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Background: Left main coronary artery atresia (LMCAA) is an extremely rare abnormality
and only <100 cases have been reported worldwide. We describe the clinical
manifestations, imaging features, prognosis, and treatments of LMCAA who were
admitted in our department, which aimed to improve the clinical diagnosis and treatments
of LMCAA in children.

Methods: A retrospective study identified 12 patients diagnosed with congenital left
coronary artery atresia at Pediatric Heart Center of Beijing Anzhen Hospital from June
2010 to June 2019. The clinical characteristics, imaging data, and treatment follow-up
were analyzed.

Results: Among the 12 cases, 8 were boys and 4 were girls; the age of onset was
2 months to 2 years old (median age 7 months); the age of diagnosis was 7 months
to 6 years old (median age 2 years and 11 months). At the initial diagnosis, there were
4 cases of respiratory tract infection with cardiac murmur, 3 cases of cardiac shadow
enlargement, 1 case of recurrent syncope, 2 cases of feeding difficulty with cardiac
enlargement, and 2 cases of simple cardiac murmur. In 12 cases of electrocardiogram
examination, 7 cases showed pathological Q waves of lead I, AVL and v4—v6; in 12
cases of chest X-ray examination, 8 cases showed cardiac shadow enlargement; in
12 cases of our hospital’s first cardiac ultrasound examination, 4 cases were definitely
diagnosed, and 8 cases showed the possibility of left coronary artery abnormality; in
5 cases of cardiac coronary CT angiography examination, 2 cases were confirmed, 2
cases reported suspected left coronary artery abnormality, and 1 case did not report
abnormality; All cases were definitely diagnosed in 8 cases of angiography. Follow-up
was performed from 1 to 8 years; one case died suddenly, one case of syncope after
activity was treated by oral medication, 3 cases received open coronary angioplasty and
mitral valvuloplasty, recovered well after operation, the rest of the children were treated
by oral medication, and the symptoms are stable at present.

Conclusions: Left main coronary artery atresia is difficult to diagnose and can result
in heart failure early in life. Timely diagnosis and reasonable treatment are the keys to
improve the prognosis.

Keywords: atresia of the left main coronary artery, congenital, children, coronary angiography, coronary
angioplasty
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INTRODUCTION

The incidence of congenital coronary abnormalities was 0.6—
1.3% in patients undergoing coronary angiography and 0.3% at
autopsies (1). Among them, left main coronary artery atresia
(LMCAA) is an extremely rare abnormality, and only <100 cases
have been reported worldwide (2). LMCAA is characterized by
the absence of left coronary ostium and the proximal left main
trunk ends blindly, blood flows from the right coronary artery to
the left via small collateral arteries. The symptoms of LMCAA
can be different, and infants and children may be manifested
as heart failure while some adults may be had no symptoms.
The severity of symptoms is related to the degree of myocardial
ischemia. This study retrospectively analyzed the clinical data of
12 children with congenital LMCAA referred to our department
from June 2010 to June 2019, summarized the clinical features,
imaging manifestations, treatments, and follow-up data of these
children, to make early and correct diagnosis and to understand
the prognosis of this disease.

METHODS

A retrospective study was performed to identify 12 patients
diagnosed with congenital left coronary artery atresia at
Pediatric Heart Center of Beijing Anzhen Hospital from
June 2010 to June 2019. The patients met the following
inclusion criteria: (1) The diagnosis was confirmed by cardiac
coronary CT angiography (CTA) or coronary angiography in
our hospital; (2) age of onset <14 years. Exclusion criteria
were as follows: (1) left main coronary artery occlusion
secondary to other diseases, such as Kawasaki disease, Takayasu
arteritis, etc., and (2) complicated with other congenital
heart malformations.

In this study, the relevant data and examinations that include
medical history, laboratory examinations, electrocardiograms,
and imaging examinations of the patients were collected by
reviewing the cases. After a definite diagnosis, all the 12 children
were given medicine therapy, and 3 of them underwent surgery.
Regular outpatient follow-up was performed. All the children’s
guardians signed the informed consent. This study was approved
by the hospital medical ethics committee.

RESULTS

Among the 12 patients, 8 were boys and 4 were girls. The onset
age ranged from 2 months to 2 years (median age 7 months). The
age of diagnosis was 7 months to 6 years (median age 2 years
and 11 months). At the initial diagnosis, the manifestations were
pneumonia, respiratory tract infection with cardiac murmur
in 4 cases, cardiac shadow enlargement in 3 cases, recurrent
syncope in 1 case, feeding difficulty with cardiac enlargement
in 2 cases, and simple cardiac murmur in 2 cases. Among
the 12 patients, the first visiting hospital was our hospital.
Correct diagnosis was made in 1 case, and incorrect diagnosis
was made in other 11 cases during their initial visit at other
hospitals: 7 cases were misdiagnosed as valvular disease, of
which 1 case was diagnosed as mitral valve prolapse and severe

regurgitation who had received mitral valvuloplasty in other
hospitals, 1 case was misdiagnosed as endocardial fibroelastosis,
1 case was misdiagnosed as left ventricular non-compaction, 1
case was misdiagnosed as dilated cardiomyopathy, and 1 case was
misdiagnosed as the anomalous origin of the left coronary artery
from pulmonary artery.

All the 12 patients underwent laboratory examination,
electrocardiogram, chest radiography, and echocardiogram,
five underwent cardiac CTA examinations, and 8 underwent
coronary angiography.

In regard to laboratory examination, Creatine Kinase, MB
Form (CK-MB) was abnormal in 2 cases. Brain natriuretic
peptide (BNP) was slightly higher in 6 cases. Electrocardiogram
was done in all patients. Then, 7 patients showed the presence of
pathological Q waves and ST segment changes in lead I, AVL, and
V4-V6 (Figure 1). The cardiothoracic ratio increased in 8 cases
(>0.55) (Figure 2).

A number of 4 cases diagnosed, and 8 cases suspected left
coronary artery abnormality at the first-time echocardiogram
was done in our hospital. Echocardiographic signs include the
following: O left ventricular enlargement in all 12 cases with
Z-value of left ventricular end-diastolic diameter >2; Oejection
fraction of left ventricle decreased (<60%) in 3 cases (25%) and
normal in 9 cases (75%); O the origin of the right coronary
artery is normal and its inner diameter was slightly widened.
The ratio of the right coronary artery to aortic root was 0.19
+ 0.02 (0.17-0.21); [Ofibrosis of mitral tendinous cord and
papillary muscle; Omitral valve prolapse with medium to large
amount of reflux signals at the mitral valve orifice during
systole; Ocollateral circulation between the right coronary artery
may be observed; [ the dysplasia left coronary artery may
be observed if the image is clear enough but there was no
connection between left coronary artery (LCA) and the left
coronary ostium, and abnormal reflux signals in the dysplasia
LCA may be observed by color doppler flow imaging (CDFI)
(Figure 3).

A number of 5 patients underwent cardiac CTA examinations.
LMCAA was confirmed in 2 of the 5 children. Suspicious left
coronary artery abnormalities were reported in 2 children, and
no abnormalities were reported in 1 child. The main signs of
cardiac CTA with LMCAA are the enlargement of left atrium
and ventricle, normal opening of right coronary artery in right
sinus and unobstructed coronary artery lumen, and proximal
atresia of left main coronary artery. Furthermore, the left anterior
descending coronary artery and the left circumflex coronary
artery develop intermittently, with light development and thin
lumen (Figure 4).

A number of 8 patients underwent coronary angiography.
Coronary angiography can clearly show the shape and
developmental sequence of coronary arteries. Aortic root
angiography shows that the origin and course of the right
coronary artery are normal, the diameter is slightly thicker, and
the left coronary sinus is a blind end. Selective right coronary
angiography shows that the branches of the left coronary artery
are inversely perfused through the lateral branches of the right
coronary artery, and the hypoplasia left coronary artery was
finally developed and showed a blind end. No contrast agent
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FIGURE 1 | (A) ECG: pathological Q waves in lead |, AVL. (B) ECG: pathological Q waves in lead AVL and ST segment depression in lead V2, V3.
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developed in the pulmonary artery sequentially which means
that there is no connection between LMCAA and pulmonary

FIGURE 2 | Chest X-ray:cardiac enlargement and cardiothoracic ratio 0.68.

artery (PA) that often seen in the angiography of anomalous
left coronary artery from the pulmonary artery (ALCAPA)
(Figure 5). The right cardiac catheterization data showed the
normal range of pulmonary artery pressure in these 8 children.
The calculation of Qp/Qs did not indicate left to right shunt.

TREATMENT AND FOLLOW-UP

The children with congenital left main coronary artery atresia
(CLMCAA) mainly showed the symptoms as myocardial
ischemia, mitral regurgitation, and cardiac insufficiency. After
diagnosis, the heart failure treatment started, such as digoxin,
diuretics, and captopril. Follow-up time was 1-8 years. The
symptoms were stable in 8 patients. One child who was diagnosed
at 7 months died of heart failure at the age of 9 years. A
number of 3 children underwent coronary angioplasty and mitral
valvuloplasty after the definite diagnosis. They were followed
up for 11-25 months, and the results were good until now. No
symptoms happened in the cases, blood flow at the opening
of the left coronary artery was unobstructed, and the cardiac
function was normal. The electrocardiogram showed normal
results. Due to the high surgical difficulty of LMCAA, the
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FIGURE 3 | (A) Echocardiography: No left coronary artery opening in the left coronary sinus, the origin and course of RCA is normal. RCA dilated the signal of reverse
perfusion blood flow can be seen in the slender left main coronary artery. (B) Echocardiography: Echo enhancement of mitral valve, papillary muscle, and
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FIGURE 4 | (A) Cardiac CTA: No left coronary artery opening in the left
coronary sinus. (B) Cardiac CTA: hypoplasia of left anterior descending
coronary artery and left circumflex coronary artery.

number of cases of operation in China was small. Some of
the children’s families could not accept the risk of surgery, so
the remaining children continued to take oral medication, and
their symptoms were stable at present. The clinical condition,
examination, and diagnosis results of 12 children are shown in
Tables 1, 2.

DISCUSSION

There are various classification methods for congenital coronary
abnormalities. Angelini (3) proposed a classification based
on the anatomical features of abnormal coronary artery
development, which includes anomalies of origination, course,
and termination. CLMCAA is classified as the type of abnormal
coronary course. At present, the pathogenesis of CLMCAA is
not clear. The possible mechanisms include congenital loss or
displacement of left coronary artery primordium, failure of left

FIGURE 5 | (A) Cardiac angiography: No left coronary artery opening is found
in the left coronary sinus by aortography. (B) Cardiac angiography:atresia of
left coronary ostium and hypoplasia of main stem of left coronary artery.

coronary artery opening, an extension of aortic mediator fiber to
left coronary artery opening, or early embryonic coronary artery
obstruction (4).

Upon to the reports (5), the onset age of LMCAA varies
from 2 months to 85 years and the clinical manifestations
of different ages are also different. Infants mostly show the
symptoms as chronic heart failure, such as dyspnea, recurrent
pneumonia, feeding difficulty, and so on Syncope and chest
pain are the main symptoms in elder children and adults.
In this group, the cases were all young and had onset early
in infancy. The main complaints were cardiac enlargement,
cardiac insufficiency, cardiac murmur, and syncope. Owing
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TABLE 1 | Clinical data of atresia of the left main coronary artery in 12 children.

Case Gender Age of Age of Weight  Preliminary diagnosis Symptoms Treatment and follow-up outcome
onset diagnosis (kg)
1 M 2m 7m 6.5 LVNC Recurrent Respiratory Followed up for 8 years with medicine treatment,
infection, Heart murmur and died at the age of 9
Feeding difficulty
2 F 1y 6y 24 EFE Pneumonia, Recurrent Followed up for 5 years, recurrent syncope,
syncope improved after 3 years with medicine treatment
3 M 1y 5y 19.2 Mitral regurgitation Respiratory infection, Followed up for 3 years with medicine
(severe) Heart murmur treatment. Left ventricular aneurysm
occurred at the age of 6 years and received
surgical treatment at 8 years old
4 F 2y 5y 15 Mitral regurgitation Respiratory infection, Followed up for 7 years, with medicine treatment,
(severe) Cardiac enlargement stable at present
5 M 5m 1y 11.3 Mitral regurgitation Respiratory infection, Followed up for 7 years, with medicine treatment,
5m (moderate) Cardiac enlargement stable at present
6 F 2y 2y 12.2 Abnormal origin of left Pneumonia, Cardiac Followed up for 4 years, with medicine treatment,
11m coronary artery? enlargement stable at present
7 M 5m 7m 7 LMCAA Pneumonia, Heart murmur  Followed up for 4 years, with medicine treatment,
stable at present
8 F 7m 10m 7.3 Mitral regurgitation Heart murmur Followed up for 4 years, with medicine treatment,
(severe) stable at present
9 M 3m 1y 10 Mitral valve prolapse and  Respiratory infection, Followed up for 2 years, and received surgical
insufficiency Heart murmur treatment at the age of 3, recovered well and
continue to take medicine
10 M 1y 3y 13 DCM Feeding difficulty, Cardiac ~ Followed up for 2 years, with medicine treatment,
6m 6m enlargement stable at present
11 M 6m 11m 10 Mitral regurgitation Heart murmur Followed up for 1 years, with medicine treatment,
stable at present
12 M 7m 8m 8 Mitral regurgitation Feeding difficulty, Cardiac ~ Followed up for 2 years, and received surgical

(severe)

enlargement treatment at the age of 2, recovered well and

continue to take medicine

to the lack of specificity in the clinical manifestations and
rare morbidity of the disease, LMCAA has a higher rate of
false initial diagnosis. The patients had been misdiagnosed as
valvular disease, endocardial fibroelastosis, left ventricular non-
compaction, dilated cardiomyopathy, and anomalous origin of
the left coronary artery from the pulmonary. The misdiagnosis
rate of an initial visit of our patients was as high as 91.7% (11/12).
The reason is mainly because LMCAA is extremely rare, and
always confused with other diseases of cardiac disfunction such
as endocardial fibrolastosis, dilated cardiomyopathy, ALCAPA,
valvular diseases et al, and doctors lacked experience. The
first case we diagnosed was suspected as abnormal origin
of left coronary artery from echocardiogram, but different
from ALCAPA, and the diagnosis was at last done by aorta
root angiography.

The combination of clinical manifestations and imaging is the
basis for the diagnosis of LMCAA. Chest X-ray shows enlarged
heart shadow and pulmonary congestion in 8/12 cases, which
is non-specific but can indirectly suggest heart disfunction in
children. Electrocardiogram (EKG) is commonly and easily used
in clinic but sometimes is ignored. In our groups,7/12 patients
showed abnormal deep Q waves in leads I, AVL, and V4-V6
in EKG, which was also often seen in ALCAPA (6) and suggest
severe myocardial ischemia.

Echocardiogram has good repeatability and is valuable for
the diagnosis of LMCAA (7) although it is very difficult to
distinguish the origin of coronary especially in infants. It can
provide evidence for whether further examination such as
angiography or cardiac CTA is needed (8). Some details can
be found in echocardiogram, which suggests the abnormality
coronary origin. In our group, we noticed that sign of echo
enhancement of mitral chordae tendineae and papillary muscles
which suggest severe myocardial ischemia might distinguish
LMCAA from other non-coronary diseases. Right coronary
artery widened slightly and the opening was normal. Various
degrees of coronary collateral arteries are the important signs
of abnormality origin of coronary artery, which can distinguish
with the diseases without coronary abnormality such as EFE and
cardiomyopathy. If possible, the origin of coronary artery should
be detected carefully, hypoplasia LCA with atresia ostium may
be demonstrated in 2D echocardiogram, and the abnormal reflux
blood signals in hypoplasia main left coronary attery (MLCA)
showing in CDFI also suggest the possibility of LMCAA.

For patients with suspected coronary artery abnormalities,
further examination such as CTA or coronary angiography
should be recommended. With recent improvements in coronary
artery visibility on CT in children, the diagnostic accuracy and
the resultant clinical utility of coronary CTA are noticeably
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TABLE 2 | Echocardiogram, ECG, and X-ray cardiogram in 12 children.

Case Gender  Age of ECG CXR Echocardiogram
diagnosis
LVEDD LVEF (%) Mitral RCA/AO Collateral Diagnosis
Z-Value regurgitation formation
1 M 7m Abnormal Q waves in |, AVL, 0.61 7.44 46 Severe 0.17 Little Non-compaction
V3, V5 leads, extensive ST-T cardiomyopathy
depression
2 F 6y No obvious abnormality 0.52 2.05 62 Moderate 0.17 Little Endocardial
fibroelastosis
3 M S5y Abnormal Q waves in |, AVL 0.53 4.05 64 Severe 0.17 Little Mitral regurgitation
leads
4 F Sy Abnormal Q waves in V5,V6 0.51 2.06 74 Severe 0.21 Abundant Mitral regurgitation
leads, ST segment
depression in v4-v6 leads
5 M 1y abnormal Q waves in |, 0.68 4.86 50 Moderate 0.20 Little Mitral regurgitation
5m AVL,V4-V6 leads
6 F 2y No obvious abnormality 0.57 4.43 61 Severe 0.19 Medium Anomalous origin of left
11m coronary artery
7 M 7m abnormal Q waves in |, AVL 0.58 7.05 59 Severe 0.21 Medium Congenital atresia of the
leads left main coronary artery
8 F 10m No obvious abnormality 0.62 713 65 Severe 0.20 Little Anomalous origin of left
coronary artery
9 M 1y No obvious abnormality 0.67 4.49 64 Severe 0.18 Medium Mitral regurgitation
10 M 3y Abnormal Q waves in |, AVL 0.53 4.41 40 Moderate 0.17 Little Dilated cardiomyopathy
6m leads
11 M 11m No obvious abnormality 0.65 4.02 73 Severe 0.21 Medium Mitral regurgitation
12 M 8m Abnormal Q waves in |, AVL 0.64 3.57 63 Severe 0.19 Medium Mitral regurgitation

leads

increasing in children (9). It had been reported (10) that cardiac
CTA was a very effective and non-invasive examination for the
diagnosis of this disease, which could clearly show the opening
and course of the left and right coronary arteries, as well as
the widening degree of the right coronary artery. In our group,
5 cases underwent cardiac CTA, and 2 elder cases had clear
CT imaging, which showed that the proximal segment of the
left coronary artery was blind and dysplastic. However, cardiac
CTA examination had limitations on infant coronary artery
examination because breath shortness in some patients and rapid
heart rate may affect image quality to a certain extent. Aortic root
angiography and selective angiography are the golden indexes
for the diagnosis of LMCAA. A number of eight children in
our group underwent angiography. Angiography could clearly
show the course and lumen shape of coronary artery (11).
The developing sequence is the right coronary artery develops
first, and then collateral artery, at last hypoplastic left main
coronary artery, and the atresia ostium can be shown clearly.
No development of pulmonary artery was the important sign to
distinguish with ALCAPA. Selective right coronary angiography
was required for elder patients with an unclear display.

The differential diagnosis of LMCAA includes single coronary
artery, ALCAPA, and left coronary artery occlusion caused by
other reasons (12). O The anatomical change of LMCAA is that
the aortic sinus has only one single right coronary artery opening,
but its hemodynamics is different from that of single coronary
artery. In the single coronary malformation, the blood supply

direction is normal, branching from the main coronary artery
to the small coronary arteries, while in the LMCAA, the blood
from the right coronary artery flows back to the left coronary
artery through one or more collateral branches. Generally, the
collateral circulation from the right coronary to the left coronary
cannot meet the metabolic needs of the heart, so almost all
patients will suffer from myocardial ischemia (13). O The clinical
manifestations of ALCAPA are similar to those of LMCAA.
The change of cardiac enlargement, decreased left ventricular
ejection fraction, endocardial fibroelastosis, mitral insufficiency,
and special electrocardiogram (ECG) changes are all caused by
abnormal origin of LCA. Due to the abnormal left coronary
artery originated from the pulmonary artery, the low pulmonary
artery pressure results in the relatively serious right coronary
artery steal, and the widening of the right coronary artery is
more obvious. Yu et al. (14) summarized 30 children with
infantile ALCAPA whose left ventricle was significantly enlarged
and the RCA/AO ratio was >0.12. Different degrees of mitral
regurgitation accounted for 60% of the patients. Different from
ALCAPA patients, the widening of RCA was not obvious in our
12 children with LMCAA, and the RCA/AO ratio was 0.17-0.21
(0.19 £ 0.02). The Sign of coronary blood flow into pulmonary
artery in CDFI of echocardiogram is helpful to distinguish the
two diseases, and aortic root angiography or selective right
coronary angiography can make a definite diagnosis. 0 LMCAA
should be distinguished from complete occlusion of the left
main coronary artery second to other diseases (such as Kawasaki
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disease, Takayasu arteritis, and so on). In these cases, the main
trunk is occluded but the anatomical morphology and inner
diameter are normal.

We first reported this disease in China, and so far, it has been
reported the most in a single center (12). The patients in our
group were mainly treated with oral medicine to maintain cardiac
function. The number of 1 patient died because of heart failure.
Only 3 children underwent cardiac surgery mainly because of the
difficulty in operation and parent’s hesitation of risk of operation.
Some researchers believed that surgical treatment was not needed
on asymptomatic children with abundant collateral circulation
and normal heart function. However, sudden death can occur
at any age, and the severity of symptoms may be related to the
development of collateral between right coronary artery and left
coronary artery (2). Most researchers believed that due to the
poor prognosis of the disease, the diagnosis itself of LMCAA was
the surgical indication, and the purpose of the operation is to
establish a normal dual coronary blood supply system.

Alsalehi et al. (2) reviewed 50 children diagnosed with
LMCAA and strongly recommended immediate coronary
revascularization due to its high incidence of heart failure and
sudden death. Surgical procedures included coronary artery
bypass grafting and coronary angioplasty. The choice of surgical
procedure was mainly depended on the length from the orifice
of the left coronary artery in the aortic sinus to the site of
atresia. In the recent years, it was considered that coronary
angioplasty was superior to coronary artery bypass grafting.
Coronary angioplasty was referred to the reconstruction of the
left main artery with autologous pericardial patch or arterial
wall. After the successful operation, the left coronary artery
was available to be redeveloped, which could provide more
adequate blood flow for the blood supply area of the left coronary
artery, while bypass grafting could only supply the area near the
transplanted vessel. In 1972, Mullins et al. (15) reported the first
case of great saphenous vein transplantation for the treatment of
the disease. In 1992, Kitamura (16) reported that a 7-year-old
girl was diagnosed as LMCAA complicated with severe mitral
regurgitation and underwent coronary artery bypass grafting and
mitral valve repair. Isotope myocardial perfusion scan after the
surgery indicated significant improvement in myocardial blood
supply and mild mitral valve regurgitation. In the follow-up
of nearly 30 years after the operation, it was found that the
patient’s mitral regurgitation was aggravated, but no surgery is
required. In 2017, Fujita et al. (17) reported that a 13-year-old
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