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C-reactive protein (CRP), the prototypic acute phase reactant and a sensitive marker of inflam-
mation, consistently predicts new coronary events, including myocardial infarction and death, in pa-
tientswith ischemic heart disease. Thedata arevery consistent with regard to thelong-term outcome,
but in many studies are also significant for in-hospital events. The predictive value of CRP is, in the
majority of the studies, independent of and additiveto that of thetroponins. M oreover recent data sug-
gest that CRP may be areliable marker of therisk of restenosis after percutaneous coronary inter-
ventionsand that itslevelscan be modulated by statins. Taken together, all these data suggest that CRP,
probably with different cut-offs, should be used asa marker of risk and asa guideto therapy in pa-
tientshospitalized for acute coronary syndromesand in outpatients suffering from ischemic heart dis-

ease.
(Ital Heart J 2001; 2 (3): 164-171)

Although the risk of death and myocar-
dia infarction (MI) after a first coronary
event is still relatively high, with a proba-
bility of death of about 6-8% at 4 to 6
monthst.2, prediction of new coronary events
in patients with ischemic heart disease is
difficult. Increasing age, alow gection frac-
tion, the number of diseased vessels and di-
abetes are dl associated with death and M,
but the sensitivity and specificity of theserisk
factorsarelow. Furthermore, alow gjection
fraction, multivessel disease and advanced
age may identify a subgroup of high risk
patients, but in patients with alow to mod-
eraterisk the prediction of future events on
the basis of these clinical risk markers is
poor.

Recently accumulated data demonstrate
that inflammation playsan important rolein
the pathophysiology of ischemic heart dis-
ease, suggesting that markers of inflamma-
tion may be reliable predictors of the short-
and long-term risks and may have anincre-
mental value with respect to other risk fac-
tors. Thisis particularly true for C-reactive
protein (CRP), a prototypic acute phase re-
actant, the levels of which rapidly rise after
an inflammatory stimulus. Depending on
the intensity of the stimulus, even a severa
hundred-fold increase may occur34. More-
over CRPis not consumed to a significant
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extent in any process, and its clearanceisnot
influenced by any known situation. There-
fore its concentration is dependent only on
the rates of production and excretion. The
half-life of CRPis 19 hours, making its de-
tection in blood easy. In human beings the
major inducer of CRPisinterleukin (IL)-64
which, inturn, isinduced by tumor necrosis
factor-a., IL-1, platelet-derived growth fac-
tor, antigens and endotoxins. CRPisamol-
eculeinvolved in defense mechanismsform-
ing part of the so-called innate defense. CRP
binds to monocytes, macrophages and neu-
trophils and activates the complement sys-
tem cascade favoring opsonization of the
intruder molecules. CRP may aso modu-
late the immune response, enhancing the
activity of T and B lymphocytes and of nat-
ural killer cells. CRP also enhances mono-
cyte and macrophage production of oxygen
free species and of tissue factor. The known
CRP properties are not unique to this mol-
ecule. Other molecules or systems have sim-
ilar characteristics. However, considering
its numerous functions, besides being an
important modulator of the inflammatory
response, CRP also plays other relevant roles
as for example in cardiovascular disease.
CRPis indeed an amost ideal marker of
disease activity in many inflammatory and
infectious diseases. Furthermoreit isapro-
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tein that is not released or degraded ex-vivo hence be-
ing stable in blood samples even after prolonged stor-
age at room temperature and delayed analysis. Finaly,
easy to use, inexpensive and precise kits allowing re-
producible CRPtitration are commercialy available (a
WHO standard for CRP exists).

C-reactive protein and therisk of cardiovascular
eventsin unstable angina and non-Q wave
myocardial infarction

Short-term outcome. In 1994 Liuzzo et al.5 had shown
asignificant association between CRPlevelsand prog-
nosisin severe unstable angina. An admission CRPlev-
e >3 mg/l (90 percentiles of normal) was associated with
an increased risk of the combined endpoint recurrent
angina + death + Ml in 31 patients with severe Braun-
wald class |11B unstable angina. In this study patients
with CRPlevels < 3 mg/l were free of events except for
2 who presented an elevation in CRP concentrations af-
ter admission. Eighteen of 20 patients with CRP levels
> 3 mg/l had events. A CRPlevel > 10 mg/l had a 100%
sensitivity for in-hospital cardiovascular events. This
study demonstrated that CRP may distinguish unstable
anginapatientsinto two groups. one with low CRPlev-
elsand low in-hospital risk and onewith high CRPlev-
elsand highin-hospital risk. Although atrend was pre-
sent, because of the small number of patients an asso-
ciation with the hard endpoint death and M| was not
demonstrated. On the other hand, in arecent studys® in-
cluding alarger population (251 patients) with unstable
angina, CRPlevelswereindependently associated with
the combined in-hospital risk of death + MI. In this
study a CRP level > 19 mg/l was associated with a 5-
fold increase in therisk of death + M1. Even Morrow et
a.” have observed a significant association between
CRPlevelsand therisk of death at 14 daysinthe TIMI
11A substudy including 437 patients with unstable angi-
naand non-Q wave MI. For aCRPlevel > 15 mg/l the
sensitivity and specificity were 86 and 76% respec-
tively. However, in other studies (Table 1)57-17 no asso-
ciation was found between CRP levels at entry and the
risk of death and MI. As some of these studieswere large
multicenter trialst17 it is possible that the positive results
observed in the aforementioned studies were due to
chance, because of the smaller number of patients en-
rolled or, more probably, to stricter entry criteria: stud-
ies including alarge number of patients with unstable
anginalower than Braunwald class |1 and thus aless se-
vere prognosis, or conversely, including patients with
non-Q wave M1, in which the prognosisis largely de-
pendent on the extent of myocardial damage, may not
permit correct evaluation of the prognostic value of
CRP Besides, the patient status at baseline (before the
index unstable angina or non-Q wave M1 event) should
be considered as, regardless of theinflammatory status,
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patients with severe left ventricular dysfunction are
likely to have the worst prognosists.

Long-term outcome. In 1995 the ECAT study was
published??: in this study 2300 patients with either sta-
ble or unstable angina were enrolled and followed for
2 years. Mgjor cardiovascular events were significant-
ly associated with the levels of fibrinogen and, with a
borderline significance, with those of CRP. However, in
1997 the same group published new data obtained by an
ultrasensitive method?0: in this study patients in upper
quintiles of the distribution of CRP levels showed a
3.5-fold increase in the risk of major cardiovascular
events during follow-up.

In an analysis of the FRISC study population, Toss
et al.9 studied 915 patients independently of their tro-
ponin status and found that, for unstable anginaand non-
Q wave M1 patients, the mortality rate at 150 dayswas
8% in case of elevated levels of CRP (> 10 mg/l) vs 2%
in case of CRP levels < 2 mg/l. These data were con-
firmed in a recent study with afollow-up of 4 yearsts,
in which CRP levels > 10 mg/l were associated with a
16.5% mortality risk vs 5.7% in patients when CRP
levels < 2 mg/l (adjusted relative risk 2.6, 95% confi-
denceinterval 1.5-4.6). We have more recently report-
ed the results of a 1-year follow-up study including 53
patientswith similar characteristics: patients were drawn
a entry, discharge and at 3 and 12 months of follow-up4.
This multivariate analysis also including fibrinogen
levels, age, family history, diabetes and hypertension
demonstrated that elevated (> 3 mg/l) CRPlevelsat dis-
charge are an independent predictor of new unstableis-
chemic events including death, M1 and new hospital-
ization for recurrent unstable angina, with an odds ra-
tio of 8.7. This study also demonstrated that elevated
CRPlevelspersisted for at least 12 monthsin up to 39%
of patients, suggesting a persistent inflammatory stim-
ulusin many unstable patients. In these studies only tro-
ponin negative patients were enrolled. Thus, the influ-
ence of myocardial damage on CRPlevelswasruled out.
In patients with high CRP concentrations, coronary an-
gioplasty and coronary artery bypass grafting (CABG)
did not modify the recurrence rate of ischemic events
within 1 year of follow-up. Thisisin line with the ob-
servations that elevated CRP levels (> 3 mg/l) are as-
sociated with an increased risk of restenosis and of
acute complications after balloon angioplasty in both sta-
ble and unstable angina and that up to 8 years follow-
ing CABG, elevated CRPtiters (> 3 mg/l) are associated
with an increased risk of new ischemic events0.2L, Ina
study including patients with unstable angina and non-
Q wave MI and with afollow-up lasting 90 days, Fer-
reiros et a.15 confirmed that elevated levels of CRP
are associated with an increased risk of coronary events.
CRPlevelsin blood samples taken at entry and at dis-
charge were significantly associated with future events
but the | atter were better predictors of events (CRPat dis-
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charge oddsratio 20.89). In this study a cut-off value of
15 mg/l (no high sensitivity-hs CRP method used) was
chosen on the basis of receiver operator characteristic
curves, refractory angina, death and M| were considered
as events. Recently Heeschen et al.17 have published a
retrospective analysis of the data of the CAPTURE tri-
a. In this paper, CRPlevels > 10 mg/l were predictive
of cardiac risk (death and MI) within 6 months (18.9 vs
9.5%), independently of the troponin T status.

C-reactive protein and troponins

Troponins (T and I) are excellent markers of cardiac
risk in unstable angina and non-Q wave MI. Thisrais-
es the doubt regarding the additional value of CRP for
the prognostic stratification of these syndromes. Thefirst
studies to address thisissue were published in 1998. Mor-
row et a.7, in asubstudy of the TIMI 11A, showed that
CRPand troponin T were additive in unstable anginaand
non-Q wave M. In particular, low and negative levels
of CRP were associated with a less than 1% risk of
death at 14 daysvs 9% for high CRP concentrations (15
mg/1) and early positivity of bedsidetroponin T. Rebuzzi
et a.1! have studied 102 patients with unstable angina
and confirmed that seronegativity of both markers (tro-
ponin T and CRP) is associated with avery low risk of
MI (< 2% at 3 months) and that CRP is useful for the
risk stratification of patients with negative troponin T,
15% of which, al with elevated CRPlevels, had an M|
at 3 months. More recently, other studies have investi-
gated the additional predictive role of CRP as associat-
ed with that of troponins. In particular the large multi-
center trials FRISC and CAPTURE have found, in ret-
rospective analyses, that the CRP predictive valueisin-
dependent of the troponin T status. In particular, in the
CAPTURE study admission levels of CRP were inde-
pendent predictors of both cardiac risk (death and MI)
and repeated coronary revascularization; in both stud-
iesthe association of high CRPand troponin T levelswas
confirmed as a strong predictor of future events. Con-
versely, the association of low and/or negative CRP
and troponin levelswas suggestive of an excellent prog-
nosisté.17,

Practical considerations

Value of C-reactive protein as a prognostic marker
in unstable angina and non-Q wave myocardial in-
farction. Available data strongly recommend the use of
CRP as a prognostic marker in patients with unstable
anginaand non-Q wave MI. The data are very strong and
consistent for the mid to long-term prognosis, for which,
the relative risk observed in different studies ranged
from 2.3 to 20. The data are less consistent for the in-
hospital prognostic stratification of these patients. It is
possible that different criteriaof enrollment might have
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weakened the prognostic value of CRPin this setting;
however patients with only Braunwald class I11B un-
stable angina and no sign of myocardial damage seem
to be those in whom CRP levels offer the greatest con-
tribution even for the in-hospital risk stratification.
When studying patients with acute coronary syndromes,
no value should be discarded as too high because, fol-
lowing stimulation, CRP levels can increase a thou-
sand fold and thereis evidence that in some patients con-
stitutional hyper-responsiveness might lead to very high
CRPlevelsevenfollowing mild stimuli22. Of course, in
the presence of overt inflammatory and infectious dis-
ease the data should beinterpreted cautiously, and pos-
sibly (long-term stratification) CRPtitration repeated at
least 2 times after the underlying disease has resolved.

When to sample? Thedataavailablein theliterature are
mainly based on samplestaken a admission. Clearly, this
is the best sample for the in-hospital risk stratification
of such patients. The two studies in which samples
were also taken at dischargel4.15 suggest that CRP lev-
els within these samples are better predictors of the
mid to long-term prognosis than those at admission.
Thisis probably dueto the fact that discharge levelsmore
closdly reflect the baseline inflammatory status of the pa-
tients and thus their intrinsic risk due to the inflamma-
tory activity. Conversely, samples taken at entry may
largely reflect the extent to which the acute phase re-
action is associated with the acute ischemic or necrot-
ic event. However, the ever more widespread policy of
treating patients with severe unstable angina invasive-
ly and of discharging them soon after a percutaneous
coronary intervention (PCl) may induce the same acute
phase reaction effect even in the pre-discharge sam-
ples. Thus, for all purposes, it is reasonable to assessthe
CRPlevels at entry. When possible, blood sampling at
discharge and 1 to 3 months|later may be useful, because
itislikely that the highest risk of future eventsis con-
fined to patients with persistently elevated levels of
CRP.

C-reactive protein and percutaneous coronary
interventions

PCI are nowadays the leading treatment for acute
coronary syndromes accounting for more than 50% of
al invasive treatments in these syndromes. In spite of
major advances in the technique, such as the use of
stentsand glycoprotein (GP) l1b/Illainhibitors, at |east
10% of patients submitted to a PCl are expected to de-
velop restenosiswithin 3 to 6 months. None of the clas-
sical risk factors nor any other procedure-related para-
meters, with the exception of the final lumen gain, have
been found to be useful as predictors of restenosis. The
availability of areliable and simple marker of resteno-
sis before the procedure would be of great interest for
theintervening cardiologi<t, as stentsand GPI1b/I11ain-



Ital Heart J Vol 2 March 2001

hibitors are expensive and may have limitations such as
in-stent restenosis or bleeding. CRP has been shown to
be an independent predictor of early complicationsand
of late restenosis in balloon angioplasty by Buffon et
al.20, with arelative risk of restenosis equal to 6.2 for
CRPlevelsin the upper tertile vsthosein the lower ter-
tile. Asin this study only balloon angioplasty was per-
formed (in apopulation of stable and unstable patients),
it isimportant to observe that in two other studies?3.24
CRP levels after stenting were also associated with an
increased risk of restenosis and that in the large
CAPTURE study CRPlevels > 10 mg/l were associat-
ed with restenosis at 6 months (but not with early
events). Surprisingly, in this study the risk of resteno-
sisafter PCI was not modified by the use of abciximab,
raising doubts on the adequacy of CRPasaguideto ther-
apy in PCl. However al published data, but those of
Zhou et al .25, regarding patients undergoing atherecto-
my, indicate that CRP is a powerful predictor of late
restenosis and that titration before PClI may provide
important information. Although no data are yet avail-
able on the role of CRP, statins and cholesterol reduc-
tion in the prevention of restenosis, it is possible that high
doses of statins might be of benefit in reducing the risk
of restenosisin patients with high CRPlevels. Intrigu-
ingly Tomodaand Aoki26 have observed that high CRP
levels (> 3 mg/l) are associated with an increased risk
of cardiovascular events, including procedural failure
evenin primary angioplasty, independently of elevations
in the level of markers of myocardial damage.

Clinical consider ations. Hs-CRP should be measured
inall patients undergoing coronary angioplasty for prog-
nostic stratification. Pre-procedural levels are of proved
efficacy. On the basis of observations of our group,
peak post-procedura and follow-up levels might also be
useful, but no data are available to confirm this hy-
pothesis. Whether CRPlevels can be used asaguideto
therapy in PCl istill unclear. However the very low risk
associated with low levels of CRP suggeststhat in these
patients there is no need for provisional stenting or for
the use of GPI1b/Illa

C-reactive protein and myocardial infarction

Although no large study has prospectively assessed
the value of CRPfor the prognostic short- and long-term
stratification of patients with ST-segment elevation M,
many data suggest that CRP might be of great value even
in this group of patients (Table I1)26-3L,

Pietilaet al .27 studied 188 patients with ST-segment
elevation MI: the highest serum concentrations of CRP
were observed 2 to 4 days after the onset of MI. The
mean val ue of the highest serum concentration of CRP
in patients who survived the whol e 24-month study pe-
riod was 65 mg/l. The corresponding valuesin those who
died within 3, 3-6, 6-12 and 12-24 months were 166
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(range 139-194), 136 (range 88-184), 85 (range 52-
119) and 74 mg/l (range 38-111) respectively. Theval-
uesin those who died within 3 and 3-6 months of thein-
farction were significantly different from thosein patients
who survived thewhole period (p < 0.001 and p < 0.05
respectively). In patients who died of congestive heart
failure, the mean highest serum CRP concentration was
226 mg/l (range 189-265).

These data confirm those of asmaller study by An-
zai et d.8, in which post-M| CRPlevels > 200 mg/l were
associated with an increased risk of cardiac rupture.
Intriguingly, in both studies CRPlevels, but not creatine
kinase levels, were associated with cardiac rupture. The
co-localization of CRP and complement32 in the infarct
areaand the demongtration, in an animal model, of alarg-
er necrotic areain the presence of both CRP and com-
plement may at least partly explain the association be-
tween CRPand cardiac rupture in ST-segment elevation
MI.

Tommasi et a.30 have prospectively studied 64 pa-
tientswith alow post-MI risk on the basis of their gjec-
tion fraction (> 50%) and pre-discharge stress test (no
signs of ischemia). Patients with CRP levels > 25.5
mg/l at admission had a 56% recurrence rate for is-
chemic episodes, infarction and death, with arelative risk
of 3.3 compared to the lower quartile (CRP< 4.5 mg/l).
Therate of events had aready reached 31% in the third
quartile (CRPlevels> 9.3 mg/l). Itislikely that in this
group of relatively low risk patients, CRP may be a
stronger marker of risk thanin high risk patients and this
observation may explain negative results such asthose
of Nikfardjam et al.31 who retrospectively evaluated a
series of 729 unselected patients. However, asignificant
association between CRP levels and mortality was al-
s0 observed in apopulation of old women (mean age 82
years) who, by definition, constitute a high risk group.

Animportant study was published by Ridker et al .29
in this retrospective analysis of the CARE study (post-
MI patients randomized to receive pravastatin or place-
bo), CRP levelsin blood samples taken 8 to 9 months
after discharge were predictive of future events in a
case-control study up to 5 years. The relative risk was
1.77 for patientsin the top quintile vs those in the low-
est one (CRP levels equal to 6.6 and 1.2 mg/l respec-
tively). More importantly, the risk was attenuated and
no longer significant in patients randomized to pravas-
tatin. In asubsequent study33, asignificant reductionin
CRPlevelswas demonstrated in patients randomized to
pravastatin, suggesting that this drug, and probably all
statins, might have an “anti-inflammatory” effect which
does not seem with be associated with the extent of
cholesterol reduction.

Clinical considerations. Although no large clinical
studies designed to assess the prognostic role of CRPin
acute ST-segment elevation M1 are available, accumu-
lating data suggest that CRPisauseful predictor of the
short- (in particular cardiac rupture) and long-term out-
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comes in this group of patients. Although it is reason-
ableto presume that the prognostic valueis stronger for
relatively low risk patients, there is evidence that CRP
levels may constitute a good prognostic marker alsoin
high risk patients. With regard to the best timing of
sampling the same considerations made for unstable
angina patients hold.

Stable angina

Medical literature includes various non-specifically
addressed studies on the prognostic role of CRPin pa-
tientswith chronic stable angina. In view of the fact that
some of the patientsincluded in the ECAT study were
stable, CRP is likely to represent a good prognostic
marker even in such cases. The management of non-hos-
pitalized stable angina patients is similar to that rec-
ommended for primary prevention.

Cut-off levels

In daily clinical practice, one of the problems with
the use of CRPfor the prognostic stratification of patients
with ongoing, stable or unstable coronary heart disease
is the choice of the cut-off levels for appropriate dif-
ferentiation of low and high risk patients. As patientswith
different clinical presentations have been studied using
different assays, the data in the literature are not fully
comparable. Only afew studies have used the hs-CRP
assay in patients with acute coronary syndromes. Be-
cause CRPlevelsin this condition are usually elevated,
ahs-CRP assay may not be as crucia asin thefield of
primary prevention; however, the many data suggesting
avery low risk for low levels of CRP even in patients
with acute coronary syndromes are in favor of the use
of ahs-CRP assay aso in these patients.

Datain the literature published to date suggest that
it isreasonable to consider two different cut-off levels.
Three mg/l isavalue to be used for long-term stratifi-
cation of stable and unstable patients if samples are
taken at discharge, and is probably agood marker of the
combined short- and long-term endpoint death + M1 +
new coronary events and of restenosis after aPCl. A CRP
level of 10 mg/l can be proposed for the stratification of
therisk of death (and to alesser extent MI). Levels< 3
mg/l are in al studies associated with a low risk of
events.

What to do when C-reactive protein levelsare
elevated

What are the cut-off levels for CRP? This is the
second most frequently answered question in any meet-
ing on CRP. The lack of a specific therapy which has
been proved to reduce levels of CRPand risk makesthis
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guestion quite reasonable. However, the demonstration
that statins are particularly effective in the presence of
high CRPlevelsisalready afirst very clear answer. Pa-
tients with high levels of CRP, especially when associ-
ated with high or borderline cholesterol levels, should
be treated with statins in the long and probably in the
short term (in this field, the results of the inflammato-
ry substudy of the MIRACLE trial are awaited). Thisis
asolikely to betrue, although not yet demonstrated, for
patients undergoing a PCl. High CRP levels, associat-
ed with a higher risk, suggest a more aggressive med-
ical therapy in thelong term, but also, although there are
no datato confirm this hypothesis, an aggressiveand in-
vasive therapy in the short term, including the use of GP
[1b/111ainhibitors, high doses of statins, and, when a PCI
is necessary, provisional stenting. The use of biochem-
ical markers as aguideto therapy will no longer beacon-
troversial issuein the future and there is no doubt that
CRP has all the characteristics to be one of the ideal
markers. Whether new therapies, such as IL antago-
nistsor inhibitors of theinflammatory pathway, will be
beneficid in the future cannot be anticipated. In this case
the role of CRP as a guide to specific therapy would be
greatly enhanced.
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