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A B S T R A C T

Objective: To identify the prevalence of coronary artery anomalies (CAAs) and their subtypes based on
Angelini et al. classification in symptomatic yet stable population of South India using 64- slice dual
source multi detector CT coronary angiography (MDCT-CA).
Methods: We retrospectively reviewed reports of 8021 symptomatic patients predominantly South
Indians who were referred for CT coronary angiography (CT-CA) to our tertiary cardiac care center in
Hyderabad, India from January 2011 to March 2017.
Results: We identified a total of 838 coronary artery anomalies in 812 patients with a prevalence of
10.09%. 96.9% of patients were older than 30 years of age with a M:F ratio of 1.39:1. Coronary artery
disease (CAD) was seen in 61.5% of these patients. Among these anomalies, myocardial bridging (MB) was
the most common anomaly followed by anomalous location of coronary ostium at improper sinus
(ACOIS).
Conclusion: There is no significant difference in prevalence of CAAs (including and excluding MB) in
Indian and World population. CAAs were more common in males than females and most of these patients
remain asymptomatic during first three decades of their life. Myocardial bridging is the most common
anomaly detected by MDCT-CA followed by ACOIS. Right coronary artery (RCA) arising from left coronary
sinus (LCS) is the most commonly encountered ACOIS.
© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Coronary artery anomalies (CAAs) are a diverse group of
congenital anomalies with many varieties (Fig. 1), various
presentations and different pathophysiologic mechanisms.1 Con-
tinuous and profound changes are taking place in the subject of
CAAs regarding their definition, classification, diagnostic work up
and treatment of these anomalies.2–7 The incidence of coronary
artery anomalies is ranging from 0.17% in autopsy cases to 1.2% in
angiographically evaluated cases.8,9 The incidence of CAAs in
Indian population is 0.95%.10 Although CAAs are rare, they are still
very important as they can cause sudden cardiac deaths.3–5
* Corresponding author at: Institute of Radiology and Imaging Sciences, Care
Hospitals, Banjara Hills, Hyderabad, Telangana, 500034, India.

E-mail addresses: dr.chinnamnaidu.sirasapalli@carehospitals.com
(C.N. Sirasapalli), dr.johann.christopher@carehospitals.com (J. Christopher),
dr.vishnuvardhan.ravilla@carehospitals.com (V. Ravilla).

https://doi.org/10.1016/j.ihj.2018.01.035
0019-4832/© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of
creativecommons.org/licenses/by-nc-nd/4.0/).
64 slice dual source multi detector CT coronary angiography
(MDCT-CA) is very reliable in detecting CAAs by providing
excellent non-invasive 3D imaging of coronary arteries. To the
best of our knowledge, there were no other studies with data as
large as ours done on South Indian population in a single tertiary
cardiac care center. Studying the prevalence, spectrum of CAAs,
their sexual distribution and age of presentation in South Indian
population provides an insight into disease burden and their
relative contribution to cardiovascular diseases, which is a leading
cause of deaths in India.11

2. Material and methods

This was a retrospective observational study involving 8021
symptomatic, stable patients who underwent MDCT-CA using a
64-slice Dual Source CT scanner (SIEMENS SOMATOM DEFINITION)
over a period of 75 months from January 2011 to March 2017. The
indications for MDCT-CA broadly were to rule out CAAs in patients
with angina equivalent in less than 30 years of age and to rule out
coronary artery diseases (CAD) in patients greater than 30 years of
 India. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. Coronary artery anomalies. A: Separate origins of LAD and LCX from LCS with
absent main trunk. B: High origin of RCA. C: Ectatic LMCA. D: LCA-RA fistula.
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age with Framingham risk scores (FRS) greater than 10% and less
than 20% over 10 years. Low risk (less than 10%) and high risk
(greater than 20%) patients did not undergo MDCT-CA.

2.1. Preparation

Ivabradine, beta blockers and calcium channel blockers (in
asthmatics) were used in patients with high heart rate to bring
down heart rate to less than 75 beats per sec. Tab sorbitrate 5 mg
sublingual was administered before acquiring images for better
coronary vessel delineation.

2.2. Procedure

Non-contrast scan is first acquired to assess calcium score of
coronary arteries. If the calcium score is <500, then contrast (1.5
ml/kg body wt. of low osmolar non-ionic iodinated contrast was
administered intravenously at the rate of 5 ml/s followed by 40 ml
saline flush at the same rate) is administered to acquire complete
CT coronary angiographic data. In all patients, images were
acquired using retrospective ECG gating and single breath hold
technique with following parameters: 120 kV, >400 mAs, detector
collimation 64/0.6 mm, 0.6 mm slice thickness, 0.6 mm increment,
256 matrix, 0.2 pitch and cardiac window. Image reconstructions
done using best diastole and best systole reconstruction algo-
rithms. For three dimensional images, the volumetric CT data sets
were processed on a separate work station using circulation
software (SIEMENS).

All identified CAAs were classified based on Angelini et al’s
classification (Table 1).

3. Results

Among 8021 symptomatic yet stable South Indian patients, we
identified 838 coronary artery anomalies in 812 patients with a
prevalence rate of 10.09%. These patients include 473 males and
339 females with a M:F = 1.39:1 between ages of 10 and 77 years.
Age of presentation in these 812 patients was given in bar diagram
(Fig. 2). Only 3.07% of symptomatic patients presented in first three
decades of their life. CAD was seen in 61.5% of these patients with
CAAs.

Among 838 CAAs, 95 were anomalies of origin and course
(1.18%), 740 were anomalies of intrinsic anatomy (9.22%), 3 were
anomalies of termination (0.03%) and 0 cases of anomalous
anastomotic vessels. Details of coronary anomalies detected in our
study is based on Angelini et al’s classification (Table 2).

Myocardial bridging (MB) was the most common anomaly
among anomalies of intrinsic anatomy as well as total anomalies
with a prevalence of 9.05%. CAD was seen in 62% of patients with
MB. When excluding MB, prevalence of CAAs was 1.36%.
Anomalous location of coronary ostium at improper sinus (ACOIS)
was the second most common anomaly with a prevalence of 0.87%.
Among ACOIS, anomalous origin of right coronary artery (RCA)
from left coronary sinus (LCS) was the most common type with a
prevalence of 0.51%.

4. Discussion

Coronary artery anomaly is defined as any coronary arterial
pattern with a feature (e.g., origination, course, and termination)
that is rarely seen in the general population.12 At present, there is
no generally accepted classification for CAAs and the definition of
normality and abnormality is yet to be clarified.13 We followed
Angelini et al. classification of CAAs in our study. Some authors
consider MB as a normal variant rather than anomaly, hence we
also studied prevalence of CAAs excluding MB.14,15

The prevalence of congenital CAAs in various studies was
ranging from 6.4 to18.4%.16,17 The prevalence in our study was
10.09% which was well within the aforementioned range. The
prevalence of congenital CAAs excluding MB in various studies
conducted in different populations of world was ranging from 0.46
to 3.1%.8,18 The prevalence in our study which was primarily based
on South Indian Population was 1.36% (excluding MB).

Present guidelines suggest the use of MDCT for the evaluation of
CAAs.19 Throughout past years. there have been multiple studies
which showed that MDCT-CA (even with older scanner technolo-
gy) is a reliable non-invasive technique to identify CAAs.20–23

Prevalence of CAAs detected by MDCT-CA in world population was
7.9%–18.4% depending on various inclusion criteria and when MB
was excluded, it was 1.029%–2.88%.18,24–26 Prevalence in our study
was within the aforementioned ranges concluding that there is no
significant difference in prevalence of CAAs (including and
excluding MB) in Indian and World population.

Detection of coronary artery anomalies using doppler 2D-ECHO
is difficult.27 Prevalence of CAAs detected by ECHO was 0.17%–0.4%,
indicating low sensitivity of ECHO in detecting CAAs when
compared to MDCT-CA.28,29 Prevalence of CAAs detected by ICA
is between 0.3–2.7% even when MB was included.30,31 Temporal
resolution of ICA is 33 ms operating at 30 frames per second and
spatial resolution of typical fluoroscopy is 0.16 mm.32,33We are yet
to achieve these temporal and spatial resolutions using CT
technology. The radiation dose for a retrospective ECG-gated 64-
MDCT-CA is 13–15 mSv for males and 18–21 mSv for females.34

Coronary MRA can detect coronary artery anomalies of origin and
visualize their course with added advantage of no ionizing
radiation. Lack of radiation is particularly important while imaging
children, pregnant women and young adults. But the diagnostic
quality is not as good as MDCT-CA and is still undergoing technical
developments to improve its diagnostic quality in assessing
coronary arteries.35



Table 1
Angelini et al Classification of Coronary Artery Anomalies.1

Classes Anomalies

A: Anomalies of origin and
course:-

1. Absent left main trunk (LMCA) with separate origins of LAD and LCX
2. Anomalous location of coronary ostium within aortic root or near proper coronary cusp (for each artery):

a. High
b. Low
c. commissural:

3. Anomalous location of coronary ostium outside normal coronary cusp:
a. Non coronary sinus (NCS)
b. Ascending aorta
c. Left ventricle
d. Right ventricle
e. Pulmonary artery
f. Aortic arch
g. Innominate artery
h. Right carotid artery
i. Interal mammary artery
j. Bronchial artery
k. Subclavian artery
l. Descending thoracic artery

4. Anomalous location of coronary ostium at improper sinus:
a. RCA arising from LCS, with anomalous course
b. LAD arising from RCS, with anomalous course
c. LCX arising from RCS, with anomalous course
d. LMCA arising from RCS, with anomalous course

5. Single coronary artery (SCA)

B: Anomalies of intrinsic
anatomy:-

1. Congenital ostial stenosis/atresia
2. Coronary ostial dimple
3. Coronary ectasia/aneurysm
4. Absent Coronary artery
5. Coronary hypoplasia
6. Intramural coronary artery (Muscular bridging)
7. Subendocardial course
8. Coronary crossing
9. Anomalous origin of PDA from anterior descending or septal perforating branch

10. Split RCA
11. Split LAD
12. Ectopic origin of first septal branch

C: Anomalies of
termination:-

1. Inadequate arteriolar/capillary ramifications
2. Fistulas from RCA, LCA or infundibular artery to:

a) Right ventricle (RV)
b) Right atrium (RA)
c) Coronary sinus
d) Superior vena cava
e) Pulmonary artery
f) Pulmonary vein
g) Left atrium (LA)
h) Left ventricle (LV)
i) Multiple

D: Anomalous anastomotic
vessels:-

Abbreviations: SCA- single coronary artery; RCA- Right coronary artery; LCA- left coronary artery; LMCA- Left main coronary artery; LAD- Left anterior descending artery;
LCX- Left circumflex artery; RCS- right coronary sinus; LCS- Left coronary sinus, NCS- Non coronary sinus, PDA- Posterior descending artery, RA-Right Atrium.
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5. Limitations

1. The study had been performed in patients with intermediate
risk of CAD. Hence, does not represent the actual prevalence of
CAAs in the general population.

2. The prevalence of CAD in the population of CAAs may be under-
represented since only intermediate risk group had been taken.

3. CAAs were generally seen in the young population and this
population was not been adequately represented in this study.

4. This was a single center study in an urban population and hence
could not truly represent the magnitude of the problem in a
country like India where 60% of the population resides in the
rural India.
6. Conclusion

There is no significant difference in prevalence of CAAs
(including and excluding MB) in Indian and World population.
CAAs were more common in males than females and most of these
patients remain asymptomatic during first three decades of their
life. Myocardial bridging is the most common anomaly detected by
MDCT-CA followed by ACOIS. RCA arising from LCS is the most
commonly encountered ACOIS.
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Fig. 2. Bar diagram showing age of presentation in patients withCoronary artery anomalies in our study.

Table 2
Cases detected based on Angelini et al Classification of CAAs.

Classes Anomalies Number of
cases

Percentage (%) among total
anomalies

A: Anomalies of origin and
course:-

1. Absent left main trunk (LMCA) with separate origins of LAD and LCX 15 1.78
2. Anomalous location of coronary ostium within aortic root or near proper coronary
sinus (for each artery):

a. High origins 6 0.71
3.Anomalous location of coronary ostium outside normal coronary sinus:

a. Non Coronary Sinus (NCS) 3 0.35
b. Main Pulmonary artery (MPA) 1 0.11

4. Anomalous location of coronary ostium at improper sinus (ACOIS):
a. RCA arising from LCS, with anomalous course 41 4.89
b. LAD arising from RCS, with anomalous course 1 0.11
c. LCX arising from RCS, with anomalous course 16 1.90
d. LMCA arising from RCS, with anomalous course 12 1.43

5. Single coronary artery (SCA) 10 1.19

B: Anomalies of intrinsic
anatomy:-

1. Congenital ostial stenosis/atresia 1 0.11
2. Coronary ectasia/aneurysm 4 0.47
3. Coronary hypoplasia 2 0.23
4. Intramural coronary artery (Myocardial bridging) 728 86.87
5. Split LAD 5 0.59

C: Anomalies of
termination:-

1. Fistulas from RCA, LCA or infundibular artery to: 1 0.11
a) Right ventricle 1 0.11
b) Right atrium 1 0.11
c) Pulmonary artery 0 0.00

D: Anomalous anastomotic
vessels

Grand Total: 838

CAA-Coronary artery anomalies; RCA- Right coronary artery;LCA- Left coronary artery;LAD- Left anterior descending artery; LCX- Left circumflex artery; RCS- right coronary
sinus; LCS- Left coronary sinus.

C.N. Sirasapalli et al. / Indian Heart Journal 70 (2018) 852–856 855
Conflict of interest

None.

References

1. Angelini P. Coronary artery anomalies: an entity in search of an identity.
Circulation. 2007;115(10):1296–1305.

2. Roberts WC. Major anomalies of coronary arterial origin seen in adulthood. Am
Heart J. 1986;111:941–963.
3. Taylor AJ, Rogan KM, Virmani R. Sudden cardiac death associated with isolated
congenital coronary artery anomalies. J Am Coll Cardiol. 1992;20:640–647.

4. Liberthson RR. Sudden death from cardiac causes in children and young adults.
N Engl J Med. 1996;334:1039–1044.

5. Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller FO. Sudden
death in young competitive athletes: clinical, demographic, and pathological
profiles. JAMA. 1996;276:199–204.

6. Taylor AJ, Byers JP, Cheitlin MD, Virmani R. Anomalous right or left coronary
artery from the contralateral coronary sinus: high-risk abnormalities in the
initial coronary artery course and heterogeneous clinical outcomes. Am Heart J.
1997;133:428–435.

http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0005
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0005
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0010
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0010
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0015
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0015
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0020
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0020
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0030


856 C.N. Sirasapalli et al. / Indian Heart Journal 70 (2018) 852–856
7. Basso C, Maron BJ, Corrado D, Thiene G. Clinical profile of congenital coronary
artery anomalies with origin from the wrong aortic sinus leading to sudden
death in young competitive athletes. J Am Coll Cardiol. 2000;35:1493–1501.

8. Harikrishnan S, Jacob SP, Tharakan J, et al. Congenital coronary anomalies of
origin and distribution in adults: a coronary arteriographic study. Indian Heart
J. 2002;54:271–275.

9. Yamanaka O, Hobbs R. Coronary artery anomalies in 126,595 patients
undergoing coronary arteriography. Cathet Cardiovasc Diagn. 1990;21(1):28–
40.

10. Garg N, Tewari S, Kapoor A. Primary congenital anomalies of the coronary
arteries: a coronary: arteriographic study. Int J Cardiol. 2000;74(1):39–46.

11. Prabhakaran D, Jeemon P, Roy A. Cardiovascular diseases in India: current
epidemiology and future directions. Circulation. 2016;133(April (16)):1605–
1620.

12. Angelini P. Coronary anomalies: incidence, pathophysiology, and clinical
relevance. Circulation. 2002;105(20):2449–2454.

13. Angelini P. Coronary artery anomalies–current clinical issues: definitions,
classification, incidence, clinical relevance, and treatment guidelines. Tex
Heart Inst J. 2002;29(4):271–278.

14. Lazoura O, Kanavou T, Vassiou K, Gkiokas S, Fezoulidis IV. Myocardial bridging
evaluated with 128-multi detector computed tomography coronary
angiography. Surg Radiol Anat. 2010;32(1):45–50.

15. Konen E, Goitein O, Segni E. Myocardial bridging, a common anatomical
variant rather than a congenital anomaly. Semin Ultrasound CT MRI. 2008;29
(3):195–203.

16. Aiyappan S, Vadanika V, Karpagam B, Vinayagam S, Saravanan KC. Role of
MDCT – coronary angiography in the evaluation of coronary artery anomalies
and incidence of coronary artery anomalies in a subset of South Indian
population. J Evol Med Dent Sci. 2015;4(90):15561–15565.

17. Cademartiri F, La Grutta L, Malagò R, et al. Prevalence of anatomical variants
and coronary anomalies in 543 consecutive patients studied with 64-slice CT
coronary angiography. Eur Radiol. 2008;18(4):781–791.

18. ArjmandShabestari A, Akhlaghpoor S, Tayebivaljozi R, FattahiMasrour F.
Prevalence of congenital coronary artery anomalies and variants in 2697
consecutive patients using 64-detector row coronary CT angiography. Iran J
Radiol. 2012;9(3):111–121.

19. Bluemke D, Achenbach S, Budoff M, et al. Noninvasive coronary artery
imaging: magnetic resonance angiography and multidetector computed
tomography angiography: a scientific statement from the American Heart
Association committee on cardiovascular imaging and intervention of the
council on cardiovascular radiology and intervention, and the councils on
clinical cardiology and cardiovascular disease in the young. Circulation.
2008;118(5):586–606.

20. Datta J, White CS, Gilkeson RC, et al. Anomalous coronary arteries in adults:
depiction at multi-detector row CT angiography. Radiology. 2005;235(3):812–
818.
21. van Ooijen P, Dorgelo J, Zijlstra F, Oudkerk M. Detection, visualization and
evaluation of anomalous coronary anatomy on 16-slice multidetector-row CT.
Eur Radiol. 2004;14(12):2163–2171.

22. Schmid M, Achenbach S, Ludwig J, et al. Visualization of coronary artery
anomalies by contrast-enhanced multi-detector row spiral computed
tomography. Int J Cardiol. 2006;111(3):430–435.

23. de Jonge GJ, van Ooijen PM, Piers LH, et al. Visualization of anomalous coronary
arteries on dual-source computed tomography. Eur Radiol. 2008;18(11):2425–
2432.

24. Gräni C, Benz D, Schmied C, et al. Prevalence and characteristics of coronary
artery anomalies detected by coronary computed tomography angiography in
5 634 consecutive patients in a single centre in Switzerland. Swiss Med Wkly.
2016;146:w14294.

25. Ilic D, Stojanov D, Koracevic G, Petrovic S, Radovanovic Z, Arsic S. The
prevalence of coronary artery anomalies in adults: studied with ct coronary
angiography. Vojnosanitetskipregled. 2016;(00) 201–201.

26. Ghadri J, Kazakauskaite E, Braunschweig S, et al. Congenital coronary
anomalies detected by coronary computed tomography compared to
invasive coronary angiography. BMC Cardiovasc Disord. 2014;14(1):1–10.

27. Cohen M, Herlong R, Silverman N. Echocardiographic imaging of anomalous
origin of the coronary arteries. Cardiol Young. 2010;20(S3):26–34.

28. Davis J, Cecchin F, Jones T, Portman M. Major coronary artery anomalies in a
pediatric population: incidence and clinical importance. J Am Coll Cardiol.
2001;37(2):593–597.

29. Casolo G, Del Meglio J, Magnacca M, et al. Prevalence of the anomalous aortic
origin of a left coronary artery from the right coronary sinus and posterior
course: detection by transthoracic echocardiography in an unselected
ambulatory population. Int Cardiovasc Forum J. 2016;8:51–56.

30. Çanga Y, Güvenç T, Karataş M, et al. Congenital coronary artery anomalies in
adults: review of 111 cases from a single-centre experience. Cardiol Young.
2016;1–10.

31. Hasan Ahmad, Adnan Fahar, Arif Adeel, Ghous Zeeshan, Akram Zubair.
Prevalence of coronary artery anomalies and variants in Jinnah hospital. Pak J
Med Health Sci. 2013;7(4):1058–1062.

32. Hsiao E, Rybicki F, Steigner M. CT Coronary angiography: 256-slice and 320-
detector row scanners. Curr Cardiol Rep. 2010;12(1):68–75.

33. Otero H, Steigner M, Rybicki F. The post-64 era of coronary CT angiography:
understanding new technology from physical principles. Radiol Clin N Am.
2009;47(1):79–90.

34. Hurlock G, Higashino H, Mochizuki T. History of cardiac computed
tomography: single to 320-detector row multislice computed tomography.
Int J Cardiovasc Imag. 2009;25(S1):31–42.

35. Chiribiri A, Botnar R, Nagel E. Magnetic resonance coronary angiography:
where are we today? Curr Cardiol Rep. 2013;15(2).

http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0045
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0045
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0045
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0135
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0135
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0150
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0150
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0150
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0170
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0170
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0170
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0175
http://refhub.elsevier.com/S0019-4832(17)30484-4/sbref0175

	Prevalence and spectrum of coronary artery anomalies in 8021 patients: A single center study in South India
	1 Introduction
	2 Material and methods
	2.1 Preparation
	2.2 Procedure

	3 Results
	4 Discussion
	5 Limitations
	6 Conclusion
	Funding
	Conflict of interest
	References


