Key words:

Coronary artery
occlusion;
Dipyridamole;

L eft main stem;
Myocardial ischemia.

Received April 4, 2000;

revision received
September 11, 2000;

accepted September 21,

2000.

Address:
Dr. Ruggero De Paulis

Cattedra di
Cardiochirurgia
Universita degli Sudi
“ Tor Vergata”
European Hospital
Via Portuense, 700
00149 Roma

E-mail: depauli@tin.it

Case reports
Mechanisms of myocardial ischemia in a patient
with left main coronary artery atresia
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Thisreport describesthe different clinical and instrumental manifestations of coronary ischemia
in a patient with left main coronary artery atresia. Exercise test and thallium-201 perfusion scintig-
raphy duringisometric exer cisetest were negative for angina and electrocar diogr aphic changes. Con-
ver sely, dipyridamole infusion caused severe angina, marked ST-segment changes and diffuse thalli-
um-201 uptake abnormalities. This peculiar anatomical condition offers the opportunity of high-

lighting therole played by the microcirculation in determining myocar dial ischemia.

(Ital Heart J2000; 1 (11): 764-766)

Among all casesof anomalousorigin and
distribution of the coronary arteries, isolated
congenita atresia of the left main coronary
artery isextremely rare and seldom reportedt.
Besides those cases due to atherosclerotic
disease, thefindings of acquired lesionsasin
Kawasaki disease, polyarteritis nodosa,
Takayasu disease, or embolic episodes are
more common2. The naturd history of thisdis-
ease invariably leads to premature ischemic
heart disease and often the diagnosisis made
at autopsy. Surgical therapy significantly
modifies the prognosis of these patients.

From a pathophysiological point of view
this rare anatomical abnormality offers the
unique opportunity to investigate thein vivo
mechanisms of myocardia ischemia in the
presence of asingleleft coronary artery sup-
plying flow retrogradely to the myocardia
system. Indeed, in this anatomical setting,
the pathogenesis of myocardial ischemiaand
particularly the nature of compensatory anti-
ischemic mechanismsare till uncertain main-
ly because of the lack of information during
different stresstests. We describe the case of
a patient with congenital atresia of the left
main coronary artery and attempt to charac-
terize the mechanisms of myocardia ischemia
in this peculiar anatomical condition.

Casereport

A 27-year-old man was referred to us
for frequent episodes of angina mainly at
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rest. Anginal symptoms had Started at the age
of 7. During thefirst two decades of life, be-
cause of inconsistency and variability of
symptoms, their brief duration and the nor-
mal appearance of rest ECG tracing, fur-
ther testswere withheld. At the age of 25 the
patient started to complain of aworsening in
the frequency and intensity of symptoms. At
that time a maximal treadmill exercise test
was negative for symptoms and ischemic
ECG changes; a 24-hour Holter monitoring
was negative for arrhythmias and ischemic
ECG changes and an echocardiographic
study showed normal cardiac structure and
function. Eventually, minor ischemic-like
ST-segment changes during an episode of
rest angina prompted further diagnostic eval-
uation. Thallium-201 perfusion scintigra-
phy during isometric exercise test revealed
asmall reversible defect inthe apical wall in
the absence of pain and ECG changes (Fig.
1). During isometric exercise, brachial blood
pressure rose from 120/80 to 140/85 mmHg
and heart rate from 68 to 91 b/min. By con-
trast, thallium-201 perfusion scintigraphy
during dipyridamole infusion caused severe
angina, marked ischemic ST-segment
changesin all precordia leads and diffuse
uptake abnormalities (Fig. 1). During dipyri-
damole infusion, brachial blood pressure
went from 120/80 to 115/75 mmHg and
heart rate from 72 to 81 b/min. Echocardio-
graphic examination during dipyridamole
infusion showed amarked hypokinesia of the
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Figure 1. Bull's eye view of thallium-201 scintigraphy after dipyridamole infusion showing large perfusion defects in the septal, apical, and anterior
wall of the left ventricle (Ieft). The same view after a maximal exercise stress test did not show any significant decrease in myocardial perfusion in the

left ventricle (right).

left ventricular septum and antero-lateral wall. In both
cases, aminophylline infusion promptly reversed angi-
na, ischemic ST-segment changes and functiona ab-
normalities. At coronary angiography the left coronary
ostium could not be found. A dominant right coronary
artery provided collateralsto the left descending coro-
nary artery through the interventricular septum and to
the circumflex artery viathe postero-lateral vessels. At
surgery, the left internal mammary artery was anasto-
mosed to the left anterior descending coronary artery. The
postoperative course was uneventful . Angiography per-
formed 1 week after surgery demonstrated patency of the
internal mammary artery graft with disappearance of the
collateral vessels (Fig. 2). Nine months after surgery,
dipyridamole thallium-201 myocardial scintigraphy
showed normal perfusion of the left ventricle.

Discussion

Congenital malformations of the left main coronary
artery are rare and their etiopathogenesis can be as-
cribed to embryogenic defect or inflammatory process
occurring during fetal or neonatal life. Similarly to the
single right coronary artery, the entire coronary circu-
lation depends upon the right coronary artery. Howev-
er, in theformer condition the anomaly is not responsi-
ble for ischemia since the coronary flow is aways an-
tegrade, whilein the case of left main coronary atresia,
theflow isretrograde and the left coronary systemisto-
tally dependent upon the collateral s present between the
right and left coronary bedding. This peculiar anatom-
ical situation provides the opportunity of investigating
the mechanisms of myocardia ischemiaunder different
pathophysiological conditions.

The observations that our patient experienced chest
pain mainly at rest and that maximal exercise test was
negative for symptoms and ischemic ECG changes sug-
gest that an increasein myocardia oxygen demand was
unlikely to be the mechanism responsible for myocar-
dial ischemia; conversely, it indicates that the episodes
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Figure 2. Coronary angiography after coronary bypass grafting. The
left internal mammary artery provides flow anterogradely to theleft coro-
nary system. Collateral vesselswith the right coronary systemare no longer
present. CX = circumflex coronary artery; LAD = |eft anterior descend-
ing coronary artery; LIMA = left internal mammary artery; LM = left main
coronary artery.

of myocardial ischemia were more likely caused by
vasoconstriction of collateral or distal coronary vessels
resulting in aprimary reduction in coronary blood flow.
Indeed, this pathogenetic mechanism of transient my-
ocardial ischemia has been documented in a previous
study in patients with stable angina, total occlusion of
asingle coronary artery that was supplied by collater-
al vessels, normal ventricular function, no evidence of
coronary artery spasm, and no other coronary stenosess.

The absence of ischemic ECG changes during ex-
ercise might be due to the combination of two mecha-
nisms. 1) an increase in perfusion pressure in collater-
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a giving coronary artery branchesresulting in an increase
of perfusion pressure at the outlet of the collateral cir-
culation; 2) the activation of sympathetic-mediated
vasoconstriction of the subepicardia coronary micro-
circulation in the territory of the left anterior descend-
ing coronary artery adequate to prevent subendocar-
dial underperfusion4. The absence of any significant
thallium-201 perfusion defects during isometric exercise,
which promotes sympathetic-mediated vasoconstric-
tion, supports this mechanism.

Conversely, the infusion of dipyridamole, a potent
non-selective vasodilator of coronary micracirculation,
caused diffuse regional myocardia underperfusion, as
demonstrated by thallium-201 uptake abnormalities,
severe enough to cause objective and subjective signs
of myocardial ischemia. The regional underperfusion
during dipyridamol e infusion might have been caused
by two possible mechanisms: 1) areduction of perfusion
pressure in collatera giving coronary artery branches;
2) enhanced subepicardia dilation in the territory of the
left anterior descending coronary artery resulting in
transmural steal and subendocardial underperfusionin
the presence of a suboptimal perfusion pressure at the
outlet of the collateral circulation (due to the pressure
drop through the collatera circulation itself)s. Asthere-
duction in aortic pressure during dipyridamole was neg-
ligible, transmural redistribution of myocardial perfu-
sion was probably the prevailing mechanism of is-
chemia. The administration of aminophylline prompt-
ly reversed subendocardial ischemia. Of note, amino-
phylline, a potent non-sel ective antagonist of adenosine
receptors, improves ischemic threshold by counteract-
ing transmural coronary blood flow steal in patients
with both epicardia coronary stenoses and microvascular
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angina58. Aminophylline increases epicardial coronary
vascular resistance probably by promoting the release
of catecholamines from perivascular nerve endings thus
favoring subendocardial perfusion®.

In conclusion, thisrare case report provides further
evidence for the crucia role played by the coronary
microcirculation in determining both spontaneous and
induced myocardial ischemia.
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