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Myocardial ischaemia in a case of a solitary
coronary ostium in the right aortic sinus with
retroaortic course of the left coronary artery:
documentation of the underlying
pathophysiological mechanisms of ischaemia by
intracoronary Doppler and pressure measurements

E R Schwarz, P K Hager, R Uebis, P Hanrath, H G Klues

Abstract
Only a few cases of a single coronary
ostium and retroaortic course of the
coronary artery have been described.
Almost all cases reported so far had addi-
tional coronary artery or valvar disease.
However, myocardial ischaemia may be
caused by the coronary malformation
alone. A 40 year old woman with severe
myocardial ischaemia in the absence of
clinically relevant coronary atherosclero-
sis is described. To clarify the origin and
mechanisms of ischaemia, intracoronary
Doppler, pressure and ultrasound studies
were performed using microtransducers.
In its outer portion along the course
behind the ascending aorta, coronary
blood flow velocities were increased, there
was an external elliptical compression,
and distal coronary flow reserve was
reduced. Furthermore, an overshoot in
diastolic pressure above aortic pressure
was detectable within this portion. Dob-
utamine stimulation exaggerated the ob-
served intracoronary haemodynamics
and induced myocardial ischaemia. The
intracoronary diagnostic procedures per-
formed were helpful in clarifying the
pathophysiological mechanisms of func-

tional coronary obstruction and ischae-
mia in this malformation. Bypass surgery
was successfully performed with sympto-
matic improvement.
(Heart 1998;80:307–312)
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A solitary coronary ostium in or immediately
cephalad to the right aortic sinus and the
course of the left coronary artery dorsal to the
ascending aorta is a very rare congenital
anomaly. This coronary malformation has been
classified as the type IV.A.2a according to the
classification of Roberts.1 At present, only a few
cases with this abnormality have been de-
scribed in the literature. In most of these
patients, the diagnosis was incidental either
during angiography or necropsy. Most patients
had significant concomitant coronary athero-
sclerosis causing symptoms of angina, or myo-
cardial ischaemia and infarction.2–4 Even in the
absence of severe coronary atherosclerosis,
myocardial ischaemia can occur in cases of
anomalous origin of the left coronary artery
from the right sinus of Valsalva, if the left cor-
onary artery passes posterior to the aorta.5 The
pathophysiological mechanisms leading to
myocardial ischaemia in the absence of coron-
ary artery disease are incompletely understood.
This is in contrast to other coronary anomalies
where the left coronary artery arises from the
right coronary artery and courses between the
aorta and pulmonary artery (interarterial or
intertruncal course). This has been associated
with myocardial ischaemia and sudden
death.6–10 The mechanism in this scenario is
most likely a transient occlusion of the left cor-
onary artery caused by an increase in blood
flow through the aorta and the pulmonary
artery, resulting in kinking or pinching of the
artery.5 6 In contrast, in the abnormality
presented here, coronary obstruction is usually
absent on angiography.11

Figure 1 (A) 12 lead ECG showing ST segment elevation in leads I, aVL, V2–V5 with
ST segment depression in II and aVF directly after exercise testing, associated with severe
symptoms of angina. (B) At rest, ST segment changes diminished and symptoms were
alleviated.
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We present the first report describing
myocardial ischaemia, and its potential patho-
physiological mechanisms, in a patient with a
left coronary artery originating from the right
sinus of Valsalva coursing posterior to the aorta
in the absence of clinically relevant coronary
atherosclerosis.

Case report
A 40 year old woman reported a four week
history of exercise induced angina pectoris; ST
segment elevation was documented during
bicycle ergometry in the anterior electrocar-
diographic leads (V2–V5) (fig 1). Immediately
after exercise testing, torsade de pointes
occurred. There was no history of coronary
artery disease or hypertension. The patient
had a history of cigarette smoking for a few
years before admission. Physical examination
revealed an otherwise healthy woman. Coron-
ary angiography revealed a solitary ostium in
the right aortic sinus associated with an aber-
rant retroaortic course of the left coronary
artery (figs 2 and 3). There was a 30% athero-
sclerotic stenosis in the mid-portion of the
right coronary artery. Despite several addi-
tional angiographic projections, it was impos-
sible to demonstrate a significant phasic lumi-
nal narrowing of the left main within its
retroaortic course.
Intracoronary Doppler flow velocity and

pressure measurements using miniaturised
0.014 inch guidewire transducers and intravas-
cular ultrasound were performed at rest and
during dobutamine stimulation.12–16 Intravas-
cular Doppler showed only slightly increased
blood flow velocities along the curved retroaor-
tic segment of the left main stem (arrow, fig 3),
which were enhanced during intravenous infu-
sion of dobutamine (5–20 µg/kg) (fig 4A),
compared with measurements at rest (fig 4B)
and with measurements at the proximal or dis-
tal portions of the left coronary artery (not
shown). Distal coronary flow reserve, meas-

ured as the ratio of maximal flow velocity after
stimulation with 12 mg of intracoronary pa-
paverin to baseline flow velocity, was signifi-
cantly reduced at 1.7.17

Intracoronary pressure measurements dem-
onstrated a local overshoot in diastolic pressure
(fig 5) at the site of accelerated flow velocity
within the course of the left descending coron-
ary artery. In vitro validation of pressure meas-
urements within squeezed coronary segments
using the 0.014 inch pressure microtransducer
has recently been demonstrated.18 Intravascu-
lar ultrasound demonstrated only a slight
systolic and diastolic reduction of cross sec-
tional area at this portion (fig 4A) compared
with a normal distal portion (fig 4B), without
signs of atherosclerosis. Measurements during
intravenous infusion of dobutamine demon-
strated augmentation of blood flow velocities
and of intravascular pressure (fig 5), and a
further reduction in cross sectional area.
Moreover, angina symptoms with ST segment
elevation in the anterior leads occurred similar
to those during exercise testing. In view of the
severity of symptoms and objective evidence of

Figure 2 Coronary angiogram ((A) left anterior oblique projection; (B) right anterior oblique projection) showing a solitary coronary ostium in the right
aortic sinus and retroaortic course of the left coronary artery. Note the aorta (Ao) and the catheter in the pulmonary artery (PA). The arrow indicates the
location of altered intracoronary haemodynamics compared with the proximal and distal segments, as confirmed by the position of the intravascular
transducers angiographically. RCA, right coronary artery; LAD, left anterior descending coronary artery; CX, left circumflex coronary artery.

Figure 3 Schematic drawing of the coronary anomaly
with the course of the left coronary artery posterior to the
ascending aorta. AO, aorta; PA, pulmonary artery; LCA,
left coronary artery; RCA, right coronary artery; CX, left
circumflex coronary artery; LAD, left anterior descending
coronary artery.
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ischaemia and ischaemia induced malignant
arrhythmias, the patient had aortocoronary
bypass surgery with the left internal mammary
artery to the left anterior descending coronary
artery. Intraoperatively, the course of the left
coronary artery behind the aorta was con-
firmed. No relevant stenosis of the left
coronary artery along its course was evident. At
eight weeks’ follow up the patient was free from
angina, and arrhythmias did not occur during
or after exercise testing.

Discussion
Congenital coronary malformations are rare
causes of angina, myocardial infarction or
malignant arrhythmias.19 Usually, the
diagnosis is incidental and clinical symptoms
are attributed to other associated disorders,
most commonly coronary artery disease. Five
possible anatomical anomalies with a
single coronary orifice in the right sinus of
Valsalva with diVerent clinical implications are
known.

Figure 4 Intracoronary blood flow velocities (left) and intravascular ultrasound (right) within the left coronary artery at
its sharp course dorsal the ascending aorta during dobutamine stimulation (A) and at rest (B). ADPV, average diastolic
flow velocity; ASPV, average systolic flow velocity; APV, average peak flow velocity; DSVR, diastolic/systolic velocity ratio;
BAPV, basic average peak flow velocity; PAPV, peak average peak flow velocity. RATIO, coronary flow reserve.

Figure 5 Intracoronary pressure measurements, obtained using a fibreoptic microtransducer incorporated in the distal
segment of a 0.014 inch guidewire, show the overshoot in pressure within the retroaortic course of the left coronary artery
compared with aortic pressure. To avoid artificial measurements, the guidewire was repeatedly rotated and its position
angiographically confirmed. There was no visible external compression causing catheter entrapment. LCA, left coronary
artery.
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+ The left coronary artery crosses between
aorta and pulmonary artery (interarterial,
intertruncal). This anomaly has been associ-
ated with sudden death from coronary
obstruction during or shortly after exercise
in otherwise healthy subjects5–10

+ The left coronary artery crosses anterior to
the pulmonary infundibulum, in which the
left coronary artery is a branch of the conus
branch of the right coronary artery.Myocar-
dial ischaemia can occur, but is rare and its
cause unclear5

+ The left coronary artery has a septal (inter-
muscular, subpulmonic) course within the
crista supraventricularis and the ventricular
septum. Several case reports have been
reported with this anomaly but without any
clinical significance20 21

+ The left coronary artery crosses posterior to
the atrioventricular valves, which is known
as the most common course without clinical
relevance

+ The left coronary artery crosses posterior to
the aorta (retroaortic), which is the case
here, and in which myocardial ischaemia
may occur but its mechanisms are unknown.
None of the mechanisms for myocardial

ischaemia suggested above can be invoked in
the present anomaly, as the retroaortic course
of the left main stem would not explain
external vessel compression or obstruction at
its origin. In addition, none of the previously
reported patients with this coronary anomaly
had overt ischaemic symptoms or myocardial
infarction (or scar tissue at necropsy) that
could be related to the malformation. How-
ever, this report demonstrates the early onset of
severe angina with anterior ST segment eleva-
tion and ischaemia induced malignant arrhyth-
mias in a patient without significant coronary
artery or other heart disease. Coronary angio-
graphy was unrevealing in terms of the cause of
ischaemia. Intracoronary Doppler flow veloci-
ties at rest were only slightly increased;
however, coronary flow reserve during hyper-
aemic provocation was significantly reduced
indicating the presence of a functional obstruc-
tion. Dobutamine stimulation resulted in a fur-
ther increase in flow velocities and ECG
changes with significant ST segment depres-
sion and angina symptoms. Furthermore, use
of an intracoronary pressure transducer made
it possible to identify a localised pressure phe-
nomenon that occurred at the most “external”
point of the retroaortic course of the left main
stem as illustrated in fig 3. The pressure curves
were characterised by an overshoot in diastolic
pressure above the aortic diastolic pressure.
The existence of higher intramural than aortic
or intraventricular pressures has been de-
scribed before, and a similar pressure phenom-
enon with higher intracoronary than aortic
pressures was recently validated in vitro and in
patients with myocardial bridges.18 22 23 In these
intramural courses of coronary artery seg-
ments, the overshoot in systolic pressure is
most likely caused by a central high pressure
segment connected to more compressed proxi-
mal and distal segments.

Intravascular ultrasound demonstrated an
external phasic diastolic vessel compression
producing an elliptical shaped vessel lumen
that was most evident during dobutamine
stimulation. This phenomenon did not occur
in any other portion of the coronary artery.
The intracoronary haemodynamic altera-

tions were most likely caused by the diastolic
extension of the aortic bulbus and sinus of Val-
salva compressing the left main coronary artery
at the outer most portion of its retroaortic
course.Most likely, the left coronary artery was
unable to compensate for the expansion of the
aortic bulbus by its own motion as the vessel
was more or less fixed at the aortic origin and
during its distal course. Intraoperatively, it
appeared that the left main stem was com-
pressed at the above described location, while
the other segments of the left coronary artery
were completely normal. It remains unclear
why the patient was asymptomatic until age 40
and why symptom onset was relatively sudden;
reduced flexibility of the elastic properties of
the vessel wall by age might in part serve as an
explanation.
In summary, we demonstrate a case of severe

myocardial ischaemia in a patient with a single
coronary orifice in the right sinus of Valsalva
and a retroaortic course of the left coronary
artery. Intravascular diagnostic procedures at
rest and during pharmacological stimulation
demonstrated the mechanisms leading to myo-
cardial ischaemia in this rare coronary
anomaly. Intracoronary Doppler, pressure and
ultrasound measurements were clearly of ben-
efit in this patient in diagnosis and hence in
guiding treatment.
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SHORT CASES IN CARDIOLOGY

Cardiac valve invasion in chronic adult T cell
leukaemia

J Takata, H Taguchi, I Miyoshi, Y L Doi

The cause of adult T cell leukaemia (ATL)1 is
human T cell leukaemia virus type I (HTLV-I),
which was discovered in 1980.2 This virus is
endemic in southwestern Japan, the Carib-
bean, Africa, and South America. However,
cardiac valve involvement by ATL cells is
extremely rare3 and there is no previous
echocardiographic evidence for this involve-
ment. We present serial echocardiographic
observations in a patient with chronic ATL in
whom leukaemic involvement of the mitral
valve showed pronounced improvement after
chemotherapy.
A 58 year old woman was admitted because

of two previous episodes of acute heart failure.
On examination, generalised skin eruptions
and lymphadenopathies were noted. Third and
a fourth heart sounds (gallop rhythms) and a
grade 3/6 pansystolic murmur were present at
the apex. Transthoracic echocardiography

showed extensively thickenedmitral and tricus-
pid valves with moderate regurgitations. The
left ventricle was mildly dilated with reduced
wall motion. Transoesophageal echocardiogra-
phy showed an echogenic endocardial lesion at
the left atrial wall and appendage, which
extended continuously to the bizarre mitral
valve abnormality (fig 1). Gallium scintigraphy
showed a significant cardiac accumulation.
Serological tests were positive for

anti-HTLV-I antibodies by particle agglutina-
tion and immunofluorescence. ATL cell
infiltration was found in lymph node and skin
biopsy specimens. Leukaemic cells from the
lymph node expressed T cell markers
(CD2+, CD3+, CD4+, CD7+, CD8-, and
HLA-DR+). Together with echocardio-
graphic and gallium scintigraphic findings,
valvar invasion of tumour cells was suspected,
possibly with myocardial involvement.

Figure 1 Transoesophageal echocardiogram showing the bizarre mitral valve abnormality. (A) Echogenic endocardial
lesion within the left atrium (arrows). (B) Pronounced improvement after chemotherapy.
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Combination chemotherapy with cyclophos-
phamide, doxorubicin, vincristine, and pred-
nisolone was started. After three chemo-
therapy sessions, the lesions in the mitral and
tricuspid valves responded favourably with
obvious reduction in thickness and improved
flexibility in leaflet motion (fig 1). Repeated
gallium scintigraphy demonstrated disappear-
ance of the abnormal cardiac accumulation.
Despite these improvement the patient had

an another episode of acute heart failure 10
months later and underwent mitral and aortic
valve replacements. At surgery, the mitral valve
was extremely thickened. Similar whitish thick-
enings were found in the left atrial wall and in
the basal left ventricular wall. The diagnosis of
valvar ATL cell infiltration was confirmed by
histopathological examination of a surgically
excised mitral valve.
This is the first echocardiographic documen-

tation of cardiac valve involvement in ATL.
The serial morphological changes of valvar
lesions in response to chemotherapy have not
been reported previously. This case has two
important messages: first, it may at times be
diYcult to diVerentiate echocardiographically
leukaemic valvar invasion from myxomatous
valvar changes seen in patients with mitral
valve prolapse, not only because of the similar-

ity of echocardiographic valvar features but
also because of the rarity of leukemic valvar
invasion; second, it is important to raise the
possibility of involvement of the myocardium
by ATL cells when the echocardiographic val-
var abnormality is detected in the presence of
positive HTLV-I serology, as myocardial in-
volvement is probably more common as
suggested by this case as well as by previous
pathological reports.4 5 We propose ATL asso-
ciated cardiac valvulopathy as one of the
important signs of cardiac invasion by ATL
cells that may be detectable echocardiographi-
cally.
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