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Introduction

Until 1977, obstructive coronary artery disease could only be treated by 
pharmacotherapy or by surgery with coronary artery bypass grafting 
(CABG). Andreas Grüntzig then introduced the use of miniaturized 
inflatable balloon catheters to perform percutaneous transluminal coronary 
angioplasty (PTCA) procedures in humans,1, 2 thereby launching a new 
revolutionary field of medicine that nowadays is called interventional 
cardiology. 

From balloon angioplasty to bare metal stents 
By PTCA, which is also called plain old balloon angioplasty (POBA), the 
narrowed coronary arterial segment is stretched and dilated, in order to 
improve coronary blood flow. POBA was quite often successful to treat focal 
coronary stenoses. However, it was hampered by both, the risk of acute 
vessel closure, which occurred mainly as a result of major dissections, and 
the high incidence of restenosis (i.e., recurrence of the obstruction) due to 
early elastic recoil, proliferative growth of the intimal layer, and procedure-
induced late constrictive remodeling of the coronary vessel wall.3, 4 
Over the years, the technique of percutaneous coronary intervention (PCI) 
has been improved in several ways. The introduction of stents,5 which are 
metallic mesh tubes, resulted in an impressive improvement. Stents were 
initially only inserted to treat or prevent acute vessel closure following 
POBA, because of their scaffolding properties that could counteract the 
early elastic recoil of the vessel wall after balloon deflation and prevent 
dissections from obstructing the lumen.6 The development and clinical use 
of feasible balloon-expandable coronary stents7 and the knowledge from 
randomized trials that PCI with stents had a lower incidence of restenosis 
and better clinical outcome than POBA gave rise to a triumphant progress 
of PCI and coronary stenting.8-10 Intravascular ultrasound imaging has 
played an important role in this context, as it demonstrated that use of 
larger balloon diameters and higher inflation pressures were safe and 
resulted in superior clinical outcome.11-13 

While the early stents significantly reduced the incidence of 
restenosis by virtually abolishing elastic recoil of the vessel wall, they did 
not completely eliminate the restenosis problem.14-17 Balloon and strut-
induced injuries to the vessel wall often caused a substantial proliferation 
of neointima,18 which in approximately 30% of cases resulted in a significant 
instent restenosis that required re-intervention.19 As PCI of instent restenosis 
was associated with a much lower success rate than PCI of de-novo 
coronary lesions, the problem of instent restenosis remained the foremost 
limitation of PCI with bare metal stents.20, 21 Various attempts to overcome 
this limitation by systemic or intracoronary application of drugs were made 
but failed.22
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Drug-eluting stents
At last, durable polymer coatings, loaded with drugs that interfere with 
pathways involved in neointimal proliferation, were attached onto the bare 
metal stents in order to prevent restenosis. The anti-proliferative drugs that 
were locally delivered from the drug-eluting stents (DES) either blocked 
the cell cycle (mainly of vascular smooth muscle cells) from the G1 to the 
S phase (e.g. sirolimus)23 or stabilized microtubules to inhibit cell division 
in the G0/G1 and G2/M phases (e.g. paclitaxel).24 The polymer coating 
on the metal stent was employed to carry the anti-proliferative drug and 
to guarantee controlled drug-release kinetics. For this purpose, DES were 
generally composed of a bare metal stent platform, a polymer coating, 
and an anti-proliferative drug.25 
 In first-generation DES, sirolimus was employed as anti-proliferative 
drug in the Cypher stent (Cordis Europa, Roden, Netherlands) and 
paclitaxel in the Taxus stent (Boston Scientific Corp., Natick, MA, USA). 
Both DES showed in the first clinical trials very promising results and were 
clearly superior to conventional bare metal stents.26, 27 The restenosis rates 
dropped dramatically following the use of DES, which were readily adopted 
into clinical practice by the interventional community. In 2006, however, 
there was a growing concern about the long-term safety of DES.28, 29 Stent 
thrombosis (ST), an acute thrombotic occlusion of coronary stents that often 
results in myocardial infarction and sometimes death, was more often seen 
in DES than in bare metal stents.28 Several clinical, anatomical, procedural, 
and stent-related factors were identified to increase the risk of ST, among 
them being the premature cessation of dual anti-platelet therapy,30 PCI for 
acute coronary syndromes,31 PCI of bifurcations with side branch stenting, 
and suboptimal stent deployment with significant malapposition of the 
stent (i.e., a significant number of stent struts is not well-apposed to the 
coronary artery wall).32 In addition, it was hypothesized that the limited 
biocompatibility of the durable polymer coatings of first-generation DES 
promoted thrombus formation by causing delayed strut endothelialization, 
hypersensitivity reactions, and a prolonged inflammatory response. 33, 34 

Second-generation DES  
To overcome the limitations related to the limited biocompatibility of the 
durable coatings of first-generation DES, more biocompatible polymer 
coatings were developed and subsequently used in second-generation 
DES. The Resolute stent (Medtronic Vascular, Santa Rosa, CA, USA) and the 
Xience V stent (Abbott Vascular, Santa Clara, CA, USA) are two second-
generation DES. Both employ cobalt-chromium bare metal stent platforms, 
which are characterized by a higher flexibility as compared to stainless steel 
stents. The Resolute stents elute the anti-proliferative drug zotarolimus from a 
coating that further consists of a special blend of three different polymers.35  
The Xience V stent elutes everolimus from a thin fluoropolymer-based 
coating and was also available under the trade name Promus (Boston 
Scientific).36 
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In order to assess the safety and efficacy of newly developed stents 
(prior to registration by the regulatory bodies), stents were usually studied 
in patients with so-called “on-label” indications for stenting. These patients 
represent a low-risk patient population with typically less challenging 
coronary anatomies and clinical syndromes. However, such study 
population does not necessary reflect the average patients seen in daily 
practice, as more than half of the PCI patients have at least one “off-label” 
criterion (e.g. bifurcation lesion, long lesion, presentation with a myocardial 
infarction).37 Therefore, more recent stent trials enrolled increasingly 
complex patients, leading ultimately to “all-comer trials”. In these trials, only 
very few exclusion criteria in order to thoroughly evaluate the safety and 
efficacy of novel devices in “real-world” patient populations.38 While the 
two aforementioned second-generation DES had been compared to first-
generation DES, no data on the randomized head-to-head comparison of 
both DES were available.

In real-world patient populations, interventional cardiologists are 
confronted with challenging coronary anatomies due to advanced 
coronary disease and age of patients with an increased prevalence of 
risk factors. The tortuous coronary vessels and complex lesion anatomies 
(e.g. long, calcified, distal, and/or bifurcated lesions) that are encountered 
in such patient populations sometimes require measures to increase the 
back-up of the guiding catheter, meticulous lesion preparation, and stent 
postdilatation, in order to deliver and optimally implant stents. One of the 
measures to increase the back-up of the guiding catheter is the GuideLiner 
catheter (Vascular Solutions Inc., Minneapolis, MN, USA), a guiding catheter 
extension that can be deeply advanced into target vessels.39 Only a limited 
number of reports and case series with use of this system were published, 
showing promising results.40 Particularly in long lesions and bifurcated lesions 
with considerable vessel tapering along the stented segment, postdilatation 
of stents can be helpful to optimize stent strut apposition to the vessel wall, 
which may reduce the incidence of restenosis and stent thrombosis.41 

TWENTE trial
The TWENTE trial, which enrolled patients from June 2008 to August 2010, 
was the first large randomized controlled stent study of the interventional 
cardiology department of Thoraxcentrum Twente and one of the first 
clinical trials to investigate two second-generation DES in a real-world 
patient population. Safety and efficacy of the two devices was assessed in 
1391 patient with various expressions of coronary artery disease and many 
off-label indications for DES use, who were randomized for treatment with 
one of both DES. As women are often underrepresented in cardiovascular 
research42, 43 and less than one-third of all cardiovascular clinical trials report 
sex-specific results,44 the TWENTE trial employed gender stratification to allow 
for gender-specific subgroup analyses in order to gain more insight in the 
potential impact of gender on the outcome of PCI with second-generation 
DES.
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DES and the risk of periprocedural myocardial infarction 
One of the parameters that characterize the short-term performance of 
PCI is the incidence of periprocedural myocardial infarction (MI), which is 
a procedure-related adverse event that contributes to composite clinical 
endpoints of clinical stent trials. Several studies have shown a relation 
between the occurrence of periprocedural MI and mortality. Nevertheless, 
the clinical value of periprocedural MI is a matter of ongoing debate. 
Factors that have been associated with an increased risk of periprocedural 
MI are related to the general atherosclerotic burden; examples may be: 
multivessel disease, lesion eccentricity, lesion calcification, intraluminal 
thrombus, advanced age, and overt diabetes mellitus. Diabetic patients 
may be particularly prone to periprocedural MI as diabetes is associated 
with dyslipidemia, increased coagulability, higher atherosclerotic burden, 
and more vessel wall inflammation and vulnerable plaques.45 Unfavorable 
device characteristics of DES may also contribute to the occurrence of 
periprocedural MI. For instance, displacement of DES coating of a relevant 
size may lead to microvascular obstruction and periprocedural myocardial 
necrosis.46In addition, increased roughness of the DES surface might 
increase thrombogenicity and the risk of stent thrombosis.47

 
Third-generation DES
The design of DES is constantly evolving. While the main alteration in 
second-generation DES was the use of more biocompatible durable 
polymer coatings, third-generation DES employed refined highly flexible 
stent platforms to improve DES deliverability in order to facilitate PCI in 
challenging lesions that are increasingly seen in routine clinical practice. 
However, these modifications in stents design may have potential 
drawbacks such as a reduced longitudinal stability of the device, which 
may increase the risk of certain procedure-related complications such as a 
longitudinal stent deformation.48 

The zotarolimus-eluting Resolute Integrity stent (Medtronic) is a 
third-generation DES. It employs a novel, sinusoidal-formed, helically 
wrapped design of the cobalt-chromium stent for increased flexibility and 
deliverability; the coating is the same as used in the second-generation 
Resolute stent. The everolimus-eluting Promus Element stent (Boston 
Scientific) uses a platinum-chromium alloy-based stent platform, consisting 
of short serpentine rings connected by helically distributed links. The stent 
is designed for improved deliverability and visibility and is covered by the 
same coating as used in second-generation Xience V / Promus stents.49

 In the DUTCH PEERS trial (TWENTE II), the safety and efficacy of 
Resolute Integrity and Promus Element stents was evaluated in an all-comer 
patient population. While some studies on Promus Element stents had 
been performed in patients with mild-to-moderate clinical risk,50 no such 
data were available for the Resolute Integrity stent. DUTCH PEERS was the 
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first randomized trial to investigate the Resolute Integrity stent and the first 
randomized trial to compare these two third-generation DES with each 
other. 

Biodegradable polymer DES
Besides the refinement of permanent polymer coatings as used in second 
and third-generation DES, biodegradable DES coatings were developed to 
address the risk of very late stent thrombosis that was seen in first-generation 
DES. Such biodegradable polymer DES leave after degradation of the 
coating only a bare metal stent in the vessel wall, which does not induce 
a prolonged inflammation of the vessel wall.51, 52 Randomized studies 
with these devices have shown non-inferiority or even superiority of early 
generation biodegradable polymer DES as compared to first-generation 
permanent polymer DES.53, 54 However, there are also contradictory data, 
as one study failed to show non-inferiority of a biodegradable polymer DES 
compared to the first-generation Cypher stent.55 

So far, no large randomized study has been published that 
compares biodegradable polymer DES to current generation permanent 
polymer DES. At present, modern biodegradable coating DES are clinically 
used that employ highly flexible stent platforms and different approaches 
regarding the speed of degradation and the spatial distribution of the 
biodegradable coating.56 The Orsiro stent (Biotronik, Bülach, Switzerland) 
elutes sirolimus from a circumferential biodegradable coating, and the 
Synergy stent (Boston Scientific) elutes everolimus from an abluminal 
biodegradable coating.57 In the ongoing randomized multicentric BIO-
RESORT trial (TWENTE III), these two biodegradable coating DES are 
compared with the permanent polymer-based DES Resolute Integrity in a 
total of 3560 all-comer patients.
 

Outline of this thesis
As DES are constantly being refined and newer-generation DES enter the 
clinical arena with limited data on clinical performance, this thesis provides 
insight into the safety and efficacy of newer-generation DES, including data 
obtained in so-called real-world patient populations.

•	 Chapter 1 serves as an introduction to this thesis and provides 
background information on DES and their development. 

•	 In Chapter 2, we examine the safety and efficacy of the second-
generation Resolute zotarolimus-eluting stents and the Xience V 
everolimus-eluting stents at one-year follow-up in the TWENTE trial, a 
randomized controlled trial with limited exclusion criteria and a high 
proportion of complex patients and lesions.

•	 In Chapter 3, we evaluate the real-world nature of the TWENTE trial 
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by comparing baseline characteristics and clinical outcome of 
patients enrolled in the TWENTE trial with eligible patients who were 
not enrolled in the randomized trial but treated with the same DES.

•	 In Chapter 4, we analyze the data of the gender-stratified TWENTE 
trial to assess potential differences in procedural and clinical 
outcome between women treated with Resolute and Xience V 
stents; in addition, we assess potential gender differences. 

•	 In Chapter 5, we assess the two-year outcome data of the TWENTE 
trial, in which patients followed a stringent discontinuation of dual 
anti-platelet therapy after 12 months from stenting.

•	 In Chapter 6, we evaluate with scanning electron microscopy in a 
bench top setting the effects of stent postdilatation on the coatings 
of durable polymer DES. 

•	 In Chapter 7, we assess the occurrence of periprocedural 
myocardial infarction following the implantation of first and 
second-generation DES, and analyze risk factors of periprocedural 
myocardial infarction. 

•	 In Chapter 8, we use scanning electron microscopy to study and 
quantify coating irregularities and their precursors in unexpanded 
durable polymer DES to gain insight in the origin of coating 
irregularities. 

•	 In Chapter 9, we investigate the effects of previously unrecognized 
and untreated diabetes on the risk of periprocedural myocardial 
infarction.

•	 In Chapter 10, we evaluate the relation between the Syntax Score, 
an angiographic scoring system that quantifies the coronary disease 
burden, and clinical outcome after PCI with second-generation DES 
in the prospective, randomized TWENTE trial. 

•	 In Chapter 11, we assess the effect of coronary artery dominancy 
on the risk of adverse clinical events following PCI with second-
generation DES.

•	 In Chapter 12, we provide insight into our center’s clinical 
experience with the use of the GuideLiner, a guiding catheter 
extension system that enhances intubation and support of guiding 
catheters.

•	 In Chapter 13, we demonstrate an example of the challenging 
coronary lesions that interventional cardiologist encounter in daily 
clinical practice and show the aspiration of an intact coronary 
bifurcation thrombus in a patient with ST-elevation myocardial 
infarction, who was consecutively treated with a Resolute Integrity 
DES.

•	 In Chapter 14, we describe the design of the DUTCH PEERS trial 
(TWENTE II), the first randomized multicenter trial to investigate 
the Resolute Integrity stent and the first trial to compare the third-
generation Resolute Integrity and Promus Element DES with each 
other. 
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•	 In Chapter 15, we describe the one-year clinical outcome of the 
randomized DUTCH PEERS trial to assess the safety and efficacy 
of the two third-generation DES in all-comer patients; in addition 
we assess the incidence and consequences of longitudinal stent 
deformation in this study population. 

•	 In Chapter 16, we perform a comprehensive network meta-
analysis to compare the safety and efficacy of biolimus-eluting 
biodegradable polymer stents with first and second-generation 
durable polymer DES. 

•	 In Chapter 16, we describe the design of the BIO-RESORT trial 
(TWENTE III), a large, prospective, randomized, multicenter trial 
with three arms, comparing the Orsiro sirolimus-eluting stent with 
circumferential biodegradable coating, Synergy everolimus-eluting 
stent with abluminal biodegradable coating, and Resolute Integrity 
zotarolimus-eluting stent with durable coating.  
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Abstract

Objective The aim of this study was to compare the safety and efficacy of 
Resolute zotarolimus-eluting stents (ZES) (Medtronic Cardiovascular, Santa 
Rosa, California) with Xience V everolimus-eluting stents (EES) (Abbott 
Vascular Devices, Santa Clara, California) at 1-year follow-up.
Background Only 1 randomized trial previously compared these stents.
Methods This investigator-initiated, patient-blinded, randomized 
noninferiority study had limited exclusion criteria (acute ST-segment 
elevation myocardial infarctions not eligible). Patients (n = 1,391; 81.4% of 
eligible population) were randomly assigned to ZES (n = 697) or EES (n = 
694). Liberal use of stent post-dilation was encouraged. Cardiac biomarkers 
were systematically assessed. The primary endpoint was target vessel 
failure (TVF), a composite of cardiac death, myocardial infarction not 
clearly attributable to non-target vessels, and clinically indicated target-
vessel revascularization. An external independent research organization 
performed clinical event adjudication (100% follow-up data available). 
Analysis was by intention-to-treat.
Results Acute coronary syndromes were present in 52% and “off-label” 
feature in 77% of patients. Of the lesions, 70% were type B2/C; the post-
dilation rate was very high (82%). In ZES and EES, TVF occurred in 8.2% and 
8.1%, respectively (absolute risk-difference 0.1%; 95% confidence interval:  
−2.8% to 3.0%, pnoninferiority = 0.001). There was no significant between-group 
difference in TVF components. The definite-or-probable stent thrombosis 
rates were relatively low and similar for ZES and EES (0.9% and 1.2%, 
respectively, p = 0.59). Definite stent thrombosis rates were also low (0.58% 
and 0%, respectively, p = 0.12). In EES, probable stent thrombosis beyond 
day 8 was observed only in patients not adhering to dual antiplatelet 
therapy.
Conclusions Resolute ZES were noninferior to Xience V EES in treating “real-
world” patients with a vast majority of complex lesions and “off-label” 
indications for drug-eluting stents, which were implanted with liberal use of 
post-dilation. 



30

Introduction
Early trials with drug-eluting stents (DES) demonstrated a significant 
reduction in restenosis and reintervention rates,1,2 which rapidly led to the 
adaptation of these stents for routine percutaneous coronary interventions 
(PCI). However, long term follow-up data of first-generation DES showed 
that these stents did not improve mortality. 3-5 Several factors and 
mechanisms have been suggested to be potentially involved. A particularly 
important factor may be the lack of biocompatibility of coatings on 
first-generation DES, some of which were shown to be associated with 
hypersensitivity and vessel wall inflammation that can promote stent 
thrombosis. In addition, deliverability and side branch access of first-
generation DES were somewhat limited,6 and the reduction in reintervention 
rates in patients with advanced coronary disease was less than expected.7 

Second-generation DES with improved coatings and designs 
may offer solutions to the limitations of first-generation DES.8,9 A thin-
strut, open-cell, cobalt-chromium stent that releases everolimus from a 
thin fluoropolymer-based coating (Xience V, Abbott Vascular Devices, 
Santa Clara, California) has been shown to be superior to first-generation 
DES, which – together with other favorable data – led to its approval by 
regulatory bodies.10 Recently, a thin-strut, cobalt-chromium, open-cell stent 
that releases zotarolimus from a thin biocompatible coating (Resolute, 
Medtronic CardioVascular, Santa Rosa, California) showed very promising 
clinical results.11–13

More than 2 million DES are implanted annually worldwide.14 Both 
everolimus-eluting Xience stents (EES) and zotarolimus-eluting Resolute 
stents (ZES) represent a substantial share of them. However, published head-
to-head comparison between both stents is limited to a single randomized 
trial.15 Therefore, in the present study, we compared safety and efficacy of 
the Resolute ZES to the Xience V EES in a “real-world” patient population 
with advanced coronary disease and complex lesions. Interventions 
were performed according to our routine clinical practice, encouraging 
operators to make liberal use of stent postdilatation to optimize stent 
apposition to the vessel wall, which may facilitate drug delivery and could 
reduce stent thrombosis.16

Methods

Study design and patients. Between June 2008 and August 2010, we 
undertook, at Thoraxcentrum Twente, Medisch Spectrum Twente, 
Enschede, the Netherlands, a randomized non-inferiority trial (TWENTE 
trial) in consecutive patients aged 18 years or older who were capable 
of providing an informed consent and underwent a PCI with DES 
implantation for the treatment of chronic stable coronary artery disease 
or acute coronary syndromes. To allow for the inclusion of a broad patient 
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population, the study protocol defined no limit for lesion length, reference 
vessel size, and number of target lesions or vessels. The only exclusion 
criteria were: ST-elevation myocardial infarction (STEMI) or STEMI-equivalent, 
requiring primary or rescue PCI during the past 48 h; planned staged 
revascularization; renal failure requiring hemodialysis; serious conditions 
that could limit the patient’s ability to participate in study procedures, in 
particular life expectancy <1 year; participation in investigational drug or 
device study; if the choice of stent type was dictated by logistic reasons 
(e.g. a stent with required dimensions was only available as 1 type).

The TWENTE trial complied with the Declaration of Helsinki for 
investigation in human beings, and was approved by the institutional ethics 
committee of Medisch Spectrum Twente, Enschede, the Netherlands, and 
the Dutch Central Committee on Research Involving Human Subjects. All 
patients provided written, informed consent for participation in this trial.
Randomization and study devices. After stratification for sex, randomization 
was performed on the basis of computer-generated random numbers 
(block stratified randomization V5.0 by S. Piantadosi), with sealed, opaque, 
sequentially numbered allocation envelopes. After passage of the guide 
wire or pre-dilatation (if necessary), patients were assigned in a 1:1 ratio to 
Resolute ZES or Xience V EES. Patients had no knowledge of the stent type 
they were allocated to (single-blinded design). 

In our center, Resolute ZES were available in diameters of 
2.25,2.50,3.00,3.50, and 4.00 mm. Stent length was 8 mm and 14 mm for 
stents with a diameter ≤2.5 mm; 9 mm and 15 mm for stents with a diameter 
of ≥3.00 mm; and 12,18,24, and 30 mm for all available stent diameters. 
Xience V EES were available in diameters of 2.25,2.50,3.00,3.50, and 4.00 
mm, and in lengths of 8,12,15,18,23, and 28 mm.
Percutaneous intervention and medication. Interventions were performed 
via femoral or radial route according to standard techniques. Complete 
lesion coverage was attempted with one or more stent(s). Lesion pre-
dilatation, direct stenting, and/or stent post-dilation were permitted at the 
discretion of the operators. Operators were encouraged to make liberal use 
of post-dilation Although planned staging of PCI was an exclusion criterion, 
unplanned staged procedures were permitted if the second procedure was 
performed within 6 weeks after the index procedure (e.g., in unexpected 
lengthy procedures and/or procedures with excessive contrast use); in 
such cases, the allocated stent type was used during all stages. During 
index procedure, mixture of stents was not permitted unless the allocated 
study stent could not be delivered; then, crossover to another stent was 
permitted.

Patients who were not taking acetylsalicylic acid received ≥300 mg 
of acetylsalicylic acid before PCI. In addition, patients received before or 
at the time of PCI 300 to 600 mg of clopidogrel and at least 5,000 IU or 70 
to 100 IU/kg of unfractionated heparin, according to standard protocols. 
Administration of glycoprotein IIb/IIIa antagonists was left at the operators’ 
discretion. 
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In patients not on oral anticoagulation therapy, we prescribed 
at discharge the combination of 100mg of acetylsalicylic acid once 
daily (indefinitely) and clopidogrel 75mg once daily (12 months). In 
patients receiving oral anticoagulation therapy, we prescribed 100 mg of 
acetylsalicylic acid once daily (at least 1 month) and clopidogrel 75 mg 
daily (12 months) in addition to oral anticoagulation.
Laboratory and angiographic analyses. In all patients, the concentration 
of creatine kinase was determined before PCI, and the concentration 
of creatine kinase, creatine kinase-myocardial band, and troponin was 
measured 6 to 18 h after PCI, with subsequent serial measurements in case 
of relevant biomarker elevation. Twelve-lead electrocardiographs were 
obtained before and after PCI, prior to discharge, and at suspicion of acute 
ischemia. 

Quantitative coronary angiography was performed offline with 
use of edge-detection software (QAngio XA 7.1, Medis, Leiden, the 
Netherlands) by experienced analysts of Thoraxcentrum Twente, who were 
blinded as to the type of study device used. All measurements (baseline 
and final) were conducted according to current standards. Standard offline 
measurements were obtained over the entire segment consisting of stented 
segment plus 5 mm proximal and distal margins. We defined percentage 
diameter stenosis as: ([reference vessel diameter–minimal lumen diameter]/
reference vessel diameter)×100%. Lesion length was assessed, in general, by 
quantitative coronary angiography. 

Definition of endpoints and data management. The pre-specified primary 
composite endpoint was the incidence of Target Vessel Failure (TVF) 
within 1 year, defined as (in hierarchical order) cardiac death, target 
vessel related myocardial infarction (MI), or clinically driven target vessel 
revascularization (TVR) by re-PCI or surgery. All clinical endpoints were 
defined according to the Academic Research Consortium.17,18 Cardiac 
death was defined as any death due to proximate cardiac cause (e.g. 
MI, low-output failure, fatal arrhythmia), unwitnessed death and death 
of unknown cause, and all procedure-related deaths, including those 
related to concomitant treatment. Myocardial infarction was defined as 
previously outlined in detail. In brief, MI was defined by any creatine kinase 
concentration of more than double the upper limit of normal with elevated 
values of a confirmatory cardiac biomarker (creatine kinase-myocardial 
band fraction or troponin).18 Moreover, classification of MIs and location of 
MIs was performed on the basis of laboratory testing, electrocardiographic 
parameters, angiographic information, and/or clinical data.17,18 A TVR was 
defined as any repeat coronary revascularization (PCI or surgery) of any 
segment of the entire major coronary artery and its branches. A TVR (or 
target lesion revascularization [TLR]) was considered clinically indicated 
if the angiographic percent diameter stenosis of the then- treated lesion 
was ≥50% in the presence of ischemic signs or symptoms, or if the diameter 
stenosis was ≥70% irrespective of ischemic signs or symptoms.17 
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Secondary endpoints were the individual components of the 
primary endpoint; all-cause mortality; Q-wave and non-Q-wave MI; any 
MI; TVR by PCI, surgery, or both; clinically indicated TLR; any TLR, defined 
as repeated revascularization within the stented segment including 5 mm 
proximal and distal border-zones; stent thrombosis, defined according to 
Academic Research Consortium as definite, probable, or possible; Target 
Lesion Failure, defined as composite of cardiac death, target vessel-related 
MI, and clinically indicated T; major adverse cardiac events, composite 
of all-cause death, any MI, emergent coronary-artery bypass surgery 
or clinically indicated TLR; and a patient-oriented composite endpoint, 
consisting of all-cause mortality, any MI, and any repeat (target and non-
target vessel) revascularization. All composite endpoints, as defined in 
the preceding text, are presented with the individual components in a 
hierarchical order. We did not pre-specify subgroup analyses but performed 
exploratory subgroup analyses in line with the later published Resolute All 
Comers Trial.15

In addition, we assessed device success, defined as achievement 
of a final residual diameter stenosis of  <50% during the initial procedure, 
with the use of the assigned study stent only; lesion success, defined as 
achievement of a final residual diameter stenosis of <50% with use of any 
PCI approach; and procedure success, defined as the as achievement of 
a final residual diameter stenosis of  <50% together with the absence of any 
in-hospital major adverse cardiac events.
Data management and clinical event adjudication. In-hospital adverse 
events were recorded prior to discharge. The 12-month clinical follow-
up data were obtained at visits at outpatient clinics or, if not feasible, by 
telephone follow-up and/or a medical questionnaire. For any event trigger, 
members of the study team gathered all clinical information available 
from referring cardiologist, general practitioner, and/or hospital involved. 
If required, on-site review of the clinical chart was performed. Clinical and 
procedural data were stored in a database at Thoraxcentrum Twente. Staff 
involved in follow-up procedures and analyses were blinded to the assigned 
stent.

Processing of clinical data and adjudication of adverse clinical 
events was performed by an independent external contract research 
organization and core lab (Cardialysis, Rotterdam, the Netherlands). In brief, 
any death, potential MI, possible stent thrombosis, and revascularization 
procedure were independently adjudicated by an external clinical event 
committee (blinded). In addition, Cardialysis performed an on-site audit to 
assess key study data and adherence to the rules of good clinical practice. 
The local institutional ethics committee served as independent data and 
safety monitoring board.
Statistical analysis. Main outcome parameter of this noninferiority study was 
the incidence of TVF at 1 year with 80% power to detect noninferiority at 
a 1-sided type I error of 0.05. Assuming a median time to TVF of 48 months, 
based on the Endeavor III (Randomized Controlled Trial of the Medtronic 
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Endeavor Drug [ABT-578] Eluting Coronary Stent System Versus the Cypher 
Sirolimus- Eluting Coronary Stent System in De Novo Native Coronary Artery 
Lesions) that had an event rate of 12.8%19, a hazard ratio of 1.35, an accrual 
time of 2 years, and an additional follow-up of 1 year for TVF, a total of 1380 
patients was required. On basis of the aforementioned hazard ratio and 
assumed event rate, noninferiority would be declared if the upper limit of 
the 1-sided 95% confidence interval (CI) of the absolute risk difference was 
≤4.48%. The Newcombe-Wilson method without continuity correction was 
used to calculate a confidence interval for the absolute risk difference.20 
Analyses were performed on the basis of intention-to-treat principle. 
Patients were censored when they did not reach any component of the 
composite primary endpoint. Categorical variables were assessed with use 
of chi-square or Fisher’s exact tests, as appropriate, whereas continuous 
variables were assessed with the Wilcoxon rank-sum test or Student’s t-test, 
as appropriate. The time to the primary endpoint and the components 
thereof were assessed according to the method of Kaplan-Meier, and the 
log-rank test was applied to compare the 2 groups. Kaplan-Meier curves 
were drawn in accordance with guidelines provided by Pocock et al.21 
Logistic regression was performed to test for interaction between subgroups 
and stent type with regard to the primary endpoint. A p value <0.05 was 
considered significant. All p values and CIs were 2-sided, except for those 
for noninferiority testing of the primary clinical endpoint. After noninferiority 
was established, we calculated regular 2-sided 95% CIs and 2-sided p 
values to allow conventional interpretation of results (as for a superiority 
design). Statistical analyses were performed with SPSS (version 15.0, SPSS, 
Inc., Chicago, Illinois) and SAS (version 9.2, SAS Institute, Inc., Cary, North 
Carolina).

Results

Study population. Figure 1 shows the trial profile. Patients (n = 1,391; 81.4% of 
the eligible patient population) with 2116 lesions were randomly assigned 
to Resolute ZES (n = 697 patients, 1080 lesions) or Xience V EES (n = 694 
patients, 1036 lesions). At least 1 allocated study stent was implanted in 689 
(99%) and 690 (99%) patients allocated to Resolute ZES and Xience V EES, 
respectively. In each study arm, 2 (0.3%) patients withdrew consent before 
reaching 12 months follow-up. In all other 1387 patients, complete follow-up 
information was obtained (100%). 

Study groups had similar baseline clinical (Table 1), angiographic 
(Table 2), and procedural characteristics (Table 3). A total of 52% of patients 
presented with an acute coronary syndrome. Of The study population 
22% were diabetics. In a high proportion of patients, there was advanced 
coronary disease with a need for multivessel treatment, bifurcation lesions, 
long lesions, and small-vessel disease. At least 1 off-label characteristic was 
present in 77% of patients, and 70% of lesions were complex (type B2/C). 
Between study groups, there was no difference in the proportion of left 
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main stem and bypass treatment and of recanalization of chronic total 
occlusions. Direct stenting was performed in 39% of lesions. In 82% of lesions, 
stents were post-dilated. 
Primary and secondary endpoints. Table 4 shows the major adverse 
cardiac events during 1-year follow-up. Target vessel failure occurred in 57 
patients (8.2%) of the Resolute ZES and in 56 patients (8.1%) of the Xience 
V EES groups. We established noninferiority of the ZES with an absolute risk 
difference of 0.1% (95% CI: −2.8% to 3.0%) and the upper limit of the 1-sided 
95% CI of 2.53% (1-sided p value for noninferiority = 0.001) (Fig. 2A, Table 4).

Between Resolute ZES  and Xience V EES groups, there was also no 
difference in the components of the primary endpoint: cardiac death (1.0% 
vs. 1.4%, p = 0.46); target vessel-related MI (4.6% vs. 4.6%, p = 0.99); clinically 
driven TVR at 12 months follow-up (3.3% vs. 2.7%, p = 0.54)(Table 4; Figs.2B to 
2D). 

In addition, there was no difference between groups in other 
secondary endpoints (Table 4) such as the incidence of death from any 
cause (2.2% vs. 2.0% p = 0.86).

The results of an exploratory subgroup analysis of the primary 
endpoint are shown in Figure 3. This analysis suggested a potential 
interaction between stent type and diabetes mellitus (p = 0.045) with a 
trend towards a lower rate of TVF in diabetics treated with EES (13.9% [22 of 
158] vs. 7.7% [11 of 143], p = 0.08; relative risk: 1.81 [95% CI: 0.91 to 3.60] for 
Resolute ZES and Xience V EES, respectively). In nondiabetic patients, TVF 
did not differ significantly between stent types (6.5% [35 of 539] vs. 8.2% [45 
of 551], p = 0.29; relative risk: 0.80 [95% CI: 0.52 to 1.22] for Resolute ZES and 
Xience V EES, respectively). 
Stent thrombosis. Definite or probable stent thrombosis occurred in 6 
patients (0.9%) of the Resolute ZES group (1 death, 4 MI, 1 repeat TVR) 
and 8 patients (1.2%) of the Xience V EES group (4 death, 4 MI) (p = 0.59) 
(Table 4, Fig.4). In the EES arm, probable stent thrombosis beyond day 8 
was only observed in patients not adhering to dual antiplatelet therapy 
(stent thromboses on day 28 and 136) (Fig.4). The incidence of definite 
stent thrombosis was low in both study arms. It occurred in 4 patients ( 0.6%) 
of the Resolute ZES arm and in none (0%) of the patients in the Xience V 
EES arm (p = 0.12) (Table 4, Fig.4). One patient (day 245) was not on dual 
antiplatelet therapy. Three of the 4 patients with definite stent thrombosis 
(75%) survived this event. The only fatal event (day 5) occurred in a patient 
enrolled for stenting of right and left anterior descending arteries, 7 days 
after treatment of the circumflex artery with a bar metal stents for a large, 
subacute non-STEMI. Autopsy revealed thrombus formation in all three 
vessels, and the event was classified as definite stent thrombosis, according 
to the definition.

Discussion

In this randomized trial, which comprised a vast majority of patients with 
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“off-label” indication for DES (77%), the Resolute ZES group and the Xience 
V EES group had a similar incidence of the primary composite endpoint of 
TVF at 12-month follow-up. As a result, the Resolute ZES met the criterion 
of noninferiority versus the Xience V EES. In addition, between both study 
groups there was no significant difference in the individual components of 
the primary endpoint (cardiac death, target vessel-related MI, and clinically 
indicated TVR). 

In the present study, more than 80% of all eligible patients were 
enrolled. There were only a few exclusion criteria. As a consequence, the 
majority of patients of this “real-world” patient population were treated in a 
nonelective setting, and a high proportion of patients had complex lesions 
and suffered from advanced coronary disease, that required multivessel 
PCI. 

More than one-half of the patients of our study presented with acute 
coronary syndromes, whereas primary PCI for acute STEMI was an exclusion 
criterion. Nevertheless, most other patient and lesion characteristics and 
procedural details were similar to the few previous comparative stent 
studies in “all comer” populations (varying STEMI proportion of 12 to 
25%).15,22,23 Although the implantation of DES for treatment of STEMI has 
gained acceptance,24 this approach was not the standard when the 
present study was designed. 

To date, there is only 1 other published trial (Resolute All Comers)15 
with a head-to-head comparison of the same stents as in the present study. 
That trial assessed 1140 patients in the Resolute ZES arm and 1152 patients 
in the EES arm, and demonstrated noninferiority of the ZES in a patient 
population with minimal exclusion criteria. This was confirmed by the present 
trial. 

The clinical event adjudication of both Resolute All Comers and 
TWENTE trial was performed by the same independent clinical research 
organization, which might facilitate meaningful comparison of clinical 
outcome data. In the TWENTE trial, the incidence of TVF (8.2% and 8.1%, 
respectively) was lower than in Resolute All Comers  (9.0% and 9.6%, 
respectively). This was the result of lower clinically indicated TVR rates (3.3% 
and 2.7% versus 3.9% and 3.4%) and slightly lower rates of cardiac death 
(1.0% and 1.4% versus 1.3% and 1.7%), while the rates of target vessel-
related MI were somewhat higher in the TWENTE trial (4.6% and 4.6% versus 
4.2% and 4.1%). 

The majority of target vessel related MIs occur during the 
periprocedural period. Therefore, the high rate of stent post-dilation in the 
present trial (82% of lesions) might explain the slightly higher rate of target 
vessel-related MIs compared with Resolute All Comers study.15 By contrast, 
stent post-dilation is likely to improve stent apposition and drug delivery, 
which might have contributed to the somewhat lower rate of clinically 
indicated TVR in the present study. In fact, this rate was even lower than 
that of EES in SPIRIT IV (Clinical Evaluation of the XIENCE V Everolimus Eluting 
Coronary Stent System) study (3.9%), a multicenter trial that compared EES 
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and paclitaxel-eluting stents in 2485 and 1229 patients, respectively.14

In the TWENTE trial, direct stenting was performed in 39% of lesions. This is 
similar to the rate of direct stenting in other trials with complex lesions (30 to 
40%).15,22,23 

Intuitively, one might tend to argue that the lack of inclusion of 
patients with STEMI in the TWENTE trial might have contributed to a low 
rate of TVF. However, in Resolute All Comers trial, the 12% STEMI patients 
actually had lower rates of TVF and fewer major cardiac events than the 
overall study population.25 This might partly be explained by the difficulty of 
identifying periprocedural MI in the setting of STEMI.18 In addition, because 
of the generally reduced myocardial mass subtended, restenoses of infarct-
related arteries are less likely to provoke myocardial ischemia, which can 
have a lowering effect on the TVR rate. In the COMPARE (Trial of Everolimus-
eluting Stents and Paclitaxel-eluting Stents for Coronary Revascularization 
in Daily Practice), which assessed 897 patients treated with EES and 903 
patients treated with paclitaxel-eluting stents, clinically justified TVR in the 
EES arm (2.1%)22 was even lower than in Resolute All Comers study15 and the 
present study. For reasons discussed in the preceding text, the particularly 
high proportion of STEMI in COMPARE trial (27%) might have contributed to 
this difference.22

In the exploratory subgroup analysis of the primary endpoint, there 
was no difference in TVF across all different subgroups except for diabetes 
mellitus, which showed a significant interaction with the type of stent (p 
= 0.045), indicating a trend in diabetic patients towards a lower rate of 
TVF in the EES arm (p = 0.08). Although this finding is intriguing, it should be 
considered at most as hypothesis-generating. Undoubtedly, it is desirable 
to perform further basic and clinical research on DES in the field of diabetes 
mellitus.26,27 

Our study was not statistically powered to prove potential 
differences in stent thrombosis, but there are several findings that are worth 
discussion. In the TWENTE trial, the incidence of definite stent thrombosis 
tended to be lower than in the Resolute All Comers trial (Relative Risk: 
0.4; p = 0.09). In the Resolute ZES arm of the current trial, both the rates of 
definite as well as definite or probable stent thrombosis (0.6% and 0.9%) 
were low and one-half as high as in Resolute All Comers trial (1.2% and 
1.6%, respectively).15 In addition, we did not see any clustering of definite 
or probable stent thrombosis in Resolute ZES in the acute or early subacute 
phase, as was previously observed.15 One patient with definite stent 
thrombosis on day 245 was not on dual antiplatelet therapy because of 
an intolerance to acetylsalicylic acid. In addition, the only fatal definite 
stent thrombosis occurred in a patient in whom sudden death (on day 5 
after index procedure and day 12 after Non-STEMI, respectively) could 
have been caused by fatal post-infarction arrhythmias. Other trials have 
previously shown a relatively low risk of stent thrombosis in Resolute ZES; 
in RESOLUTE US (Clinical evaluation of the Resolute zotarolimus-eluting 
coronary stent system in the treatment of de novo lesions in native coronary 
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arteries), ISAR-TEST 5 (Intracoronary Stenting and Angiographic Results: Test 
Efficacy of Sirolimus- and Probucol-Eluting Versus Zotarolimus-Eluting Stents), 
and Resolute All Comers trials, definite stent thrombosis rates ranged from 
0.1% to 1.2%.12,13,15

In the present study, the Xience V EES arm showed no definite stent 
thrombosis at one year follow-up. The TWENTE trial is the first randomized trial 
that showed no definite stent thrombosis in a complex “real-world” patient 
population with advanced coronary disease and challenging lesions. The 
use of EES has previously been associated with a relatively low risk of stent 
thrombosis.28 In SPIRIT III and IV, COMPARE, and Resolute All Comers trials, 
definite stent thrombosis rates in EES ranged from 0.3-0.8%.10,15,22,29 In contrast 
to the absence of definite stent thrombosis in the Xience V study arm of the 
TWENTE trial, there were 8 adverse cardiac events that were adjudicated 
as probable stent thromboses—4 of them being lethal. However, beyond 8 
days after the index procedure, none of these probably thrombotic events 
occurred in a patient who adhered to dual antiplatelet therapy  (the events 
on day 28 and day 136 occurred in patients not receiving dual antiplatelet 
therapy) (Fig. 4). 

The strengths of the present study are the assessment of a “real-
world” patient population with advanced disease and complex lesions, 
enrollment of more than 80% of all eligible patients, systematic post-
procedural measurement of cardiac biomarkers (available in 99% of 
patients), absence of loss to follow-up, and verification of all patient-
reported clinical event triggers from the source. We also consider the 
entirely clinical endpoint as a strength, because angiographic assessment 
of a subgroup of patients— even if performed after the 12-month clinical 
endpoint has been reached (e.g., angiographic assessment at 13 
months)—could have an impact on the important 2-year clinical outcome 
data of the TWENTE population.
Study limitations. This trial was performed in a high-volume tertiary centre for 
PCI by 5 experienced operators with relatively uniform procedural strategies 
and liberal use of stent post-dilation; therefore, generalization of the results 
might be limited in other settings. In addition, we did not pre-specify 
subgroup analysis; however, to avoid a subjective post hoc selection of 
subgroups, we used the same subgroups as Resolute All Comers trial.15 
Conclusion. Resolute ZES were noninferior to Xience V EES in terms of 
safety and efficacy for treating “real-world” patients with a vast majority 
of complex lesions and “off-label” indications for drug-eluting stents, which 
were implanted with liberal use of post-dilation.
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Figure 1. Trial profile

BMS = bare-metal stent(s); DES = drug-eluting stent(s); PCI = percutaneous coronary 
intervention.
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Figure 2. Kaplan-Meier for Primary Endpoint and the Individual Components of the 
Primary Endpoint
Kaplan-Meier cumulative incidence curves at 1 year for the primary endpoint, a 
composite of cardiac death, target-vessel related myocardial infarction, or target-
vessel revascularization (A); cardiac death (B); myocardial infarction (C); and 
target-vessel revascularization (D) for the zotarolimus-eluting Resolute stent and the 
everolimus-eluting Xience V stent.
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Figure 3. Subgroup analysis: Target vessel failure at one year.
Target vessel failure is a composite of cardiac death, target-vessel myocardial 
infarction, or clinically driven target vessel revascularization. *p = 0.045 for interaction 
between stent type and presence of diabetes mellitus; interaction testing was not 
significant for all other subgroups. CI = confidence interval; NSTEMI = non–ST-segment 
elevation myocardial infarction; PCI = percutaneous coronary intervention.
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Figure 4. Cumulative incidence of definite or probable stent thrombosis.
*Cardiac death; patient enrolled for stenting of residual lesions in right and left 
anterior descending arteries 7 days after a non–ST-segment elevation myocardial 
infarction, treated with a bare-metal stent in circumflex artery. †Target vessel 
revascularization; patient was not receiving dual antiplatelet therapy because 
of intolerance to acetylsalicylic acid (patient used clopidogrel and oral 
anticoagulation). ‡Cardiac death; patient did not adhere to prescribed dual 
antiplatelet therapy (used acetylsalicylic acid only). §Non–Q-wave myocardial 
infarction; patient was not receiving dual antiplatelet therapy (used clopidogrel and 
oral anticoagulation).
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Table 1. Baseline Characteristics of Patients
Total 
Population 
(n = 1,391)

ZES Resolute 
(n = 697)

EES Xience 
(n = 694)

p 
Value

Age (yrs)
64.2 ± 10.8 

(1,391)
63.9 ± 10.9 

(697)
64.5 ± 10.7 

(694) 0.32

Men
1,009/1,391 

(72.5)
505/697 
(72.5)

504/694 
(72.6) 0.94

BMI (kg/m2)
27.7 ± 4.0 

(1,391)
27.7 ± 3.9 

(697)
27.8 ± 4.0 

(694) 0.57

Diabetes mellitus (any)
301/1,391 

(21.6)
158/697 
(22.7)

143/694 
(20.6) 0.35

Chronic renal failure* 38/1,391 (2.7) 19/697 (2.7) 19/694 (2.7) 0.99

Arterial hypertension
773/1,391 

(55.6)
386/697 
(55.4)

387/694 
(55.8) 0.89

Hypercholesterolemia
803/1,357 

(59.2)
392/688 
(57.0)

411/669 
(61.4) 0.10

Current smoker
340/1,391 

(24.4)
176/697 
(25.3)

164/694 
(23.6) 0.48

Family history of CAD
740/1,391 

(53.2)
370/697 
(53.1)

370/694 
(53.3) 0.93

MI (any)
450/1,391 

(32.4)
213/697 
(30.6)

237/694 
(34.1) 0.15

Previous PCI
288/1,391 

(20.7)
139/697 
(19.9)

149/694 
(21.5) 0.48

Previous CABG
148/1,391 

(10.6) 68/697 (9.8) 80/694 (11.5) 0.28

PCI for acute coronary syndrome
717/1,391 

(51.5)
362/697 
(51.9)

355/694 
(51.2) 0.77

Clinical indication 0.47

Stable angina pectoris
674/1,391 

(48.5)
335/697 
(48.1)

339/694 
(48.8)

Unstable angina
325/1,391 

(23.4)
172/697 
(24.7)

153/694 
(22.0)

Non–ST-segment elevation MI
392/1,391 

(28.2)
190/697 
(27.3)

202/694 
(29.1)

Left ventricular ejection fraction <30%† 32/1,051 (3.0) 19/529 (3.6) 13/522 (2.5) 0.30

Multivessel treatment
336/1,391 

(24.2)
174/697 
(25.0)

162/694 
(23.3) 0.48

Total no. of lesions treated/patient 0.49

1 lesion treated
857/1,391 

(61.6)
422/697 
(60.5)

434/694 
(62.7)

2 lesions treated
393/1,391 

(28.3)
198/697 
(28.4)

195/694 
(28.1)

3 of more lesions treated
141/1,391 

(10.1) 77/697 (11.0) 64/694 (9.2)

De novo coronary lesions only‡
1,287/1,391 

(92.5)
644/697 
(92.4)

643/694 
(92.7) 0.86

At least 1 CTO 95/1,391 (6.8) 51/697 (7.3) 44/694 (6.3) 0.47

At least 1 bifurcation
362/1,391 

(26.0)
179/697 
(25.7)

183/694 
(26.4) 0.77

At least 1 bifurcation with side branch 
treatment

213/1,391 
(15.3) 98/697 (14.1)

115/694 
(16.6) 0.19
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Total 
Population 
(n = 1,391)

ZES Resolute 
(n = 697)

EES Xience 
(n = 694)

p 
Value

At least 1 in-stent restenosis 69/1,391 (5.0) 36/697 (5.2) 33/694 (4.8) 0.73

At least 1 small-vessel (RVD <2.75 mm)
874/1,391 

(62.8)
445/697 
(63.8)

429/694 
(61.8) 0.43

At least 1 lesion length >27 mm
293/1,391 

(21.1)
156/697 
(22.4)

137/694 
(19.7) 0.23

Glycoprotein IIb/IIIa antagonist use
193/1,391 

(13.9) 90/697 (12.9)
103/694 
(14.8) 0.29

At least 1 off-label indication§
1,077/1,391 

(77.4)
547/697 
(78.5)

530/694 
(76.4) 0.35

*Chronic renal failure defined by serum creatinine level ≥130 μmol/l.
†Left ventricular ejection fraction assessed with ultrasound, magnetic resonance 
imaging, or left ventricular angiography.
‡Including chronic total occlusion but not grafts and in-stent restenosis.
§Off-label stent use includes renal insufficiency, an ejection fraction of <30%, the 
occurrence of acute myocardial infarction (MI) within the previous 72 h, more than 
1 lesion/vessel, at least 2 vessels with stents, a lesion measuring more than 27 mm, 
bifurcation, bypass grafts, in-stent restenosis, unprotected left main artery, lesions 
with thrombus, or total occlusion.
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Table 2. Baseline Lesion Characteristics

Total Lesions 
(n = 2,116)

ZES Resolute 
(n = 1,080 
Lesions)

EES Xience V 
(n = 1,036 
Lesions)

p 
Value

Target lesion coronary artery
Left main 54 (2.6) 26 (2.4) 28 (2.7) 0.67
Left anterior descending 878 (41.5) 441 (40.8) 437 (42.2) 0.53
Left circumflex 483 (22.8) 243 (22.5) 240 (23.2) 0.72
Right coronary artery 653 (30.9) 349 (32.3) 304 (29.3) 0.13
Bypass graft 48 (2.3) 21 (1.9) 27 (2.6) 0.38
ACC/AHA lesion class 0.90
A 154 (7.3) 77 (7.1) 77(7.5)
B1 478 (22.6) 241 (22.3) 237 (22.9)
B2 678 (32.0) 342 (31.7) 336 (32.4)
C 806 (38.1) 420 (38.9) 386 (37.3)
De novo lesions* 1,999 (94.5) 1,024 (94.8) 975 (94.1) 0.48
Chronic total occlusion 100 (4.7) 53 (4.9) 47 (4.5) 0.69
In stent restenosis 75 (3.5) 38 (3.5) 37 (3.6) 0.95
Aorta ostial lesion 154 (7.3) 76 (7.1) 78 (7.6) 0.66
Severe calcification 364 (17.2) 192 (17.8) 172 (16.6) 0.47
Bifurcated lesion 518 (24.5) 258 (23.9) 260 (25.1) 0.52
Thrombus present† 71 (3.4) 33 (3.1) 38 (3.7) 0.43
Total occlusion 203 (9.6) 109 (10.1) 94 (9.1) 0.43
Pre-procedural TIMI flow grade 0.82
0 120 (5.7) 63 (5.8) 57 (5.5)
1 83 (3.9) 46 (4.3) 37 (3.6)
2 140 (6.6) 73 (6.8) 67 (6.5)
3 1,773 (83.8) 898 (83.1) 875 (84.5)

*Including chronic total occlusion but not grafts and in-stent restenosis.
†Thrombus triggering use of thrombus aspiration catheters.
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Table 3. Quantitative Coronary Angiography and Procedural Results

Total Lesions 
(n = 2,116)

ZES Resolute 
(n = 1,080 
Lesions)

EES Xience V 
(n = 1,036 
Lesions) p Value

Lesion length (mm)
14.43 

(9.80–22.09)
14.51 

(9.85–22.54)
14.30 

(9.66–21.83) 0.35
Diameter of reference vessel 
(mm)

2.65 
(2.29–3.06)

2.65 
(2.30–3.05)

2.66 
(2.28–3.07) 0.73

Baseline minimum lumen diameter 
(mm)

0.99 
(0.72–1.29)

0.97 
(0.72–1.29)

1.00 
(0.73–1.29) 0.39

Baseline stenosis, lumen diameter 
(%)

61.92 
(52.74–71.20)

62.57 
(52.78–71.34)

61.26 
(52.67–71.07) 0.31

Post-procedure stenosis, lumen 
diameter (%)

11.84 
(9.05–15.34)

11.67 
(8.93–14.90)

12.00 
(9.18–15.64) 0.07

Post-procedure minimum lumen 
diameter (mm)

2.27 
(1.89–2.67)

2.29 
(1.89–2.69)

2.25 
(1.88–2.65) 0.37

Acute gain in segment (mm)
1.25 

(0.86–1.68)
1.24 

(0.89–1.70)
1.25 

(0.83–1.65) 0.22
Stents implanted
Per patiënt 2.02 ± 1.18 2.03 ± 1.19 2.02 ± 1.18 0.91
Per lesion 1.33 ± 0.62 1.31 ± 0.59 1.35 ± 0.64 0.09
Total stent length (mm)
Per patiënt 40.97 ± 26.86 41.84 ± 27.66 40.09 ± 26.02 0.22
Per lesion 26.9 ± 15.69 27.00 ± 15.39 26.85 ± 16.00 0.83
Direct stenting 824 (38.9) 416 (38.5) 408 (39.4) 0.68
Post-dilation 1,727 (81.6) 876 (81.1) 848 (82.1) 0.54
Maximal stent diameter/lesion 
(mm) 2.97 (0.46) 2.96 (0.452) 2.98 (0.468) 0.37
Implantation of study stent only 2,094 (99.0) 1,068 (98.9) 1,026 (99.0) 0.74
Device success* 2,074 (98.0) 1,063 (98.4) 1,011 (97.6) 0.17
Lesion success† 2,112 (99.8) 1,078 (99.8) 1,034 (99.8) 0.97

Procedure success‡
1,332/1,391 

(95.8) 667/697 (95.7) 665/694 (95.8) 0.91

*Device success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% with only the assigned study device.
†Lesion success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% with any percutaneous method.
‡Procedure success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50%, together with the absence of any in-hospital major 
adverse cardiac events. Abbreviations as in Table 1.
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Table 4. 1-Year Clinical Outcomes in the Intention-to-Treat Study Population

Total 
Population 
(n = 1,387)

ZES 
Resolute 
(n = 695)

EES Xience 
V V (n = 
692)

Difference(95% 
CI)

p 
Value

Target vessel failure 113 (8.1) 57 (8.2) 56 (8.1) 0.1 (−2.8 to 3.0) 0.94
Death
Any cause 29 (2.1) 15 (2.2) 14 (2.0) 0.1 (−1.3 to 1.6) 0.86
Cardiac cause 17 (1.2) 7 (1.0) 10 (1.4) −0.4 (−1.6 to 0.7) 0.46
Target vessel-related MI
Any 64 (4.6) 32 (4.6) 32 (4.6) 0.0 (−2.2 to 2.2) 0.99
Q-wave 11 (0.8) 5 (0.7) 6 (0.9) −0.1 (−1.1 to 0.8) 0.76
Non–Q-wave 53 (3.8) 27 (3.9) 26 (3.8) 0.1 (−1.9 to 2.1) 0.90
Periprocedural MI 57 (4.1) 29 (4.2) 28 (4.0) 0.1 (−2.0 to 2.2) 0.91
Clinically indicated TVR
Any 42 (3.0) 23 (3.3) 19 (2.7) 0.6 (−1.2 to 2.4) 0.54
Percutaneous 33 (2.4) 19 (2.7) 14 (2.0) 0.7 (−0.9 to 2.3) 0.39
Surgical 9 (0.6) 4 (0.6) 5 (0.7) −0.1 (−1.0 to 0.7) 0.73
Target lesion failure 102 (7.4) 55 (7.9) 47 (6.8) 1.1 (−1.6 to 3.9) 0.42
Clinically indicated TLR
Any 29 (2.1) 19 (2.7) 10 (1.4) 1.3 (−0.2 to 2.8) 0.09
Percutaneous 22 (1.6) 15 (2.2) 7 (1.0) 1.1 (−0.2 to 2.5) 0.09
Surgical 7 (0.5) 4 (0.6) 3 (0.4) 0.1 (−0.6 to 0.9) 0.71
Death from cardiac 
causes or target vessel 
MI 67 (4.8) 34 (4.9) 33 (4.8) 0.1 (−2.1 to 2.4) 0.92
Major adverse cardiac 
events⁎ 132 (9.5) 70 (10.1) 62 (9.0) 1.1 (−2.0 to 4.2) 0.48
Patient-oriented compo-
site endpoint† 151 (10.9) 78 (11.2) 73 (10.5) 0.7 (−2.6 to 4.0) 0.69
Definite ST (0–360 days)
All patients 4 (0.3) 4 (0.6) 0 (0) 0.6 (0.0 to 1.1) 0.12
Acute (0–1 day) 0 (0) 0 (0) 0 (0) — —
Subacute (2–30 days) 1 (0.1) 1 (0.1) 0 (0) 0.1 (−0.1 to 0.4) 1.00
Late (31–360 days) 3 (0.2) 3 (0.4) 0 (0) 0.4 (0.0 to 0.9) 0.25
Probable ST (0–360 days)
All patients 10 (0.7) 2 (0.3) 8 (1.2) −0.9 (−1.8 to 0.0) 0.06
Acute (0–1 day) 4 (0.3) 1 (0.1) 3 (0.4) −0.3 (−0.9 to 0.3) 0.37
Subacute (2–30 days) 4 (0.3) 0 (0.0) 4 (0.6) −0.6 (−1.1 to 0.0) 0.06
Late (31–360 days) 2 (0.1) 1 (0.1) 1 (0.1) 0.0 (−0.4 to 0.4) 1.00
ST (0–360 days)
Possible 6 (0.4) 4 (0.6) 2 (0.3) 0.3 (−0.4 to 1.0) 0.69
Definite or probable 14 (1.0) 6 (0.9) 8 (1.2) −0.3 (−1.3 to 0.8) 0.59
Definite, probable, or 
possible 20 (1.4) 10 (1.4) 10 (1.4) 0.0 (−1.3 to 1.3) 0.99

*Major adverse cardiac events are a composite of all-cause death, any myocardial 
infarction (MI), emergent coronary artery bypass surgery, or clinically indicated 
target lesion revascularization (TLR).
†Patient-oriented composite endpoint is a composite of endpoint of all-cause 
death, any MI, or any revascularization.
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Abstract

Aims The TWENTE trial recently enrolled more than 80% of all eligible 
patients, who were randomized to zotarolimus-eluting Resolute or 
everolimus-eluting Xience V stents. In the present study, we investigated 
whether eligible, non-enrolled patients differed from the randomized 
TWENTE trial population in baseline characteristics and one-year outcome. 
Methods and Results Characteristics of 1709 eligible patients were 
analyzed. Independent external adjudication of clinical events was likewise 
performed for non-enrolled (n=318) and randomized patients (n=1391). 
Non-enrolled and randomized patients did not differ in gender distribution, 
diabetes mellitus, and clinical presentation, but differed significantly in age 
and cardiovascular history. Nevertheless, clinical outcome after one year 
did not differ in the primary composite endpoint target-vessel failure (TVF; 
9.8% vs. 8.1%; p=0.34), and its components cardiac death (1.6% vs. 1.2%; 
p=0.61), target vessel-related myocardial infarction (4.7% vs. 4.6%; p=0.92), 
and target-vessel revascularization (3.8% vs. 3.0%; p=0.48). Previous bypass 
surgery predicted TVF in non-enrolled patients (p=0.001); removal of these 
patients resulted in identical TVF rates for non-enrolled and randomized 
patients (7.3% vs. 7.3%; p=0.99). 
Conclusion  Despite some differences in baseline characteristics, non-
enrolled and randomized patients did not differ in one-year outcome, 
which was favorable for both populations and may be related to the drug-
eluting stents used. 
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Introduction

Drug-eluting stents (DES) have been rapidly adapted for routine 
percutaneous coronary interventions (PCI), as they reduced the need 
for reinterventions.1,2 As first-generation DES did not improve mortality,3-6 
novel stents with different coatings were developed, aimed at improved 
clinical outcome.7,8 Two of these so-called second-generation DES are 
the zotarolimus-eluting Resolute stent (Medtronic CardioVascular) and 
the everolimus-eluting Xience V stent (Abbott Vascular Devices). Both DES 
have thin-strut, open-cell, cobalt-chromium-based stent platforms and 
thin, durable polymer-based coatings,9,10 and they have shown favorable 
clinical results that have led to widespread use in clinical practice.11-16 For 
these stents, non-inferiority with regard to safety and efficacy was recently 
demonstrated by TWENTE, a randomized, controlled study in a patient 
population with advanced coronary disease and complex lesions,17 which 
confirmed with relatively low event rates the results of the RESOLUTE All 
Comers trial.18 In addition, TWENTE is one of the relatively few randomized 
comparative DES trials that have been performed in a study population with 
very limited exclusion criteria to reflect routine clinical practice.18-21

The enrollment in the randomized TWENTE trial was high, comprising 
more than 80% of all eligible patients. 17 However, it is unknown whether 
the non-enrolled patients, who were all likewise treated with Resolute 
and Xience V stents, differ from the randomized TWENTE trial population 
in terms of baseline characteristics or – perhaps even more relevant – in 
clinical outcome. To answer this question, we prospectively recorded 
comprehensive data sets on clinical, procedural, and angiographic 
characteristics of all eligible but non-enrolled patients in the Non-Enrolled 
TWENTE study. To assure high-quality clinical outcome data and to facilitate 
meaningful comparisons with findings of the randomized TWENTE trial, 
an external clinical research organization performed the independent 
adjudication of all clinical events together in both the Non-Enrolled TWENTE 
study and randomized TWENTE trial.

Methods

Study design and patient populations.  Details of the randomized TWENTE 
trial, which was performed from June 18, 2008 to August 26, 2010 at 
Thoraxcentrum Twente in Enschede, The Netherlands, have previously 
been reported.17 TWENTE is a randomized, controlled, patient-blinded 
DES trial, comparing Resolute and Xience V stents after 1:1 randomization 
(ClinicalTrials.gov NCT01066650). Patients were eligible for enrollment 
and randomization if they were aged 18 years or older, were capable of 
providing informed consent, and underwent a PCI with DES implantation for 
the treatment of chronic stable coronary artery disease or non-ST-elevation 
acute coronary syndromes (Non-STE-ACS). To include a broad study 
population, the study protocol defined no limit for lesion length, reference 
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vessel size, and number of target lesions or vessels. The only exclusion 
criteria were: ST-elevation myocardial infarction (STEMI) or STEMI-equivalent 
requiring primary or rescue PCI during the past 48 hours; planned staged 
revascularization; renal failure requiring hemodialysis; serious conditions 
that could limit the patient’s ability to participate in study procedures, in 
particular life expectancy <1 year; participation in investigational drug or 
device study; if the choice of stent type was dictated by logistic reasons 
(e.g. a stent with required dimensions only available as one type).17 

During the course of the randomized TWENTE trial, patients who 
were not enrolled were also treated with one of both, Resolute or Xience 
V stents, and their clinical course was prospectively registered as part of 
the Non-Enrolled TWENTE study. Operators were asked to report reasons for 
non-enrollment in PCI reports but incomplete documentation of this detail 
was not infrequent. We therefore used PCI reports, all clinical records, and 
interviews with the operators and other medical staff involved to obtain 
the most reliable estimate of the reasons for non-enrollment. The Non-
Enrolled TWENTE study and the previously reported randomized TWENTE trial 
complied with the Declaration of Helsinki for investigation in human beings, 
and were performed after approval and supervision of our institutional 
ethics committee. 

Intervention, medication, electrocardiography, and laboratory testing.  
PCI procedures were performed according to standard techniques as 
previously described.17 In brief, lesion predilatation, direct stenting, and/
or stent postdilatation were permitted at the operators’ discretion; liberal 
use of stent postdilatation was encouraged. Pharmacological therapy 
before, during, and after PCI as well as systematic laboratory and 
electrocardiographic testing were performed as previously described.17 
Definitions of clinical endpoints.  Definitions of clinical endpoints have been 
fully described in the main report on the randomized TWENTE trial.17 The 
same endpoint definitions were used in the present study. In general, the 
definitions of the Academic Research Consortium (ARC) were applied.22,23 
In brief, the primary endpoint Target-Vessel Failure (TVF) was defined as 
(in hierarchical order) cardiac death, target-vessel-related myocardial 
infarction, or clinically driven target-vessel revascularization (TVR) by re-PCI 
or surgery. Cardiac death was defined as any death due to proximate 
cardiac cause, un-witnessed death and death of unknown cause, and 
all procedure-related deaths, including those related to concomitant 
treatment. Classification and location of myocardial infarction was 
performed based on laboratory testing, electrocardiographic parameters, 
angiographic information, and clinical data.17 Laboratory parameters for 
definition of myocardial infarction was any creatine kinase concentration 
of more than double the upper limit of normal with elevated values of a 
confirmatory cardiac biomarker.23 TVR was defined as any repeat coronary 
revascularization of the target vessel. Target-vessel (or target-lesion) 
revascularization was considered clinically indicated if the angiographic 
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percent diameter stenosis of the then treated lesion was ≥50% in the 
presence of ischemic signs or symptoms, or if the diameter stenosis was 
≥70% irrespective of ischemic signs or symptoms.22 

Secondary clinical endpoints are: death from any cause; Q-wave 
and non Q-wave myocardial infarction; any myocardial infarction; 
TVR by PCI, surgery, or either or both; clinically-indicated target-lesion 
revascularization; any target-lesion revascularization (stented segment 
including 5mm proximal and distal border-zones); stent thrombosis, defined 
according to ARC.22 Composite parameters are (where applicable in a 
hierarchical order): Target-Lesion Failure, defined as a composite of cardiac 
death, target-vessel-related myocardial infarction, and clinically-indicated 
target-lesion revascularization; and major adverse cardiac events, a 
composite of all-cause death, any myocardial infarction, emergent 
coronary artery bypass surgery or clinically-indicated target-lesion 
revascularization.

Data acquisition and follow-up.  In-hospital adverse events were recorded 
prior to discharge. As part of our center’s standard follow-up procedure, 
12-month follow-up data of all patients were obtained at visits at outpatient 
clinics or, if not feasible, by telephone follow-up and/or a medical 
questionnaire. For any event trigger, members of the study team gathered 
all clinical information available from referring cardiologist, general 
practitioner, and/or hospital involved. 
Independent clinical event adjudication.  Processing of clinical data 
and adjudication of adverse clinical events of the Non-Enrolled TWENTE 
population were performed independently in the same way as for the 
randomized TWENTE trial (use of anonymous patient data and blinding for 
stent type) by Cardialysis in Rotterdam, The Netherlands. In brief, the clinical 
event committee adjudicated any death, potential myocardial infarction, 
stent thrombosis, and revascularization. 
Statistical analysis.  Data analysis was performed with the Statistical 
Package for Social Sciences (SPSS; version 17, SPSS Inc., Chicago, IL). Data 
were reported as frequencies and percentages for dichotomous and 
categorical variables and as mean ± standard deviation for continue 
variables. The chi-square test and the Fisher’s exact test were used as 
appropriate. The student’s t-test was used to test normally distributed 
parameters. The Kaplan–Meier method was used to calculate the time to 
clinical endpoints and the Log-rank test was used to compare between-
group differences. As non-enrolled patient populations are likely to contain 
more high-risk patients with a higher event rate,24 multiple logistic regression 
analysis was applied to the data of the non-enrolled patient population in 
order to identify predictors of TVF. In a subsequent analysis, we excluded 
patients with these variables to correct for potential confounders. Unless 
otherwise specified, a two-sided P value <0.05 was considered to indicate 
statistical significance.
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Results

During the inclusion period of the randomized TWENTE trial, 2239 patients 
were treated with DES at Thoraxcentrum Twente, The Netherlands. A total of 
1709 of these patients were eligible for study enrollment and randomization. 
Finally, 1391 of these 1709 patients (81.4%) with 2116 lesions were enrolled 
in the randomized TWENTE trial.  In other words, only 318 eligible patients 
(18.6%, with 466 lesions) were not enrolled in the randomized trial but were 
assessed in the Non-Enrolled TWENTE study (Figure 1). 
Reasons for non-enrollment.  Reasons for non-enrollment and estimates 
of their incidence within the non-enrolled population were: (1) refusal of 
the patient to participate in the randomized trial (~10%); (2) uncertainty 
of the operator whether the information transfer was successful (e.g. 
because of language barrier, deafness, or the entire clinical condition) 
(~25%); (3) logistic reasons (e.g. an ACS patient is not informed prior to the 
catheterization, while another patient is announced for primary PCI) (~15%); 
and (4) omission of informing the patient about the trial prior to an elective 
procedure (~30%). This means that a substantial proportion of the eligible 
patients (~20%; i.e. ~3.7% of all eligible patients) were not enrolled without 
evident reason. 

Patients, target lesions, and PCI procedures.  Table 1 compares 
demographics and the procedural characteristics of both the Non-Enrolled 
TWENTE study population versus the randomized TWENTE trial population. 
Both study populations did not differ in the proportion of genders, diabetes 
mellitus, and clinical presentation (acute coronary syndromes in 52.5% 
vs. 51.5%, respectively; p=0.48). Non-enrolled patients were somewhat 
older (66.0±10.9 vs. 64.2±10.8 years; p=0.01). There was a trend towards 
less multivessel treatment in the non-enrolled patients (19.2% vs. 24.2%; 
p=0.06), matching with a more severely impaired left ventricular (6.5% vs. 
3.0%; p=0.015) and renal function (6.6% vs. 2.7%; p=0.001) in this group. In 
addition, non-enrolled patients had more often a history of previous MI 
(43.1% vs. 32.4%; p<0.001), previous PCI (28.9% vs. 20.7%; p=0.001), and 
previous CABG (17.0% vs. 10.6%; p=0.002; Table 1). A total of 466 and 2116 
lesions were treated in the Non-Enrolled TWENTE study and the randomized 
TWENTE trial, respectively (Table 2). Target lesions of non-enrolled patients 
showed more often complex B2 or C lesion types (76.1% vs. 70.1%; p=0.047). 
In parallel with the higher incidence of a history of PCI and/or CABG in the 
Non-Enrolled TWENTE population, more target lesions were restenoses and 
bypass graft lesions (p<0.001 for both; Table 2). 
Clinical outcome.  Clinical follow-up data were available for 316 patients of 
the Non-Enrolled TWENTE study (99.4% follow-up data) and 1387 randomized 
TWENTE patients (100% follow-up data available; four patients withdrew 
consent). Table 3 and Figure 2 show various clinical outcome parameters 



60

at 1-year follow-up. Between both populations, there was no significant 
difference in the primary outcome parameter TVF (9.8% vs. 8.1%; p=0.34, 
OR 1.23 [95% CI 0.81 to 1.8]). There was also no significant difference in the 
components of the primary endpoint (cardiac death (1.6% vs. 1.2%; p=0.61); 
target vessel-related MI (4.7% vs. 4.6%; p=0.92; and clinically driven TVR 
(3.8% vs. 3.0%; p=0.48)), and any other clinical endpoint, such as death from 
any cause (2.2% vs. 2.1%; p=0.89) and major adverse cardiac events (9.5% 
vs. 9.5%; p=0.99; Table 3). 
Stent thrombosis.  Within the non-enrolled patient population, there was 
no definite stent thrombosis (Table 3). Definite or probable stent thrombosis 
occurred in one patient of the Non-Enrolled TWENTE population (one 
probable stent thrombosis) and in 14 patients of the randomized TWENTE 
trial population (0.3% vs. 1.0%; p=0.23). 
Predictors of Target-Vessel Failure.  The only parameter that significantly 
predicted TVF in the Non-Enrolled TWENTE population was a history of CABG 
(OR 3.7, 95% CI 1.67–8.15; p=0.001). After removal of patients with a history 
of CABG from the analyses (54/316 non-enrolled (17%) and 148/1.386 
randomized patients (10.6%)), differences in baseline characteristics were 
virtually unchanged: the Non-Enrolled TWENTE population still comprised 
older patients (65.3±11.1 vs. 63.7±10.9 years; p=0.03) and more patients with 
severely impaired left ventricular function (6.2% vs. 2.6%; p=0.02), impaired 
renal function (5.3% vs. 2.6%; p=0.02), history of previous MI (42.8% vs. 31.5%; 
p<0.001), and history of previous PCI (24.6% vs. 18.8%; p=0.03). However, 
removal of patients with a history of CABG resulted in identical TVF rates 
for Non-Enrolled TWENTE patients and the randomized TWENTE population 
(7.3% (19/262) vs. 7.3% (90/1239); p=0.99). Moreover, the slight numerical 
differences in other clinical endpoints continued to be statistically non-
significant (major adverse cardiac events 8.0% (21/262) vs. 8.6% (106/1239); 
p=0.78). 

Discussion

In the present study, we addressed the question of whether patients, who 
were not enrolled in the randomized TWENTE trial 17 but were all likewise 
treated with Resolute or Xience V stents, differed from the enrolled and 
randomized patients in baseline characteristics, procedural details, or 
clinical outcome. During the course of the randomized TWENTE trial, only 19 
percent of the eligible patients were not enrolled in the randomized trial.17 
To assure high-quality clinical outcome data and to facilitate meaningful 
comparisons, an independent external clinical research organization 
performed the clinical event adjudication for both Non-Enrolled TWENTE 
population and randomized TWENTE population (together in the same 
adjudication session). The randomized TWENTE population comprised many 
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complex patients and advanced coronary lesions,17 and in the Non-Enrolled 
TWENTE population many patients showed similar baseline characteristics 
and cardiovascular risk factors. Nevertheless, Non-Enrolled TWENTE patients 
were on average slightly older and showed more frequently a history of 
previous myocardial infarction and/or coronary revascularizations. As a 
consequence, we also identified mild but statistically significant differences 
in the rates of heart failure, renal failure, and lesion complexity in favor of 
the randomized TWENTE trial population, which comprised less bypass graft 
lesions and restenoses. 

Despite the slight aforementioned baseline differences, Non-
Enrolled TWENTE population and randomized TWENTE trial patients showed 
no significant difference in clinical outcome parameters such as TVF (9.8% 
vs. 8.1%; p=0.34), all-cause mortality (2.2% vs. 2.1%; p=0.89), or major adverse 
cardiac events (9.5% vs. 9.5%; p=0.99). Our data suggest that if all 1709 
consecutive eligible patients had entered the randomized trial, the overall 
TVF rate could have been as low as 8.5%. In fact, this study underlines the 
high clinical performance of the second-generation DES that were used. 
This performance appears to be greatly independent of the clinical profile 
of the patients. 
Comparison with previous studies. Compared to RESOLUTE All Comers trial18 

and COMPARE trial,20 two randomized studies with second-generation DES 
in ‘real-world’ patient populations, the randomized TWENTE patients showed 
similar or slightly higher rates of previous MI (32.4% vs. 16.5-29.7%), previous 
PCI (20.7% vs. 13.5-32%), previous CABG (10.6% vs. 6.5-9.8%), heart failure 
(3.0% vs. 2.5%), in-stent restenosis lesions (5.0% vs. 2.5-8.1%), bypass graft 
lesions (2.3% vs. 2.0-2.5%), and their age was similar (mean age 64.2 vs. 63.3-
64.3 years). Accordingly, it is fair to state that the randomized TWENTE trial17 
is a study in a ‘real-world’ patient population (with the exception of acute 
STEMI), providing data that is highly relevant for routine clinical practice.

Analyses of randomized intervention studies that compared 
PCI and CABG have demonstrated that patient characteristics and the 
clinical outcome of these studies differed significantly from routine clinical 
practice.24 Selection bias is more likely to be undetectable in studies with 
low enrollment rates, but in the randomized TWENTE trial the enrollment 
rate was particularly high. In many Non-Enrolled TWENTE patients there 
was at least one reason for non-enrollment. Nevertheless, in approximately 
3.7% of all eligible patients the main reason for non-enrollment could not 
be identified. This leaves room for potential selection bias, and in fact, the 
differences in baseline characteristics between Non-Enrolled TWENTE study 
population and randomized TWENTE trial patients suggest that there could 
have been some selection bias. Examples of patients whom operators may 
deliberately not enroll in a randomized trial are patients with target vessels 
that supply previously (partly) infarcted myocardium because persistent 
electrocardiographic changes may render the diagnosis of a subsequent 
myocardial infarction difficult and sometimes impossible. The same may 
apply to certain patients with previous CABG and end-stage coronary 
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artery disease, who likewise often have a higher cardiovascular risk profile 
and an advanced age.  

But what is known about eligible patients who were not 
enrolled in other randomized, comparative DES trials with ‘real-world’ 
patient populations? In fact, such information is sparse. However, de 
Boer et al. recently reported for their high-volume PCI center baseline 
characteristics and 1-year all-cause mortality of patients who participated 
in two randomized multicenter trials in all comers and compared it to non-
participating PCI patients (579 patients enrolled vs. 663 non-participants).25 
In that study, baseline characteristics differed significantly between trial 
participants and non-participants, who were older and had a higher 
incidence of heart failure and unstable clinical syndromes than trial 
participants).25 In addition, all-cause mortality at 1-year follow-up was 
significantly higher in non-participants (6.9% vs. 3.1%; p=0.002).

 Of note, these all-comers trials included patients with acute 
STEMI,18,19,25 which – on average – have a higher mortality risk. On the 
contrary, the randomized TWENTE trial did not enroll patients with acute 
STEMI,17 who consequently were also not assessed in the Non-Enrolled 
TWENTE study. In addition, de Boer et al. addressed all non-participating PCI 
patients, including those who had clear contraindications for participation 
in one of the two randomized trials (e.g. patients in shock with very high 
mortality risk), 25 while our own study examined only eligible patients who 
all fulfilled the inclusion criteria of the randomized TWENTE trial.17 This may 
explain differences in all- cause mortality between non-participants of 
the study of de Boer et al. and the Non-Enrolled TWENTE population. A 
comparison of clinical outcome parameters other than mortality was not 
possible, as no such data were available for non-enrolled patients of other 
randomized comparative DES trials. 
Previous bypass surgery as predictor of outcome.  In the Non-Enrolled 
TWENTE population, a history of CABG turned out to be the only predictor of 
TVF. In fact, the rate of TVF became identical for both patient populations 
after removing patients with a history of CABG from both patient 
populations (7.3% vs. 7.3%; p=0.99). Implication of this finding may be that 
particular attention should be paid to the distribution of patients with a 
history of CABG between the study arms of comparative DES trials. 

Notably, in the randomized TWENTE trial 17 the proportion of patients with 
a history of CABG was similar or even higher than in some recent trials with 
second-generation DES in all-comer populations. 18,20

Study limitations.  This trial was performed in a high-volume tertiary center 
for PCI by five experienced operators with relatively uniform procedural 
strategies and liberal use of stent postdilatation.17 Therefore, generalization 
of the results may be limited in other settings.

Conclusion.  Despite some differences in baseline characteristics, non-
enrolled and randomized patients did not differ in 1-year clinical outcome, 
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which was favorable for both populations and may be related to the 
second-generation drug-eluting stents used. 
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Figure 1.  Flow chart of patients treated with DES during the course of the randomized 
TWENTE trial. Patients of the Non-Enrolled TWENTE study and the randomized TWENTE 
trial were compared. *Data of the randomized TWENTE trial have previously been 
reported.17 
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Figure 2.  Kaplan-Meier for the primary endpoint and the individual components of 
the primary endpoint. Kaplan-Meier cumulative incidence curves at one year for 
the primary endpoint target-vessel failure, a composite of cardiac death, target-
vessel related myocardial infarction, or target-vessel revascularization (A); cardiac 
death (B); myocardial infarction (C); and target-vessel revascularization (D) for both 
patients of the Non-Enrolled TWENTE study and the randomized TWENTE trial. 
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Table 1. Characteristics of patients and procedures. 

Non-enrolled 
patients
 (N=318)

Randomized 
patients 

 (N=1.391)
p Value

Age  (yrs ) 66.0(10.9) 64.2(10.8) 0.01

Men 224(70.4) 1009(72.5) 0.45

Diabetes mellitus (any) 72(22.6) 301(21.6) 0.66

Chronic renal failure * 21(6.6) 38(2.7) 0.001

Arterial hypertension 185(58.2) 773(55.6) 0.40

Hypercholesterolaemia 193(60.7) 803/1357(59.2) 0.06

Current smoker 70(22.0) 340(24.4) 0.36

Family history of CAD 102/193(52.8) 740(53.2) 0.93

Myocardinfarction (any) 137(43.1) 450(32.4) <0.001

Previous PCI 92(28.9) 288(20.7) 0.001

Previous CABG 54(17.0) 148(10.6) 0.002

Clinical characteristic 0.48

Stable angina pectoris 151(47.5) 674(48.5)

Acute coronary syndrome 167(52.5) 717(51.5)

Unstable angina 84(26.4) 325(23.4)

       Non-ST-elevation MI 83(26.1) 392(28.2)

Left ventricular ejection fraction < 
30%  † 13/199(6.5) 32/1051(3.0) 0.015

Multivessel treatment 61(19.2) 336(24.2) 0.06

Total no lesions treated per pa-
tient 0.28

One lesion treated 203(63.8) 857(61.6)

Two lesions treated 92(28.9) 393(28.3)

Three of more lesions treated 23(7.2) 141(10.1)

At least one CTO 28(8.8) 95(6.8) 0.22
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At least one bifurcation 83(26.1) 362(26.0) 0.98

At least one in-stent restenosis 43(13.5) 69(5.0) <0.001

Postdilatation 278(87.4) 1222(87.9) 0.83

Data are number (%) or mean (SD). CAD=coronary artery disease. 
PCI=percutaneous coronary intervention. CABG=coronary artery bypass 
grafting. MI=myocardial infarction. CTO=chronic total occlusion. 
* Chronic renal failure was defined by serum creatinine level ≥ 130 µmol/L.
† Left ventricular ejection fraction was assessed with ultrasound, MRI or LV 
angiography.
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Table 2. Lesion characteristics. 

Non-en-
rolled

(N=466 le-
sions)

Random-
ized

(N=2.116 
lesions)

p Value

Target lesion coronary artery

Left main 17(3.6) 54(2.6) 0.19

Left anterior descendens 179(38.4) 878(41.5) 0.22

Left circumflex 107(23.0) 483(22.8) 0.95

Right coronary artery 135(29.0) 653(30.9) 0.42

Bypass graft 28(6.0) 48(2.3) <0.001

ACC-AHA lesion class 0.047

A 24(5.2) 154(7.3)

B1 87(18.7) 478(22.6)

B2 153(32.8) 678(32.0)

C 202(43.3) 806(38.1)

De novo lesions 409(87.8) 1999(94.5) <0.001

Chronic total occlusion 30(6.4) 100(4.7) 0.13

In stent restenosis 37(7.9) 75(3.5) <0.001

Bifurcated lesion 101(21.7) 518(24.5) 0.20

Data are number (%). ACC=American College of Cardiology. 
AHA=American Heart Association. De-novo lesions include chronic total 
occlusion, but not grafts and in-stent restenosis.
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Table 3. Clinical outcome after one year. 
Non-enrolled 

patients 
(N=316)

Randomized pa-
tients

(N=1.387)

p Val-
ue

Target vessel failure 31(9.8) 113(8.1) 0.34

Death
Any cause 7(2.2) 29(2.1) 0.89
Cardiac cause 5(1.6) 17(1.2) 0.61

Target vessel related MI 
Any 15(4.7) 64(4.6) 0.92
Q-wave 0 11(0.8) 0.11
Non-Q-wave 15(4.7) 53(3.8) 0.45
Periprocedural MI 13(4.1) 57(4.1) 0.99

Clinically indicated TVR
Any 12(3.8) 42(3.0) 0.48
Percutaneous 12(3.8) 33(2.4) 0.16
Surgical 0 9(0.6) 0.15

Target lesion failure 28(8.9) 102(7.4) 0.36

Clinically indicated TLR
Any 9(2.8) 29(2.1) 0.41
Percutaneous 9(2.8) 22(1.6) 0.13
Surgical 0 7(0.5) 0.21

Death from cardiac causes or 
target-vessel MI 20(6.3) 67(4.8) 0.28
Major adverse cardiac events 30(9.5) 132(9.5) 0.99

Definite ST (0-360 days)
all patients 0 4(0.6) 0.34

Probable ST (0-360 days)
all patients 1(0.3) 10(0.7) 0.42

ST (0-360 days)
Possible 3(0.9) 6(0.4) 0.25
Definite or probable 1(0.3) 14(1.0) 0.23

Definite, probable or possible 4(1.3) 20(1.4) 0.81

Data are number of patients (%). MI=myocardial infarction. TVR=target 
vessel revascularization. TLR=target lesion revascularization. ST=stent 
thrombosis. Major adverse cardiac events is a composite of all cause 
death, any myocardial infarction, emergent coronary-artery bypass 
surgery or clinically indicated target lesion revascularization. 
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Abstract

Background: Women are underrepresented in clinical research, and few 
data are available from randomized head-to-head comparisons of second-
generation drug-eluting stents (DES) in female patients. Aim of this study was 
to assess safety and efficacy of two second-generation DES in women. In 
TWENTE – a prospective, randomised, comparative DES trial – ‘real-world’ 
patients were stratified for gender before randomization for Resolute or 
Xience V stents. 
Methods: Clinical endpoints were adjudicated by an independent clinical 
events committee. Target vessel failure (TVF; cardiac death, target vessel-
related myocardial infarction, and clinically-indicated target vessel 
revascularization) after 1 year was the predefined endpoint. 
Results: Among 1391 patients, 382 (27.5%) women were randomized 
to Resolute (n=192) and Xience V (n=190). Baseline and procedural 
characteristics were similar for females in both study arms, except for smaller 
vessel and stent diameters in Resolute-treated lesions. After 1 year, TVF (8.9% 
vs. 8.4%; adjusted OR: 0.95, 95%-CI: 0.41-2.20, p=0.91) and a patient-oriented 
composite endpoint (13.0% vs. 12.1%, p=0.79) did not differ significantly 
between women of both arms. No definite stent thrombosis was observed 
in women. Probable stent thrombosis occurred in 0% of Resolute and 
2.1% of Xience V-treated women (p=0.06). Women were older than men 
(p<0.01) and had more often diabetes mellitus (26.4% vs. 19.8%, p=0.01) and 
hypertension (63.6% vs. 52.5%, p<0.01), but there was no significant gender 
difference in TVF (adjusted OR: 1.18, 95%-CI: 0.73-1.92, p=0.50). 
Conclusion: In this analysis of the gender-stratified TWENTE trial there was no 
significant difference in safety and efficacy between women treated with 
Resolute and Xience V. 
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Introduction

In many countries with a Western lifestyle, cardiovascular disease is a 
leading cause of death for both genders. However, women are often 
underrepresented in cardiovascular research.[1-3] Less than one-third of 
all cardiovascular clinical trials report sex-specific results, and most trials 
include fewer women.[4,5] Percutaneous coronary intervention (PCI) trials 
previously demonstrated an improvement in clinical outcome in women 
with first-generation drug-eluting stents (DES) as compared to bare metal 
stents.[6-8] Second-generation DES were developed, such as the Resolute 
zotarolimus-eluting stent and the Xience V everolimus-eluting stent, which 
aimed at enhanced biocompatibility and an improved clinical outcome.
[9-12] To date, gender-specific data have only been published for Xience V, 
which showed prolonged clinical benefit compared to Taxus.[13,14]  

The present study reports gender-specific data of Resolute and 
Xience V from the randomized TWENTE trial, which recently compared these 
DES in 1391 ‘real-world’ PCI patients and applied a gender-stratification 
prior to randomization.[12,15] The aim of this analysis of the TWENTE trial 
was to assess potential differences in procedural and clinical outcome 
between women treated with Resolute versus Xience V stents. In addition, 
we assessed between-gender differences in outcome within this population 
of contemporary practice PCI patients treated with second-generation DES.

Methods

Study design and patient population. The TWENTE trial (ClinicalTrials.gov 
NCT01066650) has previously been described in detail.[12] In brief, TWENTE 
was an investigator-initiated, patient-blinded, randomized non-inferiority 
study with limited exclusion criteria in a ‘real-world’ study population with 
a majority of complex lesions and ‘off-label’ indications for DES. The study 
was performed between June 2008 and August 2010 at Thoraxcentrum 
Twente, Enschede, the Netherlands. Patients capable of providing informed 
consent with an indication for PCI with DES were randomized for treatment 
with Resolute (Medtronic Inc., Santa Rosa, CA) or Xience V stents (Abbott 
Vascular, Santa Clara, CA) in a 1:1 ratio after stratification for gender. There 
was no limit for lesion length, reference vessel size, and number of target 
lesions or vessels.  The most important exclusion criterion was a recent ST-
elevation myocardial infarction (STEMI).[12]  The TWENTE trial was approved 
by the institutional ethics committee and complied with the Declaration of 
Helsinki. Patients provided written informed consent.
Intervention, medication, and in-hospital course. Lesion predilatation, direct 
stenting, stent postdilatation, and/or use of glycoprotein IIb/IIIa antagonists 
were permitted at the operators’ discretion. Operators were encouraged 
to make liberal use of postdilatation. All patients were pre-treated with 
acetylsalicylic acid and clopidogrel. At discharge, the combination of 
100mg of acetylsalicylic acid once daily indefinitely and clopidogrel 
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75mg once daily for 1 year was prescribed. Cardiac biomarkers and 
electrocardiograms were systematically assessed in all patients before and 
after PCI to identify periprocedural myocardial infarction.[12] 
Quantitative coronary angiography. Quantitative coronary angiographic 
analyses were performed offline by experienced analysts at Thoraxcentrum 
Twente, using edge-detection software (QAngio XA 7.1, Medis, Leiden, 
the Netherlands). Measurements (baseline and final) were conducted 
according to current standards over entire segments, consisting of stented 
segment plus proximal and distal margins (each 5mm long).
Definitions of clinical endpoints. Definitions of all clinical endpoints have 
previously been described in detail.[12] In brief, the pre-specified primary 
clinical endpoint was the incidence of Target Vessel Failure (TVF) within 1 
year, a composite endpoint that was defined as cardiac death, target-
vessel related myocardial infarction (or not attributable to a non-target 
vessel), or clinically driven target-vessel revascularization. 

Pre-specified secondary endpoints included the individual 
components of the primary endpoint as well as target lesion failure, defined 
as composite of cardiac death, target-vessel-related myocardial infarction, 
and clinically-indicated target-lesion revascularization; Major Adverse 
Cardiac Events (MACE), a composite of all-cause death, any myocardial 
infarction, emergent coronary-artery bypass surgery or clinically-indicated 
target-lesion revascularization; and a patient-oriented composite endpoint, 
consisting of all-cause mortality, any myocardial infarction, and any repeat 
revascularization. All clinical endpoints, including stent thrombosis, were 
defined according to the Academic Research Consortium.[16,17] 
Acquisition and analysis of clinical data. Clinical follow-up data were 
obtained at visits at outpatient clinics, or, if not feasible, by telephone 
follow-up and/or medical questionnaire. For any potential event trigger, 
members of the study team gathered all clinical information from the 
referring cardiologist, general practicioner, and/or hospital involved (100% 
follow-up data available). Processing of clinical data and adjudication of 
all adverse clinical events were performed by an independent external 
contract research organization (Cardialysis, Rotterdam, the Netherlands). 
Analyses were performed based on the principle of intention-to-treat.  
Statistical analysis. Statistical analyses were performed with SPSS vers.15.0 
(SPSS Inc., Chicago,IL). Categorical variables were assessed with use of χ2 
or Fisher’s exact tests, as appropriate, whereas continuous variables were 
assessed with the Wilcoxon rank-sum test or Student’s t-test, as appropriate. 
The time to the primary endpoint and to the components thereof was 
assessed according to the method of Kaplan-Meier, and the log-rank test 
was applied to compare the two groups. Logistic regression was performed 
to test for interaction between gender and stent type with regard to TVF. 
In addition, multivariate logistic regression analyses were performed to 
adjust for baseline variables showing differences (p ≤ 0.15) between the 
comparators in each stratum (between Resolute and Xience V in women 
stratum or between Resolute and Xience V in men stratum or between 
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women and men stratum), i.e. age, diabetes, renal failure, smoking status, 
hypertension, peripheral artery disease, previous CABG, acute coronary 
syndrome, bifurcation treatment, in-stent restenosis lesion, small vessels, long 
lesions, use of glycoprotein IIb/IIIa antagonist, off-label indication, left main 
lesion, lesion in right coronary artery or right circumflex, graft lesions, chronic 
total occlusion, aorta-ostial lesion, severe calcified lesion, presence of 
thrombus, preprocedural reference vessel diameter, baseline stenosis, direct 
stenting, maximal stent diameter, postdilatation, number of stents placed, 
total stent length. Unless otherwise specified, p values and confidence 
intervals were two-sided. A p value ≤ 0.05 was considered significant.

Results

Gender populations. Among the 1391 patients enrolled in the TWENTE trial, 
there were 382 women (27.5%), of whom 192 were treated with Resolute 
and 190 with Xience V. The trial also comprised 1009 men (72.5%), of whom 
505 were treated with Resolute and 504 with Xience V. All women and all 
but four men completed the study (there were 4 withdrawals of consent). 
Women treated with Resolute versus Xience V.  Demographics, 
angiographic details, and procedural characteristics were similar for 
women treated with Resolute versus Xience V. However, in the Resolute arm 
there was more small vessel disease (p=0.04) with smaller lumen dimensions 
in the target lesion and the reference segment (p=0.02 for both), resulting 
in a smaller maximum stent diameter (p=0.04; Tables 1,2, and 3). There was 
no significant difference in clinical outcome at 1-year follow-up between 
women treated with Resolute versus Xience V. The primary outcome 
measure TVF (8.9% vs. 8.4%, p=0.88)(log-rank test p=0.87, Figure 1) and the 
patient-oriented composite endpoint were similar between groups (13.0% 
vs. 12.1%, p=0.79). There was a non-significant trend for less definite-or-
probable stent thrombosis in women treated with Resolute versus Xience V 
(0% vs. 2.1%, p=0.06), while there was no definite stent thrombosis in women. 
Men treated with Resolute versus Xience V.  Male patients treated with 
Resolute were slightly younger (p=0.05) and had longer target lesions 
(p=0.02; Table 1) than males treated with Xience V. However, there was no 
significant difference in angiographic or procedural characteristics (Table 
2 and 3). Clinical outcome measures at 1-year follow-up were similar for 
males in both treatment arms (Table 4). The primary outcome measure TVF 
occurred in 8.0% of the males of both treatment arms (p=0.99)(log-rank test 
p=0.99, Figure 2). Definite stent thrombosis occurred in none of the male 
patients treated with Xience V and in 4 males treated with Resolute stents 
(p=0.12).
Women versus men. Women were almost 5 years older than men (p<0.01) 
and had a higher prevalence of diabetes mellitus (26.4% vs. 19.8%, p=0.01) 
and hypertension (63.6% vs. 52.5%, p<0.01). In addition, women had less 
often a history of previous coronary bypass surgery (7.6% vs. 11.8%, p=0.02), 
suffered less often from peripheral artery disease (5.1% vs. 8.6%, p=0.03), 
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and their target lesions involved less often bifurcations with side-branch 
treatment (11.0% vs. 16.9%, p<0.01). Aorta-ostial lesions (10.4% vs. 6.1%, 
p<0.01) and right coronary lesions (36.0% vs. 28.9%, p<0.01) were more 
common in women than in men, while bypass lesions were less common 
(1.0% vs. 2.7%, p=0.02, Table 2). Women had somewhat smaller target 
vessels, resulting in smaller lumen dimensions after PCI (p=0.04) and less 
acute gain (p=0.03, Table 3). The primary outcome measure TVF was similar 
for women and men (8.6% vs. 8.0%, p=0.68)(log-rank test p=0.66, Figure 3). 
Various other clinical outcome parameters showed no significant difference 
between women and men, but in women there was a trend towards a 
higher cardiac (2.1% vs. 0.9%, p=0.09) and all-cause mortality at 1-year 
follow-up (3.1% vs. 1.7%, p=0.09)(Table 4). Definite stent thrombosis only 
occurred in male patients (n=4) but not in women (p=0.58).

After adjustment for differences in baseline variables, stent type was 
not a significant predictor of TVF in both women (adjusted OR: 0.95, 95%-
CI: 0.41 to 2.20, p=0.91), and men (adjusted OR: 0.92, 95%-CI: 0.58 to 1.46, 
p=0.72), comparing Resolute versus Xience V. When analyzing all patients in 
a multivariate model, female gender was not associated with TVF (adjusted 
OR: 1.18, 95%-CI: 0.73 to 1.92, p=0.50) or other clinical outcome measures. 
In addition, logistic regression analysis showed no significant interaction 
between stent type and gender with regard to TVF (p=0.90) or other clinical 
endpoints. 

Discussion

In the past, cardiovascular research has paid insufficient attention to the 
investigation of heart disease in women.[1,18] For that reason, most data 
on clinical outcome after DES implantation in women were generated 
from pooled analyses of multiple, small-sized, randomized studies in specific 
patient populations and/or large, non-randomized (retrospective) registries. 
However, clinical evidence should preferably be derived from large, 
randomized clinical trials in relatively unselected patient populations.[19] 
As a consequence, there has recently been a call for more gender-specific 
analyses in clinical trials, which should improve our knowledge about 
potential gender differences and may ultimately improve cardiovascular 
health of the female patients.[1]  

The study design of the randomized TWENTE trial recognized the 
value of gender-specific data by employing a gender stratification step 
prior to randomization for type of DES.[15] Gender stratification ensured a 
randomization between DES types that was balanced within both women 
and men, which permitted our present analysis. This pre-specified gender 
analysis of the TWENTE trial data demonstrated that there was no significant 
difference in clinical safety and efficacy between female patients treated 
with Resolute or Xience V stents, although the vessel size at baseline was 
somewhat smaller in the Resolute arm. In addition, there was a trend 
towards fewer definite-or-probable stent thromboses in women treated 
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with Resolute versus Xience V (p=0.06); this was related to probable stent 
thromboses only (as no definite stent thrombosis occurred in this female 
population). 

Female populations of previous DES studies. In the present gender analysis, 
both Resolute and Xience V showed high procedural success and relatively 
low clinical event rates in women, despite a relatively high patient and 
lesion complexity in TWENTE. No gender-specific data from other head-to-
head comparisons of Resolute and Xience V stents have been reported yet.

The female population of several major DES trials in all comer 
populations ranged from 23.1% to 29.3%.[9,10,20] The TWENTE trial, which 
enrolled patients between 2008 and 2010, comprised 27.5% women. 
This proportion of female patients in TWENTE matches the routine clinical 
practice in the Netherlands (28% in 2009)[21] as well as a trend that was 
observed from the analysis of 33 prospective European stent trials between 
1995 and 2006: the proportion of women gradually increased from 22% 
(in 1995-1997) to 24% (in 1998-2002) and finally to 26% (in 2003-2006).[22] 
The increase in female patients during that period reflected daily clinical 
practice as more women suffered from obstructive coronary disease. In 
addition, it paralleled a strong progress in stent technology (e.g. improved 
stent material, stent design, delivery system, and development of drug-
eluting stents), which facilitated stent implantation in coronary vessels with 
small lumen dimensions that are more frequent in women.[13,23]

Previous studies established an angiographic[24] and clinical 
benefit[8,25] of first-generation DES over bare metal stents in women. 
Endeavor, the first-generation zotarolimus-eluting stent that had a polymer-
based coating that differed significantly from that of the second-generation 
Resolute, was recently shown to be particularly efficient in women in 
suppressing neointimal ingrowth and preventing binary restenosis.[24] This 
finding was consistent with results obtained from pooled data analyses of 
several ENDEAVOR studies and registries.[23,26] 

Recent clinical studies demonstrated in patient populations that 
also comprised women the superiority of second-generation Xience V over 
first-generation paclitaxel-eluting stents.[9,11] Pooled data analysis of SPIRIT 
II and III, two studies in well-defined patient and lesion populations, found 
fewer MACE and TVF at 2-year follow-up in women treated with Xience 
V as compared to women treated with paclitaxel-eluting stents. In that 
study, women treated with Xience V had after 8 months a somewhat higher 
binary restenosis rate compared to male patients. However, that difference 
was statistically non-significant.[27] As a matter of fact, the SPIRIT II-IV studies 
enrolled particularly high rates of women that ranged from 27% to 32.2%.
[11,27]

Gender and PCI outcome. In the pre-stent era, female gender was 
associated with an inferior outcome following PCI,[28-30] which has been 
partly related to the often higher cardiovascular risk profile and on average 
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smaller vessel size.[14,31] On the contrary, studies with first-generation DES 
show no clear relation between gender and outcome.[7,8,25,32] Only in 
one DES study, was female gender associated with less favorable clinical 
outcome as a result of more repeat revascularization procedures.[13,14] 
In the ‘real-world’ study population of TWENTE, there was also no relation 
between gender and clinical outcome after treatment with one of both 
second-generation DES. Although target vessel size was significantly smaller 
in women, outcome measures did not differ between women and men. This 
was despite the fact that women were on average 5 years older than men 
(p<0.01), which matches exactly a difference of 5 years in age (63 years vs. 
68 years) that was recently reported for the Netherlands, based on data 
from all PCI in the year 2009.[21] In addition, women had a higher incidence 
of diabetes mellitus and hypertension (p≤0.01), and a lower incidence of 
previous bypass surgery (p=0.02). Only all-cause and cardiac mortality rates 
tended to be slightly higher in women (p=0.09).

Gender and stent thrombosis in DES. Stent thrombosis is a potentially 
lethal complication of coronary stenting that is relatively rare in second-
generation DES.[9-12,33] The incidence of stent thrombosis is assumed 
to be similar for both genders.[7,25,34-36] Nevertheless, because of the 
low incidence of stent thrombosis in routine clinical practice and clinical 
trials, it is very difficult to draw a sound conclusion on this adverse event. 
This is even more difficult when addressing subpopulations such as female 
patients, who are generally underrepresented in trials.[1] In TWENTE, stent 
thrombosis was also rare both in the overall study population and in the 
female subpopulation. Nevertheless, it is quite remarkable that there was 
no definite stent thrombosis in women treated with one of both second-
generation DES. The number of patients examined does not allow definite 
conclusions but suggest that there may be no excess risk of stent thrombosis 
in women treated with one of both DES (compared to male patients). 
The trend towards more probable stent thromboses in the Xience V study 
arm (0% vs. 2.1%; p=0.06) should be interpreted with much caution, as this 
difference was based on 4 events only. The observed low definite and 
probable stent thrombosis rates in the female patients of the TWENTE trial 
are in line with the stent thrombosis rates found in the SPIRIT women trial, 
which investigated the clinical results of 1573 women treated with Xience 
V.[37] However, more post-marketing registries and pooled analyses of 
randomized trials will be required to get further insight into the issue of stent 
thrombosis in women. 

Limitations of the study. Despite gender-stratification, this study was 
statistically not powered to confirm non-inferiority of the study stents in 
women. The findings of this analysis have to be considered as hypothesis 
generating. The results cannot be applied to women receiving second-
generation DES in the setting of an acute STEMI, as this clinical syndrome 
was an exclusion criterion in the TWENTE trial. 
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Conclusions. In this pre-specified analysis of the gender-stratified TWENTE 
trial, there was no significant difference in safety and efficacy between 
female patients treated with Resolute and Xience V stents. Despite a higher 
cardiovascular risk profile and smaller target vessels in women, no significant 
gender difference in clinical outcome was observed.
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Days 0 90 180 270 360

Number at risk
Resolute 192 180 176 175 173
Xience V 190 180 178 177 173

Figure 1. Cumulative incidence of target vessel failure in women.
Target vessel failure was a composite of cardiovascular death, target vessel 
myocardial infarction or target vessel revascularization. P value is calculated by 
logrank test.
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Days 0 90 180 270 360

Number at risk 
Resolute 505 478 471 465 458
Xience V 504 477 468 466 459

Figure 2. Cumulative incidence of target vessel failure in men.
Target vessel failure was a composite of cardiovascular death, target vessel 
myocardial infarction or target vessel revascularization. P value is calculated by 
logrank test.
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Days 0 90 180 270 360

Number at risk 
Men 1009 955 939 931 917
Women 382 360 354 352 346

Figure 3. Cumulative incidence of target vessel failure stratified for gender.
Target vessel failure was a composite of cardiovascular death, target vessel 
myocardial infarction or target vessel revascularization. P value is calculated by  
logrank test.
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Table 1. Baseline characteristics of patients
Data are number (%) or mean (SD). 
a) chronic renal failure defined by serum creatinine level ≥ 130 µmol/L
b) left ventricular ejection fraction assessed with ultrasound, MRI or left ventricular 
angiography
c) including chronic total occlusion, but not grafts and in-stent restenosis
d) off label stent use includes renal insufficiency, an ejection fraction of less than 
30%, the occurrence of acute myocardial infarction within the previous 72 hours, 
more than one lesion per vessel, at least two vessels with stents, a lesion measuring 
more than 27 mm, bifurcation, bypass grafts, in-stent restenosis, unprotected left 
main artery, lesions with thrombus, or total occlusion
CABG = coronary artery bypass grafting. CAD = coronary artery disease. CTO = 
chronic total occlusion. MI = myocardial infarction. PCI = percutaneous coronary 
intervention. RVD = reference vessel diameter.
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Table 2. Baseline lesion characteristics
Data are number (%).
a) including chronic total occlusion, but not grafts and in-stent restenosis
b) thrombus triggering use of thrombus aspiration catheters ACC = American 
College of Cardiology. AHA = American Heart Association. TIMI = thrombolysis in 
myocardial infarction.
sis of  <50%, together with the absence of any in-hospital major adverse cardiac 
events
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Abstract

Objectives: The aim of this study was to assess safety and efficacy of the 
implantation of Resolute zotarolimus-eluting stents (ZES) and Xience V 
everolimus-eluting stents (EES) following strict discontinuation of dual anti-
platelet therapy (DAPT) after 12 months.
Background: Only limited long-term follow-up data are available from 
head-to-head comparisons of second-generation drug-eluting stents (DES). 
Methods: The randomized TWENTE (the real-world endeavor Resolute versus 
Xience V drug-eluting stent study in Twente) is an investigator-initiated study 
performed in a population with many complex patients and lesions, and 
only limited exclusion criteria. Patients were 1:1 randomly assigned to ZES 
(n=697) or EES (n=694). 
Results: Two-year follow-up information on all patients were available. 
The rate of DAPT continuation beyond 12 months was very low (5.4%). 
The primary endpoint target-vessel failure (TVF), a composite of cardiac 
death, target-vessel-related myocardial infarction, and target-vessel 
revascularization did not differ between ZES and EES (10.8% vs. 11.6, p=0.65), 
despite fewer target-lesion revascularizations in EES (2.6% vs. 4.9%, p=0.03). 
The patient-oriented composite endpoint was similar (16.4% vs. 17.1%, 
p=0.75). Two-year definite-or-probable stent thrombosis rates were 1.2% and 
1.4% (p=0.63), respectively. Very late definite-or-probable stent thrombosis 
occurred only in 2 patients of each study arm (0.3% vs. 0.3%, p=1.00). 
Conclusion: After 2 years of follow-up and stringent discontinuation of DAPT 
beyond 12 months, Resolute ZES and Xience V EES showed similar results in 
terms of safety and efficacy for treating patients with a majority of complex 
lesions and off-label indications for DES.
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Introduction

Second-generation DES such as the Xience V everolimus-eluting stent (EES) 
and the Resolute zotarolimus-eluting stent (ZES) were developed to improve 
clinical outcome by overcoming the limitations of first-generation DES.(1, 
2) The TWENTE (The real-world endeavor RESOLUTE versus XIENCE V drug-
eluting stent study in Twente) trial is an investigator-initiated randomized 
study that compares safety and efficacy of the Resolute ZES with that of 
the Xience V EES in a large patient population with complex coronary 
artery disease (3) that reflects routine clinical practice as has recently 
been underlined by the findings of the Non-Enrolled TWENTE study.(4) In the 
TWENTE trial at 1 year, the rates of the primary endpoint target-vessel failure 
(TVF), a composite of cardiac death, target-vessel-related myocardial 
infarction (MI), and clinically indicated target-vessel revascularization (TVR), 
were favorable and similar for Resolute ZES and Xience V EES. In addition, 
both stents did not significantly differ in the rates of several other secondary 
endpoints, such as stent thrombosis and patient-oriented composite 
endpoint. 

Only few long-term data have been reported from randomized trials 
that compared second-generation DES in routine clinical practice. While for 
Xience V EES long-term data are available from several comparative DES 
studies (5-8), only a single randomized study reported long-term outcome of 
the Resolute ZES.(9) In addition, there is even less knowledge on the clinical 
performance of these DES after stringent dual anti-platelet therapy (DAPT) 
discontinuation at 12 months. DAPT was continuated beyond 1 year in 13 
to 69% of patients in previous comparative DES trials.(5, 8, 10) In TWENTE, 
however, a strict policy of DAPT discontinuation after 12 months was 
followed which is of interest for the present pre-specified 2-year analysis of 
clinical outcome in  the TWENTE trial.

Methods
Study design and patient population. The TWENTE trial (ClinicalTrials.
gov NCT01066650) has previously been described in detail.(3), (11) In 
brief, TWENTE is an investigator-initiated, patient-blinded, randomized, 
comparative DES trial with limited exclusion criteria in a ‘real-world’ study 
population with a majority of complex lesions and ‘off-label’ indications for 
DES. Study enrolment was performed between June 2008 and August 2010 
at Thoraxcentrum Twente, Enschede, the Netherlands. Patients capable of 
providing informed consent with an indication for percutaneous coronary 
intervention (PCI) with DES were randomized for treatment with Resolute 
(Medtronic Inc., Santa Rosa, CA) or Xience V stents (Abbott Vascular, Santa 
Clara, CA) in a 1:1 ratio. There was no limit for lesion length, reference vessel 
size, and number of target lesions or vessels.  The main exclusion criterion 
was a recent ST-elevation myocardial infarction (STEMI). The study was 
approved by the institutional ethics committee and complied with the 
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Declaration of Helsinki. All patients provided written informed consent.

Intervention, medication, and in-hospital course. Patients were pre-
treated with acetylsalicylic acid and clopidogrel. At discharge, the 
combination of 100mg of acetylsalicylic acid once daily indefinitely and 
clopidogrel 75mg once daily for 12 months was prescribed. Use of DAPT 
was determined by patient questionnaire and/or information from the 
patients’ general practicioner or pharmacy.  Lesion predilatation, direct 
stenting, stent postdilatation, and/or use of glycoprotein IIb/IIIa antagonists 
were permitted at the operators’ discretion. Liberal use of postdilatation 
was encouraged. Cardiac biomarkers and electrocardiograms were 
systematically assessed in all patients before and after PCI to identify 
periprocedural myocardial infarction.

Definitions of clinical endpoints. Definitions of all clinical endpoints have 
previously been described in detail.(3) The primary clinical endpoint was the 
incidence of target-vessel failure (TVF) at 1 year, a composite endpoint that 
was defined as cardiac death, target-vessel-related myocardial infarction 
(or not attributable to a non-target vessel), or clinically driven target-vessel 
revascularization (TVR). The pre-specified secondary endpoints included 
TVF at 2-year follow-up, all-cause mortality, stent thrombosis, target-lesion 
failure (TLF), major adverse cardiac events (MACE), and a patient-oriented 
composite endpoint (POCE), consisting of all-cause mortality, any MI, 
and any repeat revascularization. All clinical endpoints, including stent 
thrombosis, were defined according to the Academic Research Consortium 
(ARC), including the addendum on definition of myocardial infarction.(12, 
13)
Acquisition and analysis of clinical data. Clinical follow-up data were 
obtained at visits to outpatient clinics, or, if not feasible, by telephone 
follow-up and/or medical questionnaire. Follow-up data were available in 
all but 4 patients, who withdrew informed consent during the course of the 
study (2 Resolute ZES and 2 Xience V EES patients). Processing of clinical 
data and adjudication of all adverse clinical events were performed by 
an independent external contract research organization (Cardialysis, 
Rotterdam, the Netherlands). Analyses were performed based on the 
principle of intention-to-treat.  

Statistical analysis. Statistical analyses were performed with SPSS vers. 15.0 
(SPSS Inc., Chicago,IL). Categorical variables were assessed with use of χ2 
or Fisher’s exact tests, as appropriate, whereas continuous variables were 
assessed with the Wilcoxon rank-sum test or Student’s t-test, as appropriate. 
The time to the primary endpoint and to the components thereof was 
assessed according to the Kaplan-Meier method, and the log-rank test was 
applied to compare the two groups. A landmark analysis was performed 
at 1 year for various events. For each event type, patients were excluded 
from the landmark analysis if the specific event or death occurred in the first 
year. Unless otherwise specified, p values and CIs were two-sided. A p value 
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< 0.05 was considered significant.

Results

A total of 1391 patients were randomized for treatment with Resolute ZES 
(n=697) or Xience V EES (n=694). Apart from 4 patients, who withdrew their 
consent during the first year of follow-up, 2-year follow-up information was 
obtained from all patients (Figure 1). Baseline clinical, angiographic, and 
procedural characteristics of all study patients are summarized in Table 1. 

At 2-year follow-up, the composite primary endpoint TVF occurred 
in 75 (10.8%) patients of the Resolute ZES and in 80 (11.6%) patients of 
the Xience V EES group, and did not differ significantly between groups 
(absolute difference -0.8 [-4.1 to 2.6], p=0.65, Table 2, Figure 2). The patient-
oriented composite endpoint rates were also similar for patients treated 
with ZES and EES; this endpoint occurred in 114 (16.4%) versus 118 (17.1%) 
patients, respectively. For the individual components of the composite 
primary endpoint TVF – cardiac death (1.6% vs. 2.7%, p=0.14), target-vessel-
related MI (5.3% vs. 5.6%, p=0.80), and clinically driven TVR (5.6% vs. 5.1%, 
p=0.65) – there was also no significant difference at 2 years. The results of 
an exploratory subgroup analysis at 2-year follow-up with regard to TVF are 
shown in figure 3. The subgroup analysis showed consistent results across 
different subgroups. Compared to Resolute ZES, the use of Xience V EES was 
associated with a lower clinically indicated target- lesion revascularization 
(TLR) (4.9% vs. 2.6%, p=0.03), but this did not result in a significant difference 
in the device-oriented composite endpoint TLF (10.5% vs. 9.8%, p=0.68). 

Table 3 shows the outcome difference between 1 and 2-year follow-
up. No significant difference was observed for various endpoints. However, 
there was numerically more cardiac deaths in Xience V EES (0.6% vs. 1.3%, 
p=0.16) and numerically more clinically indicated TLR in Resolute ZES (2.3% 
vs. 1.2%, p=0.13). 

In accordance with national and European guidelines, the per-
protocol duration of DAPT was 1 year following PCI. Table 4 presents the 
actual DAPT usage. At 1-year follow-up, 623 (91.6%) patients in the Resolute 
ZES arm and 621 (91.6%) Xience V EES patients were on DAPT (p=0.94), 
of those 73 (5.4%) of all patients continued DAPT beyond 12 months. At 
2-year follow-up, 51 (7.7%) Resolute ZES patients and 40 (6.2%) Xience V EES 
patients were still on DAPT. 

ARC definite stent thrombosis (0.9% vs 0.1%, p=0.12) and definite-or-
probable stent thrombosis rates (1.2% vs 1.4%, p=0.63) at 2-year follow-up 
were low and similar for both Resolute ZES and Xience V EES (Figure 4). Very 
late definite-or-probable stent thrombosis was seen in 2 patients of both 
study arms (0.3% vs 0.3%, p=1.00), resulting in an MI in all 4 cases (Table 5). Of 
the 14 patients with definite-or-probable stent thrombosis in the first year of 
follow-up, 11 (78.6%) were on DAPT. All 4 patients with very late definite-or-
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probable ST were on acetylsalicylic acid monotherapy beyond 1 year, and 
there was no clear relation between stent thrombosis and discontinuation 
of DAPT with a period of at least 79 days between very late stent thrombosis 
and discontinuation of DAPT.  
 

Discussion

At the 2-year follow-up of the TWENTE trial, which followed a stringent 
approach of DAPT discontinuation beyond 12 months, Resolute ZES and 
Xience V EES showed similar and beneficial results in terms of safety and 
efficacy for treating ‘real-world’ PCI patients with a vast majority of complex 
lesions and ‘off-label’ indications for DES use. Both study arms showed similar 
rates of TVF and its components: cardiac death, target-vessel-related MI, 
and clinically indicated TVR. The absence of a difference in TVF at 2-year 
follow-up was consistent across several subgroups. Despite a lower clinically 
indicated TLR in the Xience V EES,  there was no significant difference 
between groups in the device-oriented composite endpoint TLF and the 
more patient-oriented composite clinical endpoints (MACE and POCE). 

Resolute ZES and Xience V EES are both second-generation DES that 
employ cobalt-chromium stent platforms and elute limus analogues from 
durable polymer-based coatings with improved biocompatibility.(14, 
15) This improvement in coating was considered desirable as the limited 
biocompatibility of coatings on first-generation DES(16-18) was found to be 
associated with hypersensitivity and local vascular inflammation that could 
induce intraluminal thrombus formation.(19-21) 

In several randomized comparisons with first-generation DES, Xience 
V EES has proven that its safety and efficacy is sustained beyond 1 year, 
which has lead to wide acceptance in clinical practice.  In SPIRIT IV (Clinical 
Evaluation of the XIENCE V Everolimus Eluting Coronary Stent System IV), 
treatment with Xience V EES was associated with a lower TLF rate after 2 
years (6.9% vs. 9.9%, p = 0.003) compared with the paclitaxel-eluting Taxus 
stent.(8) Superiority of Xience V EES over Taxus was also seen in the 2-year 
results of COMPARE (A trial of Everolimus-Eluting Stents and Paclitaxel-Eluting 
Stents for Coronary Revascularization in Daily Practice) with TLF rates of 
7.4% vs. 11.3%, p=0.004.(5) In SORT OUT IV (Scandinavian Organization for 
Randomized Trials With Clinical Outcome IV) Xience V EES had similar and 
low TLF rates at 2-year follow-up, but showed non-inferiority compared 
with the first generation sirolimus-eluting stent Cyper Select+ (Cordis, 
Bridgewater, New Jersey).(6)

Only a single randomized study, the RESOLUTE All Comers trial, has 
reported long-term outcome data for the Resolute ZES. After 2 years, 
Resolute ZES was equivalent to Xience V EES with regard to both TVF (12.6% 
vs. 12.2%, p=0.85) and POCE (20.6% vs. 20.5%, p=0.96).(9)
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The current 2-year data of TWENTE generally support the findings of 
RESOLUTE All Comers and show that Resolute ZES has a long-term safety 
profile that is similar to Xience V EES, which was previously shown to 
be superior to the Taxus stent in SPIRIT IV and COMPARE.(5, 8) While in 
RESOLUTE All Comers, the TLR rates for Resolute and Xience V were similar 
(5.7% and 5.1%, respectively), in TWENTE the TLR rate of Xience V was 
particularly low, resulting in a statistically significant difference (4.9% vs. 
2.6%, p=0.03). However, this difference did not translate into a difference in 
the device-oriented composite endpoint TLF, due to a numerically higher 
cardiac death rate in Xience V (1.4% vs. 2.6%, p=0.14). In fact, the Kaplan-
Meier cumulative event curves of cardiac death tend to diverge after 
approximately 10 months, but a landmark analysis revealed only a non-
significant difference in cardiac death during the second year of follow-
up (0.6% vs.1.3%, p=0.16). Nevertheless, these data suggest that further 
assessment of this critical outcome parameter may be warranted beyond 
the present 2-year follow-up. 

At 2-year follow-up of TWENTE, the rates of 2-year definite-or-probable 
stent thrombosis (1.2% vs. 1.4%) and very late definite-or-probable stent 
thrombosis (0.3% for both arms) were low for both Resolute ZES and Xience 
V EES. These rates were similar to those of RESOLUTE All Comers (2-year 
definite-or-probable stent thrombosis rate 1.9% vs. 1.0%; very late definite-
or-probable stent thrombosis rate 0.3% vs. 0.3%), and also the Xience V EES 
stent thrombosis rates of SORT OUT IV and COMPARE.(5, 6, 9) In addition, 
the 2-year definite-or-probable stent thrombosis rates in TWENTE were similar 
to the pooled 2-year stent thrombosis rates of SPIRIT II and III (1.2%), using 
Xience V EES in selected patient populations and more stable coronary 
disease.(22) The 2-year definite stent thrombosis rates in TWENTE were 
also low, showing a non-significant trend towards a lower rate in Xience 
V (p=0.12). Nevertheless, it may be difficult to compare stent thrombosis 
rates of different trials directly, as they could be influenced differences in 
study populations. In TWENTE, just 1 of the overall 7 definite stent thromboses 
was lethal, while very late definite-or-probable stent thrombosis was not 
associated with mortality. Similar findings were observed in other studies 
evaluating second generation DES.(5, 6, 9)  The overall low stent thrombosis 
rates and low mortality rates associated with stent thrombosis in patients 
treated with Resolute ZES were similar to Xience V EES, which has shown the 
lowest stent thrombosis rates in comparison to earlier generation DES.(23, 
24) The data of the TWENTE trial underline the safety profile of both second-
generation DES. 

The low rates of very late stent thrombosis in TWENTE are particularly 
noteworthy, considering the low rate of DAPT continuation beyond 12 
months, which was in accordance with current guidelines.(25, 26) In fact, 
the rate of DAPT use at 2-year follow-up (6.9%) was much lower than that 
of several European DES trials in all comer populations, such as LEADERS 
(23%),(10, 27) RESOLUTE All Comers (18%),(9) and COMPARE (13%),(5) and 
some US DES trials in patients with somewhat less complex coronary disease, 
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such as SPIRIT IV (69%)(8, 28) and RESOLUTE US (67%).(29, 30) Hence, TWENTE 
provides interesting safety information on stringent discontinuation of DAPT 
at 1 year following PCI in a study population with many complex patients 
and lesions treated with Resolute ZES and Xience V EES implantation. 

Limitations. This prospective, randomized, single-center trial was 
performed in a high-volume tertiary center by experienced operators, 
who applied relatively uniform procedural strategies. For that reason, 
generalization of the study results to other clinical settings may be limited. In 
addition, conclusions do not apply to STEMI patients requiring primary PCI, 
as this patient subset was not assessed in the TWENTE trial. The subgroup 
analysis was not pre-specified. However, to avoid any subjective post hoc 
selection, we used the same subgroups as RESOLUTE All Comers(31) and the 
1-year analysis of the TWENTE trial.(3)

Conclusion. After 2 years of follow-up and stringent discontinuation of 
DAPT beyond 1 year, Resolute ZES and Xience V EES showed similar results in 
terms of safety and efficacy for treating real-world patients with a majority 
of complex lesions and off-label indications for DES. 



104

References
1.   Stone GW, Midei M, Newman W, et al. Comparison of an everolimus-eluting stent and 

a paclitaxel-eluting stent in patients with coronary artery disease: A randomized trial. 
JAMA. 2008;299:1903-13. 

2.   Meredith IT, Worthley S, Whitbourn R, et al. Clinical and angiographic results with the 
next-generation resolute stent system: A prospective, multicenter, first-in-human trial. 
JACC Cardiovasc Interv. 2009;2:977-85. 

3.   von Birgelen C, Basalus MW, Tandjung K, et al. A randomized controlled trial in second-
generation zotarolimus-eluting resolute stents versus everolimus-eluting xience V stents in 
real-world patients: The TWENTE trial. J Am Coll Cardiol. 2012;59:1350-61. 

4.   Sen H, Tandjung K, Basalus MW, et al. Comparison of eligible non-enrolled patients and 
the randomised TWENTE trial population treated with resolute and xience V drug-eluting 
stents. EuroIntervention. 2012;8:664-71. 

5.   Smits PC, Kedhi E, Royaards KJ, et al. 2-year follow-up of a randomized controlled trial of 
everolimus- and paclitaxel-eluting stents for coronary revascularization in daily practice. 
COMPARE (comparison of the everolimus eluting XIENCE-V stent with the paclitaxel 
eluting TAXUS LIBERTE stent in all-comers: A randomized open label trial). J Am Coll 
Cardiol. 2011;58:11-8. 

6.   Jensen LO, Thayssen P, Christiansen EH, et al. 2-year patient-related versus stent-related 
outcomes: The SORT OUT IV (scandinavian organization for randomized trials with clinical 
outcome IV) trial. J Am Coll Cardiol. 2012;60:1140-7. 

7.   Byrne RA, Kastrati A, Massberg S, et al. Biodegradable polymer versus permanent 
polymer drug-eluting stents and everolimus- versus sirolimus-eluting stents in patients with 
coronary artery disease: 3-year outcomes from a randomized clinical trial. J Am Coll 
Cardiol. 2011;58:1325-31. 

8.   Stone GW, Rizvi A, Sudhir K, et al. Randomized comparison of everolimus- and 
paclitaxel-eluting stents. 2-year follow-up from the SPIRIT (clinical evaluation of the 
XIENCE V everolimus eluting coronary stent system) IV trial. J Am Coll Cardiol. 2011;58:19-
25. 

9.   Silber S, Windecker S, Vranckx P, Serruys PW, RESOLUTE All Comers investigators. 
Unrestricted randomised use of two new generation drug-eluting coronary stents: 
2-year patient-related versus stent-related outcomes from the RESOLUTE all comers trial. 
Lancet. 2011;377:1241-7. 

10.   Wykrzykowska J, Serruys P, Buszman P, et al. The three year follow-up of the randomised 
“all-comers” trial of a biodegradable polymer biolimus-eluting stent versus permanent 
polymer sirolimus-eluting stent (LEADERS). EuroIntervention. 2011;7:789-95. 

11.   Basalus MW, Tandjung K, van Houwelingen KG, et al. TWENTE study: The real-world 
endeavor resolute versus xience V drug-eluting stent study in twente: Study design, 
rationale and objectives. Neth Heart J. 2010;18:360-4. 

12.   Cutlip DE, Windecker S, Mehran R, et al. Clinical end points in coronary stent trials: A 
case for standardized definitions. Circulation. 2007;115:2344-51. 

13.   Vranckx P, Cutlip DE, Mehran R, et al. Myocardial infarction adjudication in 
contemporary all-comer stent trials: Balancing sensitivity and specificity. addendum to 
the historical MI definitions used in stent studies. EuroIntervention. 2010;5:871-4. 

14.   Udipi K, Melder RJ, Chen M, et al. The next generation endeavor resolute stent: Role of 
the BioLinx polymer system. EuroIntervention. 2007;3:137-9. 

15.   Joner M, Nakazawa G, Finn AV, et al. Endothelial cell recovery between comparator 
polymer-based drug-eluting stents. J Am Coll Cardiol. 2008;52:333-42. 

16.   Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents versus standard stents in 
patients with stenosis in a native coronary artery. N Engl J Med. 2003;349:1315-23. 

17.   Morice MC, Serruys PW, Sousa JE, et al. A randomized comparison of a sirolimus-eluting 
stent with a standard stent for coronary revascularization. N Engl J Med. 2002;346:1773-
80. 

18.   Kastrati A, Mehilli J, Pache J, et al. Analysis of 14 trials comparing sirolimus-eluting stents 



105

with bare-metal stents. N Engl J Med. 2007;356:1030-9. 
19.   Joner M, Finn AV, Farb A, et al. Pathology of drug-eluting stents in humans: Delayed 

healing and late thrombotic risk. J Am Coll Cardiol. 2006;48:193-202. 
20.   Nakazawa G, Finn AV, Joner M, et al. Delayed arterial healing and increased late stent 

thrombosis at culprit sites after drug-eluting stent placement for acute myocardial 
infarction patients: An autopsy study. Circulation. 2008;118:1138-45. 

21.   Cook S, Ladich E, Nakazawa G, et al. Correlation of intravascular ultrasound findings 
with histopathological analysis of thrombus aspirates in patients with very late drug-
eluting stent thrombosis. Circulation. 2009;120:391-9. 

22.   Onuma Y, Serruys PW, Kukreja N, et al. Randomized comparison of everolimus- and 
paclitaxel-eluting stents: Pooled analysis of the 2-year clinical follow-up from the SPIRIT II 
and III trials. Eur Heart J. 2010;31:1071-8. 

23.   Baber U, Mehran R, Sharma SK, et al. Impact of the everolimus-eluting stent on stent 
thrombosis: A meta-analysis of 13 randomized trials. J Am Coll Cardiol. 2011;58:1569-77. 

24.   Palmerini T, Kirtane AJ, Serruys PW, et al. Stent thrombosis with everolimus-eluting stents: 
Meta-analysis of comparative randomized controlled trials. Circ Cardiovasc Interv. 
2012;5:357-64. 

25.   Task Force on Myocardial Revascularization of the European Society of Cardiology 
(ESC) and the European Association for Cardio-Thoracic Surgery (EACTS), European 
Association for Percutaneous Cardiovascular Interventions (EAPCI), Wijns W, et al. 
Guidelines on myocardial revascularization. Eur Heart J. 2010;31:2501-55. 

26.   Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/SCAI guideline for 
percutaneous coronary intervention. A report of the american college of cardiology 
Foundation/American heart association task force on practice guidelines and 
the society for cardiovascular angiography and interventions. J Am Coll Cardiol. 
2011;58:e44-122. 

27.   Windecker S, Serruys PW, Wandel S, et al. Biolimus-eluting stent with biodegradable 
polymer versus sirolimus-eluting stent with durable polymer for coronary revascularisation 
(LEADERS): A randomised non-inferiority trial. Lancet. 2008;372:1163-73. 

28.   Stone GW, Rizvi A, Newman W, et al. Everolimus-eluting versus paclitaxel-eluting stents in 
coronary artery disease. N Engl J Med. 2010;362:1663-74. 

29.   Mauri L, Belardi J, Silber S, et al. Duration of dual antiplatelet therapy after drug-eluting 
stent treatment by geographic region. J Am Coll Cardiol. 2012;59:E267-E267. 

30.   Yeung AC, Leon MB, Jain A, et al. Clinical evaluation of the resolute zotarolimus-eluting 
coronary stent system in the treatment of de novo lesions in native coronary arteries: The 
RESOLUTE US clinical trial. J Am Coll Cardiol. 2011;57:1778-83. 

31.   Serruys PW, Silber S, Garg S, et al. Comparison of zotarolimus-eluting and everolimus-
eluting coronary stents. N Engl J Med. 2010;363:136-46. 



106

Figure 1. Study flow diagram.
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Figure 2.  Kaplan-Meier for Primary Endpoint and the Individual Components of the 
Primary Endpoint.
Kaplan-Meier cumulative incidence curves at 2 year for the primary endpoint, a 
composite of cardiac death, target-vessel-related myocardial infarction, or target-
vessel revascularization (A); cardiac death (B); myocardial infarction (C); and 
target-vessel revascularization (D) for the zotarolimus-eluting Resolute stent and the 
everolimus-eluting Xience V stent
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Figure 3. Subgroup analysis: Target-vessel failure at 2 year.
Target-vessel failure is a composite of cardiac death, target-vessel myocardial 
infarction, or clinically driven target-vessel revascularization. NSTEMI: non–ST-segment
elevation myocardial infarction; PCI: percutaneous coronary intervention.

Figure 4. Cumulative Incidence of Definite or Probable Stent Thrombosis in 2 year.



110

 Variable
Total popu-

lation
(N = 1391)

Zotarolim-
us-eluting 

stent 
(N= 697)

Evorolim-
us-eluting 

stent 
(N= 694)

p 
Value

Age  (yrs ) 64.2 (10.8) 63.9 (10.9) 64.5 (10.7) 0.32
Men 1009 (72.5) 505 (72.5) 504 (72.6) 0.94
Diabetes mellitus (any) 301 (21.6) 158 (22.7) 143 (20.6) 0.35
Chronic renal failure * 38 (2.7) 19 (2.7) 19 (2.7) 0.99
Arterial hypertension 773 (55.6) 386 (55.4) 387 (55.8) 0.89

Hypercholesterolaemia 803/1357 
(59.2)

392/688 
(57.0)

411/669 
(61.4) 0.10

Current smoker 340 (24.4) 176 (25.3) 164 (23.6) 0.48

Family history of CAD 740/1309 
(53.2)

370/660 
(53.1)

370/649 
(53.3) 0.73

Previous myocardial infarction 
(any) 450 (32.4) 213 (30.6) 237 (34.1) 0.15

Previous PCI 288 (20.7) 139 (19.9) 149 (21.5) 0.48
Previous CABG 148 (10.6) 68 (9.8) 80 (11.5) 0.28
Stable angina pectoris 674 (48.5) 335 (48.1) 339 (48.8) 0.47
Acute coronary syndrome 717 (51.5) 362 (51.9) 355 (51.2) 0.47
Unstable angina 325 (23.4) 172 (24.7) 153 (22.0) 0.47
Non-ST-elevation MI 392 (28.2) 190 (27.3) 202 (29.1) 0.47
Multivessel treatment 336 (24.2) 174 (25.0) 162 (23.3) 0.48
Total no lesions treated 
per patient 0.49

One lesion treated 857 (61.6) 422 (60.5) 434 (62.7)

Two lesions treated 393 (28.3) 198 (28.4) 195 (28.1)

Three of more
lesions treated 141 (10.1) 77 (11.0) 64 (9.2)

At least one off label indication § 1077 (77.4) 547 (78.5) 530 (76.4) 0.35

Total number of lesions treated 2116 1080 1036

No• of stents implanted (mean, 
SD) Per lesion 1.33 (0.62) 1.31 (0.59) 1.35 (0.64) 0.09

Total stent length (mm) Per lesion 
(mean, SD) 26.9 (15.69) 27.00 

(15.39)
26.85 

(16.00) 0.83

Direct stenting 824 (38.9) 416 (38.5) 408 (39.4) 0.68

ACC-AHA lesion class 0.90
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A 154 (7.3) 77 (7.1) 77(7.5)

B1 478 (22.6) 241 (22.3) 237 (22.9)

B2 678 (32.0) 342 (31.7) 336 (32.4)

C 806 (38.1) 420 (38.9) 386 (37.3)

Bifurcated lesion 518 (24.5) 258 (23.9) 260 (25.1) 0.59
Thrombus present† 71 (3.4) 33 (3.1) 38 (3.7) 0.43
Chronic total occlusion 100 (4.7) 53(4.9) 47 (4.5) 0.69

Table 1. Baseline characteristics of patients
Data are number (%) or mean (SD). BMI = body mass index. CAD = coronary artery 
disease. PCI = percutaneous coronary intervention. CABG = coronary artery bypass 
grafting. MI = myocardial infarction. CTO = chronic total occlusion. RVD = reference 
vessel diameter.
* chronic renal failure defined by serum creatinine level ≥ 130 µmol/L
† left ventricular ejection fraction assessed with ultrasound, MRI or LV angiography.
‡ including chronic total occlusion, but not grafts and in-stent restenosis
§ off label stent use includes renal insufficiency, an ejection fraction of less than 30%, 
the occurrence of acute myocardial infarction within the previous 72 hours, more 
than one lesion per vessel, at least two vessels with stents, a lesion measuring more 
than 27 mm, bifurcation, bypass grafts, in-stent restenosis, unprotected left main 
artery, lesions with thrombus, or total occlusion. † thrombus triggering use of trombus 
aspiration catheters
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Zotarolimus-
eluting 

Resolute 
stent

(N= 695)

Everolimus-
eluting 

Xience V 
stent 

(N= 692)

Difference
(95% CI) p Value

Target-vessel failure 75 (10.8) 80 (11.6) -0.8 (-4.1 to 2.6) 0.65

Death

Any cause 29 (4.2) 33 (4.8) -0.6 (-2.8 to 1.6) 0.59

Cardiac cause 11 (1.6) 19 (2.7) -1.2 (-2.7 to 0.4) 0.14

Target-vessel-related MI

Any 37 (5.3) 39 (5.6) -0.3 (-2.7 to 2.1) 0.80

Q-wave 8 (1.2) 9 (1.3) -0.2 (-1.3 to 1.0) 0.80

Non-Q-wave 29 (4.2) 30 (4.3) -0.2 (-2.3 to 2.0) 0.88

Clinically indicated TVR

Any 39 (5.6) 35 (5.1) 0.6 (-1.8 to 2.9) 0.65

Percutaneous 32 (4.6) 28 (4.0) 0.6 (-1.6 to 2.7) 0.61

Surgical 8 (1.2) 8 (1.2) 0.0 (-1.1 to 1.1) 0.99

Target-lesion failure 73 (10.5) 68 (9.8) 0.7 (-2.5 to 3.9) 0.68

Clinically indicated TLR

Any 34  (4.9) 18 (2.6) 2.3 (0.3 to 4.3) 0.03

Percutaneous 28 (4.0) 13 (1.9) 2.2 (0.4 to 3.9) 0.02

Surgical 7 (1.0) 6 (0.9) 0.1 (-0.9 to 1.2) 0.79

Death from cardiac causes or 
target-vessel MI 46 (6.6) 53 (7.7) -1.0 (-3.8 to 1.7) 0.45

Major adverse cardiac events 90 (12.9) 82 (11.8) 1.1 (-2.4 to 4.6) 0.53

Patient-oriented composite 
end-point 114 (16.4) 118 (17.1) -0.7 (-4.6 to 3.3) 0.75

Definite ST 
(0-720 days) 6 (0.9) 1 (0.1) 0.7 (-0.0 to 1.5) 0.12

Definite or probable ST 
(0-720 days) 8 (1.2) 10 (1.4) -0.3 (-1.5 to 0.9) 0.63

Definite, probable or possible ST 
(0-720 days) 14 (2.0) 20 (2.9) -0.9 (-2.5 to 0.8) 0.29

Very late definite or probable ST 
(361-720) 2 (0.3) 2 (0.3) 0 (-0.6 to 0.6) 1.00

Table 2. Two-year clinical outcome.
Data are number of patients (%). MI = myocardial infarction. TVR = target-vessel 
revascularization. TLR = target- lesion revascularization. ST = stent thrombosis. 
Major adverse cardiac events is a composite of all cause death, any myocardial 
infarction, emergent coronary-artery bypass surgery or clinically indicated target-
lesion revascularization. Patient-oriented composite end-point is a composite of 
endpoint of all cause death, any myocardial infarction or any revascularization. 
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Zotarolimus-
eluting 

Resolute 
stent

Everolimus-
eluting 

Xience V 
stent

Difference
(95% CI)

p 
Value

Target-vessel failure 2.9 (18/631) 3.8 (24/632) -0.9 (-2.9 to 1.0) 0.35

Death

Any cause 2.1 (14/680) 2.8 (19/678) -0.7 (-2.4 to 0.9) 0.37

Cardiac cause 0.6 (4/680) 1.3 (9/678) -0.7 (-1.8 to 0.3) 0.16

Target-vessel-related MI 0.8 (5/649) 1.1 (7/650) -0.3 (-1.4 to 0.7) 0.56

Clinically indicated TVR 2.4 (16/657) 2.4 (16/659) 0.00 (-1.7 to 1.7) 0.99

Target-lesion failure 2.8 (18/633) 3.3 (21/641) -0.4 (-2.3 to 1.5) 0.65

Clinically indicated TLR 2.3 (15/661) 1.2 (8/668) 1.1 (-0.3 to 2.5) 0.13

Major adverse cardiac events 4.5 (28/625) 4.9 (31/630) -0.4 (-2.8 to 1.9) 0.71

Patient-oriented composite end-point 6.0 (37/617) 7.4 (46/619) -1.4 (-4.2 to 1.4) 0.31

Very late stent thrombosis 
(361-720)

Definite 0.3 (2/677) 0.1 (1/678) 0.2 (-0.4 to 0.7) 0.62

Definite or probable 0.3 (2/677) 0.3 (2/674) 0.00 (-0.6 to 0.6) 1.00

Definite, probable, or possible 0.6 (7/675) 1.5 (10/674) -0.9 (-2.0 to 0.2) 0.11

Table 3. Outcome differences between 1 and 2 years 
Data are presented as percentages (number of patients). MI = myocardial 
infarction. TVR = target-vessel revascularization. TLR = target-lesion revascularization. 
ST = stent thrombosis. Major adverse cardiac events is a composite of all cause 
death, any myocardial infarction, emergent coronary-artery bypass surgery or 
clinically indicated target-lesion revascularization. Patient-oriented composite end-
point is a composite of endpoint of all cause death, any myocardial infarction or 
any revascularization. 
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Zotarolim-
us-eluting 
Resolute 

stent

Everolim-
us-eluting 
Xience V 

stent

p Value

At Baseline N=697 N=694

Acetylsalicylic acid  * 688 (98.7) 692 (99.7) 0.04

Clopidogrel 697 (100) 694 (100) 1.00

DAPT 688 (98.7) 692 (99.7) 0.04

At 1-Year Follow-up N=680 N=678

Acetylsalicylic acid 635 (93.4) 628 (92.6) 0.59

Clopidogrel
Stopped after one year
Continued after one year
Less than one year

615 (90.4)
52 (7.7)
13 (1.9)

633 (93.4)
37 (5.5)
8  (1.2)

0.14

DAPT
        Stopped after one year
        Continued after one year
        Less than one year

578 (85.0)
45 (6.6)
57 (8.4)

593 (87.5)
28 (4.1)
57 (8.4)

0.13

At 2-Year Follow-up N=662 N=650

Acetylsalicylic acid 606 (91.5) 599 (92.2) 0.69

Clopidogrel 64 (9.7) 51 (7.8) 0.24

DAPT 51 (7.7) 40 (6.2) 0.27

Table 4. Acetylsalicylic acid, clopidogrel, and dual anti-platelet therapy usage. 
Data are number of patients (%). DAPT = Acetylsalicylic acid and clopidogrel 
*No Acetylsalicylic acid was used due to allergic reactions or concommitant vitamin 
K antagonist usage.
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Indication 
for PCI

Days to
ST

after PCI

Days after DAPT 
discontinuation

to event
Target 
Vessel

Clinical 
event after

ST

Anti-plate-
let 

therapy use 
at event

Resolute

Probable Stable 
angina 0 N.A. RCX, 

LAD MI On DAPT
(A+C)

Definite Unstable 
angina 5 N.A. LAD, 

RCA Death On DAPT
(A+C)

Definite Stable 
angina 54 N.A. RCA, 

LAD MI, TLR On DAPT
(A+C)

Definite Stable 
angina 205 N.A. RCX MI, TLR On DAPT

(A+C)

Definite NSTEMI 245 245* RCA MI, TLR Off DAPT
(C+VKA)

Probable Stable 
angina 357 N.A. RCX MI On DAPT

(A+C)

Definite Unstable 
angina 563 198 RCA MI, TLR Off DAPT

(A)

Definite NSTEMI 715 351 RCA, 
LAD MI, TLR Off DAPT

(A)

Xience V

Probable NSTEMI 0 N.A.
Vein-
graft, 
RCA

MI On DAPT
(A+C+VKA)

Probable Unstable 
angina 0 N.A. RCA MI On DAPT

(A+C)

Probable Stable 
angina 1 N.A. RCX, 

LAD MI On DAPT
(A+C)

Probable NSTEMI 3 N.A. LAD Death On DAPT
(A+C)

Probable NSTEMI 5 N.A. RCA, 
LAD Death On DAPT

(A+C)

Probable Stable 
angina 8 N.A. RCX Death On DAPT

(A+C)

Probable Unstable 
angina 28 1 RCA MI Off DAPT

(C+VKA)

Probable NSTEMI 136 136† LAD MI, Death Off DAPT
(A)

Definite Stable 
angina 444 79 RCX, 

LAD
MI, throm-
bus aspira-

tion
Off DAPT

(A)

Probable Stable 
angina 611 246 RCA TVR, MI Off DAPT

(A)

Table 5.  Definite-or-probable stent thrombosis details. 
VKA = vitamin K antagonist. DAPT = Acetylsalicylic acid  and clopidogrel 
*From day 0 on therapy with VKA + clopidogrel due to allergy for acetylsalicylic acid. 
† From day 0 only acetylsalicylic acid for unknown reason.



116



117

Chapter 6
Effect of Oversized Partial Postdilatation 
on Coatings of Contemporary Durable 
Polymer-Based Drug-Eluting Stents: A 
Scanning Electron Microscopy Study 

Mounir W.Z. Basalus MDa,  Kenneth Tandjung MDa,  Aart A. van Apeldoorn 
PhDb,  Marc J.K. Ankone  MScb, Clemens von Birgelen MD PhDa,b

aDepartment of Cardiology, Thoraxcentrum Twente, Enschede; 
b MIRA – Institute for Biomedical Technology and Technical Medicine, 
University of Twente, Enschede, the Netherlands

Reprinted with permission from 
Journal of Interventional Cardiology 2011;24:149–161
©2010, Wiley Periodicals, Inc.



118

 



119

Abstract

Background. Oversized DES postdilation is often performed to avoid 
stent malapposition. In stents implanted in long lesion or major bifurcations, 
extremely oversized partial postdilation may be required, which exposes DES 
coating to extreme forces.  This study aims to assess shape and incidence 
of coating irregularities on durable polymer-based drug-eluting stents (DES) 
following extremely oversized partial post-dilatation. 

Methods. Fifteen DES samples (3 3.5 mm stents of Cypher Select plus 
[Cordis Europa, Roden, the Netherlands], Taxus Liberté[Boston Scientific 
Corp., Natick, MA, USA], Endeavor Sprint [Medtronic Vascular, Santa Rosa, 
CA, USA], Endeavor Resolute [Medtronic Vascular, Santa Rosa, CA, USA], 
and Xience V [Abbott Vascular, Santa Clara, CA, USA]) were deployed 
in sterile water (37 °C) at 14 atm, followed by a proximal postdilation with 
noncompliant 5.0-mm balloons at 18 atm. Stents were then examined with 
scanning electron microscopy.

Results. Thorough examination of a total of 660 scanning electron 
microscopic images demonstrated that shape and incidence of coating 
irregularities in the postdilated and/or transitional DES regions differed only 
mildly from the non-postdilated regions. Cypher Select plus showed more 
peeling without bare metal aspect in the postdilated and transitional 
regions, and cracks were wider (p<0.001) in the postdilated and transitional 
regions; in Taxus Liberté one additional irregularity (torn webbing) and 
more wrinkles were observed (p<0.05, for both); in Endeavor Resolute wider 
cracks were found in the extremely postdilated region only (p<0.001). 
Endeavor Sprint and Xience V showed no differences in shape or incidence 
of coating irregularities between oversized and non-oversized stent regions.

Conclusions. Bench side assessment of five contemporary durable 
polymer-based DES with scanning electron microscopy suggests that even 
very aggressive stent postdilatation does not result in a significant increase 
in the incidence of coating irregularities.  
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Introduction

Initially after the publication of the early beneficial drug-eluting stent (DES) 
data1-3, the importance of postdilatations for the result of percutaneous 
coronary interventions (PCI) with DES implantation was underestimated.4 
Meanwhile, DES underexpansion and malapposition were found to be 
associated with unfavorable outcome, that is restenosis5-7 and stent 
thrombosis.8-12 As a consequence, the importance of DES postdilatation 
is nowadays increasingly recognized which is reflected in current clinical 
practice.4 In both, long lesions and lesions involving major bifurcations, 
complete DES apposition may be particularly difficult because of significant 
vessel tapering along the stented segment. In this setting, oversized 
postdilatation of the proximal part of the stent will generally be mandatory 
to assure complete stent apposition. Such postdilatation maneuvers may 
subject DES coatings to variable shear and traction forces, which may vary 
widely between DES with different coatings and stent designs.13

Therefore, we examined in the present study the morphology of the 
coatings of five contemporary durable polymer-based DES after vigorous 
oversized partial postdilatation, which is supposed to expose DES coatings 
to particularly high stress.14

Methods

DES samples examined.  We examined 5 types of DES which all 
share the presence of a durable-polymer component. A total of 15 DES 
samples were examined: 3 Cypher Select plus (Cordis Europa, Roden, the 
Netherlands), 3 Taxus Liberté (Boston Scientific Corp., Natick, MA, USA), 3 
Endeavor Sprint (Medtronic Vascular, Santa Rosa, CA, USA), 3 Endeavor 
Resolute (Medtronic Vascular, Santa Rosa, CA, USA), and 3 Xience V 
(Abbott Vascular, Santa Clara, CA, USA). Stent dimensions were 3.5 × 23 
mm for Cypher Select plus and Xience V and 3.5 × 24 mm for Taxus Liberté, 
Endeavor Sprint, and Endeavor Resolute. 

Cypher Select plus is based on a stainless steel platform (strut 
thickness 140µm) covered with a primer layer of paralyne C and a main 
coating layer made of polyethylene-co-vinyl acetate (PEVA) and poly 
n-butyl methacrylate (PBMA) and Sirolimus.15 Taxus Liberté is based on the 
stainless steel Liberté  bare metal platform (strut thickness 97µm) coated 
with a 17.8µm thick layer of SIBS(styrene-b-isobutylene-b-styrene) polymer 
and Paclitaxel.16 Endeavor Sprint is based on a cobalt-chromium stent 
platform (Driver; strut thickness 91µm) covered by a 4.8µm thick coating 
of phosphorylcholine (10%) and Zotarolimus (90%).17 Endeavor Resolute is 
also based on the Driver platform, covered by a 5.6 µm thick (information 
from manufacturer) coating of Biolinx polymer and Zotarolimus.18 Xience V 
is based on a cobalt-chromium stent platform (Vision, strut thickness 81µm) 
covered by a 7.8µm thick layer of fluoropolymer and Everolimus.19 

DES expansion protocol. All stents (sterile packed; expiration date 
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not passed) were expanded at 14atm by an interventional cardiologist 
under sterile conditions in a sterile water bath at 37ºC. Stents were 
expanded in a straight fashion (Figure 1A,1B). As previously described,13 
the proximal part of each DES sample was then postdilated with 5.0/12mm 
non-compliant balloon catheters (Quantum Maverick Monorail; Boston 
Scientific Corp., Natick, MA, USA) at 18atm. A single oversized postdilatation 
was applied in a straight fashion (Figure 1C,1D). An example of stent final 
configuration is presented in Figure 2. All DES were consecutively dried 
under laminar airflow. Stent expansion, drying, and examination of the 
samples were performed at the University of Twente in Enschede at an 
experimental laboratory under laminar airflow (being almost free from dust). 

Scanning electron microscopic analysis. SEM imaging was 
performed with a Phillips XL30 scanning electron microscope (Phillips, 
Eindhoven, the Netherlands), as previously described.20 As in previous 
studies20;21, all DES samples remained untreated (i.e., no spraying of gold 
layer) to avoid artifacts, and a 1KeV-protocol was applied (average 
working distance 10mm; range 6-12mm sample dependent). 

Exploratory assessment. To identify, locate, and characterize 
suspected irregularities, and to examine the distribution of coating 
irregularities one sample of each DES type was fully scanned with SEM. 
Scanning was performed at 50-fold to 60-fold magnification. Coating 
irregularities that were detected during exploratory assessment were further 
examined at 200-fold to 500-fold magnification in order to compare them 
with previously described DES coating irregularities 20-23 and to identify 
potential new types of coating irregularities.   

Measuring incidence of coating irregularities in different DES regions. 
The DES surface was thoroughly scanned on 15 stent samples (3 of each 
DES type), generally using a 60-fold magnification (range: 50-fold to 70-
fold; quantitative analyses were normalized for a 60-fold magnification as 
previously described); care was taken to avoid overlap between scanned 
areas. 20 Forty-four  SEM images  were randomly selected in each single 
stent sample for further quantitative analysis. Randomization was performed 
by means of separate randomization tables for each of the three 
predefined stent regions. This resulted in a total of 660 SEM images that were 
carefully examined to determine the incidence of all predefined coating 
irregularities on the various DES types.

Equal numbers of SEM images were prospectively taken from 3 
different regions of each DES: (1) non-postdilated region only subjected 
to the 14atm expansion pressure; (2) postdilated region subjected to 
both 14atm implantation pressure plus postdilatation with a 5.0/12mm 
noncompliant balloon at 18atm; and (3) the transition between the two 
aforementioned regions in which the stent diameter showed a gradual 
decline (Figure 2). The frequency of each irregularity was presented as 
frequency per image field at 60-fold magnification. Postdilatation results in 
an increased stent lumen with increased space between adjacent stent 
struts. As a consequence, SEM-images of the postdilated region, taken with 
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an identical magnification (i.e., an identical size of the image field) as the 
images of the non-postdilated region, display less struts per image field. This 
would lead to underestimation of polymer irregularities, if not normalized. For 
that reason and to allow comparison between the 3 different stent regions, 
we normalized data from the postdilated and transitional regions for the 
non-postdilated situation. Normalization, based on strut area measurements 
in 150 SEM images (i.e., 30 images per DES type), was performed individually 
for each DES type and for both postdilated and transitional regions. As 
a consequence, frequency data of each irregularity are presented as 
frequency per image field at 60-fold magnification, normalized for the non-
postdilated situation (normalization applied to postdilated and transitional 
regions only). 

Data analysis and statistics: Data are presented as a mean ±1SD. In 
each DES type, the incidence of various DES irregularities in the 3 different 
regions was compared with the Kruskal-Wallis test. In case of significant 
difference, a Mann-Whitney test was subsequently performed to pairwise 
compare individual stent regions (for each of the 3 possible comparison). 
While P-values <0.05 were generally considered significant, Bonferroni 
correction was applied for multiple testing. Statistical analyses were 
performed with the software of SPSS version 15.0 (SPSS Inc., Chicago, IL).

 

Results

SEM exploration of coating irregularities. We recognized the 
presence of various coating irregularities in all three stent regions 
(postdilated, transitional, and non-postdilated) examined. SEM exploration 
of DES samples demonstrated the presence of various coating irregularities. 
These irregularities (Table 1; Figures 3,4, and 5) were greatly similar to DES 
coating irregularities as previously described by our group.14;20 In general, 
there were no differences in the aspect of irregularities as observed in the 
different stent regions; however there were two exceptions: (1) cracks on 
the surface of the postdilated and transitional regions of Endeavor Resolute 
(Figure 4E, 4F) and Cypher Select plus (Figure 5E,5F) appeared somewhat 
wider compared to cracks in the non-oversized stent regions; (2) in the 
post-dilated and transitional region of Taxus Liberté a novel irregularity was 
observed, torn webbing of the polymer coating (Figure 3G and 3H). 

SEM quantification of coating irregularities. The incidence of different 
irregularities in each region of the examined stents is presented in Tables 
2-5 (data based on total of 660 non-overlapping images). Between the 
three regions, there were only few significant differences: (1) Cypher Select 
plus showed more peeling without bare metal aspect (Figure 5A) in the 
postdilated region vs. the non-oversized region (2) Taxus Liberté showed 
more wrinkles in the postdilated and transitional regions vs. the non-
oversized region (Figure 3C and 3D); (3) in Taxus Liberté, torn webbing was 
found in the postdilated and transitional regions only.



123

In Cypher Select plus, cracks were wider in the transitional and 
the postdilated regions versus the non-postdilated region ( 15.1±5.3µm 
vs.7.6±2.7µm;p<0.01). In Endeavor Resolute measurement of the diameter 
of cracks confirmed the observed mild difference in crack size between 
the postdilated and transitional regions versus the non-postdilated region 
(8.3±2.8µm vs. 6.1±3µm; p=0.022). 

Discussion

Postdilatation of DES is frequently indicated in clinical practice 
4;24-26 and may be particularly important in the setting of significant 
vessel tapering, long lesions, calcified stenoses, or stenting across major 
bifurcations.27 While the postdilatation of a bare metal stents involves an 
interaction between balloon and bare metal stent only, DES postdilatation 
implies potential interactions between balloon and both, bare metal stent 
platform and DES coating. The consequences of DES postdilatation for 
the coating are greatly unknown and may differ between various DES 
types, depending on coating materials and stent platforms. Homogenous 
oversized postdilatation of DES results in circumferential stent expansion with 
subsequent stress on the coating. 

Partial oversized postdilatation leads to additional longitudinal 
forces just distal tot the postdilated region (transitional region),13 which 
will expose the coating to even higher stress. In the present study, we 
therefore used this extreme, yet realistic, scenario of such partial oversized 
postdilatation (approximately 135% oversizing compared to nominal 
diameter) to expose DES coatings to maximum stress. As shown by our SEM 
examination in five contemporary durable polymer-based DES, even such 
aggressive postdilatation resulted in no more than mild differences in the 
incidence and shape of coating irregularities between postdilated and 
non-postdilated stent regions. 

SEM assessment of DES coating irregularities. SEM is an imaging 
technique that depicts fine details of small samples with a very high 
resolution, which has previously been used for qualitative 21-23 and 
quantitative 20 assessment of DES coating irregularities. Our group previously 
examined homogeneously expanded DES with SEM and suggested a SEM-
based classification of coating irregularities, used in the present study. 20 
The characteristic coating irregularities with typical patterns for individual 
DES types as described in our previous work 20 were also recognized by the 
present SEM examinations. 

In our present study, coating irregularities in the extremely oversized 
postdilated regions differed only little from those in the non-postdilated 
regions. A possible explanation for these findings is that the examined 
DES polymers may be either durable enough to withstand aggressive 
postdilatation or relatively fragile which leads to abrasion of coating in the 
balloon-stent contact zone already during initial deployment.
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SEM demonstrated in overstretched Taxus Liberté more wrinkles and 
one novel coating irregularity, torn webbing; and in overstretched Cypher 
Select plus and Endeavor Resolute there were wider cracks. These findings 
can be interpreted as consequence of the increase in size of stent cells and 
the stretch upon bends of the stent struts. 

Previous studies of DES coating irregularities generally examined 
DES after homogeneous expansion, i.e. the whole stent was deployed 
either to the size of the nominal diameter23 or with very mild overstretch.20 
Ormiston and coworkers previously underlined the importance of studying 
DES coatings after extremely oversized DES postdilatation 22, but so far there 
were no quantitative data available on extremely oversized postdilation of 
DES. 

To the best of our knowledge, the present study is the first to report 
quantitative SEM data on direct comparisons between different regions of 
the same durable polymer-based DES following exposure to different forces 
during deployment and/or postdilation. While our data suggest that the 
coating of durable polymer-based DES does not deteriorate much, DES with 
abluminal biodegradable coating may be less resistant to such extreme 
postdilatation maneuvers. 21 Totally bioabsorbable stents are subject 
of ongoing research and development 28;29, in which insights from SEM 
examination may also be valuable.

Implications. The absence of critical changes in DES coatings 
after aggressive postdilation at bench side suggests that postdilatation in 
the clinical setting may hardly affect these durable polymer-based DES 
coatings. 

Limitations. The present in-vitro data should be interpreted cautiously 
as bench side studies cannot exactly mimic conditions in vivo and the 
clinical relevance of DES coating irregularities is not established yet. 
Nevertheless, we feel that meticulous SEM examinations are important 
because they add valuable information to the overall picture of a DES and 
may help to interpret clinical data.14 Expansion in water followed by drying 
could theoretically have affected the more hydrophilic DES coatings (e.g. 
aggravate some coating irregularities); and findings may be somewhat 
different in small DES (e.g. in DES with a diameter 2.25 to 3.0 mm). As in 
previous studies, DES were not implanted in vessels or vascular phantoms 20-23 
,which avoided additional defects that could have resulted from scratching 
DES along (calcified) vessel walls30;31 or from regaining DES out of vascular 
phantoms or specimens. Moreover, the use of a standard vessel phantom 
could have limited significant partial DES oversizing, while stent oversizing 
was critically important for this study protocol. 

Conclusions. Bench side assessment of five contemporary durable 
polymer-based DES with scanning electron microscopy suggests that even 
very aggressive stent postdilatation does not result in a significant increase 
in the incidence of coating irregularities. 
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Figure 1. DES postdilatation (example of Cypher Select stent): 
A) Photograph of DES after expansion at 14 atm; B) high resolution radiographic 
image of A; C) photograph of partial proximal postdilatation with 5 mm 
non-compliant balloon at 18 atm; D) high resolution radiographic image of  C. 
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Figure 2. Example of DES configuration after oversized partial 
postdilatation. Micro-computed tomography image (A) indicating 
(from left to right) the location of the non-postdilated, transitional, and 
postdilated DES regions. Scanning electron microscopic images of non-
postdilated (B), transitional (C), and postdilated (D) stent regions.
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Figure 3. SEM images of Xience V and Taxus Liberté. A) Xience V showing wrinkles 
in non-postdilated region. B) Xience V with wrinkles in postdilated region. 
C) Taxus Liberté in non-postdilated region without wrinkles. D) Taxus 
Liberté with wrinkles in non-postdilated region. D) Taxus Liberté with 
wrinkles in postdilated region, *= reduced thickness of coating at strut 
crossing. E-H) Taxus Liberté with webbing with bare-metal exposure in 
non-postdilated region (E), and examples of partially torn webbing in 
transitional region (F), and torn webbing in post-dilated region (G and 
H). # in G= Auricle shaped excess of coating. 
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Figure 4.  SEM images of Endeavor Sprint and Resolute. A) Endeavor Sprint with 
cracks in non-postdilated region. B) Endeavor Sprint with cracks in 
postdilated region. C-D) Very similar incidence of bare metal areas in 
non-postdilated and postdilated regions of Endeavor Sprint, respectively. 
E) Endeavor Resolute with cracks in non-postdilated region. F) Cracks 
and a crater irregularity on postdilated region of Endeavor Resolute. 
G-H) Endeavor Resolute with similar incidence of crater-shaped 

  irregularity in non-postdilated and postdilated regions, respectively. 
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Figure 5.  SEM images of Cypher Select plus. A) Peeling of polymer without bare 
metal aspect. B) Peeling of polymer with bare metal aspect. C) Coarse 
irregular excess of coating. D) Crater lesion. E) Cracks in the non-
postdilated region of Cypher Select plus. F) Cracks in postdilated region 
of Cypher Select plus. The cracks in the postdilated stent region are 
wider than those in the non-postdilated region (see inserts for higher 

  magnification).
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Table 1. Classification of irregularities of durable polymer-based DES coatings
Categories Types  (within individual categories); Figure = typical example 
I.    Irregularities 

with reduced 
thickness of 
coating

IA.    Small or big areas with aspect of bare metal, not fulfilling 
criteria of IB or IC (Figure 4C);  

IB.    Cracks, i.e. sharp-edged coating irregularity extending 
from the surface deep into the coating, sometimes 
with exposure of underlying stent/primer (Figure 4E, 4F, 
5E, 5F) ;  

IC.    Reduced thickness of DES coating at strut crossings (Fig-
ure 3D;*)  

II.  Irregular-
ities with 
increased 
thickness of 
coating

IIA.   “Auricle-shaped” excess of coating (Figure 3G;#)
IIB.    Ridge-shaped excess of coating connecting two facets 

of a strut; 
IIC.    Small rounded structure of excess coating;  
IID.    Coarse irregular excess of coating;

III. Irregularities 
with inho-
mogeneous                
coating 

IIIA.  Crater-shaped irregularity with metal exposure, i.e. cir-
cular or elliptical irregularity with centrally reduced 
thickness of coating (including bare metal areas) and 
increased thickness of coating at the peripheral zone 
(Figure 4H);

IIIB.  Crater-shaped irregularity without metal exposure, i.e. 
circular or elliptical irregularity with centrally reduced 
thickness of coating and increased thickness of coat-
ing at the peripheral zone (Figure 5D);   

IIIC.  Small crater-shaped irregularity, i.e. irregularity with ap-
pearance of punched-out hole;  

IIID.  Wrinkles, i.e. shallow minimal linear irregularities (Figure 
3A, 3B, 3C, 3D);

IIIE.   Flattened coating enclosed between two linear thicken-
ings of coating material; 

IV. Irregularities 
with dis-
placement               
of coating 

IVA.  Webbing with metal exposure (Figure 3E);  
IVB.  Webbing without metal exposure;  
IVC.  Fragments of coating, i.e. mostly detached piece of 

coating which keeps loosely attached to the main 
coating;  

IVD. Torn webbing, i.e. redundant piece of polymer with an 
irregular outer surface indicating rupture of a webbing 
(Figure 3G, 3H); 

IVE. Peeling of polymer without bare metal exposure (Figure 
5A);

IVF. Peeling of polymer with bare metal exposure (Figure 5B);
For irregularities that can be seen in figures of this manuscript, the corresponding 
figure is indicated between brackets; examples of irregularities not shown in figures 
can be found elsewhere (reference 19).
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Abstract

Background: First and second generation drug-eluting stents (DES) differ 
in coating materials, which may have influence on the incidence of 
periprocedural myocardial infarction (PMI).
Objective: To compare the incidence of PMI between first and second 
generation DES, using the current Academic Research Consortium (ARC) 
definition of PMI.
Methods: We assessed 800 patients treated with first (Taxus Liberté or 
Endeavor) or second generation DES (Xience V or Resolute). Each DES 
group consisted of 200 consecutive patients, who were treated during the 
transition from first to second generation DES. Routine peri-interventional 
assessment of cardiac biomarkers was performed to compare the 
incidence of PMI between DES groups according to the updated definition 
by the ARC: 2x upper reference limit of creatine kinase (CK), confirmed by 
CK-MB elevation.
Results: In 800 patients, a total of 1522 DES (363 Taxus; 385 Endeavor; 382 
Xience V; 392 Resolute) were implanted to treat 1232 lesions. Patient 
characteristics did not differ between groups. In patients receiving second 
generation DES more multivessel PCI were performed (p=0.01). The 
overall incidence of PMI was 4.75%. Between first and second generation 
DES, there was no significant difference in PMI (5.5% vs.4.0%; p=0.29). 
In a multivariate analysis, only the total number of stents implanted 
(p<0.001) and presentation with acute coronary syndrome (p=0.02) were 
independent predictors of PMI.
Conclusion: Using the revised ARC definition, we found no significant 
difference in PMI between first and second generation DES. Overall, PMI 
occurred in 4.75%, which is 58% lower than with use of the historical PMI 
definition. 
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Introduction

In clinical studies, the incidence of periprocedural myocardial 
infarction (PMI) is one of the measures to assess the performance of an 
interventional technique and/or device implantation for the treatment 
of significant coronary lesions. The detection of PMI by means of the 
electrocardiogram requires a substantial amount of myocardial necrosis 
while the measurement of cardiac biomarkers is much more sensitive.(1;2) 
All types of percutaneous coronary intervention (PCI) are associated with 
a certain incidence of PMI. Bare metal stents were initially developed to 
treat occlusive coronary dissections following balloon angioplasty which 
prevented severe PMI. While the first generation drug-eluting stents (DES) 
minimized the restenosis problem of the bare metal stents,(3;4) they were 
associated with late and very late stent thrombosis.(5-7) These late coronary 
complications triggered the development of novel “second generation” 
DES with different polymeric DES coatings to improve biocompatibility.(8) As 
recently demonstrated, the surface of first and second generation DES differ 
with regards to the incidence and type of coating irregularities (9) which 
may have implications for DES thrombogenicity and thus the incidence of 
PMI. 

In the literature, the incidence of periprocedural MI ranges from 
2% to 22%  (10-14), depending greatly on the indication for PCI and the 
definition of  PMI used. Recently, the Academic Research Consortium (ARC) 
established a creatine kinase (CK)-based definition of PMI to homogenize 
the definition for use in stent trials and provide a generally appliable 
definition for reliable event adjudication, which also allows comparison with 
data from historical stent trials.(15) 

In the present study, we used the revised definition of PMI to 
compare the incidence of PMI between PCI with implantation of first and 
second generation DES. 

Methods
Study population and design

In the present study, we assessed the data of 800 patients with stable 
angina, unstable angina, or NSTEMI (non-ST-elevation myocardial 
infarction) who were treated between February 2007 and January 2009 
by implantation of DES. Patients treated with the early generation DES 
Taxus Liberté (Boston Scientific, Natick, MA, USA) or Endeavor (Medtronic 
Vascular, Santa Rosa, CA, USA) were compared to patients treated with 
the second generation DES Resolute (Medtronic Vascular, Santa Rosa, CA, 
USA) or Xience V (Abbott Vascular, Santa Clara, CA, USA). Each stent group 
consisted of 200 consecutive patients, who were treated within the period 
that our center switched to second generation DES. In other words, we 
retrospectively examined the last patients treated with Taxus Liberté and 
Endeavor and the first patients treated with Resolute and Xience V. Routine 
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peri-interventional assessment of cardiac biomarkers was performed to 
screen for PCI-induced myocardial necrosis up to 24 hours after PCI or until 
the highest value of CK was measured. Total CK levels were measured by 
CK-NAC kit and CK-MB mass by Elecsys CK-MB immunoassay (both Roche, 
Mannheim, Germany). Prior to PCI, informed consent for the interventional 
procedure was obtained as approved by the local Medical Ethical 
Committee.

PCI procedure

Prior to PCI, all patients received adequate loading doses of acetylsalicylic 
acid and clopidogrel if not pretreated, and an intravenous bolus of 
unfractionated heparin. The PCI procedure was performed via the femoral 
or radial access route. Interventional techniques and further treatment 
during PCI were chosen at the operators’ discretion and according to 
current standards. In all patients, dual antiplatelet therapy (acetylsalicylic 
acid and clopidogrel) was prescribed for 1 year. 

Study parameters

The main outcome of this study is the incidence of PMI, defined as two times 
the upper reference limit of CK (URL; 99th percentile of normal reference 
range) confirmed by significant elevation of the MB fraction of CK (CK-MB).
(15) In addition, periprocedural myocardial infarction was analyzed based 
on a historical definition (3x URL CK-MB).(16;17) The highest CK and CK-MB 
value within 24 hours post PCI was used for analysis. 

Statistical analysis
Values are expressed as mean±SD or median with range. Comparison 
of continuous variables was performed with Student’s t test or one-way 
analysis of variance (ANOVA), and comparison of non-parametric variables 
with Mann-Whitney U or Kruskal-Wallis statistical tests as appropriate. 
Association between categorical variables was tested with Chi-square test. 
Univariate and multivariate logistic regression analyses were performed to 
evaluate the predictors of PMI. All variables were evaluated as possible 
predictors, and those with p values ≤ 0.15 by univariate analysis were 
included in a stepwise multiple logistic regression the multivariate model. 
All tests were performed in a two-tailed fashion, and a p value < 0.05 was 
considered statistically significant. Statistical analysis was performed with 
SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL).

Results

Baseline characteristics
In the 800 patients of the study population, a total of 1522 DES (363 Taxus, 
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385 Endeavor, 382 Xience V, and 392 Resolute DES) were implanted to 
treat 1232 lesions. Patient characteristics of each of the four stent groups 
did not differ significantly (Table 1). Angiographic and procedure related 
characteristics are described in Table 2. In patients receiving second 
generation DES, more multivessel PCI were performed (p=0.01), while 
groups did not differ in various other characteristics such as the frequency 
of bifurcation lesions, chronic total occlusion or angiographically more 
complex lesions. DES groups did not differ in baseline or periprocedural 
medical therapy (Table 2).

Cardiac biomarkers and PMI
Table 3 presents the post-PCI cardiac biomarker values which did not differ 
between the DES groups. The overall incidence of PMI was 4.75%. Between 
DES types, there was also no difference (p=0.31) in PMI (2x URL CK). In 
addition, the incidence of PMI did not differ between first and second 
generation DES (5.5% vs. 4.0%; p=0.32). When using the historical definition 
of PMI (3x URL CK-MB), there was a 2.4-fold increase in PMI compared to 
use of the revised ARC definition (11.38% vs. 4.75%), and there was still no 
difference in PMI between first and second generation DES (11.5% vs. 11.3%, 
respectively; p=0.91). 

Predictors of PMI
Predictors of PMI based on univariate analyses were: number of stents 
placed, multivessel PCI, and type C lesions (p≤0.01), as well as presentation 
with acute coronary syndrome (ACS), peripheral artery disease, diabetes 
mellitus, PCI in circumflex coronary artery, and bifurcation lesion (p<0.1). In 
a multivariate analysis, only presentation with ACS (p=0.02) and the total 
number of stents placed (p<0.001) were predictors of PMI. Even when 
correcting for these factors, neither DES type nor generation of DES were 
predictors of PMI (p= 0.48 and p=0.23, respectively). Further details of the 
regression analyses are presented in Table 4.

Discussion

Several previous studies showed a relation between PMI and 
an increased mortality during short-term and long-term follow-up. (18-
21) Nevertheless, there is still an ongoing discussion on this issue as other 
studies were unable to show a significant relation between PMI and 
clinical outcome.(22;23) The (routine) measurement of cardiac biomarkers 
following elective PCI has been given a class IIa recommendation in 
the ACC/AHA/SCAI (American College of Cardiology/ American Heart 
Association/Society for Cardiac Angiography and Interventions) PCI 
guidelines of 2005(24) and has not yet been implemented in current 
European guidelines for coronary revascularization, while data on PMI are 
considered as a marker of stent performance and used as clinical endpoint 
in stent trials.(16;25) In clinical practice, however, measurement of cardiac 
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biomarkers following acute and elective PCI procedures appears to be 
suboptimal.(25) 

With the introduction of more sensitive biomarkers such as troponin, 
which allows the detection of even minute myocardial damage during 
PCI, the joint task force of ESC/ACCF/AHA/WHF (European Society of 
Cardiology/ American College of Cardiology/ American Heart Association/ 
and World Health Foundation) in 2007 proposed definitions for PMI based 
on troponin or CK-MB for use in clinical stent trials,(16) while the Academic 
Research Consortium (ARC) preferred CK-MB.(17) Although several studies 
demonstrated that troponin has a correlation with late mortality(18;19), 
there are some concerns that troponin might be too sensitive. This 
enhanced sensitivity might inflate the occurrence of serious adverse events 
and thus make it harder to detect differences in performance between 
different coronary stents and/or techniques. 

The ARC recently suggested a revised PMI definition for use in 
ongoing and future stent trials in an attempt to homogenize the PMI 
definition for use in selected patient groups and broad “all comer” 
populations,(15) in which PMI is an important component of the primary 
endpoint. In fact, this revised definition of PMI represents a modification 
of the World Health Organization criteria to establish the diagnosis of 
myocardial infarction.(26)

Using the revised ARC definition of PMI, the main finding of the 
present study is that in a broad spectrum of clinical settings the incidence of 
PMI was similar for first and second generation DES, despite more multivessel 
PCI in patients who received second generation DES. 

In fact, the PMI rate of 4% in second generation DES matches quite 
well with the findings of the Resolute All Comers trial, which reported a 
similar incidence of PMI for Xience V and Resolute (~3%, both).(27) The 
COMPARE trial applied the same definition of PMI to perform post-PCI 
cardiac marker assessment in approximately 40% of patients and measure 
PMI rates of 2% for both Xience V and Taxus Liberté.(12) Other studies such 
as Endeavor III and IV as well as the Spirit III and IV generally reported lower 
PMI (0.6-3%) in Endeavor, Resolute, Xience V, and Taxus DES.(28-32) This may 
be partly attributed to the fact that these studies addressed lesions and 
patient populations that differed in severity from the above-mentioned all-
comer trials.(12;27)   
 In the present study, the move from use of first to second generation 
DES was associated with a mild but statistically significant increase in 
multivessel PCI. The absence of differences in PMI between first and second 
generation DES groups may be unexpected as PCI of more than one vessel 
could be associated with a greater likelihood of periprocedural myocardial 
damage.(33-35) Nevertheless, in our multivariate analysis there was no 
significant relation between multivessel PCI and PMI. In fact, we found that 
the total number of stents implanted was the most significant predictor of 
PMI in our stepwise multivariate model; and in our study population first and 
second generation DES groups did not differ in total number of stents per 
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patient implanted. 
Coatings of second generation DES have a superior biocompatibility 

and less or smaller coating irregularities compared to first generation DES.
(9) As this may reduce thrombogenicity of the DES surface, one might have 
expected less PMI in patients receiving second generation DES.(36;37) 
Nevertheless, this was not the case in the present study. In addition, stent 
cell size (and thus side-branch accessibility) may be a relevant factor for 
the incidence of PMI. But in our present study, cell size of first and second 
generation DES did not differ greatly, as previously demonstrated with 
micro-computed tomography.(38) 
 Use of the revised CK-based ARC definition of PMI (2x URL CK) 
resulted in a lower incidence of PMI compared to the historical CK-MB-
based definition (3x URL CK-MB). In our study, the rate of PMI was reduced 
by 58% when using the revised PMI definition. Notably, most contemporary 
DES trials are powered for composite endpoints including PMI.(12;27;39;40) 
As a consequence of the use of the revised ARC definition of PMI, 
comparative stent trials have to examine larger patient populations to 
detect differences in stent performance. On the other hand, less sensitive 
thresholds (e.g. 5x URL CK-MB) for the detection of PMI have previously 
been shown to be most relevant predictors of mortality (2;21;33;41), which 
supports the use of the (less-sensitive) revised ARC definition of PMI. 

Limitations 
This study is limited by its retrospective nature and the limited sample size 
of 800 patients. At any time two DES types were available while the type 
of DES implanted was left at the operators’ discretion. As a consequence, 
we cannot completely exclude a potential selection bias; however, on a 
group level, there were no significant differences between DES groups. In 
the present study, patients with ST-segment elevation myocardial infarction 
(STEMI) were not included as bare metal stent implantation was the 
standard treatment in STEMI patients during this period of time. Nevertheless, 
in STEMI patients the assessment of PMI is challenging, as the discrimination 
between procedure-related myocardial damage and the natural course of 
the STEMI can be very difficult. 

Conclusion

Using the revised ARC definition, we found no significant difference in PMI 
between first and second generation DES. Overall, PMI occurred in 4.75%, 
which is 58% lower than with use of the historical PMI definition. 
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Table 1.  Characteristics of study population. 

Taxus 
Liberté
(n=200)

Endeavor  
(n=200)

Resolute
(n=200)

Xience V
(n=200)

All DES
(n=800)

P 

Age 63.9±9.9 65.6±9.9 64.2±10.4 64.9±10.9 64.6±10.3 0.30

Male
134 

(67.0) 138(69.0) 146(73.0) 143(71.5) 561(70.1) 0.57

Diabetes 53 (26.9) 44 (22.2) 41 (20.6) 39 (19.6) 177(22.3) 0.31

Hypertension
103 

(69.1) 89 (57.4) 110(56.7) 122(63.5) 424(61.4) 0.07

Hypercholesterolemia 92 (65.2) 85 (56.3) 113(58.9) 125(67.2) 415 (61.9 0.13

Cigarette smokers 41 (31.3) 28 (21.9) 56 (29.0) 52 (27.1) 177(27.5) 0.36
Family history of 
vascular disease 84 (42.0) 84 (42.0) 101(50.5) 95 (52.5) 364(45.5) 0.23

Stable angina pectoris
117 

(58.5) 124(62.0) 110(55.0) 128(64.0) 479(59.9) 0.27
Acute coronary 
syndrome 83 (41.5) 76 (38.0) 90 (45.0) 72 (36.0)

321 
(40.1) 0.27

Previous MI 67 (33.5) 62 (31) 73 (36.5) 78 (39) 280 (35) 0.36

Values are mean±SD, numbers of patients (percentage). 
DES = drug-eluting stents. MI = myocardial infarction.
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Table 2.  Characteristics of lesions, PCI and periprocedural medication. 

Taxus 
Liberté Endeavor  Resolute Xience V All DES P

Target lesions

Main stem 11 (5.5) 7 (3.5) 7 (3.5) 9 (4.5) 34 (4.3) 0.72

LAD 86 (43.0) 107 (53.5) 107(53.5) 105 (52.5) 405 (50.6) 0.10

RCX 64 (32.0) 71 (35.5) 61 (30.5) 50 (25.0) 246 (30.8) 0.15

RCA 68 (34.0) 56 (28.0) 66 (33.0) 67 (33.5) 257 (32.1) 0.55

Graft 4 (2.0) 3 (1.5) 0 (0) 1 (0.5) 7 (0.9) 0.27

Lesion type B2 90 (31.0) 111 (36.0) 89 (28.0) 83 (26.3) 373 (30.3) 0.23

Lesion type C 113 (40.0) 125 (40.6) 117(36.8) 114 (36.1) 469 (38.1) 0.78

Bifurcation 64 (32.0) 70 (35.0) 68 (34.0) 64 (32.0) 266 (33.3) 0.90

Chronic total 
occlusion 16 (8.0) 24 (12.0) 17 (8.5) 18 (9.0) 75 (9.4) 0.52

Lesion per 
patient 1.42±0.62 1.53±0.69 1,57±0.81 1.56±0.85 1.52±0.75 0.38

Multivessel 
treatment 29 (14.5) 41 (20.5) 54 (27.0) 51 (25.5) 175 (21.9) 0.01

Stent per patient 1.815±1.02 1.925±1.01 1.91±1.10 1.940 
±1.23 1.90±1.23 0.66

Stents per 
lesion 1.28±0.51 1.29±0.54 1.25±0.49 1.29±0.53 1.28±0.52 0.96

Stent length per 
lesion

20 
(14.5-28)

20.4 
(16-27)

19 
(16-24)

20.5 
(15-25.5)

20.25 
(15-27) 0.48

Aspirin 
periprocedural 200 200 200 200 200 1.00

Clopidogrel
periprocedural 200 200 200 200 200 1.00

Clopidogrel 
pretreatment 125 (62.5) 131 (65.5) 130 (65) 138 (69) 524 (65.5) 0.59

Glycoprotein 
IIb/IIIa inhibitors 38 (19.0) 38 (19.0) 36 (18.0) 30 (15.0) 142 (17.8) 0.69
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Oral 
anticoagulation 19 (9.5) 21 (10.5) 18 (9.0) 11 (5.5) 69 (8.6) 0.31

Statin 
pretreatment 177 (88.5) 168 (84) 177 (88.5) 169 (84.5) 691 (86.4) 0.38

ACE inhibitors / 
ARB  95 (47.5) 97 (48.5) 95 (47.5) 82 (41) 369 (46.1) 0.35

β-blockers 175 (87.5) 176 (88.0) 161 (80.5) 167 (83.5) 679 (84.9) 0.12
Values are mean±SD, number of patients (percentage), or median (range). 
DES = drug-eluting stents; PCI = percutaneous coronary intervention; Lesion type = 
ACC/AHA (American College of Cardiology/American Heart Association) lesion 
type; ACE = angiotensin-converting enzyme; ARB = Angiotensin receptor blocker.
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Table 3.  Cardiac biomarkers for each DES type and DES generation. 

Taxus 
Liberté Endeavor Resolute Xience V

P

First generation DES Second generation DES

Mean CK
128.5 

(134.1)
161.9 

(274.5)
132.9 

(226.0)
133.1 

(127.7) 0.32

145.2 (216.4) 133.0 (183.4) 0.39

CK ≥ 2x 9 (4.5) 13 (6.5) 8 (4.0) 8 (4.0) 0.60

22 (5.5) 16 (4.0) 0.32

Mean CK-MB 8.8 (19.3) 10.7 (26.9) 9.6 (23.7) 9.0 (12.0) 0.85

9.8 (23.4) 9.3 (18.8) 0.78

CK-MB ≥ 3x 22 (11.0) 24 (12.0) 22 (11.0) 23 (11.5) 0.99

46 (11.5) 45 (11.3) 0.91
Values are mean±SD, numbers of patients (percentage).  
CK = creatine kinase; DES = drug-eluting stents.

Table 4.  Predictors of periprocedural myocardial infarction. 
Univariate logistic 

regression
Multivariate logistic 

regression
OR (95% CI) P OR (95% CI) P

Acute coronary syndrome 2.13 (1.10-4.12) 0.02 2.28 (1.16-4.47) 0.02

Diabetes 1.95 (0.95-4.03) 0.07 1.58 (0.75-3.33) 0.23

Peripheral artery disease 2.48 (0.99-6.21) 0.05 2.29 (0.89-5.86) 0.08

Multivessel treatment 2.52 (1.23-5.15) 0.01 1.32 (0.54-3.24) 0.54

RCX treated 1.83 (0.91-3.66) 0.09 1.21 (0.57-2.58) 0.63

Type C lesion 2.93 (1.35-6.35) 0.01 1.43 (0.66-3.09) 0.36

Bifurcation 1.84 (0.92-3.66) 0.09 1.32 (0.66-2.65) 0.44

Total stents placed 1.79 (1.40-2.28) <0.01 1.69 (1.34-2.14) <0.01
Odds ratio and 95% confidence intervals are presented. Predictors with a P value 
≤0.15 are shown in the table. OR = Odds ratio. 
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Abstract
  
Objectives. To assess and quantify coating irregularities on unexpanded 
and expanded durable polymer-based drug-eluting stents (DES) to gain 
insights into the origin of coating irregularities.
Background. Previous scanning electron microscopy (SEM) studies in various 
expanded DES revealed differences in frequency and size of coating 
irregularities between DES types and specific distribution patterns, however, 
the origin of these irregularities is unclear.
Methods. We assessed at bench side a total of 1,200 SEM images obtained 
in 30 DES samples (15 expanded and 15 unexpanded) of Cypher Select 
Plus, Taxus Liberté, Endeavor, Xience V, and Resolute. 
Results. For most coating irregularities seen on expanded DES (72%; 23/32), a 
matching irregularity (n=18/24) and/or its precursor (n=11/24) was observed 
in unexpanded DES. Unexpanded Cypher Select showed (small) crater 
lesions and cracks together with precursors of ‘peeling’. On unexpanded 
Taxus Liberté, thinning of polymer, small bare metal areas, wrinkles, and one 
precursor type were found. Unexpanded Endeavor showed cracks, small 
bare metal areas, crater lesions, and precursors of the latter. Unexpanded 
Xience V and Resolute mainly revealed crater lesions and their precursors. 
On unexpanded versus expanded DES, there was no difference in 
measured frequency of coating irregularities and precursors (p=ns) with the 
exception of more bare metal areas on expanded Taxus Liberte (p=0.01). 
Conclusions. Most coating irregularities, or the potential to develop them, 
are inherent to the unexpanded DES. Important determinants of the 
formation of coating irregularities may be the stent geometry and the 
physical properties of the coating, while stent-balloon interaction plays no 
major role.
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Introduction

Early encouraging results of drug-eluting stent (DES) trials[1,2] led to 
a widespread application of DES. However, long-term follow-up data of first 
generation DES raised concerns about a potential increase in late (and very 
late) stent thrombosis [3]. Nevertheless, larger patient-based meta-analyses 
demonstrated no change in mortality but a reduction of morbidity after 
percutaneous coronary interventions (PCI) with DES vs. bare metal stents 
(BMS) [4-6]. This intensive research highlights the discussions on late and very 
late DES thrombosis, the ideal antiplatelet therapy, and probable between-
DES differences in risk of stent thrombosis and re-stenosis. The use of durable 
polymers and the presence of coating irregularities are potentially relevant 
to differences in clinical performance between DES types and some DES-
related problems [7,8]. Examples may be DES thrombosis and restenosis 
[9] as well as peri-PCI myocardial infarction, which may be related to 
DES coating irregularities through various mechanisms (i.e. enhanced 
platelet adhesion, vessel wall inflammation and hypersensitivity, delayed 
healing, local reduction of neointima inhibition, or embolization of polymer 
fragments). 

Because of its capacity to provide highly magnified high-resolution 
images, scanning-electron microscopy (SEM) is ideal for the assessment 
of coating irregularities [8,10-12]. Previous SEM studies demonstrated 
characteristic coating irregularities with a specific distribution patterns[11], 
raising the question of whether manufacturing processes could be involved 
in their origin. Therefore, we examined both unexpanded and expanded 
samples of five contemporary DES with SEM to gain insights into the 
potential origin of coating irregularities.

Methods

DES samples examined.  Five types of contemporary, commercially 
available, durable polymer-based DES were examined. A total of 
30 DES (15 unexpanded and 15 expanded stents) was scanned. The 
following stents were examined: Cypher Select plus (Cordis Europa, 
Roden, Netherlands;3.5x23mm), Taxus Liberté (Boston Scientific Corp., 
Natick, MA, USA;3.5x24mm), Endeavor Sprint (Medtronic Vascular, Santa 
Rosa, CA, USA;3.5x24mm), Xience V (Abbott Vascular, Santa Clara, CA, 
USA;3.5x24mm) , and Endeavor Resolute (Medtronic Vascular, Santa Rosa, 
CA, USA;3.5x24mm). 

Cypher Select plus is based on a stainless steel platform (strut 
thickness 140μm) covered with a primer layer of paralyne C and a main 
coating layer made of polyethylene-covinyl acetate (PEVA) and poly 
n-butyl methacrylate (PBMA) and Sirolimus. Taxus Liberté is based on the 
stainless steel Liberté bare metal platform (strut thickness 97μm) coated 
with a 17.8μm thick layer of SIBS(styrene-b-isobutylene-b-styrene) polymer 
and Paclitaxel. Endeavor Sprint is based on a cobalt-chromium stent 
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platform (Driver; strut thicknss 91μm) covered by a 4.8μm thick coating of 
phosphorylcholine (10%) and Zotarolimus (90%). Xience V is based on a 
cobalt-chromium stent platform (Vision, strut thickness 81μm) covered by a 
7.8μm thick layer of fluoropolymer and Everolimus. Endeavor Resolute is also 
based on the Driver platform covered by a 5.6 μm thick (information from 
manufacturer) coating of Biolinx polymer and Zotarolimus.

Experimental protocol and scanning electron microscopy. 15 DES 
samples (sterile packed; expiration date not passed) were examined in an 
unexpanded state (i.e. DES remained on balloons with the catheter shafts 
being truncated to allow SEM examination). The unexpanded samples were 
fixed at the balloon tip. The whole stent length was then scanned. This was 
followed by rotating the stent sample by 180º. The other 15 DES samples 
were expanded at 14 atm. DES expansion and examination with SEM was 
performed according to established methodologies [11].

To identify, locate, and characterize coating irregularities, DES 
samples were explored at 50 to 60-fold magnification. Coating irregularities 
that were detected during exploratory assessment were then further 
examined at 200 to 500-fold magnification. Data on characteristics and 
frequency of coating irregularities on expanded DES have previously been 
reported [11,13]. 

SEM image analysis. Highly magnified SEM images of the DES 
samples were carefully inspected to gain insight into potential mechanisms 
of the origin of DES coating irregularities. For that purpose, we compared 
predefined coating irregularities [13] that were identified on both 
unexpanded and expanded DES samples. In addition, in unexpanded DES 
samples, characteristic spots (predilection sites) of coating irregularities 
were carefully examined even if no evident coating defect or irregularity 
was observed during exploratory SEM imaging. In this context, the individual 
distribution pattern of coating irregularities in the various DES types was 
taken into account.

Measurement of frequency of coating irregularities and their 
precursors. The total surface of unexpanded DES was thoroughly scanned 
at a magnification of (in general) 60-fold. Care was taken to avoid overlap 
between scanned areas. In unexpanded and expanded DES samples, a 
total of 1,200 SEM images was examined to determine the frequency of 
coating irregularities and their precursors per stent ring. 

Statistics: Data are presented as a mean±SD. In each DES type, the 
frequency of various DES irregularities on unexpanded vs. expanded stents 
was compared with the Mann-Whitney test. P-values <0.05 were considered 
significant. Statistical analyses were performed with the software of SPSS 
version 15.0 (SPSS Inc., Chicago, IL).

Results

A total of 1,200 SEM images of both expanded and unexpanded 
DES was carefully examined. Unexpanded DES, immediately examined 
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after unpacking, demonstrated several coating irregularities (Figure 
1E,1G,2A,2E,3A,3E) that were partially similar to coating irregularities as 
seen on expanded samples of the same DES type (Figure 1F,1H,2B,2F,3B,3F; 
respectively). However, some of the coating irregularities on 
unexpanded stents differed morphologically from those observed on 
the expanded samples while sharing the same characteristic location 
(Figure1C,2C,2G,3C,3G); we refer to them  as ‘precursors of coating 
irregularities’. For most types of coating irregularities in expanded DES (72%; 
23/32), a matching irregularity (n=18/24) and/or its precursor (n=11/24) was 
observed in unexpanded corresponding DES. Only a few individual coating 
irregularities (13%; 4/32) could not be accessed in unexpanded samples, as 
these irregularities were typically located on the (invisible) luminal side.

 Cypher Select. SEM examination of unexpanded Cypher Select 
demonstrated crater-shaped irregularity without bare metal exposure, 
small crater-shaped irregularity, coarse irregular excess of coating, and 
cracks. The frequency of these irregularities was similar on expanded and 
unexpanded stents (Table 1). In addition, a potential precursor of peeled 
polymer (Figure 1C) was present on unexpanded Cypher. The frequency of 
the potential precursor of peeling (on unexpanded stents) was lower than 
the frequency of peeling on the expanded stents, which was mainly seen 
on the luminal side of expanded Cypher. 

Taxus Liberté. On unexpanded Taxus Liberté, reduced thickness of 
coating at strut crossings, wrinkles, and small areas with bare metal aspect 
were found. On expanded Taxus, there was a significantly higher frequency 
of bare metal areas as compared to the unexpanded Taxus DES; there 
was no such difference for any of the other irregularities. In unexpanded 
samples, adhesion between DES loops and adjacent stent struts was 
frequently noticed (Figure 2C). This location corresponds with the location of 
webbing, crater lesions, and/or “auricle” shaped irregularities on expanded 
Taxus DES. The frequency of precursors on unexpanded stents did not differ 
from the sum of webbing, crater lesions, and “auricle” shaped irregularities 
on expanded stents (p=ns). 

PC-Based Endeavor. Similar to expanded Endeavor DES, 
unexpanded Endeavor showed small areas with bare metal aspect, 
craters, and cracks. Because of the very small dimensions of cracks on 
the unexpanded Endeavor, we were not able to reliably quantify them; 
however, frequency and severity of cracks appeared to be lower on 
unexpanded Endeavor. The frequency of craters and their precursors 
(Figure 2E) on unexpanded samples did not differ from the sum of all types 
of craters on expanded Endeavor DES. 

Xience V. On unexpanded Xience V, we found with an overall low 
frequency the following irregularities: crater irregularities, small rounded 
excess of polymer, ridge shaped excess of coating, and small area with 
bare metal aspect. In addition, there was one type of precursor, located 
at the characteristic location of crater irregularities. The frequency of cater 
irregularities plus their precursors on unexpanded Xience V was similar to the 
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frequency of crater irregularities on expanded Xience V (ns; Table 1).  
Resolute. On unexpanded Resolute DES, there were small areas 

with bare metal aspect and crater irregularities. In addition, adhesions of 
coating between adjacent stent loops were found (Figure 3E,3G). Cracks 
were observed on expanded Resolute DES only. The frequency of crater 
irregularities plus their precursors on unexpanded Resolute DES was similar to 
the frequency of crater irregularities on expanded Resolute DES (Table 1). 

Discussion

Certain DES coating irregularities have previously been described 
following bench-top deployment[8,11,12]. Theoretically, such coating 
irregularities could either arise from the process of DES production (i.e. 
irregularities should already be present on unexpanded DES samples) 
or during stent expansion (i.e. irregularities should be present after stent 
deployment only). In addition, in the clinical setting, delivery of DES through 
tortuous vessels and/or crossing of calcified lesions could cause major 
damage to the coating by scratching along the atherosclerotic vessel wall 
[14].

The present study sheds light on the origin of DES coating irregularities 
that were seen after bench top stent expansion, as it investigates and 
quantifies the frequency of coating irregularities in both expanded and 
unexpanded DES. This is the first study to systematically assess coating 
irregularities on unexpanded durable polymer-based DES and to compare 
these findings to irregularities on corresponding expanded DES samples. 
Examination of unexpanded Cypher Select, Taxus Liberté, and PC-based 
Endeavor demonstrated both some precursors of coating irregularities, and 
several types of coating irregularities that matched irregularities seen on 
expanded DES. Unexpanded Resolute showed predominantly crater lesions 
and their precursors in the unexpanded state. Xience V stents showed in the 
unexpanded state particularly few irregularities and precursors. 

On unexpanded DES samples, crater lesions and their precursors 
(i.e. adhesions between adjacent stent bends) were found in the bend 
regions only. This applies to phosphorylcholine-based Endeavor, Xience 
V, and Resolute stents, too. On Taxus Liberté, no larger crater lesions were 
observed; this may be explained by the high elasticity of the SIBS-based 
DES coating that formed webbings or auricle-shaped irregularities at sites of 
adhesion between adjacent stent struts. Unexpanded Cypher Select stents 
showed no precursors of crater lesions, most likely because the adjacent 
stent bends were not close enough to each other. 

The fact that precursors of irregularities were most often seen at 
bends demonstrates the interaction between stent geometry, polymer 
surface tension, and stent folding, which all may contribute to the formation 
of coating irregularities that were seen on the unexpanded DES. Cracks 
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of the coating were also predominantly found at stent bends after the 
expansion of Cypher Select, PC-based Endeavor Sprint, and Resolute. Of 
these DES types, only the Resolute showed no cracks in its unexpanded 
state, while Cypher Select and PC-based Endeavor stent showed cracks 
(with milder cracks in Endeavor) in unexpanded samples. The cracks on 
unexpanded Cypher samples were located at other sites than cracks in 
corresponding expanded samples (i.e. at the outer curvatures of bends 
rather than at the inner curvatures). Our findings in Cypher Select and 
PC-based Endeavor stents suggest that cracks of the coating may be 
formed during both (1) drying of the polymer-drug mixture and/or stent 
folding on the balloon catheter, and (2) expansion of the stent during 
stent deployment. In addition, the absence of cracks on the surface of 
unexpanded Resolute stents suggests that in this type of DES cracks are 
formed during stent expansion only. 

Quantitative analysis of the frequencies of coating irregularities and 
their precursors on unexpanded versus expanded DES samples revealed no 
significant increase for most DES types and coating irregularities. The only 
exception was an increase in bare metal areas in Taxus Liberte, most likely 
related to traction on the webbing between adjacent stent struts during 
stent expansion. Cypher Select plus showed more peeling in the expanded 
state, however, this irregularity is predominantly located on the luminal side 
of the stent and cannot be reliably assessed on unexpanded stent samples. 
 Limitations. The findings of bench-side research should be 
interpreted cautiously, and clinical data are most important to judge the 
performance of DES. At this time, the clinical consequences of DES coating 
irregularities are still uncertain. Nevertheless, we feel that careful bench-side 
research is important as it adds valuable information to the overall picture 
of DES [13]. Expansion in water followed by drying could theoretically have 
affected the more hydrophilic DES coatings (e.g. by aggravating some 
coating irregularities). It was impossible to examine the same samples 
before and after stent deployment, as the assessment with SEM required 
separation of the balloon (on which the DES was mounted) from the shaft of 
the catheter. 

Conclusions. Our data demonstrate that most coating irregularities 
(or the potential to develop them) are inherent to the unexpanded DES. 
Important determinants of the formation of coating irregularities may be 
both, the geometry of the stent platform and the physical properties of the 
coating, while stent-balloon interaction plays no role in the formation of 
most coating irregularities in the examined durable polymer-based DES.
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Figure 1. Scanning electron microscopic images of Cypher Select stents. 
A)Unexpanded Cypher Select stent. B) Expanded Cypher Select stent. C) precursor 
of peeled polymer extending from stent struts to underlying balloon. D) Peeled 
polymer; a high magnification image of peeled polymer is provided in insert. 
E,F) A crater lesion present on both unexpanded and expanded Cypher stents, 
respectively. G,H) Cracks present on both unexpanded and expanded Cypher 
stents, respectively. A high magnification image of cracks is provided in insert.
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Figure 2. Scanning electron microscopic images of Taxus Liberté and 
Phosphorylcholine (PC)-based Endeavor stents.  
A,B) Thinning of polymer at strut crossing(*) on both unexpanded and expanded 
stents, respectively. C) Adhesion of polymer coating on two adjacent struts (arrow) 
on unexpanded Taxus Liberté representing a precursor of webbing. D) Webbing on 
an expanded Taxus Liberté stent sharing the characteristic location with precursor 
seen in panel C.E) Small bare metal area (*) and crater lesion with bare metal 
aspect (arrow) on unexpanded PC-based Endeavor stent F) Crater lesion with bare 
metal aspect (arrow) on expanded PC-based Endeavor stent. G) Mild cracks and 
adhesion of polymer coating on the apex of two adjacent bends on unexpanded 
PC-based Endeavor stent representing a precursor of crater lesions. H) Crater lesions 
(arrowheads) seen at stent bends. 



170

Figure 3. Scanning electron microscopic images of Xience V and Resolute stents. 
A) Crater lesion on unexpanded Xience V stent (arrow). B) Crater lesion (arrow) on 
expanded Xience V stent C) A precursor of crater lesion (arrow) on unexpanded 
Xience V stent. D) Crater lesion(arrow) on expanded Xience V stent seen at the 
same location as that of the precursor on panel C. E) Crater lesions (arrows) on 
unexpanded Endeavor Resolute stent. F) Crater lesions (arrowheads) on expanded 
Endeavor Resolute stent. G) A precursor of crater lesion on unexpanded Endeavor 
Resolute stent at a contact point of two adjacent stent bends. H) Crater lesions 
(arrowheads) on expanded Endeavor Resolute stent seen at the same location as 
that of the precursor on panel E. Only in the expanded state, cracks were seen at 
the inner curvatures of stent bends (F and G).
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Abstract

In patients without history of diabetes mellitus, elevated levels of glycated 
hemoglobin  (HbA1c) are associated with higher cardiovascular risk. The 
relation between undetected diabetes and clinical outcome following 
percutaneous coronary interventions is greatly unknown. To investigate 
whether these patients may have an increased risk of periprocedural 
myocardial infarction (PMI), the most frequent adverse event after 
percutaneous coronary intervention, we assessed patients of the TWENTE 
trial (a randomized, controlled second-generation drug-eluting stent trial) 
in whom HbA1c data were available. Patients were classified as known 
diabetics or patients without history of diabetes, who were subdivided into 
undetected diabetics (HbA1c ≥6.5%) and non-diabetics (HbA1c <6.5%). 
Systematic measurement of cardiac biomarkers and electrocardiographic 
assessment was performed. One-year clinical outcome was also compared. 
Of 626 patients, 44 (7%) were undetected diabetics, 181 (29%) known 
diabetics, and 401 (64%) non-diabetics. In undetected diabetics the 
PMI rate was higher than in non-diabetics (13.6% vs. 6.1%, p=0.01) and 
known diabetics (13.6% vs. 3.7%, p=0.11). Multivariate analysis, adjusting 
for covariates, confirmed a significantly higher PMI risk in undetected 
diabetics compared to non-diabetics (OR 6.13, 95%-CI: 2.07-18.13, p=0.001) 
and known diabetics (OR 3.73, 95%-CI: 1.17 -11.89, p=0.03). After 1 year, 
the target vessel MI rate was significantly higher in undetected diabetics 
(p=0.02) than in non-diabetics, which was mainly related to differences in 
PMI. Target vessel failure was numerically higher in unknown diabetics than 
in non-diabetics, but this difference did not reach statistical significance 
(13.6%  vs. 8.0%, p=0.25). In conclusion, undetected diabetics were shown to 
have an increased risk of PMI. 
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Introduction

Periprocedural myocardial infarction (PMI) is the most frequent 
adverse event following percutaneous coronary interventions (PCI) 
outside the setting of ST-elevation myocardial infarction (STEMI). It has 
previously been shown that PMI is not necessarily a benign event, and that 
patients with PMI may have a worse prognosis.1, 2 Diabetic patients may 
be particularly prone to PMI because of this disease is associated with 
dyslipidaemia, hypercoagulability, increased atheroma burden, vessel 
wall inflammation, and development of vulnerable plaques.3-5 In patients 
with undetected diabetes, the metabolic dysregulation and chronic 
hyperglycaemic state may result in a similar, perhaps even higher, PMI 
risk. The relation between elevated glycated hemoglobin A1c (HbA1c) 
and the occurrence of PMI has not yet been examined. We hypothesized 
that both, undetected diabetes and diabetes mellitus may be related to 
PMI. In the present study, we therefore assessed this hypothesis in patients 
of the TWENTE trial – a randomized, controlled trial that compared two 
second-generation drug-eluting stents (DES) in patients with various clinical 
presentations with the exception of STEMI.6 

Methods

The present study was performed in a subpopulation of patients 
enrolled in the TWENTE trial (ClinicalTrials.gov NCT01066650), in whom 
HbA1c levels were measured at the time of the index PCI procedure (± 
one month). Details of the TWENTE study have previously been described.6 
In brief, TWENTE is an investigator-initiated, patient-blinded, randomized 
non-inferiority study with limited exclusion criteria in a ‘real world’ patient 
population treated at the Thoraxcentrum Twente in Enschede, the 
Netherlands. Between June 2008 and August 2010, a total of 1.391 patients 
with an indication for PCI with DES implantation were randomized for 
treatment with the second-generation Resolute (Medtronic Inc., Santa 
Rosa, CA) or Xience V stent (Abbott Vascular, Santa Clara, CA). There were 
no angiographic exclusion criteria.  The most important exclusion criterion 
was a recent STEMI.6 The TWENTE trial was approved by the institutional 
ethics committee, complied with the Declaration of Helsinki, and all patients 
provided a written informed consent. 

All patients were pre-treated with acetylsalicylic acid and 
clopidogrel. At discharge we prescribed the combination of 100mg of 
acetylsalicylic acid once daily indefinitely and clopidogrel 75mg once daily 
for 1 year. Predilation, direct stenting, stent postdilatation, and/or use of 
glycoprotein IIb/IIIa antagonists were permitted at the operators’ discretion. 

The study population was grouped into patients with known history 
of diabetes mellitus versus patients without a history of diabetes. Patients 
without a history of diabetes were then subdivided, based on a cut-off 
HbA1c value of 6.5%: patients with an HbA1c level of ≥6.5% were classified 
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as undetected diabetics and patients with an HbA1c level of <6.5% as 
non-diabetic patients. Assessment of HbA1c was performed with a COBAS 
INTEGRA 800 analysis system (Roche diagnostics, Basel, Switzerland) in the 
department of Clinical Chemistry of our centre. 

In all patients, cardiac biomarkers and electrocardiograms were 
systematically assessed and analysed before and after PCI to identify PMI.7 
Cardiac biomarker measurements were scheduled prior to PCI and 6-18 
hours after PCI, with subsequent serial measurements in case of relevant 
biomarker elevation or complaints until the peak elevation was established. 
We used the PMI definition of the Academic Research Consortium: CK 
>2x the upper limit of normal with elevation of CK-MB and/or troponin. 
If baseline cardiac biomarkers were above the upper limit of normal or 
an myocardial infarction (MI) was in progress, PMI was established when 
1) there was  recurrent chest pain or new ECG changes consistent with 
MI with a rise of CK > 2x the upper limit of normal  or 2) if elevated CK 
following the index MI has peaked and CK level has returned below the 
upper limit of normal when there was a rise of CK > 2x the upper limit of 
normal or 3) if elevated CK following the index MI has peaked and CK 
level has not returned below the upper limit of normal a rise in CK ≥ 50% 
above the previous level and > 2x the upper limit of normal confirmed by 
elevation of CK-MB and/or troponin.7 Clinical endpoints include Target 
Vessel Failure (TVF) within 1 year (a composite endpoint consisting cardiac 
death, target-vessel related myocardial infarction (or not attributable to a 
non-target vessel), or clinically driven target-vessel revascularization), the 
individual components of TVF, and a patient-oriented composite endpoint, 
consisting of all-cause mortality, any myocardial infarction, and any repeat 
revascularization and stent thrombosis. All clinical endpoints, including 
stent thrombosis, were defined according to the Academic Research 
Consortium.7, 8

Clinical follow-up data were obtained at visits at outpatient clinics, 
or, if not feasible, by telephone follow-up and/or medical questionnaire. 
Follow-up data was available in all patients, 2 patients withdrew informed 
consent before follow up at 1 year and thus are not included in the follow 
up analysis. Processing of clinical data and adjudication of all adverse 
clinical events were performed by an independent external contract 
research organization (Cardialysis, Rotterdam, the Netherlands). 

All statistical analyses were performed with SPSS vers.15.0 (SPSS Inc., 
Chicago,IL).
When comparing undetected diabetics to non-diabetics and undetected 
diabetics to known diabetics, differences in categorical variables were 
assessed with use of χ2 or Fisher’s exact tests, as appropriate, whereas 
continuous variables were assessed with the Wilcoxon ranksum test or 
Student’s t test, as appropriate. Unless otherwise specified, p values and 
Confidence Intervals (CIs) were two-sided and a p value < 0.05 was 
considered significant. Univariate and multivariate logistic regression 
analyses were performed to evaluate diabetic status as independent 
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predictor of PMI in the subpopulation of undetected diabetics and non-
diabetics, and in the subpopulation of undetected diabetics and known 
diabetics. All variables were evaluated as possible predictors, and only 
those with a significance at or below p=0.15 for PMI were considered as 
candidate variables for multivariate logistic regression analysis and were 
assessed for their relationship with diabetes. If this relationship was also 
present with a significance at or below p=0.15, they were included in the 
model. To obtain a parsimonious model, we started with all candidate 
variables. Subsequently, we eliminated the variables with the highest 
p-value step by step, until the estimate for diabetes changed by 10% or 
more or only significant predictors remained. 

Results

Of all patients enrolled in the TWENTE trial, 626 had HbA1c 
measurements within the predefined time frame and formed the study 
population of the present analysis. Patients of the study population had 
more diabetes mellitus (29% vs 16%, p<0.001), chronic renal failure (3.8% vs 
1.8%, p=0.02), hypertension (61% vs 51%, p<0.001), hypercholesterolemia 
(66% vs 54%, p<0.001), and family history of coronary artery disease (57% vs 
50%, p=0.01) than TWENTE trial patients without HbA1c measurements. 

Of the study population, 181 (29 %) had a history of diabetes mellitus. 
In addition, 445 patients of the study population (71 %) had no history of 
diabetes mellitus; according to the HbA1c levels, 44 patients of the study 
population were classified as undetected diabetics (7.0%) and 401 as non-
diabetic patients (64%).

Baseline characteristics of the study population and the subgroups 
are presented in Table 1. Compared to the known diabetic patients and 
non-diabetic patients, undetected diabetics showed many similarities in 
baseline characteristics but tended to have less often a family history of 
coronary artery disease (p=0.02 for both groups). As may be expected, 
the mean HbA1c levels differed across groups,  and undetected diabetics 
had higher HbA1c levels compared tot non-diabetic patients (6.95 vs 5.77, 
p<0.001). 

Angiographic and procedural characteristics are shown in Table 
2.  Undetected diabetics were less frequently treated for left anterior 
descending lesions (36% vs 53%, p=0.04), and type B2/C lesions (43.2% vs 
60.3%, p=0.03) when compared to non-diabetic patients. Diabetic patients 
were more frequently treated for long lesions (>27mm) than non-diabetic 
patients (25% vs 22%, p=0.05). Side branch occlusion was observed in 2.6% 
of the patients and distal embolization in 0.5% with no significant difference 
between groups. Medication at discharge did not differ between groups, 
except for higher rates of ACE-inhibitor and/or AT-blocker prescription in 
undetected diabetics compared to non-diabetics (p=0.04, Table 3).

PMI occurred in 32 patients (5.1%) of the study population. In 
undetected diabetics, PMI occurred more frequently than in non-diabetic 
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patients (13.6% [6 of 44] vs. 3.7% [15 of 401], p=0.01), and known diabetics 
(13.6% [6 of 44] vs. 6.1% [11 of 181], p=0.11) (Fig. 1). 

In a model with only non-diabetic patients and undetected 
diabetics, variables with a univariate association (p≤0.15) for PMI and 
diabetic state were: multivessel treatment, number of lesions treated, 
bifurcations and number of stents placed. Both, diabetic state and number 
of stents placed turned out to be independent predictors of PMI in a 
multivariate model. Using non-diabetic patients as the reference group, 
the adjusted OR of PMI was 6.13 in undetected diabetic patients (95% 
CI: 2.07-18.13, p=0.001). In addition, number of stents placed was also 
independently associated with a significantly higher rate of PMI with an OR 
of 1.80 (95% CI: 1.36-2.38, p<0.001) per additional stent placed. (Fig. 2A) 

In a seperate model with only known diabetic patients and 
undetected diabetics, variables with a univariate association (p≤0.15) for 
PMI and diabetic state were: treatment of at least one long lesion (>27 
mm), and number of stents placed. Both, diabetic state and treatment of 
at least one long lesion (>27 mm) were significant independent predictors 
of PMI. Using known diabetic patients as the reference group, the adjusted 
OR of PMI was 3.73 in undetected diabetic patients (95% CI: 1.17 -11.89, 
p=0.03). In addition, treatment of at least one long lesion (>27 mm) was also 
independently associated with a significantly higher rate of PMI with an OR 
of 5.87 (95% CI: 1.98-17.41, p=0.001). (Fig. 2B) 

Clinical follow up at 1 year is described in table 4. The rate of target 
vessel MI was significantly higher in undetected diabetics (p=0.02) than 
in non-diabetic patients, caused by increased PMI rates in that group 
(p=0.01). In addition, the rates of TVF and the patient composite endpoint 
tended to be lower in non-diabetics compared to undetected diabetics, 
but this was statistically not significant. When analyzing event rates after 
discharge from hospital (thus not including PMI), the occurrence of TVF 
and patient oriented composite endpoint did not differ between groups. 
Definite-or-probable stent thrombosis rates were relatively low and similar 
between groups.

Discussion

The main finding of the present study is that undetected diabetics 
(i.e. patients without a history of diabetes mellitus but with HbA1c levels ≥ 
6.5%) had a significantly higher risk of PMI as compared to non-diabetic 
patients. Undetected diabetes mellitus was associated with a six-fold 
increased risk of PMI compared to non-diabetic patients, and a risk that was 
even higher than in known diabetics. 

The incidence of PMI, the most common adverse event following 
stent implantation, ranges from 2 to 20%.9, 10 Various studies have shown 
that PMI can be associated with inferior clinical outcome.1, 2, 10, 11 Risk 
factors for the occurrence of PMI are factors that are associated with 
an increase of the general atherosclerotic burden such as the presence 
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of multivessel disease, lesion eccentricity and calcification, thrombus 
formation, advanced age, and overt diabetes mellitus.12, 13 The increased 
risk of adverse events in diabetic patients undergoing PCI persisted after 
the introduction of DES and was seen in both, patients treated with first- and 
second-generation DES.13-16

Studies have previously shown that even patients without a history 
of diabetes mellitus but with elevated HbA1c levels – so-called undetected 
diabetics – have an increased risk of cardiovascular complications,17, 18 but 
the relation between undetected diabetes mellitus and PMI has not been 
investigated yet. We hypothesized that patients with undetected (and 
thus untreated) diabetes mellitus may be prone to PMI as their metabolic 
dysregulation with its chronic hyperglycaemic state leads to dyslipidaemia, 
increased atheroma burden, hypercoagulability, vessel wall inflammation, 
and vulnerable plaques.3-5, 19 

In the present study, undetected diabetics had a significantly 
increased risk of PMI compared to non-diabetic patients. PMI may result 
from macro- or microvascular complications but we did not observe any 
difference in macrovascular complications such as sidebranch occlusion 
or evident distal embolization. This suggests that the differences in the 
incidence of PMI between patient groups may reflect differences in 
microvascular dysfunction or microvascular obstruction, which may be 
caused by periprocedural microembolization of atherothrombotic debris as 
suggested by Böse et al.20 

A recent study by Timmer et al. in non-diabetic STEMI patients as well 
as our present data suggest that a considerable proportion of patients with 
coronary artery disease are undetected diabetics.18 As the global disease 
burden of diabetes mellitus is increasing,21 the number of undetected 
diabetics requiring PCI is likely to also increase. Measurement of HbA1c 
levels is reproducible and feasible,22 and it may be a convenient means to 
assess patients prior to PCI procedures for risk stratification and potential 
adjustment of treatment. In the present study, undetected diabetics had 
a higher PMI risk than known diabetics being on anti-diabetic medication. 
Initiation or optimization of pharmacological treatment for glycaemic 
control before PCI might reduce the hyperglycaemia-promoted increase in 
PMI risk.4 However, it is still unclear which pharmacologic treatment strategy 
may be most beneficial in patients without history of diabetes but with 
elevated HbA1c levels. The initiation of glucose lowering treatment may be 
favourable while very intensive glucose regulation could carry an additional 
risk.23, 24 Other measures to reduce PMI risk may be a pre-treatment with 
drugs that have anti-inflammatory and/or antithrombotic properties such as 
high-dose statins25 and/or GPIIb/IIIa antagonists,26, 27 or treatment with more 
aggressive antiplatelet regimens as diabetes is also associated with high 
platelet reactivity.28

 The identification of undetected diabetics may also be relevant in 
the context of clinical studies. Most contemporary, randomized DES trials 
address composite endpoints, of which PMI is an important component.6, 7, 
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29 It might be prudent to routinely assess the diabetic state prior to patient 
enrollment in randomized studies in order to avoid clustering of these 
patients in a particular study arm.  

The findings of this study should be considered as hypothesis-
generating due to the relatively limited number of undetected diabetics. 
While we found statistically significant differences in PMI rates, the power of 
comparison was below 80% (post-hoc power analysis revealed that a PMI 
rate of 15% in the 44 undetected diabetics would have been required to 
reach 80% power at a significance level of 0.05). 
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Figure 1. Incidence of periprocedural myocardial infarction stratified for diabetic 
state according to history of diabetes mellitus and HbA1c. PMI =  periprocedural 
myocardial infarction. No DM = patients without history of diabetes mellitus and 
HbA1c < 6.5%. Known DM = patients with history of diabetes mellitus. Undetected 
DM = patients without history of diabetes mellitus and HbA1c ≥ 6.5%. P values were 
calculated with multivariate logistic regression analysis.

Fig 2A

Fig 2B
Figure 2. Multivariate adjusted odds ratios for independent predictors of 
periprocedural myocardial infarction in undetected diabetics and non-diabetic 
patients (A), and in undetected diabetics and known diabetic patients (B). CI = 
confidence interval. Undetected DM = patients without history of diabetes mellitus 
and HbA1c ≥ 6.5%.
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Study po-
pulation
(N=626)

Undetected  
DM 

(N = 44)

No DM 
(N = 401)

Known DM
(N = 181)

p Value

Undetected 
vs No DM

p Value

Undetected 
vs Known 

DM

Age  (years ) 64.7 ± 9.9 66.8 ± 9.7 64.1 ± 9.8 65.5 ± 0.3 0.09 0.46

HbA1c (%) 6.25 ± 0.94 6.95 ± 0.74 5.77 ± 0.31 7.13 ± 1.15 <0.001 0.32

Men 450 (72%) 32 (73%) 295 (74%) 123 (68%) 0.91 0.54

Body mass index (kg/m²) 28.0 ± 4.1 27.7 ± 2.8 27.5 ± 3.8 29.2 ± 4.6 0.75 0.10

Insulin treatment 67 (11%) - - 67 (37%)

Insulin treatment and 
oral glucose lowering 
medication

43 (7%) - - 43 (24%)

Chronic renal failure * 24 (4%) 2 (5%) 11 (3%) 11 (6%) 0.50 0.70

Arterial hypertension 382 (61%) 30 (68%) 227 (57%) 125 (69%) 0.28 0.91

Hypercholesterolaemia 402/610 
(66%) 24/39 (62%) 246/392 

(63%)
132/179 

(74%) 0.88 0.25

Current smoker 135 (22%) 11 (25%) 90 (22%) 34 (19%) 0.70 0.36

Family history of CAD 358 (57%) 16 (36%) 235 (59%) 107 (59%) 0.02 0.02

Myocardinfarction (any) 186 (30%) 15 (34%) 118 (29%) 53 (29%) 0.52 0.53

Previous PCI 139 (22%) 6 (14%) 84 (21%) 49 (27%) 0.25 0.06

Previous CABG 70 (11%) 4 (9%) 43 (11%) 23 (13%) 0.74 0.51

Clinical indication 0.69 0.51

Stable angina 
pectoris 426 (68%) 30 (68%) 282 (70%) 114 (63%)

Unstable angina 120 (19%) 10 (23%) 72 (18%) 38 (21%)

Non-ST-elevation MI 80 (13%) 4 (9%) 47 (12%) 29 (16%)

Clinical indication: 
Acute coronary 
syndrome

200 (32%) 14 (32%) 119 (30%) 67 (37%) 0.77 0.52

Left ventricular ejection 
fraction < 30%  † 15/473 (3%) 1/35 (3%) 6/294 (2%) 8/144 (6%) 0.75 0.51

Table 1. Baseline characteristics of patients.
Data are number (%) or mean ± SD. CAD = coronary artery disease; DM = diabetes 
mellitus; PCI = percutaneous coronary intervention; CABG = coronary artery bypass 
grafting; MI = myocardial infarction. 
* Chronic renal failure defined by serum creatinine level ≥ 130 µmol/L.
† Left ventricular ejection fraction assessed with ultrasound, MRI, or LV angiography.
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Study 
popula-

tion
(N=626)

Unde-
tected 

DM (N = 
44)

No DM
(N = 401)

Known 
DM

(N = 181)

p Value
Unde-
tected 

vs no DM

p Value
Unde-
tected 

vs 
Known 

DM

Target lesion coronary artery

Left anterior descending 316 (51%) 16 (36%) 213 (53%) 100 (55%) 0.04 0.16

Left circumflex 216 (35%) 17 (39%) 140 (35%) 59 (33%) 0.62 0.45

Right coronary artery 222 (36%) 15 (34%) 137 (34%) 70 (39%) 0.99 0.57

Left main 24 (96%) 2 (5%) 13 (3%) 9 (5%) 0.65 0.91

Bypass graft 19 (3%) 1 (2%) 12 (3%) 6 (3%) 0.79 0.72

Multivessel treatment 156 (25%) 6 (14%) 106 (26%) 44 (24%) 0.06 0.13

Total lesions treated per patient 0.13 0.21

One lesion treated 384 (61%) 29 (66%) 241 (60%) 114 (63%)

Two lesions treated 172 (28%) 14 (32%) 110 (27%) 48 (27%)

Three of more lesions treated 70 (11%) 1 (2%) 50 (13%) 19 (11%)

No of stents placed 2.08 ± 
1.29

1.75 ± 
0.99

2.10 ± 
1.29

2.11 ± 
1.34 0.08 0.10

ACC-AHA lesion class B2 or C lesion 
treated 361 (58%) 19 (43%) 242 (60%) 100 (55%) 0.03 0.15

De novo coronary lesions only* 582 (93%) 42 (96%) 374 (93%) 166 (92%) 0.58 0.40

At least one CTO 57 (9%) 3 (7%) 41 (10%) 13 (7%) 0.47 0.93

At least one bifurcation 152 (24%) 15 (34%) 92 (23%) 45 (25%) 0.10 0.21

At least one bifurcation with sideb-
ranch treatment 96 (15%) 9 (21%) 59 (15%) 28 (16%) 0.32 0.42

At least one in-stent restenosis 28 (5%) 1 (2%) 17 (4%) 10 (6%) 0.53 0.37

At least one small-vessel (RVD 
<2.75mm) 419 (67%) 28 (64%) 275 (69%) 116 (64%) 0.50 0.96

At least one lesion length  > 27mm 141 (23%) 5 (11%) 90 (22%) 46 (25%) 0.09 0.05

Preprocedural TIMI flow (grade 0-1) 43 (7%) 2 (5%) 29 (7%) 12 (7%) 0.51 0.61

Aggressive stent postdilatation of  
>18 atm 476 (88%) 30 (81%) 300 (88%) 146 (90%) 0.28 0.12

Sidebranch occlusion 16 (2.6%) 1 (2.3%) 13 (3.2%) 2 (1.1%) 0.73 0.55

Distal embolization 3 (0.5%) 0 (0%) 1 (0.2%) 2 (1.1%) 0.74 0.48
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Table 2. Angiographic and procedural characteristics.
Data are number (%) or mean ± SD. 
ACC = American College of Cardiology; ACE = Angiotensin-converting enzyme; 
AHA = American Heart Association; ARB = angiotensin receptor blockers; CTO = 
chronic total occlusion; DM = diabetes mellitus;  RVD = reference vessel diameter; 
TIMI = thrombolysis in myocardial infarction.
*  Including chronic total occlusion, but not grafts and in-stent restenosis.

Study po-
pulation
(N=626)

Unde-
tected 
DM (N 
= 44)

No DM 
(N = 
401)

Known 
DM
(N = 
181)

p 
Value

Unde-
tected 
vs no 
DM

p 
Value

Unde-
tected 

vs 
Known 

DM

Antiplatetelet therapy

Acetylsalicylic acid 619 (99%) 44 
(100%)

397 
(99%)

178 
(98%) 0.51 0.39

Clopidogrel 625 (100%) 44 
(100%)

400 
(100%)

181 
(100%) 1.00 1.00

Other medication

Statin 536 (86%) 35 
(80%)

345 
(86%)

156 
(86%) 0.25 0.27

Β-blocker 518 (83%) 34 
(77%)

331 
(83%)

153 
(85%) 0.39 0.25

ACE/ARB 321 (51%) 27 
(61%)

180 
(45%)

114 
(63%) 0.04 0.84

Table 3. Medication at discharge.
Data are number (%).  
ACE = Angiotensin-converting enzyme; ARB = angiotensin receptor blockers; DM = 
diabetes mellitus.  
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Undetect-
ed DM (N 

= 44)

No DM 
(N = 400)

Known DM
(N = 180)

p Value

Unde-
tected 
vs no 
DM

p Value

Unde-
tected 

vs 
Known 

DM

All-cause death 0 (0%) 7 (1.8%) 5 (2.8%) 1.00 0.59

Cardiac death 0 (0%) 5 (1.3%) 4 (2.2%) 1.00 1.00

Target vessel revascularization 1 (2.3%) 13 (3.3%) 10 (5.6%) 1.00 0.70

Target vessel MI 6 (13.6%) 16 (4.0%) 14 (7.8%) 0.02 0.24

Periprocedural MI 6 (13.6%) 15 (3.8%) 11 (6.1%) 0.01 0.11

Spontaneous MI 0 (0%) 1 (0.3%) 3 (1.7%) 1.00 1.00

Target vessel failure 6 (13.6%) 32 (8.0%) 24 (13.3%) 0.25 0.96

Patient-oriented composite endpoint 6 (13.6%) 42 (10.5%) 31 (17.2%) 0.45 0.57

Target vessel failure without PMI 1 (2.3%) 19 (4.8%) 15 (8.3%) 0.71 0.21

Patient-oriented composite endpoint 
without PMI

1 (2.3%) 28 (7.0%) 19 (10.6%) 0.34 0.14

Definite-or-probable stent thrombosis 0 (0%) 3 (0.8%) 3 (0.8%) 1.00 1.00

Table 4: Clinical outcome at 1 year.
Data are number of patients (%). MI = myocardial infarction. Patient-oriented 
composite endpoint is a composite of endpoint of all-cause death, any myocardial 
infarction or any revascularization. 
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Abstract

The Syntax Score (SxS) is a scoring system to quantify the complexity of 
coronary artery disease. We investigated the predictive value of the SxS for 
the occurrence of a periprocedural myocardial infarction (PMI) according 
to both the definition of the World Health Organization (WHO) and the 
updated universal definition of MI. The SxS was calculated in 1243 patients 
enrolled in TWENTE – a prospective randomised trial that assessed second-
generation drug-eluting coronary stents. PMI was defined by the historical 
WHO definition (total CK >2x normal with elevated CK-MB) and the third 
universal definition of MI (troponin >5x normal or a rise of troponin values 
>20% if baseline values were elevated, in addition to symptoms, ECG 
changes, angiographic findings or new regional wall motion abnormalities). 
Patients were divided in tertiles of SxS: ≤7 (n=430); >7 and <15 (n=390); ≥15 
(n=423). PMI according to the historical WHO definition occurred more 
frequently in patients in the highest tertile group of SxS (7.3% vs. 3.1% vs. 
1.6%, p<0.001) compared to the mid and lowest tertile SxS. Similar findings 
were also seen for universal PMI (9.9% vs. 7.7% vs. 3.7%, p<0.01). After 
multivariate analysis, SxS was a significant independent predictor of PMI for 
both definitions: Patients in the highest tertile of SxS had an almost 5 times 
higher risk for WHO PMI and an almost 3 times higher risk for universal PMI. In 
conclusion, in a broad patient population treated with second-generation 
DES, the Syntax Score was able to stratify the risk of PMI.
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Introduction

The Syntax Score (SxS) is a scoring system for the assessment of the degree 
and complexity of atherosclerotic disease burden of coronary arteries. 
It incorporates several pre-existing scoring systems such as the Leaman 
classification, American Heart Association/American College of Cardiology, 
modified BARI classification, and chronic total occlusion and bifurcation 
scores.1 
Currently, the SxS is mainly used as a tool to evaluate the suitability of 
patients with multivessel disease to undergo coronary artery bypass grafting 
(CABG) or percutaneous coronary intervention (PCI).2 In addition to this 
application, the SxS may also be useful to stratify the risk of peri-procedural 
complications. Myocardial infarction after a percutaneous coronary 
intervention (PCI) is the most common procedural complication and is an 
important endpoint in coronary stent trials.3 There is controversy about the 
clinical impact of periprocedural myocardial infarction (PMI), however 
several studies have shown a relation between PMI and an increased 
mortality.4-6 So far, there are no established risk models for the prediction of 
PMI. 

We therefore assessed in 1243 real-world PCI patients of the 
randomised TWENTE trial, treated with second-generation drug-eluting 
stents (DES), the predictive value of the SxS for the occurrence of PMI, as 
defined by the extended historical WHO definition as well as the recently 
updated third universal definition of MI.

Methods

The randomised TWENTE trial (ClinicalTrials.gov NCT01066650) has previously 
been described and reported.7, 8 In brief, TWENTE was an investigator-
initiated, patient-blinded, randomised, comparative DES trial with limited 
exclusion criteria in 1391 ‘real-world’ PCI patients with a majority of complex 
lesions and off-label indications for DES. The study was performed between 
June 2008 and August 2010 at Thoraxcentrum Twente, Enschede, the 
Netherlands. Patients capable of providing informed consent with an 
indication for PCI with DES were randomised for treatment with Resolute 
(Medtronic Inc., Santa Rosa, CA) or Xience V stents (Abbott Vascular, Santa 
Clara, CA) in a 1:1 ratio. There were no angiographic exclusion criteria such 
as a mandatory lesion length, reference vessel size, and number of target 
lesions or vessels.  The main exclusion criterion was a recent ST-elevation 
myocardial infarction (STEMI). More than 81% of the eligible patients were 
enrolled in this trial.9

In all trial participants, except for 148 patients with a history of 
CABG, SxS was prospectively assessed by experienced analysts of the 
angiographic core laboratory at Thoraxcentrum Twente. The study was 
approved by the institutional ethics committee and complied with the 
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Declaration of Helsinki. All patients provided written informed consent. 
PMI was defined by the extended historical WHO definition (WHO 

PMI;  total CK >2x normal with elevated CKMB) and the third universal 
definition of MI (troponin >5x normal or a rise of troponin values >20% if 
the baseline values are elevated, in addition to symptoms, ECG changes, 
angiographic findings or new regional wall motion abnormalities). 

In all patients, cardiac biomarkers and electrocardiograms were 
systematically assessed before and after PCI in order to identify PMI. 
Cardiac biomarker measurements were scheduled before PCI and 6 to 18 
hours after PCI, with subsequent serial measurements for relevant biomarker 
increases or complaints, until peak increase was established. Adjudication 
of WHO PMI was performed by an external clinical event committee 
(Cardialysis, Rotterdam, Netherlands), and adjudication of PMI according 
to the universal definition of MI was performed by three experienced 
cardiologists/research physicians. 

Categorical variables were assessed with use of χ2 or Fisher’s exact 
tests, as appropriate, whereas continuous variables were assessed with the 
Wilcoxon rank-sum test or Student’s t-test, as appropriate. Means are given 
with standard deviation (SD) and medians with an interquartile range (IQR). 
Multivariate logistic regression analyses were performed with the covariates: 
SxS (according to tertiles or continuous variable), presentation with acute 
coronary syndrome, diabetes mellitus, age, sex, stent type, history of MI, 
history of PCI, and chronic renal failure. The variable left ventricular ejection 
fraction (LVEF) <30% was not included in this model, as data on LVEF were 
not available in all patients. Unless otherwise specified, p values and CIs 
were two-sided. A p value <0.05 was considered significant. All statistical 
analyses were performed with SPSS vers. 15.0 (SPSS Inc., Chicago, IL). 

Results

The SxS was assessed in 1243 of the 1391 patients (89.4%) of the 
TWENTE trial who had not undergone previous CABG. The mean SxS was 
12.45 ± 8.36, and the median SxS was 11.00 (IQR 6.00-24.00). Based on tertiles 
of SxS, the SxS was ≤ 7.0 in 430 patients, >7.0 and <15.0 in 390 patients, and 
≥15 in 423 patients. 

Baseline characteristics and angiographic and procedural 
characteristics are described in Tables 1 and 2. Patients with the highest 
SxS (≥15) were older (p<0.001) and were more likely to have an LVEF <30% 
(p=0.008), and a previous myocardial infarction (p<0.001). Postdilation 
with balloon pressures >18 atm and use of glycoprotein IIb/IIIa antagonists 
were more frequent in patients with higher SxS (p<0.001). Medication at 
discharge did not differ between groups (Table 3).  

The incidence of PMI according to the extended historical WHO 
definition and universal definition, stratified for SxS, is shown in Table 4.  
MI according to the extended historical WHO definition occurred more 
frequently in patients of the highest SxS tertile (7.3% vs 3.1% vs. 1.6%, p<0.001) 
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as compared to the mid and lowest SxS tertiles. In addition, PMI according 
to the third universal definition occurred more frequently in patients of the 
highest SxS tertile (9.9% vs. 7.7% vs. 3.7%, p=0.002).

After multivariate analysis, adjusting for covariates, SxS was a 
significant independent predictor of PMI according to both definitions. 
Patients with the highest tertile of the SxS, compared to the lowest tertile, 
had an almost 5 times higher risk for PMI according to the historical WHO 
definition (adjusted OR 4.95, 95% CI: 2.13-11.52) and an almost 3 times 
higher risk according to the updated PMI definition (adjusted OR 2.84, 95% 
CI: 1.55-5.19) (Figure 1). On a continuous scale, SxS was also a significant 
independent predictor of PMI according to the extended historical WHO 
definition (adjusted OR 1.07, 95% CI:1.038-1.098, p<0.001)  and third universal 
definition (adjusted OR 1.04, 95% CI:1.014-1.063, p=0.002). 

In a multivariate model with the SxS predicting for PMI, and adjusting 
for baseline differences, the -2 Log-likelihood was better than the same 
model with SxS being replaced by the AHA/ACC lesion classification (-2 
Log-likelihood of 396.8 versus 407.6). This suggests that the SxS is a better 
predictor of PMI.

Discussion

The SxS is an independent predictor of PMI according to both the 
extended historical WHO definition10 and the recently updated universal 
definition of MI.11 According to both definitions, patients in the highest 
SxS tertile had an almost 3 to 5 times higher chance of developing a PMI 
than patients in the lowest SxS tertile. Our data demonstrate that PCI 
patients with complex coronary artery disease have a higher PMI risk, and 
that the SxS predicted PMI better than the AHA/ACC lesion classification. 
The present substudy of the TWENTE trial is the first to show that the SxS 
independently predicts PMI in a patient population with a wide range of 
complexity of coronary artery disease, including patients with single up to 
three vessel disease and clinical syndromes ranging from stable angina to 
non-ST-elevation acute coronary syndromes. 

PMI is the most common adverse event after PCI and occurs in 5 to 
30% of the procedures, depending on patient population, local practice 
of post-procedural assessment of cardiac markers, and the diagnostic 
criteria applied.12-15 Some studies have shown a relation  between PMI and 
adverse outcome.4-6  Risk factors of PMI are associated with the burden of 
atherosclerotic disease (i.e. multivessel disease, calcification) and lesion 
complexity (i.e. thrombus formation, lesion eccentricity).16, 17 These risk 
factors are also included in the SxS, which is a tool to assess the severity and 
complexity of coronary atherosclerotic disease burden. 

In previous studies, the SxS has been shown to be associated with 
adverse long-term clinical outcome 6, 18, 19; however, there is limited data on 
the predictive value of the SxS on periprocedural complications in a broad 
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population of patients undergoing PCI. 
Van Gaal et al. previously assessed 100 patients with stable coronary 
artery disease and suggested, based on their findings in this relatively small 
population, that the SxS predicts periprocedural necrosis.20 Farooq et al. 
recently reported in a post-hoc analysis of the SYNTAX trial that a higher 
SxS was associated with an increased risk of PMI in 827 patients undergoing 
PCI with first-generation DES (Taxus; Boston Scientific, Natick, MA) for severe 
(three-vessel or left main) coronary artery disease.6

Our study population differs significantly from both aforementioned studies 
as 10% of our patients had a history of previous CABG, 58% presented with 
acute coronary syndromes, and merely 24% underwent multi-vessel PCI.21 
The findings of our present study extend current knowledge by showing 
that also in a broad population of contemporary PCI patients, treated with 
second-generation DES, a higher SxS is related to an increased PMI risk.  
Various clinical trials have applied different definitions of MI and PMI. In an 
attempt to standardise definitions, a Joint European Society of Cardiology, 
American College of Cardiology, American Heart Association, and World 
Health Foundation Task Force for the development of a Universal Definition 
of Myocardial Infarction has been established. With the development of 
even more sensitive assays for markers of myocardial necrosis and new 
insights from recent studies, the universal definition of MI has recently been 
updated 11 to make the definition more specific. In contrast to the second 
universal definition of MI, higher troponin values along with supplemental 
clinical information are now required in order to diagnose a PMI. 

In the present study, we used the extended historical WHO definition 
as well as the third universal definition of MI to assess a potential relation 
between SxS and PMI. This relation was shown for both definitions, indicating 
that the relation between SxS and PMI was not related to use of one 
particular definition only. Nevertheless, this relation was stronger for the 
WHO definition of MI, which uses a higher threshold for identifying PMI. 
While several previous studies showed a relation between PMI and short-
term and long-term clinical outcome6, 17, there is still an ongoing discussion 
on this issue as other studies showed no such relation 4, 22, 23. PMI with limited 
marker release may have no impact on the clinical course, which recently 
even triggered the suggestion of a new “clinically relevant” definition of 
PMI.24

Preprocedural assessment of the SxS could help to identify patients at an 
increased risk of PMI, which might then trigger preventive measures. In 
patients with particularly high risk of PMI, pre-treatment with drugs that have 
anti-inflammatory and/or antithrombotic properties might be considered, 
such as high-dose statin therapy 25, administration of a glycoprotein IIb/
IIIa antagonist 26, 27, and perhaps even the initiation of pharmacologic 
treatment for glycemic control in patients with not previously recognised 
diabetes mellitus.28 

In conclusion, in a broad population of patients treated with 
second-generation DES, the Syntax Score was able to stratify the risk of 
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periprocedural myocardial infarction according to both WHO and the third 
universal definition of myocardial infarction. This substudy of the TWENTE 
trial is limited by its post-hoc nature, and the findings should be considered 
as hypothesis generating only. Patients undergoing primary PCI were not 
included in the TWENTE trial. Nevertheless, in STEMI patients the assessment 
of PMI is challenging, as the discrimination between procedure-related 
myocardial damage and the natural course of STEMI is difficult. 
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Fig 1A

Fig 1B

Figure 1. Multivariate adjusted Odds Ratios (OR) of Syntax Score (SxS) tertiles for 
periprocedural myocardial infarction according to the WHO definition (A), and third 
universal defintion of MI (B). 
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Study 
population
(N=1243)

SxS <=7,0
(N = 430)

SxS >7,0 
and <15
(N = 390)

SxS ≥15
(N = 423)

p Value
Across 
groups

Age  (yrs ) 63.8 (10.6) 62.2 (10.8) 64.1 (10.6) 65.2 (10.1) <0.01

Men 890 (71.6) 303 (70.5) 277 (71.0) 310 (73.3) 0.63

Body mass index (kg/
m²)* 27.7 (4.0) 27.9 (4.2) 27.6 (3.9) 27.7 (3.9) 0.56

Diabetes mellitus 262 (21.1) 89 (20.7) 84 (21.5) 89 (21.0) 0.96

 Diabetes mellitus 
receiving insulin 90 (7.2) 34 (7.9) 25 (6.4) 31 (7.3) 0.71

Chronic renal failure  † 32 (2.6) 9 (2.1) 7 (1.8) 16 (3.8) 0.15

Arterial hypertension 690 (55.5) 239 (55.6) 208 (5.3) 243 (57.4) 0.50

Hypercholesterolemia 700 (57.8) 248 (58.8) 216 (56.8) 236 (57.6) 0.86

Current smoker 324 (26.1) 119 (27.7) 98 (25.1) 107 (25.3) 0.64

Family history of CAD 651 (52.4) 226 (52.6) 204 (52.3) 221 (52.2) 1.00

Myocardial infarction 
(any) 392 (31.5) 107 (24.9) 123 (31.5) 162 (38.3) <0.01

Previous PCI 234 (18.8) 90 (20.9) 77 (19.7) 67 (15.8) 0.14

Clinical indication 0.24

Stable angina 
pectoris 591 (47.5) 203 (47.2) 182 (46.7) 206 (48.7)

Unstable angina 285 (22.9) 95 (22.1) 104 926.7) 86 (20.3)

Non-ST-elevation 
MI 367 (29.5) 132 (30.7) 104 (26.7) 131 (31.0)

Clinical indication: 
Acute coronary 
syndrome

652 (52.5) 227 (52.8) 208 (53.3) 217 (51.3) 0.83

Left ventricular 
ejection fraction < 
30%  ‡

25 (2.6) 5 (1.6) 4 (1.3) 16 (4.9) <0.01

Multivessel treatment 293 (23.6) 25 (5.8) 99 (25.4) 169 (40.0) <0.01

Total no lesions 
treated per patient <0.01

One lesion treated 762 (61.3) 370 (86.0) 221 (56.7) 171 (40.4)

Two lesions treated 357 (28.7) 54 (12.6) 142 (36.4) 161 (38.1)

Three of more 
lesions treated 124 (10.0) 6 (1.4) 27 (6.9) 91 (21.5)

Only de novo 
coronary lesions 
treated §  

60 (4.8) 16 (3.7) 27 (6.9) 17 (4.0) 0.07
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At least one CTO 
treated 83 (6.7) 8 (1.9) 17 (4.4) 58 (13.7) <0.01

At least one 
bifurcation treated 337 (27.1) 39 (9.1) 107 (27.4) 191 (45.2) <0.01

At least one 
bifurcation with side-
branch treated

199 (16.0) 17 (4.0) 69 (17.7) 113 (26.7) <0.01

At least one in-stent 
restenosis treated 60 (4.8) 16 (3.7) 27 (6.9) 17 (4.0) 0.07

At least one small-
vessel (RVD <2.75mm) 793 (63.8) 231 (53.7) 244 (62.6) 318 (75.2) <0.01

At least one long 
lesion (length  > 
27mm) treated

259 (20.8) 33 (7.7) 87 (22.3) 139 (32.9) <0.01

Glycoprotein IIb/IIIa 
antagonist use 176 (14.2) 37 (8.6) 46 (11.8) 93 (22.0) <0.01

Table 1.  Baseline Characteristics of Patients
Data are number (%) or mean (SD). BMI = body mass index. CAD = coronary artery 
disease. PCI = percutaneous coronary intervention. CABG = coronary artery bypass 
grafting. MI = myocardial infarction. 
CTO = chronic total occlusion. RVD = reference vessel diameter.
* assessed in 1064 patients
† chronic renal failure defined by serum creatinine level ≥ 130 µmol/L
‡ left ventricular ejection fraction assessed with ultrasound, MRI or LV angiography
§ including chronic total occlusion, but not grafts and in-stent restenosis
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Study 
population
(N=1243)

SxS <=7,0
(N = 430)

SxS >7,0 and 
<15

(N = 390)

SxS ≥15
(N = 423)

p 
Value

Target lesion coronary artery

Left anterior descending 695 (55.9) 143 (33.3) 216 (55.4) 336 (79.4) <0.01

Left circumflex 391 (31.5) 133 (30.9) 119 (30.5) 139 (32.9) 0.74

Right coronary artery 453 (36.4) 181 (42.1) 151 (38.7) 121 (28.6) <0.01

Left main 23 (1.9) 0 9 (2.3) 14 (3.3) <0.01

Multivessel treatment 293 (23.6) 25 (5.8) 99 (25.4) 169 (40.0) <0.01

Total lesions treated per 
patient

<0.01

One lesion treated 762 (61.3) 370 (86.0) 221 (56.7) 171 (40.4)

Two lesions treated 357 (28.7) 54 (12.6) 142 (36.4) 161 (38.1)

Three of more lesions 
treated

124 (10.0) 6 (1.4) 27 (6.9) 91 (21.5)

No of stents placed 2.02 (1.18) 1.38 (0.69) 2.00(0.97) 2.68 (1.38) <0.01

ACC-AHA lesion class B2 or 
C lesion treated 702 (56.5) 126 (29.3) 241 (61.8) 335 (79.2) <0.01

At least one ostial lesion 
treated

113 (9.1) 28 (6.5) 51 (13.1) 34 (8.0)
<0.01

Preprocedural TIMI flow 
(grade 0-1)

99 (8.0) 24 (5.6) 35 (9.0) 40 (9.5) 0.08

At least 1 lesion directly 
stented

414 (33.3) 196 (45.6) 124 (31.8) 94 (22.2) <0.01

At least one stent 
postdilated  >18 atm 

954 (76.7) 301 (70.0) 293 (75.1) 630 (85.1) <0.01

Table 2. Angiographic and procedural characteristics.
Data are number (%) or mean (SD). 
ACC = American College of Cardiology; ACE = angiotensin-converting enzyme; 
AHA = American Heart Association; ARB = angiotensin receptor blockers; CTO = 
chronic total occlusion; DM = diabetes mellitus;  RVD = reference vessel diameter; 
TIMI = thrombolysis in myocardial infarction.
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Study 
population
(N=1243)

SxS 
<=7,0
(N = 
430)

SxS 
>7,0 
and 
<15
(N = 
390)

SxS ≥15
(N = 
423)

p Value

Antiplatetelet therapy

Acetylsalicylic acid 1233 (99.2)
426 

(99.1)
387 

(99.2)
420 

(99.3)
0.93

Clopidogrel 1243 (100)
430 

(100)
390 

(100)
423 

(100)
1.00

Other medication

Statin 1061 (85.4)
369 

(85.8)
339 

(86.9)
353 

(83.5)
0.36

Βeta-blocker 1026 (82.5)
353 

(82.1)
335 

(85.9)
338 

(79.9)
0.08

ACE/ARB* 581 (46.7)
203 

(47.2)
165 

(42.3)
213 

(50.4)
0.07

Table 3. Medication at discharge.
Data are number (%).  
*ACE = Angiotensin-converting enzyme; ARB = angiotensin receptor blockers.  
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Abstract

Aim:  Investigate the prognostic value of coronary dominancy for various 
adverse clinical events following the implantation of drug-eluting stents.
Methods and Results:
We assessed two-year follow-up data of 1387 patients from the randomised 
TWENTE trial. Based on the origin of the posterior descending coronary 
artery, coronary circulation was categorised into left and non-left 
dominancy (i.e. right and balanced). Target vessel-related myocardial 
infarction (MI) was defined according to the updated Academic Research 
Consortium (ARC)-definition (2xupper reference limit of creatine kinase 
(CK), confirmed by CK-MB elevation), and peri-procedural MI (PMI) as MI 
≤48 hours following PCI. 136(9.8%) patients had left and 1251(90.2%) non-
left dominancy. Target lesions were more frequently located in dominant 
arteries (p<0.005). Left dominancy was associated with more severe 
calcifications (p=0.006) and more bifurcation-lesions (p=0.031). Non-left 
dominancy tended to be less frequent in men (p=0.09). Left coronary 
dominancy was associated with more target vessel related MI (14(10.3%) vs. 
62(5.0%), p=0.009).  Left dominancy independently predicted PMI (adjusted 
2.19 95%CI: 1.15-4.15, p=0.017), while no difference in other clinical 
endpoints was observed between dominancy groups. 
Conclusion:  In the population of the TWENTE trial, we observed a higher 
incidence of peri-procedural myocardial infarction in patients, who had left 
coronary dominancy.
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Introduction

Left coronary artery dominancy is a variant of the normal coronary 
anatomy, in which the left circumflex artery reaches the crux and supplies 
both posterior descending and posterolateral branches.1,2 A recent post-
mortem analysis showed a decreasing prevalence of left dominancy with 
the increase of age, suggesting a worse prognosis for subjects with this 
dominance pattern.3 The database of a registry of patients undergoing 
cardiac catheterisation for acute coronary syndromes has demonstrated 
a higher all-cause mortality in patients with left dominancy.4 In addition, 
a non-invasive study with computer tomography coronary angiography 
screening of the coronary arteries in a heterogeneous group of patients 
with chest pain (with or without coronary artery disease) showed left 
dominancy being an independent predictor of non-fatal myocardial 
infarction (MI) and all-cause mortality.2 

However, there is limited knowledge about the relation between 
coronary dominancy patterns and the risk of various adverse clinical 
events that can occur following percutaneous coronary interventions (PCI) 
with contemporary drug-eluting stents (DES). The aim of this study was 
to investigate the prognostic value of left dominancy in relation to post-
PCI outcome – in particular the rate of peri-procedural MI (PMI), which in 
current DES studies has the highest incidence of all adverse clinical events.5-7 
We performed the analyses in patients in the prospective, randomised 
TWENTE trial5,8 which assessed a population of PCI patients with broad 
inclusion and only few exclusion criteria, treated with second-generation 
DES.9

Methods

Study population. The study assessed patients enrolled in the TWENTE 
trial (ClinicalTrials.gov NCT01066650), which has previously been described 
in detail.5,8 In brief, TWENTE is an investigator-initiated, patient-blinded, 
randomised non-inferiority study with broad inclusion and limited exclusion 
criteria in a study population with a majority of complex lesions and ‘off-
label’ indications for DES. The study was performed between June 2008 
and August 2010 at Thoraxcentrum Twente, Enschede, the Netherlands. 
Patients with an indication for PCI with DES, who were capable of providing 
informed consent, were randomised for treatment with one of two types 
of second-generation DES – Resolute (Medtronic Inc., Santa Rosa, CA) or 
Xience V (Abbott Vascular, Santa Clara, CA). There was no limit for lesion 
length, reference vessel size, and number of target lesions or vessels to be 
treated. As a consequence, in a high proportion of study patients there 
was advanced coronary disease requiring treatment of multiple vessels, 
bifurcation lesions, long lesions, and lesions in small vessels.5 A total of 52% of 
patients presented with an acute coronary syndrome, but as a very recent 
ST-elevation myocardial infarction (STEMI) was the most important exclusion 
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criterion, patients requiring primary PCI were not enrolled. The TWENTE trial 
has demonstrated a similar clinical outcome for both DES.5 The study was 
approved by the institutional ethics committee and complied with the 
Declaration of Helsinki. All patients provided written informed consent. The 
study population of the present analysis consisted of all TWENTE patients 
except 4 patients who withdrew their consent during follow-up.

Angiographic assessment of coronary artery dominancy. Coronary 
dominancy was classified in left and non-left by two experienced analysts 
who inspected the coronary angiography of all TWENTE patients. A 
coronary artery system was classified as right dominant when the PDA 
originated from the right coronary artery (RCA), while left dominancy was 
defined when the PDA originated from the left circumflex artery (LCX). A 
balanced dominant coronary system was categorised when the PDA rose 
from the RCA in combination with a large posterolateral branch originating 
from the LCX reaching near the posterior interventriculair groove.2 Right 
and balanced were referred as non-left dominancy. Any potential 
disagreement between analysts was resolved by jointly inspecting all 
angiographic runs available in order to achieve consensus. 

Quantitative coronary angiography. Quantitative coronary 
angiographic analyses were performed offline with the use of edge-
detection software (QAngio XA version 7.1, Medis, Leiden, the Netherlands) 
by angiographic analysts from the Thoraxcentrum Twente.5

Follow-up and definition of clinical endpoints. Details of the clinical 
follow-up have been reported previously.5,8 In brief, in the TWENTE trial 
follow-up data were obtained during 2-year follow-up after the index 
procedure. For any events trigger, all relevant clinical information available 
was gathered. Clinical event adjudication (of all patients, follow-up 
information was available) was performed by core laboratory and an 
external independent research organisation (Cardialysis, Rotterdam, 
the Netherlands). Clinical endpoints were defined according to the 
Academic Research Consortium (ARC).10,11 Cardiac death was defined as 
any death due to proximate cardiac cause (e.g., MI, low-output failure, 
fatal arrhythmia). MI was defined by any creatine kinase concentration 
of more than double the upper limit of normal with elevated values of 
a confirmatory cardiac biomarker (creatine kinase myocardial band 
fraction or troponin), based on the updated ARC definition of MI. Peri-
procedural MI (PMI) was defined as MI within 48 hours after PCI.10,11 Further 
classification of MI and MI location was based on laboratory information, 
electrocardiogram, and/or clinical data. Laboratory information included 
determination of creatine kinase before PCI and cardiac markers 6 to 
18 h after PCI, with subsequent serial measurements in case of relevant 
biomarker elevation or complaints (97% of the cases had at least one blood 
sampling performed between 12 and 18 h after PCI). Stent thrombosis was 
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defined according to ARC as definite, probable, or possible.
The composite endpoint target vessel failure (TVF) was defined as 

cardiac death, target vessel–related MI, or clinically driven target vessel 
revascularisation (TVR). Target lesion failure (TLF), was defined as composite 
of cardiac death, target vessel–related MI, and clinically indicated target 
lesion revascularisation (TLR); major adverse cardiac events as composite 
of all-cause death, any MI, emergent coronary artery bypass surgery, or 
clinically indicated TLR; and a patient-oriented composite endpoint as 
composite of all-cause mortality, any MI, and any repeat (target and non-
target vessel) revascularisation.5

Statistical analysis. Categorical data were presented as frequency 
and percentage whereas continuous variables were expressed as mean ± 
standard deviation (SD). To assess potential differences in the prevalence 
of dominancy patterns between younger and older patients, age was 
categorized with use of the mean of the total population as cut-off 
value.  The baseline characteristics were compared using chi-square test 
or Fisher’s exact test for categorical variables and one-way analyses of 
variance (ANOVA) for continuous variables including age, BMI, minimum 
reference diameter and total stent length, as the data were distributed 
normally. Kruskal-Wallis test (non-parametric data) was used to compare 
total number of stent placed between dominancy patterns, and presented 
as median and interquartile range (IQR). Univariate and Cox regression 
analysis was performed to assess coronary dominancy as an independent 
predictor in respect to the predefined endpoints. Potential confounding 
was identified if p-values were < 0.10 at univariate analysis of the relations 
between tested parameter vs. both dominancy and predefined clinical 
endpoints. A multivariate Cox regression analysis was then performed 
to adjust for potential confounders. The time to the MI was assessed 
according to the Kaplan Meier method, in which the log-rank test was 
applied to compare the three coronary dominancy patterns. Analyses were 
performed using SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA). Unless otherwise 
specified, confidence intervals and p-values were two-sided. A p-value 
<0.05 was considered statistically significant.

Results

Patient characteristics. A total of 1387 patients were analysed, of 
which 136 (9.8%) had left dominancy and 1251 (90.2%) non-left dominancy, 
consisting of right 1077 (77.6%) and balanced 174 (12.5%) dominancy. 
In all 1387 patients, data for follow-up analysis were available. Baseline 
characteristics are shown in Table 1. Male gender tended to be more 
frequent in left than in the non-left dominancy group (78.7% vs. 71.8%, 
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respectively; p=0.087). There was no difference in prevalence of dominancy 
patterns between patients age ≤64 and older (p=0.79). Patients with left 
dominancy tended to have less often a previous PCI (p=0.11). 

Angiographic and procedural characteristics. Angiographic analysis 
revealed that target lesions were more frequently located in the dominant 
artery (Table 2): left and non-left dominancy were present in 64.0% vs. 50.8% 
if target lesions were located in the left anterior descending artery (LAD; 
p=0.004); 50.7% vs. 29.4% if target lesions were located in the CX (p<0.001); 
and 6.6% vs. 39.4% if target lesions were located in the RCA (p<0.001).   

The ACC/AHA lesion types did not differ in complexity between 
dominancy groups (p=0.6). Left dominancy was associated with more 
severe lesion calcification (p=0.006), more bifurcation lesions (p=0.031) 
and showed a trend towards more de novo lesions (p=0.079). Between 
dominancy groups, there was no significant difference in minimum 
reference vessel size, the number of lesions treated, and other procedural 
details.

Adverse clinical events during 2-year follow-up. Left dominancy 
was associated with a higher incidence of target vessel MI (p=0.009, 
Table 3): in particular non-Q-wave MI (p=0.006) and PMI (p=0.014). For all 
other adverse cardiac events and composite endpoints, there was no 
significant difference between dominancy groups. Definite or probable 
stent thrombosis was non-significantly more frequent in patients with left 
dominancy than in non-left dominancy (2.2% vs. 1.3%, respectively).

Multivariate analysis of coronary dominancy and myocardial 
infarction. 
Severe lesion calcification and at least one bifurcated lesions were referred 
as potential confounders and were therefore included as covariates in 
a multivariate model. Using the largest group with non-left dominancy 
as a reference, left coronary dominancy was shown to be a significant 
independent predictor of target vessel MI (adjusted HR 1.88, 95%CI: 1.05-
3.37, p=0.034) – mainly non-Q-wave MI (adjusted HR 2.35, 95%CI: 1.26-
4.36, p=0.007) and PMI (adjusted HR 2.19 95%CI: 1.15-4.15, p=0.017). In 
addition, severe lesion calcification and at least one bifurcated lesion were 
independent predictors for target vessel MI (adjusted HR 2.16, 95%CI: 1.35-
3.46, p=0.001, adjusted HR 1.60, 95%CI: 1.00-2.55, p=0.048, respectively) 
and for non-Q-wave MI (adjusted HR 1.81, 95%CI: 1.05-3.14, p=0.034, 
adjusted HR 2.00, 95%CI: 1.19-3.56, p=0.009, respectively). For PMI severe 
lesion calcification tended to be predicting PMI (adjusted HR 1.75, 95%CI: 
0.99-3.07, p=0.051) and at least one bifurcated lesion was an independent 
predictor (adjusted HR 2.13, 95%CI: 1.26-3.59, p=0.005). Kaplan-Meier MI-free 
survival analysis stratified for the dominancy groups demonstrated a higher 
incidence of MI in patients with left dominancy (p=0.009, Figure 1). The MI 
occurred most frequently as PMI – that is within the first 2 days, after which 
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all three survival curves showed hardly any change. 

Discussion

Within the 1387 patients of the prospective randomised TWENTE 
trial, left coronary dominancy was an independent predictor of PMI 
following the implantation of contemporary second-generation DES 
and associated with a higher MI rate at 2-year follow-up.  The relation 
between left coronary dominancy and both MI and PMI remained after 
correcting for confounders, including severe lesion calcification and at 
least one bifurcated lesion. Despite significant differences in PMI and MI 
rates at 2-year follow-up, no difference in other clinical endpoints was 
observed between dominancy groups. While the present study adds 
novel information on the relation between coronary anatomy and clinical 
outcome following PCI, the limited power of the analysis requires that the 
findings of this study should be considered as hypothesis generating.

Peri-procedural myocardial infarction.  This study demonstrates 
that left dominancy is associated with a 2.2-times higher risk of PMI. The 
relation between anatomical features such as the coronary distribution 
pattern and PMI had not been assessed so far. In DES trials, the MI rate is a 
component of several combined clinical endpoints; the PMI rate represents 
the vast majority of the MI rate which is an endpoint in both stent trials and 
pathophysiological studies.12-15 The mechanism underlying the increased 
PMI risk in left coronary dominancy it still unclear. Previous studies have 
demonstrated that complex plaque morphologies and greater atheroma 
volumes bear a greater risk of significant plaque (micro)embolisation 
that can lead to microvascular injury.16-20 Furthermore, PCI-related (stent-
induced) closure of epicardial arteries may lead to blood flow reduction 
or occlusion in side branches with subsequent myocardial injury.16 Both 
microembolisation and stent-induced closure of very small side branches 
may not be visible on the angiogram but can lead to cardiac marker 
release and PMI. 

Clinical outcome. A few registries and studies showed relations 
between left dominancy and inferior clinical outcome2-4, but the patient 
populations of these studies differed significantly from that of the TWENTE 
trial.5 A recently published post-mortem angiography study showed 
that the prevalence of left and balanced dominancy decreased with 
increasing age3 while we found no relation between age and dominancy 
pattern in the population of TWENTE trial patients, who were on average 
at a younger age (being normally distributed) than the population of the 
aforementioned post-mortem study that also comprised a wider rage of 
age (with non-Gaussian distribution). In a heterogeneous group of patients 
with chest pain, computer tomography coronary angiographic screening 
revealed left dominancy to independently predict non-fatal MI and all-
cause mortality.2 In addition, in a registry of patients with acute coronary 
syndromes, left dominancy was associated with higher all-cause mortality.4 
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Our present study in a population of PCI patients with broad 
inclusion and only few exclusion criteria, consisting almost equally of 
patients with acute coronary syndromes and stable angina5,9, adds further 
information on the prognostic impact of left coronary dominancy with 
regard to various aspects of clinical outcome following PCI. Although we 
did not observe an inferior outcome in terms of higher mortality, treatment 
failure, or major adverse cardiac events, we found an independent 
association between left dominancy and PMI which, in the presence of 
major cardiac marker release, may be related to increased mortality.16,21-24 
Furthermore, we observed in patients with left dominancy more bifurcated 
and severely calcified coronary lesions, lesion with characteristics that are 
known to be associated with inferior clinical outcome.25 While our data 
may not have direct clinical implications, findings suggest that further 
research may be warranted to clarify the role of coronary dominancy. Left 
coronary dominancy in the presence of left main disease and a proximal 
LAD stenosis may sometimes lead to surgical revascularization or, if PCI is 
performed, may trigger a more aggressive pharmacological anti-platelet 
and/or anticoagulation therapy, as the occlusion of a dominant CX artery 
may induce serious complications. This impact of a dominant circumflex 
coronary artery on PCI procedural risk is also reflected in the SYNTAX 
score.26,27

Limitations of the study. The present study is a non-prespecified 
post-hoc analysis of the TWENTE trial with two-year clinical follow-up. 
Nevertheless, any prolongation of follow-up would have had no effect 
on the difference in PMI between dominancy groups (PMI may only 
occur during the first 48 hours after PCI), which was the main finding of 
this study. In addition, none of the other clinical outcome parameter (i.e. 
other than MI and PMI) showed a trend towards significant difference 
between coronary dominancy groups. While the adjudication of MI was 
performed according to the ARC definitions, we did not stratify events for 
different levels of CK-MB elevation (e.g. >5x or >10x the upper reference 
limit of CK-MB). In future assessments of this issue, it may be valuable to 
stratify CK-MB value to certain levels in order to better define the severity 
of MI. In addition, we cannot completely exclude that during follow-up 
a subclinical MI might have been missed, especially if it did not lead to 
hospitalization, revascularization by PCI or CABG, and/or if ECG changes 
were not recognizable. Because of the limited power of the present post-
hoc analysis, no definite conclusion can be drawn and findings should be 
considered hypothesis generating. Nevertheless, the current findings add 
novel information on the relation between coronary anatomy and clinical 
outcome following PCI.

Conclusion. In the population of the TWENTE trial, we observed a 
higher incidence of peri-procedural myocardial infarction in patients, who 
had left coronary dominancy.
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Figure 1.  MI-free survival of patients with left and non-left coronary dominancy (2-
year follow-up). 
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Table 1.  Patient characteristics in left and non-left coronary dominancy.
Total 

population
(n=1387)

Left
(n=136)

Non-left
(n=1251)

p-
value

Age (years)
  Equal or younger than 64 years 
  Older than 64 years

64.3 (10.6)
688 (49.6)
699 (50.4)

64.6 (10.7)
66 (48.5)
70 (51.5)

64.2 (10.5)
622 (49.7)
629 (50.3)

0.69
0.79

Gender (male) (%) 1005 (72.5) 107 (78.7) 898 (71.8) 0.09
Clinical risk factor
  Diabetes mellitus (any)
  Hypercholesterolemia
  
Arterial hypertension
  Family history of CAD
  Current smoking
  Obesity (BMI ≥ 30 kg/m3)

299 (21,6)
801/1353 

(59.2)
771 (55.6)
737 (53.1)
340 (24.5)
27.7 ± 4.0 

(1186)

29 (21.3)
78/132 (59.1)

75 (55.1)
65 (47.8)
33 (24.3)
28.1 ± 3.8 

(118)

270 (21.6)
723/1221 

(59.2)
696 (55.6)
672 (53.7)
307 (24.5)
27.7 ± 4.0 

(1068)

0.94
0.98

0.91
0.19
0.94
0.30

Known vascular disease (%)
  Previous myocardial infarction 
(any)
  Previous PCI
  Previous CABG
  Previous heart valve surgery
  Previous stroke
  Previous TIA

450 (32,4)

287 (20.7)
148 (10.7)

4/1368 (0.3)
43 (3.1)
70 (5.0)

45 (33.1)

21 (15.4)
14 (10.3)

0/135 (0.0)
6 (4.4)
8 (5.9)

405 (32.4)

266 (21.3)
134 (10.7)

4/1233(0.3)
32 (3.0)
62 (5.0)

0.87

0.11
0.88
1.00
0.30
0.64

Clinical indication
  Stable angina pectoris
  Unstable angina pectoris
  Non-ST-elevation MI

672 (48.4)
324 (23.4)
391 (28.2)

73 (53.7)
29 (21.3)
34 (25.0)

599 (47.9)
295 (23.6)
357 (28.5)

0.44

Medication usage
Acetylsalicylic acid
Clopidogrel
Statins
Beta blocker
ACE inhibitor

1376 (99.2)
1387 (100)
1191 (85.9)
1145 (82.6)
394 (28.4)

135 (99.3)
136 (100)
111 (81.6)
116 (85.3)
39 (28.7)

1067 (99.1)
1251 (100)
1080 (86.3)
1029 (82.3)
355 (28.4)

1.00

0.13
0.38
0.94

Left ventricular ejection fraction 
<30%* 32/1048(3.1) 5/95 (5.3) 27/953(2.8) 0.20

Patient characteristics in left, right and balanced coronary dominancy. 
Values are mean ± SD or n (%). *Left ventricular ejection fraction assessed with 
ultrasound, magnetic resonance imaging or left ventricular angiography. 
BMI = body mass index; CAD coronary artery disease; PCI = percutaneous coronary 
intervention; CABG = coronary artery bypass grafting; TIA = Transient Ischemic 
Attack; MI = myocardial infarction.
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Table 2.  Baseline lesion and angiograph characteristics in patients with left and non-
left coronary dominancy.

Total
(n=1387)

Left 
(n=136)

Non-left
(n=1251)

p-val-
ue

Target lesion coronary artery
  Left main stem
  Left anterior descending artery 
(LAD)
  Left circumflex artery (RCX)
  Right coronary artery (RCA)
  Bypass graft

52 (3.7)
723 (52.1)
437 (31.5)
502 (36.2)

41(3.0)

7 (5.1)
87 (64.0)
69 (50.7)

9 (6.6)
2 (1.5)

45 (3.6)
636 (50.8)
368 (29.4)
493 (39.4)

34 (3.2)

0.366
0.004

<0.001
<0.001
0.423

ACC/AHA lesion class 
  A 
  B1 
  B2 
  C

91 (6.6)
294 (21.2)
428 (30.9)
574 (41.4)

12 (8.8)
27 (19.9)
45 (33.1)
52 (38.2)

79 (6.3)
267 (21.3)
383 (30.6)
522 (41.7)

0.591

Type of lesions
  De novo lesions only*
  At least one chronic total occlusion 
  At least one in-stent restenosis 
  At least one bifurcation lesion
  At least one aorto-ostial lesion
  At least one severe calcification 
  At least one thrombus present #
  At least one total occlusion

1284 (92.6)
95 (6.8)
68 (4.9)

362 (26.1)
152 (11.0)
274 (19.8)

61 (4.4)
184 (13.3)

131 (96.3)
9 (6.6)
3 (2.2)

46 (33.8)
8 (5.9)

39 (28.7)
4 (2.9)

16 (11.8)

1153 (92.2)
86 (6.9)
65 (5.2)

316 (25.3)
144 (11.5)
235 (18.8)

57 (4.6)
168 (13.4)

0.079
0.910
0.125
0.031
0.046
0.006
0.510
0.587

Total number of lesions treated/
patient
  1 lesion treated
  2 lesions treated
  3 or more lesions treaded

856 (61.7)
391 (28.2)
140 (10.1)

84 (61.8)
37 (27.2)
15 (11.0)

772 (61.7)
354 (28.3)
125 (10.0)

0.913

Multivessel treatment 334 (24.1) 34 (25.0) 300 (24.0) 0.792

PCI related characteristics
  Minimum reference diameter (mm)
  Total number of stents
  Total stent length (mm)
  At least one direct stenting
  At least one stent post-dilation
  Maximal inflation pressure (atm)

2.6 ± 0.6
2.0 (1.0-3.0)
40.98 ± 26.9
662 (47.7)

1218 (87.8)
15.9 ± 2.6

2.5 ± 0.6
2.0(1.0-3.0)
39.2 ± 24.1
62 (45.6)

121 (89.0)
15.9 ± 2.8

2.6 ± 0.6
2.0 (1.0-3.0)
41.4 ± 27.1
517 (48.0)
948 (88.0)
15.9 ± 2.6

0.408
0.219
0.484
0.868
0.610
0.898

Baseline lesion and angiograph characteristics in patients with left, right and 
balanced coronary dominancy. Values are n (%). *Including chronic total occlusion 
but not grafts and in-stent re-stenosis. #Thrombus triggering use of thrombus 
aspiration catheters. ACC = American College of Cardiology; AHA = American 
Heart Association; TIMI = Thrombolysis in Myocardial Infarction.
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Table 3.  2-years clinical outcome in patients with left and non-left coronary 
dominancy.

Total
(n=1387)

Left
(n= 136)

Non-left
(n= 1251)

p-value

Death
  Any cause 
  Cardiac cause

62 (4.5)
30 (2,2)

8 (5.9)
4 (2.9)

54 (4.3)
26 (2.1)

0.401
0.511

Myocardial infarction
  Any
  Target-vessel
     Q-wave 
     Non–Q-wave

79 (5.7)
76 (5.5)
17 (1.2)
59 (4.3)

14 (10.3)
14 (10.3)

1 (0.7)
13 (9.6)

65 (5.2)
62 (5.0)
16 (1.3)
46 (3.7)

0.015
0.009
1.000
0.010

Periprocedural MI 57 (4.1) 12 (8.8) 45 (3.6) 0.004
Major adverse 
cardiac event*

172 (12.4) 22 (16.2) 150 (12.0) 0.160

Patient-oriented 
composite endpoint#

232 (16.7) 28 (20.6) 204 (16.3) 0.204

Clinically indicated 
TVR
  Any 
  Percutaneous 
  Surgical 

74 (5.3)
60 (4.3)
16 (1.2)

5 (6.8)
3 (2.2)
2 (1.5)

69 (5.5)
57 (4.6)
14 (1.1)

0.365
0.201
0.665

Clinically indicated 
TLR
  Any 
  Percutaneous 
  Surgical

52 (3.7)
41 (3.0)
13 (0.9)

3 (2.2)
2 (1.5)
1 (0.7)

49 (3.9)
39 (3.1)

12 (1.0)

0.318
0.423
1.000

Target lesion failure 141 (10.2) 18 (13.2) 123 (9.8) 0.212
Target vessel failure 155(11.2) 19 (14.0) 136 (10.9) 0.276
Stent thrombosis& 18 (1.3) 3 (2.2) 15 (1.2) 0.410

Clinical outcome in patients with left, right and balanced coronary dominancy.
Values are n (%). *Major adverse cardiac events are a composite of all-cause 
death, any myocardial infarction (MI), emergent coronary artery bypass surgery, 
or clinically indicated target lesion revascularisation (TLR). #Patient-oriented 
composite endpoint is a composite of endpoint all-cause death, any MI, or any 
revascularisation. TVR = target vessel revascularisation; & definite or probable stent 
thrombosis.
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Abstract

Aims: Optimal ostial seating and adequate backup of guide catheters are 
required for challenging percutaneous coronary interventions (PCI). The 
GuideLiner (GL) is a guide catheter extension system that provides active 
backup support by deep coronary intubation. We aimed to assess feasibility 
and safety of GL-use in routine clinical practice. 
Methods and results: We prospectively recorded patient and procedural 
details, technical success, and in-hospital outcome of 65 consecutive 
patients, undergoing 5-in-6F GL-facilitated PCI of 70 target vessels. The GL 
was mainly used for PCI of complex coronary lesions: 97%(68/70) lesion 
types B2/C; 53%(37/70) distally located and 23%(17/70) heavily calcified. 
Indications were to increase backup of the guide and facilitate stent 
delivery (59%, 41/70), achievement of co-axial alignment of the guide 
catheter (29%, 20/70), and selective contrast injections (13%, 9/70). Device 
success rate was 93%(65/70). There were no major complications and two 
minor complications managed without clinical sequelae: one air embolism 
and one stent dislodgement. 
Conclusions: GL-use resulted in increased backup and guide 
catheter alignment for stent delivery in unfavorable tortuous coronary 
anatomies and complex, heavily calcified, and often distally located 
lesions, which otherwise may have been considered unsuitable for PCI. 
Procedural success rate was high and there were no major complications.
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Introduction

Despite the advancements made in percutaneous coronary interventions, 
the interventional cardiologist nowadays has to deal with an increasing 
complexity of procedures. A good backup of the guide catheter is essential 
to advance guidewires and balloons, and to deliver stents. Support of 
the guide can be increased by use of extra-backup guides and larger 
guide dimensions. In addition, the stability of the guide can be improved 
by advancing a buddy wire, and use of stiffer guidewires or anchoring 
balloons1,2. Another way to increase backup support is deep intubation of 
the guide3,4. There is, however, a considerable risk of dissecting the vessel. 
Introduction of guide catheter extension systems, in which a long guide 
catheter with a flexible tip is advanced through the mother guide, has 
further refined this concept5-7. Besides the improvement in backup support, 
the use of guide catheter extensions provides selective visualization of 
the target vessel, improves the stability of the guide and allows co-axial 
alignment of the guide.

There are three systems available: the Heartrail IITM catheter, the 
ProxisTM device and the GuideLinerTM catheter. The Heartrail IITM catheter and 
ProxisTM device are 120-cm catheters that are introduced into the mother 
guide by removing the Y-connector6-9. The GuideLiner (GL) catheter (Figure 
1) is a novel rapid-exchange guide catheter extension system that provides 
active guide support by its 20-cm-long flexible tubular end, which can be 
deeply advanced into target vessels10-18. Its handling is particularly easy, as 
it is does not require disconnection of the hemostatic valve at the proximal 
end of the guide catheter and is compatible with standard 180-centimeter-
long guidewires. Its soft distal tip promises a low risk of dissecting vessels 
compared to deep-seating of regular guide catheters. 

So far, only a limited number of reports and case series have been 
published on the GL guide catheter extension10-18. Mamas et al. reported a 
case series of 13 complex coronary interventions, performed via the radial 
artery with the 5-in-6F GL system10. Although their success rate was high, the 
main limitation encountered was stent damage upon advancement of 
the stent across the metallic collar of the GL (2 out of 32 stents)10.. Recently, 
Luna et al. published their experience with the GL catheter in a series of 21 
patients15. In their study, a transfemoral approach and 7F guide catheters 
were used in the majority of the cases with a procedural success rate of 
90%. Pressure dampening was seen in 57% of their patients, contributing to 3 
out of 4 unsuccessful cases. There was one major complication in the series 
reported by Luna et al., which was a flow-limiting dissection in the proximal 
LAD but they noted no case of stent damage15. The purpose of the present 
Twente GuideLiner Registry was to assess feasibility and safety of use of 
the 5-in-6F GL guide catheter extension system during routine, clinical PCI 
procedures as performed at Thoraxcentrum Twente, a high-volume PCI 
center located in Enschede, the Netherlands.
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Methods
Study population. Between November 2010 and July 2011, we prospectively 
collected data of a consecutive series of 65 patients, in whom the GL was 
applied to facilitate routine PCI. The patients had a background of stable or 
unstable angina pectoris, or presented with an acute myocardial infarction. 

Interventional procedures. A team of 5 interventional cardiologists 
performed the PCI procedures; each of them had performed PCI for 
more than 5 years (250–500 PCI procedures per operator annually; total 
PCI experience of 4,000 or more per operator). PCI procedures were 
performed according to standard clinical protocols via de femoral or 
radial route, using 6F guide catheters as a standard. All patients received 
a bolus of unfractionated heparin (5,000IE or 70-100IE/kg). Prior to PCI, 
all patients received adequate loading doses of acetylsalicylic acid 
(300mg) and clopidogrel (300-600mg), if not pretreated. During the 
procedure, an intracoronary bolus of nitrates was administered. The choice 
of interventional approaches, devices, and techniques was left at the 
operators’ discretion, considering current clinical protocols and guidelines. 
Following PCI, clopidogrel was prescribed for one year (75mg once daily 
(o.d.) in addition to life-long treatment with acetylsalicylic acid (at least 
100mg o.d.). 

The GuideLiner catheter and its use. The GL (Vascular Solutions, Minneapolis, 
MN, USA) consists of a flexible 20cm straight, flexible, soft-tipped extension 
tube that is connected via a metal collar to a thin 115-cm-long stainless-
steel shaft (Figure 1A&B). The extension tube has a silicon coating for 
lubricity. The procedure starts by positioning the mother guide and 
advancing the guidewire across the target lesion. Then the GL is advanced 
over the guidewire through the hemostatic valve of the y-adapter 
(handling comparable to regular balloons) to intubate the target coronary 
artery or bypass graft (Figure 1C). The GL reduces the inner diameter of 
the mother guide by approximately 1F, but it does not lengthen the guide 
outside the patient. As the GL is in place, balloons and stents can be 
delivered over the same initial guidewire. The GL is available in sizes of 6F, 
7F, and 8F. In this study, only 6F GL were used (also called 5-in-6 system), 
which has an internal diameter of 0.056” (1.422mm). Notably, the use in 
vessels <2.5 mm is dissuaded by the manufacturer. Bifurcation lesions in our 
study were treated as follows: Two wires were advanced through the guide. 
Then, the GL was advanced over both wires simultaneously. Provisional 
stenting was the strategy of choice. In case a kissing balloon technique was 
demanded, a wire exchange was performed followed by balloon dilation 
of the side branch through the stent struts. Before the final kissing balloon 
inflation could be performed, the GL had to be removed. 

Study parameters and data acquisition. To assess the usefulness (feasibility 
and safety) of the GL in clinical practice, we prospectively recorded 
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various procedural data and clinical details on the in-hospital outcome of a 
consecutive series of 65 patients, who underwent PCI with the use of the GL. 
Patient demographics, indication for GL use, angiographic and procedural 
details including technical success, and all complications were recorded. 
Quantitative coronary angiography (QCA) was used to determine the 
intubation depth of the GL catheter. Procedural success was defined as 
the achievement of <20% diameter stenosis with TIMI 3 flow in the target 
vessel. Routine peri-interventional assessment of cardiac biomarkers was 
performed to screen for PCI-induced myocardial necrosis up to 24 hours 
after PCI or until the highest value of creatine kinase (CK) was measured. 
Peri-PCI myocardial infarction was defined as two times the upper 
reference limit of CK, confirmed by significant elevation of other specific 
biomarkers (MB-fraction of CK or troponin).

Statistical analysis. Values are expressed as mean±SD or median with 
range. Comparison of continuous variables was performed with Student’s 
t-test. Categorical variables are presented as numbers or percentages and 
were tested with Chi-square test or Fisher exact test. A p value<0.05 was 
considered statistically significant. Statistical analysis was performed with 
SPSS version 15.0 for Windows (SPSS Inc.,Chicago,Illinois).

Results

Patient population and lesion characteristics. The demographic 
characteristics of the study population are presented in Table 1. The 
majority of patients were male (74%), and the mean age was 67±13 years. 
Target lesions were relatively complex as is shown in Table 2. Most lesions 
(97%) had AHA/ACC (American Heart Association/American College of 
Cardiology) lesion types B2 or C, with more than half of them being located 
in distal vessel segments. A total of 90% of lesions was classified as being 
calcified: 67% mild to moderately and 23% heavily calcified. Mean lesion 
length was 38±26mm, which is indicative of long lesions. 

Indication for GL use and procedural details. All procedures were carried 
out with the 5-in-6F GL device. As shown in Table 3, the primary indications 
for GL use were to increase backup of the guide catheter, in general 
to facilitate stent delivery (59%), and to improve alignment of the guide 
catheter (29%). In a few patients (13%), the GL was used for selective 
contrast injection, predominantly dominant LCA and/or renal impairment. 
There were differences between the application in RCA and LCA 
interventions. In the LCA, the GL catheter was used regularly to improve the 
alignment of the guide or enhance selective contrast injections, whereas its 
use in RCA interventions was mainly to increase catheter backup (p=0.024). 
An example is shown in Figure 2. 

A 6F guide catheter was used in all subjects while radial access 
was chosen in one third of cases. Multi-vessel procedures were performed 
in almost one third of the patients, and there were 17% chronic total 
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occlusions. Of all 126 stents implanted, 123 (98%) were third-generation 
DES. In this registry, we noted a single stent that was damaged upon 
advancement across the metallic collar of the GL; damage to the 
(secondary) guidewire tip when passing the metallic collar of the GL 
occurred slightly more often (4/70; 6%).

Device success and device failures. The overall success rate of the GL was 
93%. The average depth by which the GL was intubated in the proximal 
target vessels was 33±22mm (range: 0 to 106mm), however, these generally 
deep intubations did not cause any coronary dissection. The rate of 
procedural success of the transradial and transfemoral access routes 
was 95.5% and 88.4% (p=0.35), but the power of the study was insufficient 
to draw sound conclusions from this comparison. There were five device 
failures (5/70; 7%) which are illustrated in Figure 3. 

Complications. We noted no major complications or coronary dissections. 
There were 2 minor complications that are outlined below. In the first case, 
during PCI of a diffusely diseased RCA in a 53-years-old male, the GL was 
deeply advanced (61mm intubation depth) to increase backup support 
and to pass a balloon catheter across the heavily calcified distal RCA 
stenosis. During this maneuver, some air embolism was noted as a result of 
insufficient venting of the wedged GL, which caused a brief phase of stasis 
of coronary flow that was rapidly resolved. . The second minor complication 
occurred during PCI of a long mid lesion in an RCA with “shepherd’s crook” 
anatomy. After predilatation and stenting of the mid RCA, a second stent 
was attempted to advance through the first one, which turned out to be 
extremely difficult. To increase support, the GL was advanced over both 
guidewire and the second stent-balloon system (stent still undeployed), 
which led to dislodgement of the stent from the balloon. Eventually the 
dislodged stent was crushed behind a third stent and was postdilated with 
high balloon pressures, leading to a good final angiographic result with an 
uneventful clinical course until the 8 months follow-up. 

Discussion

Good backup of the guide catheter is crucial for both wiring and 
equipment delivery. The development of guide catheter extension 
systems has further expanded the therapeutic arsenal of the interventional 
cardiologist5-12. Intubation of the guide catheter extension system into the 
target vessel provides enhancement of equipment delivery in challenging 
coronary lesions, and facilitates engagement in case of difficult takeoff of 
the coronary ostium. Takahashi et al. demonstrated that a guide catheter 
extension system provides a substantial improvement in backup support5. 
The support was directly related to the depth of intubation. For example, 
insertion of a 5Fr guide catheter for 15mm into a 6Fr catheter doubled the 
backup support. The guide catheter extension system may be used as a 
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tool for deeper intubation of the guide, referred to as “rail-roading”, as 
was described in detail by Farooq et al18. Its use in graft interventions is well 
recognized by aiding graft cannulation and enhancing the stability of the 
guide in the graft ostium. Further backup may be achieved by advancing 
the extension catheter, thereby allowing the guide to back out and down 
until it rests on the aortic valve or contralateral aortic wall (Swan-neck 
maneuver)18. And finally, guide catheter extension systems can be used as 
an aspiration device18.

The Twente GuideLiner Registry reports on a consecutive series of 
GL applications in 65 patients, treating 70 target vessels with implantation 
of 126 stents (98% being third-generation DES). So far, this is the largest 
registry on the use of the GL in routine daily practice. Demographics and 
clinical characteristics of the study population are similar to previous all 
comers stent studies and our general PCI population19-24. However, lesion 
characteristics differed a lot from the general patient population as the 
majority of target lesions were long and complex: All but 2 target lesions 
(97%) were classified as lesion type B2 or C with more than half of them 
being located distally, and the vast majority being at least moderately 
calcified. 

During the first months, the GL was used as a bailout device in 
challenging cases, when the “old familiar tricks” (e.g. deep-seating 
maneuvers or use of buddy wires) had failed. However, after getting more 
familiar with the device, we switched to a more upfront use in difficult 
anatomical situations. In our present series, the main indication for GL 
use was to improve guide support to facilitate stent delivery (59%). An 
illustration is shown in Figure 2. However, in one third of the cases the GL was 
used to improve co-axial alignment of the guide catheter in anatomical 
situations with an abnormal takeoff of the target vessel (e.g. shepherd’s 
crook-shaped proximal RCA) or a vertical takeoff of either RCA or left main 
stem. In particular, a vertical offspring of the left main stem, as may be 
seen in young lean patients or patients with pulmonary emphysema, bears 
an increased risk of dissecting the left main stem with a guide catheter. 
Gentle intubation of the GL substantially facilitated the intervention in 
such patients (Figure 4). In a small number of patients, the GL was used to 
perform selective contrast injections for a better visualization of the vessel 
of interest with smaller amounts of contrast; this indication for GL use may 
be considered in patients with large caliber vessels, such as a dominant 
left coronary artery, and an impaired renal function, or if an adequate 
visualization cannot be achieved by other means25. 
 The GL may also be useful to facilitate demanding diagnostic 
coronary angiographies, which has not been described so far and was 
beyond the scope of our registry of GL use in PCI patients. Nevertheless, 
we would not like to withhold the information that our group also used the 
GL in several demanding cases of diagnostic angiographic visualization of 
bypass grafts. Figure 5 shows an example of a gastroepiploic artery (GEA) 
graft, visualized both with and without use of a GL. It should be emphasized 
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that in case of coronary angiography, the operator should refrain from the 
use of intracoronary wires and devices as much as possible. However, there 
are circumstances in which a graft cannot be properly visualised. Instead 
of accepting a poor visualisation, the use of a guide catheter extension 
system can be considered in order to achieve conclusive angiographic 
imaging. It should be used by an interventional cardiologist with great care, 
and maximum effort should be taken to prevent that such manoeuvres give 
rise to a coronary dissection.

Success rate, shortcomings, and potential procedural risk. The success 
rate of the GL was 93% in our study, which is in agreement with previously 
reported smaller case series10,15,17,18. Stent damage at the site of the metallic 
collar of the GL occurred in 1 out of 126 stents implanted, which was a 
drug-eluting stent with a nominal diameter of 3.5mm. Others reported a 
higher rate of stent damage (6%) due to the collar of the GL catheter10. 
Therefore, we discourage the use of stents with a nominal diameter 
of 4mm or more through a 5-in-6 F GL catheter. Murphy et al. recently 
reported an uncommon case of balloon damage at the site of the metallic 
collar16. In addition, secondary (buddy) guidewires can be damaged 
upon advancement when the GL is in place, as reported in our present 
study. The 5-in-6 GL catheter permits the passage of virtually all regular 
balloon catheters, contemporary OCT catheters, and coronary stents up 
to a nominal diameter of 3.5mm. However, it does not allow the use of 
larger devices such as thrombectomy catheters, some IVUS probes, and 
simultaneous kissing balloon inflations. 

Although the GL turned out to be generally beneficial with a 
relatively low rate of device failure, we identified some scenarios, in which 
the usefulness of the GL may be questionable. First, a difficult access due 
to iliacal tortuosity may impede the advancement of the GL through 
the mother guide, as was seen in one of our patients. And secondly, the 
proximal part of the target vessel should be suitable for intubation of the GL 
catheter; therefore, ostial/very proximal lesions or sharp angles of coronary 
arteries may lead to device failure, as was noted in the majority of our cases 
with device failure.

In general, use of the GL turned out to be safe. No major 
complications were noted, but there were two minor complications with 
favorable outcome and an otherwise uneventful clinical course. There 
was one case of air embolism due to insufficient venting. In the second 
case, a stent was dislodged from the balloon by the tip of the GL when 
advancing the GL over a stent-balloon system. Both complications could 
have been avoided, if more care had been taken and the instructions of 
the manufacturer had been followed. Luna et al.15 reported a substantially 
higher number of cases with pressure dampening (57%) during engagement 
of the GL catheter; however, dissimilar to our study, they used a 6-in-7F 
system in the majority of cases. 
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How to use the Guideliner and to avoid complications. Several 
considerations can be mentioned in order to choose or refrain from the 
use of a guide catheter extension. If more backup of the guide catheter 
is required, the first step can be the use of buddy wires, extra stiff wires, 
or buddy balloons. However, if these measures fail, a GL catheter may 
be considered, which allows the mother guide and wires to be left in 
place. The operator should, however, be convinced that the proximal 
part of the target vessel is suitable for intubation. If the lesion extends to 
the proximal segment or if there is sharp angulation, the use of a guide 
catheter extension system is generally not recommended. Alternatively, 
the proximal segment may be stented first, followed by gentle intubation of 
the GL catheter and treatment of the distal segment (so-called proximal-
to-distal stenting). However, care should be taken to avoid deformation or 
longitudinal compression of the proximal stent26,27. If there is a problem with 
co-axial alignment of the available guide catheters, the operator should 
estimate the risk of performing the procedure with a suboptimal position of 
the tip of the guide (in case of a simple proximal lesion one may continue). 
However, if substantial backup is required, it appears wise to use a guide 
catheter extension. This decreases the risk of guide-induced dissections and 
improves the backup of the mother guide. If the patient has an impaired 
renal function and the operator expects to use large amounts of contrast 
(e.g. in a dominant left system), a guide catheter extension system may be 
considered as a valuable first choice. And finally, if the operator intends 
to treat a bifurcation lesion, it should be realized that a 5-in-6 system does 
not allow the simultaneous use of 2 balloons. So, a choice should be made 
to use a larger guide catheter extension system (6-in 7 system or ProxisTM 
device), remove the guide catheter extension system before the kissing 
procedure, or refrain from its use and stick to the old tricks.

A word of caution: Intubation of the GL bears the risk of causing a 
dissection in a proximal coronary artery and should be performed carefully. 
If resistance is encountered when advancing the device, the GL can be 
retrieved into the mother guide and then re-advanced over a balloon 
catheter (to improve alignment) into the target vessel17. After advancing 
the GL into the vessel, the operator should check the coronary pressure 
waves and verify the presence of adequate, preserved antegrade 
coronary flow. Since use of the GL reduces size of the working lumen, 
there is an increased risk of air embolism, which can be diminished by 
slow advancement and withdrawal of the equipment; then time should 
be taken to carefully vent the system. A limitation of the GL device is the 
metallic collar located at the entrance of the extension tube. In case of 
resistance while advancing the stent, the location of the stent in relation to 
the metallic collar of the GL should be checked and the stent should be 
inspected for damage. If the collar is located at a bend in the catheter, the 
GL should be retrieved gently into a straight section of the mother guide in 
order to allow more co-axial alignment of the collar17. The use of more than 
one guidewire in combination with a relatively large size of the stent delivery 
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system may render stent passage through the collar of the GL sometimes 
difficult and occasionally impossible. Factors such as operator awareness, 
experience, number and type of guidewires, size of the stent, vascular 
anatomy, the shape of the guide catheter, and indication for GL use may 
have an effect on the incidence of this problem that differs between case 
series17.

Limitations. The present registry in a consecutive series of PCI patients 
treated with use of the 5-in-6F GL provides some “real-life” insight into 
efficacy, limitations, and potential risk of this device. Although our patient 
population is larger than that of all previously reported cases and patient 
series altogether10-18 the population is still relatively small. In addition, due 
to well-known limitations inherent to registries, this single centre registry 
cannot provide the scientific level of insight that might be obtained from a 
randomized study. We cannot exclude that in cases with upfront use of the 
GL, a standard guide catheter or other maneuvers and tricks (e.g. deep 
intubations or buddy wires) could also have led to procedural success.

Conclusions. Use of the GuideLiner catheter resulted in an increased 
backup support and guide catheter alignment for stent delivery in the 
presence of unfavorable tortuous coronary anatomies and in complex, 
heavily calcified, and often distally located lesions, which otherwise may 
have been considered unsuitable for PCI. The procedural success rate of 
the GL was high without major complications. 
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Table 1. Demographic characteristics of study population.

Age (years)       67±13
Male gender        74%(48/65)
Hypertension       57%(37/61)
Hypercholesterolemia      54%(35/61)
Diabetes       25%(16/65)
Current smoking       22%(14/61)
Family history of CAD      28%(18/61)
Prior myocardial infarction     32%(21/65)
Prior PCI        26%(17/65)
Prior CABG       26%(17/65)
Indication for PCI
 ST elevation MI      12%(8/65)

Non-ST elevation MI     20%(13/65)
Unstable angina      6%(4/65)
Stable angina      62%(40/65)

Table 2. Target vessels and lesion characteristics.
    
Target vessels
Left anterior descending artery     17/70(24%)
Left circumflexartery      20/70(29%)
Right coronary artery      23/70(33%)
Vein graft       10/70(14%)

Target lesions 
Type B2/C lesion       68/70(97%)
Distal location       37/70(53%)
Severe calcification      16/70(23%)
Chronic total occlusion      12/70(17%)
Reference vessel diameter(mm)     3.0±0.5
Diameter stenosis(%)      89±13
Lesion length(mm)      38±26
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Table 3. Procedural details, success, failures, and complications.

Procedural details
Radial access       22/65(34%)
Multi vessel procedure      19/65(29%)
Procedural time (min)      79±43
Volume of contrast (ml)      220±118
Total length of stents implanted (mm)    41±29
Number of stents implanted     1.8±1.2
Depth of GuideLiner intubation (mm)     33±21

Primary indication for GuideLiner use
Improvement of backup and facilitated stent delivery  41/70(59%)
More selective contrast-injection     9/70(13%)
Improvement of alignment of the guide    20/70(29%)

Success, failures, and complications
Device success       65/70(93%)
Procedural success       64/70(91%)
Major complications      0/70
Minor complications      2/70(3%)
 Air embolism      1/70 
 Stent dislodgment     1/70 
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Figure 1. Schematic presentation of the GuideLiner catheter.

Figure 2. Angiography of a chronically occluded RCA in a 55-year old female 
patient(A). Wire crossing was achieved using a pilot-50 wire. After subsequent 
passage en dilation with low profile balloons, the flow is partially restored and a long 
dissection can be noted that extends into the posterolateral branch(B). Passage 
of a stent was unsuccessful due to marked resistance in the distal segment of the 
vessel. With the help of an anchoring balloon, the GuideLiner catheter was deeply 
intubated over the guidewire(C). Then, several drug-eluting stents were successfully 
delivered and postdilated, with an excellent final angiographic result(D).
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Figure 4. Angiographic overview of a subject with a vertical offspring of the left 
main (A&B). The GuideLiner catheter was used for co-axial alignment of the guiding 
catheter, providing gentle intubation in the LM and good support to treat the LAD 
lesion. 

Figure 5. Visualization of a gastroepiploic artery (GEA) graft in a 66-year-old male 
patient. Panel A shows vague images of the GEA graft, obtained during routine 
angiography 2 years earlier. Panel B illustrates the difference in image quality, 
obtained recently with the use of the GuideLiner (GL) catheter. The arrow in Panel C 
is pointed at the tip of the GL catheter. 
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Chapter 13
Aspiration of Intact Coronary Bifurcation 
Thrombus in ST-Elevation Myocardial 
Infarction

Clemens von Birgelen,MD,PhD; Kenneth Tandjung,MD; Ming Kai Lam,MD

Thoraxcentrum Twente, Department of Cardiology,
Medisch Spectrum Twente, Enschede, 
the Netherlands

Reprinted with permission from
International Journal of Cardiology 2014 Mar 1;172(1):e245-6.
© Elsevier
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Letter to the Editor

We report a case of a 74-year-old female patient with acute chest 
pain was admitted for primary percutaneous coronary angioplasty. 
The electrocardiogram indicated an acute ST-elevation myocardial 
infarction of the anterolateral wall. Coronary angiography showed a 
thrombus-containing lesion in the left anterior descending coronary 
artery with absence of a major diagonal branch (Figure 1A; arrowhead). 
Administration of abciximab was not considered as there was some 
leakage of blood from the punctured, calcified femoral artery. An 
aspiration catheter was slowly advanced into the lesion, before vacuum-
suction was initiated to remove thrombus. After careful retrieval, we found 
at its tip an intact Y-shaped thrombus (Figure 1D) that resembled the shape 
of the bifurcation. After thrombus removal, blood flow was fully restored in 
the diagonal branch (Figure 1B, arrowhead; Figure 1E, 3D reconstruction 
by dedicated 3D QCA software1 (Medis, Leiden, The Netherlands)). 
Following stent implantation of two drug-eluting coronary stents (Figure 
1C), the in-hospital course of our patient was uneventful, and the patient 
was discharged after 5 days. This case with a unique removal of an intact 
coronary bifurcation thrombus nicely illustrates the pathophysiological 
principle of thrombus propagation from a fissured or ruptured plaque into 
both subordinate branches of a bifurcation.2
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Figure 1.  Coronary angiographic images of the interventional procedure (A-C); 
intact Y-shaped thrombus (D) and 3D reconstruction of the bifurcation anatomy 
from two-dimensional angiographic projections (E).
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Summary

Background.  Drug-eluting stents (DES) are increasingly used for the 
treatment of coronary artery disease. An optimized DES performance is 
desirable to successfully treat various challenging coronary lesions in a 
broad population of patients. In response to this demand, third-generation 
DES with an improved deliverability were developed. Promus Element 
and Resolute Integrity are two novel third-generation DES for which 
limited clinical data is available. Accordingly, we designed the current 
multicenter study to investigate in an all-comers population whether the 
clinical outcome is similar after stenting with Promus Element versus Resolute 
Integrity.

Methods.  DUrable polymer-based sTent CHallenge of Promus ElemEnt 
versus ReSolute integrity (DUTCH PEERS) is a multicenter, prospective, single-
blinded, randomized trial in a Dutch all-comers population. Patients with 
all clinical syndromes who require percutaneous coronary interventions 
(PCI) with DES implantation are eligible. In these patients, the type of DES 
implanted will be randomized in a 1:1 ratio between Resolute Integrity 
versus Promus Element. The trial is powered based on a non-inferiority 
hypothesis. For each stent arm, 894 patients will be enrolled, resulting 
in a total study population of 1788 patients. The primary endpoint is the 
incidence of target vessel failure at 1-year follow-up.

Summary.  DUTCH PEERS is the first randomized multicenter trial with a head-
to-head comparison of Promus Element and Resolute Integrity to investigate 
the safety and efficacy of these third-generation DES.
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Background

Drug-eluting stents (DES) were developed to improve invasive treatment of 
coronary artery disease by reducing the rate of restenosis and the need for 
repeat revascularization. First-generation DES consisted of established bare 
metal stent (BMS) platforms and durable polymer coatings that delivered 
the drug to the vessel wall. While the early DES studies proved the efficacy 
of DES to reduce morbidity,(1) these devices had no positive impact on 
mortality. This was greatly attributed to a somewhat increased incidence 
of stent thrombosis (compared to BMS).(2-4) Second-generation DES were 
then developed, aiming at improved biocompatibility of the coatings while 
maintaining the antiproliferative potential of first-generation DES.(5) Further 
refinement of DES involved an increase in flexibility of the stent platform, 
which was realized in third-generation DES. Stent flexibility facilitates both 
stent delivery in challenging anatomical situations and apposition of DES to 
the vessel wall with optimal drug delivery. 
 Resolute Integrity (Medtronic Vascular, Santa Rosa, CA, USA) and 
Promus Element (Boston Scientific, Natick, MA, USA) are third-generation 
DES, based on established and previously tested drugs and durable 
polymer-based coatings(6) in combination with a novel stent design to 
increase flexibility. DUrable polymer-based sTent CHallenge of Promus 
ElemEnt versus ReSolute integrity (DUTCH PEERS) is a multicenter trial to 
evaluate the clinical outcome of these third-generation DES in a real-world, 
all-comers setting. 

Investigational products
Promus Element     
Promus Element is a CE and recently FDA-approved DES eluting everolimus 
as anti-proliferative agent from a fluoropolymer coating. It has at minimum 
a strut thickness of 81 μm and a coating thickness of 7 μm. The Promus 
Element was shown to be highly effective to reduce neointimal proliferation.
(7;8) The stent platform is laser cut and made from a platinum chromium 
alloy. It consists of serpentine rings connected by links (Fig. 1) and has been 
designed for improved deliverability and visibility (i.e. higher radiopacity). 

Resolute Integrity 
Resolute Integrity is a CE-certified DES which elutes zotarolimus as 
antiproliferative agent from the BioLynx polymer system consisting of a 
blend of three different polymers (hydrophobic C10 polymer, hydrophilic 
C19 polymer, and polyvinyl pyrro-lidinone). This coating is also used in 
the Resolute DES, which was shown to be highly effective to reduce 
neointimal proliferation.(9) Resolute Integrity is based on a new flexible stent 
platform (Fig. 1) made from a cobalt-chromium alloy that increases stent 
deliverability and conformability. Resolute Integrity has a strut thickness of 91 
μm and a coating thickness of 6 μm.
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Methods

Study hypothesis/ objective and design
The main objective of the DUTCH PEERS (ClinicalTrials.gov #NCT01331707) 
is to compare the safety and efficacy of the Resolute Integrity to Promus 
Element in an all-comers population with complex lesions. The study 
hypothesis is that Resolute Integrity is not inferior to Promus Element. DUTCH 
PEERS is a multicenter, prospective, single-blinded, randomized clinical 
trial in an all-comers population. Randomization will involve the type of 
DES used. Patients will be blinded as to the type DES received. It is an 
investigator-initiated trial, planned and performed by cardiologists of the 
participating PCI centers. Boston Scientific and Medtronic provided equal 
financial support of the entire study. The authors are solely responsible for 
the design and conduct of this study, all study analyses, the drafting and 
editing of the paper and its final contents. Stent manufacturing companies 
will have no access to the study database and are not involved in the 
interpretation of data or manuscript preparation.

Study population
A total of 1788 patients will be studied, which is equal to 894 patients per 
treatment arm. Patients with a minimum age of 18 years who undergo PCI 
with DES implantation are eligible for enrollment in the study. All clinical 
syndromes are permitted, including acute myocardial infarctions such as 
non-ST-elevation myocardial infarctions (non-STEMI) and STEMI. 
 There are very few exclusion criteria in order to assess the 
performance of both DES in a real-world, all-comers setting, as seen in 
routine clinical practice. Exclusion criteria are: 1) participation in another 
randomized drug or device study before reaching primary endpoint; 2) 
planned surgery within 6 months of PCI unless dual antiplatelet therapy is 
maintained throughout the peri-surgical period; 3) intolerance to a P2Y12 
receptor antagonist that results in the patient’s inability to adhere to dual-
antiplatelet therapy, or intolerance to aspirin, heparin, or components of 
the two DES examined; 4) known pregnancy; and 5) life expectancy of 
less than 1 year. Table 1 shows an overview of the inclusion and exclusion 
criteria. 
 The study complies with the Declaration of Helsinki and was 
approved by the local ethics committees. All patients provide written 
informed consent for participation in the trial. Enrollment takes place at four 
individual study sites in the Netherlands (Thoraxcentrum Twente at Medisch 
Spectrum Twente, Enschede; Scheper Hospital, Emmen; Hospital Rijnstate, 
Arnhem; Medisch Centrum Alkmaar, Alkmaar). The first patient was enrolled 
on November 25, 2010; enrollment is expected to be completed in spring 
2012.

Study protocol, patient demographics, and medical data
Patient demographics and baseline data are collected by the investigators 



262

and entered in a database at Thoraxcentrum Twente in Enschede. 
Laboratory tests will be performed in the local laboratories of the 
participating centers as part of their clinical routine practice. In all patients, 
cardiac biomarkers measurement will be scheduled prior to PCI and 6-18 
hours after PCI, with subsequent serial measurements in case of relevant 
biomarker elevation or complaints until the peak elevation has been 
measured.
  PCI procedures are performed according to routine clinical 
practice. The use of pre or postdilatation and intravascular ultrasound 
or optical coherence tomography is left to the operator’s discretion. If 
an operator is unable to insert the study stent despite various measures, 
crossover to a non-study stent of choice is permitted (BMS or DES). It 
is preferred to treat all significant coronary lesions within a single PCI 
procedure; however, staged procedures (defined as procedures planned 
at the time of the index procedure and performed within 6 weeks with the 
allocated type DES) are permitted. In case of unplanned revascularization 
procedures requiring stent implantation, it is recommended that physicians 
use the allocated type of DES. Coronary angiographic imaging is performed 
according to current guidelines to obtain high quality angiographic images 
that permit reliable quantitative analyses with quantitative coronary 
angiography (QCA).
 Medical therapy during PCI does not differ from current routine 
medical treatment; the use of glycoprotein IIb/IIIa inhibitors is left at the 
operator’s discretion. Patients who are not on oral aspirin therapy will 
receive a loading dose of at least 300mg prior to PCI. A loading dose of 
clopidogrel will be given before PCI (at least 300mg); if prasugrel is used, 
patients will receive a loading dose of 60mg. Following the index PCI 
procedure, patients are generally maintained on aspirin ≥80mg daily. 
In addition, clopidogrel 75mg daily is generally prescribed for a period 
of 1 year. If patients require oral anticoagulation therapy (e.g. for atrial 
fibrillation), clopidogrel is prescribed for 1 year, and aspirin ≥80mg daily 
for at least 1 month. Further medical treatment is performed according to 
current medical guidelines, clinical standards, and the judgment of the 
referring physicians. 

Follow-up data collection
Follow-up data will be collected during routine visits to the outpatient clinic, 
or if not feasible, by telephone follow-up and/or a medical questionnaire. 
Staff, blinded to the allocated treatment arm, will conduct the phone calls 
during follow-up. During outpatient visits or telephone calls, patients will be 
interviewed regarding rehospitalizations, revascularization procedures, and 
myocardial infarctions during follow-up. In case of death, information will 
be obtained from the patient’s medical chart, general practitioner, and/
or cardiologist. Follow-up data after 1 month, 12(±1) months, and 24(±1) 
months will be collected. 
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Clinical endpoints and definitions
The primary endpoint of the study will be Target Vessel Failure (TVF) at 12 
months as defined by the Academic Research Consortium (ARC).(10) TVF 
is a composite endpoint to assess device efficacy as well as patient safety. 
Components of the primary endpoint are cardiac death, target vessel 
related MI, and clinically driven repeated target vessel revascularization.
   Cardiac death is defined as any death due to proximate cardiac 
cause (e.g. MI, low-output failure, or fatal arrhythmia), unwitnessed death, 
death of unknown cause, and all procedure-related deaths, including 
those related to concomitant therapy. In brief, all deaths are considered 
cardiac, unless an unequivocal non-cardiac cause can be established. 
Target vessel-related MI (Q-wave or non-Q-wave MI) is defined as an MI 
that can be related to the target vessel or cannot be related to another 
vessel. Myocardial infarction is defined according to the revised ARC 
definition of myocardial infarction, including peri-procedural myocardial 
infarction.(11) Clinically driven repeated target vessel revascularization 
includes revascularization procedures by means of CABG or PCI. 
 Secondary endpoints will include all-cause death, target-lesion 
failure (TLF) (a composite of cardiac death, target vessel MI and clinically 
driven target lesion revascularization), a patient-oriented composite 
endpoint (a composite of all-cause death, any MI, any revascularization) 
and stent thrombosis, which will be assessed according to the ARC.(10)

Sample size calculation 
 The main outcome parameter is the difference in TVF between the two 
treatment arms after 12 months, analyzed by Chi-squared test. We applied 
a non-inferiority margin of 3.6%, expecting an event rate of 10%, based 
on data of the RESOLUTE All Comers and TWENTE trial.(12;13) If the upper 
limit of the 1-sided 95% confidence interval of the difference in the primary 
endpoint is less than the prespecified non-inferiority margin 3.6%, Resolute 
Integrity will be considered non-inferior to Promus Element. Considering 
the aforementioned parameters, 894 patients per group (total study 
population: 1788 patients) would allow to demonstrate non-inferiority, taking 
into account a maximum loss to follow-up of 3%. The power to detect a true 
difference will be at least 80%(14), and statistical significance is set at 5%. 

Randomization
Patients will be randomized by a computer program (block stratified 
randomization V5.0 by S. Piantadosi) after diagnostic catheterization. The 
randomization will be performed in blocks of 8 and 4 in random order. 
Patients will be assigned either a Resolute Integrity stent or Promus Element 
stent on a 1:1 basis. 

Statistical considerations
Baseline characteristics will be reported as mean±SD or as percentage 
for categorical and dichotomous variables. If variables are not normally 
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distributed, values are reported as median with corresponding range. 
Between-group differences in Target Vessel Failure (TVF) rate at 12 months 
will be analyzed by means of Chi-squared tests. In addition, the primary 
endpoint will be analyzed by the log-rank test by comparing the time to the 
primary endpoint using the Kaplan-Meier method. Subgroup analyses will 
be performed for, but will not be limited to, diabetes mellitus, age, gender, 
recent MI, in-stent restenosis, known renal insufficiency, bifurcation lesion, 
left main stenting, bypass graft lesion treated, multivessel stenting, number 
of implanted stents, lesion length, small vessels, and number of treated 
lesions in which the primary and secondary endpoints will be analyzed. The 
subgroup analyses will be performed to assess consistency of treatment 
effect across different subsets and are considered hypothesis generating. 
We will perform even more detailed analyses in important subgroups 
such as patients with STEMI and diabetics. The principal analyses will be 
performed based on the principles of intention-to-treat.

Trial organization
Trial coordination and data management will be performed by Cardio 
Research Enschede, Enschede, the Netherlands. Study monitoring will be 
carried out by an independent external contract research organization 
(Diagram, Zwolle, the Netherlands). An independent clinical events 
committee (Cardialysis, Rotterdam, the Netherlands) will adjudicate all 
adverse clinical events. 

Discussion

The use of DES in daily clinical practice has gradually been extended to so-
called “off-label indications”, including its use in angiographically complex 
coronary lesions. This is supported by data that demonstrated similar safety 
and efficacy of DES (compared to BMS) for off-label indications (15) such 
as STEMI (16-18), bifurcations (19;20), left main lesions (21), long lesions (22), 
small vessels (23), bypass grafts (24-26), and chronic total occlusions (27). 
While officially reported data on the penetration of DES in clinical practice is 
scarce, current estimates of the mean DES penetration vary from 64% in the 
UK to 80% in the US.(28-30)

So far, very few data are available on the clinical performance of third-
generation Promus Element and Resolute Integrity DES. Other DES, which 
have major similarities employing the same coating and polymer but 
different stent platforms, are the second-generation Xience V and Resolute. 
Several randomized trials demonstrated a superior outcome following 
PCI with these second-generation DES compared to first-generations DES 
(31-33). An example may be SPIRIT IV, which provided interesting insights 
into the safety and efficacy of Xience V compared to Taxus Liberté .(32) 
In the Xience V study arm, the primary endpoint target-lesion failure at 
1-year follow-up (a composite of cardiac death, target-vessel myocardial 
infarction and target-lesion revascularization) occurred 38% less often 
compared to Taxus Liberté  (4.2% vs. 6.8%; p=0.001). In addition, rates of 
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definite-or-probable stent thrombosis according to ARC were lower in 
Xience V than in Taxus (0.3% vs. 1.1%; p=0.004).

Similar to DUTCH PEERS, some recent randomized comparative DES 
trials were “all-comers studies” that comprised a significant proportion of 
challenging lesions in complex patients with various clinical syndromes 
including STEMI. The results of such trials are particularly valuable, as 
they reflect the performance of DES in routine clinical practice. As a 
consequence, their results may be generalizable to most PCI centers. 
The COMPARE trial and RESOLUTE All Comers trial are such studies, which 
examined Xience V and Resolute in an all-comer patient population.(12;31) 
 In the COMPARE trial, superiority of Xience V over Taxus Liberté was 
shown.(31) In this prospective, randomized, controlled single-center trial, the 
primary endpoint – a composite of all-cause mortality, non-fatal myocardial 
infarction, and target vessel revascularization at 1 year – occurred in 6.2% 
in the Xience V arm as compared to 9.1% in the Taxus Liberté  arm(p=0.02).  
Lower rates of definite-or-probable stent thrombosis (0.7% vs. 2.5%) 
contributed to this difference.
 The Resolute All Comers trial compared the clinical performance of 
Resolute and Xience V stents.(12) In this pivotal, prospective, randomized, 
controlled multicenter trial, Resolute proved to be non-inferior to Xience 
V with similar safety and efficacy of both DES. The primary endpoint TLF 
at 12 months was 8.2% and 8.3% for Resolute and Xience V, respectively 
(pnon-inferiority <0.001). In addition, TVF rates at 12 months were non-significantly 
different (9.0% vs. 9.6%) with stent thrombosis rates of 1.6% and 0.7% for both 
DES. Non-inferiority of Resolute versus Xience V was maintained at 2-year 
follow-up.(5) The randomized TWENTE trial recently confirmed non-inferiority 
of Resolute vs. Xience V in a patient population with minimal exclusion 
criteria and with a majority of complex lesions and ‘off-label’ indications for 
DES use.(13)
 While second-generation DES employ novel coatings, aiming 
at increased biocompatibility, third-generation DES make use of stent 
platforms that were designed specifically for use in DES. Advantages of such 
platforms may be an improved stent flexibility and conformability, a more 
homogeneous drug delivery to the vessel wall, and/or an improved visibility 
of the stent. However, for both Resolute Integrity and Promus Element there 
are only limited data available from large randomized multicenter trials 
in third-generation DES on more complex lesions and clinical endpoints. 
Recently, the PLATINUM trial showed non-inferiority of the third-generation 
Promus Element stent compared to the second-generation Xience V stent.
(8)  In that study, patients with stable angina, unstable angina, and silent 
ischemia with one or two de-novo lesions were examined, revealing for 
Promus Element and Xience V at 1-year follow-up TLF rates of 3.5% and 
3.2% and TVF rates of 4.2% and 4.0%, respectively. Definite-or-probable 
stent thrombosis occurred in 0.4% in each group. Promus Element is the first 
third-generation DES that was approved for clinical use in the United States. 
So far, for the third-generation Resolute Integrity stent, no information is 
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available from randomized comparative trials, but clinical performance is 
generally assumed to be at least similar to that of Resolute. Nevertheless, 
Promus Element will be considered as the reference device in DUTCH PEERS 
as (1) more clinical data have been reported on its clinical performance; 
(2) it was recently shown to be non-inferior to the second-generation Xience 
V stent in the PLATINUM trial (8); (3) it recently received approval by the US 
Food and Drug Administration.

It will be interesting to investigate whether changes in stent platform 
made in third-generation DES will affect clinical outcome in diabetic 
patients. The question whether there is a clear relation between DES 
type and clinical outcome in the presence of diabetes mellitus has not 
been definitely answered yet. A pooled analysis showed an interaction 
between diabetes and DES type.(34) Everolimus-eluting stents may be less 
effective in diabetic patients in reducing neointimal formation than in non-
diabetics. As zotarolimus is also a rapamycin analogue, Resolute Integrity 
theoretically could have the same interaction with diabetes mellitus. In fact, 
in the RESOLUTE All Comers trial Xience V showed no significant difference 
compared to Resolute in patients with diabetes (p=0.25) and there was no 
substantial difference between the two DES types in inhibiting neo-intima.
(12) As the DUTCH PEERS trial will include a significant number of diabetic 
patients, the subanalysis of diabetics may provide more insight in this 
matter. Nevertheless, as in many other randomized stent trials, subgroup 
analyses may be considered as hypothesis-generating only, as they are 
often not powered to draw sound conclusions.

As both devices share (different) changes in stent platform for improved 
flexibility and conformability, this study may not be able to assess a potential 
negative impact of these design changes in clinical practice. A major 
safety issue of one of both devices is likely to be detected in DUTCH PEERS. 
However, the assessment of small between-device differences in certain 
rare events may require pooling of data from more than one randomized 
trial. Nevertheless, the great acceptance of both devices in clinical 
practice and the fact that worldwide many operators use these stents as 
their “workhorse” stent(s) make the comparison of DUTCH PEERS clinically 
interesting and relevant. 

Thus, Resolute Integrity and Promus Element are third-generation DES 
of which so far no head-to-head comparison has been performed. In the 
randomized DUTCH PEERS multicenter trial, we therefore compare both 
devices with regard to safety and efficacy in a large all-comers population, 
assuming non-inferiority of Resolute Integrity compared to Promus Element.
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Figure 1. Micro computed-tomography images of DES compared in DUTCH PEERS. 
Promus Element (left panel) and Resolute Integrity (right panel); images from 
ongoing bench side studies performed by C. von Birgelen and co-workers, University 
of Twente, Enschede, the Netherlands.

Inclusion criteria

1. Minimum age of 18 years; 
2. Coronary artery disease and lesion(s) eligable for treat-
ment with drug eluting stents according to clinical guide-
lines and/or the operators’ judgement; 
3. Patient is willing and able to cooperate with study pro-
cedures and required follow-up visits; and patient has 
been informed and agrees on the participation by signing 
an approved written informed consent.

Exclusion criteria
1. Participation in another randomized drug or device 
study before reaching primary endpoint; 
2. Planned surgery within 6 months of PCI unless dual anti-
platelet therapy is maintained throughout the peri-surgical 
period; 
3. Intolerance to a P2Y12 receptor antagonist that results 
in the patient’s inability to adhere to dual-antiplatelet ther-
apy, or intolerance to aspirin, heparin, or components of 
the two DES examined 
4. Known pregnancy; 
5. Life expectancy of less than 1 year.

Table 1. DUTCH PEERS inclusion and exclusion criteria.
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Summary

Background: Third-generation, permanent-polymer-based drug-eluting 
stents with novel, flexible designs might be more easily delivered than 
previous generations of stents in complex coronary lesions, but might be less 
longitudinally stable. We aimed to assess the safety and efficacy in all-comer 
patients of two third-generation stents that are often used clinically, but that 
have not yet been compared, and one of which has not previously been 
assessed in a randomised trial.
Methods: In this investigator-initiated, single-blind, multicentre, randomised, 
two-arm, non-inferiority trial, patients aged 18 years and older who required a 
percutaneous coronary intervention with implantation of a drug-eluting stent 
were recruited from four study sites in the Netherlands. We randomly assigned 
patients by independently managed computer-generated allocation 
sequences in a 1:1 ratio to receive either cobalt-chromium-based zotarolimus-
eluting stents (Resolute Integrity, Medtronic, Santa Rosa, CA, USA) or platinum-
chromium-based everolimus-eluting stents (Promus Element, Boston Scientific, 
Natick, MA, USA). Patients and analysts were masked to the allocated stent, 
but treating clinicians were not. The primary endpoint of target-vessel failure 
was a composite of safety (cardiac death or target-vessel-related myocardial 
infarction) and efficacy (target-vessel revascularisation) at 12 months, 
analysed by intention to treat (with a non-inferiority margin of 3·6%). 
Findings: Between Nov 25, 2010, and May 24, 2012, 1811 eligible all-comer 
patients, with 2371 target lesions, were enrolled in the study. 370 (20%) patients 
presented with ST-elevation myocardial infarction and 447 (25%) with non-
ST-elevation myocardial infarction. 906 patients were assigned to receive 
zotarolimus-eluting stents and 905 to receive everolimus-eluting stents. Ease of 
stent delivery was shown by very low numbers of patients requiring treatment 
other than their assigned study treatment (six [1%] in the zotarolimus-eluting 
stent group vs five [1%] in the everolimus-eluting stent group; p=0·22). 
12-month follow-up results were available for 1810 patients (one patient in 
the zotarolimus-eluting stent group withdrew consent). The primary endpoint 
was met by 55 (6%) of 905 patients in the zotarolimus-eluting stent group and 
47 (5%) of 905 in the everolimus-eluting stent group. The zotarolimus-eluting 
stent was non-inferior to the everolimus-eluting stent (absolute risk difference 
0·88%, 95% CI –1·24% to 3·01%; upper limit of one-sided 95% CI 2·69%; non-
inferiority p=0·006). We noted no significant between-group differences in 
individual components of the primary endpoint. Definite stent thrombosis 
occurred in three (0·3%) patients in the zotarolimus-eluting stent group and 
six (0·7%) patients in the everolimus-eluting stent group (p=0·34). Longitudinal 
stent deformation was seen only in the everolimus-eluting stent group (nine 
[1·0%] of 905 vs 0 of 906, p=0·002; nine of 1591 [0·6%] everolimus-eluting stents 
implanted became deformed), but was not associated with any adverse 
events.
Interpretation: Both stents were similarly efficacious and safe, and provided 
excellent clinical outcomes, especially in view of the large number of patients 
who presented with acute myocardial infarctions.
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Introduction

Drug-eluting stents that counteract the development of restenosis by 
delivering antiproliferative drugs from polymer-based coatings have 
revolutionised the percutaneous treatment of obstructive coronary artery 
disease.1,2 First-generation durable-polymer drug-eluting stents were 
made from bare-metal stent platforms with little flexibility and fairly plain 
permanent-polymer coatings, which were associated with an increased 
risk of late and very late stent thrombosis.3,4 Second-generation drug-eluting 
stents with durable coatings that were more biocompatible than those of 
first-generation stents were then developed. These newer stents showed 
superior safety profiles in various clinical settings.5–9 

Most recently, third-generation, durable-polymer-based drug-eluting 
stents were developed to answer the demand for more flexible and highly 
deliverable devices that can tackle very challenging coronary lesion and 
vessel anatomies, as are increasingly encountered in ageing western 
patient populations. Although the coatings of these stents contain the 
same established drug and durable polymer combinations as their second-
generation counterparts, the design and material of their bare-metal stent 
platforms have been changed substantially.10–14 However, such changes 
might have the trade-off of reducing longitudinal stent stability,15,16 which 
would account for the occurrence of longitudinal stent deformation that 
has been reported after contact between deployed stents and guiding 
catheters, balloon catheters, or other catheter-based devices.16–19 Data so 
far reported about the incidence and clinical significance of longitudinal 
stent deformation have been conflicting.16–19 

A cobalt-chromium-based zotarolimus-eluting stent, made from a 
single sinusoidal-formed wire (Resolute Integrity, Medtronic, Santa Rosa, CA, 
USA), and a laser-cut platinum-chromium-based everolimus-eluting stent 
(Promus Element, Boston Scientific, Natick, MA, USA), are two such third-
generation drug-eluting stents.11–14 Although clinical outcome data for the 
use of the Promus Element stent in patients with mild-to-moderate clinical 
risk have been,11 no such data are available for the Resolute Integrity stent. 
We aimed to compare clinical outcomes from the use of these two third-
generation drug-eluting stents in a broad population of all-comer patients.

Methods

Study design and patients
We undertook a randomised trial entitled “Durable Polymer-Based Stent 
Challenge of Promus Element Versus Resolute Integrity (DUTCH PEERS): 
Randomized Multicenter Trial in All Comers Population Treated Within 
Eastern Netherlands II (TWENTE II)” at four Dutch PCI centres (Thoraxcentrum 
Twente, Medisch Spectrum Twente, Enschede; Rijnstate Hospital, Arnhem; 
Scheper Hospital, Emmen; Medisch Centrum Alkmaar, Alkmaar). This 
investigator-initiated study, which is registered with ClinicalTrials.gov 
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(NCT01331707), is a single-blinded, multicentre, randomised, two-arm, 
non-inferiority trial.10 All-comer patients ≥18 years, capable of providing 
informed consent and requiring a percutaneous coronary intervention 
with DES implantation, were randomised for treatment with one of the 
study stents. All coronary syndromes, de-novo and restenotic lesions, and 
coronary artery or bypass stenoses were permitted (no limit for lesion length, 
reference size, and number of lesions or diseased vessels). There were few 
exclusion criteria: participation in another randomised drug-or-device 
study before reaching the primary endpoint of that study; planned surgery 
within 6 months unless dual anti-platelet therapy was maintained; known 
intolerance to a P2Y12 receptor antagonist preventing adherence to dual 
anti-platelet therapy, or intolerance to aspirin, heparin, or DES components; 
known pregnancy; and life expectancy <1 year. The study complied 
with the CONSORT 2010 Statement and Declaration of Helsinki and was 
approved by the Medical Ethics Committee Twente and the institutional 
review boards of all participating centres. All patients provided written 
informed consent. 

Randomisation 
After guide wire passage (or predilation), patients were randomised in 
blocks of 8 and 4 in random order by a computer program (block stratified 
randomisation V5·0 by S. Piantadosi). Patients were assigned on a 1:1 
basis to one of the DES (patients blinded for assigned DES). The random 
allocation was implemented by use of sequentially numbered, opaque, 
sealed envelopes.

Procedures 
The third-generation cobalt-chromium-based zotarolimus-eluting stent 
(Resolute Integrity, Medtronic, Santa Rosa, CA, USA) employs a novel, 
open-cell stent design for increased flexibility and deliverability.13,14 The 
stent platform is made from a single, sinusoidal-formed, helically wrapped, 
locally laser-fused wire (strut thickness 91 μm).13 It is covered by a 6 μm 
layer of coating consisting of zotarolimus and the BioLinx polymer system, 
which have been efficacious on the second-generation Resolute stent 
(Medtronic).7,8,20 Zotarolimus-eluting stents were available with stent 
diameters of 2·25–4·0 mm and lengths of 8–38 mm. The platinum-chromium 
alloy-based stent platform (minimum strut thickness 81μm) of the third-
generation everolimus-eluting stent (Promus Element, Boston Scientific, 
Natick, MA, USA) has a novel, laser-cut, open-cell stent design, consisting 
of short serpentine rings connected by helically distributed links.11,12 The 
stent, which was designed for improved deliverability and visibility (i.e. 
radiopacity), is covered by a 7 μm everolimus-eluting fluoropolymer coating 
that has been demonstrated to be efficacious on the second-generation 
cobalt-chromium-based everolimus-eluting Xience V/Promus stent (Xience 
V, Abbott Vascular Devices, Santa Clara, CA, USA; Promus stent distributed 
by Boston Scientific).5,8 Everolimus-eluting stents were available in diameters 
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of 2·25–4·0 mm with lengths of 8–38 mm. 
Interventions were done with standard techniques. Lesion 

predilation, use of glycoprotein IIb/IIIa receptor antagonists, direct 
stenting, and stent postdilation were left at the operator’s discretion. 
Staged procedures with allocated stents were permitted within 6 weeks. 
Concomitant medication did not differ from routine treatment; further 
medical treatment was performed according to current medical guidelines 
and the physician’s judgment.10 In general, dual antiplatelet therapy was 
prescribed for 1 year. 

Electrocardiograms were systematically assessed before and 
after the intervention, prior to discharge, and at suspicion of ischemia, 
and recommended at 12-month follow-up. Laboratory tests included 
systematical assessment of cardiac markers following the intervention 
and subsequent serial measurements in the case of relevant elevations or 
complaints. In patients with acute coronary syndromes, cardiac markers 
were also assessed before the intervention.10 Angiographic analysts, 
blinded for the stent type used, performed off-line quantitative coronary 
angiography according to current standards (QAngio XA 7·2, Medis, 
Leiden, the Netherlands). 
 Operators were requested to report any evident or suspected 
longitudinal stent deformation, which was defined as distortion or shortening 
of an implanted stent in the longitudinal axis following initially successful 
deployment.16–18 On angiography, longitudinal stent deformation was 
identified as a localised change in radiopacity pattern of a stent, which 
occurred between initial deployment and the end of the procedure, 
following manipulations with the guiding catheter or the use of further 
catheter-based devices (e.g. the attempt to re-cross a deployed stent with 
a balloon catheter, imaging catheter, or another stent). The angiograms 
of all patients were reviewed for stent deformation by an analyst, blinded 
for reported longitudinal stent deformation and allocated stent type. 
Measurement of stent length–both final and immediately after deployment–
and calculation of the post-deployment stent length ratio (stent length final/
stent length after deployment) was performed in cases in which longitudinal 
stent deformation was noted by the operator or visually identified by the 
analyst.19 

Clinical endpoints were defined according to the Academic 
Research Consortium (ARC), including the addendum on myocardial 
infarction.10,21,22 The  pre-specified primary composite endpoint of target 
vessel failure assessed both device efficacy and patient safety at 12 
months and was composed of cardiac death, target vessel-related 
myocardial infarction, or clinically indicated target vessel revascularisation 
(components in hierarchical order). Death was considered cardiac, unless 
an unequivocal non-cardiac cause could be established. Myocardial 
infarction was defined by any creatine kinase concentration of more 
than double the upper limit of normal with elevated confirmatory 
cardiac biomarkers.22 A target vessel-related myocardial infarction was 
related to the target vessel or could not be related to another vessel; 
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further classification was based on laboratory, electrocardiographic, 
angiographic, and/or clinical data.10,22 Revascularisation procedures were 
considered clinically indicated (i.e. there was sufficient objective evidence 
of lesion significance) if the angiographic percent diameter stenosis of 
the then treated lesion was ≥50% in the presence of ischaemic signs or 
symptoms, or if the diameter stenosis was ≥70% irrespective of ischaemic 
signs or symptoms.22 

Prespecified secondary endpoints included: components of 
the primary endpoint; all-cause mortality; any myocardial infarction; 
clinically indicated target lesion revascularisation; and stent thrombosis.10,22 
Further composite endpoints (components in hierarchical order) were: 
a composite endpoint of target lesion failure, consisting of cardiac 
death, target vessel-related myocardial infarction, or clinically indicated 
target lesion revascularisation; a composite endpoint of major adverse 
cardiac events, consisting of all-cause death, any myocardial infarction, 
emergent coronary bypass surgery, or clinically indicated target lesion 
revascularisation; and a more global patient-oriented composite endpoint, 
consisting of all-cause death, any myocardial infarction, or any coronary 
revascularisation. A final residual diameter stenosis <50% was defined as 
device success if achieved with assigned study stents only; lesion success if 
achieved with any approach; and procedure success if achieved without 
in-hospital major adverse cardiac events. An exploratory subgroup analysis 
of the primary endpoint was performed in line with previous trials.7,8,20

The 12-month clinical follow-up data were obtained at visits to 
outpatient clinics or, if not feasible, by telephone follow-up and/or a 
medical questionnaire (staff blinded to assigned study stents). The Contract 
Research Organisation (CRO) Cardio Research Enschede (Enschede, the 
Netherlands) coordinated trial and data management, and the regular 
safety data were reported to the independent Medical Ethics Committee 
Twente. 

Data monitoring was performed by the CRO Diagram (Zwolle, the 
Netherlands) and comprised: (1) informed consent and DES type and size 
(100% of patients); (2) all potential clinical events reported by investigators 
and/or patients (100% of event triggers); and (3) further in-depth monitoring 
of all demographic, procedural, and clinical outcome data (at random in 
10% of patients). 

Processing of clinical outcome data and clinical event adjudication 
were performed by the CRO Cardialysis (Rotterdam, the Netherlands). The 
clinical event committee in Rotterdam, which was blinded for the assigned 
treatment, adjudicated all clinical endpoints with the only exception 
being the secondary endpoint non-target vessel revascularisation that was 
adjudicated by CRO Cardio Research Enschede. 

Statistical considerations and analysis 
The main outcome was the difference in primary endpoint at 12 months 
between patients assigned to treatment with zotarolimus-eluting or 
everolimus-eluting stents, analysed by χ2 test with at least 80% power to 
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detect non-inferiority at a one-sided type-I error of 0·05.23 We applied a 
non-inferiority margin of 3·6% with the expectation of 10% events (on the 
basis of results from the RESOLUTE ALL-COMERS trial7). With a maximum loss 
to follow-up of 3%, a minimum of 1788 patients was needed. All analyses 
were based on the intention-to-treat principle. We also performed a per-
protocol analysis of the primary endpoint. Categorical variables were 
assessed with χ2 test, whereas continuous variables were assessed with 
Student’s t-test or with the Wilcoxon rank-sum test, as appropriate. The time 
to primary endpoint and the components thereof were assessed according 
to Kaplan-Meier analysis;24 the log-rank test was applied to compare 
groups. We calculated relative risk using the log-binomial method and 
hazard ratios (HRs) using Cox proportional hazards regression analysis. To 
account for intra-patient correlation (due to inter-lesion dependence), we 
did an additional lesion-based analysis using the generalised estimating 
equation method. We used logistic regression to test for interaction 
between subgroups and stent type with respect to the primary endpoint. 
A p-value <0·05 was regarded as significant. All p-values and CIs were 
two-sided, except those for non-inferiority testing of the primary endpoint. 
After non-inferiority was assessed, we calculated regular two-sided 95% 
CIs and two-sided p values to allow conventional interpretation of results 
(as for superiority trial design). Since it is unnecessary to compare baseline 
characteristics statistically in randomised trials,25 we do not report individual 
p values for these data. We used SPSS 15.0 (SPSS, Chicago, IL, USA) and 
SAS 9.2 (SAS Institute, Cary, NC, USA) for all statistical analyses. This trial is 
registered with ClinicalTrials.gov, number NCT01331707.
Role of the funding source
The sponsors of this study had no role in the development of the study 
design, data collection and monitoring, data analysis and interpretation, or 
writing of the report. They had no access to the clinical trial database. The 
authors had full access to all study data. The corresponding author had final 
responsibility for the decision to submit for publication.

Results

Between Nov 25, 2010, and May 24, 2012, 1811 eligible all-comer patients, 
aged 21–91 years, with 2371 target lesions, were enrolled and randomly 
assigned to
treatment with third-generation zotarolimus-eluting Resolute Integrity stents 
(906 patients, 1205 lesions) or everolimus-eluting Promus Element stents (905 
patients, 1166 lesions; figure 1). One patient from the zotarolimus-eluting 
stent group withdrew consent after 1 day; therefore, baseline data and 
interventional results are reported for 1811 patients and follow-up results for 
1810 patients. We obtained 12-month follow-up data for all 1810 remaining 
trial participants, which were used for clinical endpoint analysis.

We recorded no significant differences in baseline patient and 
preprocedural lesion characteristics between the study groups (tables 1, 2). 
Patients often presented with ST-elevation or non-ST-elevation myocardial 
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infarction, which contributed to the overall high proportion of acute 
coronary syndromes at presentation (1062 patients [59%]). Most patients 
(1068 [59%]) were treated for at least one lesion in a small vessel, and 
many patients underwent treatment for bifurcation lesions (table 1). Of all 
coronary lesions, most (1558 [66%]) were complex, with lesion class B2 or C, 
and many lesions had severe plaque calcification (table 2). 

More than 99% of patients were successfully treated with the 
assigned study stents only, across both groups (table 3); the proportion of 
patients with deviation from the assigned treatment was low and similar for 
both groups (six [1%] of 906 patients in the zotarolimus-eluting stent group 
vs five [1%] of 905 patients in the everolimus-eluting stent group; p=0·76; 
figure 1). Stenting without predilation (direct stenting) was done in 678 
(29%) of the 2371 lesions (table 3). The frequency of stent post-dilation was 
high and differed between lesions treated with zotarolimus-eluting and 
everolimus-eluting stents (table 3). We recorded no significant difference 
between groups for any of the other procedure-related parameters (table 
3). An additional lesion-based analysis of procedural details and results (with 
analyses corrected for intra-patient correlation with generalised estimating 
equations) did not change the overall fi ndings (appendix I). At coronary 
intervention, 521 (29%) patients were treated with a glycoprotein IIb/IIIa 
antagonist (table 1), whereas only two patients (<1%) were treated with 
bivalirudin. At discharge, most (1790 [99%] of 1810) patients were treated 
with an antiplatelet therapy that included clopidogrel and aspirin; only 
three patients (<1%) received ticagrelor and 18 (1%) received prasugrel.

Table 4 shows clinical outcome at 12 months. The primary endpoint 
of target-vessel failure was met by 55 (6%) of 905 patients in zotarolimus-
eluting stent group and 47 (5%) of 905 patients in the everolimus-eluting 
stent group. The zotarolimus-eluting Resolute Integrity stent was non-inferior 
to the everolimus-eluting Promus Element stent, with an absolute risk 
difference of 0·88% (95% CI −1·24 to 3·01) and an upper limit of the one-
sided 95% CI of 2·69% (non-inferiority p=0·006). We noted no significant 
between-group differences in individual components of the primary 
endpoint (figure 2) or in the secondary clinical endpoints (table 4). HRs 
(with 95% CIs) and log-rank p values for the clinical outcomes at 1 year are 
reported in the appendix (appendix II-III). An exploratory subgroup analysis 
revealed no significant between-group difference in the primary endpoint 
across the various subgroups (appendix IV).

In both stent groups, frequencies of definite and definite-or-
probable stent thrombosis were low (table 4). No definite stent thrombosis 
occurred beyond 3 months after stenting. Figure 3 shows the time-to-
event curve of definite-or-probable stent thrombosis and information bout 
corresponding clinical events.

Longitudinal stent deformation during the index procedure was 
seen only in patients assigned to treatment with everolimus-eluting stents 
(nine [1·0%] of 905 vs 0 of 906 patients; p=0·002). With respect to the 
number of stents implanted, nine (0·6%) of 1591 everolimus-eluting stents 
became deformed. However, none of the patients with longitudinal stent 
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deformation had any adverse clinical events as a result (appendix p 5).
To account for the possibility that deviation from the assigned stent 

might have affected the primary outcome, we also did a per-protocol 
analysis of the primary endpoint, which gave a similar result to the intention-
to-treat analysis. The primary endpoint of target-vessel failure was met by 
53 (6%) of 899 patients treated with zotarolimus-eluting stents and 45 (5%) of 
900 patients treated with everolimus-eluting stents. The zotarolimus-eluting 
stent remained non-inferior, with an absolute risk difference of 0·90% (95% 
CI −1·20 to 3·00) and an upper limit of the one-sided 95% CI of 2·66% (non-
inferiority p=0·006).

Discussion

DUTCH PEERS is the first randomised comparison of these third-generation 
drug-eluting stents. In addition, it is the first trial ever to investigate the 
zotarolimus-eluting Resolute Integrity stent. In this all-comer patient 
population, there was no significant difference between stent groups in 
the incidence of the primary endpoint target vessel failure at 12-month 
follow-up. As a result, the zotarolimus-eluting Resolute Integrity stent met 
the criterion of non-inferiority as compared to the everolimus-eluting 
Promus Element stent. No significant differences were seen in the individual 
components of the primary endpoint (cardiac death, target-vessel-
related myocardial infarction, and clinically indicated target-vessel 
revascularisation). Stent thrombosis was rare in both groups, and no definite 
stent thrombosis occurred beyond 3 months from stenting.

Clinical outcomes were excellent for both stent groups, especially 
in view of the large proportion of patients with complex lesions and acute 
myocardial infarction at presentation. Our findings showed favourable 
event rates in a population in which most patients had advanced 
cardiovascular disease. Therefore, these data might serve as an important 
reference for future stent trials. Our study assessed many patients with 
increased clinical, lesion-related, or procedural risk. The proportions of 
patients with acute coronary syndrome and, in particular, ST-elevation 
myocardial infarction, were among the highest of all randomised, 
multicentre trials of drug-eluting stents in an all-comers population.7,19,26–28 
The proportion of patients with complex type B2/C coronary lesions and 
bifurcation lesions were also high compared with other trials.6–8,19,27,28

Very few patients deviated from their assigned stents in this 
trial, which suggests excellent deliverability and similar feasibility for both 
devices. In fact, deviation from the assigned stents was much higher in the 
permanent polymer-based DES arms of various other randomised stent 
trials, such as TWENTE, RESOLUTE ALL-COMERS, COMPARE II, and LEADERS, 
in which treatment of 1·6–5·3% of patients deviated from the assigned 
stents.7,8,26,29 

Up to now, the third-generation Promus Element stent has only 
been compared with second-generation DES.11,19 In the PLATINUM trial, 
which enrolled low-to-moderate risk patients, the Promus Element stent 



282

demonstrated non-inferiority as compared to the second-generation 
cobalt-chromium-based everolimus-eluting Xience V/Promus stent showing 
a low rate of the target vessel-related composite endpoint (4·2%).11  Our 
findings show excellent results for the Promus Element stent in an all-comers 
population with a much higher risk profile than that of the PLATINUM 
trial. The HOST-ASSURE trial has compared the Promus Element stent with 
the second-generation zotarolimus-eluting Resolute stent in Korean all-
comers (patients with reference vessel diameter <2·5mm or heart failure 
excluded).19 The investigators attributed the very low rates of clinical 
endpoints to the excellent device characteristics and generally lower 
clinical event rates in East Asian populations.19 DUTCH PEERS provides the first 
randomised assessment of Promus Element stents in an all-comer population 
of European patients. Besides the difference in ethnic background, the 
patient population of DUTCH PEERS differed from the HOST-ASSURE patients 
in its much higher proportion of acute ST-elevation myocardial infarctions 
at presentation (20% vs. 11%), treatment of more complex target lesions 
(lesion class B2/C: 66% vs. 51%) and treatment of more lesions in small 
vessels (mean reference diameter: 2·7mm vs. 3·0mm). Moreover, a very 
small randomised study from Spain also reported favourable outcome 
data of 150 patients treated with Promus Element stents, but this study did 
not permit a meaningful between-stent comparison.30 Compared to the 
second-generation everolimus-eluting stent in the TWENTE and RESOLUTE 
ALL-COMERS trials, which involved broad patient populations, the Promus 
Element stent group of DUTCH PEERS showed lower rates of both target 
vessel-related (5·2% vs. 8·1– 9·6%) and target lesion-related composite 
endpoints (4·5% vs. 6·8–8·3%).7,8 

Only a small-scale first-in-man study reported data on the bare 
metal stent platform that is employed in the third-generation zotarolimus-
eluting Resolute Integrity stent.14 Our trial is the first clinical study to 
investigate this particular stent, and has shown it to have a favourable 
outcome in a broad patient population. The frequencies of target-vessel-
related composite endpoint events and the number of definite stent 
thromboses were much lower than reported for its second-generation 
counterpartin the randomised TWENTE and RESOLUTE ALL-COMERS trials 
(6·1% vs. 8·2–9·0%; and 0·3% vs. 0·6–1·2%).7,8

A potential trade-off of the novel, flexible stent designs of third-
generation DES might be a reduced longitudinal device stability.15,16 Since 
the introduction of the Promus Element stent, longitudinal stent deformation 
has been reported much more frequently.18 Retrospective analyses have 
shown longitudinal deformation to occur with an incidence of 0·3–0·9% per 
stent implanted, although such deformations are associated with a mostly 
benign clinical course.16,17 In the HOST-ASSURE trial, longitudinal deformation 
of the Promus Element stent was noted in seven out of 2938 patients 
(0·2%) but not associated with future adverse events.19 In our study, visually 
assessed longitudinal stent deformation was noted only in the everolimus-
eluting Promus Element stents, with a frequency of 0·6% per stent implanted, 
but without clinical sequelae. Quantitative coronary angiographic 
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assessment of longitudinal stent deformation was not done systematically, 
but was restricted to cases with visually determined stent deformation. 
Investigators of two previous studies19,31 did systematic, quantitative, 
coronary angiography-derived measurement of post-deployment stent 
length compared with the nominal stent length and showed the absence 
of a systematic shortening of this stent platform. The excellent radiographic 
visibility of the Promus Element stent might have contributed to the more 
frequent recognition of longitudinal stent deformation and the slightly 
higher frequency of stent post-dilation compared with the Resolute Integrity 
stent.

Although the use of the highly device-oriented composite 
endpoint target lesion failure has been advocated as primary endpoint,21 
DUTCH PEERS used the of  target vessel failure.10 Target vessel failure is also 
very appropriate and has been used as primary endpoint by other trials 
of drug-eluting stents in all-comers.26-28 Both composite endpoints have 
advantages and disadvantages. Target-lesion failure includes only target-
vessel revascularisations for lesions inside the original target-lesion segment, 
where as target-vessel failure also includes revascularisation procedures for 
lesions at other sites of the target-vessel (ie, inside and outside the target-
lesion segment). Target-vessel failure, therefore, avoids the sometimes 
difficult discussion about whether the target lesion segment is touched by a 
stenosis or restenosis, or not. Additionally, target-vessel failure would cover 
the progression of lesions that are initially not clinically signifi cant to stenoses 
that require interventional treatment, which might sometimes be caused by 
the intracoronary use of a bulky device.

Our trial has some limitations. The lower-than-expected event rates 
of the primary endpoint affect the robustness of the results–in particular the 
results of the post-hoc subgroup analysis. When designing the present study, 
we assumed that the tested devices had an event risk that was in the range 
of their second-generation counterparts tested in RESOLUTE ALL-COMERS,7 
and that enrolment of more patients with ST-elevation myocardial infarction 
(who have an inherently increased risk of adverse outcome) would slightly 
increase the frequency of events. However, although we succeeded in 
enrolling more patients with ST-elevation myocardial infarction than did the 
RESOLUTE All Comers trial, event frequencies were lower. Underreporting of 
events in our study is very unlikely, in view of the systematic post-procedural 
assessment, the complete 12-month follow-up, and the independent 
monitoring used. Other randomised trials of stents in all-comers 19,29 
have also had low event frequencies, suggesting that our findings are 
actually more representative of the present outcomes of percutaneous 
coronary interventions than of those from when the trial was designed. 
Nevertheless, even with a more conservative non-inferiority margin of 2·7% 
(to compensate for the lower-than-expected event rate), the primary 
outcome of non-inferiority of the Resolute Integrity stent compared with 
the Promus Element stent was unchanged. A one-sided alpha of 0·05–also 
used by other DES trials in all-comers7,28,29–is less conservative in establishing 
non-inferiority of two therapies, but the use of a one-sided alpha of 0·025 
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would not have an effect on the outcome of our study (i.e. the upper limit 
of the 97·5% CI of the difference is 3·01%, which is below our prespecified 
non-inferiority margin). Two final issues should also be mentioned, relating 
to our subgroup analysis of the primary endpoint and the definition of 
third-generation drug-eluting stents used. On the first point, because the 
subgroup analysis done for the primary endpoint of target-vessel failure was 
not prespecified, we applied subgroup definitions from previous trials7,8 to 
avoid a subjective post-hoc selection.

On the second, although the term third-generation drug-eluting 
stents is sometimes used for a broader spectrum of novel stents, we have 
used the term to refer specifically to the more flexible, highly deliverable 
durable-polymer stents that followed the second-generation durable-
polymer stents.
    In conclusion, both stents were similarly efficacious and safe, and 
provided excellent clinical outcomes, especially in view of the large 
number of patients who presented with acute myocardial infarctions

Panel: Research in context
Systematic Review 
In August 2013, we searched PubMed and the most recent EuroPCR, 
Transcatheter Cardiovascular Therapeutics (TCT), and American College of 
Cardiology (ACC) conferences for reports on randomised trials comparing 
the zotarolimus-eluting Resolute Integrity stent or the everolimus-eluting 
Promus Element stent with another drug-eluting stent (we used as search 
terms “coronary” and “stent” in combination with one or more of the 
following: “zotarolimus”, “everolimus”, “Resolute Integrity”, “Promus 
Element”, “platinum”, “randomised”, and “randomized”). We learned that 
the third-generation Resolute Integrity stent has not yet been assessed 
by a randomised trial. The Promus Element stent has been assessed by 
two randomised clinical trials.11,19 In the PLATINUM trial, Promus Element 
demonstrated non-inferiority versus the cobalt-chromium-based Xience V 
stent in low-to-moderate risk patients.11 Preliminary data of the HOST-ASSURE 
trial in Korean all-comers showed very low event rates for both, Promus 
Element and the second-generation Resolute stent (presented at the ACC 
conference 2013);19 but there are marked differences between the study 
populations of HOST-ASSURE and DUTCH PEERS, which are comprehensively 
discussed in the manuscript. 

Interpretation
Third-generation permanent polymer zotarolimus and everolimus-eluting 
stents were similarly efficacious and safe with excellent clinical outcome 
in a real all-comers population. DUTCH PEERS is the first randomised trial to 
investigate the zotarolimus-eluting Resolute Integrity stent. Consequently, 
this is also the first randomised comparison between the Resolute Integrity 
and Promus Element stents. In addition, DUTCH PEERS provides the first 
randomised assessment of Promus Element stents in predominantly 
Caucasian all-comers. 
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Table 1.  Baseline characteristics of patients and target lesions

Zotarolimus-eluting 
stent (906 patients)

Everolimus-eluting 
stent (905 patients)

Age  (years) 64 (56-72) 65 (57-72)
Men 665 (73·4) 675 (72·6)
Body mass index  (kg/m²)* 27·1 (25·0–30·0) 27·2 (24·9–30·5) 
Diabetes mellitus (any) 167 (18·4) 157 (17·3)
Insulin-dependent diabetes mellitus 63 (7·0) 50 (5·5)
Chronic renal failure† 35 (3·9) 28 (3·1)
Arterial hypertension 500  (55·2) 484 (53·5)
Hypercholesterolemia 418 (46·1) 430 (47·5)
Current smoker‡  213 (23·6) 231 (25·5)
Family history of coronary artery disease§  452 (50·1) 451 (49·9) 
Previous myocardial infarction 207 (22·8) 190 (21·0)
Previous percutaneous coronary intervention 182 (20·1) 167 (18·5)
Previous coronary bypass surgery 84 (9·3) 89 (9·8)
Clinical syndrome at presentation:
          Stable angina pectoris 372 (41·1) 377 (41·7)
          Unstable angina pectoris 113 (12·5) 132 (14·6)
          Non-ST-elevation myocardial infarction 246 (27.2) 201 (22·2)
          ST-elevation myocardial infarction 175 (19·3) 195 (21·5)
Acute coronary syndrome (any) 534 (58·9) 528 (58·3)
Left ventricular ejection fraction <30%¶ 15 (1·7) 13 (1·4)
De novo coronary lesions only ║ 817 (90·2) 810 (89·5)
At least one chronic total occlusion 38 (4·2) 38 (4·2)
At least one bifurcation 244 (26·9) 221 (24·4)
At least one bifurcation with only main vessel 
stenting 186 (20·5) 174 (19·2)

At least one bifurcation with main vessel and 
side branch stenting 54 (6·0) 36 (4·0)

At least one in-stent restenosis 27 (3·0) 28 (3·1)
At least one small-vessel (RVD <2·75mm) 551 (60·8) 517 (57·1)
At least one lesion length >27mm 161 (17·8) 157 (17·3)
Glycoprotein IIb/IIIa antagonist 262 (28·9) 259 (28·6)
Number of lesions treated per patient:
          One lesion treated 668 (73·7) 688 (76·0)
          Two lesions treated 191 (21·1) 182 (20·1)
          Three or more lesions treated 47 (5·2) 35 (3·9)

Zotarolimus-eluting 
stent (1205 lesions)

Everolimus-eluting 
stent (1166 lesions)

Left main stem 19 (1·6) 21 (1·8)
Left anterior descending artery 493 (40·9) 469 (40·2)
Left circumflex artery 304 (25·2) 280 (24·0)
Right coronary artery 378 (31·4) 379 (32·5)
Bypass graft 30 (2·5) 35 (3·0)
ACC/AHA lesion class:

A 73 (6·1) 70 (6·0)
B1 339 (28·1) 331 (28·4)
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B2 432 (35·9) 412 (35·3)
C 361 (30·0) 353 (30·3)

De novo lesion║ 1147 (95·2) 1103 (94·6)
Chronic total occlusion 38 (3·2) 39 (3·3)
In stent restenosis 28 (2·3) 28 (2·4)
Aorta-ostial lesion 59 (4·9) 65 (5·6)
Severe calcification 221 (18·3) 251 (21·5)
Bifurcated lesion 282 (23·4) 249 (21·4)
Thrombus present ** 165 (13·7) 174 (14·9)
Total occlusion 167 (13·9) 153 (13·1)
Lesion length (mm) 13·63 (9·58-20·41) 13·46 (9·56-20·68)
Diameter of reference vessel (mm) 2·64 (2·25-3·06) 2·66 (2·27-3·07)
Minimum lumen diameter (mm) 0·88 (0·63-1·18) 0·88 (0·61-1·23)
Lumen diameter stenosis (%) 65·25 (53·83-75·84) 64·48 (53·92-76·17)
Preprocedural TIMI flow grade:

0 175 (14·5) 155 (13·3)
1 40 (3·3) 39 (3·3)
2 128 (10·6) 125 (10·7)
3 862 (71·5) 847 (72·6)

Data are number (%) or median (IQR). RVD=reference vessel diameter. 
ACC/AHA=American College of Cardiology/American Heart Association. 
TIMI=thrombolysis in myocardial infarction. 
* Out of 721 patients in the zotarolimus-eluting stent group and 703 patients in the 
everolimus-eluting stent group.
†Chronic renal failure defined by serum creatinine level ≥130 µmol/L. 
‡ Out of 903 patients in the zotarolimus-eluting stent group and 905 patients in the 
everolimus-eluting stent group.
§ Out of 903 patients in the zotarolimus-eluting stent group and 902 patients in the 
everolimus-eluting stent group.
¶ Left ventricular ejection fraction assessed with ultrasound, MRI, or left ventricular 
angiography and data out of 900 patients in the zotarolimus-eluting stent group and 
903 patients in the everolimus-eluting stent group. 
║ Including chronic total occlusion, but not grafts or in-stent restenosis. 
** Thrombus triggering use of thrombus aspiration catheter.
Baseline patient characteristics did not differ significantly between treatment arms. P 
values were >0·10, except for clinical syndrome at presentation (p=0.07), bifurcation 
with main and side branch stenting (p=0·052), and severe calcification (p=0·052).
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Table 2.  Interventional procedure and results

Zotarolim-
us-eluting stent 
(1205 lesions)

Everolim-
us-eluting stent 
(1166 lesions)

p 
value

Implantation of assigned stents only 1195 (99·2) 1161 (99·6) 0·22

Number of stents per patient 1·80 (1·08) 1·76 (1·10) 0·41

Number of stents per lesion 1·35 (0·68) 1·36 (0·70) 0·70

Total stent length per patient (mm) *  30 (18-50) 28 (20-48) 0·64

Total stent length per lesion (mm) 22 (18-36) 24 (16-38) 0·10

Maximum nominal stent diameter 
per lesion (mm) † 3·00 (2·50-3·50) 3·00 (2·50-3·50) 0·09

Direct stenting 352 (29·2) 326 (28·0) 0·50

Stent postdilation 887 (73·6) 920 (78·9) 0·002

Device success ‡ 1194 (99·1) 1158 (99·3) 0·54

Lesion success § 1203 (99·8) 1162 (99·7) 0·39

Procedure success * ¶ 884 (97·6) 890 (98·3) 0·25

Post-procedure minimum lumen 
diameter (mm)†

15·07 (10·58-
21·17)

15·73 (10·86-
21·63) 0·24

Post-procedure minimum lumen 
diameter stenosis (%) † 2·22 (1·80-2·64) 2·15 (1·78-2·58) 0·06

Acute lumen gain in segment (mm) † 1·27 (0·85-1·78) 1·24 (0·79-1·77) 0·38

Data are mean (SD), median (IQR) or number (%). 
* Data per patient: out of 906 patients in the zotarolimus-eluting stent  group and 905 
patients in the everolimus-eluting stent group.
† Data on 1204 lesions in the zotarolimus-eluting stent  group and 1165 lesions in the 
everolimus-eluting stent group.
‡ Device success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% using only the assigned study device. 
§ Lesion success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% using any percutaneous method. 
¶ Procedure success is defined as the attainment at the target site of a final residual 
diameter stenosis of  <50%, together with the absence of any in-hospital major 
adverse cardiac events.
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Table 3.  One-year clinical outcomes

Total 
patients
(N=1810)

Zotarolim-
us-eluting 
stent (905 
patients)

Everolim-
us-eluting 
stent (905 
patients)

Relative Risk
(95% CI)

p

Primary endpoint target vessel failure * 102 (5·6) 55 (6·1) 47 (5·2) 1·17 (0·80-1·71) 0·42

Death

     Any cause 34 (1·9) 22 (2·4) 12 (1·3) 1·83 (0·91-3·68) 0·08
        Cardiac cause 25 (1·4) 15 (1·7) 10 (1·1) 1·50 (0·67-3·32) 0·31
    Non-cardiac cause 9 (0·5) 7 (0·8) 2 (0·2) 3·50 (0·73-16·80) 0.18

Target vessel-related myocardial infarction 

Any 32  (1·8) 20 (2·2) 12 (1·3) 1·67 (0·82-3·39) 0·15
     Q-wave 5 (0·3) 3 (0·3) 2 (0·2) 1·50 (0·25-8·96) 0·65
     Non-Q-wave 27 (1·5) 17 (1·9) 10 (1·1) 1·70 (0·78-3·69) 0·18

Periprocedural (<48h from index 
procedure) 30 (1·7) 19 (2·1) 11 (1·2) 1·74 (0·83-3·61) 0·14

 Non-periprocedural (>48h from index 
procedure) 2 (0·1) 1 (0·1) 1 (0·1) 1·00 (0·06-15·96) 1·00

Target vessel revascularisation, any 53 (2·9) 26 (2·9) 27 (3·0) 0·96 (0·57-1·64) 0·89
Target vessel revascularisation, clinically 
indicated 50 (2·8) 24 (2·7) 26 (2·9) 0·92 (0·53-1·60) 0·77

Target lesion revascularisation, clinically 
indicated 40 (2·2) 20 (2·2) 20 (2·2) 1·00 (0·54-1·85) 1·00

Death from cardiac cause or target vessel-
related myocardial infarction 56 (3·1) 34 (3·8) 22 (2·4) 1·55 (0·91-2·62) 0·10

Target lesion failure † 92 (5·1) 51 (5·6) 41 (4·5) 1·24 (0·83-1·86) 0·29
Major adverse cardiac events ‡ 102 (5·6) 58 (6·4) 44 (4·9) 1·32 (0·90-1·93) 0·15
Patient-oriented composite endpoint § 156 (8·6) 84 (9·3) 72 (8·0) 1·17 (0·86-1·58) 0·32

Stent thrombosis (0-360 days)

     Definite, any (0-360 days) 9 (0·5) 3 (0·3) 6 (0·7) 0·50 (0·13-2·00) 0·51
        Definite, acute (0-1 day) 3 (0·2) 2 (0·2) 1 (0·1) 2·00 (0·18-22·02) 0·56
        Definite, subacute (2-30 days) 3 (0·2) 0 3 (0·3) <0·001 0·08
        Definite, late (31-360 days) 3(0·2) 1 (0·1) 2 (0·2) 0·50 (0·05-5·50) 0·56

Definite or probable, any (0-360 days) 13 (0·7) 5 (0·6) 8 (0·9) 0·63 (0·21-1·90) 0·40
     Possible, any (0-360 days) 14 (0·8) 8 (0·9) 6 (0·7) 1·33 (0·50-3·83) 0·59

 Definite, probable, or possible, any (0-360 
days) 27 (1·5) 13 (1·4) 14 (1·5) 0·93 (0·44-1·96) 0·85

Data are number of patients (%). 
*  Primary endpoint target vessel failure is a composite of cardiac death, target 

vessel-related myocardial infarction, or clinically indicated target vessel 
revascularisation. 

†  Target lesion failure is a composite of cardiac death, target vessel-related 
myocardial infarction, or clinically indicated target lesion revascularisation. 

‡  Major adverse cardiac events is a composite of all cause death, any myocardial 
infarction, emergent coronary-artery bypass surgery, or clinically indicated target 
lesion revascularisation. 

§  Patient-oriented composite end-point is a composite of all cause death, any 
myocardial infarction, or any revascularisation. 



292

Figure 1.  Trial profile

Of the 3224 eligible patients, 1811 patients (56%) were enrolled and randomly 
assigned to stent types. *Total number of patients who had percutaneous coronary 
intervention during study period with use of drug-eluting stents, irrespective of 
inclusion and exclusion criteria. †We have no reliable data on reasons not to enroll 
eligible patients. BMS=bare metal stent. DES=drug-eluting stent.  
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Figure 2.  Kaplan-Meier cumulative event curves for the primary endpoint target 
vessel failure and its individual components at 12 months
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The primary endpoint target vessel failure(A) is a composite of cardiac death(B), 
target vessel-related myocardial infarction(C), and clinically indicated target 
vessel revascularisation(D). Myocardial infarction=target vessel-related myocardial 
infarction.
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Figure 3.  Cumulative incidence of definite or probable stent thrombosis

Symbols indicate the hierarchically highest adverse events, associated with stent 
thromboses. 
Black symbols signify definite stent thromboses, of which none was fatal. 
Green symbols signify probable stent thromboses. 
In patients treated with zotarolimus-eluting Resolute Integrity stents, there was only 
one single late, definite stent thrombosis in a patient who was not on dual anti-
platelet therapy (discussed below). In patients treated with everolimus-eluting 
Promus Element stents, beyond 3 months there was no definite and only a single 
probable stent thrombosis based on a minor myocardial infarction (significant 
elevation of cardiac troponin levels but no significant elevation of creatine kinase 
levels). 
*Off-DAPT indicates stent thromboses in patients not being on dual anti-platelet 
therapy (DAPT), which consisted of aspirin ≥80mg daily and an adequate dose 
of a P2Y12 receptor antagonist (generally clopidogrel 75mg daily). Reasons for 
not being on dual anti-platelet therapy were: clopidogrel was stopped without 
substitution because of a novel allergic reaction (myocardial infarction on day 12); 
non-compliance to the prescribed medication (myocardial infarction on day 58); 
and per-protocol cessation of aspirin after one month of dual anti-platelet therapy 
because of chronic oral anticoagulation therapy (target vessel revascularisation on 
day 79). 
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Web Appendix I: 
Lesion-based analysis of procedural details and results
with analyses corrected for intra-patient correlation with generalised estimating 
equations

 

Zotarolim-
us-eluting stent 
(1205 lesions)

Everolim-
us-eluting stent 
(1166 lesions)

p 
value

Implantation of assigned stents only 1195 (99·2) 1161 (99·6) 0·36

Number of stents per lesion 1·35 (0·68) 1·36 (0·70) 0·70

Total stent length per lesion (mm) 22 (18-36) 24 (16-38) 0·20

Maximum nominal stent diameter 
per lesion (mm) *

3·00 (2·50-3·50) 3·00 (2·50-3·50) 0·10

Direct stenting 352 (29·2) 326 (28·0) 0·81

Stent postdilation 887 (73·6) 920 (78·9) 0·01

Device success † 1194 (99·1) 1158 (99·3) 0·79

Lesion success ‡ 1203 (99·8) 1162 (99·7) 0·40

Post-procedure minimum lumen diameter (mm)† 2·22 (1·80-2·64) 2·15 (1·78-2·58) 0·11

Post-procedure minimum lumen diameter stenosis (%) *
15·07 (10·58-

21·17)
15·73 (10·86-

21·63)
0·40

Acute lumen gain in segment (mm) * 1·27 (0·85-1·78) 1·24 (0·79-1·77) 0·41

Data are mean (SD), median (IQR) or number (%). All lesion based analyses were 
corrected for intrapatient correlation with Generalized Estimating Equations.
* Data on 1204 lesions in the zotarolimus-eluting stent  group  and 1165 lesions in the 
everolimus-eluting stent group.
† Device success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% using only the assigned study device.
‡ Lesion success is defined as the attainment at the target site of a final residual 
diameter stenosis of <50% using any percutaneous method.
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Web Appendix II: 
Subgroup analysis for the primary endpoint target vessel failure at 12 months

The primary endpoint target vessel failure is a composite of cardiac death, target vessel-
related myocardial infarction, and clinically indicated target vessel revascularisation.
MI=myocardial infarction. PCI=percutaneous coronary intervention. RVD=reference 
vessel diameter.
High risk patients comprised: patients with renal failure, heart failure, recent MI, more 
than 1 lesion per vessel treated, more than 2 vessels treated, long lesions, bifurcation 
lesions, graft lesions, in-stent restenotic lesions, unprotected left main stem lesions, 
and total occlusions.
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Web Appendix III: 
One-year clinical outcomes with HR, 95%CI and log-rank P value 

Zotarolim-
us-eluting stent 
(906 patients)

Everolim-
us-eluting 
stent (905 
patients)

Hazard ratio Log rank 
P value

Primary endpoint target vessel failure * 55 (6·1) 47 (5·2) 1·18 (0·80-1·74) 0·40
Death
     Any cause 22 (2·5) 12 (1·3) 1·84 (0·91-3·72) 0·08
        Cardiac cause 15 (1·7) 10 (1·1) 1·51 (0·68-3·36) 0·31
    Non-cardiac cause 7 (0·8) 2 (0·2) 3·52 (0·73-16·93) 0·09
Target vessel-related myocardial infarction 
Any 20 (2·2) 12 (1·3) 1·67 (0·82-3·42) 0·15
     Q-wave 3 (0·3) 2 (0·2) 1·50 (0·25-8·98) 0·66
     Non-Q-wave 17 (1·9) 10 (1·1) 1·70 (0·78-3·72) 0·18
      Periprocedural (<48h from index 
procedure) 19 (2·1) 11 (1·2) 1·73 (0·82-3·63) 0·15

      Non-periprocedural (>48h from index 
procedure) 1 (0·1) 1 (0·1) 1·01 (0·06-16·15) 0·99

Target vessel revascularisation, any 26 (2·9) 27 (3·0) 0·97 (0·56-1·66) 0·90
Target vessel revascularisation, clinically 
indicated 24 (2·7) 26 (2·9) 0·93 (0·53-1·62) 0·79

Target lesion revascularisation, clinically 
indicated 20 (2·2) 20 (2·2) 1·01 (0·54-1·87) 0·99

Death from cardiac cause or target vessel-
related myocardial infarction 34 (3·8) 22 (2·4) 1·56 (0·91-2·67) 0·10

Target lesion failure † 51 (5·7) 41 (4·6) 1·26 (0·83-1·89) 0·28
Major adverse cardiac events ‡ 58 (6·4) 44 (4·9) 1·33 (0·90-1·97) 0·15
Patient-oriented composite endpoint § 84 (9·3) 72 (8·0) 1·16 (0·85-1·59) 0·35
Stent thrombosis (0-360 days)
     Definite, any (0-360 days) 3 (0·3) 6 (0·7) 0·50 (0·13-2·00) 0·32
        Definite, acute (0-1 day) 2 (0·2) 1 (0·1) 2·00 (0·18-22·03) 0·56

        Definite, subacute (2-30 days) 0 3 (0·3) 0·02 (<0·01-
164·48) 0·08

        Definite, late (31-360 days) 1 (0·1) 2 (0·2) 0·50 (0·05-5·55) 0·57
     Definite or probable, any (0-360 days) 5 (0·6) 8 (0·9) 0·63 (0·21-1·91) 0·41
     Possible, any (0-360 days) 8 (0·9) 6 (0·7) 1·33 (0·47-3·87) 0·58

 Definite, probable, or possible, any (0-360 
days) 13 (1·4) 14 (1·6) 0·93 (0·44-1·98) 0·85

Data are number of patients (%). 
* Primary endpoint target vessel failure is a composite of cardiac death, 
target vessel-related myocardial infarction, or clinically indicated target vessel 
revascularisation. 
† Target lesion failure is a composite of cardiac death, target vessel-related 
myocardial infarction, or clinically indicated target lesion revascularisation. 
‡ Major adverse cardiac events is a composite of all cause death, any myocardial 
infarction, emergent coronary-artery bypass surgery, or clinically indicated target 
lesion revascularisation. 
§ Patient-oriented composite end-point is a composite of all cause death, any 
myocardial infarction, or any revascularisation. 
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Practice: 
a Comprehensive Network Meta-Analysis 
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Abstract

Objectives To investigate the safety and efficacy of durable polymer drug-
eluting stents (DES) and biodegradable polymer biolimus-eluting stents (BP-
BES).
Design Network meta-analysis of randomised controlled trials (RCTs).
Data sources and study selection MEDLINE, Google Scholar, EMBASE and 
Cochrane Central Register of Controlled Trials (CENTRAL) database search 
for RCTs comparing at least two of the following DES: durable polymer 
sirolimus and paclitaxel-eluting (sirolimus-ES, paclitaxel-ES), newer durable 
polymer everolimus-eluting (everolimus-ES), zotarolimus-eluting Endeavor 
and Resolute (Endeavor zotarolimus-ES, Resolute zotarolimus-ES), and 
biodegradable polymer biolimus-eluting (biodegradable polymer biolimus-
ES) stents. 
Primary outcomes Safety (death, myocardial infarction (MI), definite-or-
probable stent thrombosis (ST)) and efficacy (target lesion and target vessel 
revascularisation ) assessed at ≤ 1 year and beyond.
Results Sixty RCTs were compared involving 63,242 DES-treated patients 
with stable coronary artery disease or acute coronary syndrome. At 1 
year, no differences in mortality were observed among devices. Resolute 
zotarolimus-ES, everolimus-ES, Endeavor zotarolimus-ES and sirolimus-ES, but 
not biodegradable polymer biolimus-ES, significantly reduced the odds 
of MI by 29-34% compared to paclitaxel-ES. Compared to Everolimus-ES, 
biodegradable polymer biolimus-ES significantly increased the odds of 
MI by 29%, while Endeavor zotarolimus-ES and paclitaxel-ES significantly 
increased the odds of stent thrombosis. All investigated DES were similar 
with regards to efficacy endpoints, except for Endeavor zotarolimus-ES and 
paclitaxel-ES which significantly increased the odds of target lesion- and 
target vessel revascularisations, as compared to other devices. Direction 
of results beyond 1 year did not diverge from the ≤ 1-year follow-up. 
Bayesian probability curves showed a gradient in the magnitude of effect, 
with everolimus-ES and Resolute zotarolimus-ES offering the highest safety 
profiles.
Conclusions The newer durable polymer Everolimus-ES and Resolute 
zotarolimus-ES and the biodegradable polymer biolimus-ES maintain the 
efficacy of Sirolimus-ES; however, for safety endpoints, differences become 
apparent with Everolimus-ES and Resolute zotarolimus-ES emerging as the 
safest stents to date. 
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Introduction

The first-generation of coronary drug-eluting stents (DES) has significantly 
reduced the need for repeat revascularisation compared to bare metal 
stents (BMS) and has led to the widespread use of DES worldwide. However, 
concerns have emerged regarding late and very late thrombotic events, 
in turn associated with a high rate of death and myocardial infarction (MI)1, 

2. Such events have been attributed to incomplete re-endothelialisation 
caused by drug-induced inhibition of endothelial cell proliferation, stent 
malapposition, accelerated neoatherosclerosis and, importantly, polymer-
induced prolonged vessel wall inflammation3.
To improve the safety of first-generation DES, new devices have been 
developed, employing either biocompatible durable polymers combined 
with new metal alloys or biodegradable polymers combined with stainless 
steel platforms; both have been extensively tested in randomised controlled 
trials (RCTs). The everolimus-eluting second-generation durable polymer 
DES (everolimus-ES) has been found safer than BMS and first-generation 
DES4-6. On the other hand, two non-inferiority trials comparing the most 
investigated biodegradable polymer device, the biolimus-eluting stent 
(biodegradable polymer biolimus-ES), to the first-generation sirolimus-eluting 
stent (sirolimus-ES) have provided contradictory results at 1 year7, 8, with one 
trial showing non-inferiority and the other failing to do so, while two other 
trials9, 10 have shown non-inferiority of biodegradable polymer biolimus-ES 
compared to everolimus-ES. None of these trials was powered for separate 
safety and efficacy endpoints. 

In light of these findings, the safety and efficacy of the 
biodegradable polymer devices compared to: 1) first-generation paclitaxel-
eluting stents (paclitaxel-ES) and sirolimus-ES, and 2) second-generation 
durable polymer zotarolimus-eluting Endeavor and Resolute (Endeavor 
zotarolimus-ES, Resolute zotarolimus-ES) and everolimus-ES, are currently 
unclear. Therefore we performed a comprehensive network meta-analysis 
of all relevant DES data published and presented to date in order to gain 
an evidence-based understanding of the impact of each of these devices, 
as compared to first-generation DES and among each-other, on major 
safety and efficacy outcomes. 

Methods

Study design and endpoint selection
We compared the safety and efficacy of DES currently approved by the 
Food and Drug Administration (FDA), i.e., first- and second-generation 
durable polymer DES, as well as  biodegradable polymer biolimus-ES. 
Biodegradable polymer biolimus-ES  were selected among the different 
types of biodegradable polymer stents for two reasons: 1) they have the 
most robust trial data, 2) all available biodegradable polymer biolimus-ES 
prototypes share a stainless steel platform, similar strut thickness and the 
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same abluminal biodegradable polymer (poly-L-lactic acid), and therefore 
are generally considered equivalent. In light of the conflicting 1-year 
outcome results, the primary pre-specified analyses were up to 1-year 
follow-up; longer follow-ups, however, were also analysed. To provide the 
most robust evidence, we included RCTs enrolling at least 100 patients and 
with a minimum follow-up of 6 months. 
To appreciate the comparative effect of different DES types within their 
class, BMS were not included. The following eluting stents were included: 
first-generation durable polymer sirolimus-ES and paclitaxel-ES, 2) second-
generation durable polymer everolimus-ES, Endeavor zotarolimus-ES 
and Resolute zotarolimus-ES, and 3) biodegradable polymer biolimus-ES. 
Prespecified safety endpoints comprised overall mortality, MI, and definite-
or-probable stent thrombosis (ST) according to the definition criteria of the 
Academic Research Consortium11. Efficacy endpoints were target lesion 
revascularisation (TLR) and target vessel revascularisation (TVR).

Although the number of trials comparing BP-BES to first- and second-
generation DES reporting results beyond 1-year was limited, we additionally 
performed such an analysis (presented as supplementary material).

Data source and search strategy
Established methods were used in adherence to the PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta-Analyses) statement 
for reporting systematic reviews and meta-analyses in healthcare 
interventions12. Relevant RCTs were searched until May 15, 2013, through 
MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), Google 
Scholar and EMBASE databases and through www.tctmd.com, www.
clinicaltrials.gov, www.clinicaltrialresults.org and www.cardiosource.com 
web sites; documents accessible through the FDA website were scrutinised 
as well. The following keywords were used: “randomised trials”, “drug-eluting 
stent”, “sirolimus stent”, “paclitaxel stent”, “everolimus stent”, “zotarolimus 
stent”, “ Endeavor zotarolimus-stent”, “Resolute zotarolimus-stent”, 
“biodegradable polymer stent”, “bioabsorbable polymer stent”, “biolimus 
stent”. No language, date, or publication status restrictions were imposed. 
For each RCT, the most updated or most inclusive data were used.

Data collection and quality assessment
Identified trials were critically and independently evaluated by 4 
investigators (E.P.N., K.T., B.C., M.K.) with regard to patient population, 
treatment, protocol and endpoint selection. Divergences were resolved 
by consensus. The RCTs’ potential risk of bias was independently appraised 
by 2 investigators (B.C., K.T.) according to the Cochrane Collaboration 
guidelines (adequate sequence generation, allocation concealment, 
blinded adjudication of events)12; discrepancies were resolved by discussion 
with a third investigator (E.P.N.); RCTs with high or unclear risk of bias for any 
of these components were regarded as trials with a high risk of bias.

Statistical analyses
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Network meta-analysis methods on all available treatment comparisons 
were used to provide the most comprehensive evidence, incorporating 
direct within-trial comparisons between two treatments (e.g., A vs B) and 
indirect comparisons from trials having one treatment in common (e.g., A 
vs C using trials comparing A vs B and B vs C)13. Outcome analyses were 
compared by odds ratios (ORs) and 95% credible intervals (CrIs) using 
a bayesian hierarchical random-effects model that takes into account 
multi-arm trials. The random-effects rather than the fixed-effect model was 
adopted, as the most appropriate and conservative analysis to account 
for differences among trials. Additional sensitivity analyses were conducted 
by repeating the main computations using the fixed-effect method and by 
excluding trials with high risk of bias. 
To further corroborate the robustness of the data and make probability 
inferences, bayesian probability curves were generated for each stent 
taking sirolimus-ES as reference; rather than focusing on a single probability 
value, these curves provide a ranking of competing stent treatments with 
respect to overall safety and efficacy. Median rates of safety and efficacy 
outcomes, with corresponding CrIs, were also calculated from the original 
trials in the network meta-analysis. 
Heterogeneity was defined as the variability of results across trials over and 
above chance, with Tau2 <0.04 indicating low and Tau2 >0.4 a high level 
of heterogeneity. Potential inconsistency of the network, defined as the 
variability of results across the direct and indirect evidence comparisons, 
was evaluated by the node-split method and the relative bayesian p-value, 
measuring agreement between direct and indirect evidence for each 
split node14. Inconsistency was additionally evaluated by inspection of 
the goodness of fit of the model to the data, using residual deviance; the 
model was considered to provide an adequate fit when the mean of the 
residual deviance was similar to the number of data points of the model. 
 For beyond 1-year outcomes, given the quite variable length of 
follow-up for each of these trials, the rate of outcome per 100 patient*years 
was used to obtain the log rate ratios (RR) of one stent compared to 
another. Rates per unit of time, rather than number of events, were 
deemed the most appropriate outcome measure for long-term analyses 
as they incorporate the duration of the trials, which was variable. A 
Poisson regression model was fitted, because this analysis explicitly exploits 
differences in follow-up among studies, thus maximizing precision15. Extent 
of small study effects/publication bias was assessed by visual inspection of 
funnel plots. All analyses were based on noninformative prior findings 
for effect sizes and precision, which yield results that are comparable to 
those obtained from conventional statistical analyses. Convergence and 
lack of autocorrelation were checked and confirmed. In the bayesian 
framework, the results for which the CrI of the OR or RR did not include the 
unit value were regarded as significant. Data were analyzed according to 
the intention-to-treat principle. All analyses were conducted using WinBUGS 
1.4.3 (MRC Biostatistics Unit, Cambridge, UK) and MIX 2.0. Pro for Microsoft 
Excel, version 2.0.1.2, (BiostatXL, California, USA).
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Results
Study selection and patient population
The flow diagram of the analysis, the full electronic MEDLINE database 
search, and the inclusion/exclusion criteria and risk of bias of the included 
RCTs are shown in the supplementary material (Figure S1, Table S1 and 
Table S2). Sixty trials 7-10, 16-88, comprising a total of 63,242 randomised 
patients, met the inclusion criteria and entered the final analysis; information 
on stent comparators, follow-up duration and investigated populations is 
displayed in Table 1. In general, the included populations were high risk 
groups, with most trials enrolling both stable coronary artery disease (53.7%) 
and acute coronary syndromes (46.3%). The large majority of included 
trials were multicenter, with a low risk of bias. The following studies or arms 
were excluded: i) trials testing 2 stents eluting the same drug but differing in 
their design89-91; ii) trials with different stent metal platforms92-96; iii) post-hoc 
analyses or substudies97-103; iv) the BMS arm or polymer free arm of 6 three-
arm trials16, 17, 38, 39, 54, 104; v) studies not reporting clinical outcomes105; vi) arms 
which did not include treatments in the network. The evidence network of 
direct comparisons is shown in Figure 1. 

One-year outcomes
Safety profile

A total of 46 studies (N = 48,908) contributed to the analysis of 1-year 
mortality. Second-generation durable polymer DES and biodegradable 
polymer biolimus-ES were associated with mortality outcomes that did not 
differ significantly from those of paclitaxel-ES and sirolimus-ES (Figure 2), 
although median 1-year rates varied almost two-fold, ranging from 1.80% 
to 3.05% (numerical gradient: Resolute zotarolimus-ES < everolimus-ES < 
sirolimus-ES < biodegradable polymer biolimus-ES < paclitaxel-ES < Endeavor 
zotarolimus-ES) (Table 2). 
 Forty-six studies (N = 51,578) contributed to the analysis of 1-year 
MI. In comparison to paclitaxel-ES, all DES except biodegradable polymer 
biolimus-ES significantly reduced the odds of MI, particularly Resolute 
zotarolimus-ES and everolimus-ES (OR 0.66 [95% CrI 0.46 to 0.91] and 0.67 
[0.53 to 0.81], respectively) (Figure 3). Compared to sirolimus-ES, the odds 
of MI were not significantly reduced by second-generation DES, although 
everolimus-ES and Resolute zotarolimus-ES, conversely to biodegradable 
polymer biolimus-ES, showed numerical reductions (Figure 3). When new-
generation DES were compared among each other, biodegradable 
polymer biolimus-ES yielded a significant increase in the odds of MI (OR 1.29 
[CrI 1.02 to 1.69]) compared to everolimus-ES. Lowest median MI rates were 
observed with Resolute zotarolimus-ES and everolimus-ES (Table 2). There 
was no evidence of high heterogeneity among trials for either death (Tau2= 
0.007) or MI (Tau2= 0.008) outcomes (supplementary Table 3).

Median stent thrombosis rates were approximately halved with 
everolimus-ES, Resolute zotarolimus-ES, biodegradable polymer biolimus-ES 
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and sirolimus-ES compared to paclitaxel-ES and Endeavor zotarolimus-ES (~1% 
vs ~2.5%) (Table 2). everolimus-ES provided significant reductions of the odds 
of stent thrombosis at 1 year compared to paclitaxel-ES (OR 0.37 [CrI 0.18 to 
0.65]) and a numerical reduction compared to sirolimus-ES (OR 0.63 [CrI 0.33 
to 1.06]) (Figure 4); compared with everolimus-ES, Endeavor zotarolimus-ES 
yielded a significant increase in the odds of stent thrombosis (OR 3.13[CrI 1.15 
to 8.89]). There was no evidence of high heterogeneity among trials for ST 
(Tau2= 0.21; supplementary Table S3). 

Efficacy profile
Forty-four trials including 49,527 patients contributed to the analysis 

of target lesion revascularisation at 1 year. sirolimus-ES, everolimus-
ES, biodegradable polymer biolimus-ES and Resolute zotarolimus-ES 
significantly reduced the odds of target lesion revascularisation by 46% to 
87% in comparison to paclitaxel-ES, and by 59% to 160% in comparison to 
Endeavor zotarolimus-ES (Figure 5). Compared to sirolimus-ES, the same 
devices (everolimus-ES, Resolute zotarolimus-ES and biodegradable 
polymer biolimus-ES) showed a similar degree of efficacy, without 
significant differences among them (Figure 5). The median target lesion 
revascularisation rate was ~3% with everolimus-ES, biodegradable polymer 
biolimus-ES, sirolimus-ES and Resolute zotarolimus-ES vs 5.92% with paclitaxel-
ES and 7.52% with Endeavor zotarolimus-ES (Table 2).

Target vessel revascularisation results at 1 year were consistent 
with target lesion revascularisation outcomes. Compared to sirolimus-
ES, everolimus-ES, Resolute zotarolimus-ES and biodegradable polymer 
biolimus-ES provided similar efficacy profiles, whereas Endeavor zotarolimus-
ES and paclitaxel-ES were associated with higher odds of target vessel 
revascularisation (OR 1.67 [CrI 1.08 to 2.58] and 1.47 [CrI 1.14 to 1.90], 
respectively) (Figure 6). There was no evidence of high heterogeneity 
among trials for both target lesion- (Tau2= 0.13) and target vessel 
revascularisation (Tau2= 0.12) outcomes (supplementary Table S3).

Posterior probabilities
Figure 7 shows the posterior probability curves for each DES and 

for each outcome, with sirolimus-ES as reference treatment. These curves 
allow probability inferences associated with a specific threshold of risk (odds 
ratio). Thus, compared with sirolimus-ES, the curves show a probability of 
65% for Resolute zotarolimus-ES to reduce the odds of mortality by at least 
20% (odds ratio 0.80); a probability of 56% and 49% for Resolute zotarolimus-
ES and everolimus-ES, respectively, to reduce the odds of myocardial 
infarction by at least 10% (0.90); and a probability of 81% with everolimus-ES 
and 51% with Resolute zotarolimus-ES to reduce the odds of stent thrombosis 
by at least 20%. Compared with sirolimus-ES, Resolute zotarolimus-ES 
showed a 30% probability to reduce target vessel revascularisation and a 
21% probability to reduce target lesion revascularisation by at least 20% 
(odds ratio 0.80), which was comparable with the 17% probability seen with 
everolimus-ES and biodegradable polymer biolimus-ES.
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Outcomes beyond one-year 
Twenty-four trials (N= 38,097) contributed to the > 1-year analysis 

(Table 1). Consistently with 1-year mortality results, long-term mortality with 
first- and second-generation durable polymer DES and with biodegradable 
polymer biolimus-ES did not differ significantly among the different DES 
(supplementary Table S4).

Consistently with 1-year outcomes, in comparison to paclitaxel-ES, 
Endeavor zotarolimus-ES, everolimus-ES and Resolute zotarolimus-ES (similarly 
to Sirolimus-ES) provided a 31% to 37% significant decrease in MI. Everolimus-
ES was associated with a significant 56% reduction of the rate of definite-
or-probable stent thrombosis against first-generation sirolimus-ES. Similarly to 
the 1-year outcomes, as compared to first-generation paclitaxel-ES, newer-
generation DES offered significantly lower rates of revascularisation, except 
for Endeavor zotarolimus-ES which was associated with a 110% increase as 
compared to everolimus-ES (supplementary Table S4). 

Overall fit of the model and additional analyses
Evaluation of the goodness of fit for the various models showed 

adequate fit for the various analyses. Heterogeneity among the trials was 
low-to-moderate for all outcomes (supplementary Table 3). Sensitivity 
analyses based on the fixed-effect model did not significantly change the 
results of the meta-analysis (supplementary Table S5). Visual inspection 
of funnel plots did not suggest any small study effects or publication 
bias (supplementary Figure S2A-D). Exclusion of trials with high risk of bias 
(supplementary Table S6) yielded results largely consistent with the overall 
results. Finally, there was no evidence of inconsistency between direct 
and indirect estimates, with bayesian p-values ranging from 0.06 to 1 
(supplementary Table S7).

Discussion

This large meta-analysis, with 63 242 patients, examined the safety 
and efficacy profile of second generation durable polymer drug eluting 
stents (DES) and biodegradable polymer biolimus-ES compared with first 
generation DES and with each other. Second generation durable polymer 
everolimus-ES and Resolute zotarolimus-ES, the first generation sirolimus-
ES, and the biodegradable polymer biolimus-ES were similar to each 
other with regards to their efficacy and significantly better than Endeavor 
zotarolimus-ES and paclitaxel-ES with regards to coronary revascularisations. 
There was a safety gradient, with everolimus-ES and Resolute zotarolimus-
ES resulting in lowest rates of death and myocardial infarction and, 
conversely, biodegradable polymer biolimus-ES, Endeavor zotarolimus-ES, 
and paclitaxel-ES being associated with significantly increased odds of 
myocardial infarction or stent thrombosis compared with everolimus-ES.

Possibly, one of the most important findings of this study is the 
significant increase in the odds of MI with biodegradable polymer 
biolimus-ES, as compared to durable polymer everolimus-ES. To date 
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biodegradable polymer biolimus-ES have been perceived to be safer 
than first-generation sirolimus-ES and non-inferior to second-generation 
everolimus-ES, mainly based on results from individual trials powered only 
for composite endpoints of safety and efficacy.7, 9, 10 We analysed single 
(instead of composite) endpoints of safety and have provided new insights 
suggesting that biodegradable polymer biolimus-ES is associated with 
similar (not higher) safety compared with the first generation sirolimus-ES 
and with a significantly higher rate of myocardial infarction compared with 
everolimus-ES. Indeed, the second generation durable polymer everolimus-
ES and Resolute zotarolimus-ES were associated with the most favourable 
safety profile compared with not only the first generation durable polymer 
paclitaxel-ES but also the second generation Endeavor zotarolimus-ES and 
biodegradable polymer biolimus-ES. In a wider perspective, this study shows 
that among all devices compared, the durable polymer second generation 
everolimus-ES and Resolute zotarolimus-ES are the safest DES to date.
The findings described in this paper are in line with two previous network 
meta-analyses4, 5 that compared first- and second-generation DES to 
BMS. The current meta-analysis, however, substantially differs from the 
others by incorporating the most recent evidence from head-to-head DES 
comparison trials and forming the largest DES database ever analysed, 
with a total of 63 242 patients. We also included biodegradable polymer 
biolimus-ES, which are used mainly in Europe and Asia, thus providing a 
comprehensive overview of the most widely used DES in current clinical 
practice worldwide, not compared so far within their class in such a scale 
for single safety and efficacy endpoints.
Although our exclusion of BMS might be perceived as a limitation, 
methodological and conceptual reasons dictated such a choice. For a 
network meta-analysis to provide the highest degree of precision, robust 
direct and indirect evidence is required. This would not have been possible 
if we had included BMS as, to date, the direct comparison between 
biodegradable polymer biolimus-ES and BMS is limited to a single trial, 
making indirect comparisons through this “weak” common link imprecise 
and meaningful conclusions difficult106. Moreover, the safety and efficacy 
of durable polymer limus-eluting stents compared to BMS has already been 
clarified4, 5. Our study differs in
design and in the number of included patients from a previous meta-
analysis of three randomised controlled trials comparing biodegradable 
devices with sirolimus-ES, which found a reduction of stent thrombosis 
associated with biodegradable stents.107 The devices pooled in the previous 
study under the biodegradable group were in fact three distinct types, only 
one of which is a biodegradable polymer biolimus-ES; all of them represent 
differences in terms of the biodegradable polymer used, the eluted drug, 
and stent strut thickness. To provide the most robust conclusions and avoid 
heterogeneity that might arise by pooling stents with different properties, we 
decided to include only biodegradable polymer biolimus-ES in this analysis. 
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Safety
The safety of first-generation DES has been largely debated. The relatively 
high rates of stent thrombosis observed with these devices, a phenomenon 
which translates into increased rates of death or MI, raised concerns 
regarding their widespread use, despite the clear efficacy benefits over 
BMS1, 2. Further studies showed that the mechanisms of stent thrombosis 
after DES implantation are complex; with device design-related factors 
being of paramount importance. Indeed, the inflammation induced by the 
durable polymers of first-generation DES may result in delayed healing and 
incomplete covering of stent struts by new and functional endothelium, 
with uncovered stent struts serving as a source for future episodes of 
stent thrombosis3. However, other factors such as stent malapposition 
and mechanical tissue injury caused by stent struts during implantation 
may also play a role in stent thrombosis20. New-generation DES have 
addressed the limitations observed with first-generation devices in different 
ways; biodegradable polymer biolimus-ES use abluminal biodegradable 
polymers which dissolve within 6-9 months, with the residual metal platform 
presumably regaining a safety profile similar to a BMS beyond this time 
frame108. Conversely, second-generation durable polymer DES have 
replaced first-generation polymers with more biocompatible and thinner 
polymers109-111. Interestingly, the design improvements of the new-generation 
durable polymer DES have run in parallel with a reduction of definite 
stent thrombosis rates, compared to the first-generation paclitaxel-ES and 
sirolimus-ES in both early as well as late and very late phases of follow-
up4, 79. Furthermore late stent thrombosis, with everolimus-ES being the first 
and most studied prototype, is reduced not only when compared to first-
generation DES but also to BMS, suggesting that the durable fluoro-polymer 
used in these devices may be “thromboresistant” and more biocompatible 
than BMS4-6, in turn generating a shift from the contention of an increased 
risk of stent thrombosis with DES compared to BMS towards the converse 
relation. In contrast, biodegradable polymer biolimus-ES have failed to 
provide a significant reduction in 1-year stent thrombosis rates as compared 
to sirolimus-ES, with both available trials7, 8 showing rather a numerical 
advantage of sirolimus-ES. Although the 5-year follow-up of LEADERS - the 
only available trial with a long follow-up - shows a significant reduction of 
the 1-5 year stent thrombosis rates as compared to sirolimus-ES, the overall 
rate at 5 years was not significantly lower than for sirolimus-ES, pointing once 
more to the impact of the first-year outcomes. In our analysis, the stent 
thrombosis outcomes continue to favour the newer-generation durable 
polymer DES, particularly everolimus-ES. 
 Stent thrombosis, however, remains a surrogate safety endpoint and 
needs to be interpreted in the context of objective safety endpoints such as 
death and MI. In the present report, the durable polymer DES yielded lower 
odds of death and MI compared to biodegradable polymer biolimus-ES, 
with everolimus-ES reaching a significant MI reduction. Of note, this finding 
is in line with the results of the NEXT and COMPARE II trials9, 10, both showing 
a numerical reduction of MI associated with everolimus-ES as compared 
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to biodegradable polymer biolimus-ES, becoming statistically significant 
for Q-wave MI in the latter. The advantage in regards to MI observed 
with thin-strut devices such as everolimus-ES might be related not only to 
stent thrombosis but also to lower rates of periprocedural MI resulting from 
side branch jailing, which in turn for mechanistic reasons might be more 
frequent with thick strut devices112. Higher degrees of re-endothelialisation 
achievable with these stents compared to the thick strut devices have 
been shown in preclinical113 and optical coherence tomography studies114 
and may also play a role. Our findings on safety among different DES should 
be  critically viewed also in the context  of the choice of the DES to be 
implanted in patients who need to undergo  non-cardiac surgery; surgery 
represents one of the most common reasons for premature antiplatelet 
therapy discontinuation which is associated with a significant increase in 
mortality and major adverse cardiac events115. 
Indeed, the favourable profile observed with second-generation DES may 
become clinically relevant in this clinical context also in light of new studies 
suggesting safety of clinically-indicated transient interruptions (any time 
beyond 1 month) and shorter overall duration of dual antiplatelet therapy 
(3-6 months) in patients treated with these devices116, 117.  
In this perspective, newer thin-strut biodegradable polymer DES recently 
introduced in the market may have the potential to enhance safety and 
efficacy outcomes post-PCI [(BIO-RESORT) TWENTE III (NCT01674803) and 
the EVOLVE II QCA (NCT01787799)]. The beyond 1-year analysis, confirmed 
maintenance of direction of the estimates observed at the 1-year follow-up.

Efficacy 
Factors related to design, such as strut thickness, type of antiproliferative 
agent, drug elution kinetics, and elution time, as well as type of polymer, 
could all affect efficacy outcomes.118, 119 We found that the new generation 
everolimus-ES, biodegradable polymer biolimus-ES, Resolute zotarolimus-ES, 
and the first generation sirolimus-ES were associated with reduced rates of 
target lesion and target vessel revascularisation compared with Endeavor 
zotarolimus-ES and/or first generation paclitaxel-ES. Our findings therefore 
confirm on a larger scale the comparable efficacy of biodegradable 
polymer biolimus-ES and second generation DES shown in the recent NEXT 
trial, powered for target lesion revascularisation as primary endpoint.10

 Although not a new finding, in this analysis all limus-eluting DES, with 
the exception of Endeavor zotarolimus-ES, were associated with significantly 
lower rates of target lesion- and target vessel revascularization than the 
first-generation paclitaxel-ES. This finding may derive from the differences in 
the post implantation healing process between paclitaxel and limus-eluting 
stents. Indeed, the toxicity caused by the long-lasting presence of paclitaxel 
in the vessel wall may give rise to acellular healing process, with prolonged 
fibrin deposition and inflammation, as shown in preclinical and post-mortem 
studies3, 120. On the other hand, with Endeavor zotarolimus-ES, short release 
kinetics may result in insufficient inhibition of neointimal hyperplasia. Indeed, 
the more recently introduced Resolute zotarolimus-ES, which has a much 
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longer (up to 180 days) release curve of the same antiproliferative agent, 
zotarolimus, is associated with a significant reduction in target lesion- and 
target vessel revascularization compared to Endeavor zotarolimus-ES. 

Limitations 
As with any meta-analysis, our study shares the limitations of the original 
studies. Results were analysed on trial level data and therefore we could not 
assess whether all baseline characteristics were balanced among groups 
(although for the most part they were balanced within each RCT). Data for 
follow-ups longer than 1 year are limited but appear to confirm the direction 
of the estimates at 1-year. The patient inclusion criteria of this meta-analysis 
are broad, more closely reflecting current practice, comprising both stable 
and unstable high-risk patients. Potentially heterogeneous definitions of 
MI used across the trials may represent another limitation. There was no 
evidence of significant statistical inconsistency among trials; heterogeneity 
among trials was found to be moderate for stent thrombosis and low to 
moderate for target lesion and target vessel revascularisation. On the other 
hand, the stability of the results in the sensitivity analyses performed confirm 
that the overall outcome effect is robust and justified. Another aspect is the 
duration of dual antiplatelet therapy i.e., the combination of aspirin and a 
P2Y12 receptor blocker, that varied among the different trials. The variability 
of dual antiplatelet therapy may however be less important in the context 
of the present meta-analysis given that BMS were excluded and most 
trials employed at least 6-months dual antiplatelet therapy duration (see 
supplementary file for summary on guideline recommendation121). Owing 
to the limited number of trials assessing Resolute zotarolimus-ES, the findings 
with this device should be viewed as exploratory but certainly deserve 
further attention.

Despite these limitations, this network meta-analysis provides the 
largest-scale comparative information on the efficacy and safety profiles of 
different DES in current use. 

Conclusions

Biodegradable polymer biolimus-ES show a similar efficacy and safety 
profile compared to first-generation sirolimus-ES. In comparison to second-
generation everolimus-ES and Resolute zotarolimus-ES, biodegradable 
polymer biolimus-ES again provide similar efficacy outcomes. However, 
safety outcomes favour both everolimus-ES and Resolute zotarolimus-ES, 
denoting these second-generation durable polymer stents as the safest for 
current clinical practice. 

What is already known on this topic
Coronary stents are widely used to treat patients with coronary artery 
disease. Drug-eluting stents (DES) are more efficacious than bare metal 
stents. Among DES, the second-generation durable polymer stents (with 
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everolimus-eluting being the most studied prototype) are safer than first-
generation durable polymer DES and bare metal stents. 
The efficacy and safety profile of biodegradable polymer stents (with 
biolimus-eluting being the most widely used) compared with first- and 
second-generation durable polymer DES is controversial. 
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What this study adds

This is the largest network meta-analysis of randomised trials on DES, 
comparing durable against biodegrable polymer stents and providing a 
clear visual ranking of the efficacy and safety of all of the most used DES.

The newer durable polymer everolimus- and zotarolimus R-eluting stents, 
as well as the biodegradable polymer biolimus-eluting stents, provide 
similar efficacy as first-generation sirolimus-eluting stents. Everolimus- and 
zotarolimus R-eluting stents emerge as the safest devices to date. 
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Table 1. Randomized controlled trials included in the network meta-analysis.

Trial
Year of 

publica-
tion

Total 
sample 

size

Stent 
com-
para-
tors

Trial design

Max-
imum 

follow-up 
(months)

Clinical setting (%)

BASKET 16 2005 525 
(826)

SES vs 
PES (vs 
BMS)

Superiority (cost 
effectiveness) / 

single-center
6 

Stable coronary artery 
disease/ACS 

(42/58)

BASKET-PROVE 17 2010 1549 
(2314)

EES vs 
SES (vs 
BMS)

Superiority (cost 
effectiveness) / 

multicenter
24 

Stable coronary artery 
disease/ACS 

(35/65)

CATOS 18 2012 160 ZES-E vs 
SES

Parallel / multi-
center 12 Stable coronary artery 

disease

CIBELES 19 2013 207 EES vs 
SES

Non-inferiority / 
multicenter 12 Stable coronary artery 

disease

COMPARE 20, 21 2010/2011 1800 EES vs 
PES

Superiority / 
single-center 24 

Stable coronary artery 
disease/ACS 

(40/60)

COMPARE II 9 2013 2707 BP-BES 
vs EES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(42/58)

CORPAL 22 2005 515 SES vs 
PES

Parallel / multi-
center 6 Stable coronary artery 

disease

CREST MI 23 2011 875 ZES-E vs 
SES

Parallel / multi-
center 6 STEMI

DES-diabetes 24, 25 2008/2011 400 SES vs 
PES

Superiority / mul-
ticenter 48 

Stable coronary artery 
disease/ACS 

(42/58)

DiabeDES 26 2009 153 SES vs 
PES

Superiority / mul-
ticenter 8 

Stable coronary artery 
disease/ACS 

(67/33)

ENDEAVOR III 27, 28 2006/2011 436 ZES-E vs 
SES

Non-inferiority / 
multicenter 60 Stable coronary artery 

disease

ENDEAVOR IV 29, 30 2010/2013 1548 ZES-E vs 
PES

Non-inferiority / 
multicenter 60 

Stable coronary artery 
disease/ACS 

(53/47)

ESSENCE-
Diabetes 31 2011 300 EES vs 

SES
Non-inferiority / 

multicenter 12 
Stable coronary artery 

disease/ACS 
(58/42)

EXCELLENT 32 2010 1443 EES vs 
SES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(48/52)

Hong et al. 33 2010 169 SES vs 
PES

Parallel / multi-
center 36 

Stable coronary artery 
disease/ACS 

(39/61)

ISAR-DIABETES 34 2005 250 SES vs 
PES

Non-inferiority / 
multicenter 9 

Stable coronary artery 
disease/ACS 

(60/40)

ISAR-Left-Main 35 2009 607 SES vs 
PES

Non-inferiority / 
multicenter 24 Stable coronary artery 

disease

ISAR-Left-Main 2 36 2012 650 ZES-R vs 
EES

Non-inferiority / 
multicenter 12

Stable coronary artery 
disease/ACS 

(64/36)
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Trial
Year of 

publica-
tion

Total 
sample 

size

Stent 
com-
para-
tors

Trial design

Max-
imum 

follow-up 
(months)

Clinical setting (%)

ISAR-SMART 3 37 2006 360 SES vs 
PES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(69/31)

ISAR-TEST-2 38, 39 2009/2010 674 
(1007)

ZES-E vs 
SES
(vs 

poly-
mer 
free 
dual 
DES)

Superiority / mul-
ticenter 24 

Stable coronary artery 
disease/ACS 

(58/42)

Juwana et al. 40 2009 397 SES vs 
PES

Superiority / 
single-center 12 STEMI

Kamoi et al. 41 2011 100 SES vs 
PES

Parallel / single-
center 12 Stable coronary artery 

disease

Kim et al. 42 2008 169 SES vs 
PES

Superiority / mul-
ticenter 6 

Stable coronary artery 
disease/ACS 

(39/61)

KOMER 43 2011 611
ZES-E vs 
SES vs 

PES

Parallel / multi-
center 18 STEMI

LEADERS 7, 44 2008/2013 1707 BP-BES 
vs SES

Non-inferiority / 
multicenter 60 

Stable coronary artery 
disease/ACS 

(45/55)

Long DES II 45 2006 500 SES vs 
PES

Superiority / mul-
ticenter 9 

Stable coronary artery 
disease/ACS 

(45/55)

LONG-DES III 46 2011 450 EES vs 
SES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(58/42)

LONG-DES IV 47 2012 500 ZES-R vs 
SES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(64/36)

Naples diabetes 
48 2010 226

ZES-E vs 
SES vs 

PES

Superiority / 
single-center 36 

Stable coronary artery 
disease/ACS 

(86/14)

NEXT 10 2013 3235 BP-BES 
vs EES

Non-inferiority / 
multicenter 12

Stable coronary artery 
disease/ACS 

(84/16)

NOBORI 1 - Phase 
1 49 2007 120 BP-BES 

vs PES
Non-inferiority / 

multicenter 9 
Stable coronary artery 

disease/ACS 
(80/20)

NOBORI 1 - Phase 
2 50 2009 243 BP-BES 

vs PES
Non-inferiority / 

multicenter 12 
Stable coronary artery 

disease/ACS 
(72/28)

NOBORI Japan 
51, 52 2012 335 BP-BES 

vs SES
Non-inferiority / 

multicenter 36
Stable coronary artery 

disease/ACS 
(86/14)

Pan et al. 53 2007 205 SES vs 
PES

Superiority / mul-
ticenter 24 

Stable coronary artery 
disease/ACS 

(40/60)
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Trial
Year of 

publica-
tion

Total 
sample 

size

Stent 
com-
para-
tors

Trial design

Max-
imum 

follow-up 
(months)

Clinical setting (%)

PASEO 54 2009 180 
(270)

SES vs 
PES (vs 
BMS)

Superiority / 
single-center 48 STEMI

Petronio et al. 55 2007 100 SES vs 
PES

Superiority / 
single-center 9 

Stable coronary artery 
disease/ACS 

(52/48)

PRISON III 56 2013 304 

SES vs 
ZES-E + 
SES vs 
ZES-R

Superiority / mul-
ticenter 12 Stable coronary artery 

disease

PROSIT 57, 58 2008/2011 308 SES vs 
PES

Superiority / mul-
ticenter 36 STEMI

PROTECT 59 2012 8709 ZES-E vs 
SES

Superiority / mul-
ticenter 36

Stable coronary artery 
disease/ACS 

(55/45)

R-CHINA RCT 60 2013 400 ZES-R vs 
PES

Non-inferiority / 
multicenter 12

Stable coronary artery 
disease/ACS 

(9/91)

REALITY 61 2006 1386 SES vs 
PES

Superiority / mul-
ticenter 12 

Stable coronary artery 
disease/ACS 

(70/30)

RESET 62 2011 3197 EES vs 
SES

Non-inferiority / 
multicenter 12 

Stable coronary artery 
disease/ACS 

(82/18)

RESOLUTE All 
Comers 63, 64 2010/2011 2292 ZES-R vs 

EES
Non-inferiority / 

multicenter 24 
Stable coronary artery 

disease/ACS 
(35/65)

SEA-SIDE 65 2011 150 EES vs 
SES

Superiority / 
single-center 18 

Stable coronary artery 
disease/ACS 

(66/34)

Separham et al. 66 2011 200 BP-BES 
vs EES

Parallel / single-
center 12

Stable coronary artery 
disease/ACS 

(29/71)

SIRTAX 67, 68 2005/2011 1012 SES vs 
PES

Superiority / mul-
ticenter 60 

Stable coronary artery 
disease/ACS 

(49/51)

SORT OUT II 69 2008 2098 SES vs 
PES

Superiority / mul-
ticenter 18 

Stable coronary artery 
disease/ACS 

(45/55)

SORT OUT III 70, 71 2010/2012 2332 ZES-E vs 
SES

Superiority / mul-
ticenter 36 

Stable coronary artery 
disease/ACS 

(55/45)

SORT OUT IV 72, 73 2010/2012 2774 EES vs 
SES

Non-inferiority / 
multicenter 24 

Stable coronary artery 
disease/ACS 

(58/42)

SORT OUT V 8 2013 2468 BP-BES 
vs SES

Non-inferiority / 
multicenter 9 

Stable coronary artery 
disease/ACS 

(51:49)

SPIRIT II 74, 75 2006/2012 300 EES vs 
PES

Non-inferiority / 
multicenter 60 

Stable coronary artery 
disease/ACS 

(62/38)
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Trial
Year of 

publica-
tion

Total 
sample 

size

Stent 
com-
para-
tors

Trial design

Max-
imum 

follow-up 
(months)

Clinical setting (%)

SPIRIT III 76, 77 2008/2011 1001 EES vs 
PES

Non-inferiority / 
multicenter 36 

Stable coronary artery 
disease/ACS 

(80/20)

SPIRIT IV 78, 79 2010/2011 3717 EES vs 
PES

Superiority / mul-
ticenter 24 

Stable coronary artery 
disease/ACS 

(72/28)

SPIRIT V 80 2012 324 EES vs 
PES

Non-inferiority / 
multicenter 12

Stable coronary artery 
disease/ACS 

(64/36)

TAXI-LATE 81, 82 2005/2007 202 SES vs 
PES

Superiority / 
single-center 36 

Stable coronary artery 
disease/ACS 

(84/16)

TWENTE 83, 84 2012/2013 1391 ZES-R vs 
EES

Non-inferiority / 
single-center 24 

Stable coronary artery 
disease/ACS 

(49/51)

XAMI 85 2012 625 EES vs 
SES

Non-inferiority / 
multicenter 12 STEMI

ZEST 86 2010 2645
ZES-E vs 
SES vs 

PES

Superiority (ZES-E 
vs PES) / Non-in-

feriority (ZES-E 
vs SES) / multi-

center

12 
Stable coronary artery 

disease/ACS 
(45/55)

ZEST-AMI 87 2009 328
ZES-E vs 
SES vs 

PES

Superiority / mul-
ticenter 12 STEMI

Zhang et al. 88 2006 673 SES vs 
PES

Superiority / 
single-center 12 

Stable coronary artery 
disease/ACS 

(45/55)

ACS, acute coronary syndrome; BASKET, Basel Stent Kosten Effektivitäts Trial; SES, 
sirolimus-eluting stents; PES, paclitaxel-eluting stents; BMS, bare-metal stent; BAS-
KET-PROVE, Basel Stent Kosten- Effektivitäts Trial–Prospective Validation Examination; 
EES, Everolimus-eluting stent; CATOS, The CAtholic Total Occlusion Study; CIBELES, 
Randomized comparison of sirolimus-eluting and everolimus-eluting coronary stents 
in the treatment of total coronary occlusions; COMPARE, Comparison of the Ever-
olimus Eluting XIENCE-V Stent With the Paclitaxel Eluting TAXUS LIBERTE´ Stent in 
All-Comers; COMPARE II, Abluminal biodegradable polymer biolimus-eluting stent 
versus durable polymer everolimus-eluting stent; BP-BES, biodegradable polymer 
drug-eluting stent; CORPAL, Drug-eluting stents for complex lesions: Randomized 
rapamycin versus paclitaxel CORPAL study; CREST MI, Carotid Revascularization 
Endarterectomy Versus Stenting Trial–Myocardial Infarction; ZES-E, Endeavor zotar-
olimus -stent; DES-diabetes, Drug-Eluting Stent in Patients With Diabetes Mellitus; Di-
abeDES, The Diabetes and Drug-Eluting Stent (DiabeDES) Randomized Angiography 
Trial; ENDEAVOR III, A randomized controlled trial of the medtronic endeavor drug 
[ABT-578] eluting coronary stent system versus the cypher sirolimus-eluting coronary 
stent system in de novo native coronary artery lesions; ENDEAVOR IV, randomized 
comparison of zotarolimus- and paclitaxel-eluting stents in patients with coronary 
artery disease; ESSENCE-Diabetes, Everolimus-Eluting Stent Versus Sirolimus-Eluting 
Stent Implantation for De Novo Coronary Artery Disease in Patients With Diabetes 
Mellitus; EXCELLENT, Efficacy of Xience/Promus vs Cypher to rEduce Late Loss after 
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stENTing; ISAR-DIABETES, The Intracoronary Stenting and Angiographic Results: Do 
Diabetic Patients Derive Similar Benefit from Paclitaxel-Eluting and Sirolimus-Eluting 
Stents; ISAR-Left-Main, Intracoronary Stenting and Angiographic Results: Drug-Eluting 
Stents for Unprotected Coronary Left Main Lesions; ISAR-Left-Main 2, Zotarolimus- vs. 
Everolimus-Eluting Stents for Treatment of Unprotected Left Main Coronary Artery 
Lesions; ISAR-SMART 3, Randomized trial of paclitaxel- and sirolimus-eluting stents in 
small coronary vessels; ISAR-TEST-2, A polymer-free dual drug-eluting stent in patients 
with coronary artery disease: A randomized trial vs. polymer-based drug-eluting 
stents; KOMER, Korean multicentre endeavor; LEADERS, Biolimus-eluting stent with 
biodegradable polymer versus sirolimus-eluting stent with durable polymer for cor-
onary revascularisation; LONG-DES II, Sirolimus-eluting stent versus paclitaxel-eluting 
stent for patients with long coronary artery disease; LONG-DES III, Comparison of 
everolimus- and sirolimus-eluting stents in patients with long coronary artery lesions: A 
randomized LONG-DES-III (percutaneous treatment of LONG native coronary lesions 
with drug-eluting stent-III) trial; LONG-DES IV, Comparison of resolute zotarolimus-elut-
ing stents and sirolimus-eluting stents in patients with de novo long coronary artery 
lesions; ZES-R, Resolute zotarolimus-stent; NAPLES-Diabetes, Novel approaches for 
preventing or limiting events in diabetic patients (naples-diabetes) trial; NEXT, The 
NOBORI biolimus-eluting versus XIENCE/PROMUS everolimus-eluting stent trial; NOB-
ORI 1, Randomised comparison of nobori, biolimus A9-eluting coronary stent with a 
taxus(R), paclitaxel-eluting coronary stent in patients with stenosis in native coronary 
arteries; NOBORI, A randomized comparison of nobori biolimus A9 eluting stent with 
cypher sirolimus eluting stent for coronary revascularization in Japanese population; 
PASEO, PaclitAxel or sirolimus-eluting stent vs bare metal stent in primary angiOplas-
ty; PRISON III, Primary Stenting of Totally Occluded Native Coronary Arteries III: a ran-
domised comparison of sirolimus-eluting stent implantation with zotarolimus-eluting 
stent implantation for the treatment of total coronary occlusions; PROSIT, Prospective 
Randomized cOmparison of SIrolimus- vs pacliTaxel-eluting stents for the treatment 
of acute STEMI; PROTECT, Stent thrombosis and major clinical events at 3 years after 
zotarolimus-eluting or sirolimus-eluting coronary stent implantation; R-CHINA RCT, 
Resolute Zotarolimus-Eluting Stent Versus the Taxus Liberte Paclitaxel-Eluting Stent for 
Percutaneous Coronary Intervention in China; REALITY, Sirolimus- vs paclitaxel-eluting 
stents in de novo coronary artery lesions; RESET, Randomized Evaluation of Sirolim-
us-eluting stent vs Everolimus-eluting stent Trial; RESOLUTE All Comers, Unrestricted 
randomised use of two new generation drug-eluting coronary stents; SEA-SIDE, Siro-
limus Versus Everolimus-Eluting Stent Randomized Assessment in Bifurcated Lesions 
and Clinical Significance of Residual Side-Branch Stenosis; SIRTAX, SIRolimus-eluting 
stent compared with pacliTAXel-eluting stent for coronary revascularization; SORT 
OUT, Scandinavian Organization for Randomized Trials With Clinical Outcome; STEMI, 
ST-elevation myocardial infarction; TAXI-LATE, A Prospective Randomized Compari-
son Between Paclitaxel and Sirolimus Eluting Stents in the Real World of Interventional 
Cardiology; TWENTE, The Real-World Endeavor Resolute Versus XIENCE V Drug-Eluting 
Stent Study in Twente; XAMI, XienceV Stent vs Cypher Stent in Primary PCI for Acute 
Myocardial Infarction; ZEST, Comparison of the Efficacy and Safety of Zotarolim-
us-Eluting Stent With Sirolimus-Eluting and Paclitaxel-Eluting Stent for Coronary Lesions 
and ZEST-AMI; Comparison of the Efficacy and Safety of Zotarolimus-Eluting Stent vs 
Sirolimus-Eluting Stent vs Paclitaxel-Eluting Stent for Acute Myocardial Infarction Pa-
tients; NA, not applicable.
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Table 2. One-year event rates with different DES types. 

SES PES EES ZES-E BP-BES ZES-R

Death 
 Rates (95% CrI)

2.45 (1.86-
3.14)

2.68 (1.88-
3.75)

2.27 (1.59-
3.17)

3.05 (1.96-
4.62)

2.48 (1.64-
3.67)

1.80 (1.04-
3.00)

MI 
 Rates (95% CrI)

2.58 (1.98-
3.3)

3.44 (2.53-
4.61)

2.32 (1.68-
3.16)

2.47 (1.67-
3.58)

3.0 (2.07-
4.27)

2.28 (1.52-
3.39)

ST
 Rates (95% CrI)

1.42 (0.98-
1.96)

2.38 (1.27-
4.30)

0.89 (0.44-
1.66)

2.74 (1.01-
6.91)

1.38 (0.57-
3.03)

1.11 (0.33-
3.01)

TLR 
 Rates (95% CrI)

3.25 (2.57-
4.04)

5.92 (4.3-
8.05)

3.03 (2.06-
4.40)

7.52 (4.97-
11.29)

3.18 (1.95-
4.97)

3.25 (1.77-
5.71)

TVR
Rates (95% CrI)

4.91 (4.07-
5.86)

7.05 (5.21-
9.41)

4.30 (3.11-
5.87)

7.93 (5.11-
12.19)

4.93 (3.27-
7.43)

4.59 (2.45-
8.36)

MI, myocardial infarction; ST, stent thrombosis; TLR, target lesion revascularisation; 
TVR, target vessel revascularisation. SES, sirolimus eluting stent; PES, paclitaxel eluting 
stent; EES, everolimus eluting stent; ZES-E, Endeavor zotarolimus-stent; BP-BES, biode-
gradable polymer biolimus- eluting stent; ZES-R, Resolute zotarolimus-stent.
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Figure 1. Evidence network among stents included in meta-analysis. Links between 
stent types represent direct (lines) comparison studies. Nodes denote stent type; 
thickness of link indicates number of direct comparisons. SES=sirolimus eluting stent; 
PES=paclitaxel eluting stent; EES=everolimus eluting stent; ZES-E=Endeavor zotarolim-
us eluting stent;
BP-BES=biodegradable polymer biolimus eluting stent; ZES-R=Resolute zotarolimus 
eluting stent
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Figure 2.  Pooled odds ratio and 95% credible intervals determined by network me-
ta-analysis for mortality. BP=biodegradable polymer; E=Endeavor; R=Resolute

Figure 3. Pooled odds ratio and 95% credible intervals determined by network 
meta-analysis for myocardial infarction BP=biodegradable polymer; E=Endeavor; 
R=Resolute
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Figure 4.  Pooled odds ratio and 95% credible intervals determined by network 
meta-analysis for definite or probable stent thrombosis. BP=biodegradable polymer; 
E=Endeavor; R=Resolute

Figure 5. Pooled odds ratio and 95% credible intervals determined by network meta-
analysis for target lesion revascularisation. BP=biodegradable polymer; E=Endeavor; 
R=Resolute



328

Figure 6.  Pooled odds ratio and 95% credible intervals determined by network 
meta-analysis for definite or probable stent thrombosis. BP=biodegradable polymer; 
E=Endeavor; R=Resolute



329

Figure 7.  Posterior probabilities of different risk thresholds (odds ratios) for each 
stent compared with sirolimus eluting stent (reference treatment). Curves can be 
used to examine overall safety and efficacy profile of specific DES compared with 
reference treatment sirolimus-ES (SES) (identity line=unit value); improved safety 
and efficacy profiles indicated by highest leftward shift of curve, as shown with 
Resolute zotarolimus-ES (ZES-R) and everolimus-ES (EES) with regard to mortality and 
myocardial infarction; curves allow inferences to extract probabilities of specific 
risk thresholds corresponding to minimal odds ratio compared with sirolimus-ES as 
reference treatment. For example, compared with sirolimus-ES, there is probability 
of 65% that Resolute zotarolimus-ES reduce odds of mortality by at least 20% 
corresponding to odds ratio of 0.80; conversely, this probability is estimated to be 
close to 0% with biodegradable polymer biolimus-ES (BP-BES), meaning no additional 
mortality benefit provided by biodegradable polymer biolimus-ES compared 
with sirolimus-ES; there is a probability of 56% and 49%, respectively, that Resolute 
zotarolimus-ES and everolimus-ES reduced odds of myocardial infarction by at least 
10% corresponding to odds ratio of 0.90 but this probability is estimated close to 
0% with biodegradable polymer biolimus-ES, meaning no additional myocardial 
infarction benefits provided by biodegradable polymer biolimus-ES compared with 
sirolimus-ES (reference treatment). PES=paclitaxel eluting stent; ZES-E=Endeavor 
zotarolimus-ES
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Abstract

Aim:  To evaluate the safety and efficacy of two novel drug-eluting stents 
(DES) with biodegradable polymer-based coatings versus a durable coat-
ing DES. 

Methods and Results: BIO-RESORT is an investigator-initiated, prospective, 
patient-blinded, randomized multicenter trial in 3,540 Dutch all-comers with 
various clinical syndromes, requiring percutaneous coronary interventions 
(PCI) with DES implantation. Randomization (stratified for diabetes mellitus) is 
being performed in a 1:1:1 ratio between ORSIRO sirolimus-eluting stent with 
circumferential biodegradable coating, SYNERGY everolimus-eluting stent 
with abluminal biodegradable coating, and RESOLUTE INTEGRITY zotarolim-
us-eluting stent with durable coating. The primary endpoint is the incidence 
of the composite endpoint target vessel failure (TVF) at 1 year, consisting 
of cardiac death, target vessel-related myocardial infarction, or clinically 
driven target vessel revascularization. Power calculation assumes a TVF rate 
of 8.5% with a 3.5% non‐inferiority margin, giving the study a power of 85% 
(alpha level 0.025 adjusted for multiple testing). The impact of diabetes mel-
litus on post-PCI outcome will be evaluated. The first patient was enrolled on 
December 21, 2012. 

Conclusions:  BIO-RESORT is a large, prospective, randomized, multicenter 
trial with three arms, comparing two DES with biodegradable coatings ver-
sus a reference DES with a durable coating in 3,540 all-comers. The trial will 
provide novel insights into the clinical outcome of modern DES and will ad-
dress the impact of known and so far undetected diabetes mellitus on post-
PCI outcome.

Background

 More than a decade ago, the concept of drug-eluting stents (DES) 
was developed to minimize the risk of in-stent restenosis by the local delivery 
of anti-proliferative drugs from stent coatings that also helped control the 
release kinetics of the drugs. While effectively reducing lesion recurrence, 
first-generation DES with elementary durable polymer-based coatings did 
not improve mortality following percutaneous coronary interventions (PCI). 
This was to a great extent attributed to a higher incidence of late and very 
late stent thrombosis that was largely related to a limited biocompatibility 
of early DES.1 Second-generation DES with more biocompatible durable 
polymer-based coatings then showed on average a more favorable clini-
cal outcome,2-7 while contemporary third-generation DES with more refined 
stent designs showed improved stent deliverability in challenging coronary 
anatomies.8-12 The zotarolimus-eluting RESOLUTE INTEGRITY stent (Medtronic 
Vascular, Santa Rosa, CA, USA) is, such a third-generation durable polymer 
DES6,8,9 that utilizes the established combination of zotarolimus elution from a 
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BioLinx coating, of which previous randomized controlled trials demonstrat-
ed that it is safe, highly efficacious, and non-inferior to that of fluoropoly-
mer-coated everolimus-eluting stents.4,5,13,14

 In parallel with the refinement of durable coating DES, concerns 
about durable polymers as a potential trigger of vessel wall inflammation 
and late adverse events prompted the development of DES with biode-
gradable polymer-based coatings,15 which, after degradation, leave only 
a bare metal stent in the vessel wall that does not induce an excessive or 
prolonged inflammatory response.15,16 Such DES recently demonstrated fa-
vorable safety and efficacy compared to first generation durable coating 
DES.17 
 Meanwhile, novel biodegradable coating DES have been introduced, 
which utilize modern, flexible, thin-strut stent platforms and drugs that are 
highly efficacious in preventing restenosis.18,19 These devices employ dissim-
ilar concepts as either the entire stent (i.e. circumferential coating) or only 
the abluminal stent surface (i.e. external coating) is covered by the biode-
gradable coating. The ORSIRO stent (Biotronik, Bülach, Switzerland) elutes 
sirolimus from a thin circumferential biodegradable coating,20 and the SYN-
ERGY stent (Boston Scientific, Natick, MA, USA) elutes everolimus from a thin 
abluminal biodegradable coating.21 While such DES are increasingly used in 
clinical practice, there is no data from randomized head-to-head compar-
isons between these stents and established third-generation durable coat-
ing DES.  
 Meanwhile, PCI with DES has become the standard of care. Current 
randomized comparisons of approved DES therefore address so-called 
all-comer populations with very limited exclusion criteria, and comprise pa-
tients with all clinical syndromes.8 The findings of such trials are particularly 
valuable as they reflect the performance of DES in routine clinical prac-
tice. Therefore, in the present BIO-RESORT multicenter trial, we assess in an 
all-comer patient population the safety and efficacy of the ORSIRO and 
SYNERGY biodegradable coating DES versus the RESOLUTE INTEGRITY dura-
ble coating DES as a reference.  

Investigational products
ORSIRO
 ORSIRO is a Conformité Européenne (CE)-certified hybrid coating 
DES with a 7.5-µm-thick circumferential coating that consists of a combina-
tion of an active (BIOlute) and passive coating (PROBIO). The BIOlute active 
coating consists of a biodegradable PLLA polymer that elutes sirolimus in 
which 50% of the drug is released within 30 days and 80% within 3 months 
(complete degradation of coating within 1–2 years),22 resulting in promising 
pre-clinical data.23 The PROBIO passive coating encapsulates the metal 
stent and minimizes interaction between metal and surrounding tissue at 
sites of contact. The configuration of the coating is asymmetrical and thick-
er on the abluminal side than on the luminal side (7.4µm vs. 3.5µm, respec-
tively), which results in a higher drug dose on the abluminal side of the DES.23 
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The ORSIRO is based on the PRO-Kinetic cobalt-chromium stent platform 
with a strut thickness of 60µm in stents with a nominal diameter ≤ 3.0mm and 
80µm in stents with a nominal diameter >3.0mm. The efficacy of this DES 
was assessed in the BIOFLOW studies, in which the ORSIRO showed favor-
able outcome and non-inferiority compared to the durable polymer based 
Xience Prime (Abbott Vascular, Santa Clara, California).20,24,25

SYNERGY
 Synergy is a CE-certified DES that elutes everolimus from a 4-µm-thick 
biodegradable PLGA (poly[lactic-co-glycolic acid]) coating that is com-
pletely resorbed within 4 months. To minimize the amount of polymer, the 
coating is applied on the abluminal side of the stent only. The flexible stent 
platform is manufactured from 74µm struts of a platinum chromium alloy, 
a material that is also employed in the durable polymer-based Promus 
Element DES.10 To improve stent flexibility, conformability, and longitudi-
nal robustness, the design of SYNERGY stent platform underwent several 
modifications from the Element platform, including changes in connector 
angles and peak radius, and the presence of two additional proximal and 
distal end-connectors.26 The performance of SYNERGY was assessed in the 
EVOLVE-I trial, in which SYNERGY achieved long-term angiographic results 
that were similar to Promus Element.21

RESOLUTE INTEGRITY
 RESOLUTE INTEGRITY is a CE-certified and Food and Drug Administra-
tion (FDA)-approved durable polymer DES. The 5.6-µm-thick BioLinx polymer 
system, which covers the entire stent platform, elutes zotarolimus as the anti-
proliferative agent. The polymer system consists of a blend of three different 
polymers: (1) the hydrophobic C10 polymer, which aids in the control of 
drug release; (2) the hydrophilic C19 polymer, which supports biocompat-
ibility; and (3) polyvinyl pyrro-lidinone, which increases the initial drug burst 
and enhances the elution rate. This coating is also used in Resolute, a DES 
that was shown to be highly effective in reducing restenosis with a favor-
able safety profile.4,13 RESOLUTE INTEGRITY is based on a third-generation, 
cobalt-chromium stent platform (Integrity), which has a strut thickness of 
91µm and a stent design that facilitates stent delivery.11

Methods

Study hypothesis and design
 The main objective of the current investigator-initiated, patient-blind-
ed, randomized, multicenter BIO-RESORT trial (ClinicalTrial.gov no. 
NCT01674803) is to compare the safety and efficacy of two novel biode-
gradable coating DES with that of the established RESOLUTE INTEGRITY du-
rable coating DES (the reference device) in an all-comer population with 
many complex lesions and patients (Figure 1). The study will independently 
assess whether the safety and efficacy of (1) the ORSIRO stent and (2) the 
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SYNERGY stent is non-inferior to that of RESOLUTE INTEGRITY. Randomization 
for DES type is performed in a 1:1:1 ratio after stratification for the preva-
lence of diabetes mellitus. The investigator-initiated trial was planned and is 
performed by cardiologists of the participating PCI centers. Biotronik, Boston 
Scientific, and Medtronic provided equal financial support. 

Study population
 A total of 3,540 all-comer patients (age ≥18years) with various clinical 
syndromes, requiring PCI with DES implantation, are studied. All-comers are 
studied to assess patients and lesions that reflect routine clinical practice. 
This implies the application of only few exclusion criteria (Table 1).
The study complies with the Declaration of Helsinki and was approved by 
the Ethical Review Board Twente. All patients provide written informed. En-
rollment is currently performed at four study sites in The Netherlands (Thorax-
centrum Twente at Medisch Spectrum Twente, Enschede; Rijnstate Hospital, 
Arnhem; Albert Schweitzer Hospital, Dordrecht; and Haga Hospital, The 
Hague). The first patient was enrolled on December 21, 2012. The expected 
completion of enrollment is by the end of 2014.

Study protocol, patient demographics, and medical data
 Patient demographics and clinical data at inclusion are collected 
online in an electronic database (CRO Diagram, Zwolle, the Netherlands). 
Cardiac marker assessment is scheduled prior to PCI and 6 to 18 hours after 
PCI, with subsequent serial measurements in case of relevant biomarker ele-
vation or complaints until the peak elevation has been determined. 
 PCI will be performed according to routine clinical practice. In accor-
dance with current guidelines, the use of Fractional Flow Reserve (FFR) for 
the assessment of angiographically intermediate stenoses is recommended. 
If clinically indicated, intravascular ultrasound (IVUS) or optical coherence 
tomography (OCT) may be used for guidance of the PCI procedure at the 
operator’s discretion. Operators were requested to report any evident (or 
suspected) longitudinal stent deformation, which is defined as distortion or 
shortening of an implanted stent in the longitudinal axis following initially 
successful deployment.27 In case of stent thrombosis, the use of OCT or IVUS 
is encouraged to identify the mechanism of stent thrombosis. If an opera-
tor is unable to insert the randomized study stent despite various measures, 
crossover to a stent of choice is allowed. 
 Treatment of all target lesions within a single PCI procedure is encour-
aged, if reasonable and safe; however, staged procedures (defined as 
procedures planned at the time of the index procedure or shortly thereafter 
and being performed within 6 weeks with the allocated type DES) are per-
mitted. During follow-up, in patients with potential restenosis and visually de-
termined lumen narrowing ≤80%, the use of FFR is encouraged to evaluate 
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its hemodynamic significance and indication for reintervention. In case of 
unplanned revascularization procedures, the use of the allocated type DES 
is recommended, except for the treatment of a restenosis in a study stent. 
 Medical therapy during the PCI procedure conforms to routine med-
ical treatment. Dual antiplatelet therapy (DAPT) is recommended for 6-12 
months according to current medical guidelines. In patients on oral anti-
coagulation (e.g. for atrial fibrillation), triple therapy is recommended for 
at least 1-3 month(s), after which oral anticoagulation in combination with 
clopidogrel, ticagrelor, or prasugrel is prescribed for 6-12 months.

Follow-up data collection
 After 1 month, 12 (±1) months, and 24 (±1) months, follow-up data will 
be collected at visits at outpatient clinics or, if not feasible, by telephone 
follow-up and/or a medical questionnaire, carried out by staff that is blind-
ed to the allocated treatment. Follow-up beyond 2 years is intended. During 
visits and telephone calls, patients will be interviewed regarding repeat 
hospitalizations, revascularization procedures, and MIs during follow-up. Sur-
vival is checked from the municipal population register; in case of death, 
information will be obtained from the patient’s medical chart, general prac-
titioner, and/or cardiologist. 

Clinical endpoints and definitions
 The primary endpoint is the incidence of target vessel failure (TVF) at 
1-year follow-up, a composite endpoint to assess device efficacy as well as 
patient safety. Components of TVF are in hierarchical order: cardiac death, 
target vessel MI, and clinically driven target vessel revascularization. Cardi-
ac death is defined as any death caused by proximate cardiac cause (e.g. 
MI, low-output failure, or fatal arrhythmia), unwitnessed death, death of 
unknown cause, and all procedure-related deaths, including those related 
to concomitant therapy. As in our previous trials,4,5 target vessel MI is defined 
by any creatine kinase concentration of more than double the upper limit 
of normal with elevated values of a confirmatory cardiac biomarker,28 and 
can be related to a target vessel or cannot be related to another vessel. 
Clinically indicated repeated revascularization includes revascularization 
procedures by PCI and coronary artery bypass graft surgery.
 Secondary endpoints include device and patient-oriented efficacy 
and safety parameters such as target lesion failure (TLF), major adverse 
cardiac events (MACE), patient-oriented composite endpoint (POCE) as 
previously described,8 and stent thrombosis according to the Academic Re-
search Consortium (ARC)-definitions.29 Among the secondary endpoints, the 
impact of diabetes mellitus on post-PCI outcome will be evaluated. In addi-
tion, a sub-study will investigate the prevalence of so far undetected diabe-
tes and its potential relevance for clinical outcome. At 24-month follow-up, 
we will assess TVF as a major secondary endpoint. Moreover, one of the 
elements of the BIORESORT is the health economic evaluation comprising 
a Markov decision model constructed to model all three treatment arms. 
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Information on resource use will be collected during the trial. The EQ-5D, a 
standardized measure of health status, will be used to estimate quality-ad-
justed life years in all treatment groups. The incremental cost-effectiveness 
ratio (ICER) will be calculated for the three stents, and probabilistic sensitivi-
ty analysis will be applied to analyze decision uncertainty.

Sample size calculation
 The BIO-RESORT trial will assess two non-inferiority hypotheses inde-
pendently of each other, using RESOLUTE INTEGRITY as the reference to 
compare the novel biodegradable coating DES ORSIRO and SYNERGY. The 
main outcome parameter is the difference in TVF between two treatment 
arms after 12 months, analyzed by Chi-squared test. A total of 3,540 patients 
is enrolled based on a power calculation that assumes a TVF rate of 8.5% at 
1-year follow-up, based on data of the TWENTE and Resolute All Comers tri-
als4,13, with a 3.5% non‐inferiority margin, giving the study a power of at least 
85% with a one-sided alpha level of 0.025 (from 0.05 adjusted for multiple 
testing to 0.025) and allowing for up to 3% loss to follow-up. The sample size 
calculation was performed with PASS software (NCSS, Kaysville, UA, USA).

Randomization 
 Patients are randomized by custom-designed computer software (Di-
agram, Zwolle, the Netherlands) when stent implantation is intended. Ran-
domization is performed in random blocks of 6 and 3 in random order and 
stratified on the prevalence of medically treated diabetes mellitus. 

Statistical considerations
 Between-group differences in Target Vessel Failure (TVF) rate at 12 
months will be analyzed for the two primary comparisons (SYNERGY versus 
RESOLUTE INTEGRITY and ORSIRO versus RESOLUTE INTEGRITY). The primary 
endpoint will be analyzed by the log-rank test by comparing the time to 
the primary endpoint using the Kaplan-Meier method. Non-inferiority will be 
achieved if the upper limit of the one-sided 97.5% confidence interval of the 
absolute risk difference is less than the non-inferiority margin. After non-in-
feriority has been established, superiority testing will be performed as well 
as calculation of two-sided 95% confidence intervals. The primary analyses 
will be performed based on intention-to-treat. In addition, we will perform 
a more conservative per-protocol analysis (i.e. based on the actual stents 
implanted) of the primary endpoint. Pre-specified subgroup analyses will be 
performed for, but will not be limited to, diabetes mellitus, age, gender, re-
cent MI, in-stent restenosis, known renal insufficiency, bifurcation lesion, left 
main stenting, bypass graft lesion treated, multivessel stenting, number of 
implanted stents, lesion length, small vessels, and number of treated lesions, 
in which the primary and secondary endpoints will be analyzed. The sub-
group analyses will be performed to assess consistency of treatment effect 
across different subsets. P-values <0.05 will be considered statistically signifi-
cant, except for the primary analyses, as outlined. 
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Trial organization
 Trial coordination and data management will be performed by Car-
dio Research Enschede, Enschede, the Netherlands. Study monitoring will 
be carried out by an independent external contract research organization 
(Diagram, Zwolle, the Netherlands). An independent clinical events commit-
tee will adjudicate all potential clinical endpoints. Moreover, an indepen-
dent data safety monitoring board will evaluate safety interim analyses of 
all-cause mortality in the three stent arms performed after inclusion of 33% 
and 66% of the patient population. The authors are solely responsible for the 
design and conduct of the study, all study analyses, the drafting and edit-
ing of the manuscript, and its final contents. Device-manufacturing compa-
nies will have no access to the study database and are not involved in the 
interpretation of data or manuscript preparation. 

Discussion

 The prospective BIO-RESORT multicenter trial performs a 1:1:1-random-
ized head-to-head comparison of two contemporary, flexible biodegrad-
able coating DES (ORSIRO and SYNERGY) versus a third-generation, highly 
deliverable durable coating DES (RESOLUTE INTEGRITY) in all-comer patients. 
The trial examines two independent hypotheses, namely that the efficacy 
and safety of both ORSIRO and SYNERGY is non-inferior to that of RESOLUTE 
INTEGRITY. In addition, the three-arm study design offers the unique oppor-
tunity to compare the clinical performance of two modern biodegradable 
coating DES as a major secondary research question. The trial does not only 
compare three devices, but also three different “philosophies” as both bio-
degradable coating DES differ significantly in the distribution of coating and 
in the speed by which coatings are resorbed.  
 The development of DES with biodegradable coatings was prompt-
ed by a debate on the role of durable polymers as potential triggers of 
vascular inflammation and late adverse clinical events.15,16 While the first 
biodegradable coating DES had more rigid stent designs with thicker struts, 
they had a clinical outcome that was generally similar and sometimes 
even superior to first and some second-generation durable coating DES. 
For instance, in the LEADERS trial, the BioMatrix stent showed non-inferiority 
at 5-year follow-up compared to Cypher (Cordis, New Jersey, USA) for a 
composite primary endpoint that included cardiac death, MI, or clinical-
ly-indicated TVR (22.3% vs. 26.1%, respectively; p non-inferiority <0.0001).17 
Similar to LEADERS, in COMPARE II, non-inferiority was shown for the same 
composite endpoint, comparing the biolimus-eluting, biodegradable coat-
ing  Nobori stent (Terumo, Tokyo, Japan) with Xience (5.2% vs. 4.8%, respec-
tively; p=0.69).30 The SORT OUT V study, which compared Nobori and Cypher 
stents, however, did not find non-inferiority of the biodegradable stent;31 this 
may partly be related to the particularly low event rate in SORT OUT V that 
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was at one year in the biodegradable stent arm lower than that of the Bio-
Matrix stent in LEADERS (5.4% vs. 11%, respectively).17,31

 Novel biodegradable coating DES, such as ORSIRO and SYNERGY, 
provide improved stent flexibility due to thin-strut stent designs and more 
flexible stent materials.10,21,23 The SYNERGY stent uses a modified Element 
stent platform, made from a highly radiopaque platinum-chromium alloy 
with favorable strength and durability;12,32,33 and the ORSIRO stent is based 
on a PRO-Kinetic Energy stent platform made from cobalt chromium.23 
While ORSIRO utilizes an asymmetric encompassing coating (abluminal 
coating >luminal coating) that is degraded within 1-2 years,23 SYNERGY 
uses an abluminal coating only21 that is degraded within 4 months; these 
dissimilarities in coating might result in differences of vascular inflammatory 
response to both DES. Differences in strut thickness could be of interest, as 
flexible thin-strut stent designs have previously been shown to be particularly 
efficacious in preventing restenosis.18,19 Data provided by the BIO-RESORT 
trial may serve as reference to compare the results of upcoming studies with 
polymer-free DES34,35 such as the novel BioFreedom stent36 or the Cre8 stent 
(CID, Salugia, Italy), which has shown a lower 6-month late lumen loss than 
the Taxus Liberté stent (Boston Scientific Corporation, Natick, MA).37 
 In parallel with this innovative approach, novel durable coating DES 
with improved biocompatibility, such as the second-generation RESOLUTE 
stent, were developed and demonstrated a favorable clinical performance 
in the randomized Resolute All Comers and TWENTE trials.4,13 Meanwhile, 
third-generation durable coating DES, such as RESOLUTE INTEGRITY, com-
bine the proven efficacy and safety profiles of coatings and drugs of sec-
ond-generation DES with more flexible stent designs. The cobalt chromium 
Integrity stent design is formed by a continuous sinusoidal technology that 
has shown to be highly deliverable.11 The DUTCH PEERS (TWENTE II) trial is the 
first randomized study that reported safety and efficacy of RESOLUTE INTEG-
RITY in all-comers.6

 The comparison of stents in all-comer patient populations is particular-
ly useful, as the results of such studies reflect device performance in routine 
clinical practice and may be generalized.2,17,30,31,39,40 A recent analysis of 
data of the TWENTE trial demonstrated an increased incidence of peri-pro-
cedural MI in patients with previously undetected diabetes.40 Because of 
the increasing clinical and economic burden of diabetes in aging popu-
lations with a western lifestyle, BIO-RESORT pays particular attention to the 
outcome of diabetic patients. In brief, prior to randomization, all patients 
are stratified for medically treated diabetes mellitus. In addition, the levels 
of glycated hemoglobin (HbA1c) and fasting serum glucose are collected 
to identify previously undetected diabetics and assess the true impact of 
diabetes on clinical outcome, and to study in diabetic patients the impact 
of glycemic control on clinical outcome. The collected data will allow eval-
uation of the added value of testing for undetected diabetes regarding 
resource utilization. 
 Thus, BIO-RESORT is a large, prospective, randomized, controlled, mul-
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ticenter trial with three arms, comparing in 3,540 all-comers two contempo-
rary biodegradable coating DES versus a third-generation durable polymer 
coating DES as the reference. The trial will provide novel insights into the 
clinical outcome of modern DES and will address the impact of known and 
so far undetected diabetes mellitus on post-PCI outcome.
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Table 1. BIO-RESORT inclusion and exclusion criteria.

Inclusion criteria

1. Patient ≥ 18 years, capable of providing informed consent and willing and able 
to cooperate with study procedures and follow-up

2. Coronary artery or bypass graft lesion(s) requiring PCI with DES implantation 
according to clinical guidelines and/or the operator’s judgment

Exclusion criteria

1. Participation in another randomized drug or device trial before reaching its 
primary endpoint

2. Known pregnancy 
3. Known intolerance to components of an investigational product, or to 

antithrombotic or anticoagulant medication, preventing adherence to dual 
antiplatelet therapy

4. Planned elective surgical procedure during the first 6 months after 
randomization, necessitating the interruption of dual antiplatelet therapy 

5. Adherence to scheduled follow-up is uncertain and/or life expectancy assumed 
to be < 1 year

Figure 1.
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Summary

Stents have revolutionized the treatment of obstructive coronary disease 
by improving the safety of percutaneous coronary intervention (PCI) and 
reducing the need for repeat revascularization. First-generation drug-eluting 
stents (DES) were highly efficacious, as they further reduced the need for 
reintervention, but they left room for improvement in safety and stent deliv-
erability. Newer-generation DES were designed for better biocompatibility 
and deliverability. Nevertheless, only few clinical data on the safety and 
efficacy of these newer-generation DES are available. This thesis has investi-
gated various aspects of both safety and efficacy of newer-generation DES.

Chapter 1 serves as an introduction to this thesis and provides background 
information on the history of PCI as well as the development and the com-
ponents of DES. In addition, this chapter provides a brief outline of the pres-
ent thesis.

Chapter 2 presents 1-year data on safety and efficacy of second-gener-
ation DES, obtained from the TWENTE trial. In this investigator-initiated, pa-
tient-blinded, randomized study with limited exclusion criteria and a high 
proportion of complex patients and lesions, a total of 1391 patients were 
randomized to treatment with Resolute zotarolimus-eluting stents or Xience 
V everolimus-eluting stents. The primary composite endpoint target vessel 
failure (TVF; consisting of cardiac death, target vessel related myocardial in-
farction (MI), and target vessel revascularization) occurred in 8.2% and 8.1%, 
respectively (pnon-inferiority= 0.001). The definite-or-probable stent thrombosis 
rates were relatively low and similar for both DES (0.9% and 1.2%, respective-
ly, p = 0.59). This large randomized clinical trial demonstrates that Resolute 
stents are non-inferior to Xience V stents in treating real-world patients with 
a majority of complex lesions and off-label indications for DES use.

Chapter 3 explores the real-world nature of the TWENTE trial by comparing 
baseline characteristics and clinical outcome of patients enrolled in the 
TWENTE trial with eligible patients, who were not enrolled in the randomized 
trial but treated with the same DES. Baseline characteristics of all eligible 
patients were analyzed (318 non-enrolled vs. 1.391 randomized patients). 
Non-enrolled and randomized patients differed in age and cardiovascular 
history, but 1-year clinical outcome, in particular the primary endpoint TVF 
(9.8% vs. 8.1%, p=0.34), did not differ significantly. This chapter shows that 
despite some differences in baseline characteristics, non-enrolled and ran-
domized patients did not differ in one-year clinical outcome, demonstrating 
that the TWENTE trial enrolled real-world patients and that the favorable out-
come may be related to the DES used.

Chapter 4 presents the pre-specified subgroup analysis of the gender-strat-
ified TWENTE trial, which assessed potential differences in procedural and 



350

clinical outcome between women treated with Resolute versus Xience V 
stents. Women are underrepresented in clinical research, and few data are 
available from randomized head-to-head comparisons of second-genera-
tion DES in female patients. A total of 382 (27.5%) women were randomized 
to Resolute and Xience V, and were similar in baseline and procedural 
characteristics, except for smaller vessel and stent diameters in the Resolute 
group. TVF at 1-year follow-up did not differ significantly between women in 
both stent arms (8.9 vs. 8.4%, p=0.91). In addition, women in the TWENTE trial 
were older than men and had more often diabetes mellitus and hyperten-
sion; however, there was no significant gender-difference in TVF (adjusted 
OR: 1.18, p=0.50). This chapter demonstrates no significant difference in 
safety and efficacy between women treated with Resolute versus Xience V.

In Chapter 5, we assess the 2-year outcome of the TWENTE trial in which 
patients followed a stringent discontinuation policy of dual-antiplatelet 
therapy (DAPT) after 12 months from PCI. The rate of continuation of DAPT 
beyond 12 months was very low (5.4%). TVF did not differ between patients 
treated with Resolute and Xience V (10.8% vs. 11.6%, p=0.65), despite fewer 
target lesion revascularizations in patients treated with Xience V (2.6% vs. 
4.9%, p=0.03). In addition, definite-or-probable stent thrombosis occurred 
infrequently (1.2% and 1.4%, respectively, p=0.63). Very late definite-or-prob-
able stent thrombosis occurred only in 2 patients per stent group (0.3% vs. 
0.3%, p=1.0). This chapter shows that after 2 years of follow-up and stringent 
discontinuation of DAPT beyond 12 months, Resolute and Xience V show 
similar results in terms of safety and efficacy for treating patients with a ma-
jority of complex lesions and off-label indications for DES use.

Chapter 6 presents the effects of stent postdilatation on the coatings of five 
durable polymer DES as assessed by scanning electron microscopy (SEM) 
in a bench-top setting. Between postdilated and non-postdilated stent re-
gions, the incidence and type of coating irregularities differed only mildly. 
The impact of stent postdilatation was particularly low in newer-generation 
DES. These findings suggest that even very aggressive stent postdilatation 
has no more than a modest effect on the coatings of various durable poly-
mer DES.

In Chapter 7, we assess the occurrence of periprocedural MI in 800 patients, 
treated with first (Taxus Liberté or Endeavor) or second-generation DES 
(Xience V or Resolute). This chapter demonstrates that there is no significant 
difference in periprocedural MI between first and second-generation DES 
(5.5% vs. 4.0%, p=0.29) despite more multivessel PCI in patients treated with 
second-generation DES. Independent predictors of periprocedural MI were 
the total number of stents implanted and a presentation with an acute cor-
onary syndrome.

Chapter 8 presents findings of our SEM assessment of DES coating irregular-
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ities in unexpanded and expanded durable polymer DES in order to gain 
insight into the origin of coating irregularities. In 15 expanded and 15 unex-
panded samples of Cypher Select Plus, Taxus Liberté, Endeavor, Xience V, 
and Resolute a total of 1.200 SEM images were thoroughly examined. For 
most coating irregularities, seen on expanded DES, a matching irregularity 
and/or its precursor was observed in the unexpanded DES. This data show 
that most coating irregularities are inherent to the unexpanded DES. Deter-
minants of the formation of coating irregularities may be physical properties 
of the coating or stent geometry, while stent-balloon interaction plays no 
major role.

In Chapter 9, we investigate the relation between previously undetected di-
abetes mellitus and clinical outcome after PCI with second-generation DES. 
A total of 626 patients, in whom HbA1c measurements were available, were 
classified as known diabetics or patients without a history of diabetes, who 
were then subdivided into previously undetected diabetics (HbA1c >6.5%) 
and non-diabetics (HbA1c <6.5%). Multivariate analysis confirmed a signifi-
cantly higher periprocedural MI risk in undetected diabetics compared to 
non-diabetics (OR 6.13) and known diabetics (OR 3.73). The target vessel 
MI rate at 1-year was significantly higher in undetected diabetics than in 
non-diabetics, which was mainly related to differences in periprocedural MI. 
The composite endpoint TVF was numerically higher in unknown diabetics 
than in non-diabetics, but this difference did not reach statistical signifi-
cance. This chapter shows that undetected and thus untreated diabetics 
are at an increased risk of periprocedural MI, a risk that was even higher 
than in treated diabetics.

Chapter 10 addresses the predictive value of the Syntax Score (SxS), a scor-
ing system to quantify the complexity of coronary artery disease, for the 
occurrence of a periprocedural MI according to both, the definition of the 
World Health Organization (WHO) and the recently updated Universal Defi-
nition of MI. The SxS was calculated in 1243 patients enrolled in the TWENTE 
trial. WHO periprocedural MI occurred more frequently in patients in the 
highest tertile group of SxS (7.3% vs. 3.1% vs. 1.6%, p<0.001) compared to the 
mid and lowest tertile groups of SxS. Similar findings were also seen for Uni-
versal periprocedural MI (9.9% vs. 7.7% vs. 3.7%, p<0.01). This chapter shows 
that there is a relation between the angiographic burden, as assessed by 
the SxS, and the risk of periprocedural MI. Thus, preprocedural assessment of 
the SxS could help to identify patients at increased risk of periprocedural MI.

Chapter 11 presents the prognostic value of coronary dominance for ad-
verse clinical events following the implantation of second-generation DES. 
Based on the origin of the posterior descending coronary artery, the cor-
onary circulation can be categorized into left and non-left dominance. 
Left dominance was associated with more severe calcifications and more 
bifurcation-lesions. In addition, left coronary dominance was associated 
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with more target vessel related MI (10.3% vs. 5.0%, p<0.01). Left dominance 
was independently associated with a periprocedural MI (adjusted OR 2.19, 
p=0.02), while no difference in other clinical endpoints was observed be-
tween coronary dominance groups. While our data may not have direct 
clinical implications, the findings suggest that further research may be war-
ranted to clarify the role of coronary dominance.

In Chapter 12, we provide insight into our center’s clinical experience with 
the use of the GuideLiner (GL) catheter, a guiding catheter extension sys-
tem that enhances intubation and support of guiding catheters. In 65 con-
secutive patients, undergoing “5-in-6” Fr GL-facilitated PCI of 70 target ves-
sels, the GL was mainly used for PCI of complex coronary lesions. Indications 
were to increase back-up of the guiding catheter and facilitate stent deliv-
ery (59%), achievement of coaxial alignment of the guiding catheter (29%), 
and selective contrast injections (13%). Device success rate was 93%. There 
were only two minor complications managed without clinical sequelae. 
This chapter shows that GL-use can increase back-up and guiding catheter 
alignment for stent delivery in unfavorable coronary anatomies that other-
wise may have been considered unsuitable for treatment with PCI.

In Chapter 13, we present the aspiration of an intact coronary bifurcation 
thrombus in a patient with ST-elevation MI, who was consecutively treated 
with Resolute Integrity DES. This is an example of the challenging coronary 
lesions that interventional cardiologist encounter in their daily clinical prac-
tice.

Chapter 14 describes the design of the DUTCH PEERS trial (TWENTE II). This 
study is the first randomized multicenter trial to investigate the Resolute In-
tegrity stent and the first study to compare the third-generation Resolute 
Integrity and Promus Element stents in all-comer patients.

Chapter 15 presents the 1-year clinical outcome of the randomized DUTCH 
PEERS trial to assess the safety and efficacy of these two third-generation 
DES in all-comer patients. These DES are often used clinically, but had not 
yet been compared in a randomized trial. In this investigator-initiated, sin-
gle-blind, multicenter, randomized, non-inferiority trial, 1811 patients were 
randomized to treatment with Resolute Integrity or Promus Element. The 
primary endpoint was TVF at 12 months, a composite endpoint reflecting 
safety and efficacy of the devices. Of all patients, 20% presented with ST-el-
evation MI and 25% with non- ST-elevation MI. The ease of stent delivery was 
reflected by a very low number of patients requiring treatment with a stent 
other than the assigned study stent. TVF was met by 6.1% of patients in the 
Resolute group and 5.2% in the Promus Element group (pnon-inferiority = 0.006). 
The rate of definite stent thrombosis was low and similar in both DES groups 
(0.3% and 0.7%, respectively, p=0.34). Longitudinal stent deformation was 
seen only in Promus Element treated patients (0.6% of all implanted Promus 
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Element stents), but was not associated with any adverse clinical events. 
This chapter shows that both third-generation DES were similarly efficacious 
and safe, and provided excellent clinical outcomes, especially in view of 
the large number of patients who presented with acute MI.

Chapter 16 describes the results of a network meta-analysis to compare 
the safety and efficacy of biolimus-eluting biodegradable polymer stents 
versus first and second-generation durable polymer DES. A total of 60 ran-
domized controlled trials were compared, involving 63242 patients who 
had all been treated by PCI with DES. At 1-year, there was no difference in 
mortality among different DES. Resolute zotarolimus-eluting stent, everoli-
mus-eluting stent, Endeavor zotarolimus-eluting stent, and sirolimus-eluting 
stent, but not biodegradable polymer biolimus-eluting stent, significantly 
reduced the odds of MI by 29-34% as compared to the paclitaxel-eluting 
stent. Compared to the everolimus-eluting stent, biodegradable polymer 
biolimus-eluting stent significantly increased the odds of MI by 29%, while 
Endeavor zotarolimus-eluting stent and paclitaxel-eluting stent significantly 
increased the odds of stent thrombosis. All investigated DES were similar 
with regards to efficacy endpoints, except for zotarolimus-eluting Endeavor 
stent and paclitaxel-eluting stent, which significantly increased the odds of 
target lesion and target vessel revascularization. Bayesian probability curves 
showed a gradient in the magnitude of effect with everolimus-eluting stent 
and Resolute zotarolimus-eluting stent offering the highest safety profiles. This 
chapter shows that the durable polymer everolimus-eluting stent and Reso-
lute zotarolimus-eluting stent and the biodegradable polymer biolimus-elut-
ing stent maintain the efficacy of the sirolimus-eluting stent. However, for 
safety endpoints, everolimus-eluting stent and Resolute zotarolimus-eluting 
stent emerged as the safest stents to date.

In Chapter 17, we describe the design and rationale of the BIO-RESORT 
(TWENTE III) trial. BIO-RESORT is an investigator-initiated, prospective, pa-
tient-blinded, randomized multicenter trial, in which two novel DES with bio-
degradable polymer coatings are compared with a durable coating-based 
DES in at least 3540 all-comer patients. The study population is randomized 
in a 1:1:1 fashion between the Orsiro sirolimus-eluting stent with circumfer-
ential biodegradable coating, the Synergy everolimus-eluting stent with 
abluminal biodegradable coating, and the Resolute Integrity zotarolim-
us-eluting stent with durable coating. The composite primary endpoint is the 
incidence of TVF at 1-year. This trial does not only compare three devices, 
but also three different “philosophies”, as both biodegradable coating DES 
differ significantly in the distribution of coating on the stent struts and in the 
speed by which the coatings are degraded. The BIO-RESORT trial will un-
doubtedly provide novel insights into the performance and clinical value of 
modern DES.
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Conclusions

Drug-eluting stents are still subject to a continuous process of refinement 
in order to optimize stent deliverability and improve clinical outcome. 
Nowadays, DES are preferably tested in patients who reflect daily clinical 
practice, rather than in highly selected patient subsets. This thesis shows 
that PCI with second-generation DES have a favorable clinical outcome 
in real-world patients without significant differences between the tested 
stents and regardless of the patient’s gender, as demonstrated by the 
gender-stratified randomized TWENTE trial. The greater biocompatibility of 
DES coatings and the absence of major coating irregularities, as observed 
by bench-top research, might have contributed to the favorable results of 
these DES. Among the overall relatively infrequent adverse events following 
PCI with second-generation DES, periprocedural MI is most common event, 
which appears to be related to certain risk factors, such as left coronary 
dominance and undetected diabetes mellitus. Third-generation durable 
polymer DES with improved stent designs have an excellent deliverability 
and clinical outcome, as shown by the randomized DUTCH PEERS (TWENTE 
II) trial. DES with biodegradable polymer coatings, which were developed 
to further enhance device biocompatibility, are an alternative to durable 
polymer DES, as they show similar efficacy without the risk of inducing pro-
longed vessel wall inflammation. The currently ongoing randomized BIO-RE-
SORT trial (TWENTE III) will answer the question whether modern biodegrad-
able polymer DES are truly non-inferior to third-generation durable polymer 
DES.
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Chapter 19
Nederlandse Samenvatting en Conclusie
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Nederlandse Samenvatting

Stents hebben voor een revolutie in de behandeling van coronaire 
atherosclerose gezorgd door het verbeteren van de veiligheid van 
percutane coronaire interventies (PCI) en het verminderen van de 
noodzaak voor een nieuwe revascularisatie na een initiële PCI. Eerste 
generatie drug-eluting stents (DES) waren zeer doeltreffend, omdat ze de 
behoefte aan een revascularisatie nog verder verminderden, maar lieten 
nog ruimte voor verbetering van de veiligheid van de procedure en gemak 
een stent succesvol te plaatsen. Nieuwere generatie DES werden hierop 
ontworpen voor een betere biocompatibiliteit en plaatsbaarheid. Niettemin 
zijn er slechts weinig klinische gegevens beschikbaar over de veiligheid en 
werkzaamheid van deze nieuwere generatie DES. Dit proefschrift beschrijft 
de resultaten van ons onderzoek naar verschillende aspecten van zowel de 
veiligheid en werkzaamheid van nieuwere generatie DES.

Hoofdstuk 1 dient als een inleiding op dit proefschrift en geeft 
achtergrondinformatie over de geschiedenis van de PCI, alsmede de 
ontwikkeling en de verschillende componenten van DES. 

Hoofdstuk 2 beschrijft de resultaten van 1 jaar follow-up ten aanzien 
van de veiligheid en werkzaamheid van de tweede generatie DES, 
verkregen uit de TWENTE trial. In dit onderzoeker geïnitieerde, patiënt 
geblindeerd, gerandomiseerde onderzoek met een beperkte aantal 
exclusie criteria en een groot aandeel complexe patiënten en laesies, 
werden 1391 patiënten gerandomiseerd naar behandeling met Resolute 
zotarolimus-afgevende stents of Xience V everolimus-afgevende stents. Het 
samengestelde eindpunt target vessel failure (TVF, bestaande uit overlijden 
aan een cardiale doodsoorzaak, een niet fataal myocardinfarct (MI), 
en een revascularisatie) trad op bij 8.2% en 8.1% van Resolute en Xience 
V behandelde patiënten (p non-inferioriteit = 0.001). Het optreden van 
definitieve of mogelijke stent trombose kwam relatief weinig voor en was 
gelijk voor beide DES (0.9% en 1.2%, p = 0.59). Deze grote gerandomiseerde 
studie toont aan dat Resolute stents niet inferieur zijn aan Xience V stents 
bij de behandeling van patienten met een meerderheid van complexe 
coronaire laesies en off-label indicaties voor DES gebruik.

Hoofdstuk 3 laat zien dat patiënten die in de TWENTE trial geïncludeerd 
zijn, daadwerkelijk een goede afspiegeling zijn van patiënten die 
gezien worden in de dagelijkse praktijk. Dit werd gedaan door patiënt 
karakteristieken en de klinische uitkomst van patiënten die geïncludeerd 
werden in de TWENTE trial te vergelijken met patiënt die in aanmerking 
kwamen voor de trial, maar niet geïncludeerd zijn en wel met dezelfde 
DES behandeld zijn. Patiënt karakteristieken van alle patiënten  die 
in aanmerking kwamen voor deelname aan de TWENTE trial  werden 
geanalyseerd (318 niet-geincludeerde versus 1391 gerandomiseerde 
patiënten). Niet-geincludeerde en gerandomiseerde patiënten verschilden 
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in leeftijd en cardiovasculaire voorgeschiedenis, echter de klinische 
resultaten na 1 jaar verschilden niet significant en met name niet op 
het eindpunt TVF (9.8% versus 8.1%, p = 0.34). Dit hoofdstuk laat zien dat 
ondanks geringe verschillen in karakteristieken, niet-geincludeerde en 
gerandomiseerd patiënten niet verschilden in klinische resultaten. Hieruit 
blijkt dat in de TWENTE trial patiënten werden geïncludeerd die een goede 
afspiegeling vormen van de dagelijkse praktijk en dat de gunstige uitkomst 
ook mogelijk gerelateerd kunnen worden aan de gebruikte DES.

Hoofdstuk 4 presenteert de vooraf gespecificeerde subgroepanalyse 
van de geslachts-gestratificeerde TWENTE trial, om mogelijke verschillen 
in procedurele en klinische uitkomst te onderzoeken tussen vrouwen die 
behandeld werden met Resolute of Xience V stents. Vrouwen zijn vaak 
ondervertegenwoordigd in cardiovasculair onderzoek en daarnaast 
uit constateringen uit het verleden hadden vrouwen een slechtere 
uitkomst na een dotter procedure. In totaal werden 382 (27.5%) vrouwen 
gerandomiseerd voor behandeling met Resolute en Xience V. Zij waren 
vergelijkbaar in patient karakteristieken en procedurele kenmerken, met 
uitzondering van gemiddeld kleinere kranslagvaten en stent diameters in 
de Resolute groep. TVF na 1 jaar follow-up was niet significant verschillend 
tussen de vrouwen in beide stent groepen (8.9 versus 8.4%, p = 0.91). Verder 
was er geen significant verschil in TVF tussen vrouwen en mannen 
(gecorrigeerde odds ratio: 1.18, p = 0.50) ondanks dat zij ouder waren dan 
mannen en vaker diabetes mellitus en hypertensie hadden. Dit hoofdstuk 
toont aan dat bij vrouwen Resolute of  Xience V stents gelijkwaardig veilig 
en effectief zijn.

In hoofdstuk 5 beschrijven we de 2-jaars resultaten van de TWENTE trial. In 
de TWENTE trial werd een strikt stopzettingbeleid gevolgd ten aanzien van 
de dubbele anti-trombocyten aggregatie remming (DAPT) 12 maanden 
na de PCI. Voortzetting van de DAPT na 12 maanden kwam weinig voor 
(5.4%). TVF verschilde niet tussen patiënten die behandeld waren met 
Resolute en Xience V stents (10.8% versus 11.6%, p = 0.65), ondanks het 
minder voorkomen van revascularisaties bij patiënten die behandeld 
met Xience V stents waren (2.6% versus 4.9%, p = 0.03). In 2 jaar tijd kwam 
bovendien definitieve of vermoedelijke stent trombose zelden voor (1.2% en 
1.4%, respectievelijk, p = 0.63). Definitieve of vermoedelijke stent trombose 
in het 2e jaar kwam slechts bij 2 patiënten in elke stent groep voor (0.3% 
versus 0.3%, p = 1.0). Dit hoofdstuk laat zien dat na 2 jaar follow-up en een 
strikt stopzettingbeleid van DAPT na 12 maanden, Resolute en Xience V 
stents vergelijkbare resultaten hadden op het gebied van veiligheid en 
effectiviteit voor de behandeling van patiënten die veelal complexe laesies 
en off-label indicaties voor DES implantatie hadden.

Hoofdstuk 6 toont de effecten van het postdilateren van een stent op 
de coatings van vijf permanent polymeer gebaseerde DES, bekeken met 
scanning electron microscopie (SEM). Tussen gepostdilateerde en niet-
gepostdilateerde stent regio’s verschilde de incidentie en type coating 



361

onregelmatigheden slechts geringe mate. De impact van de stent 
postdilatatie was met name beperkt in nieuwere generatie DES. Deze 
bevindingen suggereren dat zelfs het zeer agressief stent postdilateren 
slechts een bescheiden effect heeft op de coatings van verschillende 
permanent polymeer gebaseerde DES.

In hoofdstuk 7 beoordelen we het optreden van een peri-procedureel 
MI bij 800 patiënten na implantatie van eerste (Taxus Liberte of 
Endeavor) of tweede generatie DES (Xience V of Resolute). Dit 
hoofdstuk toont aan dat er geen significant verschil is in het 
optreden van een peri-procedureel MI tussen eerste en tweede 
generatie DES (5.5% versus 4.0%, p = 0.29), ondanks het meer voorkomen 
van PCI van meerdere vaten tegelijkertijd bij patiënten behandeld met een 
tweede generatie DES. Onafhankelijke voorspellers voor het optreden van 
een peri-procedureel MI waren het totaal aantal geïmplanteerde stents en 
een presentatie met een acuut coronair syndroom.

Hoofdstuk 8 presenteert de bevindingen met SEM ten aanzien 
van DES coating onregelmatigheden in niet-geëxpandeerde en 
geëxpandeerde DES om inzicht in het ontstaan   van de coating 
onregelmatigheden te krijgen. In 15 geëxpandeerde en 15 niet-
geëxpandeerde samples van Cypher Select Plus, Taxus Liberte, Endeavor, 
Xience V, en Resolute werden 1200 SEM beelden grondig onderzocht. Voor 
de meeste coating onregelmatigheden, gezien op geëxpandeerde 
DES, werd een bijpassende onregelmatigheid en / of zijn voorloper 
waargenomen in de niet-geëxpandeerde DES. Deze gegevens tonen aan 
dat coating onregelmatigheden inherent zijn aan de geëxpandeerde 
DES. Determinanten in de vorming van coating onregelmatigheden kunnen 
fysieke eigenschappen van de coating of de stent geometrie zijn, terwijl 
stent-ballon interacties waarschijnlijk geen grote rol spelen.

In hoofdstuk 9 onderzoeken we de relatie tussen onontdekte diabetes 
mellitus en de klinische uitkomst na PCI met de tweede generatie 
DES. 626 patiënten, bij wie HbA1c-metingen beschikbaar waren, 
werden geclassificeerd als patiënten bekend met diabetes mellitus of 
patiënten zonder een geschiedenis van diabetes, die vervolgens werden 
onderverdeeld in onontdekte diabetici (HbA1c> 6.5%) en niet diabetici 
(HbA1c <6.5%). Multivariate analyse bevestigde een aanzienlijk hoger 
peri-procedureel MI risico bij onontdekte diabetici vergeleken met niet 
diabetici (OR 6.13) en bekende diabetici (OR 3.73). MI in een eerder 
behandeld vat was bij onontdekte diabetici significant hoger dan in niet 
diabetici, voornamelijk ten gevolge van verschillen in het optreden van 
een peri-procedureel MI. Het samengestelde eindpunt TVF was numeriek 
hoger in onontdekte diabeten dan in niet diabetici, maar dit verschil was 
niet statistisch significant. Dit hoofdstuk laat zien dat onopgemerkt en dus 
onbehandelde diabetes patiënten een verhoogd risico op het optreden 
van een peri-procedureel MI hebben, een risico dat zelfs hoger was dan in 
de bekende diabetici.
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Hoofdstuk 10 behandelt de voorspellende waarde van de Syntax 
Score (SxS , een scoresysteem die de complexiteit van coronaire 
hartziekte probeert te kwantificeren) voor het optreden van een 
peri-procedureel MI volgens de definitie van de World Health 
Organization (WHO) en de onlangs vernieuwde universele definitie 
van een MI. De SxS werd berekend in 1243 patiënten die deelnamen 
aan de TWENTE trial. Een WHO peri-procedureel MI kwam vaker 
voor bij patiënten in het hoogste tertiel van de SxS (7.3% versus 3.1% 
versus 1.6%, p <0.001) in vergelijking met patiënten uit het middelste en 
laagste tertiel van de SxS. Soortgelijke bevindingen werden ook gezien 
voor de peri-procedureel MI volgens de universele definitie (9.9% versus 
7.7% versus 3.7%, p <0.01). Dit hoofdstuk laat zien dat er een relatie is tussen 
de angiografische uitgebreidheid van coronairlijden, zoals beoordeeld 
met de SxS, en het risico op een peri-procedureel MI. De preprocedurele 
beoordeling van de SxS zou kunnen helpen om patiënten met een 
verhoogd risico van op een peri-procedureel MI te identificeren.

Hoofdstuk 11 presenteert de prognostische waarde van coronaire 
dominantie voor ongunstige klinische gebeurtenissen na de 
implantatie van tweede generatie DES. Op basis van de 
oorsprong van de achterste aflopende kransslagader, kan de 
coronaire circulatie worden onderverdeeld in linker en niet-
linker dominantie. Links dominantie werd geassocieerd met meer 
ernstige verkalkingen en meer bifurcatie stenosen. Bovendien 
werd linker coronaire dominantie geassocieerd met MI aan een 
eerdere behandeld vat (10.3% versus 5.0%, p <0.01). Links dominantie werd 
onafhankelijk geassocieerd met een peri-procedureel MI (aangepaste 
OR 2.19, p = 0.02), terwijl geen verschil in andere klinische eindpunten 
werden waargenomen tussen coronaire dominantie groepen. Hoewel 
onze gegevens niet direct klinische gevolgen zullen hebben, suggereren 
de bevindingen dat verder onderzoek gerechtvaardigd is om de rol 
van coronaire dominantie op ongunstige klinische gebeurtenissen te 
verduidelijken.

In hoofdstuk 12 geven wij inzicht de klinische ervaring van ons centrum 
met het gebruik van de GuideLiner (GL) catheter, een catheter extensie 
systeem die de intubatie en ondersteuning van geleidecatheters 
verbetert. In 65 opeenvolgende patiënten, waarbij PCI werd verricht 
van 70 kransslagvaten waarbij een “5-in-6” Fr GL  techniek werd 
gebruikt, werd de GL voornamelijk gebruikt voor PCI van complexe 
coronaire laesies. Indicaties waren het verbeteren van de ondersteuning 
van de geleidecatheter om stentplaatsing te bewerkstelligen (59%), 
verbetering van de coaxiale uitlijning van de geleidecatheter (29%) en 
voor het vergemakkelijken van electieve contrastinjecties (13%). Het 
slagingspercentage om een stent te plaatsen was 93%. Er waren slechts 
twee milde complicaties zonder klinische gevolgen. Dit hoofdstuk laat zien 
dat GL succesvol gebruikt kan worden om de ondersteuning en uitlijning 
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van de geleidecatheters te verbeteren in een ongunstige coronaire 
anatomie die anders niet geschikt geacht waren voor een PCI.

In hoofdstuk 13 presenteren we de aspiratie van een intacte coronaire 
bifurcatie trombus bij een patiënt met een ST-elevatie MI, die 
achtereenvolgens werd behandeld met Resolute Integrity DES. 
Dit is een uitstekend voorbeeld van uitdagende coronaire laesies die 
interventiecardiologen tegenkomen in hun dagelijkse klinische praktijk.

Hoofdstuk 14 beschrijft de opzet van de DUTCH PEERS trial (TWENTE 
II). Deze studie is de eerste gerandomiseerde multicenter trial die 
onderzoek doet naar de Resolute Integrity stent en de eerste studie 
die de derde generatie Resolute Integrity en Promus Element stents 
vergelijkt in een allcomer patiëntenpopulatie.

Hoofdstuk 15 presenteert de 1-jaars resultaten van de 
gerandomiseerde DUTCH PEERS studie die de veiligheid en 
werkzaamheid van deze twee derde generatie DES onderzoekt in 
een allcomer patiëntenpopulatie. Deze DES worden klinisch vaak 
gebruikt, maar waren nog niet vergeleken in een gerandomiseerde 
trial. In deze onderzoeker geïnitieerde, patiënt geblindeerd, 
multicenter, gerandomiseerde, non-inferioriteit studie, werden 1811 
patiënten gerandomiseerd naar behandeling met Resolute Integrity 
of Promus Element. Het primaire eindpunt was het optreden van 
TVF na 12 maanden (een samengesteld eindpunt die veiligheid 
en werkzaamheid van stents weergeeft). Van alle patiënten 
presenteerden 20% met een ST-elevatie MI en 25% met een niet-ST-elevatie 
MI. Het gemak van stent plaatsing werd weerspiegeld door een bijzonder 
lage aantal patiënten die met een andere dan de toegewezen studie 
stent werden behandeld. TVF werd  gezien in 6.1% van de patiënten in de 
Resolute groep en 5.2% in de Promus Element groep (p non-inferioriteit = 
0.006). Het percentage definitieve stent trombose was laag en vergelijkbaar 
in beide groepen DES (0.3% en 0.7%, respectievelijk p = 0.34). Longitudinale 
stent vervorming werd alleen gezien bij Promus Element behandelde 
patiënten (0.6% van alle geïmplanteerde Promus Element stents), maar was 
niet geassocieerd met ongunstige klinische gebeurtenissen. Dit hoofdstuk 
laat zien dat beide derde generatie DES gelijkwaardig veilig en effectief 
zijn en uitstekende klinische resultaten hebben, met name gezien het grote 
aantal patiënten die met een acuut MI werden gepresenteerd.

Hoofdstuk 16 beschrijft de resultaten van een netwerk meta-
analyse om de veiligheid en werkzaamheid van biolimus-eluting 
stents met biologisch afbreekbaar polymeer te vergelijken versus 
eerste en tweede generatie DES, die een permanent polymeer 
hebben. In totaal werden 60 gerandomiseerde gecontroleerde 
studies beoordeeld waarin 63242 patiënten waren behandeld met 
een PCI met DES plaatsing. Na 1 jaar follow-up was er geen verschil in 
mortaliteit tussen de verschillende DES. De Resolute zotarolimus-eluting 
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stent, Endeavor zotarolimus-eluting stent, everolimus-eluting stent, en 
sirolimus-eluting stent, maar niet de biolimus-eluting stent met biologisch 
afbreekbaar polymeer, verminderden de kans op het krijgen van een MI 
met 29-34% ten opzichte van de paclitaxel-eluting stent. Vergeleken met 
de everolimus-eluting stent, was bij de biologisch afbreekbaar polymeer-
biolimus eluting stent de kans op een MI met 29% verhoogd, terwijl de kans 
op stent trombose verhoogd was bij de Endeavor zotarolimus-eluting stent 
en paclitaxel-eluting stent. Met betrekking tot overige eindpunten waren 
de onderzochte DES vergelijkbaar. Bayesiaanse kans curves toonden aan 
dat de everolimus-eluting stent en de Resolute zotarolimus-eluting stent 
het beste veiligheidsprofiel hadden. Dit hoofdstuk laat zien dat everolimus-
eluting stent, Resolute zotarolimus-eluting stent en biolimus-eluting stent 
met biologisch afbreekbaar polymeer dezelfde effectiviteit als de sirolimus-
eluting stent hebben. Echter, ten aanzien van veiligheidseindpunten komen 
de everolimus-eluting stent en Resolute zotarolimus-eluting stent naar voren 
als de veiligste stents tot nu toe.

In hoofdstuk 17 beschrijven we het ontwerp en rationale van de BIO-
RESORT (TWENTE III) trial. De BIO- RESORT trial is een onderzoeker 
geïnitieerde, prospectieve, patiënt geblindeerde, gerandomiseerde 
multicenter trial waarin twee nieuwe DES met biologisch afbreekbaar 
polymeer coating worden vergeleken met een DES met een 
permanente coating in ten minste 3540 allcomer patiënten. Patiënten 
worden gerandomiseerd voor behandeling met de Orsiro sirolimus-eluting 
stent met een circumferentiëel biologisch afbreekbare coating, de Synergy 
everolimus-eluting stent met een abluminaal biologisch afbreekbare 
coating en de Resolute Integrity zotarolimus-eluting stent met duurzame 
polymeer coating. Het primaire eindpunt is optreden van TVF na 1-jaar 
follow-up. Bij dit onderzoek worden niet alleen drie stents vergeleken, 
maar ook drie verschillende stent coating “filosofieën”: de biologisch 
afbreekbare coating DES verschillen aanzienlijk in de verdeling van de 
coating op het stent oppervlak en de snelheid waarmee de coatings 
worden afgebroken. De BIO-RESORT trial zal nieuwe inzichten verschaffen in 
de prestaties en klinische waarde van moderne nieuwe DES.

Conclusie 

Drug-eluting stents worden continu verfijnd om de stent plaatsing te 
optimaliseren en klinische uitkomst te verbeteren. Tegenwoordig worden 
DES bij voorkeur getest in een patiëntenpopulatie die de dagelijkse 
praktijk weerspiegeld en niet in zeer geselecteerde patiëntengroepen. Dit 
proefschrift toont aan dat PCI met tweede generatie DES een gunstig 
resultaat hebben in patiëntenpopulatie die de dagelijkse praktijk 
weerspiegeld zonder significante verschillen tussen de onderzochte stents, 
ongeacht het geslacht van de patiënt, zoals blijkt uit de gerandomiseerde 
TWENTE trial. De biocompatibiliteit van de DES coatings en   afwezigheid 
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van grote coating onregelmatigheden, zoals waargenomen bij bench-
top onderzoek, kan hebben bijgedragen aan de gunstige resultaten van 
deze DES. Van de ongewenste gebeurtenissen na een PCI is een peri-
procedureel optredende MI de meest  voorkomende. Deze lijkt samen te 
hangen met bepaalde risicofactoren, zoals links coronaire dominantie en 
onontdekte diabetes mellitus. Derde generatie DES met een verbeterd stent 
ontwerp hebben een uitstekende plaatsbaarheid en klinische uitkomst, 
zoals blijkt uit de gerandomiseerde DUTCH PEERS (TWENTE II) trial. DES met 
een biologisch afbreekbaar polymeer, die werden ontwikkeld om de 
biocompatibiliteit te verbeteren, zijn een alternatief voor DES met een 
permanent polymeer. Deze vertonen een gelijkwaardige werkzaamheid 
zonder het risico van het induceren van langdurige vaatwand 
ontsteking. De op dit moment lopende gerandomiseerde BIO-RESORT trial 
(TWENTE III) zal de vraag beantwoorden of moderne DES met biologisch 
afbreekbaar polymeer echt gelijkwaardig zijn aan derde generatie DES met 
een permanent polymeer.
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