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C-reactive protein and prognosis after percutaneous

coronary intervention

See doi:10.1053/euh;j.2001.2988 for the article to which
this Editorial refers

Based on evidence from vascular biology and clinical
research, it is now evident that inflammatory mech-
anisms play a key role in the pathogenesis of athero-
sclerosis and its complications'). In this regard,
C-reactive protein (CRP), a sensitive marker of low-
grade vascular inflammation, has been the subject of
extensive investigation, and has been shown to aid
cardiovascular risk prediction in a variety of clinical
settings. The report by de Winter e al. in the current
issue provides further insight into the potential role of
CRP to help assess prognosis among those at risk for
cardiovascular events!?. These workers studied the
association between baseline levels of CRP and future
cardiovascular risk among 501 patients with stable
coronary artery disease who underwent -elective
percutaneous transluminal coronary angioplasty
(PTCA). Over a 2-year follow-up, levels of CRP were
significantly higher among those who subsequently
reached the composite end-point of death, myocar-
dial infarction, urgent revascularization or admission
for unstable angina, than among those who remained
free of cardiovascular events. In adjusted analyses,
increased CRP levels (>3mg.1 ') were a strong
independent predictor of future cardiovascular events
with a relative risk of 2-5 (P=0-0014); indeed CRP
was a stronger predictor than other well-established
risk factors such as diabetes, hypertension, and ACC/
AHA lesion class.

The finding that normal CRP levels were more
common among those on statin treatment is consist-
ent with evidence that statins have potent anti-
inflammatory effects’® *! and that statins lower CRP
levels!® ). The lower risk observed among those with
low CRP levels, however, cannot be solely attributed
to concomitant statin therapy, as CRP remained a
strong predictor of future risk in adjusted analyses
which controlled for statin use. Further, changes in
CRP and lipid levels with statin therapy have not
been found to correlate to any significant degree!®'!).

As acknowledged by the authors, the generalizabil-
ity of the current data are somewhat limited due to
the low rate of use of stents and glycoprotein IIb/IIla
inhibitors. However, data in this regard are available
from several other studies!'>'¥ including a very
recent report by Chew et al. showing that CRP
predicts the risk of death or myocardial infarction at

30 days among 727 patients undergoing percutaneous
coronary intervention!"*. The use of stents and glyco-
protein IIb/IIla inhibitors in this cohort was high,
reflecting current practice. The adjusted relative risk
for the highest quartile of CRP compared to the
lowest quartile was 3-68 (P=0-004). Moreover these
workers reported that the risk associated with
elevated CRP is independent of, but additive to, the
effect of increased ACC/AHA lesion score.

These studies are important additions to the grow-
ing body of data showing that CRP levels may help
guide prognosis for patients with a wide variety of
clinical presentations of coronary artery disease. The
current study by de Winter and colleagues suggests
that CRP levels predict risk at 2 years among patients
with stable coronary artery disease undergoing
PTCA. In this regard, CRP levels have also been
found to predict risk of death, myocardial infarction,
and restenosis at 6 months among those with unstable
coronary syndromes undergoing percutaneous cor-
onary intervention!'”, while other workers have
found that CRP levels predict coronary outcomes as
far as 4 years into the future following admission for
unstable angina and acute coronary syndromest'® %,

In order to assess the potential clinical utility of
testing for CRP levels among patients with acute
coronary syndromes, it is necessary to evaluate the
predictive value of CRP in relation to biochemical
markers of myocardial ischaemia. Data from the
FRISC, CAPTURE and TIMI investigators suggest
that both troponin T and CRP are independent
predictors of risk in patients with acute coronary
syndromes, and that their predictive value is additive.
Even among those with negative troponin T, an
elevated CRP level is predictive of future risk. The
TIMI group have shown that the increased risk
associated with elevated CRP levels may be evident as
early as 14 days!'”. In the CAPTURE study, only
troponin T was predictive of early risk in the initial
72 h period after presentation with an acute coronary
syndrome, while both CRP and troponin T were
independent predictors of risk at 6 months!'>. The
FRISC group found that the difference in risk
between those with and without elevated CRP levels
at the time of the index event continues to increase for
several years!'®.. It is of note that in these cohorts, the
predictive value of CRP was independent of that of
troponin T. Indeed Chew and colleagues have
reported that the addition of CRP testing to
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clinical, and angiographic features provides excellent
prognostic usefulness for patients undergoing
percutaneous coronary intervention!'*!,

Nonetheless, before embracing CRP testing as a
risk stratification tool among those presenting with
acute coronary syndromes or undergoing percu-
taneous coronary intervention, more data is required
regarding the appropriate cut point used to define
‘high’ CRP levels. Unlike primary prevention cohorts
in which the range of CRP levels is relatively consist-
ent!'%1191 the thresholds used to define abnormal
CRP in the above reports among patients with
documented coronary artery disease has varied from
>3mg.1 ' to >155mg.1 ') The CAP-
TURE workers found that a threshold of 10 mg .1~
maximized the predictive value of CRP using receiver
operating curve analysis!'>!. In concert with data from
primary prevention, it is thus likely that a gradient for
CRP levels exists, with the lowest range among the
healthy general population, an intermediate range
among those with stable documented coronary artery
disease, and a higher range among those with acute
coronary syndromes. Thus the appropriate threshold
above which CRP levels confer increased risk may
vary according to the population studied.

The precise source of elevated CRP levels remains
unclear. Intriguing data from workers in Rome indi-
cate that CRP levels do not change after PTCA in
patients with stable and unstable angina who have
normal levels pre-procedure, but increase after PTCA
in unstable patients with elevated CRP levels at
baseline!?’!. These data suggest that plaque rupture
per se may not be the source of elevated CRP levels
among patients with unstable angina, but rather that
elevated CRP levels may be a marker of hyper-
responsiveness of the inflammatory system to even
small stimuli. Indeed among patients with elevated
CRP levels at baseline even diagnostic angiography
without subsequent intervention caused an increase in
CRP levels®”,

What should be done for individuals identified as
high risk by CRP levels? CRP levels are higher among
smokers, diabetics and obese subjects. Recent data
indicate that elevated levels of CRP and interleukin-6
(IL-6) are potent predictors of the risk of future
development of type II diabetes!*'). Indeed, adipose
tissue is an important source of IL-6, which is the
main stimulus for hepatic production of CRP. Thus
intensification of lifestyle modification and regular
exercise would seem appropriate. Further data
suggests that the benefit of aspirin and statins may
be greatest among those with elevated CRP lev-
elst!'19221 Several recent studies have demonstrated
that statin therapy lowers CRP levels!® !, and statins
appear to be protective against coronary occlusion
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even in the absence of hyperlipidaemia. Data regard-
ing the effect of aspirin on CRP levels is more
controversial®*?*, Kennon ez al. have reported that
CRP levels are a strong predictor of risk among
patients with unstable angina not pre-treated with
aspirin, but among those pre-treated with aspirin the
predictive value of CRP is attenuated®”). This finding
is consistent with results from the Physicians’ Health
Study which demonstrated that the benefit of aspirin
therapy for preventing future myocardial infarction is
greatest among those with the highest CRP levels!'!,
In sum, the current data from de Winter et al.
provides further evidence that CRP may be useful
for risk stratification among patients with stable
coronary artery disease undergoing percutaneous
coronary intervention. These data add to a growing
body of evidence from prospective studies that
CRP levels are a strong independent predictor of
cardiovascular risk among apparently healthy men
and women!'%!1-26-31 " patients with documented
coronary artery disease®*, patients with unstable
coronary syndromes!'>!7-18:23-331 patients undergoing
percutaneous coronary intervention or coronary ar-
tery bypass grafting!'>!334 and patients in the stable
phase post myocardial infarction®”. Although ques-
tions remain regarding the appropriate cut points to
define elevated levels of CRP among patients with
different clinical presentations, risk stratification
based on a combination of clinical and/or angi-
ographic features, lipid parameters, troponin levels,
and inflammatory markers such as CRP may help
identify those presenting with coronary artery disease
who are at highest risk and who may therefore benefit
most from intensification of both interventional and
medical therapy.
G. J. BLAKE
P. M. RIDKER
Center for Cardiovascular Disease Prevention,
Brigham and Women’s Hospital,
Boston, Massachusetts, U.S. A.
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