
Abstract. Background/Aim: The effect of β-adrenergic
blockers on everolimus-eluting stent (EES) implantation is
unknown. We aimed to investigate how β-blockers affect the
outcomes of EES by using the Tokyo-MD PCI registry data
and analyse real-world data in this drug-eluting stent era
in Japan. Patients and Methods: We selected 1,899 patients
who underwent EES implantation. We compared patients
with β-blocker administration versus those without, at
follow-up regarding the incidence rate of ischemia-driven
target lesion revascularization (ID-TLR), all-cause death,
cardiac death, acute myocardial infarction (AMI), and stent
thrombosis (ST). Results: Patients in the β-blocker group
had higher coronary risks than those in the non-β-blocker
group. Although no significant difference was observed in
the five-year incidence of all-cause death, cardiac death,
AMI, and ST between the two groups, the incidence of ID-
TLR was significantly lower in the β-blocker group (4.5%
vs. 6.6%; p=0.04). β-Blocker administration (hazard
ratio=0.61; p=0.016) was negatively associated with ID-
TLR via multivariate analysis. Conclusion: β-Blocker

administration reduced ID-TLR after percutaneous coronary
intervention using an EES despite the greater comorbid
risks and more severe disease lesions.

In the history of percutaneous coronary intervention (PCI)
with coronary stenting for the treatment of coronary artery
disease (CAD), stent restenosis has always been a major
problem (1-3). Drug-eluting stents (DES) first emerged in
the 2000s with great impact on improving clinical outcomes
including a dramatic reduction in stent restenosis rate
compared to bare metal stents (BMS) (4, 5). However,
delayed healing, which includes delayed re-
endothelialization, continuous chronic inflammation, and
fibrin deposition, was revealed to be the next problem. The
outcomes of DES were improved by changing the polymer
and stent design. Everolimus-eluting stents (EES) are one of
the most widely used devices worldwide and are generally
accepted and favored by Japanese cardiologists with long-
term excellent performance within the recent decade (6, 7).

β-Adrenergic blockers (β-blockers) are predominantly
used to manage abnormal heart rhythms and to protect the
heart from myocardial infarction after an initial heart attack
event in what has been termed as “secondary prevention.”
They are also widely used for treating hypertension and are
recommended as first-line drug for single-drug use in the
Japanese guidelines; however, they are not recommended for
use in combination with other hypertensive drugs. Therefore,
the proportion of β-blockers used in Japan is lower than that
of calcium channel blockers (CCBs), angiotensin II receptor
blockers (ARBs), and angiotensin-converting enzyme
inhibitors (ACEIs). 
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The Tokyo-MD PCI study was a physician-initiated,
multicenter, observational study that was conducted to
evaluate real-world data of Japanese patients who underwent
EES. Current guidelines for the treatment of CAD
recommend daily oral administration of β-blockers as long
as there are no contraindications (8-10). β-Blockers were
reported to have a secondary effect in reducing the incidence
of restenosis after PCI (11), which might be another reason
for prescribing β-blockers in this cohort.

Herein, we investigated how β-blockers affected the
outcomes of EES using the Tokyo-MD PCI registry data and
analyzed real-world data in this DES era in Japan. 

Patients and Methods

Study population. The Tokyo-MD PCI study consisted of data from
1,925 patients with 2,330 lesions undergoing EES [XIENCE V
(Abbott Vascular, Santa Clara, CA, USA), or Promus stent (Boston
Scientific, Natick, MA, USA)] implantation across 22 institutions
between January 2010 and December 2011. There were no
exclusion criteria for patient selection. Patient demographic and
other clinical characteristics were retrospectively collected from
hospital charts or clinical databases. Adverse events were searched
for up to five years after EES implantation. This study was
approved by the institutional ethical review board at Tokyo Medical
and Dental University and was conducted according to the Ethical
Guidelines for Epidemiological Research. We published all relevant
details of this study after obtaining informed consent.

Definition of terms. Current smoking, hypertension, diabetes
mellitus, dyslipidemia, chronic kidney disease (CKD) with or
without hemodialysis, peripheral artery disease, prior myocardial
infarction (MI), prior PCI, prior coronary artery bypass grafting,
and family history of CAD were regarded as present when these
diagnoses were recorded in hospital charts. Obesity was defined as
having a body mass index of ≥25 kg/m2. Acute MI (AMI) was
defined as ischemic symptoms, followed by a typical rise in
concentrations of troponin above the 99th percentile upper
reference limit or as an increase in creatine kinase (CK) or CK-MB
to more than double the normal value. Acute coronary syndrome
(ACS) included ST-segment elevation MI (STEMI), non-STEMI,
and unstable angina pectoris. Cardiogenic shock was defined as
having a systolic pressure ≤90 mmHg lasting over 30 min due to
cardiac dysfunction in the presence of adequate intravascular
volume and left ventricular filling pressure. Left ventricular systolic
dysfunction was defined as having a left ventricular ejection
fraction (EF) ≤35% on contrast left ventriculography or
echocardiography during the hospital stay. All lesion characteristics
were diagnosed by physicians within each hospital based on
coronary angiograms and imaging devices, such as intravascular
ultrasound and optical coherence tomography. Lesion type was
defined according to the American College of Cardiology/American
Heart Association (ACC/AHA) classification.

All deaths were regarded as cardiac deaths unless unequivocal
non-cardiac causes could be identified. Stent thrombosis (ST) was
defined according to the Academic Research Consortium definition.
Target lesion revascularization (TLR) was defined as
revascularization post-stenting within the stent or within the 5-mm

borders adjacent to the stent. Ischemia-driven TLR (ID-TLR) was
defined as revascularization of the target lesion based on clinical
features of ischemia.

Statistical methods. Normally distributed continuous variables
were presented as mean±standard deviation (SD) and were
compared using the Student’s t-test. Non-normally distributed
variables were presented as the median and interquartile range
(IQR) and were compared using the Mann-Whitney U-test.
Categorical data were presented as percentages. Comparisons of
proportions were analyzed using the chi-square test or Fischer’s
exact test if the sample size was small. Cumulative incidence of
clinical events was estimated by the Kaplan-Meier method, and
differences were assessed using the log-rank test. The incidence
of ID-TLR was analyzed per lesion. The Cox proportional hazard
model was used to assess the covariates with β-blockers for ID-
TLR. Univariate analysis was performed for each of the variables
listed in Table I and Table II. The frequency of CKD with
hemodialysis was excluded because it was included in the CKD
frequency. Multivariate analysis was performed for variables with
p<0.05. Hazard ratios (HRs) were reported with corresponding
95% confidence intervals. All analyses were performed using
JMP® 10.0 (SAS Institute Inc., Cary, NC, USA). All reported p-
values were two-sided and p<0.05 was regarded as statistically
significant.

Results

Baseline characteristics. Among the 1,925 patients who
underwent PCI with EES from the Tokyo-MD PCI study, we
were able to analyze data from 1,899 patients after
excluding patients whose data regarding β-blocker use was
missing. By the time of their last follow-up, a total of 918
patients received a β-blocker prescription (β-blocker group,
48.3%) and 981 patients did not (non-β-blocker group,
51.7%). Patients in the β-blocker group had a higher
frequency of hypertension, CKD with hemodialysis, ACS,
left ventricular systolic dysfunction, prior MI, and
multivessel disease. Almost all patients were on aspirin (β-
blocker group, 99.7% vs. non-β-blocker group, 99.6%;
p=0.771) and thienopyridine (98.4% vs. 9.48%; p=0.996).
The percentage of patients on anticoagulant agents, statins,
ACEIs, and ARBs was significantly higher in the β-blocker
group (Table I).

Lesion and procedural characteristics. A total of 1,133
lesions in the β-blocker group and 1,172 lesions in the non-
β-blocker group were analyzed. In the β-blocker group,
there was a greater percentage of left main coronary artery
lesions, ostial lesions, and ACC/AHA classification type
B2/C lesions. Furthermore, in the β-blocker group, the
number of stents used, total length of stent, and patients
using the 2.5 mm diameter stent was higher than in the non-
β-blocker group. In both groups, imaging devices were used
at high rates for stent placement (94.5% vs. 93.8%;
p=0.439) (Table II).
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Clinical outcomes. The median follow-up duration was
1,910 days (IQR=1.222-2.193). There was no significant
difference between the two groups regarding five-year
cumulative incidence of all-cause death (12.4% vs. 13.5%;
p=0.585), cardiac death (4.8% vs. 6.0%; p=0.265), AMI
(3.4% vs. 4.0%; p=0.516), and ST (3.1% vs. 3.0%;

p=0.897). However, the cumulative incidence of ID-TLR
was significantly lower in the β-blocker group (4.6% vs.
6.8%; p=0.047) (Table III and Figure 1). The following
variables had significant difference by univariate analysis
for the effect on ID-TLR: diabetes mellitus (HR=2.73;
p=0.001), CKD (HR=2.94; p=0.001), cardiogenic shock
(HR=4.07; p=0.049), left ventricular systemic dysfunction
(HR=2.39; p=0.019), peripheral artery disease (HR=2.49;
p<0.001), previous PCI (HR=1.46; p=0.049), multivessel
disease (HR=1.75; p=0.003), use of β-blocker (HR=0.67;
p=0.046), use of statin (HR=0.60; p=0.024), ostial lesion
(HR=1.87; p=0.010), restenosis lesion (HR=3.10; p<0.001),
and severe calcified lesion (HR=2.07; p=0.001).
Multivariate analysis using these variables demonstrated
that β-blockers significantly reduced the risk of ID-TLR
(HR=0.61; p=0.016) (Table IV). 

Discussion

In our observational study of patients who had undergone
EES, the β-blocker group had more comorbid risks,
including hypertension, ACS, history of MI, and multivessel
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Table I. Clinical Characteristics of included patients.

                                                     β Group         Non-β group
                                                      (n=918)              (n=981)          p-Value

Patient background                                                                           
Age (years)                                 70.1±10.1           69.7±9.6           0.3201
   Male                                       686 (74.7%)      720 (73.4%)        0.5078
   Obesity (BMI≥25kg/m2)      239 (28.6%)      233 (26.5%)        0.3744
   Family history of                  94 (11.7%)         64 (7.8%)          0.0075
   coronary artery disease
   Current smoking                   192 (20.9%)      181 (18.5%)        0.1767
   Hypertension                         710 (77.3%)      681 (69.4%)      <0.001
   Diabetes mellitus                  392 (42.7%)      396 (40.4%)        0.3022
   Dyslipidemia                         809 (88.1%)      749 (76.4%)      <0.001
   Chronic kidney disease        232 (25.3%)      224 (22.8%)        0.2138
   With hemodialysis                  36 (3.9%)          90 (9.2%)        <0.001
   Acute coronary syndrome    352 (38.3%)      292 (29.8%)      <0.001
   Cardiogenic shock                  13 (1.4%)          20 (2.0%)          0.2995
   Left ventricular systolic         65 (7.1%)          42 (4.3%)          0.0082
   dysfunction
   Peripheral artery disease        73 (8.0%)        117 (11.9%)        0.0029
   History of stroke                     86 (9.4%)        102 (10.0%)        0.4529
   History of myocardial          346 (37.7%)      230 (23.5%)      <0.001
   infarction
   Previous percutaneous         350 (38.1%)      331 (33.7%)        0.0465
   coronary intervention
   Previous coronary artery       63 (6.9%)          56 (5.7%)          0.2997
   bypass grafting
   Multivessel disease               443 (48.3%)      390 (39.8%)        0.002
Antiplatelet therapy 
at discharge                                                                                       
   Use of aspirin                        915 (99.7%)      977 (99.6%)        0.7711
   Use of thienopyridine           903 (98.4%)      965 (98.4%)        0.9959
   Clopidogrel                        845 (92.1%)      908 (92.6%)        0.6764
   Ticlopidine                           57 (6.2%)          57 (5.8%)          0.7147
   Use of cilostazole                   38 (4.1%)          28 (2.9%)          0.1265
   Use of two or more              916 (99.8%)      978 (99.7%)        0.7086
   antiplatelet agents
Medication at the last 
follow-up                                                                                           
   Use of one or more              908 (98.9%)      959 (97.8%)        0.0510
   antiplatelet agent (s)
   Use of anticoagulant agent   132 (14.4%)      101 (10.3%)        0.0067
   Use of statin                          807 (87.9%)      699 (71.3%)      <0.001
   Use of ACEI                          188 (20.5%)        96 (9.8%)        <0.001
   Use of ARB                           455 (49.6%)      397 (40.5%)      <0.001
   Use of ACEI or ARB            631 (68.7%)      484 (49.3%)      <0.001
   Temporary discontinuation    43 (4.7%)          38 (3.9%)          0.3824
   of antiplatelet agents

Variables are mean±SD or percentage. BMI: Body mass index; ACEI:
angiotensin converting enzyme inhibitor; ARB: angiotensin receptor
blocker.

Table II. Lesion and procedural characteristics.

                                                     β Group         Non-β group
                                                    (n=1,133)           (n=1,172)         p-Value

Lesion characteristics                                                                        
   Coronary lesion location                                                                
       Left anterior descending  527 (46.5%)      527 (44.8%)        0.4558
       coronary artery
       Left circumflex                 242 (21.4%)      266 (22.7%)        0.4388
       coronary artery
       Right coronary artery        357 (31.2%)      382 (32.6%)        0.5770
       Left main coronary             72 (6.4%)          51 (4.4%)          0.0324
       artery
       Bypass graft                          5 (0.4%)            1 (0.1%)           0.1185
   Ostial lesion                          184 (16.2%)      148 (12.6%)        0.0135
   Bifurcation lesion                 279 (24.6%)      271 (21.1%)        0.3977
   Restenosis lesion                   126 (11.1%)      124 (10.6%)        0.6764
   Chronic total occlusion          82 (7.2%)          89 (7.6%)          0.7441
   Severe calcified lesion          248 (21.9%)      263 (22.4%)        0.7500
   ACC/AHA classification     939 (82.9%)      881 (75.1%)      <0.001
   Type B2/C                                      
Procedural characteristics                                                                  
   Total number of stents              1.5±0.7              1.3±0.6          <0.0001
   Average stent diameter          2.96±0.36          2.98±0.36          0.0911
   (mm)
   Total length of stents (mm)     31.7±18.4         27.1±15.38       <0.0001
   Use of 2.5 mm diameter      429 (37.9%)      369 (31.5%)        0.0013
   stent
   Use of imaging device        1071 (94.5%)    1099 (93.8%)       0.4394
   for stent placement

Variables are mean±SD or percentage. ACC: American College of
Cardiology; AHA: American Heart Association.



disease compared to the non-β-blocker group; however,
medications including statins, anticoagulants, ACEIs, and
ARBs were more frequently used. In the β-blocker group,
lesions that were difficult to treat (left main coronary artery
and ostial lesions) were more frequent, and accordingly, the
number and length of stents were greater than those in the
non-β-blocker group. Nevertheless, outcomes, including all-
cause death, cardiac death, AMI, and ST were comparable to
those of the non-β-blocker group and ID-TLR was lower in
the β-blocker group. Among the factors associated with ID-
TLR via multivariate analysis, a prescription of β-blockers
significantly reduced the risk of ID-TLR. These results may
prompt the consideration of the administration of β-blockers
after PCI in the second-generation DES era.

Previous in vitro studies have shown that β-blockers
inhibit vascular smooth muscle cell (VSMC) proliferation
and migration, as well as neointimal formation after vessel
injury (12, 13). β-Blockers also have an antiplatelet effect
that reduces platelet aggregation and deposition on the vessel
wall (14-18); however, previous clinical studies from the
1990s had been inconsistent in demonstrating the benefits of
β-blockers on restenosis rates. Johansson et al. compared
455 patients treated with β-blockers after percutaneous
transluminal coronary angioplasty (PTCA) and 86 patients
without β-blockers after PTCA and found no favorable effect
on the restenosis rate. However, angiographic success was
achieved in 78% of the patients (19). In a prospective,
double-blind, randomized, placebo-controlled trial reported
in the 2000s, β-blockers were scheduled to be administered
pre- and post-successful procedures, which were then
compared to placebo groups. Even in this highly technical
and well-scheduled cohort study, there was no difference
found regarding the restenosis rate between β-blockers
(carvedilol) versus placebo in patients undergoing directional
coronary atherectomy (DCA) (20). In the 2010s, Jackson et
al. showed that β-blockers reduced the six-month TLR in
patients who underwent PCI (7.8% in the β-blocker group
vs. 10.2% in the without β-blocker group; odds ratio 0.75,
p=0.006) (11). The relatively higher TLR compared to our

study might be due to the lower frequency of stents
(approximately 60%) and the greater variety of procedures
studied, such as angioplasty, DCA, and stent implantation in
this study. The evolution of endovascular devices may also
contribute to the improvement in TLR. 

Intimal hyperplasia after stent implantation is caused
primarily by VSMC proliferation and is regarded as the main
factor for in-stent restenosis (21-23). In the 1990s, restenosis
rates after BMS implantation was as high as 20% (1-3). DES,
whose stent struts were coated with antiproliferative drugs,
theoretically inhibited VSMC proliferation and prevented
restenosis. The first-generation DES, sirolimus-eluting stents
(SES), drastically reduced the rate of stent restenosis
compared to BMS (21, 24). However, restenosis was not
completely abolished, and intimal hyperplasia was still
thought to cause a high restenosis rate clinically (25).
Furthermore, despite the benefits of first-generation DES in
reducing the risk of restenosis, two notable problems remain.
Poor intimal coverage of stent struts due to too a strong
inhibition of VSMC proliferation by long release agents (25)
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Table III. Clinical outcomes.

Cox hazard model
β Group Non-β group Log-rank
(n=918) (n=981) p-Value Hazard ratio [95% CI] p-Value

All-cause deaths 114 (12.4%) 132 (13.5%) 0.5858 0.932 [0.725-1.198] 0.5856
Cardiac death 44 (4.8%) 59 (6.0%) 0.2659 0.802 [0.540-1.812] 0.2649
AMI 31 (3.4%) 39 (4.0%) 0.5165 0.856 [0.530-1.368] 0.6644
Stent thrombosis 28 (3.1%) 29 (3.0%) 0.8970 1.039 [0.616-1.749] 0.8864
Ischemia-driven TLR 42 (4.6%) 66 (6.8%) 0.0475 0.678 [0.457-0.994] 0.0463

Variables are shown as n (%). AMI: Acute myocardial infarction; TLR: target lesion revascularization; CI: confidence interval.

Table IV. Multivariate analysis for ID-TLR.

                                                        HR                95% CI              p-Value

Diabetes mellitus                          2.285           1.533-3.459         <0.0001
Chronic kidney disease                1.981           1.294-3.006           0.0018
Cardiogenic shock                        2.362           0.545-6.980           0.2183
Left ventricular                            1.792           0.835-3.436           0.0126
systolic dysfunction

Peripheral artery disease              1.573           0.942-2.525           0.0816
Previous percutaneous                 0.873           0.549-1.367           0.5570
coronary intervention

Multivessel disease                       1.659           1.126-2.458           0.0105
Use of β-blocker                           0.613           0.406-0.916           0.0166
Use of statin                                  0.824           0.537-1.292           0.3901
Ostial lesion                                  1.326           0.802-2.113           0.2630
Restenosis lesion                          3.274           1.957-5.404         <0.0001
Severe calcified lesion                 1.423           0.918-2.168           0.1127

ID-TLR: Ischemia-driven target lesion revascularization; HR: hazard
ratio; CI: confidence interval.
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Figure 1. Comparison of (A) all-cause death (B) cardiac death (C) acute myocardial infarction (D) stent thrombosis and (E) ischemia-driven target
lesion revascularization between the β-blocker group and the non-β-blocker group.



and allergic inflammation against the polymers used in the
first-generation DES both caused late stent restenosis (26).
The second-generation DES was developed to overcome
these problems and EES has successfully reduced the rate of
ST and restenosis thanks to improved strut thickness, drug
release durations, and biocompatible polymers (5, 6, 27). de
la Torre Hernández et al. have reported that the percentage of
uncovered struts was only 0.8% at one-year follow-up by
optical coherence tomography analyses (28). Furthermore,
Otsuka et al., in their autopsy study, reported that
significantly fewer uncovered struts were seen in patients
with EES implantation compared to those using SES (2.6%
in EES vs. 18.0% in SES, p<0.001) and that less
inflammation was seen in patients with EES, although 25%
of patients with SES and 16% of patients with EES
experienced stent-related deaths (29). One of the pleiotropic
effects of β-blockers was improving the length of the angina-
free exercise period, which might positively influence the
outcomes of ID-TLR in our study.

In patients with SES after STEMI, Ozasa et al. reported
that β-blockers were not able to reduce the three-year rate of
TLR, neither in patients with low EF (β-blocker group
17.7% vs. non-β-blocker group 22.2%, p=0.410) nor in
preserved EF patients (12.0% vs. 12.2%, p=0.83) (30). In our
study, we set the EF threshold at 35%. There were only 107
patients whose EF was less than 35%. Therefore, we did not
perform the subanalysis.

Based on this evidence, we assumed that the additional
antiproliferative potential of β-blockers may affect outcomes,
including TLR, on the condition that the stenotic lesion was
fully intervened using recent technology. EES have thinner
struts, more biocompatibility, and shorter drug release
duration, all of which may lead to adequate intimal coverage,
and thus, allow β-blockers to positively influence the
sequence of neointimal formation, resulting in a reduction in
ID-TLR in our study. 

Recently DES-induced vasospastic angina has focused on
as a novel complication, and β-blockers may promote
“vasospasm” theoretically. However, the multicenter
prospective randomized trial compared the effects of β-
blockers and CCBs on coronary events after second-
generation DES implantation revealed that the incidence of
acetylcholine-induced coronary artery spasms did not differ
between these groups at 9 months after PCI. In addition, the
incidence of two year major adverse cardiovascular events
(MACE) was lower in the β-blocker group (31). Among the
factors comprising MACE, only the “coronary
revascularization for stable CAD” was statistically
significant, which might support our results of beneficial
effect of β-blocker on ID-TLR. 

Our study had some limitations. First, the Tokyo-MD PCI
study was an observational, nonrandomized registry. For the
current study, we excluded patients with missing data

regarding β-blocker prescription, which amounted to 2% of
the patients in the registry. Thus, selection bias may have
influenced the results of this study. Second, although the
coronary risk of the β-blocker group was higher, the
medications including statins, anticoagulants, ACEIs, and
ARBs being used by patients in this group benefitted them.
Therefore, baseline comorbid risks of the β-blocker group
should not be overemphasized. Third, we did not evaluate
objective quantitative data from coronary arteriography or
coronary imaging, and we used ID-TLR as a surrogate
measure of restenosis. ID-TLR is not equivalent to
restenosis; however, we assumed that the decision of
additional intervention was a more objective and relevant
endpoint to assess clinical effects than restenosis. Fourth, we
did not study the types and dosages of β-blockers prescribed,
mainly because of the multiple combinations possible. The
types and doses of β-blockers might affect restenosis;
however, the majority of β-blockers used for ischemic heart
disease patients in this study were carvedilol and bisoprolol,
likely reflecting general beta-blocker usage trends in Japan.
Fifth, we analyzed only the patients with EES implantation
to eliminate the influence of differences in stent types;
therefore, the effect of β-blockers shown in our study cannot
be extended to patients using other second-generation DES.
Further studies are needed to determine the pharmacological
mechanism by which β-blockers reduce ID-TLR after DES
implantation.

In conclusion, we found that β-blocker administration
reduced ID-TLR after PCI using an EES. Although the β-
blocker group had more comorbid risks and more severe
disease lesions, ID-TLR was less than that in the non-β-
blocker group and the outcomes including mortality and stent
coronary events were comparable.
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