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1  | INTRODUCTION

Left main coronary artery ostial atresia (LMCAOA) is an extremely rare 
congenital coronary artery anomaly with an incidence of 0.1%‐0.4% 
of “sole coronary” cases diagnosed on the basis of results of necros‐
copy studies.1 It is defined as the absence of a left main ostium with 

the left anterior descending (LAD) and circumflex arteries (Cxs) con‐
nected as usual and ending blindly, having not originated from another 
vessel or cardiac chamber, and supplied by the right coronary artery 
(RCA) via collaterals.2 The left main coronary artery (LMCA) trunk 
may be normal, hypoplastic, or atretic. The clinical presentation is 
non‐specific and widely variable depending on the degree of collateral 
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Abstract
Left main coronary artery ostial atresia (LMCAOA) is a rare congenital anomaly of the 
coronary arteries. The published literature regarding the current diagnostic and manage‐
ment recommendations are limited. We present three case series of LMCAOA from our 
institution, including one with a unique association with anomalous origin of left coronary 
artery (LCA) from pulmonary artery. In addition, this report includes a review of 50 pedi‐
atric and 43 adult cases from literature. The majority of the patients were symptomatic. 
Sudden cardiac death occurred in 10% of pediatric patients and 7% of adult patients. 
Almost half of pediatric patients had additional cardiac lesions. At the time of diagnosis, 
82% of patients had abnormal exercise stress test and 73% had abnormal myocardial 
perfusion imaging (MPI). The diagnosis of LMCAOA was suspected by echocardiogra‐
phy in 47% of pediatric patients, while 26% were initially misdiagnosed as anomalous 
origin of LCA from pulmonary artery. Coronary angiography confirmed the diagnosis in 
most cases and 70.5% of pediatric patients had small collaterals, while 80.5% of adult 
patients had large collaterals. Nine pediatric patients had no revascularization surgery 
with five deaths. Revascularization surgery was performed in 39 pediatric patients with 
four deaths. After 2005, there is a gradual shift toward performing coronary osteoplasty 
rather than coronary artery bypass grafting. Eighteen adult patients had revascularization 
surgery and all survived. Fifteen adult patients had no revascularization surgery, of which 
there were five deaths. In patients with LMCAOA, revascularization surgery is currently 
recommended in the presence of symptoms, ischemic changes on electrocardiogram or 
exercise stress test, myocardial perfusion defect on MPI, global left ventricular systolic 
dysfunction on echocardiogram, severe mitral regurgitation, or small‐sized collaterals in 
coronary angiography. Short‐term and mid‐term outcomes are encouraging.
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circulation and myocardial perfusion. Some patients present early in 
life, mostly with congestive heart failure and syncope, whereas others 
remain asymptomatic into late adulthood, before presenting mostly 
with angina.3 Sudden cardiac death (SCD) was reported as the pre‐
senting symptom in some cases.3 Surgical revascularization either by 
coronary artery bypass grafting (CABG) or coronary reconstruction 
osteoplasty was performed in many cases in literature.3,4 Herein, we 
describe three cases of LMCAOA from our institution with variable 
clinical presentations, diagnostic investigations, and management 
strategies. In addition, a detailed account of the literature to date 
summarizing the cases of LMCAOA is also reported to help achieve a 
better understanding for this complex and rare cardiac lesion.

2  | CASE 1

A full‐term 6‐week‐old female had multiple rhabdomyomas detected 
by a fetal echocardiogram. The brain magnetic resonance imaging 

(MRI) was normal. At 2 weeks of age, her initial transthoracic echocar‐
diogram (TTE) at referring hospital did not show any rhabdomyomas, 
however, it was suggestive for anomalous origin of left coronary artery 
(LCA) from right facing sinus. She was referred to our center for as‐
sessment at 7 weeks of age. At that time, she was growing well and 
had no cardiovascular‐related symptoms. The resting electrocardio‐
gram (ECG) was unremarkable. Repeated TTE revealed a suspected 
LMCAOA. The RCA was dilated (z‐score 2.25) with normal ostial origin 
and antegrade flow (Figure 1A). The LAD and the Cx were both small 
and supplied retrograde from prominent collaterals arising anteriorly 
from the RCA. The ostial origin of the LMCA from the aorta was not 
seen (Figure 1B). There was no obvious anomalous origin of the LCA 
from the pulmonary artery (ALCAPA) and there was good biventricular 
systolic function with no regional wall motion abnormalities or mitral 
regurgitation (MR). The patient went on to have selective coronary 
angiography to confirm the diagnosis. Injection into the left coronary 
ostium demonstrated no antegrade flow (Figure 1C). Selective right 

F I G U R E  1   A, Prominent collateral branch (yellow arrow) arising from the dilated proximal RCA. B, The LMCA ostial origin is atretic with 
close proximity to aorta. Retrograde flow in the proximal portion of the LAD and antegrade flow in the Cx. C, Selective injection into the left 
coronary ostium showing no antegrade flow into the LMCA. D & E, Selective right coronary angiography showing a mildly dilated RCA, with 
a good‐sized collateral artery arising from RCA as a first branch and connects to the proximal LAD. Both LAD and Cx forms a blind‐ended 
pouch with close proximity to aorta (star). Cx, circumflex artery; LAD, left anterior descending artery; LMCA, left main coronary artery; 
RCA, right coronary artery
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coronary angiography demonstrated an atretic ostial origin of LMCA 
with close proximity to the aortic sinus (Figure 1D,E). The RCA was 
dilated with a normal ostial origin and antegrade flow. The first branch 
arising from the RCA was a prominent large collateral artery that con‐
nected the proximal portion of the LAD (Figure 1D,E). The magnetic 
resonance myocardial perfusion imaging (MPI) was normal with no 
perfusion defects on either the rest or stress images and no evidence 
of scar as assessed by late gadolinium enhancement. As the patient 
was asymptomatic in the setting of normal MPI and a good‐sized col‐
lateral supply of the left coronary system from RCA, no intervention 
was undertaken with routine follow up in the ambulatory clinic. At the 
last visit, she was over 1 year old with no concerns.

3  | CASE 2

A 5‐years‐old boy presented with a history of multiple episodes of ex‐
ertional syncope and chest pain since 2 years of age. Cardiopulmonary 
resuscitation had been performed on multiple occasions. His initial 
TTE at the referring hospital was unremarkable except for near nor‐
mal left ventricular systolic function and a dilated RCA. He had been 

previously referred to neurology for the possibility of a seizure dis‐
order and had a normal brain MRI and electroencephalogram. The 
resting ECG was unremarkable. On assessment at our center, TTE 
revealed a suspected LMCAOA. The RCA was prominent with normal 
ostial origin and antegrade flow. The ostial origin of the LMCA from 
the aorta was not seen with no antegrade flow (Figure 2A). There was 
retrograde flow in the LMCA and LAD. There were multiple promi‐
nent septal perforators from the posterior descending artery (PDA) 
(Figure 2B,C). There was no obvious ALCAPA. The left ventricle (LV) 
was mildly dilated. The biventricular systolic function was preserved 
with no regional wall motion abnormalities or MR. The patient went 
on to have selective coronary angiography to confirm the diagnosis. 
Injection into the left coronary ostium demonstrated no antegrade 
flow (Figure 2D). Selective right coronary angiography demonstrated 
a dilated RCA with a normal ostial origin and antegrade flow. There 
was retrograde filling of the entire left coronary system by multiple 
small septal perforators from the PDA which flowed into the distal 
LAD (Figure 2E,F). As the patient was symptomatic and in the set‐
ting of small collaterals, he underwent re‐implantation of the LMCA 
to the aorta with left coronary osteoplasty. There was an atretic os‐
tium of the LMCA within the left‐right aortic commissure (Figure 3A). 

F I G U R E  2   A, The LMCA ostial origin is atretic with retrograde flow in the LMCA (White star). B, Parasternal long axis view of the right 
ventricle inflow showing prominent PDA and septal perforators (Green arrow). C, Parasternal short axis view showing prominent septal 
perforators in the interventricular septum (Yellow arrow). D, Selective injection into the left coronary ostium showing no antegrade flow into 
the LMCA. E, Selective right coronary angiography showing a mildly dilated RCA with retrograde filling of the well‐formed LMCA (White 
star). F, Multiple small septal perforators (SP) arising from the PDA and connect to LAD distally. Cx, circumflex artery; LAD, left anterior 
descending artery; LMCA, left main coronary artery; PDA, posterior descending artery; RCA, Right coronary artery; SP, septal perforators
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The LMCA trunk was well developed and in close proximity to the 
aorta. The LMCA was incised until the bifurcation. The aorta was 
incised down to the top of the commissure to create an effective 
orifice. The posterior and lateral walls of the coronary artery were 
connected to the aortic wall using interrupted 7‐0 sutures. A wide 
triangle shaped treated pericardial patch was used to enlarge the en‐
tire LMCA trunk (Figure 3B). He was discharged 4 days later after 
uneventful postoperative course and normal postoperative ECG. His 
TTE on discharge showed unobstructed antegrade flow in the LMCA, 
LAD, and Cx (Figure 3C) with good biventricular systolic function. He 
received prophylactic ASA for 3 months and is doing well 1 year later.

4  | CASE 3

A full‐term 3‐week‐old female was referred to pediatric cardiology 
after a fetal echocardiogram showed multiple echogenic foci located 
adjacent to the interventricular septum, right ventricular moderator 
band, and left ventricular chordae. She was seen in ambulatory clinic 
for routine evaluation. At the time of clinic visit, she had appropriate 
weight gain, no cardiovascular‐related symptoms and a normal ECG. 
The TTE revealed a prominent RCA (z‐score 1.7) with normal ostial 
origin and antegrade flow, and a prominent branch arising anteriorly. 
Antegrade flow was seen in the usual location of the LAD; however, 
the ostial origin of the LMCA from the aorta was not seen, raising the 
possibility of anomalous origin of the LMCA (Figure 4A,B). Computed 

tomography (CT) showed the LCA stump arising from the mid‐part of 
the left posterior facing sinus of the pulmonary artery (Figure 4C). 
The RCA originated normally from the right aortic sinus and was 
only mildly dilated (Figure 4D). There was a collateral channel arising 
from the proximal RCA that coursed on the epicardial surface of the 
right ventricular outflow tract (RVOT) to connect to the LCA system 
below the left atrial appendage. The patient went on to have selec‐
tive coronary angiography to confirm the diagnosis. Angiography 
demonstrated a mildly dilated RCA with retrograde filling of the LAD 
supplied by the collateral that was seen on CT along the RVOT and 
a separate collateral vessel from the RCA supplied the Cx. No LMCA 
connection to the aortic root was seen (Figure 5A). Pulmonary an‐
giogram revealed an ostial “stump” of the LCA, which confirmed the 
diagnosis of ALCAPA with occlusion of the LMCA (Figure 5B). As the 
patient remained asymptomatic in the setting of adequate collateral 
supply of the LCA system from the right, the decision was made to 
follow her closely as an outpatient with ECG, echocardiogram, and 
Holter monitor, initially 3 months after presentation and subse‐
quently annually, with periodic coronary artery imaging, and myocar‐
dial perfusion scanning. She is doing well 1 year later.

5  | REVIEW OF LITERATURE

All available literature reports in English on LMCAOA were collected 
by electronic search of the MEDLINE database. We have thus been 

F I G U R E  3   A, The aorta was transected above the sinotubular junction, we found atresia of the ostium of LMCA rightward to the left‐
right commissure. B, The posterior and lateral wall of the LCA and aortic wall were connected and then a triangle shaped patch with treated 
autologous pericardium was used to create an effective surface for coronary osteoplasty (Black arrow). C, Postoperative echocardiography 
showing normal antegrade flow in the LCA
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F I G U R E  4   A, Prominent RCA with 
normal ostial origin and antegrade 
flow with a prominent branch arising 
anteriorly. B, Antegrade flow seen in 
the usual location of the LAD; however, 
ostial origin of the LMCA from the aorta 
not seen. C, LCA stump arising from the 
mid‐part of the left posterior facing sinus 
of the pulmonary artery (arrow). The 
gray contrast of the LCA stump is clearly 
different from the bright contrast of the 
RCA‐fed portion of the left coronary 
system. D, RCA arising normally from the 
right aortic sinus is bright in contrast and 
mildly dilated (arrow). LAD, left anterior 
descending artery; LCA, left coronary 
artery; LMCA, left main coronary artery; 
RCA, right coronary artery

F I G U R E  5   A, Angiography showing 
a mildly dilated RCA, with retrograde 
filling of the LAD and Cx. No LMCA 
is seen (*). B, Pulmonary angiogram 
revealing faint filling of the ostial “stump” 
(arrow) of the LCA. Cx, circumflex artery; 
LAD, left anterior descending artery; 
LMCA, left main coronary artery; RCA, 
right coronary artery
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able to collect a total of 93 pediatric and adult cases of LMCAOA, 
summarized in Tables 1 and 2 respectively; of which 56% were male. 
Among these patients, there were 50 pediatric patients that ranged 
from the age of 3 to 17 years old, with more than one‐third (n = 18) 
diagnosed in early infancy. There were also 43 adult patients that 
ranged from the age of 23  to 85 years old, and 84% of them were 
older than 40 years of age at the time of diagnosis.

5.1 | Presenting symptoms and associated 
cardiac lesions

Of the 50 pediatric patients, 88% (n = 44 cases) were symptomatic 
while only 10% (n = 5 cases) were asymptomatic, including three in‐
fants (Table 3). The most common symptoms in pediatric patients 
were heart failure in 44% (n = 22), syncope in 28% (n = 14), and chest 
pain in 24% (n = 12 patients). In the 18 reported cases occurring dur‐
ing early infancy at 1 year of age or less, they predominantly pre‐
sented with heart failure (n = 12). Ten percent of pediatric patients 
(n = 5) were presented with sudden cardiac death (SCD), in that three 
of them were during early infancy. Of the 43 adult patients, 79% 
(n = 34) were symptomatic while only 9 patients were asymptomatic. 
Unlike pediatric patients, the most common presenting symptoms 
among adult patients was angina in 48.8% (n = 21) and exertional 
dyspnea in 14% (n = 6) patients. Heart failure was extremely rare 
and reported only in two adult patients. About 7% of adult patients 
(n = 3) presented with SCD, only one of them survived.

We found that 44% of pediatric patients (n = 22) had additional 
cardiac lesions (Table 3), most commonly mitral valve prolapse in 
seven cases and supravalvar aortic stenosis in four cases. Nearly 
half of the adult patients (n = 22) were associated with other cardiac 
lesions, most commonly coronary atherosclerosis in nine cases and 
severe aortic insufficiency in four cases. Unlike pediatric patients, 
only three adult patients had mitral valve prolapse.

5.2 | Diagnostic investigations

ECG at rest was available for 34 pediatric patients with evidence of 
ischemia in half of them (Table 4). However, only 16 adult patients 
had ECG at rest with evidence of ischemia in 37.2% (n = 6). Of the 
50 pediatric patients, only 10 had an exercise stress test. Ischemic 
changes in the form of ST depression were reported in eight cases 
(Table 4). Additionally, 11 pediatric patients had MPI with perfusion 
defects reported in nearly 73% of them (n = 8). Exercise stress test 
(EST) was available for 13 adult patients, nearly 85% of them had 
ischemic changes (n = 11). MPI was performed in 15 adult patients, 
among which 73.3% (n = 11) had perfusion defects.

Echocardiography was suspicious for diagnosis of LMCAOA in 
47% of the pediatric patients (n = 16) who had echocardiographic 
results available (n = 34) (Table 4). Nine pediatric patients were mis‐
diagnosed as ALCAPA, while coronaries were reported to be nor‐
mal in nine pediatric patients. As expected, of the 13 adult patients, 
LMCAOA was not suspected by echocardiography in any of them 
(Table 4).

5.3 | Left ventricular systolic function at 
time of diagnosis

The LV systolic function was known at the time of diagnosis in 37 of 
50 cases in the pediatric population (Table 4). It was normal in 43.2% 
(n = 16) and severely reduced in 32.4% (n = 12). Nearly one‐fifth of 
pediatric patients (n = 7) had wall motion abnormalities of the LV. Of 
the 43 adult patients, the LV systolic function was known at the time 
of diagnosis for 22 cases (Table 4). It was normal in 54.5% (n = 12) 
and severely reduced in 22.7% (n = 5). Unlike pediatric patients, only 
one adult patient had wall motion abnormalities of the LV.

The diagnosis of LMCAOA was confirmed by coronary angiogra‐
phy alone in about 72% of pediatric patients (n = 36) and by both cor‐
onary angiography and cardiac imaging (CT angiography or magnetic 
resonance angiography) in 12% (n = 6). Two pediatric cases were 
diagnosed by autopsy and six had intraoperative diagnosis. Nearly 
42% (n = 18) of adult patients were diagnosed by coronary angiog‐
raphy alone, while 46.5% (n = 20) were diagnosed by both coronary 
angiography and cardiac imaging (CT angiography or magnetic res‐
onance angiography). Five adult cases were diagnosed by autopsy.

The size of collaterals supplying the left coronary system from 
the RCA was described in 44 pediatric patients and 41 adult pa‐
tients (Table 4). In pediatric patients, the collaterals were small‐
sized in about 70% (n = 31) and large‐sized in only 9% (n = 4) 
compared to 80.5% of adult patients (n = 33). We also looked 
where the collaterals joined the left coronary system. This was 
described in 14 pediatric patients and 23 adult patients (Table 4). 
Among pediatric population, the collaterals joined the left coro‐
nary system at distal LAD and/or distal Cx in 14.3% (n = 2), mid and 
distal LAD and distal Cx in 43.8% (n = 6), mid LAD in 7.1% (n = 1), 
proximal LAD in 28.6% (n = 4) andfir st diagonal branch in 7.1% 
(n = 1). In adult patients, the collaterals joined the left coronary 
system at distal LAD and/or distal Cx in 30.4% (n = 7) cases, mid 
and distal LAD in 8.7% (n = 2), mid LAD in 39.1% (n = 9), and prox‐
imal LAD or Cx in 21.7% (n = 5).

5.4 | Management

Two pediatric patients died from SCD; while in two other patients 
the management was not mentioned (Table 5). Of the remaining 46 
pediatric patients, 84.7% (n = 39) had myocardial revascularization 
surgery, CABG in 71.1% (n = 27) and coronary reconstruction os‐
teoplasty in 28.9% (n = 11) cases. The surgery was not specified in 
one patient. In contrast, three adult patients died from SCD; two 
other patients were asymptomatic but diagnosed on autopsy after 
non‐cardiac death. The management was unknown for seven adult 
patients. Of the remaining 31 patients, two‐thirds (n = 21) had my‐
ocardial revascularization surgery as detailed in (Table 5). This in‐
cluded CABG in 17 cases and non‐specified surgery in the other 4 
patients. Interestingly, unlike the pediatric population, none of the 
adult patients had coronary reconstruction osteoplasty. Nearly one‐
third of adult patients (n = 10) and 15% of pediatric patients (n = 7) 
did not have coronary surgery and were treated medically.
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5.5 | Survival

Two pediatric patients had unknown outcome. Of the remaining 48 
patients, 81% (n = 39) survived and 19% (n = 9) died (Table 5). Forty‐
three percent (n = 5) of pediatric patients who did not have myocardial 
revascularization surgery (n = 9) died, including two with SCD. On the 
contrary, only 10% (n = 4) of pediatric patients who had revasculari‐
zation surgery (n = 39) died. All of them had their surgery at the age 
of 6 months or less, three had preoperative severe LV systolic dys‐
function but none of them had more than mild MR. The first patient 

presented with heart failure at 3 months of age with severe LV sys‐
tolic dysfunction and died in the third postoperative day after CABG. 
The second patient also presented with heart failure at 7 weeks of 
age with severe LV systolic dysfunction and died on the third post‐
operative day after CABG. The third patient presented with sudden 
cardiac arrest at the age of 3 days with severe LV systolic dysfunction 
and died immediately after CABG. The last patient presented with 
heart failure at 6 months of age and with akinesia of the anterior and 
lateral LV walls and died immediately after non‐specified coronary 
surgery. Ten adult patients had unknown outcomes. Of the remaining 
33 patients, 84.8% (n = 28) survived. Five adult patients died, three of 
them presented with SCD, and the other two were diagnosed by au‐
topsy after non‐cardiac death. About 66.7% (n = 10) of adult patients 
who had no revascularization surgery (n = 15) survived, but one of 
them required heart transplantation after 2 months. Interestingly, all 
of 18 adult patients who had revascularization surgery survived, even 
those with preoperative moderate or severe LV systolic dysfunction.

5.6 | Management and outcome of MR

Of the 34 pediatric patients with available echocardiographic 
results, 41% (n = 14) had MR at the time diagnosis. The MR was 
graded as severe in nine cases (six with mitral prolapse), moderate 
in one case and mild in four cases. Four of nine pediatric patients 
with severe MR had mitral valve repair in the same procedure of 
myocardial revascularization surgery, two of them required mitral 
valve replacement later, and one required a second mitral valve re‐
pair for ruptured chordae. The fate of MR in the fourth patient was 
unknown. Three of nine pediatric patients with severe MR had myo‐
cardial revascularization surgery without mitral valve repair. All the 
three patients survived with improved MR to mild degree in two and 
to moderate degree in one patient. Two of nine pediatric patients 
with severe MR had no revascularization surgery or mitral valve 
repair. One of them died 4 hours after coronary angiography was 
performed for diagnosis. The other one survived but the fate of MR 
was unknown. Unlike the pediatric population, only 3 of 13 adult pa‐
tients had MR. It was graded as severe in two and moderate in one. 
Both patients with severe MR required myocardial revascularization 
surgery, and only one had mitral valve repair in the same procedure.

5.7 | Left ventricular systolic 
dysfunction and mortality

The LV systolic function was severely reduced in 12 pediatric pa‐
tients, of which 9 had revascularization surgery. Post‐surgery, the 
LV systolic function improved in four patients only. Regarding the 
association between the baseline LV systolic function and post‐ 
surgical mortality, three of nine pediatric patients with preopera‐
tive severe LV dysfunction died after their revascularization surgery 
and a fourth was noted to have regional wall motion abnormalities 
prior to surgery. The remaining three pediatric patients with severe 
LV systolic dysfunction did not have revascularization surgery. The 
first patient was diagnosed at the age of 2 years after presentation 

TA B L E  3   Characteristics of pediatric and adult patients with 
LMCAOA

Pediatric 
patients

Adult 
patients

Total number 50 43

Associated symptoms

Asymptomatic 5 (10%) 9 (20.9%)

Symptomatic 44 (88%) 34 (79.1%)

Heart failure 22 2

Syncope 14 1

Chest pain (angina) 12 21

Atypical chest pain 3

Palpitations 2 0

Cardiac arrest 5 3

Exertional dyspnea 6

Isolated 28 (56%) 21 (48.8%)

Associated with other lesions 22 (44%) 22 (51.2%)

Mitral valve prolapse 7 3

Supravalvar aortic stenosis or 
membrane

4 1

Bicuspid aortic valve with critical 
aortic stenosis

1 0

Valvar aortic stenosis 0 1

Subvalvar aortic stenosis 0 1

Severe aortic insufficiency 0 4

Right coronary artery stenosis 2 0

Anomalous origin from right coro‐
nary artery

1 0

Shone complex 1 0

Tetralogy of Fallot 1 0

Valvar pulmonary stenosis 1 0

Ventricular septal defect 2 0

Coarctation of aorta 1 0

Coronary atherosclerosis 0 9

Myocardial bridging 1 1

Patent ductus arteriosus 1 2

Apical aneurysm 1 0

Malignant pathway of collaterals 0 2

Ascending aorta aneurysm 0 1
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with heart failure and died 9 years later. The second one had Shone's 
complex repair at the age of 2 weeks and Ross‐Konno at 6 months 
of age. This patient survived and his LV systolic function recovered. 
The third patient died few hours after balloon dilation of his critical 
aortic stenosis at 7 days of age.

In the adult population, the LV systolic function was moderately 
or severely impaired in eight patients, and half of them had revascu‐
larization surgery. Post‐surgery, the LV systolic function improved in 
three patients and was unknown in one patient. Unlike the pediat‐
ric population, all adult patients who had revascularization surgery 
survived, even those with preoperative moderate or severe LV sys‐
tolic function suggesting the possibility of a more robust collateral 

circulation simply by the factor of having survived until adulthood. 
Regarding the four other patients who did not have revascularization 
surgery, three patients had improvement of LV function although 
two required aortic valve repair/replacement. The fourth patient had 
persistent severe LV systolic dysfunction that required a left ventric‐
ular assist device and heart transplantation.

6  | DISCUSSION

LMCAOA is a very rare congenital coronary artery anomaly with 
less than 100 cases reported in the literature to date. The overall 

TA B L E  4   Investigation results in pediatric and adult patients with LMCAOA

Pediatric patients Adult patients

Patients with ECG at rest 34 16

Ischemic changes 17 (50%) 6 (37.5%)

No ischemic changes 17 (50%) 10 (62.5%)

Patients with available EST 10 13

Abnormal (ST depression) 8 (80%) 11 (84.6%)

Normal 2 (20%) 0

Equivocal 0 2 (15.4%)

Patients with available MPI 11 15

Perfusion defect(s) 8 (72.7%) 11 (73.3%)

Normal 3 (27.3%) 3 (20%)

Equivocal 0 1 (6.7%)

Coronary in echocardiography 34 13

Suspected LMCAOA 16 (47%) 0

Misdiagnosed as ALCAPA 9 (26.5%) 0

Misdiagnosed as anomalous LCA origin between RCC and NCC 0 1 (7.7%)

Reported as normal coronaries or not seen 9 (26.5%) 12 (92.3%)

Patients with known Left ventricular systolic function at diagnosis 37 22

Normal global LV function 16 (43.2%) 12 (54.5%)

Severe global LV dysfunction 12 (32.4%) 5 (22.7%)

Moderate global LV dysfunction 3 (8.1%) 3 (13.6%)

Mild global LV dysfunction 1 (2.7%) 1 (4.5%)

LV wall motion abnormalities 7 (18.9%) 1 (4.5%)

Patients with described size of collaterals in angiography 44 41

Multiple small‐sized collaterals 31 (70.5%) 4 (9.8%)

Multiple moderate‐sized collaterals 9 (20.5%) 4 (9.8%)

Large collateral(s) 4 (9%) 33 (80.5%)

Patients with described insertion of collaterals into LCA 14 23

To distal LAD or/and distal Cx 2 (14.3%) 7 (30.4%)

To mid and distal LAD ± distal Cx 6 (43.8%) 2 (8.7%)

To mid LAD 1 (7.1%) 9 (39.1%)

To proximal LAD or/and proximal Cx 4 (28.6%) 5 (21.7%)

To first diagonal branch 1 (7.1%) 0

Abbreviations: ALCAPA, anomalous origin of left coronary artery from pulmonary artery; Cx, circumflex artery; ECG, electrocardiogram; EST, exer‐
cise stress test; LAD, left anterior descending; LCA, left coronary artery; LMCAOA, left main coronary artery ostial atresia; LV, left ventricle; MPI, 
myocardial perfusion imaging; NCC, non‐coronary cusp; RCC, right coronary cusp.
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mortality for this lesion is not insignificant with at least 18% in 
pediatric and 11% in adult published cases. Despite this, the op‐
timal management strategy for this lesion is not clear. LMCAOA 
usually occurs in isolation, however, concomitant anomalies have 
been described in more than one‐third of pediatric patients, with 
the most common lesion being mitral valve prolapse and suprav‐
alvar aortic stenosis. The most common presenting symptom in 
infants was congestive heart failure, whereas children older than 
2 years of age presented primarily with syncope and chest pain. 
Unlike pediatric patients, adult patients presented predominantly 
with angina, which occurred in more than half of cases. The ma‐
jority of patients in our review (~85%) developed symptoms as a 
consequence of myocardial ischemia and inability of the collateral 
circulation to cope with myocardial oxygen demands. Although 
the type and timing of these symptoms was variable, patients 
could be grouped into two broad categories—the “infantile‐child‐
hood type” where patients became symptomatic early in life, or 
the “adult type” where the patients remained asymptomatic, or at 
least survived into old age before developing symptoms.

There has been general agreement from previous literature re‐
views that myocardial revascularization is recommended for patients 

with LMCAOA if they have symptoms,3 However, waiting for symp‐
toms to develop does incur the risk for a SCD episode which occurred 
in 10% of pediatric patients and 7% of adult patients in our review. 
This needs to be balanced with the risks of surgical revascularization 
overall, and potential complications that will occur in some patients 
who may have had a benign course. With respect to our first case, the 
clinical decision not to intervene was challenging. One important fac‐
tor that was considered was the presence of large collateral vessels. 
Tanawuttiwat and his colleagues3 have previously reported some 
differences in angiographic findings between “infantile‐childhood” 
type of patients and those with “adult type.” About 70% of pediatric 
patients from our review had small‐sized collaterals. In contrast, large 
collateral vessels, particularly conal and marginal branches from the 
RCA to LAD, were found in 80% of adult patients compared to 9% of 
pediatric patients. Additionally, in the pediatric population, the col‐
laterals arising from the RCA tend to insert more distally in the left 
coronary system (54%) rather than in the proximal or mid LAD (35%). 
However, in the adult population, the collaterals tend to join the mid 
or proximal LAD (61%) more than the distal segments (39%).

Myocardial ischemia was present in most cases at time of di‐
agnosis. Diagnostic confirmation has been made through selective 

Pediatric patients Adult patients

Management

Unknown 2 7

Sudden death 2 5

Medical management 7 (15.2%) 10 (32.3%)

Surgery for myocardial revascularization 39 (84.7%) 21 (67.6%)

CABG 27 (71.1%) 17 (100%)

CABG using LIMA 20 5

CABG using SVG 2 7

CABG using both LIMA and SVG 5 4

Non‐specified CABG 0 1

Coronary reconstruction surgery 11 (28.9%) 0

Using autologous Pericardial patch 3

Using homograft patch osteoplasty 3

Using azygous vein graft 2

Non‐specified coronary surgery 3 4

Outcomes

Unknown 2 10

Patients who do not have surgery for myo‐
cardial revascularization

9 15

Survived 4 (44.4%) 10 (66.7%)

Died 5 (55.6%) 5 (33.3%)

Patients who had surgery for myocardial 
revascularization

39 18

Survived 35 (89.7%) 18 (100%)

Died 4 (10.3%) 0 (0%)

Abbreviations: CABG, coronary artery bypass grafting; LIMA, left internal mammary artery; SVG, 
saphenous vein graft.

TA B L E  5   Management and outcomes 
in pediatric and adult patients with 
LMCAOA
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coronary angiography with or without non‐invasive cardiac imaging 
in the majority of cases in both children and adults.

Nearly one‐fourth of the pediatric patients were initially mis‐
diagnosed as ALCAPA. In both situations, blood flow in the LCA is 
reversed. Association with ALCAPA has not been described and is 
in fact usually considered an important differential diagnosis as the 
RCA supplies the entire coronary circulation. ALCAPA typically fea‐
tures a dilated RCA, collateral channels between the right and left 
coronary arterial systems, and retrograde flow through the LCA 
reaching the pulmonary artery. In the third case of our series, with 
occlusion of the LMCA ostium, the RCA was only mildly dilated. The 
collateral circulation between the right and left coronary arterial sys‐
tems were not as striking as usually observed, and the proximal LCA 
was very faintly visualized on the contrast enhanced CT scan and an‐
giography. Taken together, the atypical findings seen on multiple im‐
aging modalities are explainable and can be regarded as telltale signs 
for this unusual association of ALCAPA and LMCAOA. The diagnosis 
of LMCAOA requires a high index of suspicion because identification 
of this condition may provide preoperative clarity and alleviate the 
need for division of the pulmonary artery to look for ALCAPA.2

Giving that the majority of pediatric patients in published reports 
were symptomatic and with small collaterals, myocardial revascular‐
ization was performed in 85% of them. An interesting finding from 
our review was that prior to 2005, among the 13 pediatric patients 
who had myocardial revascularization, the surgeon's preference was 
for CABG (92%) rather than coronary reconstruction osteoplasty 
(8%, one case). However, this started to change after 2005 with the 
propensity toward coronary reconstruction osteoplasty, which was 
done in 40% of cases. Some previous case reports2,39 considered 
coronary reconstruction osteoplasty superior to CABG as it restores 
physiologic antegrade coronary flow pattern and is believed to carry 
more sufficient blood flow reserve to the myocardium of the LCA 
area. Furthermore, it avoids the potential drawbacks of coronary ar‐
tery bypass grafting, which restores only retrograde perfusion of the 
myocardium proximal to the graft anastomosis and can result in com‐
petitive flow when the LMCA is stenotic. In addition, coronary re‐
construction osteoplasty does not preclude percutaneous coronary 
intervention for the distal coronary tree if it is necessary at a later 
stage. Lastly, coronary osteoplasty preserves the internal mammary 
artery or saphenous vein graft for possible future use in the event 
of later development of atherosclerotic coronary artery disease.35 
Therefore, coronary osteoplasty is considered to be an excellent 
option for LMCAOA in pediatric age group. It is worth knowing that 
coronary osteoplasty is technically more challenging and requires 
presence of well‐developed LMCA trunk compared to CABG.

Regarding the outcomes for LMCAOA, the survival for both chil‐
dren and adults after myocardial revascularization surgery is good.3,39 
Nearly 45% of pediatric patients who were managed medically died 
compared to 10% of those who had revascularization surgery. The 
beneficial effect of revascularization surgery was clearer in the adult 
population with no deaths among those who had the surgery compared 
to 33% among those who had not. Interestingly, we noticed that a third 
of the nine pediatric patients with preoperative severe LV systolic 
dysfunction died after their revascularization surgery, however, the 

function has improved or even normalized in all of those who survived 
the surgery. In addition, all pediatric patients whose preoperative LV 
systolic function was normal, mildly reduced or moderately reduced 
survived after revascularization surgery. Unlike the pediatric popula‐
tion, all adult patients who had revascularization surgery survived, even 
those with preoperative moderate or severe LV systolic dysfunction.

7  | CONCLUSION

A high index of suspicion is needed to diagnose LMCAOA because of 
its rarity and non‐specific clinical presentation across the entire lifes‐
pan. It is important to consider LMCAOA as a differential diagnosis 
in patients with suspected ALCAPA. Myocardial revascularization can 
significantly reduce mortality in selected patients. Based on the cur‐
rently available data, we recommend that it should be strongly consid‐
ered in patients with at least one of the following findings: symptoms, 
evidence of ischemia on ECG or EST, myocardial perfusion defects 
on MPI, wall motion abnormalities or global LV systolic dysfunction 
on echocardiogram, severe MR or small‐sized distal collaterals in 
coronary angiography. Conservative management may be preferred 
for those with no symptoms or evidence or ischemia and in the pres‐
ence of good‐sized proximal collaterals. There has been a shift toward 
performing coronary reconstruction osteoplasty rather than CABG 
over the last 15 years, as it restores a physiological antegrade coro‐
nary flow pattern. More studies are needed to assess the long‐term 
outcomes of patients after myocardial revascularization and to aid in 
further clarifying which patients are best served by surgical revascu‐
larization vs conservative management.
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