiency could improve after the surgical interven-
tion in pediatric patients. Repair or replacement of the mitral 
valve could be reserved for persistent MR complicated with 

congestive heart failure, particularly in patients who received 
the initial operation beyond infancy.

INTRODUCTION

Anomalous left coronary artery from the pulmonary artery 
(ALCAPA), a very rare congenital cardiovascular anomaly, 
was first reported in an anatomical study by Brooks in 1885 
[Brooks 1885]. Bland et al described the clinical features of 
this anomaly in 1933, and then this anomaly was referred 
to by the eponym Bland–White–Garland syndrome [Bland 
1933]. Its incidence has been estimated at 1 in 300,000 live 
births; it accounts for 0.24%–0.46% of all congenital cardio-
vascular anomalies [Yau 2011; Formica 2014].
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Figure 1. Diagram of ALCAPA. (A) If there is no sufficient collateral 
developed between the RCA and LCA, the myocardium of the LV will 
be perfused with low oxygen-containing blood at low pressure and myo-
cardial ischemia with severe congestive heart failure can develop over 
time. (B) If there are sufficient collaterals between the RCA and LCA, 
patients with ALCAPA may survive beyond their childhood. AO, aorta; 
LCA, left coronary artery; PA, pulmonary artery; RCA, right coronary 
artery; LV, left ventricle.
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At the intrauterine stage, fetuses with ALCAPA typi-
cally are asymptomatic; however, after birth, along with a 
fall in PA pressure and pulmonary vascular resistance, the 
perfusion pressure in the anomalous left coronary artery 
(LCA) decreases [Formica 2014; Jiang 2014]. Thus, the 
myocardium of the left ventricle (LV) is perfused with low 
oxygen-containing blood at low pressure (Figure 1A), which 
predisposes patients to ischemia and even infarction over 
the anterolateral myocardium of the LV [Lardhi 2010]. 
Both mitral regurgitation (MR) and congestive heart failure 
(CHF) can develop over time. In infants with ALCAPA, the 
typical symptoms and signs of CHF include feeding diffi-
culties, irritability, diaphoresis, tachypnea, and tachycardia. 
Chest pain might be misdiagnosed as infantile colic [Pachon 
2014]. In patients without an early diagnosis and surgical 
intervention, the mortality rate associated with severe CHF 
during the first year of life may be as high as 90% [Yau 2011; 
Pachon 2014]. Interestingly, if sufficient numbers of col-
lateral vessels develop between the right and left coronary 
arteries (Figure 1B), patients might survive beyond child-
hood without significant symptoms, except a systolic or con-
tinuous murmur [Yau 2011]. However, some adult patients 
might present with dyspnea, chest pain, syncope, exercise 
intolerance, and even sudden cardiac death because of acute 
myocardial ischemia or infarction during exercise or malig-
nant ventricular arrhythmia [Yau 2011; Pachon 2014].

Traditionally, the diagnosis of ALCAPA was established 
by cardiac catheterization and coronary angiography [Yau 
2011]. However, noninvasive diagnostic modalities, includ-
ing echocardiography and computed tomography angiogra-
phy, recently have been reported as alternative and accurate 
approaches [Yau 2011; Pachon 2014]. The definite treatment 
of ALCAPA is surgical intervention for adequate coronary 
circulation, and several methods have been developed for 
such an intervention, which can be classified as either one- 
or two-coronary-system repair [Peña 2009; Zheng 2010]. 
One-coronary-system repair involves the ligation of the 
abnormal LCA origin; however, because of the high inci-
dence of complications, such as ALCAPA recanalization, 

atherosclerosis, and sudden death, it has been abandoned and 
two-coronary-system repair is now universally preferred and 
accepted [Rodriguez-Gonzalez 2015; Muzaffar 2014; Gao 
2017]. Reconstruction for dual coronary circulation can be 
performed by the direct reimplantation of the anomalous 
LCA into the ascending aorta, creation of an aorticopulmo-
nary tunnel (also known as the Takeuchi procedure), or use 
of a venous or arterial bypass graft to connect the aorta and 
proximal left anterior descending artery [Peña 2009].

There are very few reports on ALCAPA in Taiwanese 
population; there have been only case reports regarding the 
congenital anomaly in the past 10 years [Huang 2017; Tseng 
2013; Hsu 2014; Jin 2011; Su 2010]. This retrospective study 
provides a more comprehensive review of ALCAPA in a Tai-
wanese population by assessing the clinical manifestations, 
diagnostic methods, surgery types, and follow-up results in 
patients with ALCAPA over the last 17 years from Taipei Vet-
erans General Hospital, a medical center in Taiwan.

MATERIALS AND METHODS

We retrospectively reviewed the medical records of patients 
diagnosed with ALCAPA and operated on at Taipei Veterans 
General Hospital between January 2001 and October 2018. 

Figure 2. Transthoracic echocardiography of ALCAPA. (A) Parasternal 
short-axis view showing the LCA connected to PA with retrograde flow 
above the pulmonary valve (arrowhead) and dilated RCA (arrow). (B) 
Apical four-chamber view showing dilated LV, significant mitral regur-
gitation (arrow), subendocardial fibroelastosis, and enhanced papillary 
muscle echogenicity. AO, aorta; LV, left ventricle; PA, pulmonary artery; 
LCA, left coronary artery; RCA, right coronary artery.

Figure 3. Surgical reconstruction of the two-coronary-system circulation 
with direct re-implantation of the LCA to the AO. (A) The orifice of the 
anomalous LCA was excised using a generous cuff of the PA wall. (B & 
C) The PA wall flap was used as a tube material to connect the LCA 
and AO (arrow). (D) The LCA was anastomosed to the AO, and the 
PA wall was repaired with an autologous pericardial patch (asterisk). 
AO, aorta; LCA, left coronary artery; PA, pulmonary artery; RCA, right 
coronary artery.
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We assessed the patients’ sex, age, weight at diagnosis, clinical 
manifestations, diagnostic methods, surgery types, and late 
follow-up findings.

During each time of follow-up, after the surgical correc-
tion of ALCAPA, we routinely performed history taking for 
symptoms and signs, physical examinations, and echocardio-
graphic evaluations. Echocardiography was especially focused 
on the left ventricular ejection fraction (LVEF) and MR grade. 
Furthermore, postoperative medical records regarding out-
patient department visits, emergency department visits, and 
hospitalization were reviewed to evaluate relevant symptoms 
and signs, medications, and surgical interventions.

We performed data entry in a Microsoft Excel file; how-
ever, the rarity of the cases limited the analysis that reason-
ably could be performed. The descriptive data are presented 
as numbers and percentages. This study was approved by the 
Institutional Ethical Review Board of Taipei Veterans Gen-
eral Hospital (VGHTPE-IRB No. 2019-04-013BC); the 
requirement for informed consent was waived owing to the 
retrospective nature of this study.

RESULTS

The study included 5 pediatric patients (mean age: 1.2 
years) and 1 adult patient (age: 34.7 years). All 5 pediatric 
patients presented with symptoms and signs of CHF, includ-
ing respiratory dyspnea, recurrent respiratory infections, and 
failure to thrive in early infancy. One pediatric patient had 
cardiomegaly since the age of 7 months; however, the patient 
did not undergo further examination until the age of 3 years 
when he was referred to our institution. The adult patient 
presented with nonspecific epigastric pain and was found to 
incidentally have LV akinesia via echocardiography. Table 
1 lists the patients’ data, including clinical manifestations, 

diagnostic methods, surgery types, hospital stay length, and 
follow-up duration. The surface 12-lead electrocardiograms 
of all patients revealed different severities of myocardial 
damage over the anterior or left lateral wall with an abnormal 
Q wave in 83% of the patients and significant ST-T wave 
changes in all patients. All patients had varying degrees of 
ventricular dysfunction and MR on echocardiography. Figure 
2 demonstrates the echocardiographic findings of patient 6. 
Both one- and two-coronary-system repair were performed 
in our patients. Two-coronary-system repair was performed 
with direct reimplantation of the abnormal LCA to the aorta 
(Figure 3); however, if the LCA had an inadequate length for 
reimplantation, one-coronary-system repair was performed 
with simple obliteration of the LCA opening into the PA. 
None of the pediatric patients underwent mitral valve repair 
or replacement at the initial surgical reconstruction. 

During the early (<30 days) postoperative period, there 
were no significant complications after surgical reconstruc-
tion; however, one pediatric patient developed acute renal 
failure and gradually recovered without sequelae after tempo-
ral peritoneal dialysis. All pediatric patients showed improve-
ment in left ventricular systolic function on follow-up echo-
cardiography. Table 2 lists the preoperative and late follow-up 
LVEF and MR in each patient. Patient 2 underwent mitral 
valve replacement 11 months after the ALCAPA surgery 
owing to persistent moderate-to-severe MR complicated 
with CHF. All pediatric patients are currently asymptom-
atic. The adult patient developed acute pulmonary edema 2 
months after the surgery. The recanalization of the opening 
of the proximal LCA in the PA was noted; patch closure of the 
opening of the proximal LCA was performed later. Sequential 
cardiac catheterization revealed total occlusion of the graft 4 
years later. Ventricular function did not significantly improve 
after the surgery, and the patient was hospitalized 4 times 
owing to CHF and acute pulmonary edema.

Table 1. Patient data (characteristics before the operation, diagnostic methods, surgical methods, and outcomes)

Patient Sex
Age at operation 

(years)
Preoperative symptoms 

and signs Diagnostic method Type of surgical repair
Hospital  
stay days

1 F 1.5 Recurrent LRTI and RF CATH Ligation of the abnormal LCA orifice at the PA 28

2 F 1 CHF CATH
Direct reimplantation of the abnormal LCA 

into the AAO
19

3 M 3.2 Recurrent LRTI and CHF CATH Ligation of the abnormal LCA orifice at the PA 15

4 F 0.33 CHF; LRTI and RF CATH
Direct reimplantation of the abnormal LCA 

into the AAO
30

5 M 34.7 Epigastric pain ECHO
(1) Ligation of the proximal LCA origin into the 
PA; anastomosis of the LIMA with the proximal 

LAD; (2) Mitral annuloplasty
48

6 F 0.25 CHF ECHO
Direct reimplantation of the abnormal LCA 

into the AAO
25

AAO, ascending aorta; CATH, cardiac catheterization; CHF, congestive heart failure; ECHO, echocardiography; F, female; LRTI, lower respiratory tract infection; 
RF, respiratory failure; LCA, left coronary artery; LIMA, left internal mammary artery; LAD, left anterior descending artery; M, male; PA, pulmonary artery
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DISCUSSION

This retrospective descriptive study demonstrated that 
early diagnosis and suitable surgical intervention were ben-
eficial with regard to overall survival among patients with 
ALCAPA. To our knowledge, this is the first study to describe 
the outcome involving 3 methods of surgical intervention in 
Taiwanese patients with ALCAPA. The postoperative LVEF 
and MR severity improved in almost all pediatric patients. 
Echocardiography was useful for both establishing the diag-
nosis and evaluating cardiac function before and after surgery 
in patients with ALCAPA.

In pediatric patients with ALCAPA, the most common 
presentations are poor exercise tolerance, poor weight gain, 
poor feeding, and tachypnea [Brotherton 2008]. Here, more 
than half of the pediatric patients had recurrent respiratory 
tract symptoms or infection before diagnosis. Complete car-
diovascular examinations, including cardiac imaging and func-
tional evaluation, may be necessary in infants with recurrent 
respiratory symptoms or infection. In adult patients, Yau et 
al reviewed 151 cases and reported that the mean age was 41 
years and the most common symptoms were angina, dyspnea, 
palpitations, and fatigue [Yau 2011]. In our study, the initial 
presentation of the adult patient was nonspecific, and this 
might be explained by the relatively young age (34.7 years).

Previously, the diagnosis of ALCAPA was exclusively con-
firmed by cardiac catheterization and angiography, which 
shows the entire course of the anomalous coronary artery 
[Peña 2009]. However, these examinations are invasive and 
associated with risks and possible complications [Harold 
2013]. As technology continues to improve, accurate echocar-
diographic diagnosis might become possible [Pachon 2014; 
Ramírez 2011].

The echocardiographic findings of ALCAPA include 
direct visualization of the connection between the PA and 
LCA; retrograde flow above the pulmonary valve toward 
the left and posterior wall of the PA; a dilated right coro-
nary artery; a dilated LV with systolic dysfunction; significant 
MR; and abundant color flow Doppler signals within the 

interventricular septum owing to numerous coronary col-
laterals, subendocardial fibroelastosis, and enhanced papil-
lary muscle echogenicity [Zheng 2010; Rodriguez-Gonzalez 
2015; Yang 2018]. In our study, the first 4 pediatric patients 
were definitively diagnosed using cardiac catheterization. 
The subsequent 2 patients (1 adult and 1 infant) were diag-
nosed using only echocardiography.

The definitive treatment for ALCAPA is surgical correc-
tion of the abnormal coronary circulation. Currently, estab-
lishing a two-coronary-system circulation is the favored sur-
gical approach because it is believed to be associated with 
reduced morbidity and mortality [Ramírez 2011; Ojala 2010; 
Vossler 2012]. Nevertheless, the randomized controlled trials 
to compare outcomes of different surgical methods still are 
lacking. Both one- and two-coronary-system approaches were 
performed in our patients, and the overall survival and LVEF 
improvement during the follow-up period were satisfactory 
in all the pediatric patients. The postoperative LVEF of the 
adult patient did not improve, which might be explained by 
chronic myocardial ischemia. However, owing to the risk 
of sudden death, timely surgical intervention is required in 
adult patients with ALCAPA [Rajbanshi 2014]. Furthermore, 
the recanalization of the anomalous LCA opening into the 
PA and obliteration of the graft were noted 2 months later. 
Therefore, establishing a normal anatomical configuration 
by the direct reimplantation of the anomalous LCA into the 
ascending aorta in adult patients might help avoid these com-
plications [Rajbanshi 2014]. However, the optimal method of 
surgical repair in adult patients with ALCAPA still is incon-
clusive [Vossler 2012]. 

Although MR is common in patients with ALCAPA 
[Ramírez 2011; Ojala 2010; Alexi-Meskishvili 2011], repair or 
replacement of the mitral valve is a controversial procedure 
for ALCAPA correction [Talwar 2013]. The mechanisms of 
MR are usually multifactorial, including myocardial ischemia 
or infarction, papillary muscle dysfunction because of scarring 
and calcification, mitral ring dilatation with papillary muscle 
displacement, dyskinesia of the LV-free wall, and endocar-
dial fibroelastosis involving the chordae tendineae, papillary 

Table 2. Preoperative and late follow-up LVEF and MR in each patient

Patient Perioperative LVEF (%) Late follow-up LVEF (%) MR severity before the operation MR severity at late follow-up Follow-up (months)

1 48 72 Minimal None 174

2 -* 76 Moderate Mild 93

3 32 65 Severe Moderate-to-severe 11**

4 30 77 Mild-to-moderate Minimal 36

5 33 33 Moderate Mild (post MVA) 110

6 22 40 Moderate Severe 13

*The preoperative data for patient 2 is missing.
**Patient 3 underwent mitral valve replacement 11 months after the ALCAPA surgery.
ALCAPA, anomalous left coronary artery from the pulmonary artery; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MVA, mitral valve an-
nuloplasty
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muscles, and mitral leaflets [Ojala 2010; Azakie 2003]. Some 
studies have suggested that the mitral valve should not be 
repaired or replaced during the first attempt to reconstruct 
the coronary circulation because MR usually improves over 
time after surgery [Gao 2017; Ramírez 2011; Ojala 2010; 
Alexi-Meskishvili 2011; Azakie 2003]. Furthermore, mitral 
valve repair or replacement might increase operative diffi-
culty and procedure time [Muzaffar 2014; Ben 2009]. How-
ever, regardless of the MR degree, Isomatsu et al. recom-
mended performing simultaneous mitral annuloplasty at the 
anterolateral commissure, which was effective for reducing 
regurgitation and was not a very time consuming procedure 
[Isomatsu 2001]. None of our pediatric patients underwent 
mitral valve annuloplasty during the initial ALCAPA surgery, 
and MR improved during follow-up in 3 pediatric patients 
(60%). However, 1 pediatric patient required mitral valve 
replacement 11 months later owing to persistent moderate-
to-severe MR complicated with CHF. Compared with the 
other pediatric patients, this patient had more severe MR 
before the surgical correction. Moreover, this patient under-
went the operation at the age of 3.2 years, whereas the other 
patients were operated on in infancy.

The present study has some strengths. First, the pub-
lished reports on an ALCAPA in Taiwanese population are 
rare, and the outcome of different surgical intervention 
is unclear; the present study described the presentations 
and surgical outcomes of different methods in Taiwanese 
patients with ALCAPA. Second, we summarized the asso-
ciated literature and the echocardiographic findings of 
ALCAPA. We believe that the results might help in manag-
ing patients with ALCAPA.

The primary limitation of this study is that the number of 
cases was too low for statistical analysis; however, ALCAPA 
is a very rare congenital cardiac anomaly. To the best of our 
knowledge, the actual incidence and postoperative prognosis 
in Taiwanese patients remain undocumented. Further stud-
ies involving more cases that statistically can be analyzed are 
required to support specific diagnostic investigations or sur-
gical approaches. Another limitation of this study is its ret-
rospective design; however, as ALCAPA is extremely rare, a 
prospective study might require the involvement and coop-
eration of many institutions.

In conclusion, this study describes both pediatric and adult 
patients with ALCAPA in Taiwan. Moreover, we discussed 
3 methods of surgical intervention and believe that it pro-
vides a more comprehensive view of the congenital anomaly. 
With the low birth rate and the introduction of advanced 
fetal echocardiographic evaluation in Taiwan, the number of 
individuals with congenital cardiac anomalies is decreasing. 
Early diagnosis and timely surgical intervention are crucial 
to prevent infant mortality associated with correctable con-
genital cardiac anomalies. ALCAPA can be definitively diag-
nosed using detailed echocardiographic examination rather 
than conventional cardiac catheterization. After surgical 
intervention, clinical symptoms, myocardial functioning, and 
postoperative survival might dramatically improve in pedi-
atric patients. Although MR commonly is associated with 
ALCAPA before and after surgery, repair or replacement of 

the mitral valve might be best reserved for patients with per-
sistent regurgitation complicated with CHF, especially when 
the initial correction is performed after infancy.
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