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Introduction: Several clinical and pathological scenarios likenlodynamic procedures, cardiac surgery in heartrtaaand arrhythmias
from coronary occlusive disease management havertanre of variations in the origin of Right Coronartery (RCA). The RCA
presents a wide spectrum of morphological exprassiegarding its sites of origin, course, branchegth, size and termination. RCA
usually arises from the Anterior Aortic Sinus (AA&)d traverses through the right atrio-ventric@fe¥) groove.Subjects and Methods

In the present study, Computed Tomographic (CTprary angiograms of 50 routine subjects of differege groups who came to the
Department of Radiodiagnosis, King George’'s Medigaiversity UP, Lucknow in the year 2010- 2011 wktiown or suspected coronary
artery disease, were analyzed. Coronary angiogrépAy was performed on a 64 slice Multidetector @oed Tomographic (MDCT)
scanner, using retrospective electrocardiogragf@3) gating. The incidence of different sites agior of RCA was assesselesults: In
the present study, RCA originated from Anterior #hoSinus (AAS) in 47 (94%) subjects. In 3 (6%) jeads, RCA showed anomalous
origin from Left Posterior Aortic Sinus (LPAS). Tdethree subjects were males [3(9.38%)]. In allsihigiects, the course of RCA was
normal except three males having origin of RCA fraPAS. In these three males, the proximal part 6ARcoursed between Right
Ventricular Outflow Tract (RVOT) and aort&onclusion: Most common site for origin of RCA was AAS. Anomas origin of RCA was
seen only from LPAS. Anomalous origin of RCA wagrs@nly in male subjects. In all subjects havingraalous origin of RCA from
LPAS, RCA coursed between pulmonary trunk and aingraorta.
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Introduction Congenital coronary anomalies are associated witlden
death and exercise-related death. Taylor A J, ebsérved

The Right Coronary Artery (RCA) presents adev that anomalous origin of RCA from left coronaryusmnwas

spectrum of morphological expressions regardisgites the second most frequent anomaly and they repatiad
of origin, course, branches, length, size and teation. The there is risk of sudden cardiac death with exerdise
knowledge of these variations is extremely impdrtéom younger patients (less than or equal to 30 yeafpwath an
their implications in surgical procedures and cliievents. isolated coronary artery anomaly. With age, thek g
RCA arises from the anterior (‘right coronary’) AierSinus sudden death decreases. Younger patients (lesoitteual
(AAS). The artery reaches the crux of the heartemds a 0 30 years old) were significantly more likely thalder
little to the left of it, often by anastomosing kitthe patients (greater than or equal to 30 years old)di®
circumflex branch of left coronary artefy. Anomalous suddenly or during exercise despite their low festry of
origin of RCA is a rare congenital anomaly that st significant  atherosclerotic coronary artery disddse

described in 1948 by White NK and Edwards®@n an Anomalous aortic origin of a coronary artery (AAOLCK
angiographic study, Yamanaka O and Hobbs RE destrib the second most common cause of sudden cardiat deat
that anomalous origin of RCA from left sinus of ¥alva, is (SCD) in young athletes. It is postulated that osidn or

a congenital abnormality with 0.107% incidefé&opaz O, compression of the anomalous coronary artery during
et al found that the RCA is the most common anousalo €Xercise leads to myocardial ischemia and subsedgtéal
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ventricular arrhythmia (ventricular tachycardia and
fibrillation). According to available evidences the
prevalence of anomalous right coronary artery (ARGA
approximately six times more than anomalous lefocary
artery (ALCA)®
RCA may arise from different anomalous sites. CaNkeet
al reported origin of RCA from Left Anterior Desabn
(LAD) artery which is a very rare coronary anom%%y.
Zamani J and Mahmmody Y reported origin of RCA from
LCA.B! RCA arising from the main LCA accounts for only
0.65% of coronary artery anomali®s.Kragel AH and
Roberts WC studied the correlation between coronary
dominance and anomalous origin of coronary artad/taey
found that the coronary dominance is useful toirtjstish
clinically significant anomalies from clinically significant
anomalied!® The incidence of coronary anomalies in
patients undergoing coronary angiography variesmfro
0.64% to 1.3%. Many of these anomalies are clihical
benign; however, others are associated with serious
morbidity
Knowledge of normal anatomy of RCA and its variai@r
anomalies is of paramount importance in heart sigge
Inability to detect these anomalies may lead to
complicationd™? Several clinical and pathological scenarios
like hemodynamic procedures, cardiac surgery inrthea
trauma and arrhythmias from coronary occlusive atise
management have importance of variations in thegirof
RCA.

The aim of this study was to assess the incidehdéferent
sites of origin of RCA in subjects of North Indiadato find
any anatomic variant.

Subjects and Methods

Materials

In this study, digital copies of CT coronary angengs of

50 subjects of both sex and different age grou@snpales
(14-75 vyears), 18 females (12-70 years); mean age
51.36+14.07 years, age range 12-75 years] wereyzethl
after taking due permission from Institutional Etdi
Committee.

Method

This was an observational study. Coronary Angiogyap
(CA) was done on patients came to the Department of
Radiodiagnosis, King George’s Medical University ,UP
Lucknow in the year 2010- 2011 with known or suspéc
coronary artery disease.

Inclusion criteria
Patients presenting with symptoms and signs
cardiovascular diseases e.g. Chest pain and Dyapnoe

of

Exclusion criteria

(1) Lack of consent.

(2) Renalinsufficiency (High urea / creatinine level).

(3) Allergy to contrast agent.

(4) Contraindication to radiation exposure (e.g.
pregnancy).

(5) Uncontrolled Heart rate.

(6) Atrial fibrillation, frequent atrial or ventriculagctopics
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(>1/minute).
(7) Unable to hold breath for 20 seconds.
CA was performed on 64 Slice Multidetector Computed
Tomographic (MDCT) scanner (BRILLIANSTMCT,
Version 2.45.22042, manufactured by Philips) whish
installed in the department of Radiodiagnosis, King
George’s Medical University (KGMU), Lucknow, Uttar
Pradesh (U.P)), India. Retrospective
Electrocardiographically gated imaging was perfafme
(Technical parameters are given in [Table 1]).

Table 1: Technical Parameters applied in Computed

Tomographic Coronary Angiographic (CTCA) images

acquisition

DEVICE - BRILLIANSTMCT, Version 2.45.22042, manufactured
by Philips

Slices/collimation 64/0.625mm

Effective temporal resolution (with 180°algorithm)|165 ms

[Tube current B00MAS

Pitch 0.2

[Tube voltage 120kV

[Tube rotation time 400ms

Sectior thicknes 0.9mn

Reconstruction Increme 0.45mn

Field of view (FOV) 220mm

ECG gating Retrospective

Isotropic voxel resolution 0.4x 0.4x 0.4 mm

Scanning time 10-12 seconds

Pre-procedure precautions

The subjects were enquired, to rule out the presefc
any drug allergy to avoid the occurrence of anywaird
anaphylactic reaction during the procedure.

Two days prior to the procedure the subjects were
advised to avoid the intake of fatty food.

They were advised to drink only water just priorthe
procedure.

Blood urea and creatinine levels were evaluated.
Procedure

The subjects were laid supine. Their heart rate statsilized
with an oral dose of 50-100 mg Metoprolol one hbefore
the scan. If heart rate was not stabilized withoead dose,
then intravenous (IV) Metoprolol was given.
Electrocardiogram (ECG) and pulse rate were mositor
half an hour prior to the procedure. The subjectrew
counseled to reduce their anxiety.

The subjects were connected to a cardiac monitor. F
Venous access, an upper extremity vein (antecutdal)
and a 20-gauge intravenous canula was used. 80-8F m
non- ionic contrast lohexol (Omnipaque, GE, GE Hezlre
Ireland, Cork) containing iodine concentration 0503
mgl/ml, injected with a flow rate of 5.5ml/sec, [faied by a
20 ml saline flush at a rate of 4ml/sec with a pues
injector (PSI-325). The scan timing was determingth
automated bolus tracking technique by placing dgton of
interest over mid ascending aorta and setting tlyger
threshold to 180 Hounsfield (Hu). The subjects wasked
to lie still on the “scanning bed” for a period &6f10
minutes. The instruction was given to the subjettds
maintain an inspiratory breath hold during which @ata
and ECG tracings were taken. CTCA was performed 5
seconds after aortic peak density. Scanning coeeveas
from the level of carina to the bottom of the he&aw
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spiral CT data of coronary arteries were recongtdidn
various phases of cardiac cycle on a work statiitliance
64 version 4.5) to obtain images with the highesality
(without motion artefact).Reconstruction performegd75%
of R-R interval was found to be optimal for imagelysis
in most of the subjects. In some, if heart ratelecoot be
stabilized properly, then reconstructions were grened at
45% of R-R interval. The
reconstructed and viewed utilizing a separate watis
which enabled generation of the coronary arterieghie
standard and in various other anatomical planesmdsvhen
required and were interpreted with the help of ediea
radiologist. Subjects with previous bypass surgargl also
those with suboptimal study due to breath holdfacts
were excluded.

All images were reviewed first in axial projectiand then

images generated were

statistical analysis was performed by using sofew8PSS
(Statistical Package for Social Sciences) versibi.1The

values were represented in Number (%) and Mean
Standard Deviation (SD).

Result

In the present study, RCA originated from Anterfmrtic
Sinus (AAS) in 47 (94%) subjects [29 (90.63%) maes!
18 (100%) females] [Table 2, Figure la, b & c]. 634
subjects [3(9.38%) males] showed anomalous origiR@A
from Left Posterior Aortic Sinus (LPAS) [Table 2igkre
2a, b & ¢),]. In all subjects, the course of RCAswarmal
except three male subjects who had anomalous odfjin
RCA from LPAS. In these three male subjects, tloxipmal
part of RCA coursed between Right Ventricular Cowfl

with  post processing tools such as

Multiplanar

Reconstruction (MPR), Curved Planar Reformation RE;P

thin-slab  Maximum
Volume-Rendering Technique (VRT) with

Intensity Projection (MIP),

and
transparent

background display. MIPs were obtained using variou
thicknesses (5—-30 mm). Volume-rendered (VR) imagee

also obtained using various orientations.
CTCA images were observed for the origin of RCAeTh

Tract (RVOT) and aorta. [Figure 3a&b]

Table 2: Frequency of different sites of origin oRCA

Site of Origin  [Male (Nm=32) |Female( Nf=18) | Total (Nt=5p
IAAS 29 (90.63%) 18 (100%) 47 (94%)
LPAS 3(9.38%) 0 (0%) 3(6%)

Nm-Total number of males, Nf-Total number of fensal&lt-Total number of study

subjects

Figure 1: MDCT Images showing Normal Origin of RCAfrom AAS (a) 3D VR Image, (b) 3D VR Image (ContrastVessel Tracking

Tree), (c) MIP Image RA- Right Atrium, RV- Right Ventricle, LA- Left Atrium, LV- Left Ventricle, Ao-

Sinus, RCA- Right Coronary Artery

Aorta, AAS- Anterior Aortic

Figure 2: MDCT Images showing Anomalous Origin of CA from LPAS (a) 3D VR Image, (b) 3D VR Image (Comast Vessel
Tracking Tree), (c) MIP Image RA- Right Atrium, RV- Right Ventricle, LA- Left Atrium, LV- Left Ventric le, Ao- Aorta, LPAS- Left
Posterior Aortic Sinus, RCA- Right Coronary Artery, LCA- Left Coronary Artery
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Figure 3: MDCT Images showing Anomalous Course of BA between RVOT and Aorta (a) 3D VR Image, (b) MIPimage RA- Right

Atrium, RV- Right Ventricle, LA- Left Atrium, LV- L eft Ventricle, RVOT- Right Ventricular Outflow Tra ct (RVOT), Ao- Aorta,
LPAS- Left Posterior Aortic Sinus, RCA- Right Coronary Artery

Discussion

The origin of coronary arteries shows great valitgti
Several studies have been done in the past regatti
origin of RCA [Table 3, 4, 5 & 6]. The most commsite of

origin of RCA is AAS. In the present study, RCA sedrom
AAS in majority of cases (94%). Our findings aregar to
the reports of a cadaveric study done by Lufukujal G
(94.7%) [Table 31" In some cadaveric studies, RCA arose
from AAS in 100% cases[Table 3f:*®

Table 3: Incidence of Normal Origin of RCA from AAS

Authors & Year of Study Type of Study Population & No.of Cases Origin of RCA from AAS
Kalpana R. 2003 Cadaveric South Indian, 100 100%

Jim MH, et al. 2004 Catheter Angiography 1532 1519 (99.2%)
Fazliogullari Z, et al. 2010 Cadaveric Turkish, 50 100%

Kulkarni JP. 2013 Cadaveric Western Indian, 60 100%

Lufukuja G J. 2016 Cadaveric Tanzanian, 75 71 (94.7%)

Reddy MV, Pusala B. 2016 Cadaveric South Indiaf, 11 100%

Bhele AV, et al. 2017 Cadaveric Western Indian, 50 100%

Dhobale MR, et al. 2018 Cadaveric Western Indi&Q, 1 148 (98.67%)

Present study. 2011 64-slice CT Angiography North Indian, 50 47 (94%)

Table 4: Incidence of Anomalous Origin of RCA fromLPAS and RPAS among Autopsy and Cadaveric Studies

Authors & Year of Study Type of Study Population & Site of origin of RCA
No. of Cases LPAS RPAS
Alexander RW, Griffith GC. 1956 Autopsy AmericangB® 6
Frescura C, et al. 1998. Autopsy Italian, 1200 7
Lufukuja GJ. 201 Cadaveri Tanzanian, 7 1(1.3%
Dhobale MR, et al. 2018 Cadaveric Western Indi&0, 1 2 (1.33%)

Table 5: Incidence of Anomalous Origin of RCA fromLPAS and RPAS among Catheter Angiographic Studies

Authors & Year of Study Population & No. of cases Sé of origin of RCA
LPAS RPAS

Chaitman BR, et al. 1976 Canadian, 3750 6

Kimbiris D, et al. 197 American, 700 12

Wilkins CE, et al. 198 American, 10,67 3C

Yamanaka O, Hobbs RE. 1990 American, 126595 136 4

Topaz O, et al. 1992 13010 35 14

Kaku B, et al. 1996 Japanese, 17731 44

Kardos A, et al. 1997 Central European, 7694 1

Garg N, et al. 20C North Indian, 410 15 4

Angelini P et al, 20C American, 195 18 (0.92% 22 (1.13%

Ayalp R, et al. 2002 Turkish, 5253 2

Harikrishnan S, et al. 2002 7400 7

Jim MH, et al. 2004 1532 13 (0.8%)

Rigatelli G, et al. 2004 Italian, 5450 2

Eid AH, et al. 2009 Lebanese, 4650 9 (0.19%)

Ouali §, et al. 200 Tunisian, 733 3 1

Solanki P, et al. 2010 American, 2120 8

Aydar Y, et al. 2011 Turkish, 7810 12 1

Sohrabi B, et al. 2012 Irani, 6065 6(0.1%)

Tuo G, etal. 2013 Italian, 7960 13

Lingaraju S, et al. 2016 North Indian (West Rajasth 8500 34 4

T'urko'glu S, etal. 2018 Turkish, 5165 16
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Several past studies reported the origin of RCAmfro
anomalous sites such as LPAS, Right Posterior A&itius
(RPAS), descending thoracic aorta, Pulmonary triu@d,
Left Circumflex (LCx) artery, LAD artery etc [Tabke, 5 &
6]. After analyzing the findings of these studies found
that the most common site for anomalous origin GARSs
LPAS. Chaitman BR, et al observed that aberrantimsof
RCA in LPAS is invariably in front of the ostium bA."%
But orifice for the ectopic RCA may be present pasr to
the left main ostium as found by Yamanaka O andidob

REF! There are three subtypes of this anomalous RCA

based on the anatomic course. Retroaortic, if toeralous
artery traverses posterior to the ascending almtearterial,

7,

if it runs between the ascending aorta and pulmpotrank
and in third variant it courses anterior to the npohary
trunk?”? In some studies, it is reported that the RCA
coursed anterior to aorta in patients in whom igioated
from LPAS!?¥%8 |n the present study also, anomalously
originated right coronary arteries coursed antet@onorta.
RCA is at high risk when it arises from LPAS andised
between pulmonary artery and adrta.

Shu-shui W, et al named this kind of aberrant RCiéhw
interarterial course as ‘Coronary Artery Sandwich
Anomaly?® Ziegler FV, et al reported proximal intramural
course of anomalous RCA originated from left sirafs
Valsalval®”!

Table 6: Incidence of Anomalous Origin of RCA fromLPAS and RPAS among Computed Tomographic Studies

IAuthors & Year of Study Type of Study Population & Site of origin of RCA
No. of Cases LPAS RPAS

Schmitt R, et al. 2005. 4 and 16 row MDCT Angiodrap German,1758 11

Hou KY, et al. 2007 64-slice CT Angiography Chines¢0 8 (1.5%)

El-Sharkawy EM. 2007 64-slice CT Angiography Eggpti1000 5

lten Kate GJR, et al. 2008 64-sliceCT Angiography ropian, 1000 5

Srinivasan KG, et al. 2008 64-slice CT Angiography South Indian, 1495 1

Ziegler FV, et al. 2009 CT Angiography American874 8

Yildirim D, Oruc F. 2009 EBT Coronary Angiography urkish, 454 1

Shabestari AA, et al. 20 64-slice CT Angiograph Irani, 269’ 12 (0.44% 1 (0.03%

IAbdulghaffar W, et al. 20! 64-slice CT Angiograph |Arabian, 84 4

Kayan M, et al. 2012 128-slice CT Angiography Tahki83 1 1

Opolski MP, et al. 2013 CT Angiography 8522 20

Park JH, et al. 2013 MDCT Coronary Angiography Karel582 7 (0.44%)

Oliveira CA, et al. 2014 MSCT Coronary Angiography Portiguese, 663 4

Krupinski M, et al. 2014 CT Angiography 7115 16

Namgung J, Kim JA. 20: 64 or 320 slice MDCT Angiography Korean, 8864 41

Graidis C, et al. 2015 64 slice MDCT Angiography ek, 2572 9 (0.35%)

Pan C, et al. 2015 MSCT Angiography Chinese, 7469 1 5

[Tongut A, et al. 201 MSCT Angiograph Turkish,2401 12

Rao A, et al. 201 64 slice MDCT Angiograpt North Indian, 39 3

(Chaosuwannakit N. 2018 CT Angiography North-eastern Thailand, 924 12

Chaiyagool K, et al. 2018 64 slice MDCT Angiography Southern Thailand 279 3 (1.1%)

Sirasapalli CN, et al. 2018 64 slice MDCT Angiodrgp South Indian, 8021 41

Present study. 2011 64-slice CT Angiography North Indian, 5! 3(6%)

In the present study, anomalous origin of RCA wesns
only from LPAS, and it was observed in 3 (6%) cd3eble

2 & 6]. This incidence was quite high. Anomalously
originated RCA is a rare congenital cardiac malfation*"
Houman TM, et al reported that anomalously origdat
RCA from left sinus of Valsalva is a rare congehnita
anomaly but frequently causes sudden death in teg,
They also suggested that early graft failure haclioed if
bypass procedures are used to treat such kindamhaous
origin of RCAPY  This kind of ectopic RCA is difficult to

cannulate because of
angulation®!

Several authors found that RCA is the most common

its slit-like orifice and odd

anomalous vessel among coronary artét@s’ 2> \while
some authors found RCA as the second most commonal found fibrosed myocardial patches, small ardasfarcts
anomalous coronary artefy:*"! Anomalous origin of RCA
is often asymptomatic and is found incidentally idgr
evaluation of some cardiac dised®sAlthough origin

of RCA from the

left sinus of Valsalva anducse

between the aorta and pulmonary artery is lessuémeily
associated with symptoms, this condition may bea@ated
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with sudden deatfi®” In a CT angiographic study, Krupinski
M, et al observed that high-risk anatomy featunes raost
common in patients with abnormal RCA origin. These
patients also have higher prevalence of chest aadhtend

to show higher occurrence of cardiac events irffabew-up
than individuals with abnormal LCA origin and abmad
LCx artery origin*®

Anomalous origin of coronary arteries from aorta is
uncommon but significant clinically. Clinical maestations
may vary from asymptomatic patients to those whesent
with heart failure, syncope and arrhythmifds Anomalous
origin of the coronary arteries may be a risk fachor
angina pectoris, acute myocardial infarction andiden
death even if there is no atheroscler§slsRoberts WC, et

in patients who suffer sudden death in absence of
atherosclerosi$? Frescura C, et al observed that in 16
patients out of 27 with isolated anomalous origih o

coronary arteries, the final outcome was suddenthdea

Sudden death occurred in 43% of right coronaryrgarte

origin from left aortic sinu&? Clarification of the risk and



7,
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7,

mechanisms of sudden death in patients with coyonar Cardiac surgeons should take care of anomalousnaoro

anomalies may aid in decisions on intervention.ldias J,
et al proposed the mechanism of myocardial ischeanth

arteries in order to avoid transsection, ligationjatrogenic
occlusion of anomalous arteries during surd@ly.

sudden death in these patients and proposed cause®Anomalously originated coronary arteries are theosd

include:1) Ostial obstruction due to slit-like coesy orifice.

most common cause of athletic-field deaths in thetdd

2) Compression of RCA between aorta and pulmonary Stated®® Why an athlete can exercise intensely for several

artery. 3) Stretching of the RCA with aortic/pulnaon
artery distension. Coronary angulation with aortic
pulmonary artery distensidil. Singhi AK, et al stated that

years without symptoms until the sentinel eventuogc
remains unknowff! Jim MH, et al stated that the RCA
anomalously arising from left coronary sinus isoatsted

anomalously arising RCA from left coronary sinus teave with early development of Coronary Artery Disea€AD)
dynamic narrowing and kinking causing myocardial while Suryanarayana P, et al found that there as n
ischemia and sudden cardiac death. Anomalous arterydifference in the occurrence of atherosclerosiswben

should be surgically repaired in the symptomatitiepds anomalous and nonanomalous coronary art&fiéd.

because of risk of ischemia or ventricular arrhyithiend a Coronary artery anomalies should be recognizechduife
close follow up is required in asymptomatic patsemtith time of a patient by the use of noninvasive procesiuo
exercise restriction as per present guidéffleTargeted prevent the risk of sudden death and to plan salgic
patients for treatment are those whose anomaldesyas correction if clinically indicated*’

dominant, whose anomalous artery is having proximal
intramural course and those who become symptomatic

before 35 years of adgt! Conclusion

Cheatham JP, et al reported origin of RCA from dading

thoracic aorta and found atypical and elastotiongea and In the present study, most common site for origirREA
wall thickening in this RCA™ According to Yamanaka O  Was AAS. Anomalous origin of RCA was seen only from
and Hobbs RE, origin of the RCA from pulmonary artis LPAS. Anomalous origin of RCA was seen only in male
extremely rare. They found origin of RCA from pulnamy subjects. In all subjects having anomalous oridirRGCA
trunk in 2 cases, which is a potentially seriousraaly™ from LPAS, RCA coursed between pulmonary trunk and
Rigatelli G, et al and HakimK, et al reported antona ascending aorta.

origin of RCA from pulmonary arte®?*! In a cadaveric

study, Vasuki AKM, et al found origin of RCA from References
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