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Spironolactone Does Not Prevent Restenosis After Coronary Stenting in Humans
H Kursaklioglu,'wo, A lyisoy,'mo, B Amasyali,'wo, T Celik,mp, C Ozturk,*vp, S Kose,*wp, E Isik,vp

Abstract

Introduction: Inanimal studies, aldosterone enhanced neointimal proliferation by increasing
extracellular accumulation of collagen and potentiating the effects of angiotensin I1. Spironolac-
tone, an aldosterone antagonist, is a potent inhibitor of neointimal proliferation. We conducted
a placebo-controlled, double-blind, randomised study to assess the effect of spironolactone on
angiographic 6-month in-stent restenosis. Materials and Methods: Of the 310 randomised
patients with significant coronary artery disease, 258 patients were available for analysis: 128
constituted the placebo group and 130 were assigned to receive spironolactone. Eligible patients
were randomly assigned to receive a dose of 50 mg spironolactone or placebo orally twice a day
for 6 months. The primary endpoint was the angiographic restenosis (>50% stenosis) rate at
follow-up angiography. Results: At 6-month follow-up angiography after stenting, there was no
difference between the 2 groups in minimal lumen diameter, percent diameter stenosis, late loss,
and net gain. Angiographic restenosis occurred in 46 (35.4%) of 130 patients receiving spirono-
lactone and 50 (39.0%b) of 128 in the placebo group with an odds ratio (OR) of 0.85 with a 95%
confidence interval (Cl) of 0.49 to 1.46 (P = 0.62). Restenosis rate was found in 60 (32.9%o) of 182
lesions in the spironolactone group, and 61 (35.5%) of 172 lesions in the placebo group with an
OR of 0.89 with 2 95% CI of 0.56 to 1.42 (P = 0.89). Conclusions: Spironolactone did not reduce
the incidence of in-stent restenosis as compared with placebo in human, contrary to the fact that
reduction of neointimal formation in animal models has been observed upon administration of

spironolactone.
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Introduction

High restenosis rate, which has been documented to
occur in approximately 30% to 50% of cases, still remains
a major concern, although percutaneous transluminal
coronary angioplasty can be performed with a high initial
success rate and good immediate angiographic results.
Early elastic recoil, late vessel remodelling, and neointimal
proliferation have been proposed as important contributors
to the restenosis after coronary angioplasty.? Coronary
stent placement has been used in order to reduce restenosis
by minimising the residual stenosis and elastic recoil, and
preventing late vascular remodelling.®* Restenosis after
coronary stenting is thought to be mainly due to neointimal
proliferation.® The migration and proliferation of smooth
muscle cells, induced by the production and release of
growthfactors, cytokinesand extracellular matrix synthesis,
result in neointimal formation and eventually represents

the restenosis.®” With regard to neointimal formation, no
orally effective agent has been definitively reported yet
although several pharmacological agents have been tested
in different clinical trials.®?

Angiotensin converting enzyme (ACE) inhibitors have
been shown to reduce neointimal thickening after balloon
angioplasty in animal studies. This effect, which was
suggested to occur by inhibiting the stimulatory effect of
angiotensin Il on vascular smooth cells, has not been
demonstrated in humans.*** It has been shown that
aldosterone induces neointimal proliferation, increasing
collagensynthesisand potentiating the effects of substances
such as vasopressin, angiotensin, and noradrenaline, which
have potent effects on vascular smooth cell proliferation.t”
2 Moreover, inanexperimental study, aldosterone increased
but spironolactone, an aldosterone antagonist, decreased
neointimal formation after balloon denudation.?! Based on
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this premise, we sought to find out whether spironolactone
therapy affects in-stent restenosis rates in humans in our
placebo-controlled, double-blind randomised study.

Materials And Methods

From January 2002 to January 2003, 310 consecutive
patients (Spironolactone group = 155, placebo group =
155) who met the inclusion and exclusion criteria listed
below were included into the study. The study protocol
conforms to the ethical guidelines of the Declaration of
Helsinki and was approved by the Institutional Ethics
Committee; each patient gave a written informed consent.
The baseline clinic characteristics of the patients included
inthis study were obtained during a 3-day screening period,
including history, physical examination, 12-lead electro-
cardiography, echocardiography and routine laboratory
evaluation.

Patients between 35 and 75 years of age with
angiographically provensignificant coronary artery disease
(stenosis >70%), who were selected for coronary stenting
in native coronary arteries, and who had not undergone
previous angioplasty, were included in the study.

Patients with severe congestive heart failure (ejection
fraction <30%), a myocardial infarction in the preceding 2
weeks, or any other major illness, were not included in the
study. Inability to follow the protocol, previous bypass
surgery, significant unprotected left main artery disease, a
history of cerebrovascular accident, insulin-dependent
diabetes mellitus, pregnancy and hypersensitivity to
spironolactone were the other exclusion criteria. Also,
patients who had lesions in the vessel of less than 2 mm
diameter, chronic occlusion of more than 6 months, and
diffuse lesions with diameters of more than 25 mmwere not
included in the study.

The primary endpoint of the study was the restenosis rate
after coronary stenting at follow-up angiography. Restenosis
was defined as recurrent lumen diameter stenosis >50% at
follow-up angiography, as determined by quantitative
coronary angiography.

Stenosis was evaluated in 2 orthogonal positions for right
coronary artery and 6 orthogonal positions or the branches
of the left coronary artery. The orthogonal views were
assessed atend-diastolic frames. Three coronary angiograms
were performed for each patient: pre-angioplasty/stent,
post-angioplasty/stent and at the end of 6-month follow-up
period. Diameter percent stenosis was analysed by
quantitative coronary angiography.

The secondary endpoint was the occurrence of major
cardiac events (death, myocardial infarction, coronary
bypass surgery, percutaneous reintervention) within the 6-
month follow-up period.

Each patient eligible for inclusion was randomised (1:1)

to 1 of the 2 study arms 24 hours after the initial coronary
angiography. Each randomised patient received a dose of
50 mg spironolactone or placebo orally twice a day for 6
months. The first dose of spironolactone or placebo was
given 1 day before stenting.

The follow-up period regarding probable side effects and
usage of spironolactone consisted of 5 visits. The visits
took place on the first day, at the time of discharge, and in
the third week, third month, and sixth month of follow-up.
A physical examination was also done during the last visit;
compliance with the treatment was evaluated on the third
visit. In every visit, whole blood counts, serum sodium and
potassium levelswere also measured. Thus, both the patient
and physicians remained blinded during follow-up.

Both groups were given a bolus of heparin (10,000 IU)
intravenously. Ifthe procedure lasted longer than 1 hour, an
additional dose of 5000 IU heparin was injected
intravenously. After a successful optimised stenting was
achieved, no further heparin was administered and sheats
were removed within 6 hours. A daily dose of 100 mg
aspirin and clopidogrel with a dose of 75 mg was given
once a day 3 days before the procedure. The patients were
asked to take aspirin indefinitely and to take clopidogrel for
4 weeks. Beta blockers, nitrates, calcium channel blockers,
ACE inhibitors, and lipid-lowering drugs were prescribed
if indicated.

Angioplasty/stenting was performed according to
standard techniques. The technical aspects of the procedure,
including the choice of stents, duration and pressure of
inflation were determined by the individual operators. To
achieve maximal vasodilation, each coronary angiogram
was preceded by intracoronary injection of 125 ug of
nitroglycerin. Balloon-expandable stents were used for
both groups.

The degree of stenosis was calculated on the basis of the
minimal lumen diameter (MLD) of the stenosisas compared
with the reference vessel diameter. Successful stenting was
defined as <10% residual stenosis in the target lesion
poststent implantation. We defined restenosis as less than
50% luminal diameter remaining, as measured by
guantitative coronary angiography at 6-month follow-up
compared with the post-coronary angioplasty angiography.
Acute gain was defined as the difference between MLD
after and before coronary stenting, and late loss was defined
as the difference between MLD after coronary stenting and
atfollow-up procedure. Allangiographic analyses (Siemens
HICOR T.0.P. Image System, Forchheim, Germany) were
performed off-line by 2 cardiologists blinded to all the data
of patients at our catheter laboratory.

The reproducibility of quantitative measurements was
assessed by re-analysis of 30 randomly selected images.
Inter- and intra-observer variability were analysed by
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measurements performed by 2 independent observers and
by repeated analysis of 2 separate time points 3 weeks
apart, respectively.

Inthisstudy, the values for continuous data were expressed
as mean = SD, whereas categorical data were reflected by
frequencies and corresponding percentages. P <0.05 was
considered statistically significant.

Dichotomous variables, such as sex and smoking, were
analysed with Fisher’s Exact test; however, continuous
variables, such as blood cholesterol level, vessel diameter
and age, were analysed with the Mann-Whitney U test.
Fisher’s Exact test was used to assess restenosis rates side
effects, which are dichotomous variables.

Inter- and intra-observer measurement reproducibility
was calculated for minimal lumen diameter. Wilcoxon
Signed Rank test was used to test whether the difference
was statistically different from zero. Also, the measurements
were evaluated by the Pearson correlation coefficient for
lumen area.

Results

Of the 310 randomised patients, the finally evaluable
population included 258 patients: 130 assigned to receive
active treatment and 128 constituting the placebo group.
No severe complications during stenting, including the
occurrence of myocardial infarction, urgent coronary artery
bypass graft surgery, or death during the hospital stay,
occurred. Failed coronary stenting, according to the study
protocol, was encountered in 30 patients (14 in the
spironolactone group and 16 in the placebo group).
Moreover, 5 patients (3 in the treatment group and 2 in the
placebo group), who had long dissections of >30 mm
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during the coronary angioplasty procedure, were excluded
from the analyses. Four patients in the spironolactone
group and 3 in the placebo group were also excluded from
the analyses due to lack of compliance. Another 4 patients
who were eligible for follow-up in the placebo group
declined a 6-month follow-up coronary angiography. Six
patients, 4 in the spironolactone group and 2 in the placebo
group, died of acute ST-elevation myocardial infarction
and lethal arrhythmia during the study period. In total, a
total number of 52 patients (25 in the spironolactone and 27
in the placebo group) were excluded from the study.

The total number of stents for stenoses evaluated in the
study was 354, 182 in the spironolactone and 172 in the
placebo group. One stenosis occurred in 178 patients, 64
patients had 2 stenoses and 16 patients had 3 stenoses. A
mean of 1.4 stenoses were performed per patient.

The baseline clinical and demographic characteristics of
258 patients being randomised are shown in the Table 1.
All the baseline clinical characteristics of the 2 groups were
evenly distributed and both treatment arms were absolutely
comparable. The locations of the target lesions in the
coronary arteries were the left anterior descending or one
of its side branches, the left circumflex artery and the right
coronary artery. The right coronary artery was frequent in
the spironolactone group whereas the left circumflex artery
was frequent in the placebo group. There were no
group differences in the major types of lesions (A, B, C)
(Table 2).

The results of angiographic assessment of the target
lesion are shown in Table 3. There were no significant
differences between the spironolactone and placebo groups
in mean percent diameter stenosis and minimal lumen

Table 1. The Clinical and Demographic Characteristics of Patients

Spironolactone (130) Placebo (128) P value
Age (y) 54.9 + 10.9 55.7 + 10.5 ns**
Males (%) 71.4 73.1 ns*
Unstable angina pectoris (%) 24.7 21.8 ns*
Diabetes (%) 21.4 18.9 ns*
Previous MI (%) 67.6 715 ns*
Hypertension (%) 32.4 28.3 ns*
Smoking (%) 38.7 735.3 ns*
Body mass index (kg/m?) 26.8+3.1 255+29 ns**
NHYA class 24+04 25+04 ns**
Total cholesterol (mg/dL) 232 +£43 227 + 47 ns**
Triglyceride (mg/dL) 191 +58 183 £ 59 ns*
Fibrinogen 286 + 53 278 + 62 ns**
Aspirin 87 85 ns*
ACE inhibitors 44 41 ns*
Calcium channel blockers 31 34 ns*
Nitrates 68 72 ns*
Statins 57 62 ns*

*Fisher’s Exact x? test. **Mann-Whitney U test. Values are expressed as mean + SD unless otherwise noted.
MI: myocardial infarction; NHYA: New York Heart Association; ns: not significant
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Table 2. Baseline Target Lesion Characteristics

Spironolactone Placebo P value**
(n=182) (n=172)
Lesion location
LAD n (%) 78 (43) 70 (41) ns*
LCX n (%) 18 (9.8) 36 (21) 0.01*
RCA n (%) 86 (47) 66 (38) 0.02*
Lesion type
An (%) 62 (34) 57 (33) ns*
B n (%) 99 (54) 96 (56) ns*
Cn (%) 21 (12) 19 (11) ns*
No. of diseased vessels
1 (n = patient x 1) (%) 87 (48) 91 (53) ns*

2 (n = patient x 2) (%)
3 (n = patient x 3) (%)

68 (34x2) (37) 60(30x2)(35) ns*
27(9x3)(15) 21(7x3)(12) ns*

* Itis analysed with Fisher’s Exact %2 test.

** Statistical difference was defined at the P <0.05 level.

LAD: left anterior descending artery; LCX: Left circumflex coronary
artery; RCA: right coronary artery

diameter before and after stenting. Moreover, the mean
percent diameter stenosis at follow-up was not different in
both groups (34.3 + 16.2% in spironolactone group; 36.6 £
14.2% in placebo group, P=0.32). Minimal lumen diameter
at follow-up angiography was 1.63 + 0.52 mm in the
spironolactone group and 1.52 + 0.43 mm in the placebo
group (P = 0.33). The lumen diameter of the reference
segment of the spironolactone group at follow-up was not
different from the placebo group (2.9 £0.75vs. 2.8 £0.71
mm, P =0.40) . The initial gain was 1.77 £ 0.52 mm in the
spironolactone group and 1.73 + 0.60 mm in the placebo
group (P = 0.35). Late loss was 0.96 £ 0.68 mm in the
spironolactone group and 0.95 + 0.74 mm in the placebo
group (P = 0.54). Net gain was also similar in both groups
(0.81 £ 0.66 mm in the spironolactone group; 0.78 + 0.63
mm in the placebo group, P = 0.44).

At 6-month follow-up, the restenosis rate was 35.4% (46/
130) in the spironolactone group and 39.0% (50/128) in the
placebo group. We found an odds ratio (OR) of 0.85 with
a 95% confidence interval (Cl) of 0.49-1.46 (P = 0.62).
According to target lesion, restenosis rate was found 32.9%
(60/182) in the spironolactone group, and 35.5% (61/172)
in the placebo group and an OR of 0.89 with a 95% CI of
0.56 to 1.42 (P = 0.89). Repeat in-stent angioplasty was
required in 44 target lesions in the spironolactone group
and 47 in the placebo group (P = 0.46). One patient in each
group underwent coronary bypass surgery. Thus, target
lesion revascularisation was performed in 45 (24.7%) of
182 lesions in the spironolactone and 48 (27.9%) of 172
lesions in the placebo group (P = 0.43).

Quantitative measurements were highly reproducible.
The correlation coefficient between repeated measurements
of the same observer (intra-observer variability) was 0.98;
the mean difference was 0.13 + 1.22 (P = 0.49). For

Table 3. Quantative Coronary Angiographic Measurements of
Target Lesion

Spironolactone Placebo P value
(n=182) (n=172)

Stent length (mm) 179+ 43 195+ 47 0.36*
%DS

Before stenting 825+6.5 83474 0.24*

After stenting 6.5+18 7.1+£20 0.55*

F/U angiography 343 +16.2 36.6 £ 14.2 0.32*
Minimal LD (mm)

Before stenting 0.82+0.34 0.74 £ 0.39 0.38*

After stenting 2.59 + 0.65 2.47 £ 0.53 0.24*

F/U angiography 1.63 £ 0.52 152 +0.43 0.33*
Reference LD (mm)

Before stenting 3.0 £ 0.68 29+0.81 0.41*

After stenting 3.0+0.73 2.8 £0.67 0.39*

F/U angiography 29+0.75 2.8+0.71 0.40*
Initial gain (mm) 1.77 £ 0.52 1.73 £ 0.60 0.35*
Late loss (mm) 0.96 + 0.68 0.95+0.74 0.54*
Net gain (mm) 0.81+0.70 0.78 + 0.63 0.44*

*It is analysed with Mann-Whitney U test
DS: diameter stenosis; LD: lumen diameter; F/U: follow-up

measurements performed by 2 independent observers, the
correlation coefficient was 0.97; the mean difference was
0.19+1.35 (P =0.32).

Discussion

In this randomised, double-blind and placebo-controlled
study, we found that the effect of spironolactone, an
aldosterone antagonist, on in-stent restenosis was not
statistically different from placebo in humans. This result
does not support the hypothesis of the animal study.*

Neointimal formation has been demonstrated to be a
major causative mechanism of in-stent restenosis.?? The
underlying mechanisms, representing the fundamental
sequence of neointimal formation, are smooth muscle cell
migration, proliferation, and extracellular matrix formation.”
Previous studies have shown that mineralocorticoid
receptors can be found in vascular smooth muscle cells.??*
In this regard, aldosterone administration causes
extracellular accumulation of collagen, one of the main
components in neointimal formation.” Moreover,
aldosterone potentiates the effects of various humoral
factorssuchasnoradrenalin, angiotensin 11, and vasopressin,
having powerful effects on the proliferation of vascular
smooth muscle cells.?2 In a study conducted on rabbits by
Van Belle et al,# it was shown that aldosterone caused an
increase in neointimal formation whereas spironolactone
inhibited neointimal formation after aortic and iliac balloon
denudations. Moreover, Ward et al?® revealed that
eplerenone, another aldosterone antagonist, suppressed
constructive remodelling and collagen accumulation after
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angioplasty was performed on porcine coronary arteries. In
light of these findings, we considered that spironolactone
would reduce the rate of in-stent restenosis.

Inthe currentstudy comparing spironolactone and placebo
for in-stent restenosis rate, baseline characteristics of both
groups were the same. There were also no significant
differences between 2 groups with regards to stent types,
diameters, lengths, and average inflation pressures. It is
evident that the majority of restenosis due to neointimal
formation occurs within the first 3 months following
angioplasty and stenting, and occurrence of restenosis after
3to6monthsisrare.®* Considering these data, we prolonged
our treatment protocol to the sixth month after stenting.
However, we could not demonstrate any favourable effect
on the in-stent restenosis rate with spironolactone as
compared with placebo.

In-stent restenosis due to neointimal formation is a
multifactorial process in which many growth factors can
play a role.*32 Although the role of aldosterone in causing
neointimal formation has been demonstrated, if may not be
strong enough on its own to modulate restenosis. Besides,
avariety of other factors can result in neointimal formation.

In contrast to the present study, the previous one was
conducted on animals in which the effects of aldosterone
antagonist on neointimal formation were evaluated after
only balloon angioplasty. An interesting consideration is
whether neointimal formation resulting from ballooninjury
alone differs from the injury by oversized stents. Vascular
injury caused by percutaneous revascularisation is regarded
as the initiating phenomenon, eventually leading to
restenosis. First, itwas suggested that there isa proportional
relationship between the degree of vessel injury depth and
the subsequent degree of neointimal formation.®?
Occurrence of neointimal formation after stenting could be
predicted as being greater than that which follows balloon
angioplasty alone since vessel wall damage is more often
caused by oversized stents than angioplasty alone. Second,
angioplasty alone can result in a large dissection. After
coronary stent placement, each strut of stent buried into the
vessel can cause various degrees of injury and stimulate
neointimal formation.* These differences can be responsible
for the ineffectiveness of the methods, reducing neointimal
formation after angioplasty alone, to the in-stent restenosis.

One of the major properties of neointimal formation
which occurs after coronary stenting is that the duration of
mitotic activity after stenting is longer than angioplasty
alone.® In this regard, we prolonged spironolactone
administration until control angiography at 6 month follow-
up. However, this prolonged drug administration could not
achieve favourable results.

In conclusion, in the present randomised, placebo-
controlled study, spironolactone did notreduce the incidence
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of in-stent restenosis as compared with placebo in humans,
in disagreement with the fact that reduction of neointimal
formation in animal models has been observed upon
administration of spironolactone.
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