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Abstract

Objective: The purpose of this pictorial essay is to review the multi detector computed tomography (MDCT) coronary angiography appearance of 
congenital coronary anomalies [CCA]. CCA might also be classified as hemodynamically significant or insignificant. The clinical symptoms may include chest 
pain, dyspnoea, palpitations, syncope, cardiomyopathy, arrhythmia, infarction and sudden cardiac death. Although CCA are relatively uncommon, they’re 
the second most typical reason for sudden cardiac death among young athletes and so warrant detailed review. Familiarity with atypical anatomy and their 
clinical presentation may facilitate appropriate diagnosis and management. This will be of immense help to the clinician planning interventional procedures 
like stenting, balloon dilatation, or graft surgery particularly when there are secondary changes of calcification, plaque formation and stenosis.

Conclusion; Increasing use of MDCT for cardiac imaging has helped within the detection of the many benign congenital coronary anomalies (CCA), but 
a little number is related to myocardial ischemia and sudden death. Increasing the employment of MDCT in cardiac imaging may yield diagnostic information 
on CCA not obtained with invasive coronary angiography. Axial sections, multiplanar reconstructions, virtual angioscopy, and 3D volume-rendered images 
should aid within the detection and improve the interpretation of such anomalies, which might be of immense help to the clinician planning interventional 
procedures.
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Introduction
Congenital coronary anomalies (CCA) are uncommon and most 

of them are diagnosed incidentally during conventional coronary 
angiography or MDCT angiography. In step with the literature, 
CCAs affect around 1% of the general population, starting from 0.3%-
5.6% in studies on patients undergoing coronary angiography, and 
in approximately 1% of routine autopsy [1]. Based on the functional 
relevance of every abnormality, coronary artery anomalies may be 
classified as anomalies with obligatory ischemia, without ischemia or 
with exceptional ischemia. The clinical symptoms may include chest 
pain, dyspnea, palpitations, syncope, cardiomyopathy, arrhythmia, 
myocardial infarct and sudden cardiac death. Although congenital 
coronary artery anomalies are relatively uncommon, they’re the 

second most typical reason behind sudden cardiac death (SCD) 
among young athletes. The chance of SCD in time of life or elderly 
individual with an incidentally discovered coronary anomaly is 
unclear, but is perhaps negligible. The anomaly most often related to 
SCD is that the anomalous origin of a coronary artery, particularly 
with a course between the aorta and the PA [1]. For several decades, 
premorbid diagnosis of CCA has been made with conventional 
angiography. Although catheter angiography is an efficient tool, 
it’s invasive and related to procedural morbidity  (1.5%) and 
mortality (0.15%) [2]. Because of its two dimensional nature, catheter 
angiography has projectional limitations and it cannot show the link 
of aberrant vessels with the underlying cardiac structures [3]. Recent 
development of ECG gated MDCT coronary angiography allows 
accurate and noninvasive depiction of coronary artery anomalies of 
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origin, course, and termination. CT coronary angiography (CTCA) 
is superior to standard catheter angiography in delineating the ostial 
origin and proximal path of an anomalous coronary artery [4]. 

Illustrative Cases
Case 1: 56 years old male with dominant Right coronary arterial 

(RCA) system (Figure 1).

Case 2: 49year’s old male with dominant Left coronary arterial 
(LCA) system (Figure 2).

Case 3: 36 year old male with Co-dominant coronary arterial 
system (Figure 3).

Figure 1: (A,B) Computed tomography coronary angiography (CTCA) 3D 
volume rendered images shows dominant right coronary arterial system, 
posterior descending artery (PDA) and posterior left ventricular (PLV) 
branches arising from RCA.

Figure 2: (A-C) CTCA 3D volume rendered images shows dominant left 
coronary arterial system, posterior descending artery (PDA) and posterior 
left ventricular (PLV) branches arising from LCA.

Figure 3: (A-D) CTCA 3D volume rendered (A-C) and coronary tree images 
show co-dominant coronary arterial system, PDA and PLV branches arising 
from both LCA & RCA.

Case 4: 38 year old male with trifurcation of LMCA into LAD, 
LCX & Ramus intermedius (Figure 4).

Anomalies of origin; A. Number of Ostia: single, Multiple 
(>2)

Case 5: Single Left coronary artery in a 39 year-old man (Figure 5). 

Case 6: Single Right coronary artery in a 46 year old man (Figure 6).

Figure 4: (A-C) CTCA 3D volume rendered (A,B) and MIP coronary tree (C) 
images shows trifurcation of LMCA into LAD, LCX & Ramus Intermedius (RI).

Figure 5: (A-F) Computed tomography coronary angiography (CTCA) 
3D volume rendered (A-E) and coronary tree (F) views shows single left 
coronary artery arising from left coronary sinus (LCS) with RCA arising as a 
large branching septal branch from the mid LAD artery and supplying RCA 
territory.

Figure 6: (A-D) CTCA 3D volume rendered (A,B), coronary tree (C), MIP 
Coronary tree (D) views shows single right coronary artery arising from right 
coronary sinus (RCS) with large conus branch and large right ventricular 
(RV) branch from RCA supplying LAD and LCX territory respectively.
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Case 7: Absent left main coronary artery (LMCA) in a 40year-old 
woman with normal origin of RCA (Figure 7).

B. Anomalous location of ostium in the appropriate coronary 
sinus

Case 8: 40 year old male with high origin of LMCA from Left 
coronary sinus (Figure 8).

C. Origin from opposite coronary sinus

LCX or LAD artery arising from the right coronary sinus (RCS)

Case 9: 70 year-old women with absent LMCA and anomalous 
origin of LAD & LCX arteries from RCS (Figure 9).

Case 10: 40 years old man with anomalous origin of LCX from 
RCS (Figure 10).

Case 11: 58 years old man with anomalous origin of LCX from 
RCS (Figure 11).

  
Figure 8: (A-F) CTCA 2D curved view (A), 3D volume rendered (B-D) and 
coronary tree (E,F) images reveal anomalous high origin of LMCA from LCS 
and anomalous low origin of RCA from aorta above the sino-tubular junction.

Figure 7: (A-F) CTCA 2D curved view(A), 3D volume rendered images (B-
D), coronary tree (E) and positive coronary tree (F) images reveal absent 
LMCA with separate ostia of the LAD and LCX artery from LCS.

     
Figure 9: (A-F) CTCA 3D volume rendered images (A-D) and coronary 
tree view (E,F) images reveal absent LMCA with separate ostia of LAD & 
LCX from RCS, LCX having posterior (retro-aortic) course, and LAD having 
anterior (pre-pulmonic) course.

     
Figure 10: (A-D) CTCA 3D volume rendered (A,B) and coronary tree view 
(C,D) images reveal anomalous origin of LCX from RCS having retro-aortic 
course.

Figure 11: (A,B) CTCA 3D volume rendered (A), coronary tree (B) and 
virtual angioscopy images reveal anomalous origin of LCX from RCS having 
pre-pulmonic course.
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Origin from Non-coronary sinus (NCS)-LCA or RCA (or 
branch of either artery)

Case 15: 63 years old woman with anomalous origin of RCA from 
NCS (Figure 15).

Abnormalities of angle of origin 

Case 16: 48 year old male with recurrent chest pain on exertion 
(Figure 16).

Case 17: 45 year old woman with lowaortic origin of LMCA and 
high aortic of RCA (Figure 17).

Case 18: 65 year old female with recurrent chest pain on exertion 
(Figure 18).

Anomalies of course (normal origin); Myocardial bridging, 
Duplication

Case 19: 38 yerars old man with atypical chest pain on exertion 
(Figure 19). 

Case 20: 49 years old man with atypical chest pain (Figure 20).

Case 21: 64 year old male with atypical chest pain (Figure 21).

Case 22: 45 year old male with duplication of LAD (Figure 22).

Case 12: 45 years old woman with anomalous origin of LAD 
branching off from proximal RCA (Figure 12).  

RCA arising from the LCS

Case 13: 35 years old man with nonspecific chest pain on exertion 
(Figure 13).

Case 14: 35 years old man with recurrent chest pain on exertion 
(Figure 14).

                            
Figure 12: CTCA 3D volume rendered images reveal anomalous origin of 
LAD from proximal RCA having pre-pulmonic course

  
Figure 13: (A-F) CTCA 3D volume rendered (A,B) and coronary tree view 
(C-F) images reveal anomalous high origin of RCA from LCS having inter-
arterial (malignant) course.

    
Figure 14: CTCA 2D axial (A,B) and 3D volume rendered images (C-F) 
images shows anomalous origin of RCA from LCS having inter-arterial 
(malignant) course.

    
Figure 15: (A-F) CTCA 2D axial (A,B), Coronary tree positive image (C), 
3D volume rendered (D,E) and coronary tree (F)images shows anomalous 
origin of RCA from NCS having retro-aortic course.

                       
Figure 16: (A-F) CTCA 2D axial (A,B), 3D volume rendered (C-E) and virtual 
aortic angioscopy image (F), shows anomalous low aortic origin of RCA 
above the right sino-tubular junction with abnormal angulation and having 
inter-arterial (malignant) course.
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Case 23: 48 year old female with RCA duplication (Figure 23).

Intrinsic coronary arterial abnormality; Coronary stenosis, 
Atresia, Ectasia / Aneurysm

Case 24: 59 year old man with unsuccesful attempts at 
catheterisation of LMCA,who developed arrythmias while trying to 
enter the ostia (Figure 24).

Case 25: 71 year old male with LAD & first obtuse marginal 
(OM1) ectasia (Figure 25).

Case 26: 45 old female with RCA ectasia (Figure 26).

                       
Figure 17: (A-F) CTCA 2D curved view (A,B), 3D volume rendered images 
(C-E) coronary tree (F) reveal anomalous low aortic originof LMCA & high 
aotic origin of RCA, above the sino-tubular junction with abnormal angulation.

                       
Figure 21: (A-F) CTCA 2D curved analysis (A-C) & 3D volume rendered 
images (D-F) reveal duplication of proximal RCAinto RCA1 and RCA2 with 
focal myocrdial bridging of mid RCA1.

                       
Figure 22: (A-F) CTCA 3D volume rendered images (A-E) and coronary 
tree (F) reveal duplication of proximal LAD into LAD1 & LAD2 in the anterior 
interventricular groove.

                       
Figure 18: (A-F).CTCA 2D curved analysis (A,B) &3D volume rendered 
images (C-F) reveal anomalous high aortic originof LMCA & RCA, above the 
sino-tubular junction with abnormal angulation and interarterial (malignant) 
course of RCA.

                
Figure 19: (A,B) CTCA 2D Curved analysis images reveal focal myocardial 
bridging of mid LAD.

Figure 20: (A-C) CTCA 3D volume rendered (A) and 2D Curved analysis 
(B,C) images reveal focal myocardial bridging of first obtuse marginal (OM1) 
branches.
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Case 27: 3 year old female child with Kawasaki disease (Figure 27).

Case 28: 35 year old male with LMCA bifurcation aneurysm 
(Figure 28).

Case 29: 65 year old male with LAD aneurysm (Figure 29).

Case 30: 65 year man with LAD & LCX aneurysm (Figure 30).

Case 31: 71year old manwith multiple atherosclerotic RCA 
aneurysm (Figure 31).

Case 32: 62 year old man with LAD hypoplasia (Figure 32).

                   
Figure 23: (A-D) CTCA 3D volume rendered images (A-C) and coronary tree 
view (D) reveal duplication of mid RCA into RCA1&RCA2.

   
Figure 24: (A-F) CTCA MIP coronary tree (A), Straight vessel analysis (B) 
and 3D volume rendered coronary tree (C,D), cardia (E) and conventional 
cath angio (F) images show Ostio-proximal LMCA stenosis.

   
Figure 25: (A-C) CTCA 2D curved (A) & straight vessel analysis (B) views 
and 3D volume rendered images (C) and coronary tree view (C) reveal 
ectasia of proximal LAD & OM1 of LCX.

                              
Figure 26: CTCA  2D Curved vessel analysis show ectasia of proximal RCA.

            
Figure 27: (A-F) CTCA 2D axial (A,B), Straight vessel analysis (C,D) and 3D 
volume rendered coronary tree images(E,F) show diffuse Ectasia of LMCA, 
LAD & RCA.

        
Figure 29: (A-F) CTCA 2D axial (A), Straight vessel analysis(B),3D 
volume rendered (C-E) and coronary tree (F) images show diagonal 3 (D3) 
bifurcation saccular aneurysm with coronary atherosclerotic disease.

    
Figure 28: (A-C) 2D axial (A), 3D volume rendered (B) and coronary tree 
view(C) images show LMCA bifurcation saccular aneurysm.
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Discussion
The coronary arteries arise from the aortic sinuses, converging 

towards the apex of the heart. Normally, there are three main coronary 
arteries, the right coronary artery (RCA) which typically arises 
from the right sinus of Valsalva (RSV) of the ascending aorta and 
supplies the right side of the heart, left circumflex artery (LCX) and 
left anterior descending (LAD), artery arising from a common stem, 
the left main coronary artery (LMCA) which arises from left sinus of 
Valsalva (LSV). Among these, the origin of the posterior descending 
coronary artery (PDA) from either the right (70%) (Figure 1) or the 
left (10%) (Figure 2) coronary artery defines the coronary dominance, 
co-dominance (Figure 3) in 20% of cases, with the dominant artery 
usually providing blood supply to the sino-atrial (SA) and atrio-
ventricular (AV) nodes, albeit with some exceptions. Other common 
possible findings include trifurcation of the LMCA, with a Ramus 
intermedius (in ≈20% of the cases) (Figure 4), distributing across a 
variable portion of the lateral wall of the left ventricle [7].

Congenital coronary anomalies (CCA) may be defined as a 
coronary pattern or feature that’s encountered in less than 1% of the 
general population. 

In summary, we are able to divide the coronary feature in two 
groups: 

(1) Normal coronary anatomy, defined as any morphological 
characteristics seen in > 1% of unselected sample. This group also 
includes normal anatomical variants, defined as alternative and 
comparatively unusual morphological feature observed in > 1% of 
the population; and 

(2) Anomalous coronary anatomy, defined as morphological 
features found in < 1% of the population [5-7].

Most of the coronary anomalies remain asymptomatic and are 
incidental to investigations by coronary angiography. Coronary 
artery anomalies are classified as benign (80.6%) but potentially 
serious anomalies (19.4%) [2].

Anatomic characteristics that make a CCA malignant include-

(1) Single coronary artery (Figures 5 & 6), 

(2) Origin from the pulmonary artery, 

(3) Origin from the opposite aortic sinus (Figures 9-11, 13 & 14), 

(4) Passing between the aorta and pulmonary artery (Figures 13, 
14, 16 & 18), 

(5) Acute-angle take off resulting in a slitlike orifice (Figures 16 
& 17),

(6) Passing intramurally (Figures 19-21), and 

(7) Small artery due to ostial stenosis or atresia [2].

For several decades, these anomalous coronary arteries were 
identified by conventional catheter coronary angiography. MDCT 
coronary angiography has been accepted as the ideal method for 
evaluation of patients with atypical chest pain due to its excellent 
temporal and spatial resolution [2,8].

        
Figure 30: (A,B) 3D volume rendered images show multiple fusiform 
aneurysm of LAD & LCX.

            
Figure 31: (A-D) CTCA MIP 2D curved (A), coronary tree (B) and 3D volume 
rendered images show multiple saccular and fusiform aneurysm of RCA with 
calcific hard plaques along the walls.

        
Figure 32: (A-C) CTCA 2D curved coronary vessel analysis(A) and 3D 
volume rendered images (B,C) show LAD hypoplasia.

Table 1: Classification of Congenital coronary anomalies [10].

Anomalies of origin

A. Number of ostia: Single, Multiple (>2) ,
B. Anomalous location of ostium in the appropriate 
coronary sinus
C. Origin from opposite coronary sinus -

(a) RCA arising from the LCS,
(b) LMCA arising from the RCS,
(c) LCX or LAD artery arising from the RCS

D. Origin from non-coronary sinus-LCA or RCA
(or branch of either artery)
E. Originfrom Pulmonary artery–

(a)Anomalous left coronary artery(ALCAPA)       
(b) Anomalous right coronary artery (ARCAPA)

F. Abnormalities of angle of origin
Anomalies of course 
(normal origin); Myocardial bridging, Duplication

Anomaliesoftermination; Coronaryartery fistula, Coronary arcade,
Extra cardiac termination

Intrinsic coronary 
arterial abnormality

Coronary stenosis,Atresia,
Ectasia / aneurysm
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Among patients with CCA identified with MDCT, conventional 
angiography alone allowed correct identification of the anomalies in 
precisely 53% of cases [2].

Magnetic resonance coronary angiography could be a non-
invasive method that doesn’t require the utilization of contrast 
agents or ionizing radiation, and thus is superior compared to 
cardiac CT angiography and conventional coronary angiography. 
Its disadvantages are lengthy acquisition time and lower spatial 
resolution [9].

Congenital coronary anomalies are classified according to origin, 
course, termination and intrinsic arterial abnormality [10] (Table 1).

Anomalies of origin;

A. Number of Ostia: Single, Multiple (>2);

Single coronary artery is an extremely rare congenital abnormality 
seen in 0.024%-0.044% of the population (Figures 5 & 6) [11]. In most 
of the cases, aberrant RCA originates from the left main coronary 
artery and traverses anterior to the right ventricle or between the 
pulmonary trunk and ascending aorta [12]. The presence of a single 
coronary artery with an inter-arterial course may increase the danger 
of major adverse cardiac events [13]. A proximal obstruction within 
the main trunk can be devastating, due to the unfeasibility of collateral 
circulation development.

The RCA originating as a branch from the midportion of the LAD 
may be a very rare anomaly (Figure 5). Six cases have been reported 
within the literature up to now, and no patient had underlying 
congenital heart disease [14].

The absence of the LMCA with a separate origin of the LAD and 
LCX arteries is found in up to 0.67% of subjects (Figure 7) [7]. They 
may cause difficulties in catheterization during angiography, but they 
allow for the development of collateral circulation in the event of 
proximal obstruction in one of those vessels [8].

B. Anomalous location of ostium in the appropriate coronary 
sinus (Figure 8) 

Ectopic RCA from right sinus of valsalva has a frequency of 
1.13% and therefore by some classifications can be considered a 
variant.

C. Origin from opposite coronary sinus 

According to historical reports, both the right and left coronary 
arteries originating from the opposite sinus could also be related to an 
increased risk of SCD [15].

(a) LCX or LAD artery arising from the RCS

The LCX artery most ordinarily arises from a separate ostium 
within the right sinus or as a proximal branch of the RCA in 
approximately 0.32%–0.67% of the population (Figures 9-11) 
[16]. Retro-aortic pathway is its commonest course, and there’s no 
association with sudden death [8] (Figure 10).

An aberrant origin of the LMCA or LAD from the right sinus of 
Valsalva could be a rare anomaly that has been related to myocardial 
ischemia and sudden cardiac death [17] (Figure 9). Depending 

on the anatomic relationship of the anomalous vessel to the aorta 
and the pulmonary trunk, the anomaly is classified into 4 common 
courses: posterior (retro-aortic), interarterial (preaortic), anterior 
(prepulmonic), and septal (subpulmonic) course.

LAD artery branching off the RCA called the Type IV “Dual LAD” 
artery whose incidence ranges from 0.01 to 0.03% [18] (Figure 12).

(b) RCA arising from the LCS

RCA originating from the left coronary sinus or as a branch of a 
single coronary artery is found in 0.03% to 0.17% of the individuals 
submitted to angiography (Figures 13-15) [19]. The most common 
course of anomalous RCA from LCSis inter-arterial (malignant) 
(Figures 13,14). This variant will be related to sudden cardiac 
death in up to 30% of patients [20]. According to the finding on 
CT angiography, the interarterial course of the RCA is classified as 
either “high” or “low”. A high course/outflow tract predisposes the 
patient to more adverse effects, like angina and sudden death, and 
requires more attention on the part of the radiologist. This is due to 
the fact that, during systole, both vessels adjacent to the coronary 
artery (the aorta and pulmonary artery) dilate, narrowing the channel 
through which the anomalous coronary artery passes, a phenomenon 
that’s aggravated during physical work out. Conversely, when 
the interarterial course is low, the right ventricular outflow tract 
contracts during systole, counterbalancing the systolic expansion of 
the aorta and creating less narrowing within the coronary arterial 
course between the right ventricular outflow tract and the aorta [21].

(c) LMCA arising from the RCS

LMCA originating from the right coronary sinus (RCS) or as a 
branch of a single coronary artery occurs in 0.09% to 0.11% of the 
individuals submitted to angiography [19]. Proximal inter-arterial 
course occurs in 75% of such patients [19]. The origin of the LMCA 
from the RCS will be classified into 4 types- the LMCA passes between 
the aorta and pulmonary trunk (interarterial), anteriorly over the 
right ventricular outflow tract (pre-pulmonic), right of the RCA and 
pass posteriorly to the aortic root (retroaortic) and along the crista 
supraventricularis intramyocardially or subendocardially, surfacing 
within the proximal interventricular sulcus.

Sudden death can result from transient compression of the 
anomalous left coronary artery course, caused by dilation of the 
aorta and pulmonary artery, which is successively caused by the 
rise in blood flow during intense exercise, thus creating torsion or 
compression of the coronary artery between the aorta and also the 
right ventricular outflow tract [22].

D. Origin from Non-coronary sinus-LCA or RCA (or branch 
of either artery)

RCA from posterior sinus or Non-coronary sinus is a very rare 
anomaly (0.003%) in hearts without other congenital anomalies 
(Figure 15). The anomaly is sometimes not related to symptoms or 
complications so should be considered benign [23].

The origin of the LMCA from posterior sinus of Valsalva is 
sometimes seen in patients with other anomalies of heart and 
great vessels. This situation is extremely rare (0.0008%) and even 
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more rarely associated with sudden death. This anomaly should be 
considered benign [23].

E. Origin from Pulmonary artery (PA) 

(a) Anomalous left coronary artery from PA (ALCAPA)

It is also referred as Bland-white-Garland syndrome from the 
eponym of the authors who described it for the primary time in 
1956. ALCAPA is one in all the foremost serious congenital coronary 
artery anomalies with prevalence of 1 in 300,000 live births [24]. Most 
affected patients show symptoms in infancy and early childhood. 
Approximately 90% of untreated infants die within the 1st year of 
life, and only some patients survive to adulthood [25]. In a study by 
Alexander. et al, the patients with ALCAPA had the extra finding of 
aortic coarctation with a patent ductus arteriosus [26].

(b) Anomalous right coronary artery from PA (ARCAPA)

ARCAPA has an incidence of 0.002% within the general 
population. Only 25-30% cases are related to structural heart defects 
[27]. Patients with associated cardiac anomalies are diagnosed 
early in life compared to patients with isolated ARCAPA. Those 
with associated cardiac defects may present with cardiac murmur, 
congestive symptoms, and sudden cardiac death or may remain 
asymptomatic and detected incidentally during evaluation of other 
problem [28]. The associated cardiac defects found in these patients 
were aorto-pulmonary window, tetralogy of Fallot, VSD, PDAAQ3, 
and aortic stenosis [28].

Left anterior descending artery from PA- Pulmonary origin of the 
LAD could be a very rare with a frequency of 0.0008%. This anomaly 
leads to myocardial ischaemia and sudden cardiac death [2].

All coronary arteries from PA - In this anomaly all the coronary 
arteries arise from PA, therefore the entire coronary circulation is 
supplied by the pulmonary artery. The prognosis of this CAA is poor 
and these patients usually die during the primary month of life. This 
CAA is additionally related to patent ductus arteriosus and with other 
major anomalies of the heart or great arteries [26].

F. Abnormalities of angle of origin

Acute take-off of LCX- Angelini et al defined this coronary 
anomaly in patients with an angle ≤ 45º between LMCA and LCX, 
within the left anterior oblique/caudal and/or right anterior oblique/
caudal angiography Xray projections [29]. This anatomic variant has 
an incidence around 2% and should be relevant in reference to the 
technical difficulties that can complicate angiographic procedures on 
the LCX [29]. 

Anomalous location of the coronary ostium in the aortic root 
(Figures 16-18) 

High origin of a coronary artery or left coronary trunk -Is defined 
as origin over 1 cm above the sino-tubular junction [30]. Preoperative 
identification of this anomaly is very important just in case of 
ascending aorta surgery and should cause difficulties in catheterization 
during angiography. Cross clamping of the aorta below a high-origin 
coronary artery may lead to unsuccessful induction of cardioplegia 
(Figure 18). Moreover, the higher the position of a coronary ostium, 

the higher the risk of coronary hypoperfusion, because the sinuses of 
Valsalva facilitate maximal coronary diastolic perfusion [30].

Anomalies of course (normal origin); Myocardial bridging, 
Duplication.

Myocardial bridging- A muscular or myocardial bridge 
is defined as an atypical course of artery during which it dips 
intramyocardially with resulting compression of the vessel during 
systole (Figures 19-21). The prevalence of this anomaly incorporates 
a wide selection from 0.15%-25% angiographically, to between 5% 
and 86% at autopsy. However, many reports from angiography 
may underestimate the prevalence of this anomaly, as recent studies 
with computed axial tomography (CT) have shown that myocardial 
bridging may be found in up to 25% of patients [31]. In some cases, 
myocardial bridging is responsible for angina pectoris, myocardial 
infarction, life-threatening arrhythmias, or perhaps death [32].

Duplication- Duplication of RCA (60%) &duplication of the 
LAD artery (40%) and their incidence in normal hearts is about 
0.13%-1% of the overall population [33].

A split RCA is defined as an RCA that features a split PDA with 
the anterior subdivision of the RCA resulting in the distal portion 
of the PDA in the anterior free wall of the RV (Figures 21,23). The 
posterior bifurcation of the RCA maintains a course within the 
atrio-ventricular groove. Split RCA is typically called “double RCA”, 
whether or not truly there don’t seems to be two RCAs, but split 
portions of the posterior descending branch of the RCA with separate 
proximal courses and forms the uppermost portion of the posterior 
descending branch [1].

Duplication of LAD isn’t intrinsically haemodynamically 
significant, but its presence may complicate surgical intervention 
when aorto-coronary bypass or other coronary artery surgery is 
performed [30] (Figure 22).

Anomalies of termination; Coronary artery fistula, 
Coronary arcade, Extracardiac termination 

Coronary artery fistula(CAF)- Could be a condition within 
which a communication exists between one or two coronary arteries 
and either a cardiac chamber, the coronary sinus, the superior vena 
cava, or the pulmonary artery. In CAF, the involved coronary artery 
is dilated because of increased blood flow and is usually tortuous to 
an extent determined by the shunt volume [34]. The drainage site of 
the fistula encompasses a greater clinical and physiologic importance 
than does the artery of origin. The foremost common site of drainage 
is that the RV (45%), RA (25%),& PA (15%) [35]. The fistula drains 
into the LA or LV in less than 10% of cases [36].

When the shunt leads into a right-sided cardiac chamber, the 
hemodynamics resembles those of an extra cardiac left-to-right 
shunt; when the connection is to a left-sided cardiac chamber, the 
hemodynamics mimic those of aortic insufficiency. Myocardial 
perfusion is also diminished for that portion of the myocardium 
supplied by the abnormally connecting coronary artery. This situation 
represents a hemodynamic steal phenomenon and will result in 
myocardial ischemia [37].
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Coronary arcade- Could be a rare instance of communication 
that’s large enough to be identified angiographically between the 
RCA and therefore the LCA within the absence of coronary artery 
stenosis [38].

Extracardiac termination- Connections may exist between the 
coronary arteries and extracardiac vessels (ie, the bronchial, internal 
mammary, pericardial, anterior mediastinal, superior and inferior 
phrenic, and intercostal arteries and also the esophageal branch of 
the aorta [9].

Intrinsic coronary arterial abnormality; Coronary stenosis, 
Atresia, Ectasia / aneurysm

Atresia- Coronary ostial stenosis or atresia may be  a spectrum 
of rare developmental conditions with different patho-physiologic 
mechanisms and clinical implications. Coronary ostial stenosis or 
atresia affects the LMCA (Figure 24), more frequently than it does 
the RCA. In adult patients with coronary ostial or proximal coronary 
stenosis it can be difficult to rule out acquired causes, like arteritis, 
which might produce conditions morphologically same as COSA; for 
instance, atherosclerotic, syphilitic, Kawasaki, and Takayasu aortitis 
have all been cited as causes of acquired ostial stenosis or occlusion 
[39]. LMCA atresia ia a rare congenital malformation, which is 
charecterised by absence of left coronary ostium and left main trunk 
within the left coronary arterial system. Patients is also asymptomatic 
or present with syncope,angina pectoris, myocardial infarction or 
sudden death [40].

Coronary artery aneurysms and ectasia are characterized by an 
abnormal dilatation of a coronary artery.

Ectasia- Ectasia is diffuse dilatation (>1.5 times the normal 
diameter) of the coronary arteries that involves 50% or more of the 
length of the artery [46]. Coronary artery ectasia is more common 
than coronary artery aneurysm (Figures 25-27) [42].

In Western countries, atherosclerotic aneurysms are most 
typical (50%), followed by congenital (17%) and infectious causes 
(10%); and in Japan, Kawasaki disease represents the predominant 
cause of coronary artery aneurysm [41,44]. Most of the patients are 
asymptomatic, and dilatation is an incidental finding. There’s the 
chance of thrombosis, embolization and rupture.

Aneurysm - Is a focal dilatation of the vessel [43]. In true 
aneurysm the vessel wall consists of three layers: adventitia, media, 
and intima and in False aneurysm, the Vessel wall consists of one or 
two layers.Definition; coronary artery segments that have a diameter 
that exceeds the diameter of normal adjacent coronary segments or 
the diameter of the patient’s largest coronary vessel by 1.5 times and 
involve less than 50% of the overall length of the vessel [41].

The reported frequency of coronary artery aneurysms varies 
widely from 0.3% to 5% [43]. The incidence is higher in men than 
in women (2.2% vs 0.5%)[38]. Atherosclerotic aneurysms are usually 
multiple & involve more than one coronary artery (Figures 29-31), as 
compared with congenital, traumatic, or dissecting aneurysms, which 
are mainly solitary [43,44]. The RCA is that the most often involved 
vessel(40%-61%), followed by LAD (15%-32%) & the LCX (15%–
23%) [45] (Figures 29-31), left main trunk involvement is rare (0.1%-

3.5%), & its presence is sometimes related to significant underlying 
two- or three-vessel artery disease [45] (Figure 28).

According to the American Heart Association statement, 
aneurysms are also classified in keeping with internal diameter 
as, small (<5-mm), medium (5–8-mm), or giant (>8-mm) [46]. 
In children, according to Japanese Ministry of Health in 1984, a 
coronary artery aneurysm is present when the diameter of the lumen 
is > 3 mm in children younger than 5 years old or > 4 mm in those 5 
years old or older [46].

Kawasaki disease(mucocutaneous lymph node syndrome); 
It is an acute self-limited multisystemic panarteritis which will 
occur worldwide; nevertheless, it’s markedly more prevalent in 
Japan and in children of Japanese ancestry [47]. The etiology of 
mucocutaneous lymph node syndrome remains unclear, although 
several epidemiologic and clinical features are strongly suggestive 
of an infectious cause because the initiating factor in a genetically 
susceptible host, but autoimmunity can also play a role in the 
pathogenesis [48].

Cardiac sequelae are the foremost important manifestations 
of Kawasaki disease and include coronary artery dilatation (Figure 
27), Premature atherosclerosis and stenosis (4.7%), thrombosis, or 
occlusion with myocardial infarct (1.9%) [45].

Coronary artery aneurysm or coronary artery ectasia (Figure 27), 
develops in 15%-25% of untreated children with Kawasaki disease, 
in most cases within 3-6 months of the acute illness [49], but since 
the introduction of γ-globulin therapy, coronary artery aneurysm or 
ectasia occurs in exactly 5% of the cases[50]. Moreover, by 2 years 
after the onset of mucocutaneous lymph node syndrome, 49% of 
the patients have spontaneous regression of the aneurysms [51]. 
The LMCAis involved in 12% of the cases, the RCA in 3%,and both 
arteries in 8% (Figure 27) [52].

Hypoplasia of coronary arteries - Congenital hypoplasia of 
coronary arteries presents as a narrowed luminal diameter (less than 
1.5 mm) in one or two of the three main coronary arteries with no 
compensatory branches. Limitations to blood flow caused by the 
narrow lumen result in symptoms of myocardial ischemia and sudden 
cardiac death. Most frequent variants in reported cases are hypoplasia 
of both LCX and RCA and hypoplasia of the LAD (Figure 32) [53].

Conclusion 
Increasing use of MDCT for cardiac imaging has helped in the 

detection of many benign congenital coronary anomalies, but a 
little number is related to myocardial ischemia and sudden death. 
Increasing the employment of MDCT in cardiac imaging may 
yield diagnostic information on congenital coronary anomalies not 
obtained with invasive coronary angiography. Axial sections, multi 
planar reconstructions, virtual angioscopy, and 3D volume-rendered 
images should aid in the detection and improve the interpretation 
of such anomalies, which can be of immense help to the clinician 
planning interventional procedures.

References
1.	 DM Villa A, Sammut E, Nair A, Rajani R, Bonamini R, et al. (2016) Coronary 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4919754/


INDIAN JOURNAL OF APPLIED RADIOLOGY Kumar K, et al.

Citation: Kumar K, Viswanathan M, Dharan Venkatesh KA, Senthinathan V, Nasreen I. MDCT Evaluation of Congenital Coronary Anomalies: 
Pictorial Essay. Indian J Appl Radiol. 2022;8(1): 175.011

artery anomalies overview: The normal and the abnormal. World J Radiol 8: 
537-555.

2.	 Yamanaka O, Hobbs RE (1990) Coronary artery anomalies in 126,595 
patients undergoing coronary angiography. Cathet Cardiovasc Diag 21: 28-
48.

3.	 Pannu HK, Flohr TG, Corl FM, Fishman EK (2003) Current concepts 
in multi‑detector row CT evaluation of the coronary arteries: Principles, 
techniques, and anatomy. Radiographics 23: S111-S125.

4.	 Shi H, Aschoff AJ, Brambs HJ, Hoffmann MH (2004) Multislice CT imaging of 
anomalous coronary arteries. Eur Radiol 14: 2172-2181.

5.	 Angelini P (2002) Coronary artery anomalies--current clinical issues: 
definitions, classification, incidence, clinical relevance, and treatment 
guidelines. Tex Heart Inst J 29: 271-278.

6.	 Angelini P, Velasco JA, Flamm S (2002) Coronary anomalies: incidence, 
pathophysiology, and clinical relevance. Circulation 105: 2449-2454.

7.	 Angelini P (2007) Coronary artery anomalies: an entity in search of an 
identity. Circulation 115: 1296-1305.

8.	 Kim SY, Seo JB, Do KH, Heo JN, Lee JS, et al. (2006) Coronary artery 
anomalies: Classification and ECG‑gated multi‑dedector row CT findings with 
angiographic correlation. Radiographics 26: 317-334.

9.	 McConnell MV, Ganz P, Selwyn AP, Li W, Edelman RR, et al. (1995) 
Identification of anomalous coronary arteries and their anatomic course by 
magnetic resonance coronary angiography. Circulation 92: 3158-3162.

10.	Greenberg MA, Fish BG, Spindola-Franco H (1989) Congenital anomalies 
of coronary artery: classification and significance. Radiol Clin North Am 27: 
1127-1146.

11.	Desmet W, Vanhaecke J, Vrolix M, Van de Werf F, Piessens J, et al. (1992) 
Isolated single coronary artery: a review of 50,000 consecutive coronary 
angiographies. Eur Heart J 13: 1637-1640.

12.	Arteaga RB, Tronolone J, Mandawat M (2006) Case report and brief 
review:Single coronary ostium-A right coronary artery arising from left main 
coronary artery. J Invasive Cardiol 18: 241-243.

13.	Said SA, de Voogt WG, Bulut S, Han J, Polak P, et al. (2014) Coronary artery 
disease in congenital single coronary artery in adults: a Dutch case series. 
World J Cardiol 6: 196-204.

14.	Lyisoy A, Kursaklıoğlu H, Barcin C, Barındık N, Kose S, et al. (2002) Single 
coronary artery with anamolous origin of the right coronary artery as a branch 
from the left anterior descending artery:a very rare coronary anomaly. Heart 
Vessels 16: 161-163. 

15.	Cheitlin MD, De Castro CM, McAllister HA (19734) Sudden death as a 
complication of anomalous left coronary origin from the anterior sinus of 
Valsalva, a not-so-minor congenital anomaly. Circulation 50: 780-787. 

16.	Bunce NH, Lorenz CH, Keegan J, Lesser J, Reyes EM, et al. (2003) Coronary 
artery anomalies: assessment with free-breathing three-dimensional coronary 
MR angiography. Radiology 227: 201-208.

17.	Ropers D, Gehling G, Pohle K, Maeffert R, Regenfus M, et al. (2002) 
Anomalous Course of the Left Main or Left Anterior Descending Coronary 
Artery Originating From the Right Sinus of Valsalva. Circulation 105: e42-e43.

18.	Spindola-Franco H, Grose R, Solomon N (1983) Dual left anterior descending 
coronary artery: angiographic description of important variants and 
surgicalimplications. Am Heart J 105: 445-455. 

19.	Boppana VS, Castaño A, Avula UMR Yamazaki M, Kalifa J (2011) Atrial 
Coronary Arteries: Anatomy And Atrial Perfusion Territories. J Atr Fibrillation 
4: 375.

20.	Roberts WC, Siegel RJ, Zipes DP (1982) Origin of the right coronary artery 
from the left sinus of Valsalva and its functional consequences: analysis of 10 
necropsy patients. Am J Cardiol 49: 863-868.

21.	Lee HJ, Hong YJ, Kim HY, Lee J, Hur J, et al. (2012) Anomalous origin of the 

right coronary artery from the left coronary sinus with an interarterial course: 
subtypes and clinical importance. Radiology 262: 101-108.

22.	Patel S (2008) Normal and anomalous anatomy of coronary arteries. Semin 
Roentgenol 43: 100-112.

23.	Roberts WC (1986) Major anomalies of coronary arterial origin seen in 
adulthood. Am Heart J 111: 941-963.

24.	Khatami A, Mavroudis C, Backer CL (2002) Anomalus origin of the left 
coronary artery from the pulmonary artery: collective review of surgical 
therapy. Ann Thorac Surg 74: 946-955.

25.	Wesselhoeft H, Fawcett JS, Johnson AL (1968) Anomalous origin of the left 
coronary artery from the pulmonary trunk: its clinical spectrum, pathology and 
pathophysiology, based on review of 140 cases with seven further cases. 
Circulation 38: 403-425.

26.	Alexander RW, Griffith GC (1956) Anomalies of the coronary arteries and 
their clinical significance. Circulation 14: 800-805.

27.	Soloff LA (1942) Anomalous coronary arteries arising from the pulmonary 
artery. Am Heart J 24: 118-127.

28.	Bansal M, Golden AB, Siwik E (2009) Images in cardiovascular medicine.
Anomalous origin of the right coronary artery from pulmonary artery with 
ostial stenosis. Circulation 120: e282.

29.	Angelini P, Trujillo A, Sawaya F, Lee VV (2008) “Acute takeoff” of the 
circumflex artery: a newly recognized coronary anatomic variant with potential 
clinical consequences. Tex Heart Inst J 35: 28-31.

30.	Shriki JE, Shinbane JS, Rashid MA, et al. (2012) Identifying, characterizing 
and classifying congenital anomalies of the coronary arteries. Radiographics 
32: 453-468.

31.	Clemente A, Del Borrello M, Greco P, Mannella P, Di Gregorio F, et al. (2010) 
Anomalous origin of the coronary arteries in children: diagnostic role of three-
dimensional coronary MR angiography. Clin Imaging 34: 337-343.

32.	Tio RA,Van Gelder IC, Boonstra PW, Crijns HJ (1997) Myocardial bridging 
in a survivor of sudden cardiac near-death: role of intracoronary Doppler 
flow measurements and angiography during dobutamine stress in the clinical 
evaluation. Heart 77: 280-282.

33.	Sajja LR, Farooqi A, Shaik MS, Yarlagadda RB, Baruah DK, et al. (2000) 
Dual left anterior descending coronary artery: surgical revascularization in 4 
patients. Tex Heart Inst J 27: 292-296.

34.	Van Geuns RJ, Cademartiri F (2005) Anatomy of the coronary arteries and 
vein in CT imaging. CT of the heart. PP: 219-228.

35.	McNamara JJ, Gross RE (1969) Congenital coronary artery fistula. Surgery 
65: 59-69.

36.	Reagan K, Boxt LM, Katz J (1994) Introduction to coronary arteriography. 
Radiol Clin of North Am 32: 419-433.

37.	Braden DS, O’Neal KR, McMullan MR, Ebeid MR (2002) Congenital coronary 
arteriovenous fistula presenting with syncope. Pediatr Cardiol 23: 218-220.

38.	Kruskal JB, Hartnell GG (1995) Non-atherosclerotic coronary artery disease: 
more than just stenosis. RadioGraphics 15: 383-396.

39.	Kumar GV, Agarwal NB, Javali S, Patwardhan AM (2007) Takayasu’s arteritis 
with ostial and left main coronary artery stenosis. Tex Heart Inst J 34: 470-
474.

40.	Musiani A, Cernigliaro C, Sansa M et al. Left main coronary artery atresia; 
literature review and therapeutical considerations. Eur J Cardiothoracic 
Surgery 11: 505-514.

41.	Pahlavan PS, Niroomand F (2006) Coronary artery aneurysm: a review. Clin 
Cardiol 29: 439-443.

42.	Tunick PA, Slater J, Kronzon I, Glassman E (1990) Discrete atherosclerotic 
coronary artery aneurysms: a study of 20 patients. J Am Coll Cardiol 15: 
279-282.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4919754/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4919754/
https://pubmed.ncbi.nlm.nih.gov/2208265/
https://pubmed.ncbi.nlm.nih.gov/2208265/
https://pubmed.ncbi.nlm.nih.gov/2208265/
https://pubmed.ncbi.nlm.nih.gov/14557506/
https://pubmed.ncbi.nlm.nih.gov/14557506/
https://pubmed.ncbi.nlm.nih.gov/14557506/
https://pubmed.ncbi.nlm.nih.gov/15490179/
https://pubmed.ncbi.nlm.nih.gov/15490179/
https://pubmed.ncbi.nlm.nih.gov/12484611/
https://pubmed.ncbi.nlm.nih.gov/12484611/
https://pubmed.ncbi.nlm.nih.gov/12484611/
https://pubmed.ncbi.nlm.nih.gov/12021235/
https://pubmed.ncbi.nlm.nih.gov/12021235/
https://pubmed.ncbi.nlm.nih.gov/17353457/
https://pubmed.ncbi.nlm.nih.gov/17353457/
https://pubmed.ncbi.nlm.nih.gov/16549600/
https://pubmed.ncbi.nlm.nih.gov/16549600/
https://pubmed.ncbi.nlm.nih.gov/16549600/
https://pubmed.ncbi.nlm.nih.gov/7586298/
https://pubmed.ncbi.nlm.nih.gov/7586298/
https://pubmed.ncbi.nlm.nih.gov/7586298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769093/
https://pubmed.ncbi.nlm.nih.gov/1289093/
https://pubmed.ncbi.nlm.nih.gov/1289093/
https://pubmed.ncbi.nlm.nih.gov/1289093/
https://pubmed.ncbi.nlm.nih.gov/16954590/
https://pubmed.ncbi.nlm.nih.gov/16954590/
https://pubmed.ncbi.nlm.nih.gov/16954590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999339/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999339/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999339/
https://pubmed.ncbi.nlm.nih.gov/12224788/
https://pubmed.ncbi.nlm.nih.gov/12224788/
https://pubmed.ncbi.nlm.nih.gov/12224788/
https://pubmed.ncbi.nlm.nih.gov/12224788/
https://pubmed.ncbi.nlm.nih.gov/4419670/
https://pubmed.ncbi.nlm.nih.gov/4419670/
https://pubmed.ncbi.nlm.nih.gov/4419670/
https://pubmed.ncbi.nlm.nih.gov/12601193/
https://pubmed.ncbi.nlm.nih.gov/12601193/
https://pubmed.ncbi.nlm.nih.gov/12601193/
https://www.ahajournals.org/doi/full/10.1161/hc0602.102020
https://www.ahajournals.org/doi/full/10.1161/hc0602.102020
https://www.ahajournals.org/doi/full/10.1161/hc0602.102020
https://pubmed.ncbi.nlm.nih.gov/6829406/
https://pubmed.ncbi.nlm.nih.gov/6829406/
https://pubmed.ncbi.nlm.nih.gov/6829406/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153018/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153018/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153018/
https://pubmed.ncbi.nlm.nih.gov/7064835/
https://pubmed.ncbi.nlm.nih.gov/7064835/
https://pubmed.ncbi.nlm.nih.gov/7064835/
https://pubmed.ncbi.nlm.nih.gov/22056684/
https://pubmed.ncbi.nlm.nih.gov/22056684/
https://pubmed.ncbi.nlm.nih.gov/22056684/
https://pubmed.ncbi.nlm.nih.gov/18329521/
https://pubmed.ncbi.nlm.nih.gov/18329521/
https://pubmed.ncbi.nlm.nih.gov/3518378/
https://pubmed.ncbi.nlm.nih.gov/3518378/
https://pubmed.ncbi.nlm.nih.gov/12238882/
https://pubmed.ncbi.nlm.nih.gov/12238882/
https://pubmed.ncbi.nlm.nih.gov/12238882/
https://pubmed.ncbi.nlm.nih.gov/5666852/
https://pubmed.ncbi.nlm.nih.gov/5666852/
https://pubmed.ncbi.nlm.nih.gov/5666852/
https://pubmed.ncbi.nlm.nih.gov/5666852/
https://pubmed.ncbi.nlm.nih.gov/13374855/
https://pubmed.ncbi.nlm.nih.gov/13374855/
https://www.chop.edu/conditions-diseases/anomalous-left-coronary-artery-pulmonary-artery
https://www.chop.edu/conditions-diseases/anomalous-left-coronary-artery-pulmonary-artery
https://pubmed.ncbi.nlm.nih.gov/19996020/
https://pubmed.ncbi.nlm.nih.gov/19996020/
https://pubmed.ncbi.nlm.nih.gov/19996020/
https://pubmed.ncbi.nlm.nih.gov/18427647/
https://pubmed.ncbi.nlm.nih.gov/18427647/
https://pubmed.ncbi.nlm.nih.gov/18427647/
https://pubmed.ncbi.nlm.nih.gov/22411942/
https://pubmed.ncbi.nlm.nih.gov/22411942/
https://pubmed.ncbi.nlm.nih.gov/22411942/
https://pubmed.ncbi.nlm.nih.gov/20813295/
https://pubmed.ncbi.nlm.nih.gov/20813295/
https://pubmed.ncbi.nlm.nih.gov/20813295/
https://pubmed.ncbi.nlm.nih.gov/9093051/
https://pubmed.ncbi.nlm.nih.gov/9093051/
https://pubmed.ncbi.nlm.nih.gov/9093051/
https://pubmed.ncbi.nlm.nih.gov/9093051/
https://pubmed.ncbi.nlm.nih.gov/11093416/
https://pubmed.ncbi.nlm.nih.gov/11093416/
https://pubmed.ncbi.nlm.nih.gov/11093416/
https://link.springer.com/chapter/10.1385/1-59259-818-8:219
https://link.springer.com/chapter/10.1385/1-59259-818-8:219
https://pubmed.ncbi.nlm.nih.gov/5762418/
https://pubmed.ncbi.nlm.nih.gov/5762418/
https://pubmed.ncbi.nlm.nih.gov/8184022/
https://pubmed.ncbi.nlm.nih.gov/8184022/
https://pubmed.ncbi.nlm.nih.gov/11889541/
https://pubmed.ncbi.nlm.nih.gov/11889541/
https://pubmed.ncbi.nlm.nih.gov/7761642/
https://pubmed.ncbi.nlm.nih.gov/7761642/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767598/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767598/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767598/
https://pubmed.ncbi.nlm.nih.gov/9105816/
https://pubmed.ncbi.nlm.nih.gov/9105816/
https://pubmed.ncbi.nlm.nih.gov/9105816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8462041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8462041/
https://pubmed.ncbi.nlm.nih.gov/2299068/
https://pubmed.ncbi.nlm.nih.gov/2299068/
https://pubmed.ncbi.nlm.nih.gov/2299068/


INDIAN JOURNAL OF APPLIED RADIOLOGY Kumar K, et al.

Citation: Kumar K, Viswanathan M, Dharan Venkatesh KA, Senthinathan V, Nasreen I. MDCT Evaluation of Congenital Coronary Anomalies: 
Pictorial Essay. Indian J Appl Radiol. 2022;8(1): 175.012

43.	Packard M, Wechsler HF (1929) Aneurysms of coronary arteries. Arch Intern 
Med 43: 1-14.

44.	Swaye PS, Fisher LD, Litwin P, Vignola PA, Judkins MP, et al. (1983) 
Aneurysmal coronary artery disease. Circulation 67: 134-138.

45.	Topaz O, DiSciascio G, Cowley MJ, Goudreau E, Soffer A, et al. (1991) 
Angiographic features of left main coronary artery aneurysms. Am J Cardiol 
67: 1139-1142.

46.	Japanese Ministry of Health and Welfare, Research Committee on Kawasaki 
Disease (1984) Report of Subcommittee on Standardization of Diagnostic 
Criteria and Reporting of Coronary Artery Lesions in Kawasaki Disease. 

47.	Kawasaki T (1967) Acute febrile mucocutaneous syndrome with lymphoid 
involvement with specific desquamation of the fingers and toes in children. 
Arerugi 16: 178-222.

48.	Wang CL, Wu YT, Liu CA, Kuo HC, Yang K (2005) Kawasaki disease: 
infection, immunity and genetics. Pediatr Infect Dis J 24: 998-1004.

49.	Kato H, Sugimura T, Akagi T, Sato N, Hashino K, et al. (1996) Long-term 
consequences of Kawasaki disease: a 10-to 21-year follow-up study of 594 
patients. Circulation 94: 1379-1385. 

50.	Yanagawa H, Nakamura Y, Yashiro M, Oki I, Hirata S, et al. (2001) Incidence 
survey of Kawasaki disease in 1997 and 1998 in Japan. Pediatrics 107: E33.

51.	Sasaguri Y, Kato H (1982) Regression of aneurysms in Kawasaki disease: a 
pathological study. J Pediatr 100: 225-231.

52.	Chung CJ, Stein L (1998) Kawasaki disease: a review. Radiology 208: 25-33.

53.	Karadag B, Ayan F, Ismailoglu Z, Goksedef D, Ataev Y, et al. (2009) 
Extraordinary cause of ischemic chest pain in a young man: congenital ostial 
atresia of the right coronary artery. J Cardiol 54: 335-338.

https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/536197
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/536197
https://pubmed.ncbi.nlm.nih.gov/6847792/
https://pubmed.ncbi.nlm.nih.gov/6847792/
https://pubmed.ncbi.nlm.nih.gov/2024607/
https://pubmed.ncbi.nlm.nih.gov/2024607/
https://pubmed.ncbi.nlm.nih.gov/2024607/
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=410827
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=410827
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=410827
https://pubmed.ncbi.nlm.nih.gov/6062087/
https://pubmed.ncbi.nlm.nih.gov/6062087/
https://pubmed.ncbi.nlm.nih.gov/6062087/
https://pubmed.ncbi.nlm.nih.gov/16282937/
https://pubmed.ncbi.nlm.nih.gov/16282937/
https://pubmed.ncbi.nlm.nih.gov/8822996/
https://pubmed.ncbi.nlm.nih.gov/8822996/
https://pubmed.ncbi.nlm.nih.gov/8822996/
https://pubmed.ncbi.nlm.nih.gov/11230614/
https://pubmed.ncbi.nlm.nih.gov/11230614/
https://pubmed.ncbi.nlm.nih.gov/7057330/
https://pubmed.ncbi.nlm.nih.gov/7057330/
https://pubmed.ncbi.nlm.nih.gov/9646789/
https://pubmed.ncbi.nlm.nih.gov/19782277/
https://pubmed.ncbi.nlm.nih.gov/19782277/
https://pubmed.ncbi.nlm.nih.gov/19782277/

	Title
	Abstract 
	Introduction 
	Illustrative Cases 
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19
	Figure 20
	Figure 21
	Figure 22
	Figure 23
	Figure 24
	Figure 25
	Figure 26
	Figure 27
	Figure 28
	Figure 29
	Figure 30
	Figure 31
	Figure 32
	Table 1

