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During the past 20 years (1958 to 1978), more 
than 64,000 coronary arteriograms were performed 
at the Cleveland Clinic. During the course of this 
experience, a variety of anatomical variants were 
observed, some of which were clinically significant, 
causing symptoms, affecting cardiac function, or 
influencing prognosis. This report will a t tempt to 
review the spectrum of anomalies encountered dur-
ing the first generation of coronary arteriography, 
define their incidences during a specific segment of 
time, and discuss their clinical significance. 

Methods 

During the first generation of coronary arteriog-
raphy, many of the more unusual anomalies of the 
coronary circulation have been collected individ-
ually by staff members of the Depar tment of Car-
diology. An a t tempt has been made to compile 
these records, which include most, but not all, of 
the clinically significant anomalies. In 1972, a com-
puterized registry was initiated that would serve as 
a repository of da ta for cardiovascular patients, 
initially those undergoing cardiac catheterization 
or surgical t reatment at the Cleveland Clinic. Cur-
rently, the Cardiovascular Information Registry 
contains information on more than 42,000 patients. 
Data acquisition is more than 99% complete for all 
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patients undergoing catheterization or 
surgery from 1973 to 1978, and more 
than 98% complete for 1972 patients. 
This da ta base was surveyed for coro-
nary anomalies identified during the 
first 7 years of the registry through 1978. 
Catheterization reports, clinical records, 
and in many instances cineangiograms 
were reviewed of patients with coronary 
anomalies for accuracy and complete-
ness. Patients catheterized in other in-
stitutions were excluded. A coronary 
anomaly was defined as any abnormal-
ity of origin or distribution of the coro-
nary arteries (but not including patients 
with dominance of the left coronary 
system or balanced dominance of the 
right and left coronary distributions). 
Six hundred one patients were identified 
with coronary anomalies (Table J), rep-
resenting 1.6% of all coronary arterio-

cation for study of these patients was 
suspected arteriosclerotic heart disease. 
Thir teen percent had associated congen-
ital heart lesions, and 4% had associated 
rheumat ic heart disease. Seventy-nine 
percent were male and 21% female. 

The most common anomaly encoun-
tered was separate origin of the anterior 
descending and circumflex arteries from 
the left anterior sinus of Valsalva or 
absence of a left main coronary artery. 
This congenitally short left main artery 
is associated with dominance of the left 
coronary distribution, and frequently, 
anomalies of the aortic valve. Ectopic 
origin of the circumflex division of the 
left coronary artery from the right cor-
onary artery or sinus accounted for 
29.1% of the anomalies, and an inci-
dence of 0.45% in the populat ion stud-
ied. Invariably the circumflex vessel 

graphic studies performed during these arose from an orifice adjacent to the 
years (38,703). T h e preponderant indi- right coronary artery and passed to the 

Table 1. Congenital variations of coronary artery anatomy; Cleveland Clinic 
Cardiovascular Information Registry (1972 to 1978 inclusive) 

No. Incidence, % Anomalies, % 

C o r o n a r y a r t e r iog rams 38703 
T o t a l co rona ry anoma l i e s 601 1.6 100 

Absent L M T (separa te origin of L A D a n d LCx) 185 0.48 30.8 

Absent L C x (markedly d o m i n a n t R C A ) 3 0.008 0.5 

Absent R C A (markedly d o m i n a n t L C A ) 8 0.02 1.3 
Ectopic origin f r o m ao r t a a b o v e sinuses of Va l - 76 0.20 12.6 

salva 
R igh t 68 0 .18 11.3 
Lef t 8 0.02 1.3 

Ectopic origin L C x f rom right an te r io r s inus 176 0 .45 29.2 
Ectopic origin R C A f rom left an te r io r s inus 50 0 .13 8.3 
Ec topic origin L A D f rom R C A 13 0 .03 2.2 
Ectopic origin L C A f rom r ight s inus 9 0.02 1.5 
Ectopic origin L A D a n d C x (separately) f rom 4 0.01 0.7 

r ight sinus 
A n o m a l o u s origin f rom M P A 

Righ t 1 0.003 0.17 
Left ( B l a n d - G a r l a n d - W h i t e Syndrome) 1 0 .003 0.17 

O t h e r 6 0.02 1.0 
Corona ry a r te ry fistula 78 0.20 13.0 

L M T = left m a i n coronary a r te ry , L A D = left an te r io r descend ing a r te ry , L C x = left c i rcumflex a r te ry , 
R C A = right coronary ar te ry , L C A = left co rona ry ar te ry , Cx = c i rcumf lex a r te ry , M P A = m a i n 
p u l m o n a r y ar tery . 
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right and posterior to the aorta to the 
left atrioventricular groove at which 
point its branches were distributed nor-
mally to the lateral and posterolateral 
aspects of the left ventricle. T h e anom-
alous vessel occasionally showed lu-
minal irregularities in patients with 
other evidence of atherosclerotic disease. 

Perhaps of greater clinical signifi-
cance are the anomalous origins of the 
right or left coronary arteries from the 
opposite (left or right) sinuses of Val-
salva. Fifty instances of ectopic origin of 
the right coronary artery from the left 
coronary sinus or left coronary artery 
were encountered constituting 8.3% of 
the anomalies (0.13% of the artério-
graphie series). Right coronary arteries 
that arose from the left coronary sinus 
invariably coursed between the aorta 
and pulmonary artery toward the right 
atrioventricular groove; ectopic origin 
of the right coronary artery from the 
anterior descending vessel was rare, with 
the anomalous vessel passing across the 
right ventricular outflow tract toward 
the right atrioventricular sulcus. In nine 
instances, the main t runk of the left 
coronary artery arose ectopically from 
the orifice adjacent to the right coronary 
artery in the left anterior sinus of Val-
salva (or the anterior sinus of a bicuspid 
valve in one case), and in most instances 
the anomalous vessel appeared to course 
anteriorly and to the left, between the 
pulmonary outflow tract and the aorta. 
This accounted for 1.5% of the anoma-
lies (0.02% of patients). A total of 17 
patients with this type of anomaly have 
been collected in the accumulated ex-
perience to date. In four patients, the 
anterior descending and circumflex 
branches arose separately from the right 
anterior sinus of Valsalva (0.7% of 
anomalies, 0.01% of arteriograms). T h e 
anomalous circumflex vessel coursed 
posteriorly behind the root of the aorta, 

and the anterior descending artery was 
directed anteriorly, either anterior to the 
pulmonary artery or between the pul-
monary artery and the aorta. Thir teen 
instances of ectopic origin of the anterior 
descending artery from the right coro-
nary artery or sinus were noted (2.2% of 
anomalies, 0.03% of the angiographic 
series). In most instances the anomalous 
anterior descending vessel appeared to 
course anterior to the pu lmonary out-
flow tract en route to the anterior inter-
ventricular sulcus. 

Only one example of anomalous ori-
gin of the left coronary artery from the 
main pulmonary artery was found dur-
ing the 7-year study period (0.15% of 
anomalies), but in the past 20 years, 11 
such patients have been encountered, 
all but one of whom had the interme-
diate or adult form of the anomaly with 
left-to-right shunting into the pulmo-
nary artery. One patient has been ob-
served with anomalous origin of only 
the circumflex division of the left coro-
nary artery from the main pulmonary 
artery, and one with anomalous origin 
of the right coronary artery from the 
pulmonary artery. 

Fistulous communications of coro-
nary arteries with cardiac chambers or 
the superior vena cava occurred in 78 
patients and constituted 14% of the 
anomalies (0.2% of the angiographic se-
ries). Frequently, multiple fistulas of dif-
ferent origins drained into a common 
site. In 29 patients a fistulous commu-
nication between the anterior descend-
ing artery or left main coronary artery 
and the pulmonary artery was noted. 
Such fistulas are usually small, and the 
magni tude of the shunt is inconsequen-
tial, but rare instances of giant fistulas 
with sizable shunting have been encoun-
tered in the 20-year experience. (Table 
2)-

At the present time, only three cate-
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Table 2. Coronary artery fistulas 
Recipient 

S V L / 
Origin RA RV PA LA LV Total 

S ing le 

R C A 2 

L C x 0 

L A D 0 

T o t a l 2 

M u l t i p l e 1 

T o t a l 3 

S V C / R A = s u p e r i o r v e n a c a v a o r r i gh t a t r i u m , 
R V = r i gh t ven t r i c le , P A = p u l m o n a r y a r t e r y , 
L A = lef t a t r i u m , L V = lef t ven t r i c l e , a n d o t h e r 
a b b r e v i a t i o n s as in Table /. 

gories of coronary anomalies are of clin-
ical importance and negative therapeu-
tic consideration: ectopic origin of the 
left coronary artery passing between the 
pulmonary artery and the aorta, anom-
alous origin of the left coronary artery 
from the pulmonary artery, and large 
coronary fistulas. Ectopic origin of the 
left coronary artery from the right an-
terior sinus of Valsalva, when it courses 
between the pulmonary artery and the 
aorta, has been associated with sudden 
death during strenuous exertion. It has 
been hypothesized that myocardial per-
fusion is compromised by diminished 
flow through the anomalous vessel, 
either by compression from rising pres-
sure within the two great vessels, or 
flattening of its lumen from angulat ion 
at its origin as it passes acutely ante-
riorly and to the left around the anterior 
margin of the aorta as it courses toward 
the anterior interventricular sulcus. 
Among ten such patients we have ob-
served (including one studied else-
where), four have undergone surgical 
t reatment with bypass grafts to relieve 
myocardial ischemia. 

Anomalous origin of the left coronary 
artery from the pulmonary artery is a 
well-known clinical entity. In its infan-

Coronary artery anatomy 129 

tile form, without left-to-right shunt ing 
of the anomalous left coronary artery 
into the pu lmonary artery with inter-
coronary collateral, this anomaly is uni-
formly fatal dur ing the first year or two 
of life. This is associated with early de-
velopment of heart failure, severe mitral 
insufficiency with an underdeveloped 
mitral valve appara tus , and frequently 
a pat tern of myocardial infarction on 
the electrocardiogram due to ischemic 
fibrosis of left ventricular myocardium. 
Urgent surgical intervention is indi-
cated, as antegrade flow into the anom-
alous left coronary artery can be estab-
lished with a venous autograft , or direct 
reimplantation of the anomalous vessel 
into the aorta. In the transitional or 
adult form, left-to-right shunt ing occurs 
through intercoronary collateral com-
munications with the anomalous left 
coronary vessel draining into the pul-
monary artery. This may or may not be 
associated with mitral insufficiency. Al-
though the natural history of this com-
plex has not been well defined, atrial 
fibrillation, congestive heart failure, and 
sudden death have been recorded. Sur-
gical correction can be performed elec-
tively, with venous bypass grafts and 
ligation of the anomalous vessel or direct 
anastomosis of the anomalous vessel 
with the aorta. 

Most coronary arteriovenous fistulas 
are small and do not require surgical 
t reatment. Isolated reports of sudden 
death, rupture, or bacterial infection of 
large fistulas suggest that giant fistulas 
or those associated with large left-to-
right shunts should be treated surgically 
with simple ligation. 
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