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Clinical Investigations

C-Reactive ProteinasaMarker for Active Coronary Artery Diseasein Patients

with Chest Paininthe Emergency Room

Rasvii MAGADLE, M.D., PALTIEL WEINER, M.D., MARINELLA BECKERMAN, M.D., NOA BERAR-YANAY, M.D.

Department of Medicine A, Hilld-YaffeMedica Center, Hadera, | srael

Summary

Background: Markersof inflammation, such as C-reactive
protein (CRP), werefound to berelated torisk for cardiovas-
cular disease (CVD) eventsin patientswith angina pectoris.
In addition, recent studies have shown thét, in the case of
atherosclerosis, increased CRP concentration reflectsthein-
flammatory condition of thevascular wall.

Hypothesis: The study was undertaken to determine whe-
ther CRP levels in individuals with chest pain attending the
emergency room (ER) may beused asamarker of active CVD.

Methods: Serum CRP level was measured in 226 of 326
consecutive patients (128 men, 98 women; mean age 61.3 +
5.9 years, range 19-87 years) referred to the ER with chest
pain. Thedecisionwhether to admit or rel easethe subjectswas
determined without taking the CRP level into account. Fol-
low-up wasthen performedfor 1 year.

Results: Eighty-four patientswere admitted to the hospital.
Of these, 9 with acute coronary syndrome (ACS) had very
highlevelsof CRP (25-40mg/l), 35 had had an acute coronary
event within the preceding 3 months, with levels of CRP
14-20 mg/l. Only eight patientswith nonsignificant CvVD had
elevated CRPlevels. Twenty-eight subjectswho wererel eased
from the ER had elevated CRP levels (7-14 mg/l); 8 of these,
in addition to 4 subjects with norma CRP levels, had alate
coronary even.
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Conclusion: Thisstudy indicatesthat in patientsreferred to
the ER with chest pain and no other indication for hospitdiza-
tion, anormal level of CRP suggests saferel ease. Most hospi-
talized patients with norma CRP will not have acute coro-
nary syndrome. Patients who will develop early coronary
events have very high CRP levels. High serum CRP leve,
after excluding other inflammatory sources, wasprovento be
a senditive diagnostic and prognostic marker for significant
coronary disesse.
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Introduction

Chest painisconsidered to bethemain complaint for which
patients are usualy referred to the emergency room (ER).
Determining the cause of chest painisone of the key tasks of
physicians. Although it is one of the main manifestations of
cardiac diseasg, it is crucial to recognize that the pain may
originate from the heart or from avariety of another noncar-
diac intrathoracic structures. The clinical history, eectrocar-
diogram (ECG), and levels of serum crestine phosphokinase
(CPK) and troponin T/ till provide the most effective means
for distinguishing an active coronary event from the many
causesof chest pain, but their specificity and sengtivity aretill
far fromided .

The clinica manifestation of acute coronary syndrome
may largely depend on the presence and severity of functional
factors that transiently and acutely interfere with coronary
blood flow, together with an extremely variable degree of
coronary atherosclerosis2

Inflammationisanimportant feature of atheromaandisas-
sociated with activation and proliferation of macrophages, en-
dothelial and smooth muscle cells, the generation of growth
factorsand cytokines, the presence of other proinflammatory
mediators, and the activation and deposition of complement
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particles.3 Previouspublicationshave d so reported apowerful
correlation between microbia infection, both withinthe arte-
rial lesionsthemsdavesand e sewhere, and cardiovascular dis-
ease(CVD).45

A feature of most forms of inflammation, tissue damage,
andinfectionistheincreaseinthecirculating levels of various
plasma proteins known as acute-phase reactant, such as C-re-
active protein (CRP) and serum amyloid A protein (SAA).
These reactants are mainly produced by hepatocytes through
increased expression of their genes by cytokines, which are
produced by activated macrophage. Senditive assaysfor CRP
and SAA have been developed.” In healthy persons, CRP con-
centrationsare very low, but they canrisetremendoudy inre-
sponseto awide variety of stimuli. The exact role of CRPre-
mainsunclear, but it can stimul ate mononuclear cellstorelease
tissuefactor, whichinitiatescoagul ation, activatesthe comple-
ment pathway, and neutralizes platel et-activating factor.8

Earlier studies have examined CRP concentrationsduring
thecourseof acutemyocardia infarction.® Thesesudieswere
followed by severd angiographic seriesand by cross-section-
al and case-control studies, suggesting that CRP concentra-
tions correlated directly with the presence and severity of
coronary, cerebral, and peripheral arteria atherosclerosis 10-12
In addition, various studies examined CRP concentrations
among patientswith anginapectoris. Liuzzo et al .13 reported
that in patients admitted to the hospital with acute unstable
angina, CRP levels above 3 mg/l were associated with asig-
nificantly worse prognosis. Furthermore, among patientswith
anginapectoris, increasesin CRP concentrationswere associ-
ated with unfavorable short- and long-term outcomes. 2417

Inmorerecent years, severa nested case-control and cohort
studieshave dso reported that therisk for CVD wasrdaed to
basdline CRP concentrations.18 19 Thisrel ation wasinterpret-
ed asaconfirmation of theroleof CRPitsdlf asarisk factor for
coronary disease by inducing mononuclear cdllsto expresstis-
suefactor, theinitiator of theextrins c pathway of coagulation,
further stimulating vascular thrombosis. In addition, increased
CRP concentrationsin atherosclerotic patientsusually reflect
the inflammatory condition of the vascular wall, which may
play animportant role of changesin plaque morphology, rup-
ture, and thrombosis. 2% 2L We hypothesized that in patientsre-
ferred to the ER with chest pain and no other sign of active
coronary disease, and with norma CRP concentration, active
coronary disease can be ruled out and the patientsmay bere-
leesed fromthe ER.

Methods
Study Population

All patientswho werereferred to the ER between February
and November 1999 because of typical or atypical chest pain
were recruited for the study. Eligible patients for enrollment
were women and men who had been referred to the ER be-
causeof typica or atypica chest pain, independent of thepres-
enceor absenceof coronary risk factors, Weexcluded fromthe

study all individual swho were suspected to haveaclinicd sit-
uation that might induce high serum CRP concentration, such
as acute or chronic coronary disease, cerebral vascular acci-
dent, peripheral vascular disease, intercurrent inflammatory or
neoplagtic conditions, surgery or mgor trauma in the last
month, known thrombotic disorders, dilated cardiomyopathy,
andvalvular heart diseese.

The Ethics Committee of the medical center approved this
study, and al patientsgavewritten informed consent.

Study Protocol

Thedecisionto admit or release apatient from the ER was
made by the attending physician according to the traditional
considerations of symptoms, ECG, cardiac damage markers
and enzymes, but blinded tothe CRP serum levels. It wasrec-
ommended that dl participants perform atreadmill exercise
test and undergo further coronary evauation. The primary
endpoints were the incidence of coronary events and/or car-
diac death. After 1 year of follow-up, al suspected coronary
eventswere reviewed by an independent endpoint committee
according to standard diagnogtic criteria. Sudden death from
coronary causes was defined as death within 1 h of onset of
cardiac symptoms.

C-ReactiveProtein Assay

C-reactive protein was assayed using | atex-enhanced neph-
elometry with aBehring Nephelometer Analyzer Systemand
an NA Latex CRPKit (Behring Diagnostics, Inc., Aukland,
New Zealand).Z Quality control was carried out with daily
runs of diluted standards prepared by Behring Diagnostics
and standardized againgt the World Hedlth Organization refer-
ence preparation of CRP serum. Therange of values detected
by theassay is0to 48 mg/l. Withthismethod, themedian nor-
mal value of CRP is 2-4.2 mg/l in 100% of normal healthy
volunteers, 2 and conformsto a previous report using differ-
ent methods.2*

Reaults
Thelevel of CRPwasdefinedin 40 healthy volunteers. The

resultsareshownin Figure 1. All had normal serum CRP con-
centration.

CRP (mg/l)

Fic.1 C-reactiveprotein (CRP) levelsin healthy subjects.
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Of 326 consecutive patientswho werereferred tothe ER for
chest pain, 100 were excluded from this study because they
werefound to havevariableclinical conditionsthat could pro-
voke high serum CRP concentration. The remaining 226 pa
tients (128 men, 98 women; mean age 61.3 + 7 years, range
19-87 years) were recruited for the study. According to the
Braunwald criteriafor anginapectoris, 84 patientswere hos-
pitalized (Group 1) and 142 (Group 2) wererel eased following
evaluationinthe ER. Age, gender, cardiovascular risk factors,
and basdlinetherapy were similar in both groups. All patients
inboth groupshad normal ECG, and CPK, CPK-MB, andtro-
ponin T/l werewithinnormal values. The characterigticsof the
patientsarelistedin Table 1. Highlevelsof serum CRP (545
mg/l) were found in 52 patients of Group 1, and coronary
events occurred in 44 of these. In nine patients, the event oc-
curred during hospitalization, mainly in thosein whom CRP
vaueswereexcessively high (> 25 mg/l), whileintheremain-
ing patientsit occurred in the early weeksfollowing hospital-
ization (Fig. 2). All had intermediate-high levels of CRP
(14-20 mg/l). In 32 of the remaining 40 patients of Group 1,
who had normal vaues of CRP, no coronary event occurred
during thenext year of follow-up, but someof them underwent
exercisetestsand/or thallium-imagetests, and/or coronarogra:
phy with nonsignificant CVD findings. No coronary event oc-
curred intheremaining eight patients of thisgroup during the
next year of follow-up, athough they had mild to moderately
highlevelsof CRP (7-20mg/l) (Fig. 2).

Of 142 patientsin Group 2, 46 had withdrawn fromfoll ow-
up, mainly because of personal reasons. Of theremaining 96
patients, 68 had normal levels of CRP (1-5 mg/l). Four of
these, despite normal levels of CRP, were identified in the
fourth trimester to have a coronary event. The remaining 28
patientsin Group 2 were found to have moderately elevated
levels of CRP (7-14 mg/l). Eight had coronary eventsin the
second and third trimesters of follow-up while the remaining

TaBLE 1 Characterigticsof population

Group1 Group2
Variables (n=84) (n=142)
Age(years) (mean) 60+5 61+82
Sex (M/F) 56/28 82/60
Risk factors
Family history 0 2
Hypercholesterolemia 0 4
Diabetes 9 13
Hypertension 21 25
Smoking 27 23
Medication used
Nitrates 0 0
Betablockers 6 9
Cdciumblockers 4 7
Aspirin 3 6
ACE inhibitors 19 16

Abbreviations: M =male, F=female.

20 patients had nonsgnificant CVD (Fig. 2). High levels of
CRP have a sensitivity of 93% and a specificity of 65% for
acute coronary events, whilenormal CRPlevelshave anega-
tive predictivevaue of 96%.

Discussion

Previous studies have registered devated levelsof CRPin
patients with unstable angina pectoris and in those who have
had amyocardia infarction, but these studies did not investi-
gate its diagnostic importance.?> 2 The results of our study
confirmthe hypothesisthat plasmaconcentration of CRPisel-
evated in the mgjority of patients who are referred to the ER
with chest pain and develop myocardid infarction.

The syndrome of angina pectoris occurs most oftenin the
setting of atherosclerotic coronary artery disease. Currently, it
is generally believed that functional factors rather than size
alone determine the propensity of atherosclerotic plague for
promoting active CVD. The most prominent and frequent
clinical manifestation of this syndrome is chest pain, which
congtitutes an urgent chalenge that needsimmediate evalua-
tion and clarification. Inflammationsinduce weakening of the
fibrouscap of theatherosclerotic plaque, provoking itsrupture,
with subsequent exposure of the plaque coreto blood compo-
nents, resulting information of coronary thrombosis. A feature
of mogt forms of tissue damage and inflammation is the in-
creaseinthecirculating levelsof CRP. In 1997, Haverkate et
al. reported that rai sed circul ating concentration of CRPmight
predict coronary events in patients with stable or unstable
angina.* Morerecently, Abdelmouttaleb et al 2” demonstrat-
ed that increased CRP concentration, in case of atherosclero-
sis, reflects the inflammeatory condition of the vascular wall.
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Fic.2 C-reactive protein (CRP) levelsin the hospitalized and re-
|eased patients. @ = coronary syndrome (CS) during hospitaization,
©=CSduring thefirst trimester, B = CSduring the second trimester,
FA = CSduring thethird trimester, @ = CSduring thefourth trimester,
O = nongdignificant coronary disease in hospitalized patients, O =
nonsignificant coronary diseasein rel eased patients.
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The acute phase reactant CRP reflects an increased produc-
tion of interleukin-1 and interleukin-6.28 29 The production
of thesetwo proinflammatory cytokinesistriggered by most
formsof underlying inflammation, tissue damage, and inter-
current infection.3°

The CRP response observed in patients who developed
ACSmay smply reflect theintrins cinflammation conditions
and tissue damage within the coronary vessel walls, which
may contribute to both vasospasm and thrombosis. However,
inadditionit may reflect thecentral roleof inflammation itsel f
in the pathophysiology of active CVD. Severd authors have
suggested that CRP may directly interact with atherosclerotic
vessdlshy activeting the complement system, thereby promot-
ing inflammation and thrombosis.3! Activated vascular wall
cells, such as smooth muscle cells, endothelial cells, macro-
phages, and T lymphocytes, may play a centra role because
they produceinterleukins, growth factors, procoagulant activ-
ity, and adhesion molecules that alter the vascular reactivity
and thrombogenicity.32 33 Ridker et al.3* have demongtrated
that in apparently healthy men, high basdine plasmaCRPlev-
e predictstherisk of futuremyocardia infarction, andthat the
use of aspirin, awell known anti-inflammatory drug, was as-
sociated with significant reduction in therisk of acutemyocar-
dia infarction.

Kuller et al., in anested case-control study of stored sam-
plesof serum from 492 controlsand 246 coronary event cases
in the Multiple Risk Factor Intervention Trial, found that a
raised CRP concentration at entry wasahighly significant risk
factor,18 suggesting that CRP measurement may provideim-
portant prognostic information even before symptoms appear.

Our findingsindicatethat anormal level of CRP, in patients
with chest pain referred to the ER, suggestsnot only asafere-
lease but also negates early coronary syndrome. On the other
hand, our findings suggest aclose correl ation between thelev-
el of CRPand theimmediaterisk for ACS. In practice, inthe
absence of any other intercurrent condition likely to provoke
an acute phase response, the CRP assay may be sufficiently
sensitive and precise to predict ACS. In heslthy adults, the
concentration of CRP istightly regulated within the normal
range. Large prospective studies are still necessary to confirm
our findings.
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