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Summary

Background: Inflammation isanimportant feature of arte-
riosclerotic disease, and the vulnerability of coronary plaques
in acute myocardia infarction (AMI) may be related to the
levels of serum C-reective proteins (CRP). While some risk
factorsfor early and late complications have been suggested,
an accurate and definitive preprocedurd risk stretification of
patients undergoing percutaneous trand uminal coronary an-
gioplasty (PTCA) istill lacking.

Hypothesis: The study was undertaken to investigate
whether early and late complicationsafter PTCA could bepre-
dicted by evaluation of basdline serum CRPlevelsin patients
withAMI.

Methods: Levelsof serum CRPweremeasuredin atotal of
230 patients with AMI undergoing PTCA and provisiona
stent. They were divided into two groups: Group 1 (n = 48)
with elevated CRP levels (=5 mg/l) and Group 2 (n = 182)
withnorma CRPlevels(<5mgll).

Results: There were no significant differences in basdine
clinical, angiographic, and procedura characteristics between
the two groups. However, theincidence of in-hospital adverse
coronary events(reinfarction, coronary reocclusion, target ves-
s revascularization, and desth) and severeleft ventricular dys-
function was significantly higher in Group 1 (18.3 vs. 6.1%,
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p<0.05and 20.9vs. 6.1%, p<0.05, respectively). In addition,
bailout stenting was performed more frequently in Group 1
thanin Group 2 (60.4 vs. 36.3%, p < 0.005). No significant late
complicationswere noted. The serum levelsof CRPwerethe
only independent predictorsof early adverseevents.

Conclusions: Preprocedural serum CRP level might be
cons dered apowerful predictor of early but not late complica:
tionsin patientsundergoing PTCA/stent procedures.

Key words. inflammation, C-reactive protein, coronary artery
disease, percutaneoustranduminal coronary angioplasty/stent,
major adverse cardiac events, | eft ventricular gection fraction,
restenoss

Introduction

Pathophysiologic understanding of coronary artery lesions
inacutemyocardial infarction (AMI) actually appearsto be of
extreme importance, because coronary interventional angio-
plasties for patients with AMI are being applied more fre-
guently than ever.

Inflammation isanimportant feature of atheroscleroticle-
sions, and thesiteof plaquerupturein AMI isinvariably asso-
ciated withthe occurrence of regiona accumulation of activat-
ed lymphocytes and monocytes'/macrophages.2 One of the
characterigticfeaturesof inflammationisanincreaseinthecir-
culating concentrationsof cytokinesand acute phasereactants
such as C-reactive protein (CRP), serum amyloid A protein,
and fibrinogen.3 The CRP, an easily measurable acute phase
reactant, whichissynthesized by theliver inresponseto proin-
flammatory stimulation by cytokines such as interleukin-6,
has been confirmed to beasensitive predictor and isassociat-
edwithworseprognosisfor coronary artery disease (CAD) .35

Normal CRP levels had a 100% negative predictive value
for early adverse eventsin patientspost AMI and identified a
subset of patients (43% of thewhole population) who did not
requireadditional treatment until hospital discharge.5-8
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Percutaneous tranduminal coronary angioplasty (PTCA)
with or without stent implantationisan established revascular-
ization procedure; however, restenods rates still range be-
tween 30-60%° and 15-30%,” respectively

Preprocedural identification of low- and high-risk patients
who might benefit from additional procedures’. 8 would bede-
sirable. However, the predictorsof early™10 and late complica
tions!15 have alow predictive value,>-18 are available only
after procedures,® 14 or are not easily gpplicable in clinica
practice.10.12.13 | nconsistent and wesk correlation with early
complicationsfollowing PTCA wasreported for femaegen-
der, extreme age, diabetes, multivessel disease, lesion charac-
teristics, and hemostatic variables 6-18

This study was therefore undertaken to investigate the
short- and long-term prognostic val ue of preprocedural serum
levelsof CRPin patientswith AMI receiving PTCA/stenting.

Methods
Patients

Thestudy population comprised 230 of 268 consecutive pa
tients with ST-elevation AMI who were admitted to our de-
partments between January 1999 and June 2002 and under-
went PTCA to the infarct-related coronary artery (Table ).
These patients fulfilled the following AMI criteria: typica
chest pain of >30 min duration, significant ST-T segment ele-
vation of >0.1 Mv inlimb leads and >0.2 Mv in more than
two adjacent precordid leads, and peak creatinekinaselevels
of morethan twicetheupper limit of normal.

All patients with AMI who were admitted to our depart-
mentswereincluded in thisstudy; subsequently we excluded
those who had previous PTCA or coronary artery bypass
graft surgery (CABG) (n = 17) (because patients with post-
interventional modalities and chronic CAD are much more
likely to devel op early/late complication than others), inter-
current inflammatory conditions (n = 16), and left bundle-
branch block (n=5). These, however, werefollowed as study
patients for 1 additional year. At the time they underwent
PTCA procedure, all patientswerereceiving ora aspirin and
ticlopidin (ticlidil)/clopidogrel, and they received heparinat a
dose required to maintain the activated clotting time>300 s
throughout the procedure, followed by 500 U/hfor 24 h.

Written informed consent was obtained from all patients
and the protocol wasapproved by theingtitutional committees.

Blood Samplingand L aboratory Assays

Periphera blood samples for CRP were taken before
PTCA/gtenting procedures by direct venipuncture after mini-
mal venostasis. Coded plasma samples were stored at —70C
and andyzed inasinglebatch at the end of the study; thus, pa
tient management wasindependent of theseresullts. C-reactive
protein was assayed using ahighly sensitive method, thelatex-
enhanced nephe ometry with aBehring Nephlometer Analyzer
System (Behring Diagnostics, Inc.) and an NA Latex CRPKit

(Behring Diagnostics, Inc., Weisbaden, Germany).1% 2 Qudity
control wascarried out with daily runsof diluted Sandardspre-
pared by Behring Diagnostics and standardized againgt the

TaBLE | Clinical, angiographic, and procedural characteristics
Group1 Group2
(n=48) (n=182)
Age, years 62+8 64+9
Male, n (%) 37(77) 140(71)
Systemic hypertension, n (%) 26 (55) 91 (50)
Digbetesmaellitus, n (%) 12(25) 54(29)
Hypercholesterolemia
(>200 mg/dl), n (%) 14(29) 58(30)
Smokers, n (%) 38(79) 150(72)
PreviousMI, n (%) 4(7) 12(6)
Location of Ml
Anterior, n (%) 40(84) 140(71)
Laterd, n (%) 3(6) 14(7)
Inferior, n (%) 5(10) 28(22)
Multivessd disease, n (%) 2 20(40) 70(39)
Collateral, n (%) 10(20) 40(21)
Dilated coronary artery
L eft anterior descending, n (%) 30(62) 102 (56)
Left circumflex, n (%) 14(28) 70(39)
Right coronary artery, n (%) 4(10) 10(5)
Target tenosispre PTCA/stenting
Percent diameter, % 77+13 80+9
Minima lumen diameter, mm 0.7+02 0.6+0.2
TypeE2, %P 38 72
TypeB2-C,%°¢ 62 28
Small vessdl (<3.0mm), % 69 52
No-reflow, n (%) 2(4) 10(5)
TIMI flow (post PTCA/stenting):
3,n(%) 44(90) 168(93)
2,n(%) 2(5) 11(5)
1,n(%) 2(5) 3(2
Inflation pressure, atm 6.6+18 64+22
Totd inflationtime, s 456+235  432+212
Balloon/vessd ratio 11+01 11+01
Acutegain, mm 13+06 10+£05
PTCA/gtenting success, n (%) 47 (98) 78(97)
Target stenosispost PTCA/stenting
Percent diameter, % 30+10 28+12
Minimal lumen diameter, mm 2006 22+03
Timetoinitidd CRP.h 36+45 40+3.2
Timeto PTCA/gtenting, h 36+45 40+3.2

aPresence of > 75% diameter stenosisin two or three major epicar-
dial vessis.

b Ambroseet al. clasdfication.

¢ Modified schemefrom American College of Cardiology/American
Heart Association Task Force classification.16

Vauesaremean+ SD or n(%). P not significant for any variable.
Abbreviations: Ml = myocardia infarction, PTCA = percutaneous
trandumina coronary angioplasty, TIMI = Thrombolysisin Myo-
cardid Infarction, CRP= C-reactive protein, SD = standard deviation.
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World Health Organization (WHO) reference preparation of
CRPserum. Therangeof valuesdetected by theassay isO0to 48
mg/l. With thismethod, the median norma value of CRP (2-5
mg/l) in 100% of norma hedthy volunteersZ conformsto a
previousreport using different methods 2

Angiographic Studies

The procedure was performed in dl patientsusing asteer-
able baloon catheter system through the femora or brachia
artery. Sdlective coronary angiography wasperformedinmul-
tiple projections beforeinterventional coronary angiography
procedures. Coronary artery stenosiswas classified according
to American Heart Association (AHA) classification.3 Coro-
nary artery stenosisof = 75% was cons dered significant. Col-
lateral circulation was classified according to Rentrop grad-
ing?* and was considered significant if thegradewas> 2. Pro-
cedural angiogramswere also analyzed for ThrombolysisIn
Myocardia Infarction (TIMI) flow grade,? the appearance of
intracoronary thrombi (intraluminal filling defects or contrast
medium staining within thelumen), and luminal dissection.16
Becauseof local circumstances, whilethe patientswere com-
pletely asymptomatic, PTCA was performed 36 £ 4.5 h after
onset of AMI in @l patients who had = 75% coronary artery
stenos's, using standard technique and equi pment and confin-
ingittotheinfarct-related artery.

Coronary gtenting asaprimary procedurewasperformedin
10% of patients and was performed asabailout procedurein
102 patients for coronary dissection and/or suboptimal dila-
tion (=50% residud stenosis after severa 60-90 second bal-
looninflations). Contrast | ft ventricul ography was performed
routingly in al patients, and |eft ventricular gjection fraction
(LVEF) was calculated by the area-length method. Percutan-
eoustrandumind coronary angioplasty was considered suc-
cessful if thefinal percent diameter stenosiswas < 50% with
TIMI grade 3 flow in the absence of recurrent ischemia, Ml
(creatinekinaseincreaseto morethan twice the upper limit of
norma with or without evidence of new Q waves), need of
bailout stenting or urgent CABG during hospitdization, or
desth. Angiographic restenosiswas defined as>50% stenos's
of theculpritlesion dilated by coronary intervention, asevalu-
ated by quantitative coronary analysis. After theprocedure, dl
patients underwent creatine kinase eva uations every 6 h for
48 h, and daily recording of symptomsand electrocardiogram
(ECG) was undertaken until hospital discharge (5+ 2 daysaf-
ter the procedure). All patientsreceived aspirin andticlopidine
(ticlidil)/clopidogrel (plavix) on discharge; calcium antago-
nists and other drugs were ordered if clinically indicated.
Clinical follow-up visitsand treadmill stresstestswere sched-
uledat 1, 3, 6, and 12 months. Coronary angiography wasre-
peated in patients with evidence of clinica restenoss, which
wasdefined asthe recurrence or worsening of ischemic symp-
toms (typica anginaand MI) or ischemiaat exercise testing
(>21 mm ST-segment depression). The following early com-
plicationswere considered as early adverseevents: (1) abrupt
occlusion, defined asan acute flow reduction (TIMI 0-1); (2)
threatened abrupt occlusion, defined as luminal dissection

(type D—E)18 or new thrombus appearancewith delayed runoff
of contragt, or TIMI grade< 2 flow; and (3) early recurrence of
ischemia, defined asrest anginaassociated withtransent ECG
signsof ischemiaor MI before hospitd discharge.

Late complication was defined as clinica evidence of
restenosisduring theyear following hospital discharge.

The need for repeat coronary angiography, PTCA, or
CABG wasaso eval uated.

Statigtical Analyss

Categorical data were compared by chi-square test. The
Student’s t-test was used to compare continuous variables.
Linear regression anaysiswas used to assesspossiblecorrela-
tionamong CRP and LVEF. Multiplelogistic regression anal-
ysswasapplied to examinethedeterminantsof mgjor adverse
in-hospital coronary events. A p value of <0.05 was consid-
ered significant.

Resaults

Patientswere classified into two groups: Group 1 (n=48),
with elevated CRPlevels (=5 mg/dl), and Group 2 (n = 182),
withnorma CRPIlevels. Clinica characteristics, angiograph-
icfindings, and procedura variablesareshownin Tablel.

Outcomesfor each group areshownin Table 1l and Figure
1. Theincidenceof acute or subacute coronary reocclusion af-
ter primary PTCA/gtenting was significantly higher in Group
1thanin Group 2 (14.7 vs. 2.8%, p< 0.05). In addition, there
was a significant difference in the incidence of reinfarction
(18.5 vs. 6.6%, p<0.05). Similarly, the incidence of early-
phase target vessal revascul arization was significantly more
frequent in Group 1 thanin Group 2 (10.4 vs. 2.3%, p<0.05).
Bailout gtenting implantation wasa so more frequent in Group
1thanin Group 2 (60.4 vs. 37.6%, p<0.005). Theincidenceof
heart failure (acute pulmonary edema and/or cardiogenic
shock) was significantly higher in Group 1 than in Group 2
(20.9vs. 6.1%, p<0.05). In-hospital mortality ratewassignif-
icantly higher in Group 1 than in Group 2 (20.9 vs. 2.3%,
p<0.01). Thus, therate of mgjor adverse cardiac events (rein-
farction, target vessdl revascul arization, and desth) wassignif-
icantly higher in Group 1 than in Group 2 (18.3 vs. 1%,
p<0.05). The mgjority of in-hospital deathsin Group 1 was
related to heart failurein eight patients (80%), and in the re-
maining two patients (20%) it was associated with acute or
subacute coronary reocclusion; causes of in-hospita deathin
Group 2 were reinfarction in seven (63.7%), heart failurein
one (9%), and sudden death in three patients (27.3%). There
wasno sgnificant differencein theincidence of mgjor adverse
cardiac events between those who received stenting (7.7%)
and thosewho did not (7.4%). One-year follow-up was com-
pletedinal patients, and no significant differencesintheinci-
dence of target vessel restenosis and revascularization and
deathswerefound among them.

The results of clinical measurements are summarized in
Table II. There were significant differences in serum CRP
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TasLE || Clinical eventsand measurements.
Group1(n=48) Group2(n=182) p\Vaue
Early complications
Reinfarction, n (%) 9(185) 12(6.6) <0.05
Coronary reocclusion, n (%) 7014.7) 5(2.8) <0.05
Rest angina, n (%) 3(6.2 5(@2.7) NS
Target vessd revascularization, n (%) 5(10.4) 4(2.3) <0.05
Bailout stenting, n (%) 29(60.4) 68(36.3) <0.005
Pulmonary edema/shock, n (%) 10(20.9) 11(6.2) <0.05
Major adverse cardiac events, n (%) 2 9(18.3 11(6.2) <0.05
Deeth, n (%) 10(20.9) 4(2.3) <0.05
Latecomplications (during 1-year follow-up)
Restenosis, n (%) 241 12 (6.6) NS
Target vessdl revascularization, n (%) 1(2.1) 5(2.7) NS
Degth, n (%) 241 3(16) NS
Clinica measurements
CRPlevels, mg/dl 138+37 31+11 <0.05
Left ventricular gjection fraction, % 35+103 48+9.2 <0.05
Vauesaren (%), and mean+ SD.
a|n-hospital reinfarction, target vessel revascul arization, and/or death.
Abbreviation: NS=not significant. Other abbreviationsasin Tablel.
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Left ventricular ejection fraction (%)
0 Fic.2 Correation between C-reactiveprotein (CRP) levelsand | eft
Coronary |  Re- TVR | LVEF<35| Death ventricular gection fractionin patients of both groups. O = Group 1
reocclusion| infarction % (distribution), =Group 1 (linear).
mGroup 1| 147 18.5 10.4 20.9 20.9
OGroup2| 2.8 6.6 23 6.1 2.3

Fic.1 In-hospital adverse coronary events. TVR = target vessdl
revascularization, LV EF = eft ventricular g ection fraction. p<0.05.

levels(13.8+3.7vs 3.1+ 1.1 mg/dl, p<0.05) andinleft ven-
tricular dysfunction occurrences (LVEF 35+ 10.3%vs. 48 +
9.2%, p < 0.05) between thetwo groups. A significant inverse
correl ation was found between the abundantly high CRPlev-
elsand the severity of left ventricular dysfunction in the pa-
tientsof both groups(r =0.279, p<0.01) (Fig. 2).

The results of multivariate analysis are summarized in
Tablelll. Theserum CRPlevel wastheonly significant inde-
pendent predictor of in-hospita repeat PTCA/stenting and
major adverse cardiac events (including acute and subacute

coronary reocclusion, heart failure, target vessel revasculariza:
tion, reinfarction, and death) (p < 0.005). In contrast, none of
theother clinica characteristics, such asage, gender, coronary
risk factors, previous M1, unstable anginabefore onset of Ml,
location of M1, multivessel disease, collaterds, initial coronary
flow, no-reflow, TIMI flow after PTCA/stenting procedure,
PTCA/gtenting success, and timefrom onset of M1 to primary
PTCA/gtenting procedurewas asgnificant determinant of ad-
verse cardiac eventsamong hospital in-patients.

Discussion

Pathologic studies have indicated that unstable coronary
plagueisconstituted by athin cap and weak shoulder with ex-
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TaBLE III  Multiplelogigticandysis

Oddsratio 95%Cl pVaue
CRPlevels=5mg/d| 7.7 216-22.30 0.0015
Anterior MI 2.28 0.64-8.46 NS
Hypertension 2.08 0.61-7.50 NS
Initid coronary flow 222 058-8.21 NS
Multivessd disease 174 052-6.81 NS

Abbreviations: Cl = confidence intervals, Ml = myocardid infarc-
tion, NS=not significant.

cessiveinflanmatory cdll infiltration.1” Previousstudies, such
asthose by Abdelmouttaleb et al.,* Liuzzo et al.,> Koenig et
al., % and Ridker et al.Z” have demonstrated that in cardiovas-
cular disease, serum CRP correlated positively with the extent
and severity of atherosclerosis disease. Based on the above-
mentioned data, inflammatory activity and vulnerability of
coronary lesions could be estimated by the measurement of
CRPlevelsbefore performing the PTCA/stenting procedure.

This prospective study is not the first to provide evidence
that, in a consecutive group of patients undergoing PTCA/
stenting to the culprit lesion, early complications can be pre-
dicted with reasonable accuracy by CRP measurements prior
to the PTCA/stenting procedure. In this study it was noted
that about one-third of the patientswith increased CRPlevels
(>5mg/dl) (Tablelll) had early adverse cardiac events, while
<5% of those with normal CRP levels (Group 2) had these
complications. In addition, wefound that, while patientswith
mild to moderately high CRPlevels (>5—< 15 mg/dl) devel-
oped more acute or subacute coronary reocclusion, coronary
revascularization, and reinfarction, those with abundantly
high CRP levels (> 20 mg/dl) had more incidents of signifi-
cantly reduced LVEF (< 35%) and death. The incidence of
significant inverse correlation between the CRP concentra-
tion and LV EF in Group 1 could berelated to the size/site of
theMI (antero-septal M1 in84% of Group 1 patientsvs. 71%
in Group 2 patients).

Previous studiesreported that in clinical practice, unstable
anginaisthemost important predictor of early complications
following PTCA/stenting;”- 8 26-30 however, our observation
that serum CRP levels before the PTCA/stenting procedure
are even stronger predictors of early complications suggests
that the degree of activation of inflammatory cellsisamore
important determinant of early outcomeafter PTCA/stenting
than clinica instability.

Our results are consistent with the recent observation of
Gaspardoneet al.,3! who suggested that preprocedura activa-
tion of inflammatory cells may influence intimal instability
and further early coronary complications. Inaddition, they are
consistent with the study by Tomoda et al.,3 who reported
similar findingsregarding the post-PTCA/stent early compli-
cation, but without rel ationto thetime of blood drawnfor CRP
evauation. However, the observation of Buffon et al.,33 who
suggested that the serum levelsof CRPbefore PTCA/stenting
procedure correl ate positively with the post-PTCA/stent late

complications, such as coronary restenosis, was not demon-
strated in our population during the 1-year follow-up.

Study Limitations

The study was conducted in ardatively small number of
patients (and events). However, the prognostic value of this
marker, if proveninlarger clinical studies, could contributeto
optimizing therapeuti c resourcesin the complex scenario of
interventional cardiology.3* Another limitation of our study
isthe lack of repeat angiography in asymptomatic patients.
However, an increasing number of published and ongoing
studiesarefocusing only on clinical features. Inaddition, our
study lacks the usefulness of other evolving new technolo-
gies, except the platelet glycoprotein I1b/l11areceptor block-
ade (plavix).

Conclusions

Our study has shown that serum levels of CRP before
PTCA/gtenting may provideamore powerful predictor of ear-
ly but not late coronary complicationsthan do clinica presen-
tation and other risk factors considered so far. In addition, it
has shown that abundantly high levelsof CRP could correlate
sgnificantly with severely reduced LV EF incidence. Our ob-
servation that high incidence of severe left ventricular dys-
function significantly correlates with the abundantly high
serum levelsof CRP stressestheneed for large studiesto eval -
uatethisissue.
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