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Plaque Rupture

In a previous editorial, 
I summarized current opin-
ion that at necropsy, most
plaque ruptures are found 
to have occurred in plaques
with a soft lipid core covered
by a thin fibrous cap that
may be inflamed.1 Ruptured
caps usually contain less

collagen, fewer smooth muscle cells, and many more
macrophages than thick caps. What is needed is a method to
identify the plaque that is prone to disruption prior to the clini-
cal event, that is, myocardial infarction, sudden cardiac death,
or unstable angina. The term “oxidized LDL (low-density
lipoprotein)” has been used many times in our literature. It is
highly likely that oxidized LDL plays a role in disrupting
atheromatous plaques with a thin cap over a large lipid pool. In
fact, the implication that oxidized LDL is important in the
pathogenesis of acute coronary syndromes has led to the hy-
pothesis that “antioxidant” therapy might either abort or slow
the oxidative process, and subsequently prevent the rupture of
plaques. If a method to identify plaques prone to disruption
can be developed, then patients with “high risk” plaques could
be selected for specific treatment to prevent cardiac events. 

What Is “Stress?”

Stedman’s Medical Dictionary defines stress as “reactions
of the body to forces of a deleterious nature, infection, and var-
ious abnormal states that tend to disturb its normal physiolog-
ic equilibrium (homeostasis).”2

What Is “Oxidative Stress?” 

The term “oxidative stress” is used commonly by investiga-
tors interested in the pathogenesis of plaque rupture. As a car-
diovascular clinician trying to understand some of the science
related to the development of plaques that are prone to rupture,
my literature survey leads me to believe that the term “oxida-

tive stress” applies to anything that can produce damage to the
arterial wall that is related to oxidation. 

Heinecke, in a recent article, references several lines of evi-
dence that support the hypothesis that oxidative modifications
of LDL play a critical role in the pathogenesis of atherosclero-
sis.3 He makes the point that 

…to understand oxidative stress, the chemistry that is
occurring in the arterial wall must be understood. It is ap-
parent that to rationally design and test antioxidants, it is
important to know what the oxidants are, analogous to
identifying the infecting bacterium in order to select an
antibiotic to eliminate an infection.

In other words, we demand that Koch’s postulates be ful-
filled to determine causality of a bacterial infection—why not
demand this for the development of atherosclerosis. 

Antioxidant Therapy of Plaques Prone to Rupture

The cardiovascular community was disappointed to learn
that the antioxidant vitamin E did not prevent cardiac events in
patients with known coronary disease. 

This observation posed the question of whether the oxida-
tion of lipids plays any role in the pathogenesis of athero-
sclerosis. As suggested by several investigators, for an antiox-
idant intervention to work, it must be directed toward the ap-
propriate source of oxidation in the arterial wall. The sources
of oxidation are many, and will not be detailed here. Many of
these sources of oxidation have been found in the region of
plaques that have ruptured, that is, often at the shoulder region
of the plaque, the site that is disrupted at necropsy.

Future Research to Identify Plaques Prone to Rupture

Most clinicians neither know nor care to know many of the
details about research in this area, but they do agree that future
research should focus on diagnostic methods to identify these
rupture-prone plaques. Thus, the real challenge in clinical vas-
cular biology is to detect patients at higher risk for oxidation of
LDL and to develop techniques to measure oxidation of LDL.
Eventually, investigators believe that there will be ways to de-
termine, either in plasma or in urine, surrogate markers that are
responsible for the oxidative modifications of LDL. When this
happens, efforts can be directed toward strategies to use effec-
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tive antioxidant interventions to decrease or prevent oxidative
stress and subsequently prevent cardiac events in patients with
high-risk plaques. 

Angiotensin II and Vascular Inflammation

Landmesser and Drexler4 emphasize the role of angiotensin
II as a major player in the production of vascular reactive oxy-
gen species with the subsequent development of endothelial
dysfunction and its concomitant reduction of nitric oxide and
oxidation of LDL. Both of these processes eventually lead to
vascular inflammation, which is now believed to be necessary
for the progression of atherosclerosis and/or plaque rupture. 

Without going into detail, the list of enzymes capable of 
reducing oxygen include xanthine oxidase, NADPH oxidase,
NADH oxidase, NO oxidase, mitochondrial electron transport,
cyclo-oxygenase, lip-oxygenase, and glucose oxidase. The re-
active oxygen species can result in altered vasomotion, adhe-
sion molecule expression, vascular smooth muscle cell growth,
apoptosis, lipid oxidation, and matrix metalloproteinase acti-
vation, which results in remodeling and plaque rupture. 

Landmesser and Drexler conclude their article by stat-
ing that 

…increased vascular production of reactive oxygen
species in atherosclerosis and common conditions pre-

disposing to atherosclerosis such as hypercholesterol-
emia, hypertension, diabetes, and smoking likely contrib-
ute to the development and progression of atherosclerosis
by oxidative modification of LDL and by promoting en-
dothelial dysfunction enhancing vascular-inflammatory
responses.

This series of events obviously has significant implications
since angiotensin-converting enzyme inhibition may blunt the
responses and decrease the vascular inflammation that is seen
in the shoulders of atherosclerotic plaques, and thus possibly
prevent plaque rupture. 

There is definitely more to follow on this subject. 

C. Richard Conti, M.D., M.A.C.C.
Editor-in-Chief
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