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ORIGINAL STUDY

Evaluation of Congenital Coronary Arteries
Anomalies on Cardiac Computed Tomography
Angiography (CTA) for Congenital Heart Diseases

Zainab A. Ramadan

Department of Diagnostic and Interventional Radiology, Faculty of Medicine, Mansoura University, Elgomhoria St., 35516, Mansoura,
Egypt

Abstract

Background and purpose: Coronary arteries anomalies (CAA) are generally rare but more common to co-exist with
congenital cardiac anomalies. These include several congenital conditions either origin, course, or termination. This
study aims to emphasize that the accurate evaluation of CAA on cardiac computed tomography angiography (CTA) is a
must before proper surgical intervention in congenital heart diseases (CHD) to prevent unnecessary procedures or
vascular injury of these vital arteries.
Methods: Cardiac CTA scans for patients with suspected cardiac anomalies or diseases were retrospectively reviewed

by radiologists for the presence of CAA between February 2020 and March 2023. CAA was found in 162 patients of the
cardiac CTA reports done for CHD. They were categorized according to anomalies of origin, course, location of sinuses,
or termination.
Results: A total of 900 reports were scanned for CAA. After the exclusion of unfit and repeated reports, CAA was

detected in 162 patients, 103 (63.6 %) males. Three (1.9 %) patients had anomalous origin of left coronary artery from
pulmonary artery, while 27 (16.6 %) patients had common origin of left coronary artery (LCA) or its branches from right
coronary ostium, 16 (9.8 %) patients had origin of LCA or its branch from opposite or noncoronary sinus. Thirteen (8 %)
patients had ectasia of the right coronary artery and one (0.6 %) had both ectasia and aneurysm. Six (3.7 %) patients had
right coronary artery fistula.
Conclusions:Meticulous evaluation for the presence of CAA on cardiac CTA done for assessment of CHD is mandatory

to avoid surgical and long-term morbidity and mortality.
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1. Introduction

C ardiac computed tomography angiography
(CTA) and magnetic resonance imaging are

noninvasive techniques for cardiac imaging, pro-
ducing excellent image quality particularly the heart
(Sapiano and Borg, 2020).
Congenital anomalies of the coronary arteries are

not common, only generally occurring in about 1 % of
the population. On the contrary, there is an increased
incidence of up to (11%) in associationwith congenital
heart diseases (CHD) (Chen et al., 2007).

CHD in adults, including coronary arteries
anomalies (CAA), may be asymptomatic and inci-
dentally detected. Also, anatomical variations of the
coronary arteries are common and mostly not clin-
ically significant (Gupta et al., 2019).
Recent guidelines from the American Heart Asso-

ciation and the American College of Cardiologists
have recommended that the accurate evaluation of the
origin and course of coronary arteries ismandatory as
anomalies of the origin or course may predispose to
myocardial infarction, arrhythmias, or sudden cardiac
death (Writing Committee Members et al., 2022).
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Patients with CAA could be surgically corrected if
they have alarming criteria such as symptoms
clearly attributed to ischemia, positive functional
test, or high-risk anatomy like the long intramural
or inter-arterial course and ostial abnormalities,
despite symptomatology (Molossi et al., 2019).
Coronary artery anomalies involve several vari-

eties characterized by abnormal origin or course of
any of the three main coronary arteries [right coro-
nary artery (RCA), left coronary artery (LCA) and
left circumflex artery (LCX)]. Due to the presence of
multiple inter-individual varieties that are consid-
ered normal variants, the term CAA has been
limited to those occurring in less than 1 % of the
general population (Gentile et al., 2021).
Some of these anomalies are associated with high

morbidity and mortality. Anomalous origin of the
left coronary artery from the pulmonary artery
(ALCAPA) can lead to myocardial ischemia, heart
failure, and arrhythmias during the early neonatal
period. The anomalous origin of a coronary artery
with the inter-arterial or intramural course is
another less severe but still possibly fatal condition
(Secinaro et al., 2011).
In children with CHD, the most important condi-

tions to consider include tetralogy of Fallot (TOF) and
transposition of great arteries (TGA). Surgical
correction of TOF involves incision at the level of the
right ventricular outflow tract (RVOT). So, preopera-
tive exclusion of a prepulmonic course of a coronary
artery is crucial (Yu et al., 2013). TGA has a typical
coronary pattern with the LCA arising from the left
anteriorly facing sinus and the RCA originating from
the right-posteriorly facing sinus, but other categories
with high take-off and inter-arterial/intramural
course of the coronary arteries are frequently
encountered, and are associated with significantly
increased short and long-term morbidity and mor-
tality (Ciancarella et al., 2020).
Thus, preoperative identification of CAAs is clin-

ically important because their presence could result
in modification of surgical procedures. Some of
these anomalies could lead to severe operative
morbidity and mortality and can therefore influence
strategies of management (Yu et al., 2013).

2. Aim

This study aims to address the most common
CAA identified by cardiac CTA done for CHD and
their significance especially in decision of operative
procedures and emphasize that their accurate

evaluation is a must before proper surgical inter-
vention of CHD to prevent unnecessary procedures
or vascular injury of these vital arteries.

3. Patients and methods

The study was approved by the Institutional
research board (code number: R.23.08.2322) and
informed consent was waived because this was a
retrospective study.

3.1. Patients

This retrospective study involved 162 patients
with variable CHD associated with CAA.
For this study, a total of 900 cardiac CTA reports

were reviewed. From which patients with Kawasaki
disease 11 cases were excluded as the study is solely
dedicated to congenital CAA. Repeated reports of
repeated examinations for the same patient were
excluded 12 cases and only one examination/patient
was reviewed. CTA examinations with technical
problems interfering with evaluation of coronary ar-
teries asmotion artifacts 50 cases were excluded. Also,
patients with rotated aortic root as in cases of dilated
aortic root e.g., in TOF 49 patients were excluded.
So, the exact number of examinations that were

considered valid was 778, and the final number of
patients with CAA involved in this study was 162
patients.

4. Methods

For this study, 900 cardiac CTA reports of the
period from February 2020 to March 2023 were
reviewed for scanning for CAA. The previously
mentioned categories were excluded. So, the exact
number of valid examinations was 778 CTA reports.
Out of them, CAA were encountered in 162

(20.8 %) reports that constituted from the reviewed
studies. Cardiac CTAs were reported by consul-
tants’ cardiac radiologists with an average of 10
years of experience.
Cardiac CTA was done using a multi-detector CT

scanner (Philips IngenuityCore128, PhilipsHealthcare,
theNetherlands) for patients with proven or suspected
congenital heart disease. The field of view extended
from the base of the neck to the upper abdomen. The
examination was retrospective ECG-gated. The pa-
tients were examined in the supine position, they were
instructed to fast for at least 6 h before the examination.
Intravenous contrastmaterial was injected (through an
automatic injector) at a dose of 1e2 ml/kg.
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The patients with CAA were classified according
to anomalies of origin, anomalies of course, anom-
alies of termination, and abnormal location of si-
nuses for LCA and/or its branches and RCA and/or
it branches.

5. Results

Out of 162 patients, [103 (63.6 %) were males and
59 (36.4 %) were females] had variable CAA. 70
(43.2 %) were less than 1 year old, 62 (38.3 %) were in
the age group between 1 and less than 10 years,
while 21 (12.9 %) were in the age group between 10
years and less than 18 years, and 9 (5.6 %) were 18
years old and more (Table 1).
Of the patients in this study, 35 (21.6 %) had

double outlet right ventricle (DORV) as the major
diagnosis, 27 (16.8 %) had TOF while D-TGA was
diagnosed in 27 (16.8 %), and 11 (6.8 %) had intra or
extracardiac shunts. Double inlet left ventricle and
TGA was diagnosed in 9 (5.7 %), while isolated L-
TGA was the major diagnosis in 7 (4.3 %) patients.
The right side (pulmonary, tricuspid) valvular ste-
nosis or atresia was detected in 16 (10 %) patients.

5.1. LCA and its branches

Three (1.9 %) patients had ALCAPA (Fig. 1), while
27 (16.6 %) had a common origin from the right
coronary ostium, 16 (9.8 %) had an origin of LCA or
its branch from opposite or NCS, 4 (2.5 %) had
multiple osteal origins [separate origin of left ante-
rior descending (LAD) and LCX] and 10 (6.2 %) had
high take off origin.
Eleven (6.8 %) patients had prepulmonic course of

LCA or its branches, 5 (3.1 %) had a retro-aortic

course, 5 (3.1 %) had an inter-arterial course, and 5
(3.1 %) had a pre-aortic course 2 (1.2 %) had septal
(subpulmonic) course another two (1.2 %) had a
retrosternal course.
One (0.6 %) patient had myocardial bridging of

the LAD, while three (1.9 %) duplication of the LAD
(Fig. 1). 13 (8 %) had ectasia of the LCA or its
branches and three (1.9 %) had both ectasia and
aneurysm (Fig. 2). Four (2.5 %) patients had a cor-
onary fistula (Table 2).

5.2. RCA and its branches

Nine (5.6 %) patients had a common origin from
left coronary ostium, 9 (5.6 %) had origin of RCA or
its branch from the opposite or noncoronary sinus
[NCS] (Fig. 3) and 13 (8 %) had high take off origin.
Six (3.7 %) patients had prepulmonic course of

RCA or its branches, 3 (1.9 %) had retro-aortic
course, 3 (1.9 %) had inter-arterial course and 2
(1.2 %) had a preaortic course (Fig. 3), (1.9 %) had
retrosternal course.
Thirteen (8 %) patients had ectasia of the RCA and

one (0.6 %) had both ectasia and aneurysm. Six
(3.7 %) patients had coronary fistula.
Three (1.9 %) patients had a coronary arcade.

Thirteen (8 %) patients had abnormal locations of
the right of coronary sinus, while 18 (11.2 %) had
abnormal location of the left of coronary sinus and
36 (22.2 %) had abnormal location of both sinuses
(Table 2).

6. Discussion

Congenital CAA are usually incidentally discov-
ered. Until recently, angiography was the standard
for diagnosis of CAA. Their exact course in complex
CHD may be difficult to determine, and misdiag-
nosis is relatively common. This could be attributed
to (1) lack of experience with rare disorders; (2) a
lack of specific angiographic projections; and (3)
anatomic factors. Moreover, the coronary arteries
may exhibit several anatomical variations in com-
plex CHD, which may be difficult to image (Chen
et al., 2007).
This study involved 162 patients [103 (63.6 %)

males and 59 (36.4 %) females], this came by D'Alto,
M et al. (D’ et al., 2019) who stated that males out-
number females in most CHD. Also, this came in
accordance with Simon et al. (2022) who reported
that ~ 66 % of the patients were males.
Out of the patients in this study, 70 (43.2 %) pa-

tients were less than 1 year old, 62 (38.3 %) patients
were in the age group between 1 year and less than
10 years, while 21 (12.9 %) patients were in the age

Table 1. Demographic data and major diagnosis of the patients.

Number ¼ 162 (%)

Sex
Male 103 (63.6)
Female 59 (36.4)

Age groups
Less than 1 y 70 (43.2)
1eless than 10 years 62 (38.3)
10e less than 18 years 21 (12.9)
18 years and more 9 (5.6)

Major diagnosis
DORV 35 (21.6)
TOF 27 (16.8)
D-TGA 27 (16.8)
Intra or extra cardiac shunts 11 (6.8)
DILV and L-TGA 9 (5.7)
Isolated L-TGA 7 (4.3)
PA/PS and/or TA/TSa 16 (10)
Others 29 (18)

a PA/PS: Pulmonary atresia or stenosis, TA/TS: Tricuspid
atresia or stenosis.
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group between 10 years and less than 18 years and
nine (5.6 %) were 18 years old and more. This is
explained as that the study is dedicated to investi-
gating CHD which are often diagnosed early in
pediatric life.
Of the patients in this study, 35 (21.6 %) patients

had DORV as the major diagnosis, CAAs are usually
associated with complex CHD. Yu et al. (2013) re-
ported that the prevalence of CAAs in DORV was
relatively high, ~21.43 %.
Twenty-seven (16.8 %) patients had TOF, this

conformed with Koppel, C. J. et al. (Koppel et al.,
2020) who reported that anomalous origin of coro-
nary arteries is more prevalent in patients with TOF
than the general population with incidence about
(2%e23 %) as opposed to less than or equal to 1 % in
the general population.
In this study, D-TGA was diagnosed in 27 (16.8 %)

patients. This conformed with Moll, M et al. (Moll
et al., 2017) who stated that CAA are frequently
present in children with TGA.
Various definitions and classifications schemes of

CAAs have been suggested. However, none gained
widespread adoption as there are variable

anatomical variations of the coronary arteries (Yu
et al., 2013; Mazine et al., 2019). So, in this study
various classification systems were merged to cover
various CAA encountered.
Three (1.9 %) patients had ALCAPA, two arose

from the left pulmonary artery, while one arisen
from the right pulmonary artery.
In the case of ALCAPA, the myocardium supplied

by the anomalous coronary artery would be liable to
ischemic insult and its sequelae as it carries deox-
ygenated blood from the pulmonary artery and has
low perfusion pressure. The prognosis of symptoms
depends on several variables. There is no effective
conservative management for ALCAPA, and defin-
itive treatment is surgical (Mazine et al., 2019).
Twenty-seven (16.6 %) patients had common

origin of LCA from the right coronary ostium, while
nine (5.6 %) patients had common origin of RCA
from left coronary ostium. 16 (9.8 %), nine (5.6 %)
had the origin of either LCA or RCA or one of their
branches from opposite or NCS, respectively.
Eleven (6.8 %) patients had prepulmonic course of

LCA or its branches, five (3.1 %) had retro-aortic
course, five (3.1 %) had inter-arterial course and five

Fig. 1. Anomalous origin of left coronary artery from pulmonary artery (ALCAPA) with duplication of left anterior descending (LAD) on computed
tomography angiography (CTA). (A) Axial computed tomography angiography image showing the left coronary artery (LCA) (arrows) arising from
the RPA. (B) Axial oblique computed tomography angiography showing right coronary artery (RCA) (white arrow) from which an accessory left
anterior descending is arising (black arrow). (C) Volume rendering (VR) image showing left coronary artery (black arrows) arising from right
pulmonary artery (white arrows). (D) VR image showing left anterior descending (white arrow) and accessory left anterior descending (black arrows).
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(3.1 %) had preaortic course two (1.2 %) had septal
(subpulmonic) course another two (1.2 %) had ret-
rosternal course.
Six (3.7 %) patients had a prepulmonic course of

RCA or its branches, three (1.9 %) had retro-aortic
course, three (1.9 %) had inter-arterial course and
two (1.2 %) had preaortic course three (1.9 %) had
retrosternal course.
The anomalous origin from the opposite sinus is

the most clinically relevant as it is mostly associated
with anomalous course, whereas the origin of an
artery from the NCS represents an unusual finding
(Gentile et al., 2021).
Dissimilar to ALCAPA, most coronary arteries'

anomalous origins are benign, apart from those
associated with inter-arterial course which can be
associated with ischemic symptoms with significant
percentage of patients’ sudden cardiac death as an
initial manifestation, particularly in the case of LCA
arising from the right sinus. Although the estimated
prevalence of these anomalies is mainly biased by a
significant proportion of undetected asymptomatic
cases, it is well established that inter-arterial

anomalous LCA is much less common than inter-
arterial anomalous RCA (0.03 vs. 0.23 %). However,
it is associated with a worse prognosis (Cheezum
et al., 2017). Yet, this came in discordance with the
results in this study as five (3.1 %), three (1.9 %) had
inter-arterial course of LCA and RCA, respectively.
This could be explained as the number of cases of
anomalous origin of LCA that could be associated
with anomalous course 56 patients is much more
common than similar cases of anomalous origin of
RCA 31 patients in this study.
Not all variations of CAA are of the same clinical

significance. Despite considering the other types of
anomalous course benign, they must be accurately
evaluated and reported. Themost clinically significant
course is that of an anomalous artery arising from the
contralateral sinus and coursing anterior to the RVOT
or prepulmonic course, or behind the RVOT and
anterior to the aorta. The incidence of an anomalous
artery that crosses the RVOT ranges from 6 to 14 %.
This may cause significant problems, if passed un-
recognized, in corrective surgery especially in cases of
TOF (Koppel et al., 2020; Kapur et al., 2015).

Fig. 2. (A) Axial, (B) curved planar reformatting, (C and D) volume rendering cardiac computed tomography angiography images showing fusiform
aneurysm of the left anterior descending (arrows).
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Also, in TGA, these CAA markedly increase the
complexity of arterial switch operations and may in-
fluence the postoperative prognosis (Moll et al., 2017).
Therefore, the imaging of the origin and course of the
anomalous coronary arteries preoperatively is critical
for decreasing surgical morbidity (Shi et al., 2015).
In this study, four (2.5 %) patients had multiple

osteal origins (separate origin of LAD and LCX from
the left coronary sinus) which is usually a benign
anomaly and not associated with definite anomalous
course.
Angelini P (Angelini, 2007) stated that it is found

in up to 0.67 % of patients and is considered a
normal variant. It should be differentiated from
atretic LCA, in which a fibrous tract may hinder
myocardial perfusion; however, this finding is very
rare (Gentile et al., 2021).
In this study, 10 (6.2 %) patients had high take off

origin of LCA, and 13 (8 %) patients had high take off
origin of RCA. High take-off origin of the coronary
arteries is a rare anomaly thatmaybe isolated or come
in association with other CHD, more common in the
RCAs (up to 84.46 % of cases) (Loukas et al., 2016;
Cantinotti et al., 2021; Rosenthal et al., 2012; Frommelt
et al., 2020). Although there is no global definitive
definition of high take-off, many studies defined high
take-off as an origin above or distal to the sino-tubular
junction (Cantinotti et al., 2021). Although the use of
fixed criteria in adults is preferred (like one centimeter
above the sino-tubular junction), this may have limi-
tations in children where aortic dimensions are
smaller; therefore, some authors adopted relative
criteria as coronary orifices that originate 120 % or
more of the depth of the sinus of Valsalva or 20 % or
more the depth of the sinus above the sino-tubular
junction (Palmieri et al., 2018). A detailed evaluation of
a high take-off coronary arteries should also involve
other important criteria, like the presence or absence
of slit-like ostium, stenosis, the angle at origin, the
interarterial, and intramural course (Loukas et al.,
2016; Frommelt et al., 2020).
In this study, one (0.6 %) patient had myocardial

bridging of the LAD; this patient's major diagnosis
was hypertrophic obstructive cardiomyopathy.

Table 2. Descriptive data of variable congenital coronary arteries
anomalies.

Number ¼ 162 (%)

Anomalous origin of LCA or its branches
None 102 (63)
ALCAPA 3 (1.9)
High take off 10 (6.2)
Common origin from
right coronary ostium

27 (16.6)

Multiple ostia 4 (2.5)
Origin of LCA or its
branch from opposite or
non-coronary sinus

16 (9.8)

Anomalous origin of RCA or its branches
None 131 (80.8)
ARCAPAa 0
High take off 13 (8.)
Common origin from
left coronary ostium.

9 (5.6)

Multiple ostia 0
Origin of RCA or its
branch from opposite or
non-coronary sinus

9 (5.6)

Anomalous course of LCA or its branches
None 132 (81.5)
retro-aortic 5 (3.1)
Inter-arterial 5 (3.1)
Pre-pulmonic 11 (6.8)
Septal (sub-pulmonic) 2 (1.2)
Retrosternal 2 (1.2)
Pre-aortic 5 (3.1)

Anomalous course of RCA or its branches
None 145 (89.4)
Retro-aortic 3 (1.9)
Inter-arterial 3 (1.9)
Pre-pulmonic 6 (3.7)
Septal (sub-pulmonic) 0
Retrosternal 3 (1.9)
Pre-aortic 2 (1.2)

Anomaly of course LCA or its branches
None 142 (87.6)
Myocardial bridging 1 (0.6)
Duplication 3 (1.9)
Ectasia only 13 (8)
Coronary ectasia and
aneurysm

3 (1.9)

Anomaly of course RCA or its branches
None 148 (91.4)
Myocardial bridging 0
Duplication 0
Ectasia only 13 (8)
Coronary ectasia and
aneurysm

1 (0.6)

Anomaly of termination or LCA or its branches
None 156 (96.3)
Coronary fistula 4 (2.5)
Coronary arcade 2 (1.2)
Extra-cardiac
termination

0

Anomaly of termination or RCA or its branches
None 155 (95.7)
Coronary fistula 6 (3.7)
Coronary arcade 1 (0.6)

(continued on next page)

Table 2. (continued)

Number ¼ 162 (%)

Extra-cardiac
termination

0

Anomaly of location of coronary sinuses
None 95 (58.6)
RCA 13 (8)
LCA 18 (11.2)
Both 36 (22.2)

a ARCAPA: anomalous origin of RCA from pulmonary artery.
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Myocardial bridging is an anatomical variant that
can be benign as evidenced by the high rates of
incidental findings. However, myocardial bridging
is linked to numerous complications as myocardial
infarction, arrhythmias, and sudden cardiac death.
The decreased perfusion detected in patients with
myocardial bridging is mainly due to compression
of the artery and occlusion of flow on systole. The
depth of bridging is considered much more impor-
tant than its length (Roberts et al., 2021).
Three (1.9 %) patients had duplication of the LAD

in which the accessory LAD arises from the RCA
and hence crossing anterior to the RVOT to reach its
normal course. This is mandatory to be delineated
prior to surgical intervention especially in TOF cases
to avoid surgical complications.
In this study, 13 (8 %), 13 (8 %) patients had

ectasia, and three (1.9 %), one (0.6 %) had both
ectasia and aneurysm of the LCA, RCA or their
branches, respectively. These cases were not

diagnosed as Kawasaki disease. Coronary artery
aneurysm is defined by a focal enlargement of the
artery more than the 1.5-fold diameter of the nearby
normal segment, while ectasia is similar but diffuse
involving greater than or equal to 50 % of the arte-
rial length (Matta et al., 2021). Patients may present
with myocardial ischemia and scar, sudden cardiac
death, thrombosis, embolism, fistula, rupture,
hemopericardium, tamponade, or heart failure
(Sheikh et al., 2019). So, the accurate diagnosis and
interpretation is highly indicated.
Four (2.5 %) patients had left coronary fistula, one

from the LCA to the right atrium associated with
atrial septal defect, one from the mid LAD to RV
associated with pulmonary atresia, the third be-
tween the distal LAD and RV apex (Fig. 4) associated
with valvular pulmonary stenosis, and the last one
had two fistulous tracts: one from the proximal LAD
to RV and the other from RCA to right atrium
associated with pulmonary atresia.

Fig. 3. Anomalous origin of right coronary artery from left coronary sinus on computed tomography angiography. (A) Axial computed tomography
angiography image showing origin of right coronary artery (arrow) arising from the left coronary sinus. (B) Axial oblique computed tomography
angiography showing right coronary artery (black arrows) with pre-aortic course. (C) Axial computed tomography angiography image showing
normal origin of left coronary artery. (D) VR image showing anomalous origin of right coronary artery with pre-aortic course (arrow).
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Six (3.7 %) patients had RCA fistula, the first was
mentioned above, two from RCA to RV one in a case
of L-TGA and a case of combined tricuspid atresia
and pulmonary atresia, fourth one from RCA to
right atrium at the cavo-atrial junction with superior
vena cava in a case of otherwise structurally normal
heart, the fifth from conal branch to RV in a case of
pulmonary atresia, and the last one from RCA to
right atrial appendage in a case of TOF.
The right coronary artery is more commonly

affected by congenital fistulas and the majority
~90 % communicate with right heart structures,
including pulmonary arteries, coronary sinus, and
the vena cava (Burch and Sahn, 2001).
Four out of the ten patients of coronary fistula

were associated with pulmonary atresia. This con-
formed with Goo, H. W (Goo, 2021) who reported
that ventriculo-coronary fistulas are present in
~40.0 % of cases of pulmonary atresia with intact
interventricular septum. These communications
occur in cases with severely hypoplastic and hy-
pertrophied RV. It may lead to RV steal phenome-
non if the affected coronaries are patent, while in
cases of occluded coronary arteries, it may lead to
myocardial ischemia or infarction.
In this study, three (1.9 %) patients had coronary

arcade. Inter-coronary communication or coronary

arcade is a rare CAA. The significance of this variant
is not clear, but it may lead to decreased myocardial
perfusion by coronary steal or act as a natural
bypass (Abreu et al., 2014; Ku et al., 2022).
Thirteen (8 %) patients had abnormal location of

the right of coronary sinus, while 18 (11.2 %) had
abnormal location of the left coronary sinus and 36
(22.2 %) had abnormal location of both sinuses.
D-Transposition of the great arteries is commonly

associated with anomalous coronary artery origin
including abnormal location of sinuses. Identification
of such anomalies is clinically significant as the
arterial switch operation became the method of
choice in infants with D-TGA (Burch and Sahn, 2001).

6.1. Limitations

There were some limitations in this study. First,
this study discussed the different CAA, future
dedicated studies to each category and each of the
epicardial coronary arteries is recommended. Sec-
ond, multicentric study is recommended to increase
the number of cases, so numbers of variable
anomalies are increased to promote accuracy.
Lastly, a dedicated study on adults only with diag-
nosed CAA coexisting with CHD in infants to
evaluate the long-term prognosis.

Fig. 4. Left anterior descending right ventricle (LAD-RV) fistula (A) axial oblique computed tomography angiography image showing dilated left
coronary artery and left anterior descending, (B) curved planar reformatting image showing dilated left anterior descending (black arrows), fistulous
opening (red arrow) communicating with RV (white arrow), (C) coronal oblique, (D) VR cardiac computed tomography angiography showing dilated
left anterior descending along its course. (E) VR cardiac computed tomography angiography image showing left anterior descending right ventricle
fistula.
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6.2. Conclusions

Meticulous evaluation of CAA on cardiac CTA
done for assessment of CHD is mandatory to avoid
surgical and long-term morbidity and mortality.
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