| EpITORIALS

Atherosclerotic Coronary Artery Disease: Usefulness
of C-Reactive Protein for the Identification of the “Vulnerable”

Plaque and the “Vulnerable” Patient

Ramoén Arroyo-Espliguero,® Pablo Avanzas,® and Juan C. Kaskic

2Hospital General Universitario, Guadalajara. Spain.
®Hospital General Universitario Gregorio Marafién, Madrid, Spain.

¢Coronary Artery Disease Research Unit, Department of Cardiological Sciences, St. George’s Hospital Medical School,

London, United Kingdom.

Despite advances in basic and clinical cardiovascu-
lar research, coronary artery disease remains one of
the main causes of death and disability in the western
world. Inflammation of the arterial wall is an etiologic
and pathogenic mechanism involved in the onset, de-
velopment and destabilization of the atherogenic pro-
cess. Indeed, atherosclerosis is currently considered to
be an inflammatory disease. Of the many biological
markers of this inflammatory process, such as serum
amyloid protein A, fibrinogen, white blood cell count,
neopterin, endothelial adhesion molecules and cytoki-
nes, C-reactive protein (CRP) is the marker which has
received most attention over recent years.

Accumulated evidence suggests that high-sensitivity
CRP is a predictor of cardiovascular risk in patients
with established heart disease and in apparently he-
althy persons. Indeed, it has recently been suggested
that CRP is a more powerful predictor of risk than le-
vels of low density lipoprotein cholesterol (LDL-C)
and that it provides added prognostic information to
the conventional Framingham score.! Arterial inflam-
mation and blood levels of CRP are lowered by seve-
ral drugs, such as aspirin, reductase inhibitor 3-hydro-
xy-3-methyl-glutaryl coenzyme A (HMG-CoA),
angiotensin converting enzyme (ACE) inhibitors, thie-
nopyridines, and peroxisome proliferator-activated re-
ceptor (PPAR) agonists, which reduce morbidity and
mortality in patients with cardiovascular disease and
in apparently healthy subjects. However, whether inhi-
bition of the inflammation and the consequent reduc-
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tion in CRP result in a reduction in clinical events is
currently unknown. The benefit in terms of mortality
resulting from the use of statins or ACE inhibitors can-
not be explained simply by their respective lipid lowe-
ring or antihypertensive effects; rather they appear to
be at least partly mediated by their anti-inflammatory
effects. The Air Force/Texas Coronary Atherosclerosis
Prevention Study (AFCAPS/TexCAPS), a primary
prevention study in 5742 subjects at low to moderate
risk of developing coronary artery events, showed tre-
atment with lovastatin to be highly effective in redu-
cing such events among subjects with baseline LDL-C
values above 149 mg/dL (the median LDL-C distribu-
tion in the overall study population). However, treat-
ment with lovastatin has also been shown to be just as
effective at reducing coronary artery events in subjects
with normal LDL-C values and high levels of CRP.?
The results of this latter study are particularly interes-
ting, not only because they confirm that raised levels
of CRP predict cardiovascular risk and that the measu-
rement of CRP together with a lipid workup improves
the overall evaluation of risk, but also because they
suggest that HMG-CoA reductase inhibitors are even
effective in apparently healthy persons with no hyper-
cholesterolemia but who have a tendency to develop
cardiovascular events, as detected by raised CRP le-
vels. Indeed, the recent clinical guidelines published
by the American Heart Association/Centers for Dis-
ease Control and Prevention (AHA/CDC) consider the
measurement of high-sensitivity CRP a class Ila re-
commendation in the stratification of the primary pre-
vention of cardiovascular disease. This is especially so
in persons who are at moderate overall risk for corona-
ry events (10%-20% at 10 years, according to the con-
ventional Framingham score), for whom the physician
needs additional information before deciding on diag-
nostic techniques, recommending a more aggressive
modification in life-style, or starting cardioprotective
therapy with such drugs as aspirin, statins, or ACE in-
hibitors.?
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C-reactive protein is also a predictor of the short-
and long-term recurrence of cardiovascular events and
death in patients with acute coronary syndromes
(ACS), and its prognostic capacity has even been
shown independently of other risk markers, such as
troponins or B-type natriuretic peptide.* In this issue
of REVISTA EspANOLA DE CARDIOLOGIA Sanchis et al’
analyze the relationship between high-sensitivity CRP,
troponin I, and the angiographic complexity of the cul-
prit lesion in 125 patients with non-ST segment eleva-
tion ACS and important single coronary vessel disea-
se.> The patients in this study with elevated CRP
values had more thrombotic culprit lesions, more le-
sions with a TIMI flow <3 and elevated troponin I
concentrations. Sanchis et al® therefore suggest that
the inflammatory activity of both the vessel wall and
the focus of the myocardial necrotic lesion could be
involved in the raised CRP levels in patients with
ACS. The authors point out, though, that the partial
contribution of the arterial inflammation or the necro-
tic myocardium to the elevation in inflammatory mar-
kers depends on the moment these markers are measu-
red. The concentrations of high-sensitivity CRP,
measured a median of 72 h after hospital admission,
were very widely distributed, with an interquartile ran-
ge of 6-65 mg/L in those patients with thrombotic le-
sions. Bearing in mind that 85% of the thrombotic le-
sions in this study were identified in patients with
elevated troponin I levels, it is difficult to determine
whether the high CRP concentration in these patients
reflects the magnitude of the non-specific inflamma-
tory reaction in the acute phase of myocardial necro-
sis, or the inflammatory process leading to coronary
arteriosclerotic destabilization, or a combination of
both mechanisms.

In earlier studies, Katritsis et al® found a significant
relation between CRP concentrations and the angio-
graphic complexity of the atherosclerotic plaque, spe-
cifically with the presence of intracoronary thrombo-
sis, the eccentric location of the lesion and the
irregularity of its outline.® Although the morphology
of the angiographic lesions may identify a high num-
ber of vulnerable plaques, not all the angiographic fea-
tures which define an atherosclerotic plaque as “com-
plex,” or type C in the AHA/ACC classification, are
the result of an acute inflammatory process or reflect
the persistence or activity of the initial atherogenic
process. The angiographic markers of complexity are
more likely to reflect unstable inflamed plaque in pa-
tients with ACS, such as those included in the study by
Sanchis et al,’ than in patients with chronic stable an-
gina. However, it is currently the clinical context, rat-
her than the angiographic morphology of the lesion,
which defines the acute inflammatory instability of the
plaque. Studies by our group showed that the correla-
tion between CRP and the angiographic complexity of
the plaque in patients with ACS was not seen in pa-
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tients with chronic stable angina.”® The ulceration,
irregularity and eccentricity, all defining elements of a
complex plaque, may represent rupture of a partially
scarred plaque, a recanalized thrombotic lesion or the
sequelae of a ruptured plaque in patients with stable
angina, not necessarily an acute inflammatory event. It
is the composition (e.g. cell infiltrate, lipid nucleus
and inflammatory molecules) rather than the angio-
graphic morphology which really determines the vul-
nerability of the atherosclerotic plaque. Nonetheless,
despite the inherent limitation of angiography in cha-
racterizing the composition of the plaque, angiograp-
hic evaluation of the complexity correlates strongly
with the vulnerability assessed by intravascular ultra-
sound (IVUS).!® Clinical and pathologic studies have
confirmed the direct association of CRP and inflam-
matory mechanisms with plaque vulnerability.
Moreover, these studies have shown that patients with
ACS have generalized pancoronary inflammation
which leads to the development of multiple vulnera-
ble, complex plaques.''* Buffon et al'! found wides-
pread inflammatory activity throughout the coronary
tree, independently of the location of the culprit lesion.
Rioufol et al'? also found evidence of this pancoronary
involvement when they used IVUS to identify at least
2 plaque ruptures in 79% of the patients with ACS.
The same results were obtained with angioscopy'® and
in pathologic post mortem samples. The measurement
of inflammatory markers such as CRP may represent
an advance in this sense and provide the physician
with a feasible marker to identify which lesions and
which patients have an inflammatory process capable
of triggering an acute coronary event. Studies by our
group in patients with ACS have shown a close corre-
lation between different markers of inflammation, in-
cluding CRP, neopterin, and neutrophil count, and the
number of angiographically complex lesions, a reflec-
tion of destabilization and increased pancoronary vul-
nerability.”® Our results indicate that CRP is a marker
of the clinical activity in patients with coronary disea-
se and that it may be considered a biological marker of
the diffuse inflammatory process leading to the multi-
focal coronary destabilization which causes acute co-
ronary events and progression of coronary disease. In
this respect, the study by Sanchis et al’ also provides
relevant information as, despite studying only patients
with single vessel disease, CRP was significantly rela-
ted to markers of clinical and angiographic instability
of the atherosclerotic coronary process. Apart from
this prognostic capacity, CRP provides no additional
clinical information to that given by the patient’s
symptoms, electrocardiographic changes and elevation
of the markers of myocardial damage (troponin I or T)
regarding the indication for diagnostic procedures and
medical or invasive therapy. Studies of CRP and other
markers of inflammation in patients with ACS do, ho-
wever, provide important pathophysiological informa-
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tion about the involvement of inflammatory mecha-
nisms in the destabilization of the atherogenic process
and the development of complex plaque. Rather than a
mere biological marker, CRP has recently been sug-
gested to be a cardiovascular risk factor directly invol-
ved in the genesis of vulnerable atherosclerotic plaque.
CRP exerts a multitude of effects on the endothelial
biology, favoring a proinflammatory and proatheroge-
nic phenotype: CRP reduces the transcription of endot-
helial nitric oxide synthase (eNOS), increases levels of
endothelin 1 (ET-1) and promotes the expression of
endothelial adhesion molecules (ICAM-1, VCAM-1)
and chemotactic proteins (MCP-1). Results of prelimi-
nary studies even suggest that CRP activates the signa-
ling pathway of the nuclear transcription factor kappa
B (NF-xB) in endothelial cells, reducing the differen-
tiation and survival of endothelial stem cells. The pro-
atherogenic effects of CRP are not restricted just to en-
dothelial involvement, they increase the expression of
the angiotensin type 1 receptor (AT,-R) in smooth
muscle cells, promoting their proliferation and migra-
tion, as well as the production of free oxygen radi-
cals.”

The high risk of recurrence of cardiovascular events
in patients with elevated CRP concentrations, the in-
volvement of inflammatory markers in the genesis of
vulnerable plaque and the findings of the interesting
study by Sanchis et al, particularly the relation
between CRP and the presence of a thrombotic culprit
lesion or a TIMI<3, or both, give rise to a series of im-
portant clinical questions which should be investigated
with specially designed studies. Bearing in mind the
close relation between CRP and the vulnerability and
complexity of the culprit lesion, do high CRP concen-
trations recommend percutaneous coronary interven-
tion (PCI) with the concomitant use of stents and gly-
coprotein IIb/IIla inhibitors?, do they recommend the
use of distal protection devices during PCI?, do they
recommend prior treatment with statins, even in pa-
tients with normal cholesterol figures? Moreover, gi-
ven the high risk of events after PCI in patients with
elevated CRP concentrations,'® should PCI be delayed
until the CRP concentration is normalized?
Independently of any action to stabilize the culprit le-
sion clinically, and considering the usefulness of CRP
as a biological marker of pancoronary vulnerabi-
lity,”%!* the identification by CRP of the “vulnerable”
patient and a medical strategy based on lowering CRP
concentrations after progressive establishment of
drugs with proven arterial anti-inflammatory effects
(aspirin and clopidogrel, statins, ACE inhibitors,
PPAR agonists such as fibrates and thiazolidinediones,
and perhaps beta-blockers) could control, or even re-
vert, the atherosclerotic inflammatory process and re-
duce the risk of death, myocardial infarction, or stro-
ke, as well as the requirement for revascularization
and rehospitalization. Finally, we should also ask
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whether CRP is really the most suitable marker of in-
flammation to identify the risk of recurrence of
cardiovascular events in patients with ACS. The
“Systemic Inflammation Evaluation in patients with
non-ST segment elevation Acute coronary syndromes”
(SIESTA) study!” was designed for this purpose and
its results are expected in the coming months.
According to results from earlier studies and the fin-
dings of Sanchis et al,’ the use of markers of inflam-
mation may well represent an important advance in the
identification of vulnerable patients. These patients
could then clearly benefit from the establishment of
therapies which prevent progression of coronary disea-
se and development of cardiovascular events.
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