
Abstract. An increasing amount of basic scientific data
indicates that adhesion molecules may be involved in the
pathogenesis of vessel re-narrowing in patients undergoing
coronary angioplasty. Furthermore, inflammation is suggested
to be a pivotal mechanism linking atherosclerosis and
restenosis. The aim of this study was to assess if periprocedural
evaluation of soluble P-selectin (sP-selectin) and E-selectin
(sE-selectin) possesses any additive value in the restenosis
prediction to C-reactive protein (CRP) measurement. One
hundred and nine stable angina patients were consecutively
enrolled into the prospective cohort study. All participants
were treated with single vessel coronary bare metal stenting.
sP-selectin, sE-selectin and CRP were measured in peripheral
venous blood samples collected before and 6, 24 h and
1 month after the procedure. Clinical follow-up visits were
held 7 days*, 1*, 3, 6*, and 12 months (*with an exercise test)
after stenting. Any symptoms of restenosis were verified
angiographically. Clinical restenosis occurred in 18 subjects.
Concentrations of sP-selectin and sE-selectin did not differ
between patients with and without clinical restenosis at any
measuring point. In the latter group a decrease in sP-selectin
and sE-selectin levels was observed 6 h after stenting. These
findings when considered in all of the investigated subjects had
no impact on the subsequent incidence of restenosis. An

inflammatory response assessed as an increase in CRP level
with the peak values at 24 h was noted in the whole
population. However, it was significantly more pronounced in
the restenosis group. Application of the Cox's proportional
hazard model revealed a high CRP level 24 h after stenting
and the history of coronary angioplasty concerning a
nontarget lesion to be the only independent predictors of
clinical restenosis. To conclude, the periprocedural
evaluation of sP-selectin and sE-selectin in peripheral venous
blood in patients undergoing elective coronary stenting
provides no prognostic information in terms of clinical
restenosis prediction, and the magnitude of the systemic
inflammatory response triggered by coronary angioplasty
assessed as an increase in CRP level and the history of
coronary angioplasty concerning nontarget stenosis remain
independent predictors of lesion re-narrowing.

Introduction

Percutaneous transluminal coronary angioplasty (PTCA) has
become the most widely implemented method of heart
revascularization. However, it is estimated that each year
approximately 250,000 patients worldwide experience
restenosis after initially successful PTCA (1). Vessel re-
narrowing manifesting itself as a recurrence of angina leads
to the necessity of target vessel reintervention and substantially
impairs the quality of life of the patient. Although drug-eluting
stents (DES) are suggested as a very effective approach to the
prevention and treatment of restenosis, their application alters
the vessel healing process that may result in late acute stent
thrombosis and an increased rate of subsequent myocardial
infarctions (2,3). Therefore, until the long-term outcome of
comparisons between DES and modern bare metal stents are
obtained, caution in the choice of a particular device for each
patient is advised. Furthermore, according to a recent study
considering the cost-effectiveness of DES, their use in a
clinical setting should be restricted to subjects with a high
risk of restenosis (4). Besides clinical, angiographic and
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procedure-related risk factors, inflammatory marker
evaluation emerges as a promising adjunctive strategy for the
stratification process of patients undergoing coronary
stenting.

The adhesion of activated leukocytes to the injured arterial
wall and their subsequent extravasation are thought to be
critical steps in the development of restenosis. Selectins, a
family of cell adhesion molecules, mediate the initial
attachment of platelets and the rolling interaction of
leukocytes with the luminal endothelium (5). E-selectin is
exclusively expressed in endothelium, whereas P-selectin is
present on platelets and in secretory bodies (Weibel-Palade)
in endothelial cells. Enzymatic cleavage of the extracellular
portion of selectins or alternative splicing of mRNA encoding
for these molecules can yield circulating forms which can be
measured from sampled serum and are referred to as soluble
cellular adhesion molecules (6,7). Population-based trials
provide evidence for the association between high levels of
soluble selectins and the increased risk of major
cardiovascular events in patients with existing peripheral or
coronary atherosclerosis (8-10) and in apparently healthy
women (11). In numerous experimental studies, the inhibition
of P- and E-selectin expression or their inactivation were
proven to substantially reduce the neointimal formation and
the occurrence of restenosis (12-17). In previously published
studies, we and other authors have demonstrated that the
magnitude of C-reactive protein increase after bare metal
stenting correlates with the risk of restenosis (18,19) and the
periprocedural multi-marker evaluation in this setting may
enhance the prediction of vessel re-narrowing after PTCA (20).

The aim of this study was to assess if the periprocedural
evaluation of soluble P-selectin (sP-selectin) and E-selectin
(sE-selectin) in peripheral venous blood possesses any additive
value in the prediction of restenosis to CRP measurement.

Materials and methods

Study design and patients. This study was designed as a
single-center prospective observational cohort trial with a
1-year follow-up. One hundred and nine stable angina patients
with coronary artery disease diagnosed by coronary
angiography and referred to our department for PTCA were
prospectively enrolled in the study. All subjects were
interviewed to obtain the most detailed medical history (with
a special emphasis on comorbidity) and underwent a physical
examination, echocardiography and blood sampling for
creatinine, total cholesterol, HDL-cholesterol, LDL-
cholesterol and triglycerides. The characteristics of the group
are presented in Table I. Clinical exclusion criteria included
any concomitant inflammatory process, neoplastic disease,
use of steroids, immunosuppressive and non-steroidal anti-
inflammatory treatment (excluding low doses of aspirin) for
3 months prior to the trial; myocardial infarction or unstable
angina for 6 months before the trial; preprocedural myocardial
necrosis (positive cardiac troponin I test); heart failure
(clinical symptoms of heart failure in at least class II according
to NYHA and/or left ventricular ejection fraction <30%); and
renal failure (serum creatinine levels >1.5 mg/dl).

Clinical follow-up visits were held 7 days*, 1*, 3, 6*, and
12 months (*with a treadmill stress test according to the Bruce

protocol) after the procedure. Any symptoms of restenosis
(recurrent chest pain or newly-diagnosed ischemic alterations
in a treadmill stress test, i.e. the significant deterioration of
exercise capacity in patients with consistently positive
treadmill stress test results) were verified angiographically.
The primary end point for the study was angiographic
evidence of clinical restenosis after 1 year.

All participants provided informed written consent, and the
study protocol was approved by the local ethics committee.

Coronary angiography and stenting. Coronary angiography
via the femoral approach using a standard technique was
performed. Non-ionic contrast agents were administered in
all patients. Angiographic exclusion criteria comprised
restenosis as a reason for PTCA, angioplasty of venous or
arterial graft, PTCA of a bifurcation lesion, diameter of
referential segment <2.5 mm, angioplasty of left main stenosis,
and recanalisation of chronic total occlusion. All participants
were treated with single vessel bare metal stenting. Detailed
characteristics of the procedures are displayed in Table II.
Residual stenosis not exceeding 20% of the referential
diameter was considered as a procedural success. Prior to the
intervention, unfractionated heparin (100 IU/kg) was injected
intravenously. Over a minimum of two days before the
intervention, all patients were pre-treated with ticlopidine
(250 mg/twice daily). Additionally, ticlopidine was
administered for 1 month and aspirin indefinitely after PTCA.
In subjects referred for control coronary angiography, the
procedure was performed with at least 5 projections for the
left coronary artery and 3 projections for the right coronary
artery after an intracoronary injection of nitroglycerine (0.3 mg).
Stenoses were visually assessed by an experienced operator
at the projection where they were the narrowest. For stenoses
ranging from 40-70% an additional quantitative measurement
(DFP-60A, Toshiba Co, Japan) was applied. Restenosis was
defined as a recurrent luminal narrowing >50% when
compared with a referential segment at the site of the earlier
intervention.

Measurement of biomarkers. Peripheral venous blood samples
were collected immediately before angiography and 6 h, 24 h
and 1 month after the procedure. When centrifuged, the sera
were stored at -80˚C until analysed.

Serum cardiac necrosis markers were determined by a
microparticle enzyme immunoassay kit (AxSYM Troponin-I,
Abbott Laboratories, Abbot Park, IL, USA).

All inflammatory markers were measured in duplicate,
and the results were averaged. sP-selectin and sE-selectin
were evaluated by enzyme-linked immunosorbent assay
(ELISA) kits (Bender MedSystems Diagnostics GmbH,
Vienna, Austria). High-sensitivity CRP was measured by a
nephelometric method using a commercially available N Latex
high-sensitivity CRP test on Behring Nephelometer II (Dade
Behring, Marburg, Germany). The sensitivity limits for
sP-selectin, sE-selectin and CRP were 1.3 μg/l, 0.33 μg/l and
0.175 mg/l, respectively. The intra-assay coefficients of
variations (CV) were 6.5% for sP-selectin, 6.9% for sE-selectin
and 3.3% for CRP, while inter-assay CVs were 5.5% for
sP-selectin, 7.5% for sE-selectin and 3.2% for CRP,
respectively.
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Statistical analysis. Use of the Shapiro-Wilk test demonstrated
that the investigated variables were not normally distributed.
Therefore, continuous results were reported as median values
and interquartile ranges. Comparisons between groups were
analysed with the Mann-Whitney unpaired rank sum test,
whereas the Wilcoxon matched-paired rank sum test was
used for comparisons within the groups. Correlations were
tested with the Spearman rank correlation test. The Kaplan-
Meier method was applied for the visual presentation of
clinical restenosis incidence. Survival curves were compared
with the log-rank test. Independent prognostic factors of the
primary end point occurrence were determined with the Cox
proportional hazard model. Relations between the investigated
variables and the likelihood of restenosis were estimated with

the use of odds ratios (OR) and their 95% confidence
intervals (95% CI). Qualitative data were assessed with the
usage of the Chi-squared test with Yates correction or the
Fisher exact test when appropriate. p values <0.05 were
considered statistically significant; values ≥0.05 are indicated
with the abbreviation, ns (not significant). All computations
were carried out with Statistica, version 7.1 (StatSoft, Tulsa,
OK, USA).

Results

Immediate and long-term outcomes. An optimal immediate
outcome of stenting was achieved in 105 subjects (96%),
without any differences between those with and without

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  19:  187-195,  2007 189

Table I. Clinical characteristics of patients on the day of PTCA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter The entire cohort Restenosis (+) Restenosis (-) p

(n=109) (n=18) (n=91)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 57.5 61.5 57.0 ns

(51.0-64.0) (53.0-66.0) (51.0-64.0)

Sex (M/F) 84/25 (77%/23%) 13/5 (72%/28%) 71/20 (78%/22%) ns

BMI (kg/m2) 27.5 26.8 27.6 ns
(25.5-29.7) (26.0-29.7) (25.0-29.9)

Hypertension n (%) 74 (68%) 14 (78%) 60 (66%) ns

Diabetes n (%) 16 (15%) 2 (11%) 14 (15%) ns

Current smoker n (%) 16 (15%) 4 (22%) 12 (13%) ns

History of  smoking n (%) 70 (64%) 11 (61%) 59 (65%) ns

Family history of coronary artery disease n (%) 46 (42%) 10 (55%) 36 (40%) ns

LDL (mg/dl) 124.0 129.5 121.0 ns
(93.0-156.0) (119.0-183.0) (92.0-152.0)

HDL (mg/dl) 50.0 48.5 51.0 ns
(43.0-60.0) (45.0-60.0) (43.0-60.0)

TG (mg/dl) 126.0 118.5 130.0 ns
(93.0-176.0) (84.0-162.0) (95.0-176.0)

History of myocardial infarction n (%) 53 (49%) 8 (44%) 45 (49%) ns

History of PTCA n (%) 16 (15%) 6 (33%) 10 (11%) <0.02

History of CABG n (%) 6 (5%) 0 (0%) 6 (7%) ns

Left ventricular ejection fraction (%) 59.0 58.0 59.0 ns
(45.5-65.0) (50.0-65.0) (45.0-65.0)

2-3 vessel disease n (%) 68 (62%) 13 (72%) 55 (60%) ns

Aspirin n (%) 106 (97%) 17 (94%) 89 (98%) ns

Statin n (%) 108 (99%) 18 (100%) 90 (99%) ns

ACE inhibitor n (%) 87 (80%) 14 (78%) 73 (80%) ns

ß-blocker n (%) 91 (83%) 13 (72%) 78 (86%) ns

Calcium antagonist  n (%) 27 (25%) 6 (33%) 21 (23%) ns
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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clinical restenosis (Table II). During a 1-year follow-up, we
noted 1 cardiac death (1%) 6 months after PTCA. Two
months after the intervention this patient was readmitted to
our department due to a recurrence of angina. Coronary
angiography revealed a diffuse in-stent restenosis that was
treated with balloon angioplasty. At 1 year nonfatal myocardial
infarction occurred in 6 patients (5.5%), including 1 case
(1%) of procedure-related myocardial infarction. Another

subject (1%) experienced myocardial infarction caused by
occlusive in-stent restenosis. Thirty-five study participants
(32%) underwent repeated coronary angiography and 1
person (1%) refused permission for the examination despite
existing indications. Angiographic restenosis was confirmed
in 18 patients (16.5%), while stenosis concerning another
lesion other than being dilated at the index procedure was
diagnosed in 9 cases (8%). Focal and diffuse patterns of in-
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Table II. Characteristics of the procedures.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter The entire cohort Restenosis (+) Restenosis (-) p

(n=109) (n=18) (n=91)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Optimal outcome of PTCA n (%) 105 (96%) 17 (94%) 88 (97%) ns

Number of implanted stents
1 89 (82%) 16 (89%) 73 (80%)
2 17 (15%) 1 (5.5%) 16 (18%) ns
3 3 (3%) 1 (5.5%) 2 (2%)

Length of stent/stents (mm) 18.0 19.0 18.0 ns
(13.0-23.0) (15.0-25.0) (13.0-23.0)

Diameter of stent/stents (mm) 3.0 3.0 3.0 ns
(2.5-3.25) (2.5-3.0) (2.5-3.5)

Type of contrast medium
Iodixanol 28 (26%) 3 (17%) 25 (27%)
Iopromide 11 (10%) 3 (17%) 8 (9%) ns
Iomeprol 70 (64%) 12 (66%) 58 (64%)

Volume of contrast medium (ml) 170.0 190.0 160.0 ns
(130.0-230.0) (150.0-230.0) (130.0-230.0)

Maximal implantation pressure (atmospheres) 14.0 12.0 14.0 ns
(12.0-16.0) (10.0-15.0) (12.0-16.0)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Periprocedural sP-selectin levels as medians, interquartile ranges
and ranges in patients with and without clinical restenosis. p values are
related to the differences between groups at the same measuring point and to
the differences within the groups between subsequent measurements. 

Figure 2. Periprocedural sE-selectin levels as medians, interquartile ranges
and ranges in patients with and without clinical restenosis. p values are
related to the differences between groups at the same measuring point and to
the differences within the groups between subsequent measurements.
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stent restenosis were present in 9 (50%) and 4 subjects
(22%), respectively. Also, in 4 individuals (22%) in-stent
restenosis was classified as proliferative, and 1 person (6%)
developed an occlusive vessel re-narrowing. Among 18
patients with in-stent restenosis, 14 (78%) were treated with
PTCA, 3 (17%) underwent coronary artery bypass grafting,
and one patient (5%) did not give permission for cardio-
surgical revascularization and was managed conservatively.

Kinetics of biomarkers. Concentrations of sP-selectin and
sE-selectin did not differ between patients with and without
clinical restenosis at any measuring point. In the latter group,
a decrease in sP- and sE-selectin levels was observed 6 h
after stenting (Figs. 1 and 2). An inflammatory response
assessed as an increase in CRP level with peak values at 24 h
was noted in the entire population. However, it was
significantly more pronounced in the restenosis group (Fig. 3).

To note, baseline CRP levels and peak CRP values at 24 h
were correlated (all patients, RS=0.76, p<0.000001; patients
with restenosis, RS=0.68, p<0.002; and patients without
restenosis, RS=0.79, p<0.000001).

Predictors of clinical restenosis. Patients who developed
clinical restenosis were more likely to have a history of
nontarget PTCA when compared to the group without
restenosis (Table I). Univariate analysis failed to identify
sP- and sE-selectin levels at any measuring points or
differences between measurements as prognostic factors of
the primary end point. CRP concentrations at 24 h below the
median and lack of previous coronary angioplasty were
associated with remarkably longer restenosis-free survival as
illustrated in Figs. 4 and 5. The application of the Cox
proportional hazard model revealed a high CRP level 24 h
after stenting and the history of coronary angioplasty
concerning a nontarget lesion to be the only independent
predictors of clinical restenosis as indicated in Table III. In
subjects with prior nontarget PTCA (n=16), in comparison to
those treated interventionally for the first time (n=93), a
history of myocardial infarction (87% vs 42%, p<0.003),
previous CABG procedure (25% vs 2%, p<0.005), depressed
left ventricular ejection fraction (50% vs 60%, p<0.0001) and
multi-vessel disease (81% vs 59%) were more prevalent, but
in the last case statistical significance was not obtained. 

Discussion

Despite consistent basic scientific research suggesting a
casual relation between the expression of selectins at the site
of PTCA-induced arterial injury and subsequent neointimal
formation, the obtained results do not support the initial
concept on the value of sP- and sE-selectin evaluation in
peripheral venous blood in the prediction of restenosis. Data
derived from animal models must be interpreted with caution.
Pre-clinical models are just preliminary tools that can help
generate ideas that must be verified in humans. In addition to
profound inter-species differences, angioplasty procedures
in animals are usually performed with a balloon on
atherosclerosis-free peripheral vessels.

According to our knowledge, ours is the largest of few
studies testing the hypothesis on the prognostic value of
periprocedural soluble P- and E-selectin levels in a
homogenous population of stable angina patients treated in
line with contemporary pharmacological and interventional
standards. The limitations of completed trials include the use
of balloon angioplasty as a preferred treatment method, a
considerable proportion of patients with unstable angina, the
underutilization of evidence-based medical therapies, small
sample size, and lack of clinical follow-up. In addition, the
coronary sinus blood sampling performed by some
researchers precludes the implementation of their findings
into daily practice and makes impossible any comparison to
our material. Thus, conclusions formulated on the basis of
previous studies do not necessarily apply to the present
clinical setting.

Direct comparisons of studies might be affected by the
profound differences between vascular responses to balloon-
and stent-triggered injuries. Coronary stenting resulted in a
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Figure 3. Periprocedural CRP levels as medians, interquartile ranges and
ranges in patients with and without clinical restenosis. p values are related to
the differences between groups at the same measuring point and to the
differences within the groups between subsequent measurements.

Figure 4. The incidence of clinical restenosis in relation to the CRP level 24 h
after the intervention.
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larger initial lumen gain and more efficient prevention of
remodelling with coexisting greater neointimal growth (21).
Inoue et al demonstrated a substantially higher neutrophile
CD11b expression in patients undergoing stent implantation
versus patients undergoing balloon angioplasty (22).
Additionally, in an animal model of stented artery an
abundant macrophage recruitment within the neointima
contrary to neutrophil infiltration preceding neointimal
thickening in balloon-injured artery was observed (23,24).
Heparin use diminished macrophage accumulation in the
stented vessel and reduced overall neointimal growth (23).
Moreover, the inhibition of neutrophil infiltration in balloon-
injured artery successfully limited smooth muscle
proliferation (24).

The composition of culprit plaques differs substantially
between stable angina and acute coronary syndromes including
4-fold higher intimal macrophage content (25) and 2.3-fold
larger tissue factor content (26) in the latter group. In unstable
angina patients undergoing coronary atherectomy, the intensity
of macrophage infiltration predicted vessel re-narrowing (27).
Vulnerable plaques typical for acute coronary syndromes are
also characterized by a large lipid-rich core, a thin fibrous cap

containing few smooth muscle cells, vasa vasorum neovascu-
larization, adventitial inflammation and outward remodeling
(28).

Most of the drugs proven to prolong life in patients with
coronary artery disease possess pleiotropic effects including
anti-inflammatory properties. Patients recruited into our
study were treated on the basis of current guidelines. The
overwhelming majority of them were given statin, aspirin, ß-
blockers, angiotensin-converting enzyme inhibitor and
ticlopidine. Statins diminish sP-selectin and sE-selectin
levels as well as CRP concentration (29,30). Moreover, the
magnitude of reduction is inversely correlated with the
progression of coronary atherosclerosis (29). The evidence
for the impact of statins on restenosis due to conflicting
results and limitations of the studies remains less convincing
(31-33). In LDL receptor-deficient mice fed a high-fat diet
compared with control mice, low-dose aspirin induced a
significant decrease in circulating levels of soluble inter-
cellular adhesion molecule-1 (sICAM-1), monocyte chemo-
attractant protein-1, tumor necrosis factor-·, and interleukin-
12p40 and lowered the activity of nuclear factor κB, without
affecting lipid levels. Low-dose aspirin also significantly
reduced both the extent of atherosclerosis and the amount of
macrophages within plaques (34). In a physicians' health
study comparing an 8-year clinical outcome in 543
apparently healthy men randomly assigned to receive aspirin
or placebo, the use of aspirin was associated with significant
reductions in the risk of myocardial infarction (55.7%, p=0.02)
among men in the highest quartile of CRP levels but with
only small, nonsignificant reductions among those in the
lowest quartile of CRP values (13.9%, p=0.77) (35). Among
patients with a first Q-wave acute myocardial infarction,
therapy with ß-blockers within 24 h of the onset of symptoms
resulted in a decreased peak CRP level and a lower in-hospital
cardiac mortality, despite similar maximal creatine phospho-
kinase activity (36). In a prospective registry of 4840 patients
undergoing percutaneous coronary revascularization,
ß-blockers conferred a protective effect against clinical
restenosis (37). It is also suggested that the beneficial effect
on circulating adhesion molecules, monocyte chemotactic
protein-1 (38) and CRP levels (39) may contribute to cardio-
vascular risk reduction mediated by angiotensin-converting
enzyme inhibitors aside from a blood pressure lowering
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Table III. Independent predictors of clinical restenosis in the Cox proportional hazard model.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variable Variant n OR 95% CI p
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CRP at 24 h after PTCA Continuous variable 109 1.05 1.01-1.09 <0.01

CRP at 24 h after PTCA 55 3.02 1.04-8.74 <0.05
≥ median (≥3.78 mg/l)

CRP at 24 h after PTCA 54 1.00 - -
< median (<3.78 mg/l)

Prior PTCA of another stenosis True 16 3.52 1.32-9.40 <0.02

False 93 1.00 - -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 5. The incidence of clinical restenosis in patients with and without
prior angioplasty concerning another stenosis.
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effect. Clopidogrel, a thienopyridine derivate similar to
ticlopidine used in our study, attenuated both PTCA-induced
increase in serum CRP level (40) and P-selectin expression
on platelets (41).

There is conflicting evidence with regard to the relationship
of sP- and sE-selectin levels in the blood collected from
coronary sinus and superficial peripheral veins (6,42).
Although we cannot exclude that only levels of selectins in
the coronary circulation are of prognostic value, the benefits
of coronary sinus caniulation do not seem to outweigh the
additional risk of complications.

Kurz and colleagues observed a significant increase in
sP-selectin and soluble L-selectin (sL-selectin) levels in 30
patients in peripheral venous blood 24 h after elective
balloon angioplasty. They also found a positive correlation
between the number of dilatations and the rise in these
parameters. The concentration of sICAM-1 was stable
throughout the study period. In 15 subjects who underwent
elective coronary angiography without PTCA the serum
concentrations of analysed mediators did not change
significantly (43). The group led by Inoue reported
elevated concentrations of sP-selectin, sL-selectin and
sICAM-1 48 h after PTCA in the coronary sinus blood
samples of 25 stable angina patients treated with balloon
angioplasty. These changes were not observed in the
peripheral blood samples. The sE-selectin level did not
change after angioplasty. The application of multiple
regression showed that the late loss index obtained from
quantitative coronary angiography was correlated with the
changes in sP-selectin (r=0.26, p<0.05), sL-selectin (r=0.28,
p<0.05) and ICAM-1 (r=0.31, p<0.05) in the coronary sinus
blood samples 48 h after angioplasty. All patients were on
therapy with aspirin, nifedipine, dipyridamole and isosorbide
dinitrate (42). Sainani and Maru analysed 46 stable angina
subjects undergoing balloon angioplasty (n=25) or coronary
stenting (n=21). Baseline sE-selectin levels assessed in
peripheral blood predicted clinical restenosis. However this
study provides no information as to how the patients were
managed pharmacologically. The high clinical restenosis rate
(43%) in this study must be also stressed (44). Other authors
investigating stable angina subjects treated with balloon
angioplasty (n=20) or stenting (n=41) concluded, on the basis
of posthoc analysis, that substantial increase in sE-selectin
levels 3 h after the intervention that persisted until 24 h might
predict the development of restenosis. However, in the
primary analysis the sE-selectin levels of the patients
with and without restenosis were similar at each of the three
measurements and significantly increased after the
intervention both in the balloon angioplasty and stenting
group. Information on the background therapy is limited to
administration of aspirin and ticlopidine (45). Cipollone et al
measured significantly higher sE-selectin, sICAM-1 and
soluble vascular cell adhesion molecule-1 (sVCAM-1) values
at 1, 5, 15 and 180 days in subjects with angiographic
restenosis originally treated with balloon angioplasty due to
stable (n=22) and unstable (n=48) coronary disease (46).
Vandoni et al demonstrated a lack of difference in sE-selectin
levels before the intervention and after 1 month between
groups with (n=4) and without (n=21) restenosis who
initially underwent elective single vessel stenting. Similarly,

in this study, for patients treated with roxithromycin (300 mg/
once daily), the concentration of sE-selectin did not differ in
relation to the incidence of restenosis. Antibiotic treatment
did not influence circulating sE-selectin levels (47).
Rauchhaus and colleagues examining 193 patients proved
that the E-selectin 128Arg allele may serve as a risk factor
for the development of angiographic restenosis after balloon
angioplasty. Laboratory assays possible in 32 subjects with
restenosis and in 37 people without vessel re-narrowing
revealed no difference in the baseline sE-selectin
concentration between groups. The study did not document
whether the participants were hospitalised for stable or
unstable angina and how many of them were on statins (48).
Finally, after an analysis of 40 patients treated with elective
coronary stenting, researchers concluded that sP-selectin
levels decreased significantly 48 h after PTCA exclusively in
subjects without restenosis while concentrations of sE-selectin
showed a reduction at 48 h in the entire population. All
patients received aspirin, clopidogrel, statins, ß-blockers and
angiotensin-converting enzyme inhibitors (49).

Generally, there is a tendency towards a lower increase or
even a decrease in the postprocedural selectin level in more
recent studies with patients treated predominantly with
stenting on optimal medical therapy. We hypothesize that a
transient fall in the soluble selectin level in the group without
restenosis may reflect their binding to the target receptors on
the surface of leukocytes, platelets and endothelial cells thus
preventing cellular interaction between these cell types
involving surface selectins (6,50). Soluble forms of selectins
would thus appear to be endogenous antithrombotic and anti-
inflammatory molecules (6). Leukocyte and platelet activation
occurring across a dilated artery segment up-regulated the
expression of surface selectins (51) and led to a rise in soluble
selectins between 6 and 24 h after the intervention.

The negative result of our trial does not mean that the
administration of P- or E-selectin antagonists will be
ineffective in restenosis prevention. However, future projects
need to be conducted. So far, despite the established
effectiveness in canine and porcine models (52,53), infusion
of recombinant P-selectin glycoprotein ligand-immuno-
globulin failed to facilitate tissue salvage when given in
combination with thrombolysis in the setting of ST-elevation
myocardial infarction (54).

The role of C-reactive protein has been extensively
investigated in preventive cardiology. Our data emphasize
the clinical importance of the stenting-induced systemic
inflammatory response. In our study, CRP levels equal or
above the median at 24 h were associated with a 3-fold
higher risk of restenosis when compared to CRP concentrations
below the median. This observation corresponds with earlier
publications (18,20). In the largest completed trial assessing
the value of periprocedural CRP evaluation in a series of
1800 consecutive patients with stable and unstable coronary
artery disease treated with stenting, the magnitude of the
inflammatory response determined the risk of angiographic
as well as clinical restenosis (19). Therefore, an anti-
inflammatory treatment in patients after PTCA with an
extensive and prolonged inflammatory response might be of
high clinical importance. In the IMPRESS study of patients
with persistent high CRP levels (>5 mg/l) at 72 h after
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successful coronary stenting, oral prednisone therapy was
introduced for 45 days and resulted in a noticeable reduction
in clinical events and the angiographic restenosis rate (55).
Postprocedural CRP rise in patients undergoing PTCA may
reflect a broad spectrum of pathomechanisms. Suggested
nonspecific stimuli include mechanical disruption of
atherosclerotic plaque, arterial wall injury, myocardial necrosis
due to distal embolisation, release of inflammatory and
chemoattractant factors followed by leukocyte and platelet
activation along with the ischemia-reperfusion cycle
induced by multiple balloon inflations (56,57). However,
uncomplicated coronary angiography also triggers an
inflammatory response, similar in its magnitude to that
induced in stable angina patients undergoing coronary
stenting (58). For patients undergoing coronary angiography
the triggering factors may vary from contrast agent-mediated
endothelial damage, local inflammatory reaction in the area
of femoral artery puncture, groin haematoma to arterial wall
injuries and atherosclerotic plaque destabilisation due to
guide wire and catheter manipulation in the aorta (58,59).

According to a search in the Medline database, a second
study reported an increased restenosis incidence in patients
with a history of PTCA concerning another stenosis. We
corroborate the results found by Arjomand et al, who,
investigating a population of 9745 subjects enrolled in the
PRESTO trial, noticed significantly more major adverse
cardiac events in patients with previous PTCA of either the
target or nontarget lesion when compared to participants
undergoing coronary angioplasty for the first time. The
difference was mainly driven by higher rates of repeat
revascularization (60). We speculate that the presence of risk
factors common for both restenosis and atherosclerosis
progression, such as low-grade inflammation or genetic
propensity, may at least partially elucidate our observation.
In our study population, the history of myocardial infarction
and prior coronary artery bypass grafting, depressed left
ventricular ejection fraction and multi-vessel disease were
more frequent in patients with prior nontarget PTCA.

Our results need to be validated in a larger cohort of
patients. They refer only to stable angina subjects treated
with bare metal stenting. Additionally, the restenosis rate
evaluated according to the study protocol on the basis of the
exercise treadmill test and spontaneous chest pain recurrence
might be underestimated. However, ischemia-driven target
vessel revascularizations reflecting clinical restenosis in our
study is widely accepted, and as routine practice, control
coronary angiography is not recommended except for
selected high-risk groups (61,62).

In conclusion, our data indicate that periprocedural
evaluation of sP-selectin and sE-selectin in peripheral venous
blood in patients undergoing elective coronary stenting does
not provide prognostic information in terms of clinical
restenosis prediction. Multivariate analysis revealed a post-
procedural increase in CRP level and the history of coronary
angioplasty concerning nontarget stenosis to be independent
predictors of lesion re-narrowing.
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