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ARTICLE INFO ABSTRACT

Anomalies of origin of coronary arteries are an uncommon occurrence and found in approximately 1-2% of the
general population. While a large proportion of these anomalies are clinically silent, a few might be hemody-
namically significant and may even result in sudden cardiac death. Comprehensive knowledge of the normal as
well as variant anatomies of the coronary artery origin and familiarity with imaging appearances and clinical
significance of these anomalies is imperative for precise diagnosis and subsequent planning of treatment,
whenever required. Multidetector computed tomography angiography, on account of its non-invasiveness, faster
scan times and multiplanar reconstruction capabilities, is increasingly being utilized for characterization of
coronary artery origin anomalies and their three-dimensional spatial relations. It shows a superior rate of de-
tection of these anomalies compared to conventional angiography, providing more accurate delineation of the
ostium as well as course. With the advent of newer generation CT scanners and use of advanced dose reduction
techniques, images can be obtained rapidly having excellent spatial resolution and with minimal radiation dose.
In this review article, we present the multidetector CT angiography imaging findings of the spectrum of
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anomalous coronary artery origin, using a third-generation dual-source CT scanner.

1. Introduction

Anomalies of origin of coronary arteries are rare and seen in ap-
proximately 1-2% of the general population [1]. Although uncommon,
they can be hemodynamically significant and can even result in sudden
cardiac death (SCD). Comprehensive knowledge of the normal as well
as variant anatomies of the coronary artery origin is imperative for the
diagnosis and planning possible treatment, if required. Multidetector
computed tomography (MDCT) angiography is increasingly being uti-
lized for characterization of coronary artery origin anomalies and their
three-dimensional spatial relations, due to its non-invasiveness, faster
scan times and multiplanar reconstruction capabilities. With the advent
of newer generation CT scanners and use of advanced dose reduction
techniques, images can be obtained rapidly having excellent spatial
resolution and with reduced radiation dose.

2. MDCT angiography technique

All examinations were performed on a performed on a SOMATOM

FORCE (Siemens Healthcare, Forchheim, Germany) CT scanner. The
scanner is a third generation dual source CT scanner with a temporal
resolution of as low as 66 milliseconds. Along with increasing the speed
of acquisition, the use of advanced dose reduction techniques also help
reduce the radiation dose substantially.

Retrospective ECG-gated CT angiography examination was per-
formed after injection of non-ionic iodinated contrast (Omnipaque 350,
GE Healthcare, Princeton, NJ, USA; 1.0mL/kg body weight) via a
peripheral intravenous line using a dual head power injector at a flow
rate of 4.5 mL/s followed by a 50-mL saline chaser injected at the same
flow rate. A ‘bolus tracking’ method was used whereby CT acquisition
was automatically triggered when contrast opacification threshold of
100 Hounsfield units (HU) was achieved in the ascending aorta on the
monitoring sequence. Automated tube voltage selection and automated
tube current modulation based on body habitus (CARE kV and CARE
Dose4D, Siemens Healthcare) were enabled, with available tube voltage
settings ranging from 70 to 120 kV in 10kV increments.

Slices were reconstructed of 0.6-mm section thickness and incre-
ment of 0.4 mm, using a medium sharp kernel (Bv40), with a model-
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Fig. 1. Normal origin of coronary arteries.

Volume rendered image shows right coronary artery
(RCA) arising from the right coronary sinus (RCS) of
Valsalva while the left main coronary artery (LMCA)
arising from the left coronary sinus (LCS) of Valsalva.
The non-coronary sinus (NCS) gives off no coronary
artery. (PD: posterior descending artery; PLVB: pos-
terior left ventricular branch; LAD: left anterior
descending artery; LCx: left circumflex artery; OM:
obtuse marginal branches; SA: sino-atrial.)
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Fig. 2. Normal course and branching of the right coronary artery.

Volume rendered images (A and B) depict the right coronary artery (RCA) coursing in the right atrioventricular groove and giving off the conal artery and the acute
marginal branch and bifurcating into the posterior descending (PD) artery and posterior left ventricular branch (PLVB). (RCS: right coronary sinus; LCS: left coronary
sinus.)

88



N.N. Pandey, et al.

- Left
 atrium

Fig. 3. Normal course and branching of the left coronary artery.
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Volume rendered images (A and B) depict the left main coronary artery (LMCA) bifurcating into the left anterior descending (LAD) artery and the left circumflex
(LCx) artery. The LAD artery is seen coursing in the anterior interventricular groove giving off septal and diagonal branches while the LCx artery enters the left
atrioventricular groove and gives off obtuse marginal (OM) branches. (RCS: right coronary sinus; LCS: left coronary sinus.)

Table 1
Classification of anomalies of coronary artery origins.

Type 1
Type 2

Coronary stenosis or atresia

Anomalous origin of coronary artery from aorta with/without
anomalous course

High take off

Multiple ostia

Single coronary artery

Origin of a coronary artery from the opposite or non-coronary sinus of
Valsalva

OO w >

. Right coronary artery from left coronary sinus (or left main coronary

artery/left anterior descending artery)

Left main coronary artery from right coronary sinus (or right coronary

artery)

Left circumflex artery or left anterior descending artery arising from

the right coronary sinus (or right coronary artery)

iv. Right or left main coronary artery (or a branch of either artery) arising
from the non-coronary sinus

Anomalous origin of coronary artery from pulmonary artery

j=H

ii.

iii.

Type 3

i. Left main coronary artery from pulmonary artery (ALCAPA)
ii. Right coronary artery from pulmonary artery (ARCAPA)
iii. Accessory coronary artery from pulmonary artery
iv. Entire coronary circulation from pulmonary artery

Type 4 Extra-aortic and extra-pulmonic origin of coronary artery

based iterative reconstruction strength level 3 (ADMIRE; Siemens
Healthcare). Axial sections were analyzed along with coronal, sagittal
and curved multiplanar reformats (MPR), followed by volume rendered
(VR) and maximum intensity projection (MIP) images on an external
workstation (Multi-Modality Workplace; Siemens Healthcare).

3. Normal origin of coronary arteries

The right coronary artery (RCA) arises from the anterior right cor-
onary sinus (RCS) of Valsalva at a slightly inferior level compared to
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origin of the left main coronary artery (LMCA). The RCA courses in the
right atrioventricular groove and gives off the conal artery as its first
branch, unless it has a separate origin from the RCS. The sino-nodal
branch is usually the second branch of the RCA, although in a small
percentage of patients it may arise off the left circumflex artery. The
other branches include the acute marginal branch, two or three right
ventricular branches and in a right dominant circulation, the posterior
descending (PD) artery and posterior left ventricular (PLV) branch
(Figs. 1 and 2) [2].

The LMCA arises from the left coronary sinus (LCS) of Valsalva and
usually bifurcates into the left anterior descending (LAD) artery and the
left circumflex (LCx) artery or can trifurcate giving off an additional
ramus intermedius (RI) branch. The LAD artery courses in the anterior
interventricular groove and gives off septal and diagonal branches. The
LCx artery enters the left atrioventricular groove and gives off obtuse
marginal branches. In left dominant circulation, it supplies the PD ar-
tery and PLV branch as well (Figs. 1 and 3) [2].

4. Anomalies of the origin of coronary arteries

Varying classification systems have been proposed by different au-
thors in an attempt to encompass the multitude of coronary arterial
origin anomalies [3]. However, a simplistic yet exhaustive classification
of anomalies of coronary artery origin remains elusive. In this article,
these anomalies have been classified into four major categories in-
cluding coronary stenosis or atresia, anomalous origin of coronary ar-
tery from aorta with/without anomalous course, anomalous origin of
coronary artery from pulmonary artery and extra-aortic/extra-pul-
monic origin of coronary artery (Table 1).

4.1. Type 1: coronary stenosis or atresia (COSA)

COSA is a spectrum of coronary anomalies which share two
common features; the anomaly being congenital in origin and the defect
resulting in ostial or proximal coronary stenosis or atresia. Though the
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Fig. 4. Left main coronary artery atresia.

Volume rendered images (A and C) and maximum intensity projection oblique axial image (B), shows absence of the left main coronary artery with reformation
(block arrow) of the left anterior descending (LAD) artery and the left circumflex (LCx) artery. No coronary artery is seen originating from the left coronary sinus
(LCS). It also shows normal origin of right coronary artery (RCA) from the right coronary sinus (RCS) with hypertrophied conal artery along with hypertrophied
posterior descending (PD) artery and posterior left ventricular branch (PLVB). (MPA: main pulmonary artery.)

Fig. 5. Left circumflex artery atresia.

Volume rendered images (A, B and C) shows continuation of the left main coronary artery as the left anterior descending (LAD) artery with absence of left circumflex
(LCx) artery in the left atrioventricular groove. A super-dominant right coronary artery (RCA) is seen reaching the left atrioventricular groove.
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Fig. 6. High take-off of coronary arteries.
Volume rendered images (A and B) reveal high take-off (*) of the left main coronary artery (LMCA) and right coronary artery (RCA) respectively, from the ascending

aorta, well above the sino-tubular junction (dotted line). (RCS: right coronary sinus; LCS: left coronary sinus; LAD: left anterior descending artery; LCx: left circumflex
artery.)
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Fig. 7. Multiple ostia.
Axial maximum intensity projection image (A) shows direct origin of the conal artery from the right coronary sinus (RCS), separate from the origin of the right
coronary artery (RCA). Curved multiplanar image (B) of a different patient, shows absence of the left main coronary artery with direct separate origins of the left

anterior descending (LAD) artery and the left circumflex (LCx) artery from the left coronary sinus (LCS); however, the ostia are very close to each other. (NCS: non-
coronary sinus.)
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Fig. 8. Single coronary artery.
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Volume rendered image (A) and maximum intensity projection oblique axial image (B), show a single coronary artery arising (*) from the right coronary sinus (RCS)
and immediately bifurcating into the right coronary artery (RCA) and the left main coronary artery (LMCA). The LMCA further branches into the left anterior
descending (LAD) artery and the left circumflex (LCx) artery. All the three coronary arteries (RCA, LAD and LCx) then course in their normal expected locations.

(NCS: non-coronary sinus; LCS: left coronary sinus.)

defect is always congenital, it might be asymptomatic at birth owing to
mild non-significant stenosis [4]. With time, this stenosis may progress
in severity or proceed to a total occlusion, thus becoming symptomatic.
In adult patients with suspicion of COSA, it is imperative to rule out
acquired causes such as atherosclerosis and arteritis first.

COSA involves the LMCA more commonly than the RCA; the cor-
onary ostium of which can be normally located or be ectopic (Figs. 4
and 5). Some cases of COSA can be recognized by the presence of an
ostial dimple and a blind distal left main trunk. Also, the presence of
only one or two full-diameter non-stenotic connecting collateral vessels
is indicative of the congenital origin of this defect. Myocardial scarring
is rare in COSA and only rarely is a surgical intervention required, to
bypass the stenosis or atresia, owing to the presence of a good sized
collateral network.

4.2. Type 2: anomalous origin of coronary artery from aorta with/without
anomalous course

4.2.1. High take off

It indicates to the origin of either the RCA or LMCA at a point more
than 5mm above the sino-tubular junction, from the ascending aorta
(Fig. 6). It is more commonly seen with the RCA with the prevalence of
bilateral high take off reported to be up to 6% [5]. The artery may also
have an intramural course. This variant usually has no inherent he-
modynamic significance, but may pose difficulty in cannulating the
vessels during coronary arteriography [6]. Also, cross-clamping the
aorta below the high origin coronary artery can lead to unsuccessful
cardioplegia during surgeries such as aortic valve replacement. In root
sparing aortic graft repair, this may pose an added difficulty.
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4.2.2. Multiple ostia

Typically, there is separate origin of the RCA and its conal branch
from the RCS or the LAD and LCx arteries arise separately from the LCS
with no LMCA (Fig. 7). Again, these may result in difficulties in can-
nulation at arteriography. A separate conal artery may also be at risk for
injury during procedures like ventriculostomy performed during con-
genital heart surgery [7].

4.2.3. Single coronary artery

This is an extremely rare congenital anomaly with a single coronary
ostium from the aortic trunk which either follows the pattern of a
normal RCA/LMCA or divides into two branches with distributions of
the RCA and LMCA respectively (Fig. 8), or has a distribution entirely
different from that of the normal coronary arterial tree. The two arteries
can either share a proximal common trunk with an ectopic origin of one
of the arteries from the opposite sinus or one of the arteries can origi-
nate from a distal segment of the contralateral artery. These patients are
at risk for SCD if a major coronary branch has an interarterial course.
Also, a single coronary artery developing a proximal stenosis in the
absence of collateralization can be fatal [8].

4.2.4. Origin of a coronary artery from the opposite or non-coronary sinus
of Valsalva

This may relate to arising from the contralateral or non-coronary
cusp, sharing a common ostium with the contralateral coronary artery,
or arising directly from the contralateral artery. There are four major
patterns which include RCA arising from LCS, LMCA arising from RCS,
LCx or LAD artery arising from RCS, and the LMCA or RCA arising from
the non-coronary sinus (Figs. 9, 10 and 11). The anomalous artery can
traverse one of the following four common courses, for example, in-
terarterial (between the aorta and pulmonary artery; carries a high risk
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Fig. 9. Origin of a coronary artery from the opposite sinus of Valsalva.
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atrium

Axial maximum intensity projection image (A) shows origin of right coronary artery (RCA) from the left coronary sinus (LCS) with a narrowed ostium (block arrow)
and coursing between the aorta and main pulmonary artery (MPA). Axial maximum intensity projection image (B) of a different patient shows origin of the left
circumflex (LCx) artery from the right coronary sinus (RCS), which then courses posterior to the aorta to enter the left atrioventricular groove. Axial (C) and oblique
coronal (D) maximum intensity projection images of another patient reveal the elongated intramural course (resulting in a slit-like appearance) of the right coronary
artery (block arrow), having an anomalous origin from the left coronary sinus. (LMCA: left main coronary artery.)

of SCD), retroaortic, prepulmonic, or trans-septal (subpulmonic).
Table 2 summarizes the incidence of the various patterns of coronary
origin from the opposite or non-coronary sinus with their common
courses, risk of SCD and major associations.

The interarterial course can be either high or low depending on its
relative position with respect to the pulmonary valve. The high inter-
arterial course is termed as malignant course on account of compression
of the stenotic/slit-like ostium that occurs during simultaneous disten-
sion of the aorta and pulmonary artery at systole, which predisposes the
individual to SCD. However, without the presence of enlarged pul-
monary arteries or pulmonary arterial hypertension, it is unlikely that
the pulmonary artery would exert enough pressure to occlude the in-
terarterial segment of the anomalous coronary artery [9]. Other addi-
tional morphological features which contribute to the risk of SCD in-
clude an acute angle take-off from the aorta and a course within the
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wall of the aorta (termed as intramural interarterial) which can result in
a slit-like coronary artery ostium (Fig. 9C and D). With expansion of the
aorta during exercise, further stretching of the intramural segment of
the coronary artery may occur with consequent flap-like occlusion of
the segment and myocardial ischemia [9-12].

A retroaortic course is usually seen when the LCx artery arises from
the RCS and courses posterior to the aorta. This course usually does not
have hemodynamic consequence, but may complicate aortic valve
surgery. A prepulmonic course (most commonly LMCA arising from the
RCS) indicates a course anterior to the right ventricular outflow tract
(RVOT) and usually does not have any hemodynamic consequence;
although can complicate corrective surgery for repair of RVOT stenosis
in tetralogy of Fallot. A trans-septal (subpulmonic) course is differ-
entiated from interarterial course as the artery does not show a slit like
ostium and is surrounded by septal myocardium at some point. In the
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Fig. 10. Origin of a coronary artery from the opposite sinus of Valsalva with transseptal course.

Oblique coronal (A) and oblique sagittal (B) maximum intensity projection images demonstrate the hammock-like descending curvature (dotted circle) of the
elongated left main coronary artery (LMCA), having an anomalous origin from the right coronary sinus. This is consistent with a transseptal course, which is located
lower than expected in interarterial course in the sagittal plane. (PV: pulmonary valve.)

Fig. 11. Origin of a coronary artery from the non-coronary sinus of Valsalva.

Axial maximum intensity projection image (A) and volume rendered image (B) reveals origin (*) of the left main coronary artery (LMCA) from the non-coronary sinus
(NCS) close to the commissure. No coronary artery is seen originating from the left coronary sinus (LCS). (LAD: left anterior descending artery.)

94



Clinical Imaging 57 (2019) 87-98

N.N. Pandey, et al.

*sa119)1e 18218 Jo uonisodsuen :yHJ, SeasIp 1eay [eITuSu0d (qHD Q[PLIUSA JYSII I9[IN0 [qNOP AYOd Io[red Jo £A3orens) :JOL {yIesp deIpIRd
UIpPNS DS SNUIS ATRU0I0D 9] :SDT ‘Snuls A1euo10d JYSII :§OY ‘SUIPUISIP JOLIDUER 3] (VT XPJWNIII 13T :XDT {AI19)1e ATRU010D Ureu 9] YDA ‘A19lre A1euoiod S :yDy A1911e Areuowrnd urews :ydA ‘e1I0e 10y

VDL Ul uads 3q eI\
VOL
pue AMOd ‘A0L Ul Usds

sa[[ewoue
[edunnouod ur ussg

sa11981mns dATeA d11I0R SuLmp Am(ur jo ysry

yoeoidde [ed18ins ayedrjdwod Lew sarfewoue
[edunnouod ul us9s 3sInod UWEDEﬁﬂ&wh&

uonejuerdur

-1 sA (8ugooIun "3°T) YD [BINUERNUI UR 10J
yoeodde [e2131Ms JUSISYIP SYI UT SI] ISINOD
[eanurenur urAJnuapt jo aduelroduwr Y],

saouanbasuod drureufpouray oN

9SIN0D [BLIDMIBIDIUT IIM DS

DS YIIM pajerdosse J0N
saouanbasuod

JSrwreuApouray ou :9s1nod druowndaid
9sInod

TerivlIeIaul YIIM YDy snofewoue
ueyl yYDIA'T Sno[ewoue ur uowuod
9I0OW :3SINOD [RLIDMIRIAIUL PIM (DS

9sIN0d
[EINUWEIUT PUe [ELID)IBIANUL NIM DS

9SIN0D I0LIBISOq

9s1mod druowndaid 10 [erIv)IRISIU]

B)IOR 9Y) PUIYaq 3sIM0d IoLa)sod e saye) A[qerreAuy

“u99s OS[e 9sInod
sruowrndqns pue druowndaid Onioeonsy ‘sjuaned
JO 045G/ 01 dn ur US3S 3q ABUWI ISINOD [ELISIIBIANUI UY

‘Tem 9] Wogj sa8IoWL 11 19YM (U 0'T-G°0

moqe A[ensn) A[[elsIp 3sow pajou s IaqI[ed ur
9SEaIDU] "OY PUE [95S9A U9aMIdq dueld 1eJ Jo Ie[ YIIm
9SIN0D NI IS B SMOYS :3SIN0D [RINWENUT dARY AN
*9701s4s Sunnp JOAY JO UONDBIIUO0D

snoauelnuis £q paruedwodde I BLIOR JO UOISUISIP

se wInpso 3y} Jo uoissarduwod ssa7 - LOAY pue oy
U39MI9( Pa1ed0] WIN[ISO SNO[RWOUR ([RLIS)IRIDIUI MO,
‘wnnso ay) sassaxduwod aj0Ishs ulmp VN pue

OV JO UOISUa)SIp Snoaue)[nuis - YJJA pue oy Usamlaq
P1B20] WNTISO SNO[RWOUR :[eLIa)IeIul | YSIH,,
[BLI9)IRIDIUI - UOUWILIOD ISOA

snuis A1euoIod
@HD MoyIMm syudned ur d1ey  -UOU WO YOIN'T 10 VDU
(VDY 10)
QD moym syuaned ur arey SOY woyy A1xIe qyT
vod
a1 jo youeiq [ewrxoid se 10 SOY Y}
uryIm wnmso aeredss e woiy sasLe

:dnoi8 sty ur ATewoue uourwod 3O (VDY I0) SOY WOl XD

SOT woxy (vod
VDY UBY) UOWIWIOD SSI] SOW) OT-9 10) SOY Woxy VDN

Aydeidordue (L1011 QVT/VOINT
3uro31opun syuaned ur %6°0 03 dn WO 10) ST WoI VDY

suonenosse jueroduiy

SUOIIRIDPISUOD [BIIUI[D

Jeap DBIPILD UIPPNS JO YSIY

950D

QduLpIOU] Arewouy

‘[S1°g] suoneroosse jueyrodwy pue yieap deIpIed USPpPNS JO NS ‘SISINOD UOWUIOD IRY) M snuls 3)1soddo oy woxy urdrio Areuood jo sureped snorrea jo dUIPU]

¢ °IqeL

95



N.N. Pandey, et al.

Clinical Imaging 57 (2019) 87-98

Fig. 12. Anomalous origin of left main coronary artery from pulmonary artery.

Volume rendered images (A, B and C) show anomalous origin of the left main coronary artery (LMCA) from the main pulmonary artery (MPA) with no coronary
artery originating from the left coronary sinus (LCS). The right coronary artery (RCA) and its branches are hypertrophied and seen anastomosing with the branches of

left anterior descending artery (LAD). (LCx: left circumflex artery.)

sagittal plane, it is located lower than expected in interarterial course
while in the short axis plane, it is seen caudal to the crista supraven-
tricularis.

4.3. Type 3: anomalous origin of coronary artery from pulmonary artery
(ACAPA)

There are four patterns of ACAPA including, origin of LMCA from
the pulmonary artery (ALCAPA), origin of the RCA from pulmonary
artery (ARCAPA), origin of an accessory coronary artery from the
pulmonary artery and origin of the entire coronary circulation from the
pulmonary artery. ACAPA is not associated with any syndromes or non-
cardiac conditions and is not considered an inheritable congenital
cardiac defect.

ALCAPA with normal origin of RCA is known as Bland-White-
Garland syndrome and is confirmed on coronary angiography which
also demonstrates collateral circulation between the RCA and left cor-
onary artery and a coronary “steal” phenomenon (Fig. 12) [13]. AL-
CAPA is more common than ARCAPA and is usually symptomatic in the
first year of life, with 90% of the affected babies dying in the first year
of their life due to coronary steal phenomenon [14]. In adults, it can be
silent or can present with myocardial infarction, ischemic ventricular
dysfunction, arrhythmias and SCD. ARCAPA is relatively uncommon
and in a review by Radke et al., only 41% of ARCAPA were sympto-
matic and 40% had documented ischemia [15]. Other extremely rare
variations include anomalous origin of LAD or LCx arteries from the
pulmonary artery. Anomalous origin of the LCx from the pulmonary

96

artery is usually discovered in childhood (Fig. 13). The presence of this
defect in adults without the presence of congenital cardiac defects is
extremely rare. Table 3 summarizes the associations of various patterns
of ACAPA.

4.4. Type 4: extra-aortic and extra-pulmonic origin of coronary artery

Unusual anomalous origins of coronary arteries from the brachio-
cephalic trunk, left internal mammary artery, left subclavian artery,
carotid artery and the bronchial artery have also been reported [3].

5. Conclusion

A thorough knowledge of the imaging manifestation of coronary
origin anomalies is imperative for precise diagnosis and subsequent
planning of treatment, whenever required. While a large proportion of
these anomalies are clinically silent, a few might be hemodynamically
significant and may even result in sudden cardiac death. Multidetector
CT angiography with its multiplanar reconstruction capabilities and
volume rendering techniques, has a superior rate of detection of these
anomalies compared to conventional angiography providing more ac-
curate delineation of the ostium as well as the course. Thus, having an
awareness regarding the appearance of these anomalies on CT angio-
graphy and an insight into their clinical significance must be stressed
upon.
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Fig. 13. Anomalous origin of left circumflex artery from pulmonary artery.
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Axial maximum intensity projection images (A and C) and volume rendered image (B) reveal anomalous origin of the left circumflex artery (LCx) from the main
pulmonary artery (MPA) with no coronary artery originating from the left coronary sinus. The right coronary artery (RCA) and left anterior descending artery (LAD)

are seen to arise from the right coronary sinus (RCS).

Table 3

Incidence and associations of various patterns of anomalous origin of coronary artery from pulmonary artery.
Anomaly Associations
ALCAPA Patent ductus arteriosus, ventricular septal defect, tetralogy of Fallot, or coarctation of aorta, rarely may be associated
ARCAPA Aorto-pulmonary window, tetralogy of Fallot and septal defects are seen in 1/3rd of the patients with ARCAPA

Anomalous LCx from RPA

Most of the cases reported in the literature are associated with aortic arch anomalies and aortic coarctation and seen in conjunction with other

congenital malformations such as tetralogy of Fallot, aorto-pulmonary window, patent ductus arteriosus, pulmonary valve stenosis, sub-aortic

fibrous membrane stenosis

ALCAPA: anomalous origin of left coronary artery from the pulmonary artery; ARCAPA: anomalous origin of right coronary artery from the pulmonary artery; LCx:

left circumflex; RPA: right pulmonary artery.
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