
Coronary Artery
Anomalies Congenital Heart Defects
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Coronary artery anomalies are a well recognized feature of many cardiac malformations
and have been catalogued in a number of reviews. This overview concentrates on 1) the
interplay between congenital heart defects and coronary morphogenesis, examining
how some of the embryology fits with the experiments of nature encountered in clinical
practice; and 2) the influence of coronary anatomy on patient management. This over-
view uses, as examples, pulmonary atresia with intact ventricular septum, complete and
congenitally corrected transpositions of the great arteries, and tetralogy of Fallot. (Tex
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oronary artery anomalies are a well recognized feature of cardiac malfor-
mations and have been catalogued in a number of reviews.1-3 After some
comments about coronary imaging and reporting in patients with cardiac

malformations, this overview will concentrate on 2 main areas: 1) the interplay be-
tween congenital heart defects and coronary morphogenesis, examining how the
embryology fits with the experiments of nature encountered in clinical practice;
and 2) the influence of coronary anatomy on patient management. This overview
will use, as examples, pulmonary atresia with intact ventricular septum (PA-IVS),
complete and congenitally corrected transpositions of the great arteries (d-TGA
and CC-TGA, respectively), and tetralogy of Fallot.

Imaging and Reporting of Coronary Anatomy

While angiography has been the mainstay of detailed coronary imaging in patients
with congenital heart disease,2 sonography has played an important role, especially
in children with d-TGA.4,5 Increasingly, cross-sectional imaging with both gated
computed tomography (CT) and magnetic resonance imaging (MRI) is being ex-
plored.6-8 Whatever the imaging method chosen—a decision usually guided by the
management issue at hand—imaging can supply such information as the relation-
ship of the great arteries, the number of coronary ostia and their locations within
the sinuses, the proximal courses of vessels, branching patterns, and regions of sup-
ply. Whether a physician uses 2 views at right angles during angiography9,10 or cross-
sectional imaging, he or she needs a good understanding of the normal in order to
recognize some of the subtle variations from normal, such as whether the vessel
runs an intramuscular course rather than the more typical epicardial course; this
cannot be emphasized enough.

Once the coronaries have been imaged, the important issue becomes one of com-
munication. Many systems for denoting coronary anatomy in patients with con-
genital heart defects have been proposed and are reviewed elsewhere,2,11-14 but our
surgeons prefer a short description supplemented by a simple diagram. A short de-
scription might be “rightward anterior aorta with usual coronaries from the mid-
point of the facing sinuses and no significant commissural malalignment.” When
communicating more detail of the coronary course and distribution is relevant, we
use a diagram (Fig. 1), which enables the course and myocardial distribution of
each vessel to be represented.15,16

As an aside, let me remark that in day-to-day clinical practice, widely used short-
hand terminology is well understood, although it may not be descriptively accu-
rate. For instance, a patient with d-TGA might be described as having “side-by-side
great arteries with inverted coronaries.” In this case, the coronaries themselves are
not “inverted” (they are designated as morphologically left or right depending on
their distal course and distribution14); rather, their origins and proximal courses are
opposite from those usually seen in d-TGA, with the right coronary artery con-
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nected to the left-anterior-facing sinus and coursing
over the right ventricular (RV) free wall to reach the
right atrioventricular (AV) groove, and the left coro-
nary artery connected to the right posterior facing
sinus and traveling a retropulmonary course to reach
the left AV groove. In this paper, shorthand terminol-
ogy is denoted in quotation marks.

Influence of Congenital Heart 

Defects on Coronary Morphogenesis 

and Patient Management

Clinicians’ interest in the coronary arteries of their
patients with cardiac malformations has been driven
primarily by issues of patient management. Yet infor-
mation on the development of the coronary vessels
has led to a new appreciation of the interplay between
cardiac malformations and coronary morphogenesis.

Pulmonary Atresia with Intact Ventricular Septum.
The signal example of the relationship between a mal-
formation and coronary morphogenesis is PA-IVS.
This malformation is characterized by complete mus-
cular or membranous obstruction of the RV outflow

tract, an intact ventricular septum, an obligatory
shunt at atrial level, and pulmonary blood flow medi-
ated through a patent ductus arteriosus. However, as
Freedom has articulated,2 this characterization does
no justice to the disorder and is akin to characterizing
Da Vinci as “just a painter,” for there is tremendous
morphological and functional heterogeneity, not
least in the coronary arteries. These may be normal
or grossly abnormal and are one of the major deter-
minants of outcome, for myocardial perfusion can 
be partly or wholly dependent on communications
between the RV and the coronary arteries (the “RV-
dependent circulation”).

Abnormalities of coronary origin, course, and dis-
tribution—such as common, mixed trunk (terminol-
ogy advocated in a recent review3), and connections
to a pulmonary artery—exhibit the same spectrum as
that seen in normal hearts.17,18 In addition, there is 
interplay between the cardiac malformation and cor-
onary morphogenesis (or vice versa), in which the 
development of ventriculo–coronary arterial commu-
nications (VCAC) is followed by secondary changes
in the vessels.

The development of VCAC in these patients has
been discussed elsewhere in these presentations. The
incidence of such communications is variable in re-
ported autopsy and angiographic series17,19,20 and was
about 45% among patients for whom data were avail-
able in the Congenital Heart Surgeons Study.20 These
communications are usually to the right coronary ar-
tery (RCA) or left anterior descending coronary artery
(LAD) (Fig. 2) and are often multiple,17-19 although
they may be to remote coronary branches, such as the
circumflex, and may be single. Also, the vessels that
are connected with VCAC may be dilated (Fig. 3).

Coronary arteries involved in VCAC show char-
acteristic histopathologic changes of myointimal hy-
perplasia,21 which is thought to be a consequence of
repeated injury to the intima from the high-pressure,
turbulent, RV systolic f low, mediated through the
communications. Indeed, in the vast majority of pa-
tients, this process results in profound distortion of
the angiographic appearance of the coronaries,18,19

ranging from irregularity to luminal narrowing and
frank interruption in one-half to two-thirds of those
who have VCAC (Fig. 4). Interruptions can be seen
anywhere along the length of an affected coronary ar-
tery.17-19 Such proliferative lesions have been found
even in the fetus22 and neonate, as well as in older chil-
dren, and are thought to progress as long as the coro-
naries are exposed to the systemic and suprasystemic
pressures generated by the hypertensive RV.18 It re-
mains unclear whether lack of a proximal lumen is
caused by defective ingrowth or lumenization of coro-
naries, occlusion due to myointimal hyperplasia at a
later stage, or all of these.
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Fig. 1  Diagrammatic representation of coronary artery abnor-
malities. Complete transposition with single sinus origin of both
coronary arteries, with the left coronary artery having an inter-
arterial course, managed by the arterial switch and the Takeuchi
tunnel. The displayed anatomy following the procedure shows
the pulmonary artery (PA) in a rightward anterior position with
underfilling of the left coronary artery. Collaterals from the right
coronary artery fill septal perforators and the left anterior
descending coronary artery retrograde. Numbers in circles
denote the amount of myocardium supplied by each vessel
(see refs. 15, 16 for detailed explanation).

Ao = aorta; LV = left ventricle

(Modified from: Brandt PW, Partridge JB, Wattie WJ. Coro-
nary arteriography; method of presentation of the arteriogram
report and a scoring system. Clin Radiol 1977;28:361-5.15

©1977. Reproduced by permission of Elsevier.)



luminal stenosis or interruption, part or all of the
coronary circulation is dependent upon perfusion
from the RV cavity, the “RV-dependent circulation”
(Fig. 4). In normal hearts, left coronary arterial f low
is predominantly a diastolic event, whereas right coro-
nary f low is both systolic and diastolic, due to the
lower transmural pressure. In those with an RV-
dependent circulation, the diastolic component is de-
creased, because retrograde flow has to be at sufficient
pressure to overcome both stenoses and the prolonged
isometric ventricular contraction that causes a rela-
tively high wall tension.23 Worse, desaturated blood
from the RV cavity must supply the nutritional de-
mands of a hypertrophied and disordered myocardi-
um that generates systemic or suprasystemic pressures.
Therefore, these patients have the substrate for myo-
cardial ischemia, especially ischemia of the RV sub-
endocardial region. Maneuvers that obliterate the
cavity, such as thromboexclusion or tricuspid valve
oversewing, or that decompress the cavity, such as
RV-outf low-tract reconstruction or valve excision,
decrease or eliminate the driving pressure for coro-
nary f low and exacerbate ischemia.

In patients who have continuity between the aorta,
coronary arteries, and RV cavity, bidirectional flow is
evident in the coronaries. A small number of these pa-
tients exhibit diastolic runoff to the RV cavity, with
ischemia resulting from a steal phenomenon. Maneu-
vers that drop the RV cavity pressure may worsen the
shunt, while those that drop the aortic pressure, such

This coronary arterial anatomy has a profound in-
f luence on patient management and outcomes.20 In
those who lack a connection between a proximal coro-
nary artery and the aorta, or in whom there is severe
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Fig. 2  Angiographic appearances of ventriculo-coronary arteri-
al communications. A) Frontal and B) lateral projections of a
right ventriculogram show a small right ventricle (RV) with only
the inlet portion clearly defined. The left anterior descending
coronary artery (LAD) opacifies retrograde (arrow) via the
communication, as far as the aorta (AO).

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)

Fig. 3  Angiographic appearances of ventriculo-coronary arterial
communications. Right ventricular injection filmed in a frontal
projection shows only an inlet component to the right ventricle
(RV). A huge communication (*) fills a markedly dilated left
anterior descending coronary artery (LAD) retrograde (arrow).

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)
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Fig. 4  Caliber changes in coronary arteries reflecting myointimal hyperplasia. A) Frontal and B) lateral projections of a right ventric-
ulogram (RV) in which both the left anterior descending coronary artery (LAD) and the right coronary artery (RCA) fill retrograde 
via ventriculo–coronary arterial communications (VCAC). The irregularities of the LAD are particularly prominent (arrows). Note that
both LAD and RCA are connected to the aorta (AO). C) Another patient. Right ventricular injection filmed in a lateral projection
shows the LAD and distal RCA filling retrograde via VCAC. The LAD shows multiple levels of stenosis and interruption (arrows),
promoting an RV-dependent coronary circulation. D) Another patient. A right anterior oblique projection of an aortogram shows a
communication (arrow) between the LAD and the diminutive RV. Caliber changes are evident. Despite multiple injections in the
aortic root (AO), the RCA was never opacified, which is good evidence that it lacked a normal aortic connection.

(Modified from: Freedom RM, et al.2 With permission of Futura Publishing Company, Inc.)
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side”) or directly in front of the pulmonary artery, ac-
counts for the vast majority of patients; rarely, a right
posterior or left anterior aorta is encountered. Origins
are usually from the midpoints of facing sinuses, but
can be ectopic within or above a sinus, and rarely may
arise from the nonfacing sinus. Commissural mal-
alignment or a bicuspid valve may contribute to a vari-
ant origin (for a detailed discussion of commissural
alignment and malalignment, and its surgical implica-
tions, see reference 28). With ectopic or commissural
origins, there is a risk of a slit-like origin and oblique
proximal course, which may be in the wall of a vessel.
These intramural segments are seen in about 3% of
patients28,29 and are usually (but not always) associated
with interarterial courses (Fig. 5).14 In cases of right-
ward anterior aorta, approximately two thirds of 
patients will have 2 coronaries from facing sinuses
with typical branching patterns and distribution (so-
called “usual” coronaries) (Fig. 6). In the next most
common pattern, the RCA from the right-posterior
facing sinus gives off a circumflex, which travels a
retropulmonary course (Fig. 7). Beyond that, the vari-
ations are almost endless, although as pointed out,12 9
types account for 95% of the cases (Fig. 8). Note
should be made that patients with side-by-side great
arteries have an increased incidence of unusual pat-
terns, including “inverted” coronaries (Fig. 9).

Identified as significant operative risk factors are “in-
verted” coronaries, single (or mixed common trunk)

as use of prostaglandins or creation of a systemic shunt
to the pulmonary arteries, may decrease the driving
pressure. Both exacerbate ischemia.

Complete Transposition of the Great Arteries. Patients
with d-TGA still pose significant management chal-
lenges for clinicians, despite the strides of the last sev-
eral decades. Early attempts at switching the great
arteries were essentially limited by the difficulties of
reimplanting the coronary arteries. It was not until
the concept of coronary “buttons” was established24

that the arterial switch procedure became a viable al-
ternative to the atrial switch procedures developed by
Mustard25 and by Senning,26 and to the intracardiac
repair developed by Rastelli.27 While there had been a
longstanding interest in the variations of coronary
anatomy in patients with d-TGA, the development of
the arterial switch repair provoked a great deal of pub-
lication in the 1970s and 1980s on the subjects of
nomenclature, anatomy, risk stratification of the vari-
ants, imaging for preoperative recognition of variants,
and surgical maneuvers for dealing with specific vari-
ants.

Most commonly, patients with d-TGA have a right-
ward anterior aorta relative to the pulmonary artery.
This position, an aorta directly to the right (“side-by-

Fig. 5  Single-sinus origin of coronary arteries in d-TGA. Ante-
grade balloon-occlusion aortogram, in a caudally tilted, shallow,
left anterior oblique (“laid-back”) projection, shows a rightward
anterior aorta. No vessel arises from the left-anterior-facing
sinus (LF) but early frames show a vessel (arrow) from the right-
posterior-facing sinus (RF) having an interarterial course (arrow-
heads). This eventually divided into left anterior descending and
circumflex, and a separate origin for the right coronary artery
was evident (later frames not shown). Findings were confirmed
at surgery.

ANT = anterior; d-TGA = complete transposition of the great
arteries; R = right

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)

Fig. 6  “Usual” coronary artery anatomy in d-TGA. Laid-back
aortogram shows a rightward anterior aorta. Both facing
sinuses are well seen, as is the facing commissure (arrow).
Both coronaries arise from the mid-points of their respective
facing sinuses (RF, LF) and show a good length of proximal
vessel before the 1st branch.

ANT = anterior; CX = circumflex; d-TGA = complete trans-
position of the great arteries; LAD = left anterior descending;
LCA = left coronary artery; LF = left facing; R = right; 
RCA = right coronary artery; RF = right facing

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)
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coronary artery, and an intramural coronary artery
(oblique segment within the wall of the aorta).14,30-33

Less-well-defined risk factors may include a course be-
tween the great arteries (the so-called “interarterial”
course), a short distance to the 1st branch, ectopic ori-
gin within a sinus, origin from the nonfacing sinus,
and malalignment of facing commissures. As experi-
ence builds and operations are concentrated in fewer
centers, these risk factors may be diminishing. The re-
cent recognition of the 10% to 15% incidence of late
coronary complications after the arterial switch proce-
dure has stimulated yet further interest in the coronary
arteries.34-36

The concepts of ingrowth of epicardial cell strands
to an adjacent great artery37 and their subsequent de-
velopment of a lumen38,39 have been discussed in earli-
er presentations. The postulate that epicardial vessels
contact the aortic sinus to which they are closest
would explain the usual coronary artery anatomy seen
in patients with d-TGA who have a typical rightward
anterior aorta: the morphologically right coronary 
artery is connected to the right posterior facing sinus,
which is closest to the right AV groove, and the left
coronary artery is connected to the left posterior fac-
ing sinus, which is closest to the anterior interventric-
ular sulcus and left AV groove.

Alfred North Whitehead said “Seek simplicity and
distrust it.”40 Indeed, as attractive as such an explana-

tion of the morphogenesis of the coronary connection
and proximal course may be, it is an oversimplification
that doesn’t easily explain the almost endless variants
of coronary anatomy that represent the experiments of
nature seen in d-TGA, including those in which the
connection and proximal course are as long as they
could possibly be (Fig. 9), rather than as short. Pre-
sumably, a defect in ingrowth to a facing sinus, in lu-
menization, or in both, promotes lumenization of an
alternative potential pathway in the peritruncal ring.
Our understanding of these processes that inf luence
the morphogenesis of the coronaries continues to ad-
vance.

Tetralogy of Fallot. In angiographic,41,42 surgical,43 and
autopsy41 series, coronary artery abnormalities have
been reported in 2% to 9% of patients with tetralogy
of Fallot. Abnormalities cover a spectrum of variants

Fig. 7  Anomalous circumflex in d-TGA. Laid-back aortogram
shows a rightward anterior aorta and 2 coronaries arising from
the mid-points of their respective facing sinuses. The right coro-
nary artery (RCA) gives off the circumflex (CX), which travels a
retropulmonary course to reach the left atrioventricular groove.

ANT = anterior; d-TGA = complete transposition of the great
arteries; LAD = left anterior descending; LCA = left coronary
artery; R = right

(Courtesy of Dr. S-J Yoo, Hospital for Sick Children, Toronto,
Canada.)

Fig. 8   The 9 most common variations of coronary artery 
anatomy in d-TGA.

ANT = anterior; Cx = circumflex; d-TGA = complete transposition
of the great arteries; LAD = left anterior descending; LCA = left
coronary artery; R = right; RCA = right coronary artery 

(From: Wernovsky G, Sanders SP. Coronary artery anatomy and
transposition of the great arteries. Coron Artery Dis 1993;4:
148-57.12 Reproduced, with modifications, by permission of
Lippincott Williams & Wilkins, Baltimore.)
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of origin, course, and distribution, but 2 are of partic-
ular importance: those in which a vessel crosses the RV
outf low tract, and those in which a coronary artery
contributes to pulmonary blood flow, particularly in
patients with tetralogy-type pulmonary atresia.

The great majority of tetralogy patients with coro-
nary abnormalities have some component of their
supply to the LAD territory coming from the RCA
via a vessel crossing the RV free wall a variable distance
below the pulmonary annulus, or they have a single
right or left coronary artery (mixed common trunk)
and therefore have the potential to have a crossing ves-
sel (Fig. 10). All such crossing vessels (but especially
those concealed in muscle or epicardial fat) are vul-
nerable during surgical outf low tract reconstruction,
the location of which sometimes necessitates the
placement of a conduit rather than a transannular
patch. The postulate that epicardial vessels contact the
aortic sinus to which they are closest provides a neat
explanation of how these crossing vessels develop:
clockwise rotation of the aortic root as viewed from
the apex (Fig. 11), or a side-by-side arrangement of
the great arteries, brings the right anterior-facing sinus
into a higher, more leftward and anterior position,
closer to the developing LAD.44 This postulate may
also explain the connection of the RCA to the right
anterior facing sinus (with the proximal course cross-

Fig. 9  “Inverted” coronary arteries in d-TGA (see text for dis-
cussion of terminology). Laid-back aortogram in a patient with
almost side-by-side great arteries. Both facing sinuses are
well seen, with 2 coronaries from their mid-points. Note the
long proximal courses of the RCA and LCA.

ANT = anterior; CX = circumflex; d-TGA = complete transposition
of the great arteries; LAD = left anterior descending; LCA = left
coronary artery; R = right; RCA = right coronary artery

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)

Fig. 10  Single coronary artery (mixed common trunk) in tetral-
ogy of Fallot. A) Right and B) cranially tilted left anterior oblique
projections of an antegrade aortogram show a single origin for
the coronary arteries. The left main describes an anterior, cra-
nial loop (arrowheads) consistent with a right ventricular free
wall course close to the level of the pulmonary annulus. It
divides into LAD and CX, which are of modest size.

AO = aorta; CX = circumflex; LAD = left anterior descending;
RCA = right coronary artery

(Modified from: Freedom RM, et al.2 With permission of
Futura Publishing Company, Inc.)
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ing the RV outflow tract), in those rare tetralogy pa-
tients with a leftward anterior aorta relative to the pul-
monary artery. However, as discussed in patients with
d-TGA, the postulate does not easily explain the
anatomy in those patients who, despite a rightward
posterior aorta, still have a vessel crossing the RV out-

f low tract, nor does it easily explain single coronary
arteries (mixed common trunk).

In patients with tetralogy-type pulmonary atresia,
a variety of systemic sources contribute to pulmo-
nary blood f low, most often the patent ductus ar-
teriosus. In those who receive some or all of their
pulmonary blood supply via vessels from the aorta or
other splanchnic arteries, the coronary arteries con-
tribute f low in about 10% of cases.45 Very rarely, the
coronary artery may be connected to the pulmonary
artery, thereby serving as a major or sole46 source of
flow.

Congenitally Corrected Transposition of the Great Ar-
teries. In clinical practice, patients with CC-TGA
(atrioventricular and ventriculoarterial discordance)
are a rather heterogeneous group, often having ven-
tricular septal defects, AV valve abnormalities, semilu-
nar valve abnormalities, tetralogy-type malformations
including pulmonary atresia, and twisted or hypoplas-
tic ventricles. At 1st glance, these patients may appear
to have bizarre coronary artery anatomy, not only be-
cause the ventricular and great artery relationships
(left anterior aorta) are different from what most an-
giographers are accustomed to, but because patients
with atrial situs solitus often have dextrocardia, and a
modest number of patients have atrial situs inversus.
Coronary artery anatomy has been clinically relevant
in the numerically significant subgroup of patients
with tetralogy-type malformations who require RV
outf low tract reconstruction. More recently, interest
in the double switch procedure has given even more
relevance to the coronary anatomy.47,48

Typically, 2 vessels arise from facing sinuses,49,50 and
the postulate that epicardial vessels contact the aortic
sinus to which they are closest also accounts for these.
Abnormalities of coronary origin and proximal course
are seen, such as common, mixed trunk (single cor-
onary artery), and vessels crossing the RV outf low
tract. Beyond its origin and proximal course, the mor-
phology of the coronary artery has for many years
been observed to “follow” that of the ventricle.49 Thus,
when there is a leftward-anterior aorta, the coronary
connecting to the right anterior facing sinus has the
epicardial distribution of a morphologically left coro-
nary artery, while the coronary connecting to the left
posterior facing sinus runs in the left AV groove and
supplies the RV and posterior interventricular septum
as the RCA would do (Fig. 12). This principle has
been useful not only in identifying ventricular mor-
phology, but also in working out the size of the ventri-
cle or the plane of the interventricular septum in
patients with hypoplastic or twisted ventricles.51

Development of the epicardial and myocardial cor-
onary arteries involves the predictable migration of
developing vessels along the planes of the atrioventric-
ular and interventricular grooves39,52 (Fig. 13). If this

Fig. 11  Rotated aortic root in tetralogy of Fallot. A) Right an-
terior oblique (RAO) and B) cranially tilted left anterior oblique
projections (LAO) of an antegrade aortogram show clockwise
rotation of the root as viewed from the apex, bringing the right
coronary artery (RCA) origin into a higher, more anterior pos-
ition than usual, so that its origin is profiled in the RAO, rather
than the LAO, projection.

Ao = aorta; LCA = left coronary artery

(Modified from: Freedom RM, et al.2 With permission of Futura
Publishing Company, Inc.)
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phology “follows” the ventricle and provides yet an-
other example of the interplay between congenital
heart disease and coronary artery morphology.

Summary

As our collective experience in handling patients
with congenital heart disease continues to expand,
no doubt interest in the relationship between specif-
ic lesions and coronary morphogenesis, and between
coronary anatomy and management, will expand,
too. Many of the postulates that have been alluded
to in this paper will be further refined, explaining
more and more of the experiments of nature that are
encountered in clinical practice.
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