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strongly recommend that in our country endoscopic insertion
of stents be used as the first line of management for unresectable lower bile duct obstruction. This will lower the
complication rates and cut costs considerably.
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Modulation of coronary endothelial
function by lovastatin
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SUMMARY
This was a prospective double-blind, placebo-controlled study
of patients selected from the Lovastatin Restenosis Trial. Their
age range was 30-81 years, total serum cholesterol 160-300
mg/dl and they required coronary angioplasty at a non-occluded
site. They had not been treated with lipid-lowering medications
earlier. The exclusion criteria were: unstable angina, stenosis
of the left main coronary artery, stenosis of more than 50% in
at least 2 of 3 major coronary arteries, proximal diameter of
vessel less than 2 mm, and left ventricular ejection fraction
below 30%.
.
All patients fulfilling these criteria were advised dietary
counselling and prescribed the American Heart Association
Step 1 diet. They were then randomized to receive either lovastatin (40 mg orally twice daily) or a placebo. A clinical proforma
recorded such details as age, sex, history of smoking and
hypertension, and of premature coronary atherosclerosis in the
family.
Serial estimations were performed for serum lipid levels.
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Cardiac catheterization was done at 12 days and at five-and-ahalf months after randomization. During this procedure, a
coronary infusion catheter was advanced into the proximal
segment of the coronary artery, and acetylcholine chloride
and nitroglycerine were administered. Before the end of the
infusion, coronary arteriography was performed. All films of
coronary angiography were analysed by investigators unaware
of the study medications and the film sequence.
The baseline clinical, haemodynamic and angiographic
characteristics of the patients in the lovastatin and placebo
groups were similar. The initial lipid levels of the two groups
were comparable [mean (SD) serum cholesterol: 230 (10) mg/dl
and 222 (10) mg/dl, respectively]. However, at 12 days and
five-and-a-half months, the serum levels of total and LDL
cholesterol had decreased significantly in the patients receiving
lovastatin. Patients in the placebo group did not show any
change in the lipid level over a five-and-a-half month period.
There was no change in the coronary artery endothelial
response to acetylcholine with short term (12 days) lipidlowering therapy. The percentage of change in the diameter of
the vessels in response to acetylcholine doses of 1O-9M, 1O-8M,
1O-7M,' and 10-6M in the lovastatin group at five-and-a-half
months were 3 (3)%, 3 (3)%, 0 (2)% and 0 (3)%, respectively.
This was a significant improvement over the response to acetylcholine at 12 days in both groups, and at five-and-a-half months
in the placebo group. The patients in the placebo group showed
mean changes of vessel diameter (in response to peak doses of
acetylcholine) of + 1% (from -19% constriction in the initial
study to -18% at follow up), while in patients of the lovastatin
group the mean change was + 16% (from -16% constriction
initially to 0% at follow up).
There was a significant inverse relation between LDL
cholesterol level and the arterial reponse to acetylcholine at
follow up in the most constricting segment, i.e. decreased level
of LDL-cholesterol at follow up was associated with an
improved response to acetylcholine.
COMMENT
It has been emphasized that hypercholesterolaemia
is the
most important factor in the genesis of atherosclerosis. This
association has been strengthened by a study done on 400 000
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men (Multiple risk factor intervention trial, MRFIT)I.2
. which has revealed an unequivocal relationship between
baseline serum cholesterol level and mortality from cardiovascular disease over a 6-year period.
Many primary and secondary prevention trials have been
conducted with diet and/or drugs in patients with hypercholesterolaemia, in an attempt to bring down cardiovascular
mortality. All of these showed a decrease in the cholesterol
level after intervention; however, its relationship to the
decrease in cardiovascular
mortality was not clearly
established.
It is only recently, in the Scandinavian
simvastatin survival study of 4444 patients, who were
followed up for 5.4 years, that the overall mortality was
shown to be reduced by 30% while on lipid-lowering therapy.
This reduction was primarily due to a decrease in fatal
ischaemic cardiac events.! It is now clear that elevated
cholesterol levels need to be reduced especially in patients
with coronary heart disease. Indeed, in such patients, the
target level of LDL for initiating lipid-lowering therapy is
lower, and the goals are clearly defined.
How does a decrease in cholesterol lead to reduction of
cardiovascular morbidity and mortality? In-depth studies on
the anatomy of the coronary artery lumen were performed
with imaging techniques while patients were on cholesterollowering therapy, which have revealed some regression of
atherosclerosis.V
The earlier results were hopeful, but
further analysis of data indicated that these regressive
changes were small (1-2%), did not clinically correlate well
with the cardiovascular events and hence were of dubious
benefit. Also, it was later shown that changes in the severity
of stenosis had poor correlation with the changes in the
exercise capacity. 6 Another possible mechanism whereby
increased serum cholesterol may directly cause acute cardiovascular events was 'lesion activation' or plaque rupture
leading to coronary lumen occlusion. Histological studies at
post-mortem, strengthened by data obtained from computer
modelling, have indicated that rupture of the lipid-filled
plaques occurs when these are exposed to increased shear
stress and coronary artery pressure/-" and due to progressive
lipid accumulation." Theoretically, by limiting the lipid
content of atherosclerotic plaques with the use of hypolipidaemic drugs, the possibility of subsequent rupture may
be minimized.
Another article;'? published in the same issue of the
journal, attempts to extend these observations further. In a
randomized trial, 49 subjects on dietary restriction alone
were compared to those on lovastatin with cholestyramine
and lovastatin with probucol. The greatest improvement
in endothelial-dependent
vasomotion was seen in the LDL
lowering (lovastatin) and anti-oxidant, (probucol) group.
This study and that by Anderson et al. are based on new
insights gained by other basic research trials. The focus of
the genesis of coronary heart disease is presently on the
endothelial cells. In patients with hypercholesterolaemia
and
atherosclerosis, these cells become dysfunctional leading to
a decrease in the production of endothelial-derived growth
factor (EDRF) and tissue plasminogen activator. These, in
turn, cause increased platelet adhesion, vasoconstriction,
increase in shear stress, promotion of leukocyte adhesion
and thrombus formation. II When the cholesterol content
of atherosclerotic arteries is decreased by drugs such as
lovastatin, some of these local disturbances may improve.
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This fact has been elegantly demonstrated in this study
where abnormal vasomotion improved when LDL levels
were lowered with lovastatin.
What is the cause of this local dysfunction? Oxidative
stress is one of the proposed mechanisrns.P An oxidized
LDL particle is more effective than the native LDL in
decreasing the vasodilator response to acetylcholine.P
Moreover, lysolecithin formed as a consequence of lipid
peroxidation may lead to vasomotor dysfunction. 14 Keeping
this information in mind, Anderson et al. have also included
probucol in their study. Probucol acts as a chain-breaking
anti-oxidant, inhibiting peroxidation of lipids and oxidative
modification of LDL particles. IS
These studies have far-reaching implications. If this
concept of correction of endothelial dysfunction in coronary
heart disease with cholesterol reduction is substantiated by
others, lovastatin and other such lipid-lowering drugs may
be included in the standard treatment regime for coronary
heart disease.
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