
Abstract

Coronary artery anomalies (CAAs) are a diverse group of dis-
orders with varied clinical presentation and pathophysiological
mechanisms. A majority of these anomalies are asymptomatic and
often an incidental finding on coronary angiogram or autopsy.
This retrospective study included 28,800 patients who underwent
coronary angiography from 2016 to 2020. The coronary

angiograms were reviewed by two independent reviewers and
CAAs were documented. CAAs were classified into i) anomalies
of coronary artery connection, ii) anomalies of intrinsic coronary
arterial anatomy and iii) anomalies of myocardial/coronary artery
interaction as proposed by the European Society of Cardiology. Of
the 28,800 coronary angiograms, CAAs were present in 4.12%
with anomalies in the left coronary artery (LCA) being most com-
mon. Anomalies of coronary artery connection were most com-
mon (48.48%) followed by anomalies of myocardial/coronary
artery interaction (34.49%) and anomalies of intrinsic coronary
artery anatomy (17.03%). Among anomalies of coronary artery
connection, absent left main trunk or split LCA with separate ori-
gins of left anterior descending coronary artery and left circumflex
coronary artery from the left coronary sinus of Valsalva (22.59%)
was most common. An intramural course or “myocardial bridge”
had an incidence of 1.16%  while incidence of coronary artery fis-
tulae (CAF) was 0.115%.

Introduction

Coronary artery anomalies (CAAs) are a heterogeneous set
of conditions with varied definition, morphogenesis, clinical
presentation, diagnostic workup, prognosis, and treatment [1-5].
Though present at birth, most of these anomalies are often rec-
ognized as incidental findings during angiography. The preva-
lence of CAAs varies in different series ranging from 0.78-
5.64% in angiographic series [2,3,6-9] to 0.99-5.79% on com-
puted tomography series [10-12]. The pathophysiological mech-
anisms and clinical prognosis of various CAAs are different
[3,4]. Though most of them are inconsequential, some of these
can produce life-threatening symptoms like myocardial infarc-
tion, arrhythmias, syncope, and specifically sudden death in the
young. Hence, identification of the various morphologies of
CAA’s is of utmost importance to predict the prognosis accurate-
ly. There is a scarcity of contemporary data reporting the patterns
of CAAs in India. Hence, this study was designed to evaluate the
incidence and contemporary patterns of CAAs in patients under-
going coronary angiography in the Indian population at a large
tertiary care center.

Methods

This was a single centre retrospective study wherein the
data regarding presentation patterns and coronary angiographic
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profile of 28,800 patients presenting a large tertiary care hospital
in India from 2016 to 2020 was analysed. Indication for angiog-
raphy in these patients included stable angina (54.2%), acute
coronary syndrome (33.2%), valvular heart diseases (11%) and
others (1.6%). The catheterization reports and angiograms were
individually analyzed and reviewed by two independent review-
ers and those with coronary anomalies were separated. These
angiograms were further reviewed another set of two independ-
ent investigators before being classified. There was no interob-
server variability among the independent investigators who had
reviewed the coronary angiograms. In case of any difference of
opinion, a consensus was reached after discussion. Coronary
anomalies in patients undergoing catheterization for congenital
heart disease were excluded. The anomalies were classified
using criteria proposed by the European Society of Cardiology
[3,4], into anomalies of coronary artery connection, anomalies
of intrinsic coronary arterial anatomy and anomalies of myocar-
dial/coronary artery interaction (Figures 1 to 3). Data regarding
the clinical details, symptomatology, coronary angiographic
findings were entered in an Excel sheet. Baseline characteristics
are expressed as mean (± standard deviation) for normally dis-
tributed continuous variables and as frequency (%) for categori-
cal variables.

Results

Retrospective analysis of 28,800 consecutive angiograms
revealed coronary anomalies in 1186 patients of whom 806 (68%)
were males. The mean age of the study group was 56±11 years
(range 21-87 years). Table 1 summarizes the incidence of coronary
artery anomalies in the present series of 28,800 patients. The inci-
dence of CAAs in our series was 4.12% with anomalies in the left
coronary artery being most common. The anomalies of coronary
artery connection were most common (48.48%) followed by
anomalies of myocardial/ coronary artery interaction (34.49%) and
anomalies of intrinsic coronary artery anatomy (17.03%). Among
the anomalies of coronary artery connection, absent left main trunk
or split left coronary artery with separate origins of left anterior
descending coronary artery (LAD) and left circumflex coronary
artery (LCX) from the left coronary sinus of Valsalva (268
patients, 22.59%) was the most common anomaly. Separate origins
of LAD and LCX from the right coronary sinus of Valsalva were
not observed in any patient. Anomalous origin of the LCX from the
right sinus of Valsalva or RCA was the second most common
anomalous connection, seen in 109 (9.19%) patients. The right
coronary artery arising from the left coronary sinus of Valsalva was
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Figure 1. Coronary anomaly. A) Anomalous origin of RCA from the ascending aorta above the sino-tubular plane. B) Single coronary
trunk arising from the ascending aorta above the sino-tubular plane. C) Selective engagement of the single coronary trunk arising from
the ascending aorta with Amplatz Left-2 catheter. D) Single coronary trunk arising from the right coronary sinus with critical narrowing
in LAD. E) Myocardial bridging in mid portion of LAD (systole). F) Myocardial bridging in mid portion of LAD (diastole).
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found in 54 patients (4.55%). The left main trunk from the right
sinus of Valsalva was found in 4 patients (0.34%) while an isolated
single coronary artery was seen in 24 patients (2.02%). Anomalous
left coronary artery from the pulmonary artery (ALCAPA) was
present in 5 (0.42%) patients.

Coronary artery ectasia was present in 25 (2.1%) while coro-
nary artery aneurysm were present in 31 (2.61%) patients. In
terms of anomalies of myocardial and coronary interaction, intra-
mural course or myocardial bridge was the commonest with an
incidence of 1.16% and it represented 28.16% of all CAAs. Of
the 334 patients with myocardial bridge, 150 (44.9%) were
symptomatic with atypical chest pain (72.1%) being the most
common presenting symptom. Incidence of coronary artery fistu-
lae (CAF) was 0.115% and they comprised 2.78% of all CAAs.
The various CAAs in our series has been detailed in Table 2. The

most common presenting symptoms among patients with CAA
were chest pain, dyspnea, palpitations, and syncope observed in
237 (20%) cases. There was no difference in terms of clinical
presentation among various CAAs however, patients with
myocardial bridge had higher frequency of atypical chest pain
while patients with CAF and ALCAPA presented with symptoms
suggestive of heart failure. Among the patients with CAAs, ath-
erosclerosis in anomalous vessels was observed in 386 (32.6%)
subjects while in those without CAAs, atherosclerosis was
observed in 5136 (18.6%) of the population. Selective cannula-
tion of the aberrant arteries can be difficult and time-consuming.
Since there are no specially defined catheters for every specific
anomaly, we used a variety of catheters such as hockey-stick,
multipurpose, right and left Amplatz, Judkins right and left guide
catheters for coronary angiography in these cases.
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Table 1. Overall incidence of coronary artery anomalies in the present study. 

                                                                                          Number               Angiographic incidence (%)  Anomaly incidence (%)

Total coronary angiograms                                                                       28,800
Total coronary anomalies                                                                           1186                                                    4.12
Anomalies of coronary artery connection                                               575                                                     1.99                                                   48.48
Anomalies of intrinsic coronary artery anatomy                                    202                                                     0.70                                                   17.03
Anomalies of myocardial/ coronary artery interaction                         409                                                     1.42                                                   34.49

Figure 2. Coronary anomaly. A) Left circumflex artery ostial atresia. B) Posterolateral branch of RCA continuing as circumflex in the
left AV groove. C) Left circumflex artery arising as first major branch of LAD. D) Anomalous origin of RCA from the left coronary sinus
adjacent to the left coronary ostium. E) RCA arising as first major branch of left main coronary artery. F) RCA arising from the mid
portion of LAD.
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Discussion

Most of the coronary artery anomalies are asymptomatic and
are usually diagnosed incidentally at the time of coronary
angiogram or autopsy. Normal coronary anatomy is defined as a
feature which is present in > 1% of unselected sample and includes
normal anatomical variants while anomalous coronary anatomy
refers to morphological features present in <1% of the population
[3]. The prevalence of coronary anomalies shows a wide variation
ranging from 0.78-5.64% in contemporary angiographic series
[2,3,6-9] to 0.99-5.79% in computed tomography based series [10-
12]. Such a wide variation in prevalence in various series can be
explained by varied definitions of normal coronaries and CAAs. In
the present series, we found a prevalence of 4.12% in patients
undergoing diagnostic coronary angiography. In our series, the
coronary angiograms were evaluated for anomalies as per the con-
temporary classification proposed by the ESC working group [4],
which is a more comprehensive one.

Angina, dyspnea, palpitations, and syncope were the most

common presenting features in the present study observed in 237
(20%) cases. Earlier studies had reported these symptoms in 33%
of patients [3]. In our study, the anomalies of coronary artery con-
nection were most common (48.48%) followed by anomalies of
myocardial/coronary artery interaction (34.49%) and anomalies of
intrinsic coronary artery anatomy (17.03%). Separate origin of
LAD and LCX from left sinus or slit left coronary artery was the
most common anomaly of coronary connection in our series
(22.59% of all coronary anomalies), but the incidence was slightly
higher (30.4%) in one of the largest series of 126,595 patients from
Cleveland Clinic [13]. This anomaly is benign and the vessels are
otherwise normal in distribution and course. The clinical impor-
tance lies in proper recognition at the time of diagnostic angiogra-
phy and not to misinterpret as total occlusion or an anomalous ori-
gin of one branch. This anomaly can be well delineated with non-
selective gentle contrast injection in the left anterior oblique
(LAO) with caudal projection, where LAD will be arising more
anteriorly and LCX will be arising posteriorly. LCX originating
from the right sinus or RCA was the second most common anom-
aly of origin representing 9.19% of coronary anomalies. This
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Figure 3. Coronary anomaly. A) Coronary cameral fistula arising from distal LAD and draining into right ventricle. B) Coronary cam-
eral fistula arising from conus branch of RCA and draining into right ventricle. C) Right coronary injection showing the inter-coronary
communication between RCA and LAD. D) Septal perforator arising as first branch of left main coronary artery. E) Simultaneous left
and right coronary injection showing type IV dual LAD, with short LAD arising from left main coronary artery and long LAD arising
from RCA.
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anomaly is thought to be clinically insignificant due to a dorsal
course in relation to the left ventricle [4]. This anomaly can be fre-
quently missed if the injection is from a catheter well intubated
into RCA. LCX usually arises near the RCA ostium or separately
from the right sinus as a posterior branch, hence catheter reposi-

tioning is required accordingly. If intervention is required due to
CAD, the use of the Amplatz Right catheter provides selective
engagement with support. RCA from the high posterior right sinus
represented 8.6% of coronary anomalies and other than the chal-
lenge of selective engagement, this anomaly was relatively benign.
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Table 2. Detailed distribution of coronary artery anomalies in 28,800 adult patients undergoing angiography in the present series.

Type                                                                                                                                                    n                 Incidence (%)    Anomalies (%)
A. Anomalies of CA connection

a. to the pulmonary artery (PA)/pulmonary circulation
1. LCA to posterior facing sinus (ALCAPA)                                                                                                                     5                                 0.017                             0.42
2. LCX to posterior facing sinus                                                                                                                                         2                                 0.007                             0.17
3. LAD to posterior facing sinus                                                                                                                                         -                                      -                                    -
4. RCA to anterior right-facing sinus                                                                                                                                 -                                      -                                    -
5. Ectopic connection (outside facing sinuses) of any CA to PA left sinus, trunk, or branch                             -                                      -                                    -
6. RV                                                                                                                                                                                          -                                      -                                    -

b. to the aorta/systemic circulation
1. Absent left main trunk (split LCA)                                                                                                                              268                               0.930                            22.59
2. Anomalous CA ostium location within or near proper aortic sinus of Valsalva                                                  -                                      -                                    -
3. RCA to left sinus                                                                                                                                                               54                                0.187                             4.55
4. LCA to right sinus                                                                                                                                                              4                                 0.014                             0.34
5. LCX to RCA/ or sinus                                                                                                                                                       109                               0.378                             9.19
6. LAD to RCA/or sinus                                                                                                                                                          -                                      -                                    -
7. RCA or LCA to posterior sinus                                                                                                                                     102                               0.354                             8.60
8. Origin of RCA from LMCA                                                                                                                                               1                                 0.003                             0.08
9. Origin of LCX from mid LAD                                                                                                                                           3                                 0.010                             0.25
10. Single CA                                                                                                                                                                          24                                0.083                             2.02
11. Anomalous CA ostium location outside sino-tubular aorta:

• LV                                                                                                                                                                                     -                                      -                                    -
•Ascending aorta                                                                                                                                                            3                                 0.010                             0.25
• Aortic arch                                                                                                                                                                     -                                      -                                    -
• Others (innominate artery; right carotid artery; internal mammary artery; bronchial artery;
subclavian artery; descending thoracic aorta)                                                                                                    -                                      -                                    -

B. Anomalies of intrinsic CA anatomy

1. CA ostial stenosis or atresia                                                                                                                                           2                                 0.007                             0.17
2. CA ostial dimple                                                                                                                                                                 -                                      -                                    -
3. CA ectasia                                                                                                                                                                           25                                0.086                             2.10
4. CA aneurysm                                                                                                                                                                      31                                0.107                             2.61
5. Absent CA                                                                                                                                                                            -                                      -                                    -
6. CA hypoplasia                                                                                                                                                                      -                                      -                                    -
7. Anomalous CA ramification

• Anomalous origin of PD from LAD or septal penetrating branch                                                                    -                                      -                                    -
• Split RCA                                                                                                                                                                      78                                0.270                             6.58
• Split LAD                                                                                                                                                                      41                                0.142                             3.46
• Ectopic origin of first septal branch (RCA, right sinus, diagonal, LCX)                                                        25                                0.087                             2.11

C. Anomalous myocardial/CA interaction

1. Intramural course (myocardial bridge)                                                                                                                     334                               1.160                            28.16
• Myocardial bridge LAD                                                                                                                                             304                               1.056                            25.63
• Myocardial bridge RCA                                                                                                                                              19                                0.066                             1.60
• Myocardial bridge LCX                                                                                                                                              11                                0.038                             0.93

2. Subendocardial course                                                                                                                                                    -                                      -                                    -
3. Inter-coronary communications                                                                                                                                   42                                0.140                             3.54
4. Fistulae from RCA, LCA, or infundibular artery to: RV, RA, coronary sinus, superior vena cava,
PA, PV, LA, LV, multiple                                                                                                                                                    33                                0.115                             2.78
• LAD-PA fistula                                                                                                                                                             18                                0.063                             1.52
• LCX-PA fistula                                                                                                                                                               8                                 0.028                             0.67
• Conus branch-RV fistula                                                                                                                                            4                                 0.014                             0.34
• RCA-RV fistula                                                                                                                                                              1                                 0.003                             0.08
• LCX-RV fistula                                                                                                                                                              1                                 0.003                             0.08
• RCA-RA fistula                                                                                                                                                              1                                 0.003                             0.08

ALCAPA, Anomalous left coronary artery from the pulmonary artery; RCA, right coronary artery; LCX, left circumflex artery; LAD, left anterior descending artery; RV, right ventricle; RA, right atrium; PA, pulmonary artery;
LA, left atrium; LV, left ventricle; CA, coronary artery.
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The incidence of a single coronary artery was 0.083% and these
represented 2% of all anomalies, quite similar to a large retrospec-
tive series [14]. The single CA may take the course of either an
RCA or an LCA and divide shortly from its origin into two or three
of the main coronary branches. Rarely, one of the major branches
has an inter-arterial course with an increased risk of myocardial
ischemia.

The anomalous origin of the LMCA from the right coronary
sinus of Valsalva is a rare congenital coronary anomaly. This
anomaly was identified in 4 cases (0.014%), concurrent to those
described in one of the largest series of 126,595 patients from
Cleveland Clinic (0.017%) [13]. The LMCA or LAD arising from
the right sinus of Valsalva and RCA originating from the left sinus
of Valsalva warrant clinical attention because these anomalies may
be associated with sudden cardiac death in otherwise healthy indi-
viduals [15-18]. The anomalous origin of the LMCA from the right
coronary sinus of Valsalva is further sub-classified based on the
relationship of the LMCA to the great vessels: septal (beneath the
right ventricular infundibulum), anterior to the pulmonary trunk,
retro-aortic and inter-arterial (between the pulmonary trunk and the
aorta) [3,16,17]. Reduction of the coronary blood flow resulting
from compression over LMCA from the right coronary sinus of
Valsalva by the pulmonary trunk or aorta during the inter-arterial
course, due to pressure increase in these vessels upon exercise, fur-
ther exacerbated by the acute takeoff or slit-like orifices of these
arteries, produce ischemia resulting in angina, syncope, congestive
heart failure, arrhythmias, or sudden death [3,16,17]. The exact
anatomic location has been shown during catheterization utilizing
the “dot and eye” method and/or placement of a catheter in the pul-
monary artery [19]. Anomalous left coronary artery from the pul-
monary artery (ALCAPA) is a rare but one of the more serious
CAAs and is responsible for myocardial infarction and sudden car-
diac death. Ischemia occurs due to coronary steal as retrograde
flow occurs from the aorta through the abnormal LCA into the pul-
monary trunk due to the low pressure in the pulmonary artery as
compared to the aorta. The severity of presentation and clinical
symptoms depend upon the extent of collateral formation.
Outcomes are often poor in the “infant type” with less established
collaterals while the “adult type” of the disease has a slight better
prognosis owing to well developed collateral vessels [4]. In our
series, ALCAPA was present in 0.42% of patients while in the
largest series of CAAs, ALCAPA was present in 0.95% [13]. These
patients often have an impaired cardiovascular mechanics with one
of the studies reporting impaired left ventricular (LV) longitudinal
deformation and LV torsion along with diastolic dysfunction fol-
lowing surgery in asymptomatic ALCAPA with normal global sys-
tolic function (LVEF >50%) [20].

Computed tomographic coronary angiography (CTCA) is cur-
rently regarded as the gold standard method for identification and
visualization of CAAs. This is a safe and effective noninvasive
imaging modality for defining coronary anomalies and provides
detailed 3-dimensional anatomic information [21]. Additionally,
CTCA offers better spatial resolution, lower acquisition time and
good image contrast as compared to invasive coronary angiogra-
phy (ICA). CTCA can delinate the course of anomalous coronary
arteries and provide details regarding the relation with other car-
diovascular structures. Conventional coronary angiography being
an invasive modality caries a slight higher risk and provides two
dimensional representation of the coronary vasculature. A higher
prevalence of CAAs has been reported on CTCA as compared to
ICA. In one of the series comparing CTCA with ICA, the overall
prevalence of CAAs detected by CTCA was significantly higher
than by ICA (7.85% vs 2.02%; p<0.01) [22].

Among the anomalies of myocardial and coronary interaction,
the intramural course or myocardial bridge was the commonest
with an incidence of 1.16% and represented 28.16% of all coro-
nary anomalies in our series. In the historic autopsy data, the
prevalence of myocardial bridge is much higher 15-85% as many
myocardial bridges having slender myocardial fibers are often
missed during conventional angiography [23]. Myocardial bridges
were most commonly seen in LAD (25.63%) and rarely can be
seen in multiple coronaries or their branches [24]. When severe,
myocardial bridges may produce angina and may predispose to
atherosclerosis due to repeated trauma. The incidence of CAF in
our study was 0.115% and they comprised 2.78% of all coronary
anomalies. The incidence is around 0.12% in other angiographic
series [13]. The most common type of fistula observed was the
coronary to pulmonary artery type and usually arises from the
LAD or the LCx artery. The size of the fistula, its tortuosity, and
the site of drainage determine the hemodynamic significance.
Diversion of blood from the coronary artery by the fistula may pro-
duce coronary steal and ischemia manifesting as angina, myocar-
dial infarction, congestive heart failure, syncope, and sudden car-
diac death [25].

The present study is one of the largest contemporary series uti-
lizing the recent ESC classification for CAAs. Our study is among
the foremost and the largest from the South-East Asian region to
highlights the patterns and presentations of CAAs. Retrospective
nature, single-center study, referral bias, and angiography in
patients with signs and symptoms of a cardiovascular disease
(symptomatic cases) leading to a bias are major limitations of the
present series.

Conclusions

CAAs represents a heterogeneous group with diverse patho-
physiology and clinical presentation. Though most of the anom-
alies are benign, it is important to identify anomalies associated
with adverse outcomes like sudden cardiac death. A careful
demonstration can assist in choosing appropriate hardware for per-
cutaneous intervention and plan surgical care when needed.
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