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In the pathogenesis of the inflammatory
process leading to atherosclerosis, the role
of infectious agents remains poorly under-
stood. Several recent data confirm that
chronic infections increase the risk of coro-
nary or peripheral artery disease by poten-
tiating the action of traditional risk fac-
tors1,2. In this still hypothetical process, the
endothelium acts as an active playground
of inflammatory and immune responses to
different injuries such as those due to hy-
percholesterolemia and pathogens. Inflam-
matory cells release cytokines which mod-
ify the endothelial antiadhesive and antico-
agulant properties, inducing increased ex-
pression of cellular adhesion molecules
(CAMs)3. These CAMs facilitate trans-
endothelial migration of leukocytes into the
arterial wall, a phenomenon that, albeit
beneficial in physiological conditions, is
thought to be the first step in the pathogen-

esis of the atherosclerotic process4. Soluble
forms of CAMs are detectable in the serum
and reflect an increased production by the
endothelium which is believed to be the
principal site of expression5. Increased cir-
culating levels of adhesion molecules, such
as soluble intercellular adhesion molecule-
1 (sICAM-1) and endothelial/leukocyte ad-
hesion molecule-1 (ELAM-1 or E-se-
lectin), occur in a number of pathological
settings such as sepsis, cancer, vasculitis,
dyslipidemia6 and even after percutaneous
coronary intervention (PCI)7-9. This re-
flects endothelial activation following ves-
sel wall injury. 

Among other pathogens, Chlamydia
pneumoniae (CP), an obligate intracellular
bacterium identified less than two decades
ago, is one of the most actively studied, and
it has been associated with the development
of coronary artery disease (CAD)2 as well
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Background. The aim of this study was to assess the effect of periprocedural antibiotic treatment
with roxithromycin on circulating cell adhesion molecules and restenosis after coronary stent im-
plantation. 

Methods. Case-control study enrolling 25 consecutive patients submitted to coronary stenting for
stable, single-vessel coronary artery disease, treated with 300 mg roxithromycin once daily for 5 days,
starting 2 days before the procedure (group R). Twenty-five patients, matched for lesion site, length
and diameter, as control group (group C). The serological status for Chlamydia pneumoniae (CP) in-
fection (IgG, ELISA) was assessed in all patients. The plasma concentrations of soluble intercellular
adhesion molecule-1 (sICAM-1), E-selectin and C-reactive protein at 1 month after coronary stenting
were compared with baseline values. Binary restenosis (≥ 50%) was also evaluated at 6 months.

Results. sICAM-1 significantly decreased at 1 month in group R vs group C (371 ± 181 vs 573 ±
273 ng/ml, p = 0.005). This decrease was more evident in patients with a positive serology for CP (CP+)
(group R 373 ± 131 vs group C 597 ± 255 ng/ml, p = 0.014). Antibiotic treatment had no effects on cir-
culating E-selectin levels at 1 month (56.7 ± 97 vs 49.8 ± 62 ng/ml, p = 0.54). The restenosis rate (9/50,
18%) was similar in the two groups (group R 5/25 [20%], group C 4/25 [16%]). The restenosis rate
was similar in the CP+ vs CP- group (6/35 [17%] vs 3/15 [20%]).

Conclusions. A short course of treatment with roxithromycin at the time of coronary stenting in-
duces a significant reduction in the sICAM-1 levels at 1 month but apparently does not influence the
restenosis rate.
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as with restenosis following PCI10. Although there are
conflicting data regarding the effect of antibiotic thera-
py on the secondary prevention of CAD and restenosis,
some data suggest that antichlamydial therapy could, to
some extent, prevent cardiac events in patients with
previous acute coronary syndromes11 and restenosis in
patients undergoing PCI12. Our study was conceived as
a small pilot study aimed at investigating the effects of
a short periprocedural treatment with roxithromycin on
the circulating levels of sICAM-1 and E-selectin 1
month after stent implantation, in patients with stable
CAD. The influence of the serological status for infec-
tion with CP on the adhesion molecule response to an-
tibiotic treatment was also evaluated. We hypothesized
that the inflammatory outburst related to the balloon
trauma and stent implantation could be attenuated by
the periprocedural antibiotic therapy and could result in
lower circulating adhesion molecule levels and possi-
bly lower restenosis rates.

Methods

Study population. Over a 6-month period in which
430 patients underwent PCI in our clinic, 50 patients
undergoing elective PCI for stable CAD (effort angi-
na or silent ischemia) were included in the study. The
first 25 patients were consecutively enrolled if they
met the following inclusion criteria: age between 40
and 75 years and the presence of one ≥ 75% stenosis,
at least 3.0 mm in length, in one of the coronary artery
branches. Patients with more than one critical coro-
nary stenosis amenable to PCI were excluded. The
presence of acute or chronic inflammatory disease, re-
nal insufficiency or neoplastic disease was a clinical
criterion for exclusion. This first subset of patients
was treated with roxithromycin (group R). With the
same enrollment criteria, 25 subsequent patients with
stable CAD and single-vessel disease, matched for le-
sion site, length and diameter were enrolled as the
control group (group C).

Study treatment and follow-up. All patients received
aspirin (75 mg daily) plus ticlopidine (500 mg daily),
starting 2 days before the procedure and continued with
double antiplatelet therapy up to 1 month.

Group R patients received a short course of antibi-
otic therapy with the macrolide roxithromycin, 300 mg
once daily for 5 days, starting 2 days before PCI.

All patients underwent clinical follow-up inclusive
of effort testing at 3-4 months and were submitted to
coronary angiography at 6 months or earlier if clinical-
ly indicated. Restenosis was defined as > 50% diameter
stenosis of the treated lesion at quantitative coronary
angiography.

The ethics committee of our Institution approved
the study protocol and all patients gave written in-
formed consent before enrollment.

Laboratory methods. Fasting blood samples were col-
lected after 20 min of rest before starting the antibiotic
and double antiplatelet treatment. The serum obtained
by centrifugation was frozen at -80°C until it was ana-
lyzed. The serum levels of sICAM-1 and E-selectin
were measured by the immunoenzymatic method
(ELISA) using “Euroclone sICAM-1” and “Euroclone
sELAM-1” kits (Celbio). In our assay, the laboratory
coefficient of variation was < 10% for both sICAM-1
and E-selectin.

Anti-CP antibody titers (IgG) were measured in all
patients using a commercially available ELISA kit
(CP IgG Eurospital). Values > 1 in the optical densi-
ty/cut-off ratio were considered positive for previous
CP infection (CP+). C-reactive protein was dosed us-
ing a commercially available immunonephelometric
assay. 

Statistical analysis. The concentrations of soluble
CAMs were measured in ng/ml and expressed as means
± SD. Differences between the means were analyzed
using the Student’s t-test. All analyses were two-sided,
and a p value ≤ 0.05 was considered as statistically sig-
nificant. 

Results

All patients completed the follow-up and were sub-
mitted to control angiography at 6 months. The demo-
graphic and clinical characteristics are presented in
table I. The mean age, sex distribution and risk factors,
a history of myocardial infarction and the use of drugs
that could modify the coronary response to stent place-
ment such as statins, were not significantly different be-
tween the two groups (Table I).

The prevalence of anti-CP IgG antibodies was sim-
ilar in the two groups (group R = 17 patients [66%],
group C = 18 patients [72%]). The mean basal levels of
C-reactive protein were low, reflecting the stability of
CAD in the enrolled patients (group R 0.48 ± 0.74 vs
0.53 ± 0.68 mg/dl in group C), and remained un-
changed at 1 month (group R 0.44 ± 0.81 vs 0.57 ± 0.64
mg/dl in group C). No difference was observed in the
baseline C-reactive protein levels relative to the CP
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Table I. Baseline demographic and clinical profiles.

Group R Group C
(n=25) (n=25)

Age (years) 62 (44-72) 65 (41-69)
Sex (M/F) 20/5 22/3
Hypertension 11 (44%) 10 (40%)
Smokers 12 (48%) 9 (36%)
Diabetes 6 (24%) 5 (20%)
Statin therapy 14 (56%) 17 (68%)
ACE-inhibitors 4 (16%) 3 (12%)



serology (CP+ 0.44 ± 0.68 vs 0.57 ± 0.9 mg/dl, p =
0.53).

Basal sICAM-1 levels were similar in the two
groups (group R 453 ± 262 vs 502 ± 335 ng/ml in group
C, p = 0.5) but were significantly lower at 1 month in
group R vs group C (371 ± 181 vs 573 ± 273 ng/ml, p
= 0.005) (Fig. 1).

Basal sICAM-1 levels were not affected by the
serology for CP infection (551 ± 233 ng/ml in CP+ vs
477 ± 392 ng/ml in CP-, p = 0.42). The decrease in
sICAM-1 levels 1 month following antibiotic therapy
was more evident in patients with a positive serology
for CP (baseline: group R/CP+ 371 ± 182 vs 453 ± 262
ng/ml in group C/CP+, p = 0.19; at 1 month: group
R/CP+ 373 ± 131 vs 597 ± 255 ng/ml in group C/CP+,
p = 0.014) (Fig. 2).

Antibiotic treatment did not significantly modify
circulating E-selectin levels (baseline: group R 45.7 ±
58 vs 44.5 ± 78 ng/ml in group C, p = 0.45; at 1 month:
group R 56.7 ± 97 vs 49.8 ± 62 ng/ml in group C, p =
0.54) (Fig. 3).

Angiographic results. All patients completed the an-
giographic follow-up at 6 months. In 4 patients of
group R and 3 of group C coronary angiography was
performed earlier due to symptom onset or because of
a positive stress test. The overall incidence of binary
restenosis was low (9/50, 18%) and was similar in the
two groups (5 patients in group R [20%] vs 4 patients
in group C [16%]). Target lesion revascularization was
performed in 7 out of 9 patients with restenosis > 50%
(4 in group R and 3 in group C). 
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Figure 1. Soluble intercellular adhesion molecule-1 (sICAM-1) levels 1 month following percutaneous coronary intervention in antibiotic-treated pa-
tients (group R, n = 25) vs controls (group C, n = 25).

Figure 2. Concentration of soluble intercellular adhesion molecule-1 (sICAM-1) in group R (n = 17) and group C (n = 18) at baseline and at 1 month
in patients with serological evidence of Chlamydia pneumoniae (CP) infection.



The binary restenosis rate was not modified by the
serological status for CP infection (6/35 [17%] in CP+
group vs 3/15 [20%] in CP- group).

The baseline and 1-month values of sICAM-1 and
E-selectin did not differ between patients with or with-
out in-stent restenosis (Table II).

Discussion

The main finding of this small pilot study is that in
case of elective PCI for stable CAD, a very short
periprocedural antibiotic treatment with the macrolide
roxithromycin is able to induce a higher 1-month de-
crease in the plasma concentrations of sICAM-1 com-
pared to that observed in a conventionally treated con-
trol group. This effect appears to be more evident in pa-
tients with a previous CP infection. Periprocedural an-
tibiotic treatment did not modify E-selectin concentra-
tions. On the other hand, treatment with roxithromycin
did not modify the restenosis rate, and CAM plasma
levels in the first month after PCI were not predictive of
the occurrence of restenosis. 

Significance of cell adhesion molecule concentra-
tions in atherosclerosis and post-percutaneous coro-
nary intervention restenosis. Adhesion and subse-
quent migration of circulating leukocytes are critical
early events in the pathogenesis of atherosclerosis13.
However, the exact pathophysiological role of ICAM-1
in this condition has not yet been clearly defined, even
though overall it is considered a marker of endothelial
activation5.

Indeed, a number of studies have confirmed that
sICAM-1 concentrations are good predictors of cardio-
vascular events among both healthy men14 and patients
with stable CAD15,16 as well as unstable coronary syn-
dromes17.

Whether increased plasma levels of ICAM-1 and/or
E-selectin are associated with an increased risk of
restenosis is less certain but previous studies describe a
positive correlation between sICAM-1 or E-selectin
levels and restenosis in patients treated with primary
coronary angioplasty for myocardial infarction18, or
with lower limb percutaneous transluminal angioplasty
for intermittent claudication19. The inflammatory
process resulting from balloon barotrauma and stent
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Figure 3. Concentration of E-selectin (soluble endothelial leukocyte adhesion molecule-1 [sELAM-1]) in group R and group C at baseline and at 1 month.

Table II. Soluble intercellular adhesion molecule-1 (sICAM-1) and E-selectin levels in patients with and without restenosis according
to treatment group.

Restenosis (n=9) No restenosis (n=41)

Group R Group C Total p Group R Group C Total p
(n=5) (n=4) (n=20) (n=21)

sICAM-1
Baseline 495 462 478 NS 504 484 495 NS
1 month 369 562 464 NS 348 502 425 NS

E-selectin
Baseline 49.8 56.9 53.4 NS 48.1 43.9 45.9 NS
1 month 50.3 54.4 52.4 NS 57.2 49.6 57.2 NS

Values are expressed as means.



implantation plays an important role in the pathophys-
iology of restenosis after an initially successful proce-
dure20,21. It has been hypothesized that CAMs act as
mediators in the process of intimal hyperplasia within
the implanted stent. Recently, Inoue et al.8 were able to
detect an increase in sICAM-1 levels only in coronary
sinus blood samples but not in peripheral blood sam-
ples and in a subsequent study22 the same authors cor-
related the coronary sinus blood levels of sICAM-1
with the restenosis rate after cutting balloon angioplas-
ty. In our study, the CAM levels were evaluated 1
month after PCI. This was in accordance with the pur-
pose of the study, designed to identify possible changes
in the levels of biochemical markers as indicators of the
restenosis phenomenon during its evolution. Moreover,
patients with stable angina were selected on purpose, in
order to avoid that changes in inflammatory indexes
would reflect clinical instability and/or be correlated
with minor areas of myocardial necrosis. 

Effects of antichlamydial therapy on coronary
events and restenosis. Previous studies on antibiotic
therapy in the secondary prevention of CAD have pro-
duced conflicting results. Although several small trials
have suggested that macrolides may reduce event rates
in patients with acute coronary syndromes23 or prior
myocardial infarction24, recent large-scale trials such as
ACADEMIC25,26, failed to show an increased benefit of
antibiotic treatment over placebo. Nevertheless, posi-
tive results have recently been published. In the CLAR-
IFY27 and in the STAMINA trials11, antibiotic treat-
ment significantly reduced adverse cardiac events in
patients with acute coronary syndromes. Sander et al.28

found that a 1-month course of roxithromycin was able
to reduce the progression of early carotid atherosclero-
sis during the subsequent 2 years in patients with high
CP antibody titers. Previous infection with Cyto-
megalovirus, CP and Helicobacter pylori did not mod-
ify neointimal proliferation after coronary angioplasty
with stent implantation as assessed in the angiographic
and intravascular ultrasound study of Schiele et al.29.
Neumann et al.30 reported no effect on the major car-
diac event rate at 1 year in 1010 patients undergoing
coronary stenting (50% presenting with an acute coro-
nary syndrome) randomly assigned to treatment with
roxithromycin or placebo. Nevertheless, patients with
high CP antibody titers and submitted to coronary
stenting showed a relevant reduction, attributable to
roxithromycin, in the restenosis rate12. As for other
“markers” of inflammation such as C-reactive protein,
the true problem is to clearly define the active role of
these molecules in the pathogenesis of atherosclerotic
disease and to assess whether a therapeutic intervention
that is effective in reducing the concentration of CAMs,
is also effective in decreasing clinical events.

Significance and limitations of the present study.  In
this context, the results of our study are controversial

because, on the one hand they show that a short treat-
ment course with roxithromycin at the time of coronary
angioplasty, which is associated with an inflammatory
outburst, is able to reduce sICAM-1 levels 1 month af-
ter the procedure, particularly in patients with a posi-
tive serology for CP. On the other hand, this reduction
in sICAM-1 concentrations did not apparently modify
intimal hyperplasia after stent implantation. The stabil-
ity of CAD, as confirmed by the low C-reactive protein
levels, is a possible explanation for the lack of correla-
tion between the soluble CAM levels and restenosis in
the patients enrolled in our study. In addition, the very
low incidence of restenosis in this study may have pre-
vented us from detecting any difference in the levels of
adhesion molecules in the 9 patients who developed a
restenosis as compared with the 41 who did not. Fur-
thermore, a more prolonged antibiotic treatment could
have further reduced the sICAM-1 plasma levels, pos-
sibly resulting in a positive effect on the restenotic
process. Finally, the lack of a beneficial action on
restenosis could be simply related to the limited num-
ber of patients included in this study. We finally recog-
nize that the binary restenosis rate is an insensitive
method to evaluate post-stent intimal hyperplasia and
that the use of intravascular ultrasound could be more
appropriate to detect the potential antirestenotic effect
of roxithromycin.

It is not clear why antibiotic treatment reduced the
sICAM-1 but not the E-selectin plasma levels. The
short duration of the antibiotic treatment and the differ-
ent kinetics of production of different CAMs from the
endothelium may explain these discrepancies.

Other limitations of the present study should also be
considered. Since we did not randomize patients to
treatment with roxithromycin vs placebo, we cannot
exclude bias in the selection of patients for antibiotic
treatment. However, all 50 patients were enrolled in the
study consecutively. Moreover, the endpoint variables
(sICAM-1, E-selectin and C-reactive protein) were
blindly determined by our laboratory. 

Our results could have been enhanced had we se-
lected only CP+ patients for enrolment. Moreover, the
serological status was determined using ELISA and ex-
pressed as a densitometric ratio (negative < 1, positive
> 1) and not by means of microimmunofluorescence
which permits one to define the CP serum antibody
titers. In fact, Neumann et al.12 found that rox-
ithromycin was able to reduce restenosis only in pa-
tients with high CP antibody titers.

In conclusion, although the results of this small pi-
lot study are controversial, they may represent a useful
contribution in stimulating further research in the field
of atherosclerosis as well as of restenosis prevention.
Roxithromycin should be considered as a potentially
effective drug for this purpose in selected patients and
envisaged as an adjunctive therapy in the developing
technology of drug-eluting stents.
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