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Anomalous origin of the coronary artery can lead to angina pectoris, acute
myocardial infarction or even sudden death in the absence of atherosclerosis.
However, in Japan, this anomaly is usually treated medically rather than surgi-
cally. To clarify the clinical features of anomalous origin of the coronary artery
in Japanese and the prognosis of such patients who are treated medically, we
reviewed 56 patients with anomalous origin of the coronary arteries. The mean
age of these patients was 55.9+11.5 years. Anomalous origin of the right
coronary artery from the left sinus of Valsalva was seen most frequently
(78.6%). In contrast, we found no cases of anomalous origin of the left coro-
nary artery from the right sinus of Valsalva traversing between the aorta and
the pulmonary trunk. A history of syncope (14.3%) and aortic regurgitation
(21.4%) was frequent and serious complications during exercise stress testing
occurred in 5 patients. These patients were treated medically, such as by limit-
ing exercise or by the oral administration of medicine. During the follow up
period (mean 5.6+4.2 years), death directly related to anomalous origin of the
coronary artery was not found despite the lack of surgical treatment. Our
results suggest that the prognosis of these middle-aged-to-elderly patients with-
out atherosclerosis is relatively good, despite the lack of surgical treatment.
(/pn Circ J 1996; 60: 731—741)

NoMALIES of the coronary artery are
defined as anatomical variants found

in less than 1% of normal individuals!
Among these anomalies, anomalous origin
of the coronary artery can lead to angina
pectoris, acute myocardial infarction or sud-
den death, even in the absence of
atherosclerosis?—25 Although this anomaly

is sometimes treated surgically?-15—17 surgi-
cal treatment is rare in Japan?6—2° The
objective of this study was to clarify the
clinical features of anomalous origin of the
coronary artery in Japanese and the progno-
sis of these patients without surgical treat-
ment.
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Fig 1. Diagrammatic representation of aberrant coronary artery patterns.
RCA =right coronary artery, LCx=left circumflex coronary artery, LMCA =left

main coronary artery,

LAD=left

anterior descending coronary artery,

AO=aorta, PT=pulmonary trunk ,R=right sinus of Valsalva, L=Ileft sinus of
Valsalva, P=posterior sinus of Valsalva,

January 1968 to June 1994, 56 patients
(0.32%) had anomalous origin of the coro-
nary arteries. We retrospectively reviewed
the clinical records of these 56 patients (41
men, 15 women, aged 32 to 85 years) and
obtained follow-up data by questionnaires
and telephone interviews. Patients with a
single coronary artery, a congenital hypo-
plastic coronary artery, and anomalous
origin of the coronary artery from the pul-
monary trunk were excluded.

Cardiac Catheterization

Coronary arteriography was performed
either by the Judkins femoral method or the
Sones brachial method. FErgonovine was
injected into the coronary artery in patients
suspected to have spasm of the coronary
artery for a provocation test. Coronary
arteriograms were reviewed by at least three

arteriographers.

Exercise Stress Testing

Exercise stress tests included Master’s
double or triple tow step test, a treadmill
exercise test or exercise thallium-201
myocardial single photon emission computed
tomography (exercise 209TI SPECT) using
an upright or supine bicycle ergometer. A
positive Master’s test was defined according
to the criteria of Master and Rosenfeld30 A
positive treadmill exercise test was defined
as the appearance of >1 mm (0.1 mV) hori-
zontal or downsloping ST-segment depres-
sion at 80 msec after the J point.

Prognosis and the Incidence of Cardiac
Events in Patients Without Organic
Coronary Stenosis

We evaluated the prognosis of patients
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Fig2. (A) Left anterior oblique view and (B)
right anterior oblique view of anomalous
origin of the right coronary artery from
the left sinus of Valsalva.

without significant atherosclerotic coronary
artery stenosis to investigate the influence of
anomalous origin of the coronary artery on
the prognosis. Follow-up data was available
for 44 (97.8%) of 45 patients without organic
coronary stenosis.

Statistical Analysis

Values are expressed as the mean+SD.
Survival curves and event-free curves were
calculated according to the Kaplan-Meier
actuarial method. We compared difference
in the prevalence of sexes and the incidence
of aortic regurgitation between the 17,675
patients without anomalous origin of the
coronary artery who underwent diagnostic
coronary arteriography (control subjects)
and patients with anomalous origin of the
coronary artery by a chi-square analysis. A
p value <0.05 was accepted as statistically
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Fig 3. Left anterior oblique view of the left cir-
cumflex coronary artery originating from
the right sinus of Valsalva.

significant.

RESULTS

Type of Anomaly (Fig 1)

The right coronary artery originated from
the left sinus of Valsalva in 44 (78.6%) of
the 56 patients (Fig 2). The anomalous right
coronary artery traversed between the aorta
and the pulmonary trunk in all of these 44
patients. In 6 patients (10.7%), the left
circumflex coronary artery originated from
the right sinus of Valsalva and traversed
posterior to the aorta (Fig3). In 4 patients
(7.1%), the left coronary artery originated
from the posterior sinus of Valsalva and
traversed posterior to the aorta (Fig4). The
left coronary artery originated from the right
sinus of Valsalva in 1 patient (1.8%) and
traversed posterior to the aorta (Fig5). The
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Fig4. (A) Right anterior oblique view and (B)
left anterior oblique view of anomalous
origin of the left coronary artery from the
posterior sinus of Valsalva.

left anterior descending coronary artery and
the left circumflex coronary artery originated
separately from the right sinus of Valsalva in
1 patient (1.8%). In this patient, the anoma-
lous left anterior descending coronary artery

_traversed between the aorta and the pulmo-
nary trunk and the left circumflex coronary
artery traversed anterior to the pulmonary
trunk (Fig 6).

Stenosis of the Anomalous Coronary Artery

Significant coronary atherosclerosis (>
75% stenosis) was present in 11 (19.6%) of
the 56 patients, but significant coronary
atherosclerosis of the anomalous coronary
artery was present in only 1 of these 11
patients.

Clinical Features (Table I)

There were 41 men and 15 women. We
found no sex difference between patients
with anomalous origin of the coronary artery

KAKU B et al.

Fig5. (A) Left anterior oblique view and (B)
right anterior oblique view of anomalous
origin of the left coronary artery from the
right sinus of Valsalva.

and control subjects (men 12,129, women
5,546) (P=0.46). The mean age was
55.9+11.5 years. A history of syncope was
present in 8 (14.3%) of the 56 patients.
Seven of these 8 patients did not have signifi-
cant coronary atherosclerosis and 1 had 99%
stenosis of the left circumflex coronary
artery. In 4 patients, syncope occurred dur-
ing physical exercise, such as while playing
baseball, badminton or mountain climbing,
and during thallium-201 exercise scintigraphy
using a bicycle ergometer. In the remaining
4 patients, syncope occurred during daily
activities, such as while taking a bath or
drinking liquids. Ventricular tachycardia
was detected in 1 of the 5 patients with
anomalous origin of the right coronary
artery. The incidence of aortic regurgitation
in control subjects (2.2%) was significantly
lower than that in patients with anomalous
origin of the coronary artery (12 of 56,
21.4%; p<0.001). Evidence of myocardial
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Fig6. (A) Left anterior descending coronary
artery and left circumflex coronary artery
originating separately from-the right sinus
of Valsalva. (B) The left anterior de-
scending coronary artery traversed be-
tween the aorta and the pulmonary trunk
and the left circumflex coronary artery
traversed anterior to the pulmonary
trunk.

infarction was present in 1 (2.2%) of the 45
patients without atherosclerosis and in 7
(63.6%) of the 11 patients with atheroscle-
rosis. Myocardial infarctions in patients with
atherosclerosis were related to significant
atherosclerosis of the coronary arteries.
Conduction disturbances were present in 4
patients and other cardiac anomalies were
seen in 3 patients.

Symptoms and Indications for Cardiac
Catheterization in 45 Patients Without
Organic Coronary Stenosis

Chest pain precipitated by exertion was
present in 18 patients (40%), chest pain at
rest in 9 patients (20%), chest pain at rest
and precipitated by exertion in 8§ patients
(18%), palpitations in 2 patients (4%), dysp-
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TABLE I CLINICAL FEATURES OF 56

PATIENTS
Gender
Male 41 (73.2%)
Female 15 (26.8%)
Age at diagnosis 55.9+11.5
History of syncope 8 (14.3%)
RCA from the left sinus of 5(*2)
Valsalva
LMCA from the posterior sinus of 2 (*2)
Valsalva
LCx from the right sinus of 1
Valsalva
Aortic regurgitation 12 (21.4%)
Grade [ 5
Grade 11 4
Grade 111 2
Grade IV 1
Conduction disturbance
Complete AV block 1(1.8%)
CRBBB 3(5.4%)
Other cardiac anomalies
Wolff-Parkinson-White syndrome 1(1.8%)
Bicuspid aortic valve 1(1.8%)
Ventricular septal defect 1(1.8%)

*syncope during physical exercise
AV=atrioventricular CRBBB=complete right bun-
dle branch block

nea on exertion in 1 patient (2%), syncope
in 1 patient (2%), and no symptoms in 6
patients (13%). The indication for coronary
angiography was chest pain consistent with
angina pectoris in 35 patients. Coronary
arteriography was performed in 3 asymp-
tomatic patients for preoperative study of
aortic regurgitation, and anomalous origin of
the coronary artery was found by chance.
Coronary arteriography. was performed in
the other 3 asymptomatic patients because of
electrocardiographic abnormalities.

Exercise Stress Testing in Patients Without
Organic Coronary Stenosis (Table 11)

Of the 33 patients without organic coro-
nary stenosis who underwent exercise stress
testing, 16 (48.5%) had positive results.
Exercise 201T1 SPECT was performed in 9
patients. Myocardial ischemia was detected
in the area of the anomalous origin of the
coronary artery in 4 patients (44.4%). Se-
rious complications during treadmill exercise
tests or exercise 20'T1 SPECT were found
in 5 patients: 2 patients showed ventricular
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TABLE II POSITIVE EXERCISE STRESS TESTS IN PATIENTS WITHOUT ORGANIC

CORONARY STENOSIS

(n=33)

Treadmill test
Type or
Master’s 2-step test

Excercise ?°’ TL SPECT

Complications

RCA from the left sinus of 10122
Valsalva

LCx from the right sinus of 3/5
Valsalva

LMCA from the posterior 1/4
sinus of Valsalva

LMCA from the right sinus 11
of Vaisalva

LAD and LCx from the 1/1

right sinus of Valsalva

3/4 Exercise-induced hypotension 2
Ventricular tachycardia 2

12

02 Exercise-induced hypotension 1

0/1

Total 16133 (48.5%) 409 (44.4%) 5133 (15.2%)
Survival (A) o Freedom from cardiac events (B)
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Fig 7. A: Survival curve and B: event-free curve. Curves were calculated according to

the Kaplan-Meier actuarial method.

tachycardia and 3 patients showed exercise-
induced hypotension.

Ergonovine Provocation Tests

Provocation tests were positive in 2 of 7
patients who were suspected of having spasm
of the coronary artery.

Treatment of Patients Without Organic
Coronary Stenosis

None of the patients underwent surgery to
treat their anomalies. Four of the 44 pa-
tients available for follow-up were treated
simply by limiting exercise. Limitation of
exercise and drug therapy were prescribed in

12 patients, drug therapy alone in 13 pa-

tients, and no treatment in 15 patients.
Medication consisted of nitrates, calcium-
channel blockers, beta-adrenergic antago-
nists or antiarrhythmic drugs. Sublingual
nitroglycerin was effective in 11 (68.8%) of
16 patients. Of the 29 patients who received

some kind of treatment, 26 complained of
symptoms before treatment, and these symp-
toms improved in 18 patients (69.2%) after
treatment.

Follow-Up Data

The follow-up period ranged from 2
months to 14.5 years (mean 5.6+4.2 years)
in 44 of 45 patients without significant coro-
nary artery stenosis. There were 3 deaths
during the follow-up period: 1 patient died
of cancer, one of cerebral infarction, and
one of severe aortic stenosis. Both the 5-
year and 10-year survival rates were 89.2%
(Fig 7A). There were no deaths directly at-
tributable to anomalous origin of the coro-
nary artery. Cardiac events (cardiac death,
acute myocardial infarction or syncope)
occurred in 2 patients during the follow-up
period; syncope in 1 patient who did not
receive treatment, and severe aortic stenosis
in 1 patient who died. The 5-year and

Japanese Circulation Journal —Vol.60, October 1996
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Fig 8. Ultrafast computed tomography (UFT) of
anomalous origin of the right coronary
artery from the left sinus of Valsalva.
UFT demonstrated an acute angle of
takeoff from the aorta of the anomalous
right coronary artery, and the proximal
portion of the right coronary artery
traversed between the aorta and pulmo-
nary trunk.

10-year event-free rates were 95.8% and
87.1%, respectively (Fig 7B).

DISCUSSION

Increased use of cardiac catheterization
has led to the increased detection of anoma-
lous origin of the coronary artery. The
incidence, type and clinical features of
anomalous origin of the coronary artery in
patients in the United States have been
described elsewhere?-5:21,22.31,32 [n the US,
the incidence of anomalous origin of the
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Fig 9. Ultrafast computed tomography of the
right coronary of a normal subject. The
right coronary artery originates vertically
from the aorta.

coronary artery has been reported to range
from 0.3% to 0.64%?23132 In the present
study, anomalous origin of the coronary
artery was present in 0.32% of patients who
underwent diagnostic coronary arteriogra-
phy. This incidence appears to be consistent
with those in previous reports?-31-32 Thus,
the incidence of anomalous origin of the
coronary artery is similar in Japan and the
US. Although Kimbiris et al?> reported that
this anomaly was more common in men than
in women, we found no sex difference in the
present study. One possible explanation for
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why most of the subjects in our study were
men is that more men underwent coronary
arteriography.

This anomaly can lead to angina pectoris,
acute myocardial infarction or sudden death,
even in the absence of atherosclerosis2—25 In
the US, surgical procedures such as aor-
tocoronary bypass or anatomical correction
of the ostium of the anomalous coronary
artery are sometimes performed to prevent
sudden death in these patients?-15 In Japan,
surgery is not performed wunless the
anomaly is associated with coronary
atherosclerosis?6—2° In the present study,
none of the patients without significant
atherosclerosis underwent surgery.

Type of Anomaly

The most common type of anomaly in the
US is origination of the left circumflex
coronary artery from the right sinus of
Valsalva?-31.32 Kimbiris et al reported that
anomalous origin of the left circumflex
artery accounted for 57.8% of all types of
anomalies? In the present study, this type of
anomaly accounted for only 10.7% of the
anomalies, while the right coronary artery
originated from the left sinus of Valsalva in
78.6% of the patients. None of our middle-
aged-to-elderly patients exhibited a left
coronary artery that originated from the
right sinus of Valsalva and traversed be-
tween the aorta and the pulmonary trunk.
This type of anomaly has been considered
the most risky anomaly associated with
exercise-related sudden death in younger
subjects?>—7

Clinical Significance of Anomalous Origin
of the Coronary Artery

Although anomalous origin of the coro-
nary artery was once considered to be
benign33-34 there are now numerous reports
that this anomaly can lead to angina pec-
toris, acute myocardial infarction or sudden
death?—25 The risk of these serious compli-
cations has been particularly noted for ano-
malous origin of the left coronary artery
from the right coronary sinus traversing
between the aorta and the pulmonary
trunk?5—7 Acute myocardial infarction and
sudden death have also been reported in
patients with anomalous origin of the left cir-
cumflex coronary artery!’12 and complica-

KAKU B et al.

tions have been observed in patients with
anomalous origin of the right coronary
artery, some of whom have undergone
surgery!4—17 In the present study, 5 patients
with anomalous origin of the right coronary
artery had histories of syncope, 2. patients
exhibited exercise-induced  hypotension
associated with myocardial ischemia, and 2
patient exhibited exercise-induced ventricu-
lar tachycardia. These findings suggest that
anomalous origin of the right coronary artery
from the left sinus of Valsalva may be associ-
ated with a risk of significant cardiovascular
events, even in the absence of atheroscle-
rosis.

Symptoms of Patients Without Organic
Coronary Stenosis

Chest pain precipitated by exertion has
been observed in patients with anomalous
origin of the coronary artery without
atherosclerosis3.9-11.13,15 perhaps as the result
of exercise-induced myocardial ischemia.
There are several hypotheses regarding the
pathogenesis of exercise-induced myocardial
ischemia in patients with coronary artery
anomalies. One is that the oblique takeoff
of the anomalous artery produces a slit-like
orifice in the aortic wall that can collapse
like a valve during exercise?.16,18—20
Another hypothesis is that when the anoma-
lous artery is located between the aorta and
the pulmonary trunk, it is compressed by
these two great vessels, particularly during
exercise?.6,14.18,19 However, detailed infor-
mation regarding the proximal portion of the
anomalous coronary artery, such as the angle
of takeoff and its proximal course, can not
be acquired by coronary angiography alone.
Based on autopsy findings, Virmani et al?°
emphasized that anomalous origin of the
coronary artery is not uniformly fatal and
that the clinical significance of this anomaly
depends on its proximal structure. In the
present study, most of the patients only
underwent coronary angiography. There-
fore, the anatomical differences between
the proximal portions of each anomalous
coronary artery are still unclear. Trans-
esophageal echocardiography?>  ultrafast
computed tomography (Figs8, 9)36:37 and
fast gradient-echo magnetic resonance
coronary angiography383% have recently
proven to be useful for evaluating the prox-
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imal portion of the anomalous coronary
artery. These new techniques will be used in
further studies to analyze the mechanism of
exercise-induced myocardial ischemia associ-
ated with anomalous origin of the coronary
artery. In the present study, 48.5% of the
patients who complained of chest pain had
chest pain at rest. Such chest pain at rest is
not adequately explained by either of the
two hypotheses cited above. Provocation
tests were positive in 2 of 7 patients in whom
selective coronary angiography was per-
formed in the present study. Maddoux et
al?* detected vasospasm of the left coronary
artery originating from the right sinus of
Valsalva in a patient with unstable angina at
rest. Roynard et al** found no atheroscle-
rosis and a negative provocation test in a
patient with anomalous origin of the left
anterior descending coronary artery who had
unstable angina at rest. Therefore, the
mechanism of this patient’s angina was un-
clear. In the present study, nitrates or
calcium-channel blocker were effective in the
17 patients with chest pain at rest. Although
the mechanism of the chest pain at rest was
unclear, we believe that vasospasm of the
coronary artery may have been related to
resting angina in some patients.

Anomalous Origin of the Coronary Artery
and Associated Cardiac Disease

In the present study, aortic regurgitation
was significantly more common in patients
than in control subjects. The incidence of
aortic regurgitation in control subjects who
had undergone diagnostic coronary arte-
riography in our hospitals was 2.2%. In
contrast, Kimbiris et al2 detected aortic
valvular disease in 9 of 45 patients (20%). In
3 patients in the present study, anomalous
origin of the coronary artery was diagnosed
during preoperative catheterization for aortic
regurgitation, suggesting that there may be a
close association between these conditions.
Among our 33 patients without organic
coronary stenosis who underwent exercise
stress tests, 4 of the 16 patients who had
positive exercise stress tests and 3 of the 17
patients who had negative tests exhibited
aortic regurgitation. Therefore, no relation-
ship was found between aortic regurgitation
and the results of exercise stress tests in the
present study. A higher incidence of associ-
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ated syncope was also reported by Kimbiris
et al? Although the mechanism of syncope
associated with anomalous origin of the
coronary artery is not well understood,
syncope often occurs during physical
exercise’-17 In the present study, syncope
occurred during physical exercise in 4 pa-
tients, and 3 of these 4 showed positive
treadmill exercise tests. Maddoux et al?3 re-
ported a case of anomalous origin of the left
coronary artery in which ventricular tachy-
cardia and vasospasm were thought to have
produced syncope, and Benge et all4 re-
ported a case of anomalous origin of the
right coronary artery in which third-degree
atrioventricular block was thought to have
produced syncope.

Stenosis of Anomalous Coronary Artery

Only 1 of the 11 patients with significant
coronary atherosclerosis in the present study
had significant atherosclerosis of the anoma-
lous coronary artery. Click et al?’ found no
significant difference in the degree of steno-
sis between anomalous coronary arteries and
arteries in matched control subjects without
anomalies.

Survival and Cardiac Events

Medical treatment consisting of limitation
of exercise or oral medications was recom-
mended in 29 of the 44 patients without
significant coronary artery stenosis. There
were no deaths directly related to anomalous
origin of the coronary artery, and no acute
myocardial infarctions occurred during the
follow-up period. Syncope occurred in 1
patient who did not receive any treatment
during the . follow-up period. Our results
suggest that the prognosis of these middle-
aged-to-elderly patients without atheroscle-
rosis is relatively good, despite the lack of
surgical treatment. However, because of
possible serious complications during exer-
cise, surgical intervention should be consid-
ered in patients who want to engage in vigor-
ous sports or physically demanding labor.

Limitations

The mean age at diagnosis of our patients
was 55.9411.5 years (range 32 to 85 years).
Previous reports have suggested that sudden
death is more likely to occur in younger
patients®:1° possibly because teenagers and
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individuals in their 20s may exercise more
vigorously. None of our patients had anom-
alous origin of the left coronary artery from
the right sinus of Valsalva traversing be-
tween the aorta and the pulmonary trunk.
Therefore, our conclusions are not applica-
ble to patients with this type of anomaly.

10.

11.

12.

13.

14.

REFERENCES

Angelini P: Normal and anomalous coronary arter-
ies: Definitions and classification. Am Heart J
1992; 117: 418—434

Kimbiris D, Iskandrian AS, Segal BL, Bemis CE:
Anomalous aortic origin of coronary arteries. Cir-
culation 1978; 58: 606 —615

Kaku B, Shimizu M, Kita Y, Yoshio H, Ino H,
Takeda R: Detection of anomalous origin of the
left coronary artery by transesophageal echocar-
diography and magnetic resonance imaging. Jpn
Heart J 1994; 35: 383 —388

Benson PA: Anomalous aortic origin of coronary
artery with sudden death: Case report and review.
Am Heart J 1970; 79: 254—257

Cheitlin MD, DeCastro CM, McAllister HA: Sud-
den death as a complication of anomalous left
coronary origin from the anterior sinus of Valsalva,
a not-so-minor congenital anomaly. Circulation
1974; 50: 780—787

Barth III CW, Roberts W: Left main coronary
artery originating from the right sinus of Valsalva
and coursing between the aorta and pulmonary
trunk. J Am Coll Cardiol 1986; 7: 366—373
Moodie DS, Gill C, Loop FD, Sheldon WC:
Anomalous left main coronary artery originating
from the right sinus of Valsalva. J Thorac Car-
diovasc Surg 1980; 80: 198 —205

Cohen LS, Shaw LD: Fatal myocardial infarction
in an 11 year old boy associated with unique coro-
nary artery anomaly. Am J Cardiol 1967; 19:
420423

Mustafa I, Gula G, Radley-Smith R, Durrer S,
Yacoub M: Anomalous origin of the left coronary
artery from the anterior aortic sinus: a potential
cause of sudden death. J Thorac Cardiovasc Surg
1981; 82: 297—-300

Jokl E, McClellan JT, Ross GD: Congenital
anomaly of left coronary artery in young athlete.
JAMA 1962; 182: 572573

Piovesana P, Corrado D, Verlato R, Lafisca N,
Mantovani E, DiMarco A, et al: Mobidity Morbid-
ity associated with anomalous origin of the left cir-
cumflex coronary artery from the right aortic sinus.
Am J Cardiol 1989; 63: 762—763

Patterson FK: Sudden death in a young adult with
anomalous origin of the posterior circumflex
artery. South Med J 1982; 75: 748 —749

Naidoo DP, Sewdarsen M, Vythilingum S, Mitha
AS: Anomalous origin of the right coronary artery
from the left sinus of Valsalva: a report of 2 cases.
S Afr Med J 1988; 74: 420—421

Benge W, Martins JB, Funk DC: Morbidity associ-
ated with anomalous origin of the right coronary

15.

16.

17.

19.

- 20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

KAKU B et al.

artery from the left sinus of Valsalva., Am Heart J
1980; 99: 96 —100

Brandt III B, Martins JB, Marcus ML: Anomalous
origin of the right coronary artery from the left
sinus of Valsalva. N Engl J Med 1983; 309:
596—598 ‘

Bloomfield P, Erhlich C, Folland ED, Bianco JA,
Tow DE, Parisi AF: Anomalous right coronary
artery: surgically correctable cause of angina
pectoris. Am J Cardiol 1983; 51: 1235—1237

Bett JHN, O,Brien MF, Murray PJS: Surgery for
anomalous origin of the right coronary artery. Br
Heart J 1985; 53: 459 —461

Roberts WC, Siegel RJ, Zipes DP: Origin of the
right coronary artery from the left sinus of Valsalva
and its functional consequences: analysis of 10
necropsy patients. Am J Cardiol 1982; 49:
863 —868

Taylor AJ, Rogan KM, Virmani R: Sudden cardi-
ac death associated with isolated congenital coro-
nary artery anomalies. J Am Coll Cardiol 1992; 20:
640—647

Virmani R, Chun PKC, Goldstein R, Robinowitz
M, McAllister HA: Acute takeoffs of the coronary
arteries along the aortic wall and congenital coro-
nary ostial valve-like ridge: association with sudden
death. J Am Coll Cardiol 1984; 3: 766—771
Chaitman BR, Lesperance J, Saltiel J, Bourassa M:
Clinical, angiographical, and hemodynamic find-
ings in patients with anomalous origin of the coro-
nary arteries. Circulation 1976; 53: 122—131
Alexander RW, Griffith GC: Anomalies of the
coronary arteries and their clinical significance.
Circulation 1956; 14: 800—805

Maddoux GL, Goss JE, Ramo BW, Raff GL,
Heuser RR, Shadoff N, et al: Angina and vaso-
spasm at rest in a patient with an anomalous left
coronary system. Cathet Cardiovasc Diagn 1989,
16: 9598

Roynard JL, Cattan S, Artigou JY, Desoutter P:
Anomalous course of the left anterior descending
coronary artery between the aorta and pulmonary
trunk: a rare cause of myocardial ischaemia at rest.
Br Heart J 1994; 72: 397—399

Click RL, Holmes Jr DR, Vlietstra RE, Kosinski
AS, Kronmal RA: Anomalous coronary arteries:
location, degree of atherosclerosis and effect on
survival: a report from the coronary artery surgery
study. J Am Coll Cardiol 1989; 13: 531—537
Yagita M, Senda Y, Nakashima Y, Kuroiwa A,
Nakayama C: A case of anomalous origin of the
right coronary artery from the left sinus of Valsalva
exhibiting the Wolff-Parkinson-White syndrome.
Eur Heart J 1986; 7: 262—267

Yoshino K, Funatsu T, Saiki S, Tanaka T: A case
of anomalous right coronary origin from the left
sinus of Valsalva. Kokyu to Junkan 1980; 28:
541—544

Mizuno K, Arakawa H, Sibuya T, Satomura K,
Kondo S, Isojima K et al: Two cases of the ectopic
origin of the right coronary artery from the left
sinus of Valsalva. Kokyu to Junkan 1984; 32:
1081 —1085

Seo T, Ikeda Y, Fujita H, Hayashi T, Kawaguchi
K, Kotake C et al: A case of anomalous origin of

7 Japanese Circulation Journal Vol.6o, October 1996



30.

31

32.

33.

34.

35.

Japanese Circulation Journal

Anomalous Origin of the Coronary Artery

circumflex artery from right sinus of Valsalva rec-
ognized by transesophageal echocardiography.
Kokyu to Junkan 1991; 39: 1043 —1047

Master AM, Rosenfeld I: Exercise electrocar-
diography as an estimation of cardiac function. Dis
Chest 1967; 51: 347383

Baitaxe HA, Wixson D: The incidence of con-
genital anomalies of the coronary arteries in the
adult population. Radiology 1977; 122: 47—52
Yamanaka O, Hobbs RE: Coronary artery anoma-
lies in 126,595 patients undergoing coronary arter-
iography. Cathet Cardiovasc Diagn 1990; 21:
28—40

Ogden JA: Congenital anomalies of the coronary
arteries. Am J Cardiol 1970; 25: 474—479

White NK, Edwards JE: Anomalies of the coro-
nary arteries. Arch Pathol 1948; 45: 766—771
Fernandes F, Alem M, Smith S, Khaja F: The role
of transesophageal echocardiography in identifying
anomalous coronary arteries. Circulation 1993; 88:

Vol.60, October 1996

36.

37.

38.

39.

741

2532-2540

Sapoval MR, Mousseaux E, Desnos M: Anoma-
lous origin of the left coronary artery from the right
coronary sinus diagnosed by electron beam com-
puterized tomography. Circulation 1995; 91: 2093
Kaku B, Simizu M, Kajinami K, Yoshio H, Ino H,
Mabuchi H: Ultrafast computed tomography in the
diagnosis and evaluation of anomalous origin of the
right coronary artery. Jpn Heart J 1995; 36:
807811

Post JC, Rossum AC, Bronzwaer JGF, Cock CC,
Hofman MBM, Valk J et al: Magnetic resonance
angiography of anomalous coronary arteries. A
new gold standard for delineating the proximal
course? Circulation 1995; 92: 3163 —-3171
McConnell MV, Ganz P, Selwyn AP, Li W, Edel-
man RR, Manning WJ: Identification of anoma-
lous coronary arteries and their anatomic course by
magnetic resonance coronary angiography. Cir-
culation 1995; 92; 3158—3162



