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Abstract Background: As statins have the anti-atherosclerotic pleiotropic effects, we
retrospectively examined the effects of statins on restenosis after percutaneous coronary
intervention (PCI).

Methods: We reviewed consecutive 341 patients who underwent successful PCI and
follow-up angiography six months after the procedure between January 2002 and Decem-
ber 2004. Statins were initiated in 207 patients (statin group), but not in the other 134
(control group). We compared the angiographic findings, low-density lipoprotein choles-
terol (LDL-C) and C-reactive protein (CRP) between the two groups.

Results : LDL-C level in statin group was significantly higher than those in control group
at baseline (116.0 £+ 35.8 vs 103.1 £ 24.5 mg/dL, p < 0.01) ; however, the values were
inverted between the two groups at follow-up (99.9 + 29.5 vs 107.6 + 26.0 mg/dL, p=
0.015). CRP levels were comparable between these two groups. Statin group showed
significantly lower angiographic restenosis (defined as = 5094 stenosis at the target site)
rate (35.3 vs 46.3 %, p = 0.042) and target lesion revascularization (TLR) rate (14.5 vs
23.9 9%, p = 0.018) than control group. Multivariate analysis indicated that the prescrip-
tion of statin, but not LDL-C level at follow-up and 9§ reduction of LDL-C during the
follow-up period, predict the restenosis prevention.

Conclusions : Statins can decrease restenosis and TLR rate after PCI, independent of
lipid-lowering effect and CRP level in this study.

Introduction

Percutaneous coronary intervention (PCI)
is a widely accepted treatment for coronary
artery disease (CAD). However, the res-
tenosis after PCI has been a significant
clinical problem, which occurs in 30-409§ of
patients within 3-6 months after the proce-
dure?®. Although drug eluting stents
(DES) dramatically reduce angiographic
restenosis, DES are not suitable for all CAD
patients, especially in cases who cannot
receive long-term anti-platelet therapy, and
also emergent cases of acute myocardial
infarction (MI)®»~®.

3-Hydroxy-3-methylglutaryl coenzyme-

A reductase inhibitors (statins) are lipid-
lowering agents, showing favorable effects
on primary and secondary prevention of MI,
and survival rate of CAD patients in many
mega-study”~®. Beyond the lipid-lower-
ing effect, statins provide various anti-ath-
erosclerotic effects, such as improvement
endothelial function, reduction of C-
reactive protein (CRP), tissue factor, plas-
minogen activator inhibitor-1 expression
and smooth muscle cells (SMCs) prolifera-
tion!®~'», Walter et al. have demonstrat-
ed for the first time that statin therapy
significantly reduced restenosis after coro-
nary stent implantation'®, while other
recent studies have shown no significant
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difference between statin and conventional
treatment¥'®. As we sometimes experi-
ence the benefit of statins not only in lipid-
lowering effect but also in longer angina-
free periods in patients with CAD, we
examined the retrospective study to assess
the effects of statins on restenosis after
successful PCIL.

Methods

Patients Population

We retrospectively evaluated a total of
341 consecutive patients (mean age 67.1 £
10.4 years old) who underwent successful
PCI for CAD and follow-up angiography to
assess the restenosis at 6 months after PCI
or when symptom recurred between Janu-
ary 2002 and December 2004 in Aso-lizuka
Hospital, Fukuoka, Japan. There were 258
men and 83 women. For each patient,
baseline demographic, clinical, procedural,
and outcome data were collected by use of
the standard medical records. Serum
levels of CRP, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol
(LDL-C) were measured at the time of PCI
and follow-up angiography. We started
statin treatment before or immediately
after PCI, and continued during the follow-
up period in patients of LDL-C > 100 mg/
dl, according to the guideline of Japanese
atherosclerosis society for secondary pre-
vention of CAD'®.

PCI Procedure and Anti-platelet Therapy

All patients had been receiving chronic
100 mg/day of aspirin or received 200 mg of
aspirin once prior to the procedure. PCI
was performed via the femoral or radial
approach using 6~8F guide catheters.
Intravenous heparin (10,000 U) was adminis-
tered at the beginning of the procedure and,

if necessary, a repeat bolus of 5,000 U was
administered to maintain the activated clot-
ting time to > 250 seconds. Coronary
stenting were planed before the PCI proce-
dure or indicated for coronary dissection or
suboptimal results after balloon angioplasty
using bare metal stents. We used cutting
balloon for in-stent restenosis'”, rotablator
for calcificated lesion'®, and directional
coronary atherectomy for eccentric prox-
imal lesion'?. The balloon or stent diame-
ter was chosen to ensure a balloon-to-
artery ratio of 1.1 as estimated by quantita-
tive coronary angiography. Patients
continued 100 mg of aspirin once daily, and
additionally 100 mg of ticlopidine twice
daily for > 4 weeks in case of stent im-
plantation.

Quantitative Coronary Angiography

and Target Lesion Revascularization

Experienced cardiologists assessed quan-
titative angiographic measurements with
computer-based densitometric system
(Philips Medical Systems, The Nether-
lands). The nearest normal reference
diameter, minimal lumen diameter (MLD),
and lesion length were measured before and
immediately after the procedure, and at
follow-up. The restenosis was defined as a
> 509§ diameter stenosis at follow up.
Target lesion revascularization (TLR),
defined as repeated intervention at res-
tenotic sites, was performed at the presence
of ischemia, which was indicated either by
the recurrence of angina or positive stress
test.

Outcomes

The primary end points were the follow-
up angiographic MLD, restenosis and TLR
rates. Secondary end points were major
adverse coronary events, which were
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defined as cardiac death, MI, unstable an-
gina, and worsened effort angina.

Statistical Analysis

The results were expressed as the mean +
standard deviation (SD). Differences
between the 2 groups with or without statin
treatment were assessed with unpaired Stu-
dent’s t test, and x? test for categorical
variables. Paired data were analyzed by
paired Student’s t test. A p value of < 0.05
was considered to be statistically signifi-
cant. Multivariate analysis was performed
using the logistic regression model. All
potential risk factors for restenosis were
included. Odds ratios and 959 confidence

intervals were calculated.
Result

Baseline characteristics and Procedural

Data

Two hundred seven out of 341 patients
received statin therapy (statin group) and
134 did not (control group). In statin group,
120 patients (58.0 %) received atorvastatin
(11.0 £ 3.5 mg), 43 (20.8 %) did pravastatin
(8.6 = 3.0 mg), 31 (15.0 2) did fluvastatin
(24.2 = 8.9 mg), and 13 (6.2%) did simvas-
tatin (5.0 = 0.0 mg). There were signifi-
cantly larger number of patients with hyper-
cholesterolemia in statin group than that in
control group (72.9 vs 15.6 %, p < 0.01)
(Table 1). There was no significant differ-
ence in other coronary risk factors, such as
age, sex, medications except statins, indica-
tions for PCI, and number of target vessels
between the groups. PCI was performed
for 213 lesions in statin group, and 139
lesions in control group. There were no
significant differences in target vessels, per-
formed procedure, reference diameter and
minimal lumen diameter before and immedi-
ately after procedure between the two
groups (Table 2).

Lipid profiles and CRP level at Baseline

and Follow-Up

In statin group, all patients continued
statin therapy until follow-up. TC and
LDL-C levels in statin group were signifi-
cantly higher than those in control group at
baseline, and were significantly decreased

Table 1 Baseline Characteristics of the Study Subjects

Control Statin

(n=134) (n=207) Yl
Age, v 67.9+9.9  66.610.8  0.237
Men, n (%) 104 (77.6) 154 (74.4) 0.501
Diabetes, n (%) 38 (28.3) 66 (31.9) 0.491
Hypertension, n (%) 93 (69.4) 144 (69.6) 0.975
Smoking, n (%) 70 (52.2) 122 (58.9) 0.224
Hypercholesterolemia, n (%) 21 (15.6) 151 (72.9)*  <0.01
Statin
Atorvastatin, n (%) - 120 (58.0)
pravastatin, n (%) - 43 (20.8)
fluvastatin, n (%) - 31 (15.0)
simvastatin, n (%) - 13 (6.2)
Medication during FU
Aspirin 134 (100) 206 (99.5) 0.422
ACE inhibitor or ARB 112 (83.5) 178 (85.9) 0.543
Beta blocker 91 (67.9) 157 (75.8) 0.108
Indication for PCI, n (%) 0.345
Emergent 63 (47.0) 103 (47.8)
Urgent 23 (17.2) 24 (11.6)
Elective 48 (35.8) 80 (38.6)
Target vessels, n (%) 0.769
1 vessel 127 (94.8) 196 (94.7)
2 vessels 5 (3.7) 6 (2.9)
LMT 2 (1.5) 5(2.4)

174.4+57.2 180.0£59.0  0.381
FU=follow-up ; ACE=angiotensin converting enzyme ; ARB=angioten-
sin II receptor bocker; PCl=percutaneous coronary intervention;
LMT =left main trunk. Values are mean = SD when appropriate. Values
of p < 0.05 were considered statistically significant. *p < 0.05 Control vs
Statin.

FU period, days

Table 2 Target Lesion Characteristics and Procedural Data

Control Statin
(n=139) (n=213) )4
17444572 180.0+£59.0  0.381

FU period, days

Target vessel, n (%) 0.772
RCA 55 (39.6) 79 (37.1)

LAD 55 (39.6) 93 (43.7)

LCx 27 (19.4) 36 (16.9)

LMT 2 (1.4) 5(2.3)
Procedural data, n (%) 0.808
POBA 14 (10.1) 23 (10.8)

Stent 116 (83.4) 177 (83.1)

Cutting balloon 5 (3.6) 6 (2.8)
Rotablator 4 (2.9) 5(2.3)

DCA 0 (0.0) 2 (1.0)

13.994+6.70 14.114+6.00  0.875
2.91+0.57  2.91+0.62 0.977
0.3440.44  0.27%0.36 0.109
Post-PCI MLD, mm 2.67+0.62  2.66+0.65 0.934
FU MLD, mm 1.43+0.92 1.74+£087* <0.01
RCA=right coronary artery; LAD=left anterior descending artery;
LCx=left circumflex artery; POBA=plain old balloon angioplasty ;
DCA =directional coronary atherectomy ; PCI=percutaneous coronary
intervention ; MLD=minimal lumen diameter; FU=follow-up. Values
are mean + SD when appropriate. Values of p < 0.05 were considered
statistically significant. *p < 0.05 Control vs Statin.

Lesion length, mm
Reference diameter, mm
Pre-PCI MLD, mm
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Fig.1 Coronary minimal lumen diameters at PCI sites
before, immediately after angioplasty, and at
follow-up. Statin therapy significantly prevent-
ed the reduction of MLD at follow-up. Bars
indicated SD

*p=0.042
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Fig. 2 Coronary angiographic restenosis and target
lesion revascularization rates. Statin therapy
significantly reduced restenosis and TLR rates.

Table 3 Lipid Profile and CRP

Baseline Follow-Up
Control Control Statin
(n=134) (n=207) D (n=134) (n=207) p
TC, mg/dL 17214310  189.0£41.9 < 0.01 185.3+34.0** 179.5+36.0** 0.137
(%Change of TC, %) (+7.7) (-5.0)
HDL-C, mg/dL 48.5+13.9 45.5+14.3 0.076 50.4+17.6 47.1+18.7 0.107
LDL-C, mg/dL 103.1+£245  116.0£358 < 0.01 107.6+£26.0 99.94+29.5**  0.015
(%Change of LDL-C, %) (+4.4) (-13.4)
CRP, mg/dL 0.65+1.11 0.53+1.29 0.407 0.36+0.54 0.324+0.82 0.695

TC=total cholesterol ; HDL-C=HDL cholesterol ; LDL-C=LDL cholesterol ; CRP=C-reactive protein. Values are
mean £ SD when appropriate. Values of p < 0.05 were considered statistically significant. *p < 0.05, **p < 0.01

Baseline vs follow-up.

at follow-up (Table 3). LDL-C level in
statins group was lower than that in control
group at follow-up. HDL-C and CRP
levels showed no significant differences
during the follow-up period in these two
groups.

Angiographic Analysis and Major

Adverse Coronary Events

There was no significant difference in the
follow-up period, 174.4 =+ 57.2 days in
control group and 180.0 £ 59.0 days in
statin group (Table 2). Reference diameter
was 2.91 £ 0.57 mm in control group and 2.
91 £ 0.62 mm in statin group (Table 2 and
Figure 1). At the procedure, minimal
lumen diameter was 0.34 += 0.44 mm in
control group and 0.27 £ 0.36 mm in statin
group, increasing to 2.67 £ 0.62 mm and 2.
66 + 0.65, respectively, showing no signifi-

cant differences between the groups. At
follow-up, minimal lumen diameter in statin
group was larger than that in control group
(1.74 = 0.87vs1.43 =£0.92mm, p < 0.01),
and angiographic restenosis rate was signifi-
cantly lower in statin group than in control
group (35.3 vs 46.3 %, p = 0.042). TLR
rate was also significantly lower in statins
group (14.5vs 23.9 %, p = 0.018) (Figure 2).
Unexpectedly, in statin group, restenosis
rate and TLR rate were lower in LDL-C >
100mg/dl patients compared with LDL-C <
100 mg/dl patients (Table 4).

MI related to target vessel was signifi-
cantly lower in statin group , but the inci-
dences of other major adverse coronary
events during the follow-up period showed
no significant difference between the groups
(Table 5).
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Table 4 LDL-C levels and Restenosis with or without statins

Control

Statin

LDL-C Levels at FU

LDL-C Levels at FU

<100mg/dL  =100mg/dL

<100mg/dL =100mg/dL

(n=50) (n=284) » (n=115) (n=92) »
Restenosis, n (%) 25 (50.0) 37 (44.0) 0.508 45 (39.1) 28 (30.4) 0.195
TLR, n (%) 12 (24.0) 20 (23.8) 0.980 23 (20.0) 7 (7.6) 0.012

LDL-C=LDL cholesterol ; FU=follow-up; TLR=target lesion revascularization. Values of p < 0.05 were considered

statistically significant.

Table 5 Major Adverse Coronary Event for Follow-Up Period

Control Statin

(n=134) (n=207) b
All event, n (%) 30 (22.4) 36 (17.4) 0.255
Cardiac death, n (%) 0 (0.0) 0 (0.0) -
MI
target vessel, n (%) 3(2.2) 0 (0.0) 0.031
non-target vessel, n (%) 0 (0.0) 2 (1.0) 0.255
Unstabe angina
target vessel, n (%) 1(0.7) 5 (2.4) 0.253
non-target vessel, n (%) 2 (1.5) 1 (0.5) 0.331
Effort angina
target vessel, n (%) 20 (14.9) 17 (8.2) 0.052
non-target vessel, n (%) 4 (3.0) 11 (5.3) 0.307

MI=myocardial infarction. Values of p»<0.05 were considered statisti-
cally significant.

Multivariate Analysis

Multivariate analysis indicated that the
prescription of statins was associated with
reduced restenosis rate (p = 0.042) (Table
6). LDL-C level at follow-up, 9§ reduction
of LDL-C during the follow-up period, other
coronary risk factors and medications
except statins did not predict the restenosis
development.

Discussion

This retrospective study demonstrated
that statin therapy significantly reduced
restenosis and TLR after successful PCI,
independent of lipid-lowering effect and
CRP level. Although DES can dramati-
cally reduce angiographic restenosis, they
have not completely eliminated restenosis in
the real world®~%9  Japanese Ministry of
Health, Labour and Welfare dose not rec-
ommend DES emergent cases of acute MI,
because of its thrombogenicity. Addition-
ally, the incidences of late cardiac death and
non-fatal MI after the discontinuation of
anti-platelet therapy are greater in DES

Table 6 Multivariate Analysis of Factors Associated With Res-

tenosis
Odds ratio (95% CI) p
Statin 0.63 (0.41-0.98)  0.042
Age>T70 years 1.07 (0.69-1.66) 0.751
Male 1.06 (0.64-1.76)  0.825
Diabetes 1.17 (0.74-1.88)  0.497
Hypertension 1.41 (0.88-2.28) 0.153
Smoking 1.17 (0.74-1.88)  0.862
ACE inhibitor or ARB 1.02 (0.55-1.87)  0.953
Beta blocker 0.82 (0.51-1.33) 0.429
LDL-C<100mg/dL at follow-up 1.26 (0.81-1.94)  0.300
LDL-C>10% reduction at follow-up 1.07 (0.69-1.66)  0.755

CI=confidence interval ; ACE=angiotensin converting enzyme; ARB=
angiotensin II receptor bocker ; LDL-C=LDL cholesterol. Values of p <
0.05 were considered statistically significant.

treated patients as compared with BMS
Therefore DES are not
suitable for the CAD patients who cannot

treated patients.

receive long-term anti-platelet therapy®.
For such patients, the effect of statin on
restenosis after PCI will be still of value.
Statins provide not only lipid-lowering
effect but also additional pleiotropic effects,
including anti-inflammatory and anti-
thrombotic effects such as improvement of
endothelial function and plaque stabiliza-
ti0n10)~12)21).

anti-proliferative effect?” including inhibi-

Statins also have a direct

tion of platelet derived growth factor
(PDGF)-induced DNA synthesis in SMCs?®.
Since statins can inhibit intimal hyperplasia
after arterial injury?#?® in animal models,
we can expect statins reduce restenosis
after PCI Although the
FLuvastatin Angioplasty Restenosis
(FLARE) trial,
controlled trial, did not show the beneficial

in humans.

a randomized placebo-

effect of statin therapy on restenosis after
coronary balloon angioplasty®®, Walter et

al. demonstrated that statin therapy signif-
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Table 7 Comparison of the Effect of Statin therapy to Restenosis after PCI

Restenosis rate

3 1 1 0,

Study Method Medication Patients, n  Stent Use, % (statin vs contorl)
FLARE 1999 prospective fluvastatin 836 0% 28% vs 31%, p=0.42
Walter et al. 2000 retrospective various statins 525 100% 25.4% vs 38%, p<0.005

Present study retrospective various statins 352 83% 35.3% vs 46.3%, p=0.042

icantly reduced restenosis after coronary
stent implantation'®. Restenosis after PCI
is associated with not only neointimal for-
mation caused by SMCs proliferation and
migration but also geometric remode-
ling?”~%9  which can be inhibited by stent
implantation®®. These two clinical studies
suggest that statin therapy may suppress
neointimal formation but not geometric
remodeling. The results of the present
study, showing the beneficial effect of
statins on restenosis after PCI, are compat-
ible to previous studies, given that more
than 809 of the patient population received
coronary stent implantation (Table 7).

We have not fully understood mechanisms
of the anti-proliferative effect of statin
treatment in neointimal formation after
PCI. Walter et al. demonstrated that
baseline total cholesterol and relative
change of cholesterol were not related to
restenosis rate!®. Our study also demon-
strated that serum LDL-C level and its
reduction rate by statins were not associat-
ed with reduction of restenosis after PCI.
Additionally, in statin group, restenosis and
TLR rates were lower in LDL-C > 100mg/
dl patients compared with those in LDL-
C < 100 mg/dl patients. Even through
LDL-C < 100mg/dl might be inappropriate
as a cut-off value, these results may suggest
that the preventive effects of statins on
restenosis after PCI might not be dependent
on lipid-lowering effect or LDL-C level. In
addition, the present study showed that
restenosis after PCI is not associated with
CRP level in the follow-up period. We also
consider that our low doses of statins could

not directly inhibit SMCs proliferation in
neointimal formation?9??. Although we
have no data on endothelial function in our
study population, several studies indicated it
is involved in the mechanism mediating
suppression of the neointimal formation.
Regenerated endothelial function at PCI site
may play an important role in the preven-
tion of restenosis, because nitric oxide (NO)
derived from endothelium mediates not only
vascular relaxation but also SMC
mitogenesis and proliferation®?. Statins
increase endothelium dependent NO
bioavailability by stimulating and up-
regulating endothelium NO synthase in

39 More recently, Laufs

vitro®? and in vivo
et al. showed that statins suppress PDGF-
induced SMC proliferation and up-regulate
endothelial nitric oxide synthase by inhibit-
ing Rho / Rho-kinase pathway?9*®. On the
other hand, chronic oral nitrate therapy was
not performed in this study because there
was no evidence indicated its beneficial
effect of PCI®9.

This study showed that statin therapy did
not reduce major adverse coronary events
except target-vessel related myocardial
infarction, many clinical trials, however,
have shown that lipid-lowering by statins
can prevent recurrent ischemic coronary
events? 3738 probably due to stabilization
coronary atherosclerotic plaques and sup-
pression of macrophage activity??3940,
This discrepancy may be due to a short-
term assessment for 6 months with relative-
ly low dose statin treatment.

Study Limitations
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According to the guideline of Japanese

atherosclerosis society for secondary pre-

vention of CAD®, we indicated statin ther-
apy for patients of LDL-C levels > 100 mg/
dl, even if TC levels were under 220 mg/dl.

Therefore, mean TC level at the procedure

was relatively low even in statin group. It

was unknown if the low TC level affected

the results of this study or not.

We need

CAD patients with higher LDL-C levels to
see the effects of statins depending on the

lipid lowering.
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Abbreviation List

PCI = percutaneous coronary intervention
CAD = coronary artery disease

DES = drug eluting stents

MI = myocardial infarction

CRP = C-reactive protein

SMCs = smooth muscle cells

TC = total cholesterol

HDL-C = high-density lipoprotein cholesterol
LDL-C = low-density lipoprotein cholesterol
TLR = target lesion revascularization

MLD = minimal lumen diameter

PDGF = platelet derived growth factor

NO = nitric oxide
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