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Summary

Background: Inflammation is an important feature of arte-
riosclerotic disease, and the vulnerability of coronary plaques
in acute myocardial infarction (AMI) may be related to the
levels of serum C-reactive proteins (CRP). While some risk
factors for early and late complications have been suggested,
an accurate and definitive preprocedural risk stratification of
patients undergoing percutaneous transluminal coronary an-
gioplasty (PTCA) is still lacking.

Hypothesis: The study was undertaken to investigate
whether early and late complications after PTCA could be pre-
dicted by evaluation of baseline serum CRP levels in patients
with AMI.

Methods: Levels of serum CRP were measured in a total of
230 patients with AMI undergoing PTCA and provisional
stent. They were divided into two groups: Group 1 (n = 48)
with elevated CRP levels (≥5 mg/l) and Group 2 (n = 182)
with normal CRP levels (<5 mg/l).

Results: There were no significant differences in baseline
clinical, angiographic, and procedural characteristics between
the two groups. However, the incidence of in-hospital adverse
coronary events (reinfarction, coronary reocclusion, target ves-
sel revascularization, and death) and severe left ventricular dys-
function was significantly higher in Group 1 (18.3 vs. 6.1%,

p<0.05 and 20.9 vs. 6.1%, p<0.05, respectively). In addition,
bailout stenting was performed more frequently in Group 1
than in Group 2 (60.4 vs. 36.3%, p<0.005). No significant late
complications were noted. The serum levels of CRP were the
only independent predictors of early adverse events.

Conclusions: Preprocedural serum CRP level might be
considered a powerful predictor of early but not late complica-
tions in patients undergoing PTCA/stent procedures. 
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Introduction

Pathophysiologic understanding of coronary artery lesions
in acute myocardial infarction (AMI) actually appears to be of
extreme importance, because coronary interventional angio-
plasties for patients with AMI are being applied more fre-
quently than ever.1

Inflammation is an important feature of atherosclerotic le-
sions, and the site of plaque rupture in AMI is invariably asso-
ciated with the occurrence of regional accumulation of activat-
ed lymphocytes and monocytes/macrophages.2 One of the
characteristic features of inflammation is an increase in the cir-
culating concentrations of cytokines and acute phase reactants
such as C-reactive protein (CRP), serum amyloid A protein,
and fibrinogen.3 The CRP, an easily measurable acute phase
reactant, which is synthesized by the liver in response to proin-
flammatory stimulation by cytokines such as interleukin-6,
has been confirmed to be a sensitive predictor and is associat-
ed with worse prognosis for coronary artery disease (CAD).3–5

Normal CRP levels had a 100% negative predictive value
for early adverse events in patients post AMI and identified a
subset of patients (43% of the whole population) who did not
require additional treatment until hospital discharge.6–8
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Percutaneous transluminal coronary angioplasty (PTCA)
with or without stent implantation is an established revascular-
ization procedure; however, restenosis rates still range be-
tween 30–60%6 and 15–30%,7 respectively

Preprocedural identification of low- and high-risk patients
who might benefit from additional procedures6, 8 would be de-
sirable. However, the predictors of early7–10 and late complica-
tions11–15 have a low predictive value,15–18 are available only
after procedures,9, 14 or are not easily applicable in clinical
practice.10, 12, 13 Inconsistent and weak correlation with early
complications following PTCA was reported for female gen-
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 value of preprocedural serum
levels of CRP in patients with AMI receiving PTCA/stenting.

Methods

Patients

The study 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 I).
These patients fulfilled the following AMI criteria: typical
chest pain of >30 min duration, significant ST-T segment ele-
vation of > 0.1 Mv in limb leads and > 0.2 Mv in more than
two adjacent precordial leads, and peak creatine kinase levels
of more than twice the upper limit of normal.

All patients with AMI who were admitted to our depart-
ments were included in this study; 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 develop early/late complication than others), inter-
current inflammatory conditions (n = 16), and left bundle-
branch block (n = 5). These, however, were followed as study
patients for 1 additional year. At the time they underwent
PTCA procedure, all patients were receiving oral aspirin and
ticlopidin (ticlidil)/clopidogrel, and they received heparin at a
dose required to maintain the activated clotting time > 300 s
throughout the procedure, followed by 500 U/h for 24 h.

Written informed consent was obtained from all patients
and the protocol was approved by the institutional committees.

Blood Sampling and Laboratory Assays

Peripheral blood samples for CRP were taken before
PTCA/stenting procedures by direct venipuncture after mini-
mal venostasis. Coded plasma samples were stored at �70C
and analyzed in a single batch at the end of the study; thus, pa-
tient management was independent of these results. C-reactive
protein was assayed using a highly sensitive method, the latex-
enhanced nephelometry with a Behring Nephlometer Analyzer
System (Behring Diagnostics, Inc.) and an NA Latex CRP Kit

(Behring Diagnostics, Inc., Weisbaden, Germany).19, 20 Quality
control was carried out with daily runs of diluted standards pre-
pared by Behring Diagnostics and standardized against the

164

TABLE I Clinical, angiographic, and procedural characteristics

Group 1 Group 2
(n = 48) (n = 182) 

Age, years 62 ± 8 64 ± 9
Male, n (%) 37 (77) 140 (71)
Systemic hypertension, n (%) 26 (55) 91 (50) 
Diabetes mellitus, n (%) 12 (25) 54 (29)
Hypercholesterolemia 

(>200 mg/dl), n (%) 14 (29) 58 (30)
Smokers, n (%) 38 (79) 150 (72) 
Previous MI, n (%) 4 (7) 12 (6)
Location of MI
Anterior, n (%) 40 (84) 140 (71) 
Lateral, n (%) 3 (6) 14 (7)
Inferior, n (%) 5 (10) 28 (22)

Multivessel disease, n (%) a 20 (40) 70 (39) 
Collateral, n (%) 10 (20) 40 (21)
Dilated coronary artery
Left anterior descending, n (%) 30 (62) 102 (56)
Left circumflex, n (%) 14 (28) 70 (39)
Right coronary artery, n (%) 4 (10) 10 (5)

Target stenosis pre PTCA/stenting
Percent diameter, % 77 ± 13 80 ± 9
Minimal lumen diameter, mm 0.7 ± 0.2 0.6 ± 0.2 
Type E2, % b 38 72
Type B2-C, % c 62 28 
Small vessel (< 3.0 mm), % 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 ± 1.8 6.4 ± 2.2
Total inflation time, s 456 ± 235 432 ± 212
Balloon/vessel ratio 1.1 ± 0.1 1.1 ± 0.1 
Acute gain, mm 1.3 ± 0.6 1.0 ± 0.5 
PTCA/stenting success, n (%) 47 (98) 78 (97)
Target stenosis post PTCA/stenting
Percent diameter, % 30 ± 10 28 ± 12
Minimal lumen diameter, mm 2.0 ± 0.6 2.2 ± 0.3

Time to initial CRP, h 36 ± 4.5 40 ± 3.2
Time to PTCA/stenting, h 36 ± 4.5 40 ± 3.2 

a Presence of > 75% diameter stenosis in two or three major epicar-
dial vessels.
b Ambrose et al.35 classification.
c Modified scheme from American College of Cardiology/American
Heart Association Task Force classification.16

Values are mean ± SD or n (%). P not significant for any variable.
Abbreviations: MI = myocardial infarction, PTCA = percutaneous
transluminal coronary angioplasty, TIMI = Thrombolysis in Myo-
cardial Infarction, CRP = C-reactive protein, SD = standard deviation.
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World Health Organization (WHO) reference preparation of
CRP serum. The range of values detected by the assay is 0 to 48
mg/l. With this method, the median normal value of CRP (2–5
mg/l) in 100% of normal healthy volunteers,21 conforms to a
previous report using different methods.22

Angiographic Studies

The procedure was performed in all patients using a steer-
able balloon catheter system through the femoral or brachial
artery. Selective coronary angiography was performed in mul-
tiple projections before interventional coronary angiography
procedures. Coronary artery stenosis was classified according
to American Heart Association (AHA) classification.23 Coro-
nary artery stenosis of ≥75% was considered significant. Col-
lateral circulation was classified according to Rentrop grad-
ing24 and was considered significant if the grade was ≥2. Pro-
cedural angiograms were also analyzed for Thrombolysis In
Myocardial Infarction (TIMI) flow grade,25 the appearance of
intracoronary thrombi (intraluminal filling defects or contrast
medium staining within the lumen), and luminal dissection.16

Because of local circumstances, while the patients were com-
pletely asymptomatic, PTCA was performed 36 ± 4.5 h after
onset of AMI in all patients who had ≥75% coronary artery
stenosis, using standard technique and equipment and confin-
ing it to the infarct-related artery.

Coronary stenting as a primary procedure was performed in
10% of patients and was performed as a bailout procedure in
102 patients for coronary dissection and/or suboptimal dila-
tion (≥50% residual stenosis after several 60–90 second bal-
loon inflations). Contrast left ventriculography was performed
routinely in all patients, and left ventricular ejection fraction
(LVEF) was calculated by the area-length method. Percutan-
eous transluminal coronary angioplasty was considered suc-
cessful if the final percent diameter stenosis was < 50% with
TIMI grade 3 flow in the absence of recurrent ischemia, MI
(creatine kinase increase to more than twice the upper limit of
normal with or without evidence of new Q waves), need of
bailout stenting or urgent CABG during hospitalization, or
death. Angiographic restenosis was defined as >50% stenosis
of the culprit lesion dilated by coronary intervention, as evalu-
ated by quantitative coronary analysis. After the procedure, all
patients underwent creatine kinase evaluations every 6 h for 
48 h, and daily recording of symptoms and electrocardiogram
(ECG) was undertaken until hospital discharge (5 ± 2 days af-
ter the procedure). All patients received aspirin and ticlopidine
(ticlidil)/clopidogrel (plavix) on discharge; calcium antago-
nists and other drugs were ordered if clinically indicated.
Clinical follow-up visits and treadmill stress tests were sched-
uled at 1, 3, 6, and 12 months. Coronary angiography was re-
peated in patients with evidence of clinical restenosis, which
was defined as the recurrence or worsening of ischemic symp-
toms (typical angina and MI) or ischemia at exercise testing
(> 1 mm ST-segment depression). The following early com-
plications were considered as early adverse events: (1) abrupt
occlusion, defined as an acute flow reduction (TIMI 0–1); (2)
threatened abrupt occlusion, defined as luminal dissection

(type D–E)16 or new thrombus appearance with delayed runoff
of contrast, or TIMI grade ≤2 flow; and (3) early recurrence of
ischemia, defined as rest angina associated with transient ECG
signs of ischemia or MI before hospital discharge.

Late complication was defined as clinical evidence of
restenosis during the year following hospital discharge.

The need for repeat coronary angiography, PTCA, or
CABG was also evaluated.

Statistical Analysis

Categorical data were compared by chi-square test. The
Student’s t-test was used to compare continuous variables.
Linear regression analysis was used to assess possible correla-
tion among CRP and LVEF. Multiple logistic regression anal-
ysis was applied to examine the determinants of major adverse
in-hospital coronary events. A p value of < 0.05 was consid-
ered significant.

Results

Patients were classified into two groups: Group 1 (n = 48),
with elevated CRP levels (≥5 mg/dl), and Group 2 (n = 182),
with normal CRP levels. Clinical characteristics, angiograph-
ic findings, and procedural variables are shown in Table I.

Outcomes for each group are shown in Table II and Figure
1. The incidence of acute or subacute coronary reocclusion af-
ter primary PTCA/stenting was significantly higher in Group
1 than in 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 vessel revascularization was significantly more
frequent in Group 1 than in Group 2 (10.4 vs. 2.3%, p < 0.05).
Bailout stenting implantation was also more frequent in Group
1 than in Group 2 (60.4 vs. 37.6%, p<0.005). The incidence of
heart failure (acute pulmonary edema and/or cardiogenic
shock) was significantly higher in Group 1 than in Group 2
(20.9 vs. 6.1%, p<0.05). In-hospital mortality rate was signif-
icantly higher in Group 1 than in Group 2 (20.9 vs. 2.3%,
p<0.01). Thus, the rate of major adverse cardiac events (rein-
farction, target vessel revascularization, and death) was signif-
icantly higher in Group 1 than in Group 2 (18.3 vs. 1%,
p < 0.05). The majority of in-hospital deaths in Group 1 was
related to heart failure in eight patients (80%), and in the re-
maining two patients (20%) it was associated with acute or
subacute coronary reocclusion; causes of in-hospital death in
Group 2 were reinfarction in seven (63.7%), heart failure in
one (9%), and sudden death in three patients (27.3%). There
was no significant difference in the incidence of major adverse
cardiac events between those who received stenting (7.7%)
and those who did not (7.4%). One-year follow-up was com-
pleted in all patients, and no significant differences in the inci-
dence of target vessel restenosis and revascularization and
deaths were found among them.

The results of clinical measurements are summarized in
Table II. There were significant differences in serum CRP

165



Clin. Cardiol. Vol. 27, March 2004

levels (13.8 ± 3.7 vs. 3.1 ± 1.1 mg/dl, p < 0.05) and in left ven-
tricular dysfunction occurrences (LVEF 35 ± 10.3% vs. 48 ±
9.2%, p < 0.05) between the two groups. A significant inverse
correlation was found between the abundantly high CRP lev-
els and the severity of left ventricular dysfunction in the pa-
tients of both groups (r = 0.279, p < 0.01) (Fig. 2).

The results of multivariate analysis are summarized in
Table III. The serum CRP level was the only significant inde-
pendent predictor of in-hospital 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
the other clinical characteristics, such as age, gender, coronary
risk factors, previous MI, unstable angina before onset of MI,
location of MI, multivessel disease, collaterals, initial coronary
flow, no-reflow, TIMI flow after PTCA/stenting procedure,
PTCA/stenting success, and time from onset of MI to primary
PTCA/stenting procedure was a significant determinant of ad-
verse cardiac events among hospital in-patients.

Discussion

Pathologic studies have indicated that unstable coronary
plaque is constituted by a thin cap and weak shoulder with ex-
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TABLE II Clinical events and measurements.

Group 1 (n = 48) Group 2 (n = 182) p Value

Early complications
Reinfarction, n (%) 9 (18.5) 12 (6.6) < 0.05
Coronary reocclusion, n (%) 7 (14.7) 5 (2.8) < 0.05
Rest angina, n (%) 3 (6.2) 5 (2.7) NS
Target vessel 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(6.1) < 0.05
Major adverse cardiac events, n (%) a 9 (18.3) 11 (6.1) < 0.05
Death, n (%) 10 (20.9) 4 (2.3) < 0.05

Late complications (during 1-year follow-up)
Restenosis, n (%) 2 (4.1) 12 (6.6) NS
Target vessel revascularization, n (%) 1 (2.1) 5 (2.7) NS
Death, n (%) 2 (4.1) 3 (1.6) NS

Clinical measurements 
CRP levels, mg/dl 13.8 ± 3.7 3.1 ± 1.1 < 0.05 
Left ventricular ejection fraction, % 35 ± 10.3 48 ± 9.2 < 0.05 

Values are n (%), and mean ± SD.
a In-hospital reinfarction, target vessel revascularization, and/or death.
Abbreviation: NS = not significant. Other abbreviations as in Table I.
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FIG. 1 In-hospital adverse coronary events. TVR = target vessel
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cessive inflammatory cell infiltration.17 Previous studies, such
as those by Abdelmouttaleb et al.,4 Liuzzo et al.,5 Koenig et
al.,26 and Ridker et al.27 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
CRP levels before 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 patients with increased CRP levels
(> 5 mg/dl) (Table III) had early adverse cardiac events, while
< 5% of those with normal CRP levels (Group 2) had these
complications. In addition, we found that, while patients with
mild to moderately high CRP levels (> 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 LVEF in Group 1 could be related to the size/site of
the MI (antero-septal MI in 84% of Group 1 patients vs. 71%
in Group 2 patients).

Previous studies reported that in clinical practice, unstable
angina is the most important predictor of early complications
following PTCA/stenting;7, 8, 28–30 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 cells is a more
important determinant of early outcome after PTCA/stenting
than clinical instability.

Our results are consistent with the recent observation of
Gaspardone et al.,31 who suggested that preprocedural activa-
tion of inflammatory cells may influence intimal instability
and further early coronary complications. In addition, they are
consistent with the study by Tomoda et al.,32 who reported
similar findings regarding the post-PTCA/stent early compli-
cation, but without relation to the time of blood drawn for CRP
evaluation. However, the observation of Buffon et al.,33 who
suggested that the serum levels of CRP before PTCA/stenting
procedure correlate 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 a relatively small number of
patients (and events). However, the prognostic value of this
marker, if proven in larger clinical studies, could contribute to
optimizing therapeutic resources in the complex scenario of
interventional cardiology.34 Another limitation of our study 
is the lack of repeat angiography in asymptomatic patients.
However, an increasing number of published and ongoing
studies are focusing only on clinical features. In addition, our
study lacks the usefulness of other evolving new technolo-
gies, except the platelet glycoprotein IIb/IIIa receptor block-
ade (plavix).

Conclusions

Our study has shown that serum levels of CRP before
PTCA/stenting may provide a more powerful predictor of ear-
ly but not late coronary complications than do clinical presen-
tation and other risk factors considered so far. In addition, it
has shown that abundantly high levels of CRP could correlate
significantly with severely reduced LVEF incidence. Our ob-
servation that high incidence of severe left ventricular dys-
function significantly correlates with the abundantly high
serum levels of CRP stresses the need for large studies to eval-
uate this issue.
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