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Summary

Background: High plasmaC-reactive protein (CRP) levels
have been associ ated with an unfavorable outcomein patients
witl and adirect participation
of(CRPIin the atherosclerotic process has been postul ated.

Hypothesis: Theaim of thisstudy wasto eva uatethe possi-
ble relationship of high plasmalCRP evel swith the{SITINID
gression of coronary atherosclerosis(RPCAD).

Methods: Inall, 194 patientswho were resdmitted and un-
derwent repeat coronary angiography because of recurrence
of symptoms following successful percutaneous coronary
intervention were studied. Median angiographic follow-up
time was 6 months. Rapid progression CAD was defined as
the presence of a new lesion, >25% in luminal diameter
stenosis, in apreviousy nondiseased vessdl, or deterioration
of aknown, nontreated lesion by at |east 25%.

Results: By multivariate analysis, patientswith high plas-
ma CRP levels upon first admission were at higher risk of
RPCAD. In particular, odds ration (OR) = 1.8; 95% confi-
denceinterval (Cl) = 1.3-3.6; p value=0.02 in patientswith
CRP = 0.5-2 mg/dl versus patients with CRP <0.5 mg/dl,
and OR=7.1; 95% Cl =3.8-9.5; pvaue<0.001 in patients
with CRP>2 mg/dl versus patientswith CRP<0.5mg/dl.
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Introduction

Severa reportshave recently implied the pivotal role of in-
flammation inthe pathogenesis or complications of coronary
artery disease (CAD).2 In particular, high plasmaC-reactive
protein (CRP) levelsin either apparently hedthy individuas,
or in patientswith stable or unstable angina, or acute myocar-
dia infarction (MI), have been reported to predict the risk of
short- and long-term cardiovascul ar morbidity or mortality.>7
However, the underlying pathophysiologic mechanismshave
not yet been clarified.

It has been hypothesized that raised plasma CRP levels
could be an epiphenomenon,? reflecting theinflammatory re-
sponsein coronary vessalsinduced by infective agents (virus,
bacteria),8 or theinflammatory status related to the extent or
severity of atherosclerosis.? 10 Increased CRPlevelshave aso
been associated with the extent of myocardia ischemiall orin-
farction,12 13 aswell aswith the amount or the activity of the
circulating cytokines.* 15 Notably, recent studies confirming
the presence of CRP molecules in coronary atherosclerotic
plaguest® 17 or infarcted myocardia cells'® makethe possibil-
ity of adirect participation of CRP in cardiovascular events
very tenable. C-reactive protein moleculesmay induceinsta:
bility inthe atherosclerotic plagues, which predisposetorapid
progression of CAD. Thismechanism may beinvolved inthe
worse prognosisof patientswithraised plasmaCRPlevels.

Despite the mounting evidence, the influence of elevated
plasmaCRPlevelsontheangiographic courseof CAD hasnot
yet beenthoroughly investigated. Theaim of thisstudy wasto
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evaluate the possible association of high plasma CRP levels
with the development of rapidly progressing CAD (RPCAD).

Patientsand M ethods
Study Patients

For the purpose of thisangiographic study, 232 patientswho
werereadmitted to our department and underwent repest coro-
nary angiography (CA) because of recurrenceof symptoms, in
amedian period of 6 months (range 10 daysto 12 months) fol-
lowing successful percutaneous coronary intervention (PCl),
were evaluated. Oninitial admission, patientswere presented
dueto stableor ungtableangina, or acute M1, and al underwent
successful PCI with or without stent implantation.

Sixteen patientswho on first admission had either coexist-
ing conditions, which might haveinterfered with plasmaCRP
levels(e.g., chronicinflammatory disease), or early acute M1
with pardld eevation in creatine phosphokinase (CK)-MB
levels (>2X norma) were excluded. Ten patients with past
coronary artery bypassgraftsand 12 patientswith no available
CRP datawere additionally excluded. Intheformer, progres-
sion of coronary atherosclerosis could have been affected by
surgical injury, or dterationsin coronary blood flow due to
graftsimplantation. Thus, 194 of 232 patientswith repeat CA
comprised the study population.

Petients characterigtics, clinical information, and PCI data
wereretrieved from our computerized databank. Of 194 pa-
tients, 44 (22.7%) had developed RPCAD in 59 not previous-
ly treated vessel sduring the angiographic follow-up. Patients
weredivided into two groups: agroup of 150 patientswithout
RPCAD and agroup of 44 patients with RPCAD on repeat
angiographic studies.

Per cutaneousCoronary I nter vention Procedure

Percutaneous coronary interventionwasperformed by stan-
dard techniques. Stentswereimplanted asabailout procedure
after failed smplePCl, or dueto theabsence of optimal angio-
graphicresult, or electively.

Heparin 10,000 1U was routingly administered just before
the procedure and consequently for 24 to 48 h, with regular ac-
tivating clotting timemonitoring. All patientsreceived aspirin
(100to 325 mg/day) starting at least 24 h before PCl and con-
tinuing indefinitely. Ticlopidin (250 mg b.i.d.) was started im-
mediately after PCl with stent implantation and continued for
4 weekstheredfter.

Definitions

Percutaneous coronary intervention was considered suc-
cessful if there were no procedural adverse events such as
death, MI, or need for urgent cardiac surgery, and if thevisual-
ly estimated angiographic residua stenosiswas< 30%, witha
Thrombolysisin Myocardid Infarction (TIMI) gradelll flow
inthedilated vessdl, immediately after angioplasty.

Repidly progressing CAD wasdefined asthe presenceof a
new leson>25%inlumina diameter senosisinaprevioudy
nondiseased vessel, or deterioration of aknown, nontreated le-
sionby at least 25%.1°

Callection of Blood Samplesand L abor atory Assays

Upon first admission, blood sampleswere obtained to de-
termine CRR, lipids profile, totad CK-MB isoenzyme (mass),
and other biochemical indices. These constitute the standard
laboratory testsin al patients who were admitted at our de-
partment because of sugpected CAD.

Theanalyssof plasmaCRPwasdoneusing asemi-quanti-
tative (of low sensitivity) analytic method (CRP-Slidex, Bio
Merieux, France), which specifiesthreelevelsof CRPplasma
levels: <0.5mg/dl, 0.5-2 mg/dl, and >2 mg/dl. In our [abora-
tory, thereproducibility of the method was 100% and the vari-
ability was+ 0.07,£0.11, and+ 0.19for the<0.5mg/dl, 0.5-2

mg/dl, and > 2 mg/dl assays, respectively.
Coronary Angiography and Angiographic Analysis

All catheterizations were performed by the femoral ap-
proach and included at |l east five and two viewsfor theleft and
right coronary system, respectively. Two independent and ex-
perienced angiographers, blinded to the study, performed ves-
sdl and lesion measurements using computerized quantitative
CA andysis. All measurementswere performed on end-dias-
tolic frames. Thereference and the minimal lumen diameters
weremeasured onidentica viewsonfirstand second CA. The
differencein percent diameter stenosis, at the same pointsin
the coronary arteries, between the two CA was calculated in
the determination of the rapidly developed atheromatic bur-
den. Vaues were caculated as the mean score given by the
two observers. Intra- or interobserver variability was< 10%.

TheHospita Ethics Committee approved thestudy andin-
formed consent was obtained from all patientsbefore CA.

Satistical Analysis

Vaueswere expressed asmean + standard deviation (SD).
Comparisonsof continuous variableswere made by t-tet, or
Mann-Whitney U test, asappropriate. Associations between
two categorical variables were tested by chi-square test or
Fisher'sexact test, asappropriate.

Event-free curves were anayzed by the Kaplan-Meier
method, and thelog-rank test wasused for comparison among
curves. Univariate Cox regression anaysiswas constructed to
identify univariate predictorsof RPCAD. All basdine(first ad-
mission) demographic, clinical, biochemica, or procedura
parameters, aswell asmedical trestment between thetwo hos-
pitaizations, were eval uated. Subsequently, dl variableswith
ap<0.1wereincluded ascovariatesin aCox regression mul-
tivariatemodel to determinetheindependent predictorsof RP-
CAD. All testsweretwo-tailed, and ap < 0.05 was considered
astheleve of statigtical significance. Statistical analysiswas
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TaBLE |  Basdinedemographic, clinical, and C-reactive protein (CRP) databetween patientswithout or with rapidly progressive coronary artery

disease (RPCAD)
Patientswithout RPCAD Patientswith RPCAD
(n=150) (n=44) pVaue

Age(years), mean+ SD 58.8+8.9 575+9.2 04
Malegender (%) 820 795 0.7
Hypertension (%) 46.7 409 05
Smoking (%) 61.3 545 04
Hypercholesterolemia (%) 46.7 545 04
Diabetesmellitus (%) 147 15.9 0.8
Family history of CAD (%) 30.7 341 0.7
Stableangina (%) 193 159 0.6
Unstableangina (%) 30.0 409 0.2
Myocardid infarction (%) 50.7 432 05
PCI with stent (%) 74.0 455 <0.001
LVEF (%), mean+ SD 511+84 50.5+9.0 0.7
CRPmg/dl

<05(%) 43.3 91

0.5-2 (%) 46.0 409 <0.001

>2 (%) 10.7 50.0

Abbreviations: SD = standard deviation, CAD = coronary artery disease, PCI = percutaneous coronary intervention, LV EF =l eft ventricular gjec-

tionfraction.

performed with the Statistical Package for Social Sciences
(SPSS) software (release 10.0, SPSS, Inc., Chicago, 111, USA).

Resaults

Patients' demographics, and clinical, CRP, and PCI dataat
first hospitdization are summarizedin Table|. Patientswith
RPCAD on repeat CA had significantly higher plasma CRP
levelsupon first admission and underwent significantly fewer
PCI procedures with stent implantation during this hospital-
ization. There were no other statistically significant differ-
ences between thetwo groups.

Severa drugs were prescribed after PCl procedures.
Aspirinwas prescribed in 98.3 and 98.7% of patientswith or

without RPCAD, respectively (p = 0.9). Significantly more
patients without RPCAD on repeat CA received ticlopidin
during thefollow-up period, obvioudy dueto the performance
of more PCI procedures with stent implantation in these pa-
tients. The rest medication did not differ between the two
groups (datanot presented).

Comparisons of clinical data at rehospitalization are pre-
sentedin Table 1. It isinteresting that patients with RPCAD
were readmitted earlier than patients without RPCAD, and
morefrequently because of acute coronary syndromes.

Theangiographic characteristicsof the 59 vessal swith RP-
CAD are presented in Table I11. Between the two CA, there
wasan increasein the mean lumen diameter stenosisfrom 22
to 79% (p value < 0.001) at the affected sites, without signifi-
cant alteration in the reference lumen diameter (p value =

TaBLEIl  Clinicd dataat rehospitalization between patientswithout or with rapidly progressive coronary artery disease (RPCAD)

Patientswithout RPCAD Patientswith RPCAD
(n=150) (n=44) pVéaue
Interval between first and second admissionin days, mean+ SD 192.8+62.1 1152+ 77.9 <0.001
Interval between readmissonand CA indays, mean+ SD 45+15 45+13 1.0
Qudifying event upon readmission
Stableangina? (%) 54.0 295 0.004
Unstableangina (%) 227 432 0.007
Myocardid infarction (%) 16.0 227 0.3
Acute coronary events (%) 387 65.9 0.001
Other events® (%) 73 46 0.3

aStableanginaor positiveexercisetest.
b Congestive heart failure, syncope, or cardiac arrhythmia.
Abbreviationsasin Tablel.
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TasLE Il Angiographic characteristics of the 59 vesselswith rap-
idly progressive coronary artery disease

LAD (%) 253
LCx (%) 151
RCA (%) 241
Brancha (%) 355
Minimal lumen diameter onfirst CA (mm) 1.99+0.82
Vessd genosisonfirst CA (%) 221+115
Minimal lumen diameter on second CA (mm) 0.61+0.3
Vessd stenosison second CA (%) 79.3+159
Referencelumen diameter onfirst CA (mm) 271+055
Referencelumen diameter on second CA (mm) 273+051

aDiagona, OM 1, or OM 2.

Abbreviations: LAD = left anterior descending, LCx = left circum-
flex, RCA =right coronary artery, OM = obtusemarginal, CA = coro-
nary angiography.

0.99). Four patientswith plasmaCRPlevels< 0.5 mg/dl upon
first admission had devel oped RPCAD between thetwo hos-
pitaizations (5.8%; 4/69). However, 18 (20.7%; 18/87) and
22 (57.9%; 22/38) patients with plasma CRP levels 0.5-2
mg/dl and > 2 mg/dl, respectively, had developed RPCAD on
repeat CA. Although therewereno statistically significant dif-
ferences concerning the baseline characteristics between pa-
tientswho underwent smple PCI or PCI with stent implanta-
tion, the occurrence of RPCAD was more prominent in the
former than thelatter (38.1; 24/63 vs. 15.3%; 20/131, respec-
tively; pvalue<0.001).

Survival curves(Fig. 1) showed that plasmaCRPlevels, ob-
tained upon first admission, weresignificantly associated with
therisk of RPCAD devel opment during the entire period be-
tween the two sequentia CA. By univariate Cox regression
anaysis, only basdline plasma CRP levels, PCI procedure
with stent implantation, and unstable anginaat first hospital-
ization were significantly rel ated to theincidence of RPCAD.
By multivariate Cox regresson analyss, basdineplasmaCRP
levelsand PCI with stent implantation werefound to be signif-
icantly and independently associated with the incidence of
RPCAD (TablelV).
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Fic.1 Survivel freefrom rapidly progressive coronary artery dis-
ease (RPCAD) among the 194 studied patients according to plasma
C-reactive protein (CRP) levelsupon first admission. Log rank x2=
7.8, pvalue=0.005 among 0.5-2 mg/dl vs. <0.5 mg/dl; log rank x2
=21.4, pvaue<0.001 among > 2 mg/dl vs. 0.5-2 mg/dl; log rank x2
=44.7, pvaue<0.001 among > 2 mg/dl vs. <0.5mg/dl. CA =coro-

nary angiography.

Discussion

C-reactive proteinisanonspecific but sensitiveacute phase
reactant.?’ The secretion of CRPisinduced by cytokines (es-
pecidly interleukin-6), which are produced by jeopardized
tissues and activated macrophages. 2l 22 Cytokines stimulate
the liver in CRP production.? In vitro, CRP displays both
anti-inflammatory and proinflammeatory effects.23 24

Our study showed that high plasma concentrations of CRP
may predict the risk of future development of RPCAD. Sev-
era previousprospective studieshave constantly shownthein-
dependent association of high plasma CRP levels with in-
creased cardiovascular mortality and morbidity.> 7 However,
to the best of our knowledge, the present study isthefirst that
has shown a positive relationship of high plasma CRP levels
with the angiographically documented progression of coro-
nary atheroscleross. Thispositive association wasstatitically
sgnificant by both univariateand multivariateanayss.

TaBLE IV Univariate and multivariate predictorsof rapidly progressive coronary artery disease

Univariateanalysis

Multivariateanalysis

OR (95%Cl) pVaue OR(95%Cl) pVaue
Unstableangina® 1.8(0.99-34) 005 1.1(0.6-2.0) 08
PCI with stent 0.3(0.2-0.6) <0.001 0.4(0.2-0.8) 0.006
CRPuponfirstadmission

0.5-2mg/dl vs. <0.5mg/dl 21(1.4438) 0.01 1.8(1.3-3.6) 0.02
>2mg/dl vs. 0.5-2mg/dl 4.0(2.1-7.6) <0001 33(1.7-6.6) <0.001
>2mg/dl vs. <05 mg/dl 7.7(5.1-12.3) <0001 7.1(38-95) <0.001

aAtfirst hospitdization.

Abbreviations: OR = oddsratio, Cl = confidenceinterval, PCl = percutaneous coronary intervention, CRP= C—eactive protein.
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The potential mechanism of thisassociation may involvea
direct influence of CRP molecules on the coronary athero-
matic plagues.* 17- 18 Recently, a published study has shown
the absence of CRP moleculesin the walls of normal coro-
nary arteries, but their colocalization with activated comple-
ment in thickened intimae, just beneath the endothelium.1”
Furthermore, the proinflammatory effect of CRP molecules
includestheahility of ligand-bound CRPto activate the com-
plement system.2> Consequently, CRP may inducelocal acti-
vation of the complement system in the coronary tree 17
which may generate vascular injury viaseveral mechanisms:
aggregation and degranulation of neutrophils, 2 enhancement
of clotting by induction of tissuefactor expression,? or direct
damage of endothelial cells by insertion into the cell mem-
branes.# 28 Thisvascular inflammatory injury may predispose
tothe growth of the atheromatous plaguesand to the devel op-
ment of RPCAD. Although the ability of CRPtoinitiate the
terminal complement pathway has been argued,?® CRP mol-
ecules could contribute to the progression of atherosclerosis
by other mechanisms, including theinduction of monocytes
intissuefactor expression.®

Whilethedirect participation of CRP moleculesinthede-
velopment of RPCAD could not be excluded, elevated plas-
ma CRP level may congtitute an epiphenomenon in these
patients. In particular, high plasmaCRPlevelsmay reflect the
inflammation related to atherosclerotic process. Atheroscle-
rosis could be considered a chronic inflammatory disease,
like rheumatoid arthritis that develops in response to some
metabolic, physical, infectious, or environmental factors.
Acute exacerbation of inflammation, induced by these fac-
tors, may have arole in devating the plasma CRP levels, in
activating arterial endothelium, in destabilizing the fibrous
cap, and enhancing therisk of atherosclerosis progression and
acutethrombosis. | dentification of the possibletriggering fac-
tors(e.g., Chlamydia pneumonia) may provideinsight for the
causative management and prevention (e.g., possible favor-
ableeffect of antibiotics) of RPCAD.

In the present study, patients who underwent PCl with
stent implantation were at lower risk of developing RPCAD.
Itisposs blethat accumul ation and activation of plateletsand
inflammatory cells contribute, via the secretion of severd
growthfactors, totherapid progression of theprevioudy dow
inflammatory process. Dua antiplatelet therapy (aspirin-
ticlopidin) prescribed in the stented patients probably con-
tributed to amore potent prevention of activated platelet ag-
gregation on endothelial surface, resultingin the deceleration
of RPCAD occurrence.

Limitationsof the Study

The present study is a retrospective analysis of prospec-
tively collected data from patients who underwent PCI and
subsequently repeat CA because of recurrence of symptoms;
thus, abiasregarding patients studied could not be excluded.
Consequently, theassociation of high plasmaCRPlevelswith
RPCAD may apply only in such patientsand could not be ex-
trapolated to the entire CAD population. However, the obser-

vation of a positive association of high CRP with RPCAD
seems to be in concordance with many previous nonangio-
graphic studies, which have confirmed the unfavorable prog-
nosisof patientswith CAD with high plasmaCRPlevels.>7

Another limitation is the semiquantitative assessment of
CRP. Thismethod of CRP measurementsisof low sengitivity
and producesarough grouping of patients, withthemajor dif-
ferences between patientswith and without RPCAD intheex-
tremevauesof CRP. However, theaim of thisstudy washot to
determineacut-off point for circulating CRP associated with
increased risk of RPCAD. Large prospectivetrials, with high-
er senditivity CRP assay, are essential to elucidate thisissue.
The purpose of thisstudy wasto approach aquestion of Sgnif-
icant current interest. Thisstudy tried to offer insight into one
of the potential mechanisms underlying the association be-
tween elevated plasma levels of CRP and the risk of CAD.
Previousnonangiographic studiesusing moresensitive assays
have determined more accurate cut-off points for increased
risk of future cardiovascular events®

Conclusions

Patientswith CAD and elevated plasmalevelsof CRP may
be at high risk of rapid progression of coronary atherosclero-
ds. Theunderlying mechanismsareonly speculative, but this
finding may partly explain theincreased short- and long-term
morbidity and mortality in patientswith el evated plasmaCRP
levels, documented by several previous studies. Our results,
if validated by other large specifically designed prospective
studies, may improve risk stratification and management of
patientswith CAD.
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