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Abstract. – Objectives: This study com-
pared the efficacy of metoprolol and nebivolol in
reducing the frequency of in-stent restenosis (ISR)
after a percutaneous coronary intervention (PCI).

Background: ISR results from excessive
neointimal proliferation. Nebivolol inhibits prolif-
eration of human coronary endothelial and
smooth muscle cells in vitro. Its efficacy has not
been studied in clinical trials. 

Material and Methods: In a single-centre
double-blind study, 79 subjects with de novo le-
sions were randomly assigned to receive either
nebivolol (n=37) or metoprolol (n=42) 3 to 7 days
before elective PCI with bare metal stents. The
study medication was continued for 6 months.
Nebivolol was administered at 5 mg/day for 3
weeks, then at 10 mg/day. Metoprolol was admin-
istered at 100 mg/day.

The endpoints were the difference in fraction-
al flow reserve (ΔFFR) between values immedi-
ately after PCI and those at 6 months and ISR
during the 6 months following PCI The study
was powered to detect a ΔFFR of 6% with 30
subjects per treatment group.

Results: Among subjects who underwent an-
giography at 6 months, mean ΔFFR was –0.08 for
the nebivolol group (n=25) and –0.12 in the
metoprolol group (n=26; p = 0.367).

ISR occurred in 11 subjects (26.2%) on meto-
prolol and in 3 (8.1%) on nebivolol during treat-
ment, and in 7 subjects on metoprolol and in 3
on nebivolol at 6 months (p = 0.014) 

Conclusion: There was a non-significant
trend toward less decline in ΔFFR at 6 months
with nebivolol. Nebivolol should be investigated
further in larger trials. Nebivolol significantly re-
duced the frequency of ISR as compared to
metoprolol.
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Introduction

In-stent restenosis (ISR), caused by an exces-
sive neointimal proliferation, is the Achilles heel
of percutaneous coronary intervention (PCI). It
leads to recurrence of symptoms in 15-25% of
patients and usually occurs within 3-6 months of
the intervention1. ISR may be evaluated anatomi-
cally by quantitative coronary angiography
(QCA) and physiologically by measurement of
fractional flow reserve (FFR). FFR is an index of
the physiological significance of a coronary
stenosis and is defined as the ratio of maximal
blood flow in a stenotic artery to normal maxi-
mal flow2. FFR is an excellent predictor of out-
come after balloon angioplasty and after
stenting3,4. It is measured during coronary an-
giography by calculating the ratio of distal coro-
nary pressure measured with a pressure
guidewire to aortic pressure measured simultane-
ously with the guiding catheter. 

Inhibition of human coronary artery smooth
muscle cell (HCASMC) and human coronary
artery endothelial cell (HCAEC) proliferation
may help prevent ISR.

Beta-blockers are a class of antihypertensive
agents widely used in clinical practice5,6. In par-
ticular, nebivolol is a third-generation beta-
blocker characterized by peculiar pharmacologi-
cal properties7-11.The effects of nebivolol and oth-
er traditional beta-blockers on the proliferation of
HCASMC and HCAEC was investigated in vit-
ro12. Beta-blockers such as propranolol, metopro-
lol and bisoprolol had no effect on proliferation,
but incubation of the cells with nebivolol resulted
in a concentration- and time-dependent reduction
in proliferation of up to 80% in HCAECs and
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HCASMCs12. Nebivolol was also found to inhibit
the acceleration of HCASMC proliferation in the
presence of growth factors such as TGFbeta1 and
Platelet-Derived Growth Factor (PDGF-BB).
Nebivolol induced a moderate apoptosis in a
concentration-dependent manner and resulted in
a 66% decrease in the percentage of HCASMCs
in S-phase. Furthermore, in HCAECs, nitric ox-
ide (NO) formation increased and endothelin-1
secretion decreased, suggesting that nebivolol
may represent a beta-blocker with potential to
prevent HCASMC and HCAEC proliferation af-
ter PCI13-15.

In the current paper we report the results of the
NEbivolol inhibition of coronary artery Smooth
muscle cell proliferation after percutaneous
Coronary artery interventIOn (NESCIO) study.
This study was designed to compare the efficacy
of metoprolol and nebivolol, by both anatomical
(QCA) and physiological (FFR) parameters, with
respect to restenosis after PCI in a single-centre,
double-blind, randomized study in elective sub-
jects with de novo coronary artery lesions to be
treated with bare metal stents.

Materials and Methods

Study Population
Subjects were included in the study if they had

stable or unstable angina, a coronary artery lesion
with a diameter ≥ 3.0 mm, if PCI was indicated,
and if they had given written informed consent
for participation in the study. Subjects were ex-
cluded if they had a lesion length ≥32 mm, signif-
icant cardiac valve disease, recent myocardial in-
farction (≤ 3 months), prior PCI of the same le-
sion, treatment with anticoagulants, clinically sig-
nificant supra-ventricular or ventricular rhythm
disorders, bradycardia (≤ 50/min), heart failure
(ejection fraction ≤ 40%), persistent hypotension
(systolic blood pressure ≤ 100 mm Hg), congeni-
tal disorders, abnormal liver function tests
(ASAT/ALAT ≥ 2.5 × upper normal limit), intol-
erance to beta-blockers, acetylsalicylic acid or
clopidogrel, participated in another trial within 3
months, or were pregnant or breastfeeding. Sub-
jects were free to withdraw from the study at any
time. Discontinuation could be initiated by the in-
vestigator in case of hypersensitivity or allergic
reaction to the study medication, adverse events
that prohibited continuation, or poor collaboration
or protocol violations by the subject.

Procedures
Eligible subjects were randomly assigned to

either the metoprolol or nebivolol groups at Visit
1 and received the blinded study medication,
which was to be continued for the six-month du-
ration of the study. Nebivolol was administered
at 5 mg once daily for 3 weeks, then 5 mg twice
daily until the sixth month. The dose was dou-
bled, because the antiproliferative effect may be
more pronounced at a higher concentration5. The
dose of metoprolol was fixed throughout the
study at 100 mg once daily.

PCI was performed with standard techniques
3-7 days later (Visit 2), during which FFR was
measured before and after implanting bare metal
stents (preferably Lekton Motion stents, Biotron-
ik, Bülach, Switzerland). FFR was measured
with a coronary pressure guidewire (Radi Med-
ical Systems, Uppsala, Sweden) at maximal hy-
peraemia induced by intravenous adenosine, ad-
ministered at 140 µg per kilogram of body
weight per minute through a femoral vein. FFR
was calculated as the mean distal coronary pres-
sure (measured with the pressure guidewire) di-
vided by the mean aortic pressure (measured si-
multaneously with the guiding catheter) during
maximal hyperaemia. Four follow-up visits (Vis-
its 3-6) were scheduled at 2, 6, 13 and 26 weeks.
FFR was measured before and immediately after
PCI, and again after 6 months.

All subjects were treated with acetylsalicylic
acid 80 mg once daily, both before and after PCI.
Clopidogrel was initiated before PCI at a loading
dose of 300 mg and then continued at 75 mg
once daily for 1 month. To reduce confounding
factors a single statin (pravastatin) was recom-
mended, when such therapy was started. Subjects
already being treated with a statin remained on
the same therapy.

Endpoints and Follow-up
Primary endpoints of the study were a de-

crease in FFR (ΔFFR), determined as the differ-
ence between the FFR measured immediately af-
ter PCI and the FFR measured at the end of the
study (Visit 6) at 6 months and ISR (defined as
any ISR requiring a re-intervention) during the 6-
month follow-up period. Secondary endpoints
were a decrease of minimal lumen diameter
(ΔMLD) measured as the difference between
MLD immediately after PCI and MLD at 6
months and major adverse cardiac and cerebral
events (MACCE), defined as any MACCE occur-
ring during the treatment period. The latter group
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included subjects with ISR requiring re-interven-
tion during the treatment period, but excluded
subjects with an asymptomatic ISR at angiogra-
phy at study end. These subjects were classified
as asymptomatic ISR. Adverse events were
recorded throughout the study.

Statistical Analysis
A sample size of 30 subjects per treatment

group was considered sufficient to demonstrate a
statistically significant difference in ΔFFR of
0.06 (6%) at α = 0.05 and β = 0.20 (power 80%).

For the pre-and post-treatment comparison of the
groups, the Student’s t-test, or two-way analysis of
variance (ANOVA), was used for continuous vari-
ables, as appropriate, while for semi-continuous
variables the Mann-Whitney U test or the Cochran-
Mantel-Haenszel (CMH) test was used. The χ2 test
was used for categorical variables and Fisher’s ex-
act probability test was used for dichotomies. A
difference between the treatment groups was con-
sidered statistically significant when p < 0.05. Da-
ta were analysed using SAS statistical software.

The primary statistical analysis was based on In-
tention-To-Treat (ITT), following the last observa-
tion carried forward principle. The ITT population
was defined as all subjects who entered the double-
blind phase of the study. Exclusion from the ITT
analysis was discussed during the pre-analysis
meeting held before disclosure of the randomiza-
tion list. Secondary analysis to confirm the outcome
of the ITT analysis was performed as a Per Protocol
(PP) analysis. The PP population considered only
subjects who fulfilled all inclusion criteria, did not
withdraw from the study and were compliant with
both medication and Study Visit attendance.

Ethics
This study was performed in accordance with

ethical principles that have their origin in the De-
claration of Helsinki and are consistent with
ICH/Good Clinical Practice and all applicable
regulatory requirements. The study was ap-
proved by the Institutional Review Board at
Catharina Hospital and registered in the Menari-
ni clinical trial registry where it is identified as
MeBN/02/Neb-PCI/002.

Results

Study Subjects
In total, 839 subjects were screened for eligi-

bility and 79 subjects were enrolled. Of these, 37

(84% male) were randomly assigned to treatment
with nebivolol and 42 (81% male) to treatment
with metoprolol (ITT population). One subject
was randomized but not exposed to study med-
ication, and was, therefore, excluded from the
safety population dataset. Three patients received
drug-eluting stents instead of bare metal stents.
These subjects were included in the ITT and
safety population but not in the Per Protocol pop-
ulation. Sixty subjects completed the study ac-
cording to protocol (PP population). The dataset
for primary evaluation was the ITT population
dataset. For confirmation of the results the same
analysis was performed on the PP population.

Demographic and Baseline
Clinical Characteristics

The demographic and baseline clinical charac-
teristics of the two treatment groups were similar
(Table I).

Angiographic Findings Before PCI
The pre-PCI angiographic findings of the two

groups were similar with respect to MLD, per-
centage of stenosis and FFR (Table II).

PCI
A PCI was performed in all randomized sub-

jects; however, in 4 patients in the metoprolol
group and in 2 patients in the nebivolol group it
was technically impossible to implant a stent.
The metoprolol and nebivolol groups were simi-
lar with respect to choice and number of bare
metal stents, stent diameter, and stent length. No
differences between the two groups were found
for MLD or FFR immediately after PCI (see
Table III).

Endpoints
There was no significant difference between

treatments for the ΔFFR endpoint, measured as
the difference between the FFR recorded imme-
diately after PCI and the FFR recorded at the end
of the study. However, a non-significant trend of
4% in favour of nebivolol was observed (Table
IV). Mean ΔFFR, which was available for those
subjects undergoing FFR measurements immedi-
ately after PCI and again at 6 months, was –0.08
in the nebivolol group (n=25) and –0.12 in the
metoprolol group (n=26; p = 0.367). No signifi-
cant differences were found with respect to
ΔMLD.
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Characteristic Metoprolol (n=42) Nebivolol (n=37) p-value

Demographic
Age – yr
mean ± SD 56.3 ± 8.4 59.1 ± 7.4 0.128a

Gender (female/male) 8/34 6/31 0.777a

Clinical
Angina Class:

I 5 1 0.425b

II 20 21
III 15 10
IV – 3

Current smoking 6 5 1.000c

Previous smoking 30 26 0.806c

Diabetes 2 3 0.664c

Hypertension 17 11 0.354c

Table I. Subject baseline characteristics.

aStudent’s t-test; bCochran Mantel Haenszel; cFisher Exact Probability.

Metoprolol (n) mean ± SD Nebivolol (n) mean ± SD p-value

Reference vessel diameter – mm 2.90 ± 0.58 (35) 2.67 ± 0.54 (32) 0.098a

Lesion length – mm 11.11 ± 4.51 (37) 11.07 ± 4.13 (33) 0.973a

Minimal lumen diameter – mm 1.48 ± 0.76 (37) 1.22 ± 0.57 (33) 0.117a

FFR 0.55 ± 0.20 (37) 0.54 ± 0.18 (31) 0.805a

Table II. Angiographic findings before percutaneous coronary intervention (PCI).

aStudent’s t-test.

Metoprolol (n) mean ± SD Nebivolol (n) mean ± SD p-value*

FFR after PCI 0.89 ± 0.06 (32) 0.87 ± 0.05 (28) 0.370
FFR at 6 months 0.78 ± 0.16 (28) 0.80 ± 0.13 (28) 0.577
Δ FFR -0.12 ± 0.15 (26) -0.08 ± 0.13 (25) 0.367

Table IV. Angiographic findings before percutaneous coronary intervention (PCI).

*ANOVA.

Metoprolol Nebivolol p-value

Bare metal stents 35 31 0.447b

Lekton Motionc 31 25
Medtronic Driverd 1 3
Other 3 3
Second stent implanted 8 2 0.323a

Stent diameter – mm (n) mMean ± SD 3.11 ± 0.42 (35) 3.10 ± 0.42 (31) 0.545a

Stent length – mm (n) 15.71 ± 4.52 (35) 16.52 ± 4.00 (31) 0.451a

MLD after PCI – mm (n) 2.50 ± 0.50 (34) 2.42 ± 0.52 (33) 0.540a

FFR after PCI – (n) 0.89 ± 0.06 (32) 0.87 ± 0.05 (28) 0.370a

Table III. PCI procedure

aStudent’s t-test; bχ2 test; cBiotronik AG, Ackerstrasse 6, 8180 Bülach, Schweiz; dMedtronic Inc., 710 Medtronic Parkway, Min-
neapolis, MN 55432-5604, USA.
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The endpoint of ISR was defined as any
restenosis requiring a re-intervention during or
at the end of 6 months (see Table V). In the ITT
population a statistically significant difference
was found in favour of nebivolol with respect to
the prevalence of ISR during the treatment peri-
od. ISR during the treatment period occurred in
11 subjects (26.2%) in the metoprolol group
and in 3 subjects (8.1%) in the nebivolol group
(p = 0.043; Odds ratio [OR] 95% CI: 0.249
[0.063-0.975]). 

At the end of the 6-month study, ISR was
found at angiography in 7 additional subjects in
the metoprolol group (16.7%) and in 3 addi-
tional subjects in the nebivolol group (8.1%; p
= 0.322; OR 95% CI: 0.441 [0.105-1.848]).
Thus ISR during the treatment period and
asymptomatic ISR after 6 months showed a sta-
tistically significant difference in favour of
nebivolol: 18 subjects (42.9%) in the metopro-
lol group versus 6 subjects (16.2%) in the
nebivolol group (p = 0.014; OR 95% CI: 0.258
[0.088-0.750]). These results were confirmed in
the PP population.

Major Adverse Cardiac and
Cerebral Events 

Fifteen MACCEs were recorded: 12 in the
metoprolol group and 3 in the nebivolol group.
There were no deaths. One patient in the meto-
prolol group sustained an anterior myocardial in-
farction 41 days after PCI of the left anterior de-
scending artery and 11 days after clopidogrel was
stopped. This patient underwent a successful re-
PCI and is also listed as a re-intervention. Eleven
patients in the metoprolol group and 3 patients in
the nebivolol group developed symptoms during
the treatment period and underwent re-PCI or a
coronary artery bypass graft procedure. A statis-
tically significant difference in favour of
nebivolol was seen in the PP population with re-
spect to the overall prevalence of MACCE (in-
cluding the endpoint restenosis) during the 6-
month follow-up (p = 0.004).

Discussion

This study has demonstrated that initiating
therapy with nebivolol at least 3 days before PCI
with a bare metal stent reduces the frequency of
ISR as compared to therapy with metoprolol.
These results are in agreement with the findings
of an in vitro study comparing the effects of
nebivolol and traditional beta-blockers such as
propranolol, metoprolol, and bisoprolol on the
proliferation of HCASMC and HCAEC5. In that
study, nebivolol but not other beta-blockers in-
hibited the proliferation of HCASMC and
HCAEC. However, this study, being a small one,
is not powered to demonstrate a difference in
ISR: a large clinical trial should be needed to
confirm the results.

FFR showed a trend in favour of nebivolol
but did not provide a statistically significant con-
firmation of the difference in ISR. This may be
due to high residual variance and the fact that
groups were less populated than anticipated due
to the higher than expected rate of symptomatic
ISR in the metoprolol group during treatment.
These patients did not present for the final an-
giography at 6 months, resulting in a lack of data
for the secondary endpoint. Still the trend in ΔF-
FR in favour of nebivolol supports earlier experi-
mental work and the significant difference found
for ISR in this study.

In this study the recurrence of symptoms with-
in 6 months do not differ from those reported in
the literature, although the overall frequency of
ISR in the metoprolol group was unexpectedly
high. Symptoms may occur in 15-25% of pa-
tients within 6 months1. In the case of asympto-
matic ISR, the current situation is less clear.

Limitations of the Study
This study was designed to demonstrate a dif-

ference in ΔFFR. A sample size of 30 subjects
per treatment group was considered sufficient to
demonstrate a statistically significant difference
in ΔFFR, but at the end of 6 months the ΔFFR
could be measured in less than expected patients

ISR, n (%) Metoprolol n = 42 Nebivolol n = 37 p-valuec Odds ratio (95% CI)

During 6 months 11 (26.2) 3 (8.1) 0.043 0.249 (0.063-0.975)
At 6-month follow-up 7 (16.7) 3 (8.1) 0.322 0.441 (0.105-1.848)
Overall 18 (42.9) 6 (16.2) 0.014 0.258 (0.088-0.750)

Table V. Endpoint of In-Stent Restenosis (ISR). ISR, n (%).

aFisher exact probability.
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in both treatment groups. This may have con-
tributed to the non-significant results for the end-
point ΔFFR.

The endpoint of ISR showed a statistically sig-
nificant difference in favour of nebivolol. The re-
sults from this study cannot be generalized, but
should be confirmed in a larger clinical trial.

Conclusions

Treatment with nebivolol 10 mg/day initiated
before PCI with bare metal stents significantly
reduced the frequency of ISR as compared to
metoprolol 100 mg/day.

FFR showed a trend in favour of nebivolol
but did not provide a statistically significant con-
firmation of the difference in ISR. The promising
profile of nebivolol should be investigated further
in a larger clinical trial.
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