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ORIGINAL ARTICLE

Prevalence and characteristics of coronary artery anomalies
in children with congenital heart disease diagnosed
with coronary angiography

Dogustan kalp hastaligi olan ¢cocuklarda anjiyografiyle belirlenmis
koroner arter anomalilerinin prevalansi ve karakteristigi
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ABSTRACT

Objective: Aim of the present study was to determine the
prevalence of coronary artery anomalies in children with con-
genital heart disease.

Methods: Data of 1138 consecutive patients who were re-
ferred for cardiac catheterization and angiography for assess-
ment of coronary anomaly between January 2005 and Decem-
ber 2009 were retrospectively analyzed. Total of 515 patients
whose coronary arteries could be examined through left ven-
tricle and aortic root injection were included in the study.
Results: Of 515 angiograms with visible coronaries, 42 pa-
tients (20 males, 22 females; mean age: 5.3+2.0 years) were
found to have final diagnosis of coronary anomaly. Prevalence
of coronary artery anomalies was 8.16% in this study. It was
determined that 38 (90.4%) were anomalies of origination, 2
(4.8%) were anomalies of intrinsic coronary arterial anatomy,
and 2 (4.8%) were anomalies of coronary termination. Most
common coronary artery abnormality was anomalous origin of
the right coronary artery from the left aortic sinus (16 patients;
38.1%), and the most common congenital heart disease was
tetralogy of Fallot (18 patients; 42.9%).

Conclusion: Recognizing variability of coronary artery anom-
alies is critical when considering surgical or interventional
therapies in children with congenital heart disease.

Congenital coronary artery anomalies (CAA) are
of major significance in clinical cardiology and
cardiac surgery due to association with life-threaten-
ing symptoms, including arrhythmias, syncope, myo-

OzZET

Amac: Bu ¢alismanin amaci, dogustan kalp hastaligi olan
cocuklarda koroner arter anomalilerinin sikhigini belirlemek-
tir.

Yéntemler: Ocak 2005 ve Aralik 2009 tarihleri arasinda
kardiyak kateterizasyon ve anjiyografi i¢in bagvuran toplam
1138 hasta koroner anomali agisindan geriye dénuk olarak
degerlendirildi. Calismaya sol ventrikil ve aort kékl enjeksi-
yonlariyla koroner arter gortintiilemesi yapilabilen toplam 515
hasta alindl.

Bulgular: Koroner goérintilemesi yapilan 515 hastanin
42’sinde (20 erkek, 22 kiz; ortalama yas 5.3+2.0 yil) koroner
arter anomalisi tespit edildi. Calismada koroner arter anomali
prevalansi %8.16 olarak bulundu. Koroner arter anomalileri-
nin 38’i (%90.4) orijin, ikisi (%4.8) intrinsik ve ikisinin (%4.8)
sonlanim anomalisi oldugu belirlendi. Koroner arter anomali-
leri arasinda en sik sol aortik sinlisten kaynaklanan sag ko-
roner arterin orijin anomalisi (16 hasta, %38.1) oldugu, do-
gustan kalp hastaliklari arasinda ise en sik gérilenin Fallot
tetralojisi (18 hasta, %42.9) oldugu tespit edildi.

Sonuc: Dogustan kalp hastaligi olan ¢cocuklarda cerrahi veya
girisimsel tedavi duslnulirken, koroner arter anomalilerinin
cesitliliginin fark edilmesi kritik &nemdedir.

cardial infarction, and sudden death.! Identification
of CAA can be documented by autopsy, echocardiog-
raphy, diagnostic coronary angiography, multislice
coronary computed tomography (CT) angiography,
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or cardiac magnetic resonance imaging. Currently,
the most commonly used classification of CAA is
based purely on anatomical considerations, recogniz-
ing 3 categories: (1) anomalies of origin and course,
(2) anomalies of intrinsic coronary artery anatomy,
and (3) anomalies of termination.”?*! Coronary artery
anomalies vary with respect to number, location, ori-
entation of the ostia, and origin of the coronary ar-
teries. Some anomalies are merely anatomical vari-
ants without clinical relevance, while others may be
life-threatening. Undiagnosed anomalous coronary
arteries are a well-recognized cause of sudden cardiac
death in children.*! CAA comprises 20% of cases of
sudden cardiac death in young athletes."!

CAA may be associated with complex congenital
heart disease, but may also occur as isolated anomaly.
In patients undergoing coronary angioplasty or cardiac
surgery, angiographic recognition of coronary anoma-
lies is important for proper management of these pa-
tients. Overall prevalence of isolated coronary artery
anomalies in various studies ranges from 0.3% in a
study by Akpinar et al., using conventional catheter
angiography, to an incidence of approximately 18.5%
in a study conducted by Cademartiri et al.,/”’ based on
64-slice coronary CT angiography. In 1 recent study,
incidence of CAA was found to be 0.9% in a pedi-
atric population.® Among those with symptomatic
congenital heart disease, coronary artery anomalies
are much more common and occur in approximately
11% to 14% of cases.”!% Routine preoperative dem-
onstration of coronary artery anatomy in tetralogy
of Fallot patients can be achieved satisfactorily and
conveniently with coronary angiography.!!! Reported
incidence of coronary anomalies in cases of tetralogy
of Fallot has varied widely, depending on method of
detection.!"!-13]

The purpose of this study was to retrospectively
determine prevalence of CAA in children with con-
genital heart disease who presented with different
symptoms and underwent coronary angiography for
assessment of coronary artery disease.

METHODS

Between January 2005 and December 2009, total of
1138 consecutive patients were referred to tertiary
medical center for diagnostic, emergency, or elec-
tive coronary angiography due to suspicion of con-
genital heart disease. Datasets of these patients were

retrospectively reviewed — appreviations:
in search of coronary 4y
anomalies of origination
and further vessel course, €7~ Computed iomography
. LAD Left anterior descending
Of 1138 coronary cine- ;cq
angiograms, 515 patients — LCX
LMCA
whose coronary anatomy G
RCA Right coronary artery
could be completely de-
fined were included in this study. Evaluation of these
515 arteriographies, which included both intravenous
and aortic root angiography, detected coronary anom-
alies and diagnoses were confirmed.

Congenital coronary artery

anomalies

Left coronary artery
Left circumflex
Left main coronary artery

The following were accepted as coronary variants
and not included in the final analysis: separate conal
branch from the right coronary artery, “high take-oft”
right coronary artery or left main stem from the aorta,
separate left anterior descending (LAD) artery, left
circumflex (LCX) artery from the aorta with absent
left main stem. Patients with truncus arteriosus or
transposition of the great arteries were also excluded
from the study. In addition, coronary abnormalities not
hereditary in origin, such as coronary aneurysm, were
also excluded. Final analysis included 42 patients
with definite diagnosis of coronary artery anomaly.

RESULTS

Coronary angiograms were reviewed for presence of
coronary anomaly in at least 1 major epicardial coro-
nary artery. All indications for arteriography were
related to evaluation of the heart during diagnostic,
emergency, or elective coronary angiography. To-
tal of 42 patients diagnosed with coronary anomaly
were found among 515 angiography reports with vis-
ible coronaries. Angiography records of these patients
were retrieved from electronic medical database and
reviewed for coronary anomalies. All of the patients
had congenital heart disease. Mean age was 5.3+2.0
years (range: 1-9 years). There were 22 (52.4%) fe-
males and 20 (47.6%) males. Number of patients with
origination, course, and termination anomalies were
determined to be 38 (90.4%), 2 (4.8%), and 2 (4.8%),
respectively (Table 1).

Anomaly was categorized into 10 major groups ac-
cording to origin, course, or distribution of the involved
major epicardial coronary artery for all patients in the
study group. In addition to specific anomaly, patients
were further divided into 2 major groups according to
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Table 1. Coronary artery anomaly characteristics of the
patients

Number of patients

n %
Coronary artery anomalies
Origin 38 90.4
Course 4.8
Termination 4.8
Total 42 100

Data are mean+SD.

the Angelini classification.” Details of these coronary
artery anomalies are summarized in Table 2. Right
coronary artery (RCA) and left main coronary artery
(LMCA) arising from left aortic sinus were found to
be the most common anomalous vessels, involved in
16 (38.1%) patients as origination anomaly. Anoma-

lous ostium near sinotubular junction was the sec-
ond most common anomaly, with 7 patients (16.6%).
Single coronary artery arising from the left sinus and
abnormal number of ostia was the third most common
category of anomaly, with 4 patients (9.5%). Among
the 515 patients, 42 were diagnosed with CAA; overall
incidence of CAA in study population was 8.16% (Ta-
ble 2). In the present study, 5 (11.9%) single coronary
arteries were found. One (2.4%) originated from right
aortic sinus, and the other 4 (9.5%) from the left aortic
sinus, with none coursing between the great arteries.
Two patients (4.8%) with single coronary artery had
tetralogy of Fallot, 2 (4.8%) had aortic stenosis, and 1
(2.4%) had double outlet right ventricle.

In this study, no coronary artery originating from
the pulmonary artery, coronary artery aneurysm, ste-
nosis, or bridging was found. Most common heart dis-
ease was tetralogy of Fallot among 42 patients with

Table 2. Coronary artery anomalies, number of patients, and angiographic incidence

Coronary artery anomalies n Anomaly incidence Angiographic incidence
(n=42) (%) (n=515) (%)
1. Origin anomalies
A. Anomalous pulmonary origin
B. Anomalous origin from aorta
1. LMCA and RCA from right sinus 4.8 0.38
2. LMCA and RCA from left sinus 16 38.1 3.10
3. LMCA and RCA from posterior sinus 71 0.58
4. RCA and Cx from right, LAD from left sinus 1 2.4 0.19
C. Single coronary artery arising from aorta
1. From right sinus 2.4 0.19
2. From left sinus 4 9.5 0.77
D. Ostium anomalies
1. Abnormal number of ostia 9.5 0.77
2. Abnormal ostium near sinotubuler junction 16.6 1.35
2. Course anomalies
A. Coronary artery aneurysm
B. Coronary stenosis
C. Hypoplasia of the coronary artery
D. Coronary artery bridging 2 4.8 0.38
3. Termination anomaly
A. Arteriovenous fistula 2 4.8 0.38
Total 42 100.0 8.16

LMCA: Left main coronary artery; RCA: Right coronary artery; Cx: Circumflex; LAD: Left anterior descending.
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Table 3. Distribution of congenital heart disease among
42 patients with coronary anomalies

Congenital heart diseases n %

Tetralogy of Fallot 18 42.9
Double outlet right ventricle 8 19.0
Aortic stenosis 5 11.9
Ventricular septal defect 4 9.5
Patent ductus arteriosus 3 71

Atrial septal defect 2 4.8
Coronary artery fistula without 2 4.8

intracardiac pathology

CAA (Table 3). Of 121 patients diagnosed with tetral-
ogy of Fallot among initial 515 coronary angiography
reports, coronary anomaly incidence was determined
to be 14.8%, with tetralogy of Fallot observed in 18
of 121 patients. Abnormal conal branch was accepted
to be variant of normal in 6 (33.3%) patients with te-
tralogy of Fallot. Patient with aneurysm of sinus of
Valsalva, and 2 patients with pericardial collateral ar-
tery originating from abdominal aorta were excluded
because these aberrations were outside of any clas-
sification. In addition, patient with dual LAD artery
was excluded because this anomaly was not part of
the classification used.”

DISCUSSION

The exact prevalence of congenital coronary anoma-
lies in the general population remains uncertain. Pre-
vious studies have suggested that these malformations
occur in 0.3% to 18.5% of large group of patients
whose coronary angiography has been studied./®”
Proposed prevalence varies, depending on diagnostic
criteria, method used to diagnose coronary anomaly
(e.g., autopsy, transthoracic echocardiography, coro-
nary angiography, or CT angiogram), and the popula-
tion studied, which is typically a targeted population,
such as athletes®™ or children.®’ We have described
our experience with congenital CAA diagnosed by
coronary angiography in a series of pediatric patients.
Incidence of 8.16% was determined in the present
study. Chen et al.l'” used neonates/infants/children/
adolescents in their CT study, and reported 13.6% in-
cidence of CAA. Several studies using both children
and adults have reported incidence of CAA with con-
genital heart disease of 0.16%!"* and 11%."!

Anomalies involving abnormal origin of the cor-
onary arteries are clinically important and are com-
monly associated with some form of congenital heart
disease. Presence of coronary artery anomalies in the
absence of any other congenital heart defect is consid-
ered rare (in 0.5% of pediatric autopsies).!"”’ Anom-
alous origin of left coronary artery (LCA) from the
pulmonary artery is a rare anomaly that occurs in ap-
proximately 1 per 300,000 live births and represents
0.5% of all congenital heart defects.!'" Congenital
hypoplastic, stenotic, or atretic left main coronary
artery (LMCA) is rare anomaly, and has been found
to be related to myocardial infarction, but not sudden
death." There is wide variety in reported prevalence
rate of CAA. Incidence of major epicardial coronary
artery anomaly was found to be 0.3% in a retrospec-
tive study.” Overall incidence of primary congenital
coronary anomalies reported as 0.8% among patients
undergoing diagnostic coronary arteriography.'® In
the literature, the largest study on coronary anoma-
lies was reported by Yamanaka and Hobbs.'”! They
reported 1.3% incidence of CAA. De Jonge et al.>”
described prevalence of 7% of CAA, including cor-
onary fistulas, in their patient population. Tongut et
al.2! reported that prevalence of coronary anomalies
was 9.37%, including all types of coronary anomalies
with specified classification. Yu et al.”?! demonstrated
that incidence of major CAA was 15.11% in patients
ranging in age from 1 month to 76 years. Few stud-
ies have investigated CAA in the pediatric population,
and incidence of CAA is reported to be 0.7% to 1.4%.
(23251 Angelini et al.® reported on screening magnetic
resonance imaging study of 3165 adolescents (aged
11-18 years) and found 22 cases (0.7%) of CAA.
Present study found higher incidence (8.16%) of CAA
in children with congenital heart disease.

According to the current literature, majority of
coronary anomalies are associated with origination
or distribution (course, structure) of a coronary ar-
tery, whereas anomalies of termination (fistula, etc.)
are relatively less frequent.” It has been reported
that aberrant arteries are 90% origin and course, and
10% termination-related.'®*! Consistent with the lit-
erature, majority of coronary anomalies observed in
the present study were associated with origin of the
coronary arteries. We found that 90.4% of anomalies
were related to origination, and 4.8% were termina-
tion anomalies.
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Anomalous coronary artery from the opposite si-
nus includes RCA arising from the left sinus and LCA
arising from the right sinus. Most common finding is
LCX arising from the right sinus.?” This is followed
by RCA arising from left sinus, and lastly, LMCA
arising from the right sinus.”” However, RCA aris-
ing from left sinus was the most common anomalous
artery, with 16 patients, representing an incidence
of 3.1%, LMCA arising from the right sinus was
detected in 2 patients in our study, an incidence of
0.38%. These results were similar to ratio found in
angiographic series conducted by Angelini et al.l?®!
Yamanaka and Hobbs!!?! also noted that anomalous
origin with RCA arising from the left coronary si-
nus (0.17%) is far more common than LCA from the
RCA sinus (0.047%). LCX arising from right sinus
was detected in only 1 patient, an incidence of 0.19%.
LMCA and RCA arising from posterior aortic sinus
is another rarely seen, wrong-sinus-origin anomaly.
Yamanaka and Hobbs!"” found this ratio to be 0.3% of
all anomalies. In our study, we found this ratio to be
7.1%, a total of 3 patients.

Ostium abnormalities are abnormal number or po-
sition of the ostia. Yamanaka and Hobbs!"! reported
ostium anomalies as most frequent and examined it as
separated ostia of LAD and LCX arteries arising from
left sinus of Valsalva. In our study, ostium anomalies
were the second most frequent anomaly, with ratio of
26.1% in 11 patients. Coronary hypoplasia is a rarely
seen and not well-defined anomaly. In our study, there
were 2 cases, representing ratio of 4% of all anoma-
lies. Coronary artery fistula is an anomaly of termi-
nation.”! Fistula can cause pulmonary hypertension,
congestive heart disease, and bacterial endocarditis,
and size of the fistula and number of shunts determine
the hemodynamics. Coronary artery fistula is rare
form of coronary artery anomaly, and prevalence was
reported as 0.01% to 0.2% in adults."**>* In our study,
there were 2 children with fistula, a ratio of 4.7%.

Coronary anomalies appear more often in cer-
tain congenital heart diseases. Coronary anomaly
incidence has been reported as 2% to 14% in cases
of tetralogy of Fallot."""13%! This wide range differ-
ence is result of dilated conal branch coursing to right
ventricular outflow tract. It is usually misevaluated as
coronary anomaly. It has been determined that coro-
nary artery anomaly incidence is 12.7% overall, using
combination of angiographic and surgical methods in

children with tetralogy of Fallot.** In our study, coro-
nary anomaly incidence was 14.8%, with 18 of 121
patients diagnosed with tetralogy of Fallot.

In conclusion, results of the present study dem-
onstrated 8.16% incidence of coronary anomaly in
children with congenital heart disease. Cardiologists
and surgeons should be familiar with CAA for proper
management of patients undergoing cardiac surgery
or coronary angioplasty.
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