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How to study the effects of inflammation
on coronary vasomotion and their
clinical relevance
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In patients with acute coronary syndromes systemic inflammation is associated with an enhanced
vasoreactivity of the culprit coronary lesion. In the complex scenario of the mechanisms responsible
for myocardial ischemia, the increased coronary vasoreactivity at the site of the culprit lesion may
represent an important pathogenetic factor by limiting coronary blood flow. Systemic inflammation
and epicardial vessel vasomotion can be easily measured in humans although, at present, the clinical
relevance of such association has not been assessed in clinical trial. In the future, the development of
drugs capable of blocking inflammatory molecules, in particular C-reactive protein and endothelin-1,
will provide new tools to establish whether inflammation directly contributes to the pathogenesis of
the enhanced coronary vasoreactivity and, more importantly, whether these drugs will be capable of

positively affecting the prognosis of patients with acute coronary syndromes.

(Ital Heart J 2002; 3 (4): 226-229)

Inflammation and acute coronary
syndromes

Several studies carried out in the last
decade have consistently shown that in-
flammation plays a crucial role in the acti-
vation of coronary atherosclerotic lesions
leading to coronary thrombosis, the patho-
physiological substrate of acute coronary
syndromes'. Indeed, inflammation at the
site of the active coronary plaque has sev-
eral detrimental consequences?: 1) the ac-
tivation of the endothelium, transforming
its antiadhesive and anticoagulant proper-
ties into adhesive and procoagulant propen-
sity; 2) the reduction of matrix synthesis
and the increase of its degradation by met-
alloproteinases, thus favoring plaque rup-
ture; 3) the stimulus for the formation of
fragile and prone to hemorrhage microves-
sels in the plaque (‘“neoangiogenesis”)
which serve as a portal for leukocytes traf-
ficking, and finally 4) the release of power-
ful constrictors by activated leukocytes, en-
dothelium, smooth muscle cells and
platelets.

Increased coronary vasoreactivity
in acute coronary syndromes

In 1994 Bogaty et al.’ observed that the
culprit lesion of patients with unstable
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angina exhibited an enhanced vasocon-
strictor response to cold pressor and exer-
cise test in comparison with the culprit le-
sion of patients with stable angina. More
recently we have confirmed these findings
and observed that patients with unstable
angina, compared to those with stable angi-
na, present also an increased resting tone at
the site of the culprit lesion*3. Of note, in
all studies, the abnormal coronary vasomo-
tion was observed only at the level of the
culprit lesion and not at the level of unin-
volved proximal and distal coronary seg-
ments thus supporting the concept that the
abnormal vasoreactivity is a local plaque-
related phenomenon.

Inflammation and abnormal vasomotion

Although the mechanisms responsible
for the increased vasoreactivity of the un-
stable atherosclerotic plaque are still poor-
ly understood, inflammatory mechanisms
are likely to play a relevant role”. Recently,
the relation between inflammation and ab-
normal vasoreactivity of the systemic and
coronary circulation has been systematical-
ly investigated. Fichtlscherer et al.% found
that elevated C-reactive protein (CRP) lev-
els are independent predictors of endothe-
lial dysfunction in patients with coronary
artery disease. In particular, patients with
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elevated CRP levels, compared to those with normal
CRP levels, exhibited a reduced forearm vasodilator re-
sponse to acetylcholine. Most important, normalization
of elevated CRP levels over time was associated with a
normalization of endothelium-mediated blood flow re-
sponses. These findings have been confirmed by Hin-
gorani et al.”, who showed that a mild inflammatory re-
action induced by Salmonella typhi vaccine impairs
forearm endothelium-dependent vasodilation. We have
recently investigated the relation between systemic in-
flammation and coronary vasoreactivity at the site of
the culprit lesion in patients with coronary artery dis-
ease’. We found that in patients with unstable angina el-
evated CRP levels are independently associated with
enhanced vasoreactivity of the culprit lesion. Indeed,
unstable patients with elevated CRP levels exhibited
both a greater dilation of the culprit lesion after intra-
coronary nitroglycerin (an endothelium-independent
stimulus) and a greater constriction of the culprit lesion
during cold pressor test (an endothelium-dependent
stimulus), thus suggesting in these patients both an en-
hanced resting tone of the culprit lesion and an alter-
ation of endothelium-dependent vasodilation. Interest-
ingly, in patients with stable angina also CRP levels
were independently associated with enhanced vasore-
activity of the culprit lesion. These findings are in keep-
ing with the results of several previous investigations
showing an independent prognostic relevance of CRP
for the risk of coronary artery disease not only in pa-
tients with unstable angina but also in apparently
healthy men®° and in patients with stable angina'®.

Causes for the enhanced vasoreactivity of the active
coronary plaque

Inflammatory processes within the plaque cause the
production and release of a number of potent vasocon-
strictors by activated inflammatory cells (macrophage,
neutrophils and lymphocytes), smooth muscle cells,
endothelial cells, and platelets. Furthermore, plaque in-
flammation may affect endothelial vasodilator capabil-
ity by inhibiting the production of nitric oxide by su-
peroxide anion whose production is augmented in the
activated plaque?. Substances such as thrombin, sero-
tonin, angiotensin II, thromboxane A, and endothelin-1
(ET-1) released at the site of the active atherosclerotic
plaque might all cause intense coronary vasoconstric-
tion. Among vasoconstrictors, much attention has been
dedicated to ET-1 which belongs to a family of peptides
that are potent constrictors of vascular smooth mus-
cle'!. In addition, ET-1 markedly potentiates the con-
strictor effects of other vasoconstrictors such as cate-
cholamine, serotonin and angiotensin II. Its release is
stimulated by thrombin and inflammatory factors such
as interleukin-1'2. ET-1 is produced not only by en-
dothelial cells but also by macrophages, polymor-
phonuclear leukocytes and smooth muscle cells activat-
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ed by inflammatory mediators'?. In an in vitro study,
Zeiher et al.!3 evaluated the ET-1-like immunoreactivi-
ty at the site of coronary atherosclerotic lesions ob-
tained by directional coronary atherectomy from pa-
tients with stable angina and patients with crescendo
and postinfarction angina. They found that ET-1 stain-
ing grade was significantly greater in patients with
acute coronary syndromes compared to that observed
in atherosclerotic plaque tissue obtained from patients
with stable angina. Importantly, ET-1 immunostaining
was most prominent in the areas with evidence of infil-
tration by macrophages whose key role in the transition
from stable to unstable lesions is well established. The
potential role of ET-1 for the increased vasoreactivity
of the culprit lesion in patients with unstable angina has
been further evaluated in a recent study in which we ob-
served that coronary artery stent implantation at the site
of the culprit atherosclerotic lesion was followed by a
detectable local increase of serum levels of ET-1, which
was significantly greater at the site of the unstable than
at the site of the stable plaque®. Thus, a local enhanced
release of ET-1 might be responsible, at least in part, for
the enhanced vasoreactivity of the culprit lesion in pa-
tients with unstable angina.

Assessment of systemic inflammation: the pivotal
role of C-reactive protein

Among the numerous systemic markers of inflam-
mation, CRP, the prototype of the acute phase reactants,
has so far received the greatest attention'. Its indepen-
dent prognostic role in a variety of cardiovascular con-
ditions has been repeatedly emphasized. Baseline lev-
els of CRP in apparently healthy persons?, in subjects
with cardiovascular risk factors® and in patients with
stable angina!® represent an independent risk factor for
future cardiovascular events. Furthermore, high CRP
levels in patients with unstable angina'> and myocardial
infarction!® have been associated with a worse progno-
sis. Finally, persistently elevated CRP plasma levels af-
ter coronary surgery'’ and coronary artery stent im-
plantation'¥!? are predictive of postprocedural compli-
cations and in-stent restenosis. Currently, the availabil-
ity of standardized high-sensitive assays for CRP de-
termination provides accurate measurements of this in-
flammatory marker which is now included in the rou-
tine blood testing in many centers!+29,

Assessment of epicardial vessel vasomotion

At present, quantitative coronary angiography rep-
resents the only reliable method to evaluate epicardial
vessel vasomotion?!. Alternatively, the new generation
of multistrate computed tomography appears promis-
ing for the noninvasive evaluation of epicardial coro-
nary vessels but it is still far to be applicable in the rou-
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tine clinical setting. Quantitative angiographic analysis
is usually made by the use of standardized automated
edge-detection system, which allows the diameters to
be measured as absolute values. Minimal luminal di-
ameter of the culprit lesion, reference segment diame-
ter, and percent diameter stenosis are directly obtained
with this analysis system. Modern analysis systems uti-
lize dedicated softwares capable of automatically di-
viding the coronary vessel into contiguous 5-mm seg-
ments and determine the diameter of each segment. All
measurements are performed using an end-diastolic
frame and should be obtained for the angiograms taken
at baseline and during the pharmacological or physical
challenge. Care should be taken to choose identical
projections of the target lesion for all assessed an-
giograms.

Several vasoactive agents have been used for the as-
sessment of epicardial vasomotion. Endothelium-de-
pendent coronary vasodilation can be interrogated by
using both pharmacological agents like acetylcholine
and substance P and physical challenge, such as cold
pressor test?2. For the assessment of endothelium-inde-
pendent vasodilation, nitroglycerin and sodium nitro-
prusside may be administered as an intracoronary bolus.

Clinical relevance of the effects of inflammation
on coronary vasomotion

Although it is well established that a systemic in-
flammatory status is associated with a worse prognosis
in patients with ischemic heart disease and it appears
intuitive that an enhanced coronary vasoreactivity may
aggravate or even precipitate myocardial ischemia by
limiting coronary blood flow, the clinical relevance of
such association has not been systematically investigat-
ed in clinical studies. It might well be that in selected
subgroups of patients with persistent ischemia and
symptoms despite massive anti-ischemic therapy a high
inflammatory systemic activation might induce coro-
nary instability because of enhanced coronary vasomo-
tion. Indeed, the increased vasoconstrictor tone and the
enhanced vasoconstrictor response of the active unsta-
ble plaque may explain the resistance to systemic va-
sodilators observed in some patients with acute coro-
nary syndromes. In the future, the development of spe-
cific anti-inflammatory drugs will provide the tools to
determine whether inflammation is directly involved in
the pathogenesis of enhanced coronary vasoreactivity
and more importantly, whether these drugs will be ca-
pable of positively affecting the prognosis of patients
with acute coronary syndromes. In this context, the uti-
lization of ET-1 inhibitors, which have been shown to
have therapeutical potential in early clinical studies,
will determine whether these new pharmacological
agents have the capability of reducing coronary vaso-
motion and possibly coronary morbility and mortality
in acute coronary syndromes.
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