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GENERAL INTRODUCTION

Coronary artery disease and revascularization techniques

Atherosclerosis is an inflammatory disease that is associated with the 

accumulation of cholesterol and calcium in the intimal layer of the arterial 

vessel wall and results in the formation of atherosclerotic plaques. The 

disease can affect the arteries of various regions in the human body. If the 

atherosclerotic disease process takes place in the coronary arteries, it is called 

coronary artery disease.1 Obstructive coronary artery disease may develop 

when this accumulation of plaque causes a significant narrowing of the 

arterial lumen, impairing coronary blood flow.2 Due to insufficient oxygen 

supply to the myocardium, symptoms may arise such as chest pain or dyspnea 

during exertion, also known as stable angina. If the coronary plaque is 

vulnerable, or ‘unstable’, it may rupture which can lead to thrombus formation 

and (imminent) myocardial infarction with (partial) luminal obstruction of 

the coronary artery.3 If the vessel is completely obstructed, the patient may 

develop an ST-segment elevation myocardial infarction with severe damage 

to the myocardial tissue of this area.

Historically, medical treatment of patients with symptomatic obstructive 

coronary artery disease took a leap after the first successful coronary artery 

bypass surgery in 1960.4 In 1964, the first percutaneous treatment (i.e., 

angioplasty) of a narrowed femoral artery was performed by interventional 

radiologist Charles Doeer and his colleague Melvin Judkins.5 In 1977, the 

first percutaneous coronary angioplasty was performed, using an inflatable 

balloon on the tip of a catheter to dilate the obstructed coronary vessel.6 This 

minimally invasive procedure to treat a coronary arterial narrowing was 

effective, but it became apparent that the use of balloon angioplasty led to 

a high rate of abrupt vessel closure due to coronary dissection. In addition, 

there was a high rate of recurrent stenosis due to vessel recoil during the 

initial months following the procedure.7 To overcome these limitations, small 

metallic mesh tubes (i.e., stents) were developed. In 1986, these ‘bare metal 

stents’ were first applied in humans.8 The stents proved to be effective for 

treating coronary dissections and reduced vessel recoil, which led to lower 

rates of repeat revascularization as compared to balloon angioplasty.9-11 

However, the problem of acute thrombus formation inside the stent emerged, 

which in the early days was seen in up to 20% of the patients in whom bare 

metal stents were placed.12

Despite the substantial reduction in repeat revascularization rate, 

angiographic studies showed intravascular restenosis in up to 30% of 

patients.12 It was aeributed to stent-induced mechanical injury that led to a 

local inflammatory response, which included smooth muscle cell proliferation 

and extracellular matrix deposition, thereby causing neo-intimal thickening 

(hyperplasia) and clinical restenosis.13,14

Drug-eluting stents

To conquer the problem of restenosis with bare metal stents, drug-eluting 

stents (DES) were developed in order to prevent neo-intimal hyperplasia. The 

first-generation DES consisted of a metal stent platform, covered by a durable 

(i.e. permanent) polymer coating that released an anti-proliferative drug into 

the coronary vessel wall over a period of time. The anti-proliferative drugs 

either had cytotoxic or immunosuppressive effects on the smooth muscle 

cells15 and as a result, endothelialization of the injured vessel wall was 

delayed.16 The first-generation DES led to superior outcomes in terms of repeat 

revascularizations and neo-intimal hyperplasia as compared to bare metal 

stents17, but there were concerns regarding the occurrence of late and very 

late (i.e. after more than 1 year) stent thrombosis.18-20 Consequently, second-

generation DES were developed with more biocompatible polymer coatings 

to overcome this limitation.21,22

 DES designs were further enhanced with decreasing strut thickness 

while maintaining radial strength and with greater radiographic visibility.23 

Still, it was considered that the permanent presence of a drug-releasing 

polymer would lead to delayed arterial healing and prolonged vessel wall 

inflammation24, both of which can promote stent thrombosis.19 Therefore, 

further refinements of stent design included the development of stents 

with fully biodegradable polymer coatings that, after complete polymer 

resorption, only leave bare metal stents behind inside the coronary artery25 

Theoretically, these biodegradable polymer DES thereby combine the short-

term benefits of drug-elution and the long-term advantages of bare metal 

stents.15,26 Large-scale randomized clinical trials assessed various types of 

DES in broad patient populations and showed similar results with several 

biodegradable polymer DES versus well-established durable polymer 

DES.25,27 An example of a coronary drug-eluting stent is showed in Figure 1.

Figure 1. An unexpanded drug-eluting stent on the balloon-catheter (left) and the same 

stent, now expanded by the balloon (right).
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Parallel to the innovation in DES designs, the standard medical regime was 

improved with the use of more potent antiplatelet therapies to prevent stent 

thrombosis. In addition, the technique of percutaneous coronary intervention 

(PCI) was improved by more frequent use of the transradial (instead of 

transfemoral) vascular access, which led to fewer peri-procedural bleeding 

complications. With the therapeutic changes and the newest generation very 

thin-strut DES with biodegradable polymers, adverse event rates in clinical 

trials slowly lowered over the course of time. Table 1 provides an overview of 

the types of DES that are investigated in this thesis.

Challenging coronary lesions

The newest very thin-strut DES have been well examined in broad (all-comer) 

patient populations that reflect routine clinical practice,23, 28-31 but refinements 

in DES design and structure might be particularly advantageous in patients 

with ‘challenging’ coronary lesions. The size of such a DES is illustrated in 

Figure 2. The next paragraphs will highlight the potential of the newest 

DES in five types of challenging coronary lesions. Strut thickness may have 

a particular advantage in small coronary vessels or in bifurcation lesions, 

while angiographic visibility may play an important role in severely calcified 

target lesions. Finally, the performance of new DES will be assessed in specific 

patient subsets, such as patients who are treated in the proximal segment of 

the left anterior descending (LAD) artery and patients with acute ST-segment 

elevation myocardial infarction.

Target lesions in small coronary arteries

In small coronary arteries, PCI is associated with a higher risk of 

adverse cardiovascular events, including an increased need for repeat 

revascularization due to in-stent restenosis.32-34 Depending on the cutoff value 

for the definition of a small vessel size, small vessels have been stented in 30 to 

50% of participants in randomized DES trials.35,36 In contrast to first-generation 

DES that used relatively thick struts, newer DES have substantially thinner 

struts. A lower strut thickness may be particularly advantageous in small 

target vessels, because thicker struts and a smaller minimum in-stent lumen 

diameter are known to be independent predictors of restenosis in coronary 

stents.37,38 This can be explained by the greater relative impact of the strut 

size on lumen obstruction in small vessels. Therefore, the potential clinical 

advantage of a reduction in strut thickness may be best reflected in the 

outcome of patients with small target vessels, but comparative data on the 

use of contemporary very thin-strut DES in small vessels are scarce.

Figure 2. Illustration of modern drug-eluting stent size.

Bifurcation lesions

Stenting coronary bifurcation lesions can be technically challenging due 

to demanding lesion anatomies or differences in lumen diameter between 

main and side branch that may interfere with optimal stent sizing.39-41 

Treatment of bifurcation lesions is seen in up to almost 30% of all-comers 

patients participating in large randomized DES trials,23,28 yet the impact of 

biodegradable polymer DES with very flexible open-cell designs and very thin-

struts is poorly understood. In bifurcation lesions, more flexible devices have 

a theoretical advantage, as it may be easier to advance them through complex 

bifurcation anatomies and thinner strut stents may reduce ostial coverage of 

side branches.
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Severely calcified target lesions

Coronary artery calcification is associated with an increased risk of adverse 

cardiovascular events following PCI,42 and moderate to severe coronary artery 

calcification can be found in 20-30% of all patients undergoing PCI.43 The 

radiopacity of calcium in severely calcified lesions hampers the x-ray visibility 

of devices that are used for catheter-based coronary interventions. During 

PCI, severe calcification may lead to technical difficulties such as impaired 

deliverability, under-expansion or incomplete apposition of stents, and 

sometimes even geographical miss of the target lesion. In addition, when DES 

are advanced through calcified coronary segments, the polymer coating can 

be damaged, which may reduce its efficacy of preventing lesion recurrence.44 

While modern very thin-strut DES are widely used in clinical practice, there 

is limited outcome data available on the use of these devices in patients with 

severely calcified target lesions.

Target lesions in the proximal LAD

The proximal segment of the LAD coronary artery supplies a large area of the 

myocardium with oxygen-rich blood and is therefore considered as a high-

risk segment for PCI. The (surgical or percutaneous) treatment strategies for 

this segment are considered separately in international revascularization 

guidelines45,46 and a “heart team” discussion is recommended in patients 

with isolated proximal LAD disease. On the contrary, no such discussion is 

required for similar lesions that are located in proximal segments of the right 

or left circumflex artery. These recommendations are based on data that was 

published years ago.47 It is of interest to investigate whether clinical outcomes 

of patients undergoing proximal LAD treatment with contemporary thin-strut 

DES differ from patients who are treated in non-proximal LAD segments only, 

as there is a lack of data with these new devices.

Patients with acute ST-segment elevation myocardial infarction

In an acute ST-segment elevation myocardial infarction, the coronary vessel 

is fully blocked and primary PCI is urgently required. The inflammatory and 

prothrombotic seeing carries particular challenges to intravascular healing48 

and may promote stent thrombosis.49 This high-risk seeing might manifest 

potential differences in clinical outcome among the various stent platforms. 

However, no dedicated randomized clinical trial that assessed dissimilar stent 

platforms in patients with acute ST-segment elevation myocardial infarction 

was performed until recently.
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OUTLINE OF THE THESIS

The general objective of this thesis is to assess the clinical outcome of patients 

with coronary artery disease, who were treated by percutaneous coronary 

intervention using contemporary thin-strut DES. The thesis provides insights 

into the use of devices with durable or biodegradable polymer coatings 

that elute dissimilar drugs, and differ in stent platform material and strut 

thickness. Special emphasis will be laid on patients with challenging target 

lesion anatomies.

Chapter 1 provides a general introduction to this thesis, and provides 

background information on coronary artery disease, DES and challenging 

coronary lesion anatomy.

Chapter 2 describes the primary 1-year clinical outcome of the prospective, 

international, investigator-initiated, randomized BIONYX (TWENTE IV) 

trial. In this trial, the new thin composite-wire-strut durable polymer-coated 

Resolute Onyx zotarolimus-eluting stent is compared to the ultrathin cobalt-

chromium strut biodegradable polymer-coated Orsiro sirolimus-eluting stent 

in a large all-comer patient population.

Chapter 3 presents the 2-year clinical outcome of the BIONYX trial with 

a specific focus on patients with DES placement in coronary arteries with 

small lumen diameters. After more than one year, dual antiplatelet therapy 

is generally discontinued in most patients. For the first time, we report 2-year 

clinical outcome of the Resolute Onyx zotarolimus-eluting stent.

Chapter 4 evaluates 3-year clinical outcome of all-comer patients who 

participated in the three-arm, prospective, investigator-initiated, multicenter, 

randomized BIO-RESORT (TWENTE III) trial. In this trial, two very thin-

strut biodegradable polymer-coated stents (everolimus-eluting Synergy 

and sirolimus-eluting Orsiro stents) are compared to the thin-strut durable 

polymer-coated zotarolimus-eluting Resolute Integrity stent.

Chapter 5 evaluates the 3-year performance of the three thin-strut DES of 

the BIO-RESORT trial in patients treated in small vessel lesions. After three 

years, the biodegradable polymers in sirolimus-eluting Orsiro and everolimus-

eluting Synergy stents are completely dissolved, while the durable polymer of 

the zotarolimus-eluting Resolute Integrity stent remains. In addition, strut 

thickness might be of particular importance in small vessel lesions, simply 

because less space is available.

Chapter 6 presents a reply-leeer to a comment on the manuscript presented 

in Chapter 5. This leeer focuses on the importance of strut thickness in small 

vessel lesions.

Chapter 7 evaluates the 3-year performance of the three BIO-RESORT study 

DES in patients with bifurcated target lesions. Stent placement in bifurcation 

lesions is among the more complex percutaneous coronary interventions, and 

differences in clinical outcome among DES are more likely to become evident.

Chapter 8 provides insights into the treatment of patients with severely 

calcified coronary lesions, who were treated with the three drug-eluting 

stents of the randomized BIO-RESORT trial. This chapter emphasizes the 

importance of radiographic visibility, strut thickness, and radial strength, 

which differ between everolimus-eluting Synergy, sirolimus-eluting Orsiro 

and zotarolimus-eluting Resolute Integrity stents.

Chapter 9 evaluates the importance of proximal left anterior descending 

artery involvement in percutaneous coronary intervention with DES. This 

chapter describes the 2-year clinical outcome in patients who were treated 

with thin-strut DES in three consecutive randomized TWENTE trials.

Chapter 10 presents a comment on the primary 1-year clinical outcome of 

the randomized BIOSTEMI trial that elaborates on individual endpoints 

and reaching superiority in patients with ST-segment elevation myocardial 

infarction.

Chapter 11 comprises the general discussion of this thesis and includes 

recommendations for future research.

Chapter 12 provides the summary and conclusions of this thesis.
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ABSTRACT

Background: During the past decade, many patients had zotarolimus-eluting 

stents implanted, which had circular shape cobalt-chromium struts with 

limited radiographic visibility. The Resolute Onyx stent was developed to 

improve visibility while reducing strut thickness, which was achieved by 

using a novel composite wire with a dense platinum-iridium core and an outer 

cobalt-chromium layer. We did the first randomised clinical trial to assess the 

safety and efficacy of this often-used stent compared with the Orsiro stent, 

which consists of ultrathin cobalt-chromium struts.

Methods: We did an investigator-initiated, assessor-blinded and patient-

blinded, randomised non-inferiority trial in an allcomers population at seven 

independently monitored centres in Belgium, Israel, and the Netherlands. 

Eligible participants were aged 18 years or older and required percutaneous 

coronary intervention with drug-eluting stents. After guide wire passage with 

or without predilation, members of the catheterisation laboratory team used 

web- based computer-generated allocation sequences to randomly assign 

patients (1:1) to either the Resolute Onyx or the Orsiro stent. Randomisation 

was stratified by sex and diabetes status. Patients and assessors were masked 

to allocated stents, but treating clinicians were not. The primary endpoint 

was target vessel failure at 1 year, a composite of cardiac death, target-vessel-

related myocardial infarction, and target vessel revascularisation, and was 

assessed by intention to treat (non-inferiority margin 2·5%) on the basis of 

outcomes adjudicated by an independent event commieee. This trial is 

registered with ClinicalTrials.gov, number NCT02508714.

Findings: Between Oct 7, 2015, and Dec 23, 2016, 2516 patients were enrolled, 

2488 of whom were included in the intention-to-treat analysis (28 withdrawals 

or screening failures). 1243 participants were assigned to the Resolute Onyx 

group, and 1245 to the Orsiro group. Overall, 1765 (70·9%) participants presented 

with acute coronary syndromes and 1275 (51·2%) had myocardial infarctions. 

1-year follow-up was available for 2478 (99·6%) patients. The primary endpoint 

was met by 55 (4·5%) patients in the Resolute Onyx group and 58 (4·7%) in the 

Orsiro group. Non-inferiority of Resolute Onyx to Orsiro was thus established 

(absolute risk difference –0·2% [95% CI –1·9 to 1·4]; upper limit of the one-sided 

95% CI 1·1%; pnon-inferiority = 0·0005). Definite or probable stent thrombosis 

occurred in one (0·1%) participant in the Resolute Onyx group and nine (0·7%) 

in the Orsiro group (hazard ratio 0·11 [95% CI 0·01–0·87]; p = 0·0112).

Interpretation: The Resolute Onyx stent was non-inferior to Orsiro for a 

combined safety and efficacy endpoint at 1-year follow-up in allcomers. The 

low event rate in both groups suggests that both stents are safe, and the very 

low rate of stent thrombosis in the Resolute Onyx group warrants further 

clinical investigation.
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INTRODUCTION

First-generation drug-eluting stents were associated with an increased risk 

of stent thrombosis,1,2 and were thus replaced by newer devices that deliver 

antiproliferative drugs from more biocompatible coatings.3–6 These newer-

generation drug-eluting stents are as efficacious as first-generation stents in 

prevention of lesion recurrence after percutaneous coronary intervention and 

have beeer safety profiles in broad patient populations.7 Most contemporary 

stents have platforms made from a cobalt–chromium alloy, which permits 

the creation of fine mesh tubes with satisfactory radial force but has poor 

radiographic visibility. Suboptimal radiographic visibility can be challenging 

in patients who are obese, when treating bifurcated or calcified coronary 

lesions, or when assessing stent expansion.

The Resolute Onyx stent (Medtronic, Santa Rosa, CA, USA) was developed 

in response to the demand for stents with improved radiographic visibility. 

It has a novel thin strut composite wire stent platform that is covered with 

the same zotarolimus-eluting durable polymer coating as its predecessors.8–13 

The metallic stent platform consists of a composite wire made from a 

dense platinum–iridium core, which makes the struts radiopaque, and 

an outer layer of cobalt–chromium alloy. The dense core also allows for 

reduced strut thickness, which might be associated with a decreased risk 

of stent thrombosis.14,15 A wide range of stent diameters are available.16,17 

The availability of well fieed stents could help to prevent suboptimal stent 

expansion in very small vessels18 and to avoid incomplete stent apposition in 

large vessels—both of which are risk factors for stent thrombosis.19 Resolute 

Onyx is used to treat all types of patients and lesion anatomies, but no 

randomised clinical trial has ever been done to assess its performance in an 

allcomers population.

A head-to-head comparison of the Resolute Onyx stent and the 

bioresorbable polymer-coated sirolimus-eluting Orsiro stent (Biotronik, 

Bülach, Switzerland) would be of interest, because the Orsiro stent, with its 

ultrathin cobalt-chromium strut platform,6,17 has shown excellent efficacy 

and safety outcomes in several randomised trials.12,20–22 Most recently, in the 

randomised BIOFLOW V trial,22 Orsiro outperformed a fluoropolymer-coated 

cobalt–chromium everolimus-eluting stent at 1-year follow-up. In the BIONYX 

trial, we compared the safety and efficacy of the Resolute Onyx and Orsiro 

stents in an allcomers population at 1-year follow-up.

METHODS

Study design and participants

We did a randomised, prospective, investigator- initiated, patient-blinded and 

assessor-blinded study at seven specialised cardiac centres with expertise in 

percutaneous coronary intervention in the Netherlands, Belgium, and Israel 

(appendix). The trial design has been previously reported.23 Eligible patients 

were aged 18 years or older and required percutaneous coronary intervention. 

All types of coronary syndromes, coronary artery and bypass lesions, and 

de-novo and restenotic lesions were eligible for inclusion, and there was 

no limit for lesion length, reference size, and number of lesions or diseased 

vessels to be treated, as long as all lesions were suitable for treatment with 

both stent types according to the operator’s judgment. Exclusion criteria are 

in the appendix.23 All patients provided wrieen informed consent. The study 

complied with the CONSORT 2010 Statement and Declaration of Helsinki and 

was approved by the Medical Ethics Commieee Twente and the institutional 

review boards of all participating centres.

Randomisation and masking

Participants were enrolled in the catheterisation laboratory by the operators 

who did the interventional procedure. After guide wire passage with or 

without predilation, patients were randomly assigned (1:1) to Resolute Onyx 

or Orsiro stents. Web-based randomisation was independently managed 

and done by members of the catheterisation laboratory team, who used a 

custom- designed program that generated random block sizes of eight and 

four, stratified by sex and diabetes. Patients and assessors were masked 

to allocated stents (leeers and reports generally blinded to stent type), but 

treating clinicians were not. Masking was maintained until the independent 

external clinical event commieee had judged all adverse event triggers.

Procedures

The stent platform of the Resolute Onyx is made from a single-strand, swaged 

shape composite wire that is manufactured into a sinusoidal waveform and 

automatically welded at predefined connection sites. The Resolute Onyx’s 

struts are thinner (81 μm uncoated strut thickness in stents with diameters 

≤4·00 mm) than its predecessor’s (91 μm). The struts are circumferentially 

covered with a 5·6 μm layer of the BioLinx durable polymer that elutes 

zotarolimus (an antiproliferative agent) for 6 months and consists of a blend 

of three different polymers, which help to control drug release and support 

biocompatibility. The increased radiopacity together with a larger strut width-
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to-thickness ratio are intended to improve visibility and deliverability while 

maintaining longitudinal and radial strength. The Orsiro stent has ultrathin 

cobalt–chromium struts with a thickness of 60 µm (in stents ≤3·00 mm) or 80 

µm (in stents ≥3·50 mm), and has been previously described.23 The available 

stent diameters ranged from 2·00 mm to 5·00 mm for Resolute Onyx stents, 

and from 2·25 mm to 4·00 mm for Orsiro stents.

Coronary interventions were done according to standard techniques. The 

use of lesion predilation and stent postdilation was at the operator’s discretion. 

Treatment within a single procedure was encouraged if safe and reasonable. 

Planned staged procedures were permieed within 6 weeks of the index 

procedure. Operators were encouraged to use assigned stents if additional 

lesions in the same patient required treatment. Concomitant drug therapy 

did not differ from routine treatment. In general, dual antiplatelet therapy 

was prescribed for at least 6 months in clinically stable patients and for 12 

months after acute coronary syndromes. Choice of P2Y
12

 inhibitors besides 

aspirin was based on international guidelines and local protocols. In patients 

who required oral anticoagulation, aspirin was generally discontinued after 

1–6 months.

Electrocardiographs were recommended at routine clinical follow-

up and systematically assessed. Laboratory tests included systematic 

assessment of cardiac biomarkers after the intervention and subsequent 

serial measurements in case of suspected ischaemia. In patients with acute 

coronary syndromes, cardiac biomarkers were generally also assessed before 

intervention. Angiographic analyses and offline quantitative coronary 

angiographic measurements were done by analysts at an angiographic core 

laboratory according to current standards (QAngio XA version 7.3).

At 1 year, clinical follow-up was done at patient visits to outpatient clinics 

or, if not feasible, by telephone follow-up or medical questionnaire (research 

staff were masked). No routine angiographic follow-up was done. The clinical 

research organisation the Foundation for Cardiovascular Research and 

Education Enschede (Enschede, Netherlands) coordinated trial and data 

management. A formal data safety monitoring board reviewed outcome data 

periodically.

Data monitoring and processing of clinical outcome data were done by an 

independent clinical research organisation (Diagram, Zwolle, Netherlands). 

Monitoring included informed consent and stent type (all patients); potential 

clinical events reported by investigators, other physicians, or patients; and 

further in-depth monitoring of all demographic, procedural, and clinical 

outcome data (in a random 10% of patients). All potential adverse clinical 

events were adjudicated by an independent, blinded clinical event commieee 

that consisted of cardiologists of the University of Amsterdam (Amsterdam, 

Netherlands) with long experience in interventional cardiology and event 

adjudicating for stent trials.

Outcomes

Clinical endpoints were prespecified and defined according to the Academic 

Research Consortium.24,25 The primary endpoint was target vessel failure 

at 1-year follow-up—a composite of cardiac death, target-vessel-related 

myocardial infarction, or clinically indicated target vessel revascularisation, 

representing device efficacy and patient safety. Death was judged to be cardiac 

unless an unequivocal non-cardiac cause could be established (appendix). As 

in all previous TWENTE trials,9,10,12 myocardial infarction was defined as any 

creatine kinase concentration of more than double the upper limit of normal 

associated with increased confirmatory cardiac biomarkers.25 Target-vessel-

related myocardial infarction was related to the target vessel or could not 

be related to another vessel; further classification was based on laboratory, 

electrocardiographic, angiographic, and clinical data.23 Revascularisation 

procedures were judged to be clinically indicated if angiographic percentage 

diameter stenoses of the then-treated lesion were 50% or greater in the 

presence of ischaemic signs or symptoms, or if diameter stenoses were 

≥70%.23,25

Secondary endpoints at 1-year follow-up included individual components 

of the primary endpoint; all-cause death; any myocardial infarction; 

clinically indicated target lesion revascularisation; major bleeding; and 

stent thrombosis. Additional composite endpoints were target lesion failure 

(cardiac death, target-vessel-related myocardial infarction, or clinically 

indicated target lesion revascularisation) major adverse cardiac events 

(all-cause death, any myocardial infarction, emergent coronary or bypass 

clinically indicated target lesion surgery, revascularisation), and the patient-

oriented composite endpoint (all-cause death, any myocardial infarction, or 

any coronary revascularisation). A prespecified subgroup analysis of the 

primary endpoint was done in analogy with previous trials.10,12

Statistical analysis

The trial was designed to assess non-inferiority of the primary endpoint at 

1-year follow-up. Assuming a target vessel failure rate of 6·0% on the basis of 

DUTCH PEERS trial data,10 we estimated that 2470 patients would provide 80% 

power to show non-inferiority with a margin of 2·5%, an upper one-sided  of 
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0·05, and allowing for at least 3·0% loss to follow-up. Sample size calculation 

was done with PASS software (version 11.0.8). Analyses were by intention to 

treat. A two-sided 90% CI (ie, a 5% one-sided significance level) was created 

for the between-group difference in probabilities of the primary endpoint. If 

non-inferiority were established, an additional superiority analysis would be 

done. Pearson’s ² test or Fisher’s exact test were used to compare categorical 

variables, and the t test was used to compare continuous variables. Time to 

endpoints was assessed by the Kaplan-Meier method; the log-rank test was 

applied for between-group comparisons. Hazard ratios (HRs) were computed 

by Cox proportional hazards analysis. For the primary endpoint, additional 

per-protocol and sensitivity analyses (ie, adjusted for the stratification factors 

sex and diabetes with a Cox model) were done. To account for intra-patient 

correlation (because of inter- lesion dependence), additional lesion-based 

analyses were done with the generalised estimating equations method. 

Logistic regression was done to test for interaction between subgroups and 

treatment with regard to the primary endpoint. p values less than 0·05 were 

deemed to be significant. p values and CIs were two-sided, except for the 

non-inferiority testing (primary endpoint). Statistical analyses were done in 

SPSS (version 22.0). This trial is registered with ClinicalTrials.gov, number 

NCT02508714.

Role of the funding source

The study funders provided equal financial support, but had no roles in study 

design; data collection, analysis, or interpretation; or writing of the report. 

CvB, PZ, RAB, CJMD, and MMK had full access to all study data, and CvB, the 

corresponding author, had final responsibility for the decision to submit for 

publication.

RESULTS

Between Oct 7, 2015, and Dec 23, 2016, we randomly assigned 2516 patients, 

after stratification for sex and diabetes, to one of the trial stents (figure 1). 

28 randomly assigned patients fulfilled an exclusion criterion, so 2488 trial 

participants (3239 target lesions) were included in the intention-to-treat 

analysis, 1243 in the Resolute Onyx group (1646 lesions) and 1245 in the Orsiro 

group (1593 lesions; figure 1). 2432 (97·7%) patients completed 1-year follow-up 

and 46 (1·8%) died; thus outcome data were available for 2478 (99·6%) patients. 

Seven (0·3%) patients were lost to follow-up, and three (0·1%) withdrew consent 

(figure 1).

Figure 1. Trial profile

*Includes the two patients given other study stents. †14 were given other study stents. ‡Four given 

other study stents.

Participants were aged 30–96 years (mean 64·0 [SD 11·0]), 594 (23·9%) were 

women, 2370 (95·3%) were white, 1765 (70·9%) presented with acute coronary 

syndromes, and 1275 (51·2%) presented with acute myocardial infarctions 

(table 1).

Of all 3239 assessable target lesions, 2255 (69·6%) were complex—ie, 

American College of Cardiology and American Heart Association lesion class 

B2 or C (table 2). A reference vessel size (assessed by quantitative coronary 

angiography) less than 2·00 mm was present in 218 (8·8%), whereas a reference 

vessel size greater than 4·00 mm was recorded in 71 (2·9%) patients. In 3194 

(98·6%) of all 3239 lesions, at least one randomly assigned stent was implanted, 

and 3184 (98·3%) lesions were treated with assigned stents only. Of all 2125 

implanted stents in the Resolute Onyx group, 30 (1·4%) had a diameter of 

2·00 mm and 13 (0·6%) had a diameter of 4·50 mm or greater. Eight (0·4%) of 

2055 implanted stents in the Orsiro group measured 2·00 mm and four (0·2%) 

measured 4·50 mm or greater (crossover).
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Table 1. Baseline characteristics

All patients

(n = 2488)

Resolute Onyx

(n = 1243)

Orsiro

(n = 1245)

General characteristics

Age, years 64·0 (11·0) 64·1 (10·9) 63·9 (11·2)

Women 594 (23·9) 297 (23·9) 297 (23·9)

Caucasian 2370 (95·3) 1176 (94·6) 1194 (95·9)

Body-mass index, kg/m2 27·9 (4·4) 27·9 (4·4) 28·0 (4·4)

Current smoker 741/2418 (30·6) 371/1214 (30·6) 370/1204 (30·7)

Medical history

Family history of coronary artery 

disease
1038/2385 (43·5) 533/1193 (44·7) 505/1192 (42·2)

Diabetes, medically treated 510 (20·5) 260 (20·9) 250 (20·1)

Hypertension 1262/2451 (51·5) 611/1228 (49·8) 651/1223 (53·2)

Hypercholesterolaemia 1114/2427 (45·9) 552/1215 (45·4) 562/1212 (46·4)

Previous myocardial infarction 400 (16·1) 194 (15·6) 206 (16·5)

Previous stroke 190 (7·6) 97 (7·8) 93 (7·5)

Renal insufficiency* 166 (6·7) 83 (6·7) 83 (6·7)

Previous percutaneous coronary 

intervention
540 (21·7) 262 (21·1) 278 (22·3)

Previous coronary artery bypass 

grafting
176 (7·1) 79 (6·4) 97 (7·8)

Clinical presentation

Acute coronary syndrome 1765 (70·9) 880 (70·8) 885 (71·1)

Acute myocardial infarction 1275 (51·2) 626 (50·4) 649 (52·1)

ST elevation myocardial 

infarction
621 (25·0) 282 (22·7) 339 (27·2)

Non-ST elevation myocardial 

infarction
654 (26·3) 344 (27·7) 310 (24·9)

Unstable angina 490 (19·7) 254 (20·4) 236 (19·0)

Stable angina or silent ischemia 723 (29·1) 363 (29·2) 360 (28·9)

Lesion characteristics†

At least one complex lesion 1873 (75·3) 936 (75·3) 937 (75·3)

At least one bifurcation lesion‡ 981 (39·4) 485 (39·0) 496 (39·8)

At least one chronic total occlusion 112 (4·5) 50 (4·0) 62 (5·0)

At least one bypass graft lesion 40 (1·6) 17 (1·4) 23 (1·8)

At least one severely calcified lesion 423 (17·0) 200 (16·1) 223 (17·9)

Table 1. Baseline characteristics (continued)

Procedural characteristics

Radial approach 1818 (73·1) 914 (73·5) 904 (72·6)

Fractional flow reserve use§ 268 (10·8) 125 (10·1) 143 (11·5)

IVUS or OCT use 29 (1·2) 16 (1·3) 13 (1·0)

Thrombus aspiration 172 (6·9) 70 (5·6) 102 (8·2)

Glycoprotein inhibitor 554 (22·3) 254 (20·4) 300 (24·1)

Bivalirudin 126 (5·1) 63 (5·1) 63 (5·1)

Implantation of assigned stents only 2439 (98·0) 1223 (98·4) 1216 (97·7)

Total stent length per patient, mm 30 (18-48) 30 (18-49) 30 (18-48)

At least one stent <2.75 mm 923/2483 (37·2) 481/1240 (38·8) 442/1243 (35·6)

Direct stenting 590 (23·7) 284 (22·8) 306 (24·6)

Postdilation 1721 (69·2) 859 (69·1) 862 (69·2)

Multivessel treatment 441 (17·7) 236 (19·0) 205 (16·5)

Data are n (%), n/N (%), mean (SD), or median (IQR). IVUS=intravascular ultrasonography. OCT=optical 

coherence tomography. *Defined as previous renal failure, creatinine ≥130 µmol/L, or the need 

for dialysis. †Lesion characteristics are defined in the appendix. ‡Target lesions were classified as 

bifurcated if a side branch ≥1·5 mm originated from them. §The cutoff for a significant fractional flow 

reserve value was 0·80.

More than one vessel was treated in 441 (17·7%) of all 2488 patients. Direct 

stenting was done in 590 (23·7%) patients, and stents were postdilated in 

1721 (69·2%), without noticeable between-group difference (table 1). At 1-year 

follow-up, the primary endpoint, target vessel failure, was met by 55 (4·5%) of 

1243 patients in the Resolute Onyx group and 58 (4·7%) of 1245 in the Orsiro 

group (table 3). Non-inferiority of Resolute Onyx compared with Orsiro was 

established with an absolute risk difference of –0·2% (95% CI –1·9 to 1·4) and an 

upper limit of the one-sided 95% CI of 1·1% (p
non-inferiority

=0·0005; p
superiority

=0·77; 

figure 2A). per-protocol analysis to account for the possibility that deviation 

from the assigned stent might have affected the primary outcome had similar 

results (absolute risk difference –0·03% [95% CI –1·7 to 1·6]; upper limit of one-

sided 95% CI 1·4%; p
non-inferiority

=0·0012; appendix). Additionally, results for the 

primary end point were consistent in the sensitivity analysis (HR 0·9 [95% 

CI 0·7 to 1·4]; p=0·74) and across various subgroups (figure 3). The frequencies 

of cardiac death, target-vessel-related myocardial infarction, and clinically 

indicated target vessel revascularisation (ie, the individual components of the 

primary endpoint) were low and similar in both groups (figure 2B–D; table 3). 
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Table 2. Baseline characteristics of target lesions

All lesions

(n = 3239)

Resolute Onyx

(n = 1646)

Orsiro

(n = 1593)

Left main 47 (1·5) 25 (1·5) 22 (1·4)

Left anterior descending artery 1340 (41·4) 678 (41·2) 662 (41·6)

Left circumflex artery 772 (23·8) 400 (24·3) 372 (23·4)

Right coronary artery 1071 (33·1) 541 (32·9) 530 (33·3)

Bypass graft 44 (1·4) 19 (1·2) 25 (1·6)

ACC/AHA lesion class 3235 1644 1591

A 159 (4·9) 75 (4·6) 84 (5·3)

B1 821 (25·3) 425 (25·9) 396 (24·9)

B2 1112 (34·3) 580 (35·3) 532 (33·4)

C 1143 (35·3) 564 (34·3) 579 (36·4)

Bifurcation 1033 (31·9) 515 (31·3) 518 (32·5)

Severe calcification 502 (15·4) 247 (15·0) 255 (16·0)

In-stent restenosis 75 (2·3) 47 (2·9) 28 (1·8)

Chronic total occlusion 114 (3·5) 51 (3·1) 63 (4·0)

Before procedure*

Lesion length, mm 15·4 (11·0 - 23·2) 15·3 (10·9 - 22·9) 15·6 (11·2 - 23·7)

Minimum lumen diameter, mm 0·75 (0·46 - 1·05) 0·75 (0·48 - 1·04) 0·74 (0·43 - 1·06)

Reference vessel diameter, mm 2·81 (0·56) 2·79 (0·57) 2·83 (0·56)

Lumen diameter stenosis, % 72·3 (61·5 - 83·0) 72·0 (61·2 - 82·1) 72·7 (61·8 - 84·4)

After procedure†

Minimum lumen diameter, mm 2·41 (0·53) 2·41 (0·54) 2·41 (0·52)

Reference vessel diameter, mm 2·78 (0·55) 2·77 (0·56) 2·79 (0·54)

Lumen diameter stenosis, % 12·7 (8·2 - 18·3) 12·4 (8·1 - 17·8) 13·0 (8·5 - 18·9)

Acute lumen gain in segment, mm 1·67 (0·63) 1·65 (0·62) 1·68 (0·64)

Number of stents per lesion 1·26 (0·56) 1·27 (0·55) 1·26 (0·57)

Implantation of assigned stents only 3184 (98·3) 1623 (98·6) 1561 (98·0)

Lesion success‡ 3217 (99·7) 1638 (99·7) 1579 (99·6)

Device success§ 3166 (98·1) 1616 (98·4) 1550 (97·8)

Postdilation 2065 (64·0) 1042 (63·5) 1023 (64·5)

Data are n (%), mean (SD), or median (IQR). Lesions were classified as bifurcated on the basis of 

quantitative coronary angiographic data and the bifurcation definition of the Syntax Score. Lesion-

based analysis corrected for intra-patient correlation with generalised estimating equations are 

available in the appendix. ACC=American College of Cardiology. AHA=American Heart Association. 

*Data available for at least 1638 lesions in the Resolute Onyx group and 1589 lesions in the Orsiro 

group. †Data available for at least 1641 lesions in the Resolute Onyx group and 1585 lesions in the 

Orsiro group. ‡Lesion success was defined as <50% residual stenosis after percutaneous coronary 

intervention; N=3228 (1643 in the Resolute Onyx group and 1585 in the Orsiro group). §Device success 

was defined as <50% residual stenosis after percutaneous coronary intervention with assigned stents 

only; N=3228 (1643 in the Resolute Onyx group and 1585 in the Orsiro group).
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Table 3. Clinical events during 1-year follow-up

All patients

(n = 2488)

Resolute 

Onyx

(n = 1243)

Orsiro

(n = 1245)

Hazard ratio

(95% CI)

Log-rank

p value

Death, any 20 (1·6) 26 (2·1) 0·77 (0·43 - 1·37) 0·37

Cardiac death 7 (0·6) 13 (1·1) 0·54 (0·21 - 1·34) 0·18

Myocardial infarction, any 20 (1·6) 20 (1·6) 1·00 (0·54 - 1·86) 0·97

Target vessel myocardial infarction 18 (1·5) 18 (1·5) 1·00 (0·52 - 1·92) 1·00

Periprocedural myocardial 

infarction
11 (0·9) 12 (1·0) 0·92 (0·41 - 2·08) 0·84

Coronary revascularisation, any 65 (5·3) 70 (5·7) 0·92 (0·66 - 1·29) 0·64

Target vessel revascularisation 39 (3·2) 38 (3·1) 1·02 (0·66 - 1·60) 0·92

Target lesion revascularisation 31 (2·5) 24 (2·0) 1·29 (0·76 - 2·20) 0·35

Target vessel failure* 55 (4·5) 58 (4·7) 0·95 (0·66 - 1·37) 0·77

Target lesion failure 48 (3·9) 44 (3·6) 1·09 (0·72 - 1·64) 0·68

Major adverse cardiac events 61 (4·9) 57 (4·6) 1·07 (0·75 - 1·54) 0·71

Patient-oriented composite endpoint 91 (7·3) 102 (8·2) 0·89 (0·67 - 1·18) 0·41

Definite-or-probable stent thrombosis 1 (0·1) 9 (0·7) 0·11 (0·01 - 0·87)  0·0112

Definite stent thrombosis 1 (0·1) 7 (0·6) 0·14 (0·02 - 1·16)  0·0334†

Probable stent thrombosis 0 (0·0) 2 (0·2) 0·02 (0·00 - 1327·44) 0·16

Event rates are expressed as n (%) and were calculated with the Kaplan-Meier method. All target 

vessel revascularisations were clinically indicated. *Primary clinical endpoint of cardiac death, 

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

other composite endpoints are defined in the appendix. †Because the log-rank p value is based on ², it 

does not correspond with the 95% CI because of the very low event rate in the Resolute Onyx group (p 

value based on Wald test: 0·0682).

At hospital discharge after the index procedure, 1214 (97·7%) of 1243 

patients in the Resolute Onyx group, and 1209 (97·1%) of 1245 in the Orsiro group 

were treated with dual antiplatelet therapy (p=0·38). We noted no between-

group differences in P2Y
12

 inhibitors or other drugs prescribed (appendix). At 

1-year follow- up, 2067 (85·0%) patients were still on dual antiplatelet therapy, 

without any between-group differences (appendix). Definite-or-probable stent 

thrombosis occurred in one (0·1%) patient in the Resolute Onyx group and nine 

(0·7%) in the Orsiro group (HR 0·11 [95% CI 0·01–0·87]; p=0·0112; figure 4). Definite 

stent thrombosis occurred in one (0·1%) in the Resolute Onyx group and seven 

(0·6%) in the Orsiro group (table 3).
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One patient in the Resolute Onyx group developed a subacute, non-fatal, 

definite stent thrombosis after self- discontinuation of aspirin and had an 

acute myocardial infarction with cardiogenic shock that required urgent 

revascularisation. Of the seven definite stent thromboses in the Orsiro group, 

three were acute, two were subacute, and two were late; all seven patients 

presented with acute myocardial infarctions while taking dual antiplatelet 

therapy. Two patients in the Orsiro group died suddenly 7 days after the index 

procedure, and these events were classified as probable stent thrombosis. 

None of the stent thromboses occurred in devices with the smallest diameter 

available (ie, 2·00 mm; appendix). 

Figure 4. Cumulative incidence of definite or probable stent thrombosis at 1-year follow-up

Definite or probable stent thrombosis with clinical consequences. HR=hazard ratio. *Myocardial 

infarction (definite stent thrombosis). †Target lesion revascularisation plus myocardial infarction 

(definite stent thrombosis). ‡Target lesion revascularisation, myocardial infarction, and cardiac 

death (definite stent thrombosis). §Cardiac death (probable stent thrombosis).

DISCUSSION

In this large-scale, international, randomly assigned allcomers trial, we noted 

no difference between stent groups in the incidence of the composite primary 

endpoint of target vessel failure at 1 year. Thus, the Resolute Onyx stent met the 

criterion of non-inferiority compared with the Orsiro stent. The frequencies 

of the individual components of the primary endpoint were similar and quite 

low in both groups, which could be perceived as a positive signal of safety for 

both devices. Although the frequency of stent thrombosis was also low in 

both groups, the risk was particularly low in the Resolute Onyx group, which 

is noteworthy in view of the complexity of the trial participants and coronary 

lesions treated. The only stent thrombosis in a patient in the Resolute Onyx 

group occurred subacutely in a vessel treated with four stents along more than 

10 cm, after the patient’s self-discon- tinuation of dual antiplatelet therapy. 

A previous study showed that interruption of dual antiplatelet therapy 

within 1 month of stent implantation was associated with an increased risk 

of stent thrombosis,26 but none of the seven patients in the Orsiro group 

who developed a definite stent thrombosis was off dual antiplatelet therapy. 

However, three of the seven patients had at least three stents implanted with a 

total stent length of more than 9 cm. Additionally, preclinical studies showed 

that thrombogenicity of the coating on the Orsiro stent is low.27 The use of 

dual antiplatelet therapy at discharge (97·4%) or 1-year follow-up (85·0%) did 

not differ between groups. We noted no significant between-group difference 

in the rate of any target lesion revascularisation (2·5% vs 2·0%), and the small 

between-group difference in target lesion revascularisation by coronary 

artery bypass surgery (0·9% vs 0·2%; appendix) is probably chance.

The BIONYX trial is the first randomised study of Resolute Onyx, the 

first assessment of the stent’s safety and efficacy in allcomers, and the first 

comparison of the stent with Orsiro. The study population represents 41·3% 

of all patients who were percutaneously treated (irrespective of inclusion 

or exclusion criteria; figure 1) and included many patients with increased 

clinical, lesion-related, or procedural risk. 1765 (70·9%) trial participants were 

treated for acute coronary syndromes and 1275 (51·2%) for acute myocardial 

infarction. The clinical presentation of trial participants was challenging 

and similar to that of participants in the complex allcomers population 

of the BIO-RESORT trial,12 suggesting that the assessed study population 

represents patients treated in routine clinical practice. The age range of trial 

participants—30–96 years— reflects the non-discriminating nature of our 

study. Similar to previous trials10–12,20 in allcomers undergoing percutaneous 

coronary intervention, almost a quarter of all participants in BIONYX were 
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women. More than 98% of all patients were exclusively treated with randomly 

assigned stents, and outcome data were available for 99·6% of patients.

Despite the different durable and bioresorbable polymer coatings and 

strut thicknesses of the two study stents, we noted no advantages for one 

stent over the other. The rates of the primary endpoint were low despite 

the overall high complexity of patients and target lesions, independent 

monitoring of all potential event triggers, and almost complete follow-up. 

These event rates were quite similar to the rates of the primary composite 

endpoints reported in previous allcomers trials of Resolute Integrity (ie, the 

predecessor of Resolute Onyx) versus bioresorbable polymer-coated stents,11,12 

or of the Orsiro stent versus a durable polymer-coated stent.12,20 In the SORT 

OUT VI trial11 of 2999 allcomers, the Resolute Integrity stent was non-inferior 

to a bioresorbable polymer-coated biolimus-eluting stent (BioMatrix Flex, 

Biosensors Interventional Technologies, Singapore, Singapore) in terms of 

the primary composite endpoint of safety and efficacy at 1-year follow-up 

(5·3% vs 5·0%), with no significant between-group differences in the individual 

components of the primary endpoint (ie, cardiac death, target vessel-related 

myocardial infarction, and target lesion re vascularisation). The frequency 

of definite stent thrombosis in the Resolute Integrity group was 0·6%.11 The 

BIOSCIENCE trial20 of 2119 allcomers showed that the Orsiro stent was non-

inferior to a durable polymer-coated everolimus-eluting stent (Xience Prime/

Xpedition, Abboe, Abboe Park, IL, USA) for the primary composite endpoint 

of target lesion failure at 1-year follow-up (6∙5% vs 6∙6%), and no significant 

differences were noted between the groups for various secondary endpoints. 

In BIOSCIENCE, the frequency of definite stent thrombosis in the Orsiro 

group was 0∙9%,20 which is similar to that in the BIONYX trial (0∙6%). The BIO-

RESORT allcomers trial12 showed the non-inferiority of the Orsiro stent (in 1169 

patients) and a bioresorbable polymer-coated everolimus-eluting platinum–

chromium- based stent (Synergy, Boston Scientific, Natick, MA, USA; in 1172 

patients) to the Resolute Integrity stent (in 1173 patients) for the primary 

composite endpoint of target vessel failure at 1 year (4∙7% and 4∙7% vs 5∙4%), 

and no significant between-stent differences were noted in any secondary 

clinical endpoint. In that trial, the frequency of definite stent thrombosis at 

1 year was 0∙3% in all stent groups.12

The incidence of definite-or-probable stent thrombosis in the Orsiro 

group in our trial (0·7%) is similar to that in several previous randomised 

allcomer trials of the stent, such as BIO-RESORT (0·4%)12 and SORT OUT VII 

(0·9%).21 In the Resolute Onyx group of our trial, the incidence of definite-

or-probable stent thrombosis was very low (0·1%). In previous randomised 

allcomers trials of Resolute Integrity, the frequency of definite- or-probable 

stent thrombosis was somewhat higher (0·5% in BIO-RESORT,12 0·6% in DUTCH 

PEERS,10 and 0·8% in SORT OUT VI11). Additionally, in BIONYX, the rate of 

definite stent thrombosis with Resolute Onyx stents (0·1%) was below those 

with Resolute Integrity in previous allcomers stent trials (0·3%–0·6%).10–12

The improved radiographic visibility of Resolute Onyx could facilitate 

the recognition of stents that are not yet well expanded or incompletely 

apposed to the arterial wall. Theoretically, reduction of the occurrence of 

these scenarios, which are both associated with stent thrombosis,28 could 

have contributed to the particularly low frequency of stent thrombosis in the 

Resolute Onyx group. However, the frequency of additional balloon dilations 

(inside implanted stents) did not differ between groups (69·1% vs 69·2%). This 

finding suggests that, on average, there was no difference between groups in 

operators’ effort to optimise procedural results. Additionally, the quantitative 

coronary angiographic analysis showed that lumen gain and final minimum 

lumen diameter did not differ significantly between groups. Nonetheless, 

the detection of only a few (otherwise perhaps unnoticed) suboptimally 

deployed Resolute Onyx stents could have contributed to the low rate of stent 

thrombosis. Additionally, the use of the swaged shape wire has lowered strut 

thickness by 10 μm compared with the stent’s predecessor, and lowering strut 

thickness reduces thrombogenicity.14

38 of the smallest stents (2·00 mm), which were exclusively Resolute 

Onyx, were implanted (30 in the Resolute Onyx group and eight in the Orsiro 

group because of crossover). No stent thrombosis occurred in these very small 

stents, which can be used to treat side branches or the most distal coronary 

segments. However, such lesions are generally treated with antianginal drugs 

rather than invasive revascularisation. Nonetheless, after stenting of large 

(main) vessels, the very small stents could occasionally be helpful to keep 

open smaller side branches that remain collapsed despite balloon dilatations 

in the main vessel to open the struts. This technique could help to avoid some 

(probably minor) periprocedural myocardial infarctions. In our study, in both 

stent groups the event rates for periprocedural myocardial infarction (11 [0·9%] 

in the Resolute Onyx group vs 12 [1·0%] in the Orsiro group) and any target 

vessel myocardial infarction (18 [1·4%] vs 18 [1·4%]) were nearly identical.

The very low rate of stent thrombosis in the Resolute Onyx group supports 

the findings of a prospective registry29 of 101 patients with up to moderate risk, 

in whom no definite-or-probable stent thromboses were recorded within 12 

months after implantation of 2·00 mm Resolute Onyx stents. Furthermore, in 

a registry30 of 402 patients with myocardial infarction who had Resolute Onyx 
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stents implanted, the frequency of definite-or-probable stent thrombosis 

was 0·2%. Finally, in an angiographic endpoint study,31 one (1%) of 75 patients 

implanted with Resolute Onyx stents developed an acute definite stent 

thrombosis during 8 months of follow-up.

The Promus Element durable polymer-coated everolimus-eluting 

platinum-chromium stent (Boston Scientific, Natick, MA, USA) also has 

high radiographic visibility.10,16 In the DUTCH PEERS trial,10 Promus Element 

stents were postdilated significantly more often than the less visible Resolute 

Integrity stents. These findings appear to contrast with those of BIONYX, 

in which the frequency of postdilation did not differ noticeably between 

groups. However, factors other than visibility could affect the frequency 

of stent postdilation. Although Promus Element and Resolute Onyx have 

high radiopacity in common, they differ in many other characteristics (eg, 

strut materials, design of platforms, the balloon catheters on which they are 

mounted).16,17 These device features affect the spatial stent geometry after 

deployment and, thus, the need for stent optimisation. Additionally, the 

operators involved play a part: some interventional cardiologists postdilate 

stents irrespective of angiographic appearance after deployment.10,12

Our study has some limitations. The incidence of the primary endpoint 

was lower than assumed, but the expected event rate was in line with outcomes 

in other randomised allcomers stent trials.10,11 The lower-than-expected rates 

of the primary endpoint affect the robustness of the results, particularly the 

results of subgroup analyses. The non-inferiority margin (2·5%) was lower 

than that in most other stent trials in allcomers,10,12,13,20,22,32 but because of the 

low incidence of the primary endpoint that margin represented more than half 

of the recorded primary endpoint rate. Similar to other randomised trials, we 

cannot exclude a certain degree of under-reporting of events. Nonetheless, 

substantial under-reporting seems unlikely, in view of the systematic 

postprocedural assessment of cardiac biomarkers and electrocardiograms, 

the high follow-up rate, and the use of independent monitoring and event 

adjudication. Additionally, several other stent trials also had lower-than-

expected event rates.10,12,32,33 We cannot exclude the possibility that the event 

rates in our study might be more representative of the outcome of present 

coronary interventions, as opposed to when our trial was designed, and that 

the choice of study centres with many highly experienced operators could 

have favourably affected outcomes. Additional factors could have lowered 

event rates in our trial, such as the frequent use of more potent P2Y
12

 inhibitors 

(55% vs 48% in BIO-RESORT12) and the more frequent use of radial access (73% 

vs 45% in BIO-RESORT12). Our study was not adequately powered to reliably 

assess very rare clinical events, such as stent thrombosis, and therefore stent 

thrombosis data should be considered hypothesis generating. However, stent 

thrombosis is such an important adverse event that our findings should not be 

ignored—particularly because Resolute Onyx is a novel stent that has never 

previously been assessed in a randomised trial or in allcomers. Centres that 

treat a low proportion of patients with acute coronary syndromes might have 

different event rates, because thrombus management and type, timing, and 

duration of dual antiplatelet therapy could be the most important factors in 

treatment of acute coronary syndrome. 2-year follow-up will be of particular 

interest, because most patients will stop dual antiplatelet therapy after 1 

year, which can be associated with an inherent increase in the risk of stent 

thrombosis. Finally, we do not have reliable data for the operators’ motivation 

for using stents other than that assigned. We did not formally restrict target 

vessel size but left decisions about the treatability of lesions (with both stent 

types) to the operators to reflect clinical practice, in which implantation 

pressures can be adjusted to the vessel size and stents can be overstretched 

by postdilations with large balloons. Data for the use of dedicated techniques 

for magnification and boosting of stents in radiographic images were not 

collected.

In conclusion, the novel Resolute Onyx stent was non-inferior to the 

reference Orsiro stent for a combined safety and efficacy endpoint at 1-year 

follow-up in an allcomers population with a high proportion of patients 

with acute coronary syndromes. Other outcomes were also favourable, 

and suggested that both stents are safe. The very low frequency of stent 

thrombosis noted with Resolute Onyx warrants further clinical investigation.
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RESEARCH IN CONTEXT

Evidence before this study

We searched PubMed with the terms “coronary” AND “stent” in combination 

with one or more of “sirolimus”, “zotarolimus”, “Resolute Onyx”, “Orsiro”, 

“randomised”, and “randomized” for complete reports of randomised trials 

comparing the durable polymer-coated zotarolimus-eluting Resolute Onyx 

stent with the bioresorbable polymer-coated sirolimus-eluting Orsiro 

stent or with other stents, published in any language up to July 18, 2018. We 

also checked the listings of the EuroPCR, European Society of Cardiology, 

Transcatheter Cardiovascular Therapeutics, and American College of 

Cardiology Conferences. Previously, the Resolute Onyx stent had been 

assessed in an angiographic endpoint study of 75 patients with 8 months 

of follow-up and in two registry studies, one of which examined 101 US and 

Japanese patients with up the moderate risk who were treated with 2·00 

mm Resolute Onyx stents, and the other of which examined 402 Korean 

patients with acute myocardial infarction. In previous studies, the Orsiro 

stent was non-inferior to a durable polymer-coated everolimus-eluting stent 

with respect to a primary angiographical endpoint (BIOFLOW-II), and to a 

durable polymer-coated everolimus-eluting stent (BIOSCIENCE), an early 

biodegradable polymer-coated biolimus-eluting stent (SORT OUT VII), and 

durable polymer-coated zotarolimus-eluting cobalt-chromium stents (BIO-

RESORT) in treating allcomers. In a randomised clinical trial in most-comers 

(BIOFLOW V), Orsiro outperformed (in terms of the primary endpoint, target 

lesion failure) a durable polymer-coated cobalt–chromium everolimus-eluting 

stent at 1-year follow-up. Resolute Onyx and Orsiro stents have not previously 

been compared in a randomised trial. Additionally, the Resolute Onyx stent 

has not been assessed in allcomers or been compared with any other drug-

eluting stent.

Added value of this study

Our analysis shows that treatment with the Resolute Onyx stent and the 

Orsiro stent was similarly efficacious and safe, with excellent 1-year clinical 

outcomes in an allcomer population. BIONYX is the first randomised trial of 

the Resolute Onyx stent and the first assessment of this stent in allcomers. 

Additionally, this trial is the first randomised comparison of the Resolute 

Onyx and Orsiro stents.

Implications of all the available evidence

The Resolute Onyx stent was non-inferior to Orsiro for the combined safety and 

efficacy endpoint at 1-year follow-up in a complex allcomer patient population. 

The preliminary observation of a low incidence of stent thrombosis with 

Resolute Onyx warrants further investigation.
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SUPPLEMENTAL DATA

Appendix Table 1. Extended baseline characteristics

All

patients

(n = 2488)

Resolute Onyx

(n = 1243)

Orsiro

(n = 1245)

Medical history

Peripheral artery disease 211/2475 (8·5) 109/1236 (8·8) 102/1239 (8·2)

Left ventricular ejection fraction <30 % 38/2467 (1·5) 19/1233 (1·5) 19/1234 (1·5)

Heart failure 58/2485 (2·3) 28/1242 (2·3) 30/1243 (2·4)

Previous stroke or TIA 190 (7·6) 97 (7·8) 93 (7·5)

Previous stroke 86 (3·5) 42 (3·4) 44 (3·5)

Previous gastro-intestinal bleeding 18 (0·7) 10 (0·8) 8 (0·6)

Previous malignancy 205 (8·3) 111 (9·0) 94 (7·6)

Chronic obstructive pulmonary disease 227 (9·1) 116 (9·3) 111 (8·9)

Lesion characteristics

At least one in-stent restenosis 71 (2·9) 44 (3·5) 27 (2·2)

At least one small vessel (<2.75 mm) 1301 (52·3) 675 (54·3) 626 (50·3)

At least one very small vessel (≤2.00 mm) 218 (8·8) 121 (9·7) 97 (7·8)

At least one large vessel (>4.00 mm) 71 (2·9) 41 (3·3) 30 (2·4)

At least one lesion length >27 mm 523 (21·0) 245 (19·7) 278 (22·3)

Number of lesions treated per patient

One 1870 (75·2) 913 (73·5) 957 (76·9)

Two 501 (20·1) 263 (21·2) 238 (19·1)

Three or more 117 (4·7) 67 (5·4) 50 (4·0)

Left main 47 (1·9) 25 (2·0) 22 (1·8)

Left anterior descending artery 1224 (49·2) 612 (49·2) 612 (49·2)

Left circumflex artery 723 (29·1) 374 (30·1) 349 (28·0)

Right coronary artery 946 (38·0) 476 (38·3) 470 (37·8)

Bypass graft 40 (1·6) 16 (1·3) 24 (1·9)

Procedural characteristics

Guiding catheter expansion 179 (7·2) 79 (6·4) 100 (8·0)

Thrombus present 237 (9·5) 106 (8·5) 131 (10·5)

Rotablation 29 (1·2) 13 (1·0) 16 (1·3)

CuTing balloon 30 (1·2) 12 (1·0) 18 (1·4)

Data are n (%), mean (SD), or median (IQR). TIA=transient ischemic aTack.

Appendix Table 2. Lesion-based interventional procedure data (analyses corrected for intra-

patient correlation with generalized estimating equations)

All lesions

(n = 3239)

Resolute Onyx

(n = 1646)

Orsiro

(n = 1593)
p-value

Complex lesion 2255 (69·7) 1144 (69·6) 1111 (69·6) 0·78

Bifurcation 1033 (31·9) 515 (31·3) 518 (32·5) 0·52

Chronic total occlusion 114 (3·5) 51 (3·1) 63 (4·0) 0·24

Bypass graft 44 (1·4) 19 (1·2) 25 (1·6) 0·29

Severely calcified lesion 502 (15·4) 247 (15·0) 255 (16·0) 0·30

Assigned stents only 3184 (98·3) 1623 (98·6) 1561 (98·0) 0·13

Number of stents per lesion 1·26 (0·56) 1·27 (0·55) 1·26 (0·57) 0·88

Postdilation 2065 (64·0) 1042 (63·5) 1023 (64·5) 0·60

Lesion success 3217 (99·7) 1638 (99·7) 1579 (99·6) 0·60

Device success 3166 (98·1) 1616 (98·4) 1550 (97·8) 0·14

Preprocedural*

Lesion length, mm 15·4 (11·0 - 23·2) 15·3 (10·9 - 22·9) 15·6 (11·2 - 23·7) 0·0504

Minimum lumen diameter, mm 0·75 (0·46 - 1·05) 0·75 (0·48 - 1·04) 0·74 (0·43 - 1·06) 0·17

Reference vessel diameter, mm 2·81 (0·56) 2·79 (0·57) 2·83 (0·56) 0·07

Lumen diameter stenosis, % 72·3 (61·5 - 83·0) 72·0 (61·2 - 82·1) 72·7 (61·8 - 84·4) 0·06

Postprocedural†

Minimum lumen diameter, mm 2·41 (0·53) 2·41 (0·54) 2·41 (0·52) 0·95

Reference vessel diameter, mm 2·78 (0·55) 2·77 (0·56) 2·79 (0·54) 0·0482

Lumen diameter stenosis, % 12·7 (8·2 - 18·3) 12·4 (8·1 - 17·8) 13·0 (8·5 - 18·9) 0·24

Acute lumen gain in segment, mm 1·67 (0·63) 1·65 (0·62) 1·68 (0·64) 0·27

Data are n (%), means (SD) or median (IQR). All lesion-based analyses were corrected for intra-patient 

correlation with generalized estimating equations. There were no significant differences between 

the groups except for reference vessel diameter post-procedural. Definitions of lesion characteristics 

are on page 7. * Data for at least 1638 lesions in the Resolute Onyx group, and 1589 lesions in the Orsiro 

group. † Data for at least 1641 lesions in the Resolute Onyx group, and 1585 lesions in the Orsiro group.
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Appendix Table 3. Extended clinical outcome

All patients

(n = 2488)

Resolute 

Onyx

(n = 1243)

Orsiro

(n = 1245)

Hazard ratio

(95% CI)

Log-rank

p value

Vascular death 2 (0·2) 5 (0·4) 0·40 (0·08 − 2·05) 0·25

Non-cardiovascular death 11 (0·9) 8 (0·7) 1.·37 (0·55 − 3·40) 0·50

Non-target vessel myocardial infarction 3 (0·2) 2 (0·2) 1·49 (0·25 − 8·93) 0·66

Any revascularisation by PCI 50 (4·1) 63 (5·1) 0·79 (0·54 − 1·14) 0·20

Any revascularisation by CABG 16 (1·3) 9 (0·7) 1·78 (0·78 − 4·02) 0·16

Target vessel revascularisation by PCI 27 (2·2) 32 (2·6) 0·84 (0·50 − 1·40) 0·50

Target vessel revascularisation by CABG 13 (1·1) 6 (0·5) 2·16 (0·82 − 5·69) 0·11

Target lesion revascularisation by PCI 21 (1·7) 21 (1·7) 1·00 (0·54 − 1·82) 0·99

Target lesion revascularisation by CABG 11 (0·9) 3 (0·2) 3·66 (1·02 − 13·13) 0·0327

Any non-target vessel revascularisation 35 (2·8) 47 (3·8) 0·74 (0·48 − 1·14) 0·17

Non-target vessel revascularisation by PCI 25 (2·0) 40 (3·3) 0·62 (0·38 − 1·02) 0·0564

Non-target vessel revascularisation

by CABG
10 (0·8) 7 (0·6) 1·42 (0·54 − 3·73) 0·47

Major bleeding* 31 (2·5) 33 (2·7) 0·94 (0·57 − 1·53) 0·79

The event rates (expressed as n and %) were calculated with the use of the Kaplan-Meier method. All 

target vessel revascularisations were clinically indicated. * Major bleeding was defined by bleeding 

academic research consortium (BARC) class class 3 or 5, or any thrombolysis in myocardial infarction 

(TIMI) major bleeding (i.e. CABG or non-CABG related). CABG=coronary artery bypass grafting. 

PCI=percutaneous coronary intervention.

Appendix Table 4. Use of and adherence to antithrombotic medication

All

Patients

Resolute 

Onyx
Orsiro p-value

At discharge n = 2488 n = 1243 n = 1245

Aspirin 2425 (97·5) 1216 (97·8) 1209 (97·1) 0·25

P2Y
12

 inhibitor 2485 (99·9) 1241 (99·8) 1244 (99·9) 0·56

DAPT 2423 (97·4) 1214 (97·7) 1209 (97·1) 0·38

with clopidogrel 1044 (42·0) 524 (42·2) 520 (41·8) 0·84

with prasugrel or ticagrelor 1379 (55·4) 690 (55·5) 689 (55·3) 0·93

Oral anticoagulation 254 (10·2) 128 (10·3) 126 (10·1) 0·88

Vitamin K antagonist 172 (6·9) 86 (6·9) 86 (6·9) 0·99

NOAC 82 (3·3) 42 (3·4) 40 (3·2) 0·82

Oral anticoagulation with P2Y
12

 inhibitor 253 (10·2) 128 (10·3) 125 (10·0) 0·83

Triple therapy* 200 (8·0) 103 (8·3) 97 (7·8) 0·65

At 1-year follow-up n = 2432 n = 1219 n = 1213

Aspirin 2134 (87·7) 1078 (88·4) 1056 (87·1) 0·30

P2Y
12

 inhibitor 2347 (96·5) 1174 (96·3) 1173 (96·7) 0·60

DAPT 2067 (85·0) 1043 (85·6) 1024 (84·4) 0·43

with clopidogrel 847 (34·8) 441 (36·2) 406 (33·5) 0·16

with prasugrel or ticagrelor 1220 (50·2) 602 (49·4) 618 (50·9) 0·44

Oral anticoagulation 290 (11·9) 146 (12·0) 144 (11·9) 0·94

Vitamin K antagonist 175 (7·2) 86 (7·1) 89 (7·3) 0·79

NOAC 115 (4·7) 60 (4·9) 55 (4·5) 0·65

Oral anticoagulation with P2Y
12

 inhibitor 271 (11·1) 136 (11·2) 135 (11·1) 0·98

Triple therapy* 19 (0·8) 14 (1·1) 5 (0·4) 0·0379

* Triple therapy consists of aspirin, a P2Y12 inhibitor, and oral anticoagulation. DAPT=dual 

antiplatelet therapy. NOAC=non-vitamin K oral anticoagulant. VKA=vitamin K antagonist.
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Appendix Table 5. Circumstances and consequences of stent thrombosis

Stent thrombosis 

(days)

Sex (age in 

years)

Clinical 

presentation 

(index PCI)

Lesion 

class*

Min stent 

diameter / 

total stent 

length

Stent 

overlap

Post 

dilatation
Clinical consequences

Antithrombotic 

medication

Definite Probable

Resolute Onyx

10 - Male (81) Stable angina C 2·5 / 101 Yes Yes
Acute MI with cardiogenic shock; 

TLR

Clopidogrel,

VKA†

Orsiro

0 - Male (50) Unstable angina C 3·0 / 100 Yes Yes
No-reflow during initial procedure; 

Acute MI

Aspirin, 

Clopidogrel

0 - Male (78) Unstable angina B2 2·25 / 26 No Yes Acute MI after PCI; TLR
Aspirin, 

Ticagrelor

0 - Male (63) STEMI B2 3·5 / 18 N/A Yes Acute MI after PCI; TLR
Aspirin, 

Ticagrelor

3 - Male (72) STEMI C 2·5 / 18 N/A No

Acute MI; TLR;

Cardiac death after mitral valve 

surgery because of ischemic MR

Aspirin, 

Ticagrelor

22 - Female (64) NSTEMI C (CTO) 2·0 / 136‡ Yes Yes Acute MI; TLR
Aspirin, 

Ticagrelor

106 - Male (57) Stable angina C 3·0 / 26 N/A No Acute MI; TLR
Aspirin, 

Ticagrelor

340 - Male (69) Stable angina C (CTO) 2·5 / 91 Yes Yes Acute MI; TLR
Aspirin, 

Clopidogrel

- 7 Male (67) NSTEMI C (SVG) 3·5 / 9 N/A Yes Sudden death (no autopsy)
Aspirin, 

Ticagrelor

- 7 Male (64) STEMI C 3·0 / 43 Yes Yes Sudden death (no autopsy)
Aspirin, 

Ticagrelor

Stent thromboses occurred following interventions in 4 study sites without any abnormal clustering. Only one of the patients had a non-assigned stent 

implanted, but the non-assigned stent was not the stent in which stent thrombosis occured. ‡ The minimal stent diameter of 2·0 mm concerns a cross-over 

stent but stent thrombosis occurred in an assigned stent (one of five assigned stents implanted). * Lesion classification according to the American College of 

Cardiology/American Heart Association. † Patient stopped aspirin because he was out of medication. CTO=chronic total occlusion, MI =myocardial infarction, 

MR=mitral regurgitation; NSTEMI=non-ST elevation myocardial infarction, PCI=percutaneous coronary intervention, STEMI=ST elevation myocardial 

infarction, SVG=Saphenous vein graft, TLR=target lesion revascularisation, VKA=vitamin K antagonist.

0
2

Cardiology/American Heart Association. † Patient stopped aspirin because he was out of medication. CTO=chronic total occlusion, MI =myocardial infarction, 

MR=mitral regurgitation; NSTEMI=non-ST elevation myocardial infarction, PCI=percutaneous coronary intervention, STEMI=ST elevation myocardial 

infarction, SVG=Saphenous vein graft, TLR=target lesion revascularisation, VKA=vitamin K antagonist.
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ABSTRACT

Objectives: The aim of this study was to assess 2-year safety and efficacy of 

the current-generation thin composite-wire-strut durable-polymer Resolute 

Onyx zotarolimus-eluting stent (ZES), compared with the ultrathin-strut 

biodegradable-polymer Orsiro sirolimus-eluting stent (SES) in all-comers and 

a pre-specified small-vessel subgroup analysis.

Background: The Resolute Onyx ZES is widely used in clinical practice, but no 

follow-up data beyond 1 year have been published. The randomized BIONYX 

(Bioresorbable Polymer-Coated Orsiro Versus Durable Polymer-Coated 

Resolute Onyx Stents) trial (NCT02508714) established the noninferiority of 

ZES versus SES regarding target vessel failure (TVF) rates.

Methods: A total of 2,488 all-comer patients were treated at 7 coronary 

intervention centers in Belgium, Israel, and the Netherlands. The main 

endpoint, TVF, was a composite of safety (cardiac death or target vessel–

related myocardial infarction) and efficacy (clinically indicated target vessel 

revascularization). Two-year follow-up data were analyzed using Kaplan-

Meier methods.

Results: Two-year follow-up data were available for 2,460 of 2,488 patients 

(98.9%). TVF occurred in 93 of 1,243 patients (7.6%) assigned to ZES versus 

87 of 1,245 patients (7.1%) assigned to SES (log-rank p = 0.66). There was no 

significant between-stent difference in individual components of this 

endpoint. The incidence of definite-or-probable stent thrombosis was low for 

both treatment arms (0.4% vs. 1.1%; log-rank p = 0.057). In patients stented in 

small vessels, there was no between-stent difference (TVF 8.2% vs. 8.7% [log-

rank p = 0.75], target lesion revascularization 4.0% vs. 4.4% [log-rank p = 0.77]).

Conclusions: At 2-year follow-up, the novel thin composite-wire-strut durable-

polymer Resolute Onyx ZES showed in all-comers similar safety and efficacy 

compared with the ultrathin cobalt-chromium-strut biodegradable-polymer 

Orsiro SES. The analysis of patients who were treated in small vessels also 

suggested no advantage for either stent.

INTRODUCTION

Zotarolimus-eluting coronary stents showed favorable clinical outcomes 

in several randomized clinical trials in all-comers.1–4 Nevertheless, a recent 

study in patients with small target vessels suggested an increased repeated 

target lesion revascularization risk with the previous-generation thin-strut 

durable polymer zotarolimus-eluting device compared with an ultrathin-

strut biodegradable-polymer sirolimus-eluting stent (SES; Orsiro, Biotronik, 

Bülach, Switzerland).5 The newest generation zotarolimus-eluting stent (ZES; 

Resolute Onyx, Medtronic, Santa Rosa, California) has a refined design and 

is based on a thin metallic stent platform, made from a strut with an outer 

layer of cobalt-chromium alloy and a dense platinum-iridium core wire.6 

This “composite-wire strut” has enhanced radiographic visibility and allows 

reduced strut thickness, while radial and longitudinal strength is maintained. 

These novel features of the current Resolute Onyx ZES, together with the 

wider range of available stent diameters, may have the potential to reduce 

adverse clinical events after percutaneous coronary intervention, which may 

be most pronounced in small target vessels.

The primary outcome of the randomized BIONYX (Bioresorbable 

Polymer-Coated Orsiro Versus Durable Polymer-Coated Resolute Onyx Stents) 

trial6 showed noninferiority of the Resolute Onyx ZES versus the Orsiro SES 

regarding target vessel failure (TVF) at 12 months in all-comers. No data on 

longer term follow-up have been published, although the Resolute Onyx ZES 

is widely used in clinical practice. The present analysis is the first to report 

2-year clinical outcomes of this trial and the first to report 2-year clinical 

outcomes of the Resolute Onyx ZES in all-comers. In addition, we performed 

a pre-specified subgroup analysis in patients with small target vessels.

METHODS

Study design and patient population

BIONYX is an international, prospective, investigator-initiated, patient- and 

assessor-blinded, randomized non-inferiority trial (NCT02508714), conducted 

at 7 specialized cardiac centers in Belgium, Israel, and the Netherlands. Details 

on trial design and 1-year clinical outcomes have been reported.6 In brief, all-

comer patients with any coronary syndrome, de novo or restenotic target 

lesions, any lesion length, any reference vessel size, and any number of lesions 

or vessels to be treated were enrolled from October 2015 to December 2016. 

Only very few exclusion criteria were applied (Online Appendix). All patients 

provided wrieen informed consent. The trial complied with the Declaration 
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of Helsinki, and was approved by the Medical Ethics Commieee Twente and 

the Institutional Review Boards of all participating centers. Patients were 

randomly assigned (1:1) to ZES or SES, which were available in diameters 

ranging for ZES from 2.0 to 5.0 mm and for SES from 2.25 to 4.0 mm (further 

details in Online Figure 1).

Procedures and follow-up

Coronary interventions were performed according to standard techniques, 

and concomitant medical treatment was prescribed according to medical 

guidelines. The stent platform of the Resolute Onyx ZES is made from a swaged 

shape composite wire of platinum-iridium, surrounded by a cobalt-chromium 

alloy. The uncoated struts of stents with diameters ≤ 4.0 mm (81 µm) are 10 

µm thinner than the struts of its predecessor and circumferentially covered 

with a 5.6-µm-thick polymer blend that elutes zotarolimus for 6 months. ZES 

with diameters ≥ 4.5 mm have a strut thickness of 91 µm, matching the strut 

thickness of its predecessor.

The stent platform of the Orsiro SES is made from a cobalt-chromium alloy 

with a strut thickness of 60 µm (in stents ≤ 3.0 mm) or 80 µm (in stents ≥ 3.5 

mm), covered in an asymmetrical biodegradable polymer that elutes sirolimus 

within 4 months.6

Clinical follow-up was obtained at visits to outpatient clinics or by 

telephone questionnaire. Clinical endpoints were pre-specified according 

to the Academic Research Consortium.7,8 The main endpoint was TVF, a 

composite of cardiac death, target vessel–related myocardial infarction (MI), 

or clinically indicated target vessel revascularization. Secondary endpoints 

included the individual components of TVF, target lesion failure, and target 

lesion revascularization. Stent thrombosis was defined according to Academic 

Research Consortium definitions.7,8 The Online Appendix provides further 

details on the definition of clinical endpoints.

The trial was monitored (Diagram, Zwolle, the Netherlands), and event 

adjudication was performed by an independent external clinical event 

commieee, consisting of experienced interventional cardiologists (University 

of Amsterdam, Amsterdam, the Netherlands), who were blinded to assigned 

stent type. Angiographic analyses and quantitative coronary angiographic 

measurements were done by analysts at an angiographic core laboratory 

according to current standards (QAngio XA version 7.3, Medis, Leiden, the 

Netherlands). Patients with reference vessel diameters <2.5 mm were included 

in the small-vessel subgroup analysis; this cutoff value was based on previous 

clinical research.9

Statistical analysis

Analyses were done according to the intention-to-treat principle. Differences 

in categorical variables between groups were examined using Pearson’s chi-

square test, and for comparisons of continuous variables Student’s t-test or 

the Wilcoxon rank sum test, as appropriate, was used. Time to endpoints was 

assessed using the Kaplan-Meier method, and the log-rank test was applied 

for between-group comparisons. Patients were censored (at the moment of 

dropout) if they were lost to follow-up, withdrew their consent, or died. Hazard 

ratios (HRs) with 2-sided confidence intervals (CIs) were computed using Cox 

proportional hazards analysis. Landmark analyses were performed using the 

1-year landmark. In a pre-specified subgroup analysis, we assessed clinical 

outcomes in patients with small coronary target vessels, defined as a reference 

vessel diameter <2.5 mm. The main endpoint was also assessed in other pre-

specified subgroups, and we used a Wald test for interaction between each 

subgroup and randomized stent. A 2-sided p value <0.05 was considered to 

indicate statistical significance. Statistical analyses were done using SPSS 

version 24.0 (IBM, Armonk, New York).

RESULTS

Baseline characteristics of all patients

Of the 2,488 trial participants ranging in age from 30 to 96 years (mean 64.0 

± 11.0 years), 1,894 (76.1%) were men and 594 (23.9%) were women. Of these 

all-comer patients, 1,765 (70.9%) presented with acute coronary syndromes 

(Online Table 1).

2-Year clinical outcome in all patients

Follow-up was available in 2,460 of 2,488 patients (98.9%); 19 patients were 

lost to follow-up and 9 withdrew their consent and were censored at moment 

of dropout (Online Figure 2). Table 1 presents 2-year clinical outcomes; event 

rates are based on Kaplan-Meier estimates. The main endpoint, TVF, occurred 

in 93 of 1,243 patients (7.6%) assigned to ZES and 87 of 1,245 patients (7.1%) 

assigned to SES (HR: 1.07, 95% CI: 0.80 to 1.43; p = 0.66) (Central Illustration). 
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Table 1. Two-year clinical outcome in all patients (n = 2,488).

Events until 2-years
ZES

(n = 1,243)

SES

(n = 1,245)

Hazard ratio 

(95% CI)
P-logrank

Any death 35 (2.8) 47 (3.8) 0.74 (0.48-1.15) 0.18

Cardiac death 12 (1.0) 20 (1.6) 0.60 (0.29-1.22) 0.15

Any myocardial infarction 40 (3.3) 39 (3.2) 1.02 (0.66-1.59) 0.93

Target vessel myocardial infarction 34 (2.8) 28 (2.3) 1.21 (0.73-2.00) 0.45

Any revascularization 106 (8.7) 105 (8.6) 1.00 (0.77-1.31) 0.99

Target vessel revascularization 66 (5.4) 57 (4.7) 1.16 (0.81-1.65) 0.43

Target lesion revascularization* 48 (3.9) 41 (3.4) 1.17 (0.77-1.78) 0.46

Target vessel failure † 93 (7.6) 87 (7.1) 1.07 (0.80-1.43) 0.66

Target lesion failure 76 (6.2) 71 (5.8) 1.07 (0.78-1.48) 0.68

Major adverse cardiac events 102 (8.3) 107 (8.6) 0.95 (0.73-1.25) 0.73

Patient-oriented composite endpoint 152 (12.3) 161 (13.0) 0.94 (0.75-1.17) 0.56

Definite-or-probable stent thrombosis 5 (0.4) 13 (1.1) 0.38 (0.14-1.07) 0.057

Definite stent thrombosis 5 (0.4) 11 (0.9) 0.45 (0.16-1.30) 0.13

Two-year follow-up information was obtained from 2460 of all 2488 study patients (98.9%) and 

analyzed using the Kaplan-Meier method, therefore the percentages may differ slightly from 

straightforward ‘nominator divided by denominator’ calculations.

* One additional patient of the zotarolimus-eluting stent group experienced a target lesion 

revascularization that was adjudicated as not being clinically indicated.

† Main composite endpoint including cardiac death, target vessel-related myocardial infarction, or 

clinically indicated target vessel revascularization.

CI = confidence interval; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent.

There were no significant between-stent differences in the incidence of the 

individual TVF components of cardiac death, target vessel–related MI, and 

clinically indicated target vessel revascularization (Figure 1). 

In both groups, the use of dual-antiplatelet therapy at 2 years was low 

(15.2% vs 14.7%) (Online Table 2), as was the incidence of definite or probable 

stent thrombosis (5 of 1,243 [0.4%] vs. 13 of 1,245 [1.1%]; HR: 0.38; 95% CI: 0.14 to 

1.07; p = 0.057) (Figure 2, Online Table 3). Landmark analyses between 1 and 2 

years revealed no between-stent difference (Figure 3). In addition, results for 

the main endpoint were consistent across various subgroups (Online Figure 3).

Figure 1. Kaplan-Meier cumulative event curves for individual components of the main endpoint 

target vessel failure at 2-year follow-up, in all patients.

Cardiac death (A), target vessel-related myocardial infarction (B), or clinically indicated target vessel 

revascularization (C).

HR = hazard ratio.
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Figure 2. Incidence of definite-or-probable stent thrombosis at 2-years, in all patients.

HR = hazard ratio.

Small-vessel subgroup

A total of 898 patients (36.1%) were treated in at least 1 small vessel (reference 

vessel diameter <2.50 mm). Patients assigned to ZES were slightly older 

and less often smokers but otherwise had comorbidities similar to patients 

assigned to SES (Online Table 4). There were 21 of 454 ZES patients (4.6%) who 

were treated with the 2.0-mm ZES, while 6 of 444 patients assigned to SES 

received 2.0-mm ZES (crossover). Adverse clinical event rates in these patients 

were similar to rates in the entire study population. 

Between ZES and SES, there was no significant difference in the incidence 

of TVF (37 of 454 [8.2%] vs. 38 of 444 [8.7%]; HR: 0.93; 95% CI: 0.59 to 1.46; p = 0.75) 

(Central Illustration) and repeat target lesion revascularizations (18 of 454 

[4.0%] vs. 19 of 444 [4.4%]; HR: 0.91; 95% CI: 0.48 to 1.73; p = 0.77) (Online Figure 

4). There were no significant between-stent differences in other secondary 

endpoints or landmark analyses in patients with small-vessel treatment 

(Table 2).
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Table 2. Two-year clinical outcome in patients with small vessel treatment (n = 898).

Events until 2-years
ZES

(n = 454)

SES

(n = 444)

Hazard ratio 

(95% CI)
P-logrank

Any death 10 (2.2) 17 (3.9) 0.57 (0.26-1.23) 0.15

Cardiac death 5 (1.1) 8 (1.8) 0.60 (0.20-1.84) 0.37

Any myocardial infarction 19 (4.2) 17 (3.9) 1.08 (0.56-2.07) 0.82

Target vessel myocardial infarction 16 (3.6) 12 (2.7) 1.29 (0.61-2.72) 0.51

Any revascularization 41 (9.1) 44 (10.2) 0.89 (0.58-1.36) 0.57

Target vessel revascularization 26 (5.8) 27 (6.3) 0.92 (0.54-1.57) 0.76

Target lesion revascularization 18 (4.0) 19 (4.4) 0.91 (0.48-1.73) 0.77

Target vessel failure* 37 (8.2) 38 (8.7) 0.93 (0.59-1.46) 0.75

Target lesion failure 29 (6.4) 30 (6.9) 0.93 (0.56-1.55) 0.78

Major adverse cardiac events 35 (7.8) 43 (9.8) 0.78 (0.50-1.22) 0.28

Patient-oriented composite endpoint 55 (12.2) 63 (14.3) 0.83 (0.58-1.19) 0.31

Definite-or-probable stent thrombosis 1 (0.2) 6 (1.4) 0.16 (0.02-1.34) 0.053

Definite stent thrombosis 1 (0.2) 5 (1.1) 0.19 (0.02-1.65) 0.09

Events between 1-2 years † ZES SES

Any death 5 (1.1) 6 (1.4) 0.80 (0.24-2.60) 0.70

Cardiac death 3 (0.7) 1 (0.2) 2.86 (0.30-27.49) 0.34

Any myocardial infarction 11 (2.5) 7 (1.7) 1.50 (0.58-3.88) 0.40

Target vessel myocardial infarction 9 (2.1) 2 (0.5) 4.31 (0.93-19.95) 0.06‡

Any revascularization 15 (3.5) 14 (3.6) 1.01 (0.49-2.09) 0.99

Target vessel revascularization 11 (2.6) 9 (2.2) 1.16 (0.48-2.79) 0.75

Target lesion revascularization 5 (1.2) 7 (1.7) 0.68 (0.22-2.15) 0.51

Target vessel failure 17 (4.0) 10 (2.5) 1.61 (0.74-3.52) 0.23

Target lesion failure 11 (2.6) 8 (2.0) 1.31 (0.53-3.27) 0.56

Major adverse cardiac events 14 (3.3) 18 (4.4) 0.74 (0.37-1.49) 0.40

Patient-oriented composite endpoint 22 (5.3) 20 (5.1) 1.03 (0.56-1.89) 0.92

Definite-or-probable stent thrombosis 1 (0.2) 1 (0.2) 0.95 (0.06-15.14) 0.97

Definite stent thrombosis 1 (0.2) 1 (0.2) 0.95 (0.06-15.14) 0.97

Two-year follow-up information was obtained from 884 of 898 study patients with small vessel 

treatment (98.4%) and analyzed using the Kaplan-Meier method, therefore the percentages may 

differ slightly from straightforward ‘nominator divided by denominator’ calculations.

* Main composite endpoint including cardiac death, target vessel-related myocardial infarction, or 

clinically indicated target vessel revascularization.

† Patients that were censored for each event during the first year were not included in this analysis.

‡ P-value based on Wald test because of the very low event rate in the Orsiro group.

CI = confidence interval; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent.

Central Illustration. 2-Year summary of thin composite-wire-strut zotarolimus-eluting stents 

versus ultrathin-strut sirolimus-eluting stents in BIONYX.

Target vessel failure is the main composite clinical endpoint, consisting of cardiac death, target 

vessel myocardial infarction, or clinically indicated target vessel revascularization.

* 81 µm for stents ≤ 4.0mm, 91 µm for stents ≥ 4.5mm.

† 60 µm for stents ≤ 3.0mm, 80 µm for stents ≥ 3.5mm
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DISCUSSION

Main Findings

In this first randomized comparison of the thin composite-wire-strut durable-

polymer Resolute Onyx ZES versus the ultrathin-strut biodegradable polymer 

Orsiro SES in all-comers, we found low and similar 2-year clinical event rates. 

There was no difference in the incidence of the main clinical endpoint, TVF, 

and its individual components at 2 years. In addition, although the study was 

not powered to assess infrequent adverse events such as stent thrombosis, 

the incidence of stent thrombosis was found to be low in both groups, which 

may indicate favorable safety characteristics. Stent thrombosis risk was 

particularly low in patients treated with the Resolute Onyx, which is of interest 

given the fact that this is the first report on 2-year clinical outcomes with this 

stent; previous studies reported favorable clinical outcomes for the Resolute 

Onyx after 8 to 12 months.10–12 Notably, in patients stented in small vessels 

(<2.5 mm), we observed no between-stent difference in clinical outcomes. The 

results of the present 2-year analysis of BIONYX are remarkable, given the 

fact that the Resolute Onyx competes with an ultrathin-strut biodegradable 

polymer-coated SES that has demonstrated in 2 clinical trials superiority 

versus the cobalt-chromium fluoropolymer-coated everolimus-eluting Xience 

stent (Abboe Vascular, Santa Clara, California),13–15 a device that for many years 

was considered the “gold standard” for drug-eluting stents.

Previous studies

The Resolute Onyx ZES has been studied in only a few clinical trials, with 

BIONYX being the first trial in all-comers.6,11,12,16 A prospective single-arm trial11 

in which 75 patients underwent coronary stenting with the Resolute Onyx 

showed noninferiority of 8 month angiographic outcomes compared with 

historical data from the RESOLUTE-US trial. Eight-month target lesion failure 

and target lesion revascularization rates were higher than in the present study 

(6.7% and 4.0%, respectively), which might be related to the lack of routine 

angiographic follow-up in our study.

One-year clinical outcomes of the randomized Onyx ONE noninferiority 

trial were recently presented.16 This study randomized 1,996 patients at high 

bleeding risk to the Resolute Onyx ZES or a polymer-free biolimus A9-drug-

coated stent (BioFreedom, BioSensors Europe, Morges, Switzerland), and all 

patients received 1 month of dual-antiplatelet therapy, followed by 11months 

of single-antiplatelet therapy. The 1-year target lesion failure rates of both 

stent groups were similar (18.0% vs. 17.9%, respectively) but much higher than 

the 2-year rates in our present study, which may be aeributed to the fact that 

Onyx ONE assessed patients at high bleeding risk only.

The smallest sized Resolute Onyx ZES (2.0 mm) was assessed in a 

prospective, single-arm, multicenter trial that included 101 patients with 

small target vessels and showed low target lesion failure rates and no case of 

stent thrombosis.12

The Orsiro SES has been extensively studied in large randomized clinical 

stent trials and showed favorable results against well-established reference 

stents.4,17–21 Two randomized clinical trials showed significantly lower event 

rates with Orsiro SES versus Xience everolimus-eluting stents. This included 

the randomized BIOFLOW V trial, in which Orsiro outperformed Xience with 

regard to the composite endpoint, target lesion failure, in 1,334 patients.22 In 

BIOFLOW V, the 2-year target lesion failure rate of Orsiro was somewhat higher 

(7.5%) than in our present study, which might be related to differences in 

patient population. In addition, the recently published randomized BIOSTEMI 

trial showed at 1 year superiority of Orsiro versus Xience regarding target 

lesion failure in 1,300 patients presenting with ST-segment elevation MI.14 

After 1 year of follow-up, target lesion failure occurred in 4% of these patients 

treated with Orsiro, which was comparable with the 1-year rate of target lesion 

failure (3.6%) in the all-comers population of BIONYX.6

Small-vessel treatment

Among patients in BIONYX who underwent small-vessel treatment, we found 

no between-stent differences in the incidence of various clinical endpoints. 

Yet target vessel MI occurred more often with the Resolute Onyx ZES during 

the second year of follow-up, but this might be due to chance. Notably, there 

was no difference in repeated target lesion revascularizations, which is in 

contrast to recent findings in 1,506 BIO-RESORT participants with small-

vessel treatment.5 In that study, a higher incidence of repeated target lesion 

revascularizations was observed in patients with small-vessel treatment 

using the previous iteration of the ZES (Resolute Integrity) versus the 

ultrathin-strut Orsiro SES.5 The fact that no such signal was observed in the 

small vessel analysis of BIONYX is encouraging.

Given that with the Resolute Onyx, the eluted drug and the polymer type 

do not differ from the Resolute Integrity ZES,6 the more favorable results might 

be related to the lower strut thickness and the flaeened (“swaged”) strut shape 

of the current Resolute Onyx ZES, which might facilitate endothelialization of 

the struts. Hence, strut shape (besides strut thickness) could have an impact 
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on the risk for repeated revascularization in small target vessels, but this 

hypothesis requires assessment in future studies.

In addition, we cannot exclude that the availability of a dedicated 2.0-mm 

size of the Resolute Onyx ZES might have contributed a bit to the favorable 

outcomes in the small-vessel subgroup. In fact, somewhat more patients 

assigned to ZES received 2.0-mm stents (21 patients in the ZES arm vs. 6 

patients in the SES arm), but considering the small number of 2.0-mm stents 

used, one should be cautious and avoid overinterpretation.

Stent thrombosis

During the first year of follow-up, there was a lower incidence of definite or 

probable stent thrombosis in the Resolute Onyx group.6 After 2-years, there 

was only a numeric difference in favor of the Resolute Onyx, which did not 

reach statistical significance. During the second year of the BIONYX trial, all 

definite stent thromboses (4 in each group) resulted in MI and target lesion 

revascularization, and there were no probable stent thromboses. Notably, 2 

patients in the Resolute Onyx group were still on dual-antiplatelet therapy 

prior to the event, while in the Orsiro group, none of the patients were on 

dual-antiplatelet therapy (Online Table 3). With the Resolute Onyx ZES, the 

2-year definite stent thrombosis rate was 0.4%, which is very low for an all-

comers study with a high proportion of acute coronary syndromes, especially 

when considering the low rate of dual-antiplatelet therapy, compared with 

a series of studies with previous-generation ZES.1 The corresponding stent 

thrombosis rate with the Orsiro SES was low (0.9%) and matched well with 

previous trials (0.5% to 1.1%).22–24 Data for the Resolute Onyx stent are certainly 

encouraging, but because of the very small number of stent thromboses, no 

definitive conclusions can be drawn. Considering the absence of follow-up 

data for Resolute Onyx ZES beyond 2 years, further long-term follow-up is of 

interest.

Limitations

The study was not powered to assess infrequent adverse events (e.g., stent 

thrombosis) and clinical outcomes in subgroups, such as patients with small 

vessels. The findings of the present study should be considered hypothesis 

generating. In addition, there was no routine angiographic follow-up, but this 

reflects current clinical routine.

Conclusions

At 2-year follow-up, the novel thin composite-wire-strut durable-polymer 

Resolute Onyx ZES showed in all-comers excellent safety and efficacy, similar 

to that of the ultrathin cobalt-chromium-strut biodegradable polymer Orsiro 

SES. A pre-specified analysis of patients who were treated in small vessels also 

suggested no advantage for either stent.
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CLINICAL PERSPECTIVES

What is known?

The durable-polymer Resolute Onyx stent has shown excellent clinical 

results until 1-year follow-up, but no data beyond 1 year of follow-up have 

been published.

What is new?

This is the first report of the 2-year clinical follow-up of the international 

randomized BIONYX trial. All-comer patients had similar 2-year clinical event 

rates if treated with the Resolute Onyx (7.6%) versus the Orsiro (7.1%) stent 

(HR: 1.07; 95% CI: 0.80 to 1.43). Stenting small vessels suggested no advantage 

in outcomes for either stent.

What is next?

Treating all-comers with the novel ZES appears safe and effective until 2-year 

follow-up, and this includes patients treated in small coronary vessels.
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SUPPLEMENTAL DATA

Supplemental Results

In the prespecified subgroup analysis comparing target vessel failure using 

Resolute Onyx ZES versus Orsiro SES, we found no significant interaction with 

treatment of small vessels (i.e. reference vessel size < 2.5 mm); small vessels: 

HR 0.93, 95% CI 0.59–1.46; non-small vessels: HR 1.17, 95% CI 0.80–1.72; P for 

interaction = 0.45.

Supplemental Figure 1. Technical stent details.

* For Resolute Onyx, the conformal polymer coating adds 11µm to the bare strut thickness. For 

Orsiro the coating thickness is dissimilar on the luminal and abluminal side, adding a 11µm coating 

thickness to the struts.

Adapted from: von Birgelen C. BIONYX (TWENTE IV) A randomized trial evaluating a thin composite 

wire strut durable polymer-based DES compared with an ultra-thin strut bioresorbable polymer-

based DES in an all-comers patient population. Presented at: TCT 2018; September 22, 2018; San Diego, 

California.

Supplemental Figure 2. Study flowchart of BIONYX until 2-years.

SES = sirolimus-eluting stents; ZES = zotarolimus-eluting stents.

Supplemental Figure 3. Subgroup analyses for the 2-year rates of target vessel failure.

Values are n/N (%). CI = confidence interval; SES = sirolimus-eluting stents; ZES = zotarolimus-

eluting stents.
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Supplemental Table 1. Baseline patient and procedural characteristics of all patients.

All patients

(n = 2,488)

Resolute Onyx

(n = 1,243)

Orsiro

(n=1,245)

General characteristics

Age, years 64.0 (11.0) 64.1 (10.9) 63.9 (11.2)

Women 594 (23.9) 297 (23.9) 297 (23.9)

Body-mass index (kg/m2) 27.9 (4.4) 27.9 (4.4) 28.0 (4.4)

Current smoker 741/2,418 (30.6) 371/1,214 (30.6) 370/1,204 (30.7)

Medical history

Family history of coronary artery disease 1,038/2,385 (43.5) 533/1,193 (44.7) 505/1,192 (42.2)

Diabetes, medically treated 510 (20.5) 260 (20.9) 250 (20.1)

Hypertension 1,262/2,451 (51.5) 611/1,228 (49.8) 651/1,223 (53.2)

Hypercholesterolemia 1,114/2,427 (45.9) 552/1,215 (45.4) 562/1,212 (46.4)

Previous myocardial infarction 400 (16.1) 194 (15.6) 206 (16.5)

Previous percutaneous coronary intervention 540 (21.7) 262 (21.1) 278 (22.3)

Previous coronary artery bypass grafting 176 (7.1) 79 (6.4) 97 (7.8)

Renal insufficiency* 166 (6.7) 83 (6.7) 83 (6.7)

Clinical presentation

Acute coronary syndrome 1,765 (70.9) 880 (70.8) 885 (71.1)

Stable angina or silent ischemia 723 (29.1) 363 (29.2) 360 (28.9)

Lesion characteristics

At least one complex lesion 1,873 (75.3) 936 (75.3) 937 (75.3)

At least one bifurcation lesion 981 (39.4) 485 (39.0) 496 (39.8)

At least one severely calcified lesion 423 (17.0) 200 (16.1) 223 (17.9)

Procedural characteristics

Total stent length per patient (mm) 30 (18-48) 30 (18-49) 30 (18-48)

Direct stenting 590 (23.7) 284 (22.8) 306 (24.6)

Postdilation 1,721 (69.2) 859 (69.1) 862 (69.2)

Multivessel treatment 441 (17.7) 236 (19.0) 205 (16.5)

Data are n (%), n/N (%), mean (SD), or median (IQR).

* Renal insufficiency was defined as previous renal failure, creatinine ≥130 µmol/l, or the need for 

dialysis.

Supplemental Figure 4. Kaplan-Meier event curves for individual components of target vessel 

failure, in patients with small vessel treatment.

HR = Hazard ratio.
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Supplemental Table 3. Details of stent thromboses during the 2nd year of follow-up.

Index procedure Event

Days after 

index PCI

Sex 

(age)

Clinical 

presentation 

(index PCI)

Lesion 

details

Number of stents 

and size

Post 

dilatation
Clinical consequences

Patient on 

DAPT?
Treatment

Zotarolimus-eluting stents

494
Male 

(64)
Stable angina

LAD, 

bifurcation

Number of stents: 2 

Sizes: 2.25x26mm, 

2.25x8mm

Yes STEMI; CK not available Yes, clopidogrel
TLR, DAPT with 

clopidogrel

516
Male 

(63)

NSTEMI (RCX); 

LAD in staged 

procedure

LAD, 

bifurcation

Number of stents: 3

Sizes: 3x18mm, 

2x18mm, 3x15mm

Yes

STEMI; max CK 1140 IU/l, 

thrombus aspiration, 

ventricular tachycardia

Yes, ticagrelor
TLR, DAPT with 

ticagrelor

532
Male 

(48)
Unstable angina

LAD, 

bifurcation

Number of stents: 1

Size: 3x26mm
Yes STEMI; max CK 1604 IU/l

Discontinued all 

medication on 

own initiative

TLR, DAPT with 

ticagrelor

605
Male 

(45)
Stable angina

RCA, 

chronic total 

occlusion

Number of stents: 4

Sizes: 2x22mm, 

2.5x38mm, 3x38mm, 

3.5x15mm

Yes
NSTEMI; max CK 1479 

IU/l; thrombus aspiration
No

TLR, DAPT with 

ticagrelor

Sirolimus-eluting stents

405
Male 

(75)
NSTEMI

RCA, 

complex

Number of stents: 2

Sizes: 3x30mm, 

3x30mm

Yes STEMI, max CK 808 IU/l
No (stopped 1 

month prior)

TLR, DAPT with 

ticagrelor

(2 years)

423
Male 

(62)
NSTEMI

RCX, in-stent 

restenosis

Number of stents: 3

Sizes: 2.25x13mm, 

3x13mm, 2.25x9mm

Yes

STEMI; max troponin 

T 230ng/L, abciximab 

infusion

No (stopped 3 

months prior)

TLR, DAPT with 

ticagrelor

(2 years)

426
Male 

(53)
Stable angina

RCA, 

chronic total 

occlusion

Number of stents: 2

Sizes: 3x40mm, 

3.5x30mm

Yes
STEMI; max CK 570 IU/l, 

thrombus aspiration

No (stopped 1 

month prior)

TLR, DAPT with 

ticagrelor

599
Male 

(76)
STEMI venous graft

Number of stents: 1

Size: 4x18mm
No NSTEMI, CK not available No

TLR aTempt with 

no success, optimal 

medical treatment

CK = creatine kinase; DAPT = dual antiplatelet therapy; LAD = left anterior descending; NSTEMI = non-ST-elevation myocardial infarction; PCI = percutaneous 

coronary intervention; RCA = right coronary artery; RCX = circumflex; STEMI = ST-elevation myocardial infarction; TLR = target lesion revascularization. 

Details of stent thromboses during the first year of follow-up were reported in Lancet 2018; 392:1235-45.
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Supplemental Table 4. Baseline patient and procedural characteristics of patients with small 

vessel treatment (n = 898).

Resolute Onyx

(n = 454)

Orsiro

(n = 444)
p-value

General characteristics

Age, years 65.4 (10.6) 63.8 (11.1) 0.027

Women 119 (26.2) 115 (25.9) 0.92

Body-mass index (kg/m2) 28.0 (4.4) 27.9 (4.5) 0.76

Current smoker 105/444 (23.6) 137/432 (31.7) 0.008

Medical history

Family history of coronary artery disease 196/439 (44.6) 172/427 (40.3) 0.19

Diabetes, medically treated 118 (26.0) 103 (23.2) 0.33

Hypertension 245/451 (54.3) 235/435 (54.0) 0.93

Hypercholesterolemia 199/445 (44.7) 198/429 (46.2) 0.67

Previous myocardial infarction 66 (14.5) 78 (17.6) 0.22

Previous percutaneous coronary intervention 99 (21.8) 111 (25) 0.26

Previous coronary artery bypass grafting 24 (5.3) 28 (6.3) 0.51

Renal insufficiency* 34 (7.5) 25 (5.6) 0.26

Clinical presentation

Acute coronary syndrome 314 (69.2) 326 (73.4)
0.16

Stable angina or silent ischemia 140 (30.8) 118 (26.6)

Lesion characteristics

At least one complex lesion 354 (78.0) 346 (77.9) 0.99

At least one bifurcation lesion 206 (45.4) 212 (47.7) 0.48

At least one severely calcified lesion 87 (19.2) 90 (20.3) 0.68

Procedural characteristics

Implantation of assigned stents only 441 (97.1) 429 (96.6) 0.66

Total stent length per patient (mm) 34 (22-56) 33 (18-52) 0.26

Direct stenting 84 (18.5) 89 (20.0) 0.56

Postdilation 314 (69.2) 291 (65.5) 0.25

Multivessel treatment 139 (30.6) 118 (45.9) 0.18

Data are n (%), n/N (%), mean (SD), or median (IQR).

* Renal insufficiency was defined as previous renal failure, creatinine ≥130 µmol/l, or the need for 

dialysis.
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ABSTRACT

Objectives: The aim of this study was to assess the 3-year safety and efficacy 

of treating all-comer patients with 3 contemporary drug-eluting stents (DES).

Background: The BIO-RESORT (Comparison of Biodegradable Polymer and 

Durable Polymer Drug-Eluting Stents in an All Comers Population) (TWENTE 

III) randomized trial (NCT01674803) found similar 1-year safety and efficacy 

for the 2 biodegradable-polymer DES (i.e., ultrathin-strut cobalt-chromium 

Orsiro sirolimus-eluting stent [SES] and very-thin-strut platinum-chromium 

Synergy everolimus-eluting stent) compared with the durable-polymer 

thin-strut cobalt-chromium Resolute Integrity zotarolimus-eluting stent 

(ZES). Two-year follow-up suggested that the SES might reduce repeat 

revascularizations beyond 1 year compared with the ZES.

Methods:  A total of 3,514 all-comer patients were treated at 4 centers for 

coronary intervention. The main clinical endpoint, target vessel failure, 

was a composite of safety (cardiac death or target vessel–related myocardial 

infarction) and efficacy (target vessel revascularization). Secondary endpoints 

included the individual components of target vessel failure and stent 

thrombosis.

Results: Three-year follow-up data were available for 3,393 of 3,514 patients 

(96.6%). Target vessel failure occurred in 8.5% with SES and 10.0% with 

ZES (p
log rank 

= 0.22) and in 8.8% with everolimus-eluting stents (vs. ZES, p
log 

rank 
= 0.32). Rates of cardiac death, target vessel myocardial infarction, and 

target vessel revascularization were similar between stent groups. Landmark 

analyses found no statistically significant between-stent difference in repeat 

revascularization between 1 and 3 years. Definite or probable stent thrombosis 

rates were low (SES, 1.1%; everolimus-eluting stent, 1.1%; ZES, 0.9%) and similar 

with all 3 DES.

Conclusions: Despite substantial differences in stent backbone and polymer 

coating, all 3 DES showed favorable 3-year safety and efficacy in all comers, 

without significant between-stent differences. Further follow-up is required 

to definitely answer the question of whether one stent might improve clinical 

outcomes at a later stage.

INTRODUCTION

The prolonged inflammation of the coronary vessel wall, delayed arterial 

healing, and formation of neoatherosclerosis in drug-eluting stents (DES) have 

been related to the permanent presence of durable-polymer stent coatings and 

may cause late and very late adverse events.1 Novel DES with biodegradable 

polymer coatings were developed to overcome these limitations and increase 

the long-term safety of percutaneous coronary intervention, because they 

offer a temporary anti-proliferative effect, as seen in durable-polymer-

coated DES, combined with the long-term safety of bare-metal stents.2–6 Early 

biodegradable-polymer DES had relatively thick struts with somewhat limited 

flexibility. Several trials showed that these thick-strut biodegradable-polymer 

DES had at least similar long-term outcomes compared with durable-polymer 

DES with different strut sizes.7–10

Newer biodegradable-polymer DES have stent backbones with more 

flexible designs and thinner struts.11,12 This might improve stent apposition 

and accelerate strut endothelialization, with the potential to improve clinical 

outcomes. Two such biodegradable polymer-coated DES are the ultrathin-

strut Orsiro sirolimus-eluting stent (SES) (Biotronik, Bülach, Switzerland) 

and the very-thin-strut Synergy everolimus-eluting stent (EES) (Boston 

Scientific, Marlborough, Massachusetts). The large-scale BIORESORT 

(Comparison of Biodegradable Polymer and Durable Polymer Drug-Eluting 

Stents in an All Comers Population) trial is the first randomized study to 

simultaneously assess these 2 DES; in addition, it is the first randomized 

study to examine the EES in all comers.13 At 12 months, the noninferiority of 

each of the biodegradable-polymer DES was established compared with the 

durable-polymer thin strut Resolute Integrity zotarolimus-eluting stent (ZES) 

(Medtronic, Santa Rosa, California).13

Nevertheless, the clinical outcomes of biodegradable-polymer DES might 

further improve at a later stage. The analysis of the 2-year outcome data 

showed maintained safety and efficacy of the study devices, while providing 

a signal that use of the Orsiro SES might reduce repeat revascularization risk 

beyond 1 year.14 The present analysis is the first to report the 3-year clinical 

outcomes of the BIO-RESORT trial.

METHODS

Study design and participants

The study design and details of the BIO-RESORT trial have been reported.13,15 

In brief, this investigator-initiated, patient- and assessor-blinded, randomized 
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clinical trial (NCT01674803) was performed at 4 cardiac centers in the 

Netherlands. This 3-arm clinical trial enrolled 3,514 all-comer patients who 

required percutaneous coronary intervention with DES implantation between 

December 2012 and August 2015. All coronary syndromes, de novo and 

restenotic lesions, and coronary or bypass lesions were permieed. There were 

no limits on lesion length, reference vessel size, and the number of lesions or 

vessels to be treated. Patients were randomly assigned in a 1:1:1 ratio to the 

Orsiro SES, Synergy EES, or Resolute Integrity ZES.13

The trial complied with the Declaration of Helsinki and was approved by 

the Medical Ethics Commieee Twente and the Institutional Review Boards 

of all participating centers. All patients provided wrieen informed consent.

Procedures and follow-up

Coronary interventions were performed according to standard techniques, 

current medical guidelines, and the operator’s judgement. Trial and data 

management was done by Cardiovascular Research and Education Enschede 

(Enschede, the Netherlands). Clinical follow-up was obtained at visits to 

outpatient clinics or, if not feasible, by telephone follow-up or a medical 

questionnaire. Research staff members were blinded to the assigned stent 

type. The Orsiro SES elutes sirolimus within 3 months from a circumferential 

coating that is thicker on the abluminal side (7.4 µm) than on the luminal side 

(3.5 µm) and is resorbed within 18 months; it has 60-µm (for ≤3.0-mm stents) 

or 80-µm (for >3.0-mm stents) cobalt-chromium struts with a thin passive 

coating of amorphous silicon carbide.15 The Synergy EES elutes everolimus 

within 3 months from a 4-μm poly(lactic-co-glycolic acid) coating that is 

located only on the abluminal side of 74-μm (for stent size diameters ≤ 2.5 

mm), 79-μm (for 3.0- to 3.5-mm stents), or 81-μm (for 4.0-mm stents) platinum-

chromium struts and is resorbed within 4 months.3 The Resolute Integrity 

ZES has thin, round 91-μm cobalt-chromium struts that are circumferentially 

covered by a 6-μm blend of three durable polymers.15

Clinical endpoints, monitoring, and event adjudication

Clinical endpoints were pre-specified, according to definitions of the Academic 

Research Consortium.16,17 The main composite endpoint target vessel failure 

(TVF) assessed device efficacy and patient safety, including cardiac death, 

target-vessel related myocardial infarction (MI), or clinically indicated 

target vessel revascularization. Secondary endpoints were prespecified and 

included target lesion revascularization (TLR) and stent thrombosis, as well 

as individual components of several composite endpoints. The secondary 

composite endpoints were target lesion failure (TLF), comprising cardiac 

death, target vessel-related MI, and clinically driven TLR; major adverse 

cardiac events comprising all-cause death, any MI, emergent coronary bypass 

surgery, and clinically indicated TLR; and the patient-oriented composite 

endpoint, a composite of all-cause mortality, any MI, or any repeat coronary 

revascularization. Data monitoring, processing of clinical outcome data and 

independent clinical event adjudication were performed by an independent 

clinical research organization (Diagram, Zwolle, the Netherlands), the clinical 

event commieee was blinded for the assigned stent type at all times. There 

was no routine angiographic follow-up.

Statistical analysis

The study assessed 2 main comparisons: the biodegradable-polymer SES 

versus the durable-polymer ZES and the biodegradable-polymer EES versus 

the durable-polymer ZES. Continuous variables were compared between 

groups using the Student t test, while the chi-square or Fisher exact test was 

used to assess differences in categorical variables. The time to the primary 

endpoint and components thereof were assessed according to Kaplan-Meier 

methods; the log-rank test was applied for between-group comparisons. 

Hazard ratios were computed using Cox proportional hazards regressions 

analysis. Landmark analyses were performed using the 1-year landmark. 

The p values and confidence intervals were 2-sided. The p values <0.05 were 

considered to indicate statistical significance. Statistical analyses were 

performed using SPSS version 24 (IBM, Armonk, New York).

RESULTS

From December 2012 to August 2015 we randomized and assessed 3,514 

patients. Three-year follow-up was available for 3,393 patients (96.6%), 46 were 

lost to follow-up, and 75 withdrew their consent (Figure 1).

Patients were 32 to 93 years of age, 52.0% of patients were treated for acute 

MI, and most patients (79.2%) were treated for at least 1 complex (type B2 or C) 

lesion. Further baseline patient, lesion, and procedural data are presented in 

Table 1. The use of dual antiplatelet therapy (DAPT) at 3 years was low (6.9%), 

as was the use of oral anticoagulation therapy plus antiplatelet agents (0.9%), 

without any between-DES difference (Online Table 1).

Table 2 presents 3-year clinical outcomes. Time-to-event curves of the 

main composite clinical endpoint, TVF, and its components are displayed in 

the Central Illustration.
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Figure 1. Study flowchart.

* This is the number of patients treated with drug-eluting stents during the period of study 

enrollment, irrespective of in- or exclusion criteria.

Table 1. Clinical characteristics of patients, lesions and procedures.

All patients

n = 3,514

SES

n = 1,169

EES

n = 1,172

ZES

n = 1,173

Age, yrs 63.9 ±10.8 64.2 ±10.7 64.0 ±10.7 63.6 ±10.9

Male 2,547 (72.5) 854 (73.1) 845 (72.1) 848 (72.3)

Body mass index, kg/m2 27.4 ± 4.2 27.4 ± 4.2 27.6 ± 4.2 27.3 ± 4.0

Current smoker 1,031/3,422 (30.1) 341/1,144 (29.8) 336/1,135 (29.6) 354/1,143 (31.0)

Medical history

Family history of CAD 1,557/3,372 (46.2) 516/1,120 (46.1) 512/1,114 (46.0) 529/1,138 (46.5)

Diabetes, medically treated 624 (17.8) 211 (18.0) 203 (17.3) 210 (17.9)

Hypertension 1,624 (46.2) 550 (47.0) 520 (44.4) 554 (47.2)

Hypercholesterolemia 1,335 (38.0) 463 (39.6) 422 (36.0) 450 (38.4)

Previous MI 649 (18.5) 209 (17.9) 192 (16.4) 248 (21.1)

Previous PCI 626 (17.8) 214 (18.3) 214 (18.3) 198 (16.9)

Previous CABG 267 (7.6) 80 (6.8) 91 (7.8) 96 (8.2)

Previous stroke 231 (6.6) 76 (6.5) 74 (6.3) 81 (6.9)

Renal insufficiency* 108 (3.1) 46 (3.9) 29 (2.5) 33 (2.8)

Clinical presentation

Acute coronary syndrome 2,449 (69.7) 818 (70.0) 816(69.6) 815 (69.5)

Stable angina 1,065 (30.3) 351 (30.0) 356 (30.4) 358 (30.5)

Lesion characteristics†

At least 1 complex lesion 2,783 (79.2) 942 (80.6) 903 (77.0) 938 (80.0)

At least 1 bifurcation lesion 1,236 (35.2) 412 (35.2) 415 (35.4) 409 (34.9)

At least 1 chronic total occlusion 139 (4.0) 47 (4.0) 44 (3.8) 48 (4.1)

At least 1 bypass graft lesion 70 (2.0) 22 (1.9) 18 (1.5) 30 (2.6)

At least 1 ostial lesion 252 (7.2) 74 (6.3) 97 (8.3) 81 (6.9)

At least 1 severely calcified lesion 783 (22.3) 266 (22.8) 252 (21.5) 265 (22.6)

Procedural details

Implantation of assigned stents 

only
3,446 (98.1) 1,144 (97.9) 1,155 (98.5) 1,147 (97.8)

Total stent length per patient, mm 31 (20-50) 30 (18-49) 32 (20-48) 30 (22-52)

Direct stenting 589 (16.8) 207 (17.7) 208 (17.7) 174 (14.8)

Postdilation 2,833 (80.6) 946 (80.9) 960 (81.9) 927 (79.0)

Multivessel treatment 640 (18.2) 219 (18.7) 201 (17.2) 220 (18.8)

Radial approach 1,597 (45.4) 530 (45.3) 523 (44.6) 544 (46.4)

Values are mean ± SD, n (%) or median (interquartile range, 25th-75th percentile). *Defined as an 

estimated glomerular filtration rate of < 30 ml/min/1.73m2 or the need for dialysis. †Details and 

definitions of lesion characteristics have been previously reported.

CABG = coronary artery bypass grafting; CAD = coronary artery disease; EES = everolimus-eluting 

stent; MI = myocardial infarction; PCI = percutaneous coronary intervention; SES = sirolimus-

eluting stent; ZES = zotarolimus-eluting stent.
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TVF occurred in 98 of 1,169 patients (8.5%) assigned to the SES, 101 of 1,172 

patients (8.8%) assigned to the EES, and 115 of 1,173 patients (10.0%) assigned to 

the ZES (SES vs. ZES, p = 0.22; EES vs. ZES, p = 0.32). To anticipate the possibility 

of not fulfilling the proportional hazards assumption, we added a time-

dependent covariate into the Cox regression models, but this did not change 

the model significantly (hazard ratio including time-dependent covariate for 

SES vs. ZES: 0.80 [95% confidence interval: 0.54 to 1.18]; hazard ratio for EES vs. 

ZES: 0.84 [95% confidence interval: 0.57 to 1.23]). The rates of the individual 

components of TVF (cardiac death, target vessel-related MI, and target vessel 

revascularization) did not differ among stent groups. The rates for the main 

endpoint were consistent across various subgroups, except for treatment of 

bypass grafts favoring ZES (Online Table 2).

Between 1 and 3 years (landmark analysis) (Table 3), there was no 

significant difference in TVF between SES and EES versus ZES (3.9% and 4.2% 

vs. 4.7%; SES vs. ZES, p = 0.34; EES vs. ZES, p = 0.53). In addition, the TLR rates 

between 1 and 3 years showed no significant difference between DES groups 

(1.3% and 1.8% vs. 2.3%; SES vs. ZES, p = 0.08; EES vs. ZES, p = 0.38) (Figure 2).

Figure 2. Landmark analysis of target lesion revascularization, with 1-year landmark.

TLR = target lesion revascularization; ZES = zotarolimus-eluting stents.

04

T
h

e
 m

a
in

 e
n

d
p

o
in

t 
ta

rg
e

t 
v

e
ss

e
l f

a
il

u
re

 (
A

),
 a

 c
o

m
p

o
si

te
 o

f 
ca

rd
ia

c 
d

e
a

th
 (

B
),

 t
a

rg
e

t 
v

e
ss

e
l r

e
la

te
d

 m
y

o
ca

rd
ia

l i
n

fa
rc

ti
o

n
 (C

),
 o

r 
c

li
n

ic
a

ll
y

 

in
d

ic
a

te
d

 t
a

rg
e

t 
v

e
ss

e
l r

e
v

a
sc

u
la

ri
z

a
ti

o
n

 (
D

).
 E

E
S

 =
 e

v
e

ro
li

m
u

s-
e

lu
ti

n
g 

st
e

n
ts

; M
I 

=
 m

y
o

ca
rd

ia
l i

n
fa

rc
ti

o
n

; S
E

S
 =

 s
ir

o
li

m
u

s-
e

lu
ti

n
g

 

st
e

n
ts

; T
V

F
 =

 t
a

rg
e

t 
v

e
ss

e
l f

a
il

u
re

; T
V

R
 =

 t
a

rg
e

t 
v

e
ss

e
l r

e
v

a
sc

u
la

ri
z

a
ti

o
n

; Z
E

S
 =

 z
o

ta
ro

li
m

u
s-

e
lu

ti
n

g
 s

te
n

ts
.



9
6

9
7

B
IO

-R
E

S
O

R
T

: 3
-y

e
a

r c
lin

ic
a

l o
u

tc
o

m
e

C
h

a
p

te
r 0

4
Table 2. – Clinical events during 3-year follow-up

SES

Orsiro

n = 1,169

EES

Synergy

n = 1,172

ZES

Resolute 

Integrity

n = 1,173

Hazard ratio

(95% CI)

SES vs. ZES

P-logrank

SES vs. ZES

Hazard ratio

(95% CI)

EES vs. ZES

P-logrank

EES vs. ZES

Death, any 53 (4.6) 52 (4.5) 57 (4.9) 0.93 (0.64-1.35) 0.69 0.91 (0.63-1.33) 0.63

Cardiac death 24 (2.1) 23 (2.0) 26 (2.3) 0.90 (0.53-1.60) 0.77 0.88 (0.51-1.55) 0.67

Myocardial infarction, any 44 (3.8) 43 (3.8) 47 (4.1) 0.94 (0.62-1.41) 0.75 0.91 (0.60-1.38) 0.66

Target vessel myocardial infarction 35 (3.0) 36 (3.1) 40 (3.5) 0.88 (0.56-1.38) 0.56 0.90 (0.57-1.41) 0.64

Coronary revascularization, any 99 (8.7) 103 (9.1) 114 (10.0) 0.86 (0.66-1.13) 0.28 0.90 (0.69-1.17) 0.42

Target vessel revascularization 56 (4.9) 56 (5.0) 69 (6.1) 0.81 (0.57-1.15) 0.23 0.81 (0.57-1.15) 0.23

Target lesion revascularization 33 (2.9) 37 (3.3) 43 (3.8) 0.76 (0.49-1.20) 0.24 0.86 (0.55-1.33) 0.50

Non-target vessel revascularization 50 (4.4) 58 (5.1) 50 (4.4) 1.00 (0.68-1.48) 0.997 1.16 (0.79-1.69) 0.45

Target vessel failure* 98 (8.5) 101 (8.8) 115 (10.0) 0.85 (0.65-1.11) 0.22 0.87 (0.67-1.14) 0.32

Target lesion failure 77 (6.7) 86 (7.5) 96 (8.3) 0.80 (0.59-1.08) 0.14 0.89 (0.67-1.19) 0.44

Major adverse cardiac events 110 (9.5) 122 (10.5) 131 (11.3) 0.83 (0.65-1.07) 0.16 0.93 (0.72-1.19) 0.55

Patient-oriented composite endpoint 166 (14.3) 172 (14.9) 181 (15.6) 0.91 (0.74-1.12) 0.38 0.94 (0.77-1.16) 0.58

Definite-or-probable stent thrombosis 12 (1.1) 12 (1.1) 10 (0.9) 1.20 (0.52-2.78) 0.67 1.20 (0.52-2.79) 0.67

Definite stent thrombosis 8 (0.7) 8 (0.7) 6 (0.5) 1.33 (0.46-3.84) 0.59 1.34 (0.46-3.85) 0.59

Probable stent thrombosis 4 (0.4) 4 (0.3) 4 (0.3) 1.00 (0.25-3.99) 0.998 1.00 (0.25-4.00) 0.998

The event rates (expressed as no. and %) were calculated with the use of the Kaplan-Meier method at 3 years.

All target vessel revascularizations were clinically indicated.

*Primary clinical endpoint of cardiac death, target vessel-related myocardial infarction, or clinically indicated target vessel revascularization.

CI = confidence interval; EES = everolimus-eluting stent; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent.

Table 3. – Clinical events between 1 and 3-year follow-up

SES

Orsiro

n = 1,169

EES

Synergy

n = 1,172

ZES

Resolute Integrity

n = 1,173

Difference

(95% CI)

SES vs. ZES

P-value

SES vs. ZES

Difference

(95% CI)

EES vs. ZES

P -value

EES vs. ZES

Death, any 34 (3.0) 32 (2.8) 38 (3.3) -0.3 (-1.8 – 1.1) 0.64 -0.5 (-1.9 – 0.9) 0.47

Cardiac death 14 (1.2) 13 (1.1) 16 (1.4) -0.2 (-1.1 – 0.8) 0.72 -0.3 (-1.2 – 0.7) 0.58

Myocardial infarction, any 15 (1.3) 18 (1.6) 16 (1.4) -0.1 (-1.1 – 0.9) 0.86 0.2 (-0.8 – 1.2) 0.73

Target vessel myocardial infarction 9 (0.8) 11 (1.0) 9 (0.8) 0.0 (-0.7 – 0.7) 0.998 0.2 (-0.6 – 1.0) 0.66

Coronary revascularization, any 50 (4.6) 63 (5.7) 62 (5.6) -1.1 (-2.9 – 0.8) 0.25 0.1 (-1.9 – 2.0) 0.95

Target vessel revascularization 30 (2.7) 33 (2.9) 39 (3.5) -0.8 (-2.2 – 0.6) 0.27 -0.5 (-2.0 – 0.9) 0.47

Target lesion revascularization 15 (1.3) 20 (1.8) 26 (2.3) -1.0 (-2.1 – 0.1) 0.08 -0.5 (-1.7 – 0.6) 0.38

Non-target vessel revascularization 26 (2.3) 41 (3.6) 29 (2.6) -0.3 (-1.5 – 1.0) 0.70 1.1 (-0.4 – 2.5) 0.15

Target vessel failure* 43 (3.9) 46 (4.2) 52 (4.7) -0.8 (-2.5 – 0.9) 0.34 -0.6 (-2.3 – 1.2) 0.53

Target lesion failure 30 (2.7) 37 (3.3) 43 (3.9) -1.2 (-2.7 – 0.3) 0.12 -0.5 (-2.1 – 1.0) 0.50

Major adverse cardiac events 51 (4.6) 63 (5.7) 70 (6.3) -1.7 (-3.6 – 0.2) 0.08 -0.6 (-2.6 – 1.4) 0.53

Patient-oriented composite endpoint 79 (7.3) 91 (8.4) 91 (8.5) -1.1 (-3.4 – 1.2) 0.34 -0.1 (-2.4 – 2.3) 0.96

Definite-or-probable stent thrombosis 7 (0.6) 7 (0.6) 4 (0.3) 0.3 (-0.3 – 0.8) 0.36 0.3 (-0.3 – 0.8) 0.36

Definite stent thrombosis 4 (0.4) 4 (0.4) 3 (0.3) 0.1 (-0.4 – 0.5) 0.70 0.1 (-0.4 – 0.5) 0.70

Probable stent thrombosis 3 (0.3) 3 (0.3) 1 (0.1) 0.2 (-0.2 – 0.5) 0.56 0.2 (-0.2 – 0.5) 0.32

Values are n (%). *Primary clinical endpoint of cardiac death, target vessel-related myocardial infarction, or clinically indicated target vessel revascularization.

CI = confidence interval; EES = everolimus-eluting stent; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent
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In SES, EES, and ZES, the incidence of definite or probable stent thrombosis 

was similar (1.1%, 1.1%, and 0.9%, respectively; SES vs. ZES, p = 0.67; EES vs. 

ZES, p = 0.67) (Figure 3), and there was no significant between-stent difference 

in other secondary endpoints (Table 3). During the third year of follow-up, 

definite stent thrombosis occurred with SES, EES, and ZES in 3, 1, and 0 

patients (on DAPT: 2 SES and 1 EES patient), and probable stent thrombosis 

was adjudicated in 2, 0, and 1 patient, of whom none was on DAPT (see Online 

Tables 3 and 4 for further details).

Figure 3. Incidence of definite-or-probable stent thrombosis at 3-year follow-up.

Symbols indicate the adverse events associated with stent thrombosis.

DAPT = dual antiplatelet therapy; ZES = zotarolimus-eluting stent

DISCUSSION

Main findings

At 3-year follow-up, the biodegradable polymer-coated Orsiro SES and Synergy 

EES showed no significant difference in the main clinical endpoint, TVF, and 

its components compared with the durable polymer–coated Resolute Integrity 

ZES. Despite substantial between-DES differences in stent design and strut 

thickness, type and degradation of polymer coating, and eluted drug, there 

was no statistically significant difference in the occurrence of these and other 

safety and efficacy endpoints. The incidence of various adverse clinical events 

was low for all 3 stent groups.

In BIO-RESORT, landmark analyses at 2-year follow-up had shown 

differences in TLR and several composite clinical endpoints in favor of the 

ultrathin-strut Orsiro SES versus the thin-strut Resolute Integrity ZES.14 

Because of similar event frequencies in both stents during the third year, the 

landmark analysis of TLR between 1 and 3 years lost statistical significance. 

Although secondary endpoints and landmark analyses should be cautiously 

interpreted, the present 3-year results are of interest, because the third 

year is the first year during which the Orsiro SES is entirely free from its 

biodegradable-polymer coating.13,15

During this third year of follow-up, the potential advantage of the 2 

biodegradable polymer-coated DES of leaving only a bare-metal stent behind 

did not translate into a lower incidence of ischemic cardiac events compared 

with the durable polymer-coated reference DES. Nevertheless, further follow-

up is required to definitely answer the question of whether contemporary 

very-thin-strut or ultrathin-strut biodegradable-polymer DES might improve 

clinical outcomes at an even later stage.18 A few years from now, the final 

5-year report of the BIO-RESORT trial may provide an answer to this intriguing 

question.

Previous clinical trials

Despite the enrollment of a complex patient population with a high proportion 

of patients with acute MI and complex lesions, event rates in the present study 

are low compared with those in previous randomized DES trials.7,9,10,19 The 

high rate of stent post-dilation in more than 80% of the BIO-RESORT patients 

may have contributed to the low event rates, as this could have resulted in 

a deeper embedding of stent struts into the vessel wall. Other randomized 

clinical studies with follow-up beyond 1 year have investigated the DES of our 

present study, but BIO-RESORT is the first to compare the Orsiro SES and the 

Synergy EES versus the Resolute Integrity ZES.
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The Orsiro SES was previously investigated in several randomized 

clinical trials and showed favorable results versus well-established reference 

DES.2,4,6,20–22 Three-year results have been reported for the randomized SORT 

OUT VII trial,23 which compared the ultrathin-strut Orsiro SES with the 

thick-strut biodegradable-polymer Nobori biolimus-eluting stent (Terumo, 

Japan) in 2,525 all-comer patients and showed a TLF rate of 9.0% with the SES 

versus 9.1% with the Nobori DES. Two randomized studies (BIOFLOW-II20 and 

BIOSCIENCE4) recently reported the longest available follow-up for this SES. 

Both studies compared the Orsiro SES with the durable-polymer thin-strut 

everolimus-eluting XIENCE stent (Abboe Vascular, Santa Clara, California) in 

452 and 2,119 patients, respectively. At 5-year follow-up, both studies showed 

no significant between-stent differences in the incidence of TVF and TLF, but 

in the all-comer patients of BIOSCIENCE the incidence of TVF with the Orsiro 

SES (22.4%) was higher than in BIOFLOW-II (15.6%), which primarily was an 

angiographic endpoint study.4,20 A possible explanation could be the difference 

in patient population. The first, and so far only, study that demonstrated 

significantly beeer outcomes with the Orsiro SES versus the XIENCE EES 

is the BIOFLOW V trial.2 In a total of 1,334 trial participants, the Orsiro SES 

outperformed the XIENCE EES in the primary endpoint, TLF, at 1- and 2-year 

follow-up; in addition, TLR was lower in Orsiro SES at 2-year follow-up.2,24

This is the first randomized study to assess the Synergy EES in all comers. 

At 3 years, we found a TVF rate of 8.8% and a TLF rate of 7.5%. The device was 

previously assessed in the large scale EVOLVE II trial,3 in which 1,684 patients 

with up to moderate clinical risk were randomized to either the Synergy EES 

or the durable-polymer thin-strut platinum-chromium Promus Element EES 

(Boston Scientific). The 3-year clinical outcomes of that study showed similar 

results for both study devices (TLF 11.0% vs. 10.0%).25 Another randomized 

study that assessed the Synergy EES was SORT OUT VIII, which compared 

this device with the biodegradable-polymer BioMatrix NeoFlex biolimus-

eluting stent (Biosensors Interventional Technologies, Singapore) in 2,800 

all-comer patients. So far, only 1-year outcomes have been presented, showing 

noninferiority of the Synergy EES regarding the primary endpoint TLF 

(4.0% vs. 4.4%).26 In the SENIOR trial, a randomized study in elderly patients, 

treatment with the Synergy EES and abbreviated DAPT was found to result 

in a superior 1-year clinical outcome as compared with bare-metal stents.5

The clinical performance of the durable-polymer Resolute Integrity ZES 

is well established8,27,28 and was confirmed in our present analysis. In the 

SORT OUT VI trial, which compared this ZES with the BioMatrix Flex stent 

(Biosensors Interventional Technologies) in 2,999 all comers, the 3-year rate 

of the main composite endpoint (cardiac death, target-vessel related MI, or 

TLR) was 8.6% in ZES.8 This rate was comparable with the TLF rate with the 

Resolute Integrity ZES (8.3%) in our present analysis. Because the SORT OUT 

trials detect clinically driven events on the basis of national registry data 

(i.e., patients are not directly consulted), somewhat lower event rates might 

be expected. In the randomized DUTCH PEERS trial, a total of 1,811 all comers 

received either the Resolute Integrity ZES or the Promus Element EES;27 with 

the ZES and EES the 3-year incidence of TVF was 10.7% and 10.3%, which is 

similar to the 10.0% seen in the Resolute Integrity ZES arm of our present 

analysis.29

Stent thrombosis risk with biodegradable- and durable polymer DES

The large randomized most-comers PROTECT trial, which was powered for 

the assessment of definite or probable stent thrombosis at 3 years, showed 

stent thrombosis rates of 1.4% and 1.8% with 2 earlier generation durable-

polymer DES.30 DES with biodegradable-polymer coatings were designed to 

improve clinical outcomes, as the presence of the durable polymer might 

cause ischemic adverse clinical events. In the all-comers population of our 

present study, we found favorable 3-year definite or probable stent thrombosis 

rates that in all 3 DES groups (1.1%, 1.1%, and 0.9%, respectively) were lower 

than in PROTECT.

In the present 3-year analysis of BIO-RESORT, the definite stent 

thrombosis rate with the Orsiro SES (0.7%) was somewhat lower than at 3 

years in the SORT OUT VII trial (1.0%) and even lower than after 12 months in 

the BIOSCIENCE trial (0.9%).4,23 In BIO-RESORT, we observed during the third 

year of follow-up 3 definite and 2 probable stent thromboses in patients in the 

Orsiro SES arm. In fact, the Orsiro SES is unique among the currently available 

biodegradable-polymer DES in the sense that it has a very slow polymer 

degradation and that the third year of follow-up is the first year in which this 

particular DES is not covered by its polymer coating.12,15 Stent thrombosis is 

an adverse event with a particularly low incidence, and overinterpretation 

of these findings should be avoided. Nevertheless, one might consider that 

the stent thromboses in the Orsiro SES arm of BIO-RESORT during the third 

year of follow-up could represent a very late catch-up phenomenon, after the 

polymer coating of this DES has been fully degraded; yet no such finding was 

observed in the BIOSCIENCE trial at 3 years.4

In the Synergy EES arm we found a definite stent thrombosis rate of 0.7%, 

and there was only 1 definite stent thrombosis during the third year of follow-

up. In the EVOLVE II trial, the 3-year definite stent thrombosis rate with the 
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Synergy EES was 0.4%.25 However, DAPT use was much higher in EVOLVE II 

than in our present study (44.1% vs. 6.9% at 3-year follow-up), which reflects 

current medical practice in the Netherlands.

In our present analysis, there was only 1 probable stent thrombosis in 

the Resolute Integrity ZES arm during the third year of follow-up, and the 

definite stent thrombosis rate at 3 years was 0.5%. In both the DUTCH PEERS 

and SORT OUT VI trials, that rate was 1.0% in the respective Resolute Integrity 

ZES arms.8,29 A pooled analysis in 7,618 patients from 10 prospective clinical 

studies that involved Resolute-type ZES found a definite or probable stent 

thrombosis rate that at 1 year was 0.7%, after which an annualized rate of 0.1% 

per year of follow-up was observed.31 The findings in the Resolute Integrity 

ZES arm of BIO-RESORT corroborate these findings, as the observed definite 

or probable stent thrombosis rate in Resolute Integrity ZES of the current trial 

matched at 3 years the predicted rate of 0.9% (i.e., 0.7% plus 2 times 0.1%).31

Study limitations

The follow-up rate of 97% was high, yet somewhat lower than seen in previous 

TWENTE trials, and similar to many other comparative DES trials.9,25,30 

Because of limited power, the findings for secondary endpoints and landmark 

analyses should be considered hypothesis generating only. In addition, 

we cannot exclude that the statistically significant p value for interaction 

that was found in the subgroup of patients with bypass graft treatment 

(favoring ZES over EES) may have resulted from a play of chance and that 

multiple testing may have played a role. Furthermore, the event rates in this 

randomized clinical trial are relatively low, despite the assessment of an all-

comers patient population with an overall high cardiovascular risk.

Conclusions

At 3-year follow-up, clinical event rates of patients treated with the 

biodegradable polymer-coated Orsiro SES and Synergy EES were low and 

comparable with those in patients treated with the durable polymer-coated 

Resolute Integrity ZES. This is remarkable considering the substantial 

differences in strut thickness and design of the stent backbone, type and 

degradation speed of the polymer coating, and the eluted drug of these 3 

DES. Thus, the potential advantage of the 2 biodegradable polymer-coated 

DES of leaving only a bare-metal stent behind has not (yet) translated into a 

lower incidence of ischemic cardiac events. Further follow-up is required to 

definitely answer the question of whether one stent might improve clinical 

outcome at an even later stage.

PERSPECTIVES

What is known?

Randomized clinical trials have established the noninferiority of 

biodegradable polymer-coated versus durable polymer-coated DES, but long-

term data on contemporary devices are scarce.

What is new?

This is the first report of the 3-year outcomes of the 3-arm randomized BIO-

RESORT trial, showing favorable and similar clinical outcomes in all comers 

treated with the biodegradable-polymer Orsiro and Synergy or durable-

polymer Resolute Integrity stents.

What is next?

Longer term follow-up is of interest and required to definitely answer the 

question of whether one of these stents might improve clinical outcome at 

an even later stage.
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SUPPLEMENTAL DATA

Supplemental Table 1. Medication at 1-, 2- and 3- year Follow-up.

All patients SES EES ZES p-value

Medication at 1 year n = 3,432 n = 1,144 n = 1,142 n = 1,146

Dual antiplatelet therapy 2,939 (85.6) 974 (85.1) 976 (85.5) 989 (86.3) 0.72

with clopidogrel 1,528 (44.5) 511 (44.7) 500 (43.8) 517 (45.1) 0.81

with ticagrelor or prasugrel 1,411 (41.1) 463 (40.5) 476 (41.7) 472 (41.2) 0.84

OAC with P2Y12 inhibitor 355 (10.3) 120 (10.5) 123 (10.8) 112 (9.8) 0.72

Medication at 2 years n = 3,399 n = 1,136 n = 1,131 n = 1,132

Dual antiplatelet therapy 267 (7.9) 77 (6.8) 87 (7.7) 103 (9.1) 0.12

with clopidogrel 158 (4.6) 45 (4.0) 51 (4.5) 62 (5.5) 0.22

 with ticagrelor or prasugrel 109 (3.2) 32 (2.8) 36 (3.2) 41 (3.6) 0.55

OAC with P2Y12 inhibitor 45 (1.3) 11 (1.0) 20 (1.8) 14 (1.2) 0.24

Medication at 3 years n = 3,265 n = 1,092 n = 1,090 n = 1,083

Dual antiplatelet therapy 226 (6.9) 77 (7.1) 74 (6.8) 75 (6.9) 0.97

with clopidogrel 137 (4.2) 45 (4.1) 42 (3.9) 50 (4.6) 0.67

with ticagrelor or prasugrel 89 (2.7) 32 (2.9) 32 (2.9) 25 (2.3) 0.59

OAC with P2Y12 inhibitor 28 (0.9) 9 (0.8) 11 (1.0) 8 (0.7) 0.78

Values are n (%). No significant differences between stent arms in medication use at 1-year, 2-year or 

3-year follow-up.

EES = everolimus-eluting stent; OAC = oral anticoagulation therapy; SES = sirolimus-eluting stent; 

ZES = zotarolimus-eluting stent.
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Supplemental Table 2A. Subgroup analyses for the 3-year rates of target vessel failure: SES versus ZES

SES

Orsiro

ZES

Resolute Integrity

Hazard ratio

(95% CI)
P interaction

Men

Women

63/854 (7.4)

35/315 (11.1)

81/848 (9.6)

34/325 (10.5)

0.76 (0.55-1.06)

1.07 (0.67-1.71)
0.24

Acute coronary syndrome

Stable angina

66/818 (8.1)

32/351 (9.1)

71/815 (8.7)

44/358 (12.3)

0.92 (0.66-1.29)

0.73 (0.46-1.15)
0.42

Multivessel treatment

Single vessel treatment

20/219 (9.1)

78/950 (8.2)

30/220 (13.6)

85/953 (8.9)

0.66 (0.37-1.16)

0.91 (0.67-1.24)
0.31

Diabetes

No diabetes

29/211 (13.7)

69/958 (7.2)

33/210 (15.7)

82/963 (8.5)

0.85 (0.51-1.40)

0.84 (0.61-1.16)
0.96

Small vessel < 2.75 mm

No small vessel treatment

64/731 (8.8)

34/438 (7.8)

74/667 (11.1)

41/506 (8.1)

0.78 (0.56-1.09)

0.95 (0.60-1.49)
0.49

Bifurcation lesion

No bifurcation lesion

42/412 (10.2)

56/757 (7.4)

49/409 (12.0)

66/764 (8.6)

0.84 (0.56-1.27)

0.85 (0.59-1.21)
0.96

Lesion length > 27 mm

Lesion length ≤ 27 mm

33/351 (9.4)

65/818 (7.9)

45/369 (12.2)

70/804 (8.7)

0.76 (0.48-1.19)

0.91 (0.65-1.27)
0.53

In-stent restenosis

No in-stent restenosis

2/30 (6.7)

96/1139 (8.4)

7/31 (22.6)

108/1142 (9.5)

0.27 (0.06-1.30)

0.88 (0.67-1.16)
0.15

Renal insufficiency

No renal insufficiency

7/46 (15.2)

91/1,123 (8.1)

9/33 (27.3)

106/1,140 (9.3)

0.51 (0.19-1.37)

0.86 (0.65-1.14)
0.29

Bypass graft treated

No bypass graft treated

6/22 (27.3)

92/1,147 (8.0)

5/30 (16.7)

110/1,143 (9.6)

1.70 (0.52-5.58)

0.82 (0.62-1.09)
0.23

Left main treated

No left main treated

4/23 (17.4)

94/1,146 (8.2)

6/28 (21.4)

109/1,145 (9.5)

0.73 (0.21-2.59)

0.85 (0.65-1.12)
0.85

Values are n/N (%). The p-value for interaction represents the likelihood of interaction between the variable and the relative treatment effect.

CI = confidence interval; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent.

0,1 Favors SES 1 Favors ZES 10

Supplemental Table 2B. Subgroup analyses for the 3-year rates of target vessel failure: EES versus ZES

EES

Synergy

ZES

Resolute Integrity

Hazard ratio

(95% CI)
P interaction

Men

Women

77/845 (9.1)

24/327 (7.3)

81/848 (9.6)

34/325 (10.5)

0.95 (0.69-1.29)

0.70 (0.41-1.18)
0.33

Acute coronary syndrome

Stable angina

63/816 (7.7)

38/356 (10.7)

71/815 (8.7)

44/358 (12.3)

0.88 (0.63-1.23)

0.87 (0.56-1.34)
0.96

Multivessel treatment

Single vessel treatment

25/201 (12.4)

76/971 (7.8)

30/220 (13.6)

85/953 (8.9)

0.90 (0.530-1.53)

0.87 (0.64-1.19)
0.92

Diabetes

No diabetes

29/203 (14.3)

72/969 (7.4)

33/210 (15.7)

82/963 (8.5)

0.88 (0.53-1.44)

0.87 (0.64-1.20)
0.98

Small vessel < 2.75 mm

No small vessel treatment

68/680 (10.0)

33/492 (6.7)

74/667 (11.1)

41/506 (8.1)

0.89 (0.64-1.24)

0.83 (0.52-1.31)
0.80

Bifurcation lesion

No bifurcation lesion

40/415 (9.6)

61/757 (8.1)

49/409 (12.0)

66/764 (8.6)

0.79 (0.52-1.20)

0.93 (0.66-1.32)
0.54

Lesion length > 27 mm

Lesion length ≤ 27 mm

34/353 (9.6)

67/819 (8.2)

45/369 (12.2)

70/804 (8.7)

0.77 (0.50-1.21)

0.94 (0.67-1.31)
0.49

In-stent restenosis

No in-stent restenosis

4/28 (14.3)

97/1,144 (8.5)

7/31 (22.6)

108/1,142 (9.5)

0.61 (0.18-2.09)

0.89 (0.68-1.17)
0.55

Renal insufficiency

No renal insufficiency

6/29 (20.7)

95/1,143 (8.3)

9/33 (27.3)

106/1,140 (9.3)

0.71 (0.25-1.98)

0.89 (0.68-1.17)
0.65

Bypass graft treated

No bypass graft treated

8/18 (44.4)

93/1,154 (8.1)

5/30 (16.7)

110/1,143 (9.6)

3.11 (1.02-9.53)

0.83 (0.63-1.1)
0.03

Left main treated

No left main treated

4/25 (16.0)

97/1,147 (8.5)

6/28 (21.4)

109/1,145 (9.5)

0.72 (0.20-2.56)

0.88 (0.67-1.16)
0.73

Values are n/N (%). The p-value for interaction represents the likelihood of interaction between the variable and the relative treatment effect.

CI = confidence interval; EES = everolimus-eluting stent; ZES = zotarolimus-eluting stent.

0,1 Favors EES 1 Favors ZES 10
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Supplemental Table 3. – Clinical events between 2 and 3-year follow-up

SES

Orsiro

n = 1,169

EES

Synergy

n = 1,172

ZES

Resolute Integrity

n = 1,173

Difference

(95% CI)

SES vs. ZES

P-value

SES vs. ZES

Difference

(95% CI)

EES vs. ZES

P -value

EES vs. ZES

Death, any 23 (2.0) 17 (1.5) 19 (1.7) 0.3 (-0.8 – 1.5) 0.23 -0.2 (-1.2 – 0.9) 0.73

Cardiac death 9 (0.8) 6 (0.5) 9 (0.8) 0.0 (-0.7-0.7) 0.99 -0.3 (-0.9 – 0.4) 0.43

Myocardial infarction, any 8 (0.7) 9 (0.8) 5 (0.5) 0.3 (-0.4 – 0.9) 0.42 0.4 (-0.3 – 1.0) 0.29

Target vessel myocardial infarction 5 (0.5) 6 (0.5) 2 (0.2) 0.3 (-0.2 – 0.7) 0.26 0.4 (-0.1 – 0.9) 0.16

Coronary revascularization, any 25 (2.4) 33 (3.1) 21 (2.0) 0.3 (-0.9 – 1.6) 0.62 1.1 (-0.3 – 2.4) 0.12

Target vessel revascularization 13 (1.2) 17 (1.6) 13 (1.2) 0.0 (-0.9 – 0.9) 0.96 0.4 (-0.6 – 1.3) 0.49

Target lesion revascularization 8 (0.7) 10 (0.9) 9 (0.8) -0.1 (-0.8 – 0.6) 0.78 0.1 (-0.7 – 0.9) 0.83

Non-target vessel revascularization 16 (1.5) 22 (2.0) 11 (1.0) 0.4 (-0.5 – 1.4) 0.35 0.1 (0.0 – 0.2) 0.06

Target vessel failure* 22 (2.1) 22 (2.1) 19 (1.8) 0.2 (-0.9 – 1.4) 0.69 0.3 (-0.9 – 1.4) 0.67

Target lesion failure 18 (1.7) 19 (1.8) 17 (1.6) 0.1 (-0.1 – 1.1) 0.91 0.2 (-0.9 – 1.3) 0.76

Major adverse cardiac events 32 (3.0) 33 (3.1) 30 (2.8) 0.1 (-1.3 – 1.5) 0.86 0.2 (-1.2 – 1.7) 0.74

Patient-oriented composite endpoint 46 (4.4) 48 (4.6) 35 (3.5) 1.0 (-0.7-2.7) 0.26 1.2 (-0.5 – 2.9) 0.17

Definite-or-probable stent thrombosis 5 (0.4) 1 (0.1) 1 (0.1) 0.4 (-0.1 – 0.8) 0.10 0.0 (-0.2 – 0.2) 0.999

Definite stent thrombosis 3 (0.3) 1 (0.1) 0 0.3 (0.0 – 0.6) 0.08 0.1 (-0.1-0.3) 0.32

Probable stent thrombosis 2 (0.2) 0 1 (0.1) 0.1 (-0.2 – 0.4) 0.57 -0.1 (-0.3 – 0.1) 0.32

Values are n (%). *Primary clinical endpoint of cardiac death, target vessel-related myocardial infarction, or clinically indicated target vessel revascularization.

CI = confidence interval; EES = everolimus-eluting stent; SES = sirolimus-eluting stent; ZES = zotarolimus-eluting stent.

Supplemental Table 4. Details of stent thrombosis during the third year of follow-up.

Index intervention Event

Randomized 

stent

Gender 

(age)

Clinical 

presentation
Diabetes Lesion details Stent details Clinical presentation

Patient on 

DAPT ?
Treatment

Sirolimus-

eluting stent

D
e

fi
n

it
e

 s
te

n
t 

th
ro

m
b

o
s

is

Male

(65 yrs)

Unstable 

Angina
Yes

LAD, complex,

tandem lesion

Number of stents:1

Size: 3.0x30mm

Recurrent angina,

angiographic thrombus

Yes, 

clopidogrel

TLR; 12 month DAPT with 

clopidogrel

Female 

(75 yrs)
Stable angina Yes

RCA, complex, 

severely calcified

Number of stents:1

Size: 3,5x15mm

NSTEMI, max CK 61 IU/l, 

angiographic thrombus

Yes, 

clopidogrel

TLR, lifelong DAPT,

clopidogrel switched to ticagrelor

Male

(56 yrs)
Stable angina No

RCA, complex,

chronic total 

occlusion

Number of stents: 4

Size: 2.25x22, 2.5x30, 

3x30, 3.5x40mm

STEMI, max CK 129 IU/l, 

angiographic thrombus. 

aspiration: no thrombus 

obtained

No
TLR, 12 month DAPT with 

ticagrelor

P
ro

b
a

b
le

 s
te

n
t 

th
ro

m
b

o
s

is

Male

(62 yrs)

Unstable 

angina
Yes

RCA, complex,

in-stent restenosis

Number of stents: 1

Size: 3.5x35mm

Acute left sided heart 

failure, max CK 467 IU/l,

no angiographic stenoses, 

passing thrombus?

No

Optimal medical treatment,

oral anticoagulation because of

left ventricular thrombus

Female

(77 yrs)
NSTEMI No

Venous graft, 

complex, thrombus 

present, aspiration 

performed

Number of stents: 1

Size: 3.0x15mm

Recurrent angina, 

angiographic occluded 

vein graft.

aspiration: no thrombus 

obtained

No
TLR aTempt, no success,

12 months DAPT with clopidogrel

Everolimus-

eluting stent

D
e

fi
n

it
e

 s
te

n
t 

th
ro

m
b

o
s

is

Male

(61 yrs)
STEMI Yes

LAD, complex, 

thrombus present,

totally occluded

Number of stents: 1

Size: 2.5x16mm

NSTEMI, max CK 357 IU/l, 

angiographic thrombus

Yes, 

clopidogrel

TLR,

lifelong DAPT with clopidogrel

Zotarolimus-

eluting stent

P
ro

b
a

b
le

 s
te

n
t 

th
ro

m
b

o
s

is

Female

(69 yrs)
Stable angina Yes

RCA, complex,

severely calcified

Number of stents: 2

Size: 3.5x18 &

4.0x9mm

NSTEMI, max CK 166 IU/l, 

stents are open,

passing thrombus?

No
No intervention,

12 months DAPT with ticagrelor

All patients were treated in only one lesion. Abbreviations: CK = creatine kinase; DAPT = dual antiplatelet therapy; LAD = left anterior descending; NSTEMI = non-ST-elevation 

myocardial infarction; RCA = right coronary artery; STEMI = ST-elevation myocardial infarction; TLR = target lesion revascularization.

Supplemental Table 4. Details of stent thrombosis during the third year of follow-up.
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ABSTRACT

Importance: Stenting small-vessel lesions has an increased adverse 

cardiovascular event risk. Very thin or ultrathin-strut drug-eluting stents 

might reduce this risk, but data are scarce.

Objective: To assess the outcome of all-comers with small coronary vessel 

lesions, treated with 3 dissimilar types of drug-eluting stents.

Design: This is a prespecified substudy of the Comparison of Biodegradable 

Polymer and Durable Polymer Drug-eluting Stents in an All Comers Population 

(BIO-RESORT) trial, an investigator-initiated, randomized, patient-blinded 

comparative clinical drug-eluting stent trial. Patients treated with ultrathin-

strut sirolimus-eluting stents, very thin-strut everolimus-eluting stents, or 

previous-generation thin-strut zotarolimus-eluting stents were enrolled 

from December 2012 to August 2015. This multicenter trial was conducted in 

4 Dutch centers for cardiac intervention. Of all 3514 all-comer BIO-RESORT 

participants, 1506 patients with treatment in at least 1 small-vessel lesion 

(reference vessel <2.5 mm) were included. Data were analyzed between 

September 2018 and February 2019.

Main outcomes and measures: Target lesion failure at 3-year follow-up, a 

composite of cardiac death, target vessel-related myocardial infarction, or 

target lesion revascularization, analyzed by Kaplan-Meier methods.

Results: In 1452 of 1506 participants (96.4%) (1057 men [70.2%]; 449 women 

[29.8%]; mean [SD] age, 64.3 [10.4] years), follow-up was available. Target lesion 

failure occurred in 36 of 525 patients (7.0%) treated with sirolimus-eluting 

stents, 46 of 496 (9.5%) with everolimus-eluting stents, and 48 of 485 (10.0%) 

with zotarolimus-eluting stents (sirolimus-eluting vs zotarolimus-eluting 

hazard ratio [HR], 0.68; 95% CI, 0.44-1.05; P  =  .08; everolimus-eluting vs 

zotarolimus-eluting HR, 0.93; 95% CI, 0.62-1.39; P = .72). There was a difference in 

target lesion revascularizations between sirolimus-eluting and zotarolimus-

eluting stents (2.1% vs 5.3%; HR, 0.40; 95% CI, 0.20-0.81; P = .009) that emerged 

after the first year of follow-up (1.0% vs 3.7%; P = .006); multivariate analysis 

showed that sirolimus-eluting stent implantation was independently 

associated with a lower target lesion revascularization rate at 3-year follow-up 

(adjusted HR, 0.42; 95% CI, 0.20-0.85; P = .02). In the everolimus-eluting stents, 

the revascularization rate was 4.0% (vs zotarolimus-eluting, HR, 0.74; 95% CI, 

0.41-1.34; P = .31). There was no significant between-stent difference in cardiac 

death, target vessel myocardial infarction, or stent thrombosis.

Conclusions and relevance: Patients stented in small coronary vessels 

experienced fewer repeated revascularizations if treated with ultrathin-

strut sirolimus-eluting stents vs previous generation thin strut zotarolimus-

eluting stents. Further research is required to evaluate the potential effect of 

particularly thin stent struts.
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INTRODUCTION

In small coronary arteries, percutaneous coronary intervention (PCI) is 

associated with a higher risk of adverse cardiovascular events, 1-5 including an 

increased need for repeated revascularization owing to in-stent restenosis.6-8 

Depending on the definition used, small vessels have been treated in 30% to 

50% of patients.2,5,9 A higher prevalence of small-vessel lesions was found in 

patients with diabetes and women.2,5,10 With the diabetes epidemic and the 

availability of stents with very small lumen diameters, the proportion of 

patients treated for small-vessel lesions is growing, which is reflected in all-

comer stent trials reported in 2016.5,9

 While first-generation drug-eluting stents (DES) used relatively thick 

struts, contemporary new-generation DES have substantially thinner struts. A 

lower strut thickness may be particularly advantageous in small target vessels 

because thicker struts and a smaller minimum in-stent lumen diameter are 

known to be independent predictors of restenosis in coronary stents.7,11,12 

This can be explained by the greater relative effect of the strut size on lumen 

obstruction in small vessels. Therefore, the potential clinical advantage of a 

reduction in strut thickness may be best reflected in the outcome of patients 

with small target vessels. The 2-year and 3-year outcome data are of particular 

interest because in new-generation DES, a considerable proportion of target 

lesion revascularization (TLR) procedures occur beyond 1 year of follow-up.13,14

Drug-eluting stents with particularly thin struts have shown excellent 

clinical results in several randomized trials,15-21 but outcome data in all-comer 

patients treated in small vessels are scarce. The randomized Comparison 

of Biodegradable Polymer and Durable Polymer Drug-eluting Stents in an 

All Comers Population (BIO-RESORT) trial compares in all-comer patients 

3 types of DES with thin, very thin, or ultrathin struts, showing favorable 

event rates at 1-year to 3-year follow-up.16,22,23 In this prespecified substudy of 

the BIO-RESORT trial, we assessed 3-year outcome data of all patients who 

were treated in small vessels (<2.5 mm in core laboratory measurements) and 

evaluated the hypothesis that DES with ultrathin or very thin struts might 

reduce the incidence of TLR as compared with a thin-strut DES.

METHODS

Study Design and Patient Population

Details of the randomized, investigator-initiated, multicenter, patient-blinded 

BIO-RESORT (TWENTE III) trial have been reported.16 In brief, a total of 3514 

all-comer patients with obstructive coronary disease were randomly assigned 

(1 to 1 to 1) to treatment with 1 of 3 DES: ultrathin-strut cobalt-chromium 

biodegradable polymer sirolimus-eluting stents (SES; Orsiro, Biotronik) or 

very thin-strut platinum-chromium biodegradable polymer everolimus-

eluting stents (EES; Synergy, Boston Scientific) vs previous-generation thin-

strut cobalt-chromium durable polymer zotarolimus-eluting stents (ZES; 

Resolute Integrity, Medtronic). More details are available in the eMethods in 

the Supplement.

The thickness of the uncoated SES strut is 60μmin stents with a lumen 

diameter of 3.00 mm or less, with an asymmetrical coating distribution 

(abluminal/luminal coating: 7.4/3.5μm) resulting in a thickness of 71μmof 

the coated struts. In the EES, the uncoated struts measure 74 μm in stents 

less than 3.00 mm; the coated struts measure 78 μm (abluminal coating only: 

4 μm). In ZES, the uncoated struts measure 91 μm (conformal coating: 5.6 

μm), resulting in a coated strut thickness of 102 μm. All 3 types of DES were 

available in sizes ranging from 2.25 mm to 4.0 mm in diameter and lengths 

of 8 mm to 38mm (EES and ZES) or 9 mm to 40 mm (SES). Further technical 

details of the stents are provided in the eFigure and eTable 1 in the Supplement.

The trial complied with the Declaration of Helsinki and the 2010 CONSORT 

Statement and was approved by the Medical Ethics Commieee Twente and the 

institutional review boards of all participating centers. All patients provided 

wrieen informed consent. Formal trial protocols and a detailed statistical 

plan can be found in Supplements 2 and 3. In the overall population of the trial, 

noninferiority of SES vs ZES and EES vs ZES was demonstrated regarding the 

composite primary clinical end point at 1 year. In this prespecified substudy, 

we analyzed the 3-year clinical follow-up data of all patients treated with 

stents in small coronary vessels, defined as vessels with a reference diameter 

less than 2.5 mm, as measured by quantitative coronary angiography in a core 

laboratory analysis. This cutoff value was based on previous clinical research 

that suggested 2.50 mm to be a suitable threshold to identify small target 

vessels.5

Procedures, Clinical Follow-up and Event Adjudication

Interventional procedures were performed according to medical guidelines 

using standard techniques. Data monitoring, processing of clinical outcome 

data, and independent clinical event adjudication (clinical event commieee 

blinded to allocated treatment)were done by an independent clinical research 

organization. Analysts of the clinical research organization Cardiovascular 

Research and Education Enschede (Enschede, the Netherlands), blinded for 

the used stent type, performed offline quantitative coronary angiographic 
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analyses with QAngio XA, version 7.3 (Medis) in all patients, according to 

international standards.

Clinical End Points

The prespecified clinical end points of the BIO-RESORT trial were defined 

according to the Academic Research Consortium(ARC).24,25 The composite 

end point target lesion failure (TLF) is defined as a composite of cardiac 

death, target vessel-related myocardial infarction (MI), or clinically indicated 

target lesion revascularization (TLR). Target lesion failure, which is based on 

these 3 individual event components with different mechanisms and time 

courses, reflects the device and lesion-related part of the entire spectrum 

of adverse events that may occur during follow-up.5 Death was considered 

as cardiac unless an unequivocal noncardiac cause could be established. 

Myocardial infarction was defined by any creatine kinase concentration 

of more than double the upper limit of normal, with confirmatory elevated 

cardiac biomarkers.25 Target lesion revascularizations were considered 

clinically indicated if the angiographic percent diameter stenosis of the 

treated lesion was at least 70% or at least 50% in the presence of ischemic 

signs or symptoms. Stent thrombosis was classified according to the Academic 

Research Consortium definitions.24

Statistical Analysis

In accordance with the BIO-RESORT study protocol, 2 main hypotheses were 

assessed: the comparison of ultrathin-strut SES vs thin-strut ZES and very 

thin-strut EES vs thin-strut ZES. Data are reported as mean and standard 

deviation for continuous variables and as frequencies and percentages for 

dichotomous and categorical variables. Continuous variables were assessed 

with the t test, whereas categorical variables were assessed with the 2 test or 

Fisher exact test as appropriate. The Kaplan-Meier method was used to assess 

the time to clinical end point, and the log-rank test was used for between-

group comparisons. Hazard ratios (HRs), with 2-sided confidence intervals, 

were computed using Cox regression analysis. We performed landmark 

analyses of all aforementioned end points by using 1-year landmarks. In 

addition, we performed a sensitivity analysis of end points that had shown 

significant between-DES differences in the overall study population in 

patients with single-vessel treatment. Potential confounders were identified 

if in univariate analysis a P value of less than .15 was found and were entered 

into a multivariate Cox regression model using stepwise backward selection. 

A 2-sided P value less than .05 was considered significant. Statistical analyses 

were performed using SPSS, version 22.0 (IBM Corp).

RESULTS

From December 2012 to August 2015, a total of 1506 patients were treated in 

at least 1 small vessel (42.9% of all BIO-RESORT trial participants) (Figure 1). 

There were 2283 target lesions, including 1819 small-vessel lesions. After 3 

years, 1452 patients (96.4%) completed follow-up or had died; 24 patients (1.6%) 

were lost and 30 (2.0%) withdrew their consent (all were censored at moment 

of dropout).

Figure 1. Trial profile.

a Information on the number of patients treated with drug-eluting stents during the period of study 

enrolment is given irrespective of whether these patients fulfilled the inclusion and exclusion 

criteria, because we do not have reliable data on the total number of eligible patients. EES indicates 

everolimus-eluting stent; SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent.
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Patients were aged 34 to 90 years, with a mean (SD) age of 64.3 (10.4) years. 

Two-thirds of the study population presented with acute coronary syndromes 

(n = 1005; 66.7%) and 3 of 10 patients were women (n = 449; 29.8%). Most patients 

presented with complex target lesions (n = 1186; 78.8%), and many were treated 

for at least 1 bifurcated lesion (n = 670; 44.5%). Table 1 presents the baseline 

characteristics of patients, lesions, and procedures, which did not show any 

significant difference in clinical patient characteristics between the stent 

groups. The small-vessel lesions of the SES group were significantly more 

often complex (452 of 636 [71.4%] vs 380 of 602 [63.3%]; P = .002) and less often 

restenotic (3 of 636 [0.5%] vs 13 of 602 [2.2%]; P = .009), and stent postdilation 

was more often performed in lesions treated with EES (433 of 581 [74.5%] vs 

418 of 602 [69.4%]; P = .05). Further characteristics of the small-vessel lesions 

are presented in Table 1. Dual antiplatelet therapy duration and intensity were 

similar between groups (eTable 2 in the Supplement).

Table 2 and Figure 2 present the clinical outcomes until 3-year follow-up. 

At 3 years, the device-oriented composite clinical end point TLF occurred in 

36 of 525 patients (7.0%) assigned to SES, 46 of 496 (9.5%) assigned to EES, and 

48 of 485 (10.0%) assigned to ZES (SES vs ZES: HR, 0.68; 95% CI, 0.44-1.05; P = .08; 

EES vs ZES: HR, 0.93; 95%CI,0.62-1.39; P = .72). At the 2-year follow-up, there was 

a significant difference in TLF between SES and ZES (n = 27 of 525 [5.2%] vs 42 

of 485 [8.7%]; HR, 0.59; 95% CI, 0.36-0.95; P = .03). At 3 years, TLR occurred less 

often in SES than in ZES (11 of 525 [2.1%] vs 25 of 485 [5.3%]; HR, 0.40; 95% CI, 

0.20-0.81; P = .009); after 2 years, there was also a significant difference (9 of 

525 [1.7%] vs 21 of 485 [4.4%]; HR, 0.39; 95% CI, 0.18-0.85; P = .01) in TLR between 

SES and ZES (Table 2). In patients with EES, TLR occurred in 19 of 496 (4.0%) 

at 3 years (vs ZES: HR, 0.74; 95% CI, 0.41-1.34; P = .31). For SES vs ZES and EES vs 

ZES, there was no between-group difference in the incidence of cardiac death, 

target vessel MI, and stent thrombosis.

Landmark analyses between 1-year and 3-year follow-up (Figure 3) 

showed that the difference in TLR between SES and ZES emerged during 

the second year of follow-up (1.0% vs 3.7%; mean difference, −2.7; 95% CI, −4.6 

to −0.8; P  =  .006). Landmark analyses comparing EES and ZES showed no 

significant difference (Table 2).

Table 1. Characteristics of patients, lesions, and procedures at baseline

Patients (n=1,506)
SES

(n=525)

EES

(n=496)

ZES

(n=485)

p

SES vs. 

ZES

p

EES vs. 

ZES

Age, years 64.9 (10.2) 64.0 (10.6) 64.0 (10.3) 0.19 0.91

Female sex 158 (30.1) 142 (28.6) 149 (30.7) 0.83 0.47

BMI, kg/m2 27.3 (4.1) 27.5 (4.2) 27.5 (4.1) 0.38 0.91

Diabetes mellitus 101 (19.2) 106 (21.4) 102 (21.0) 0.48 0.90

Arterial hypertension 250 (47.6) 230 (46.4) 249 (51.3) 0.24 0.12

Hypercholesterolemia 225 (42.9) 186 (37.5) 194 (40.0) 0.36 0.42

Current smoker 133/514 (25.9) 128/477 (26.8) 129/475 (27.2) 0.63 0.90

Family history of CAD 234/498 (47.0) 215/469 (45.8) 233/471 (49.5) 0.44 0.27

Previous myocardial infarction 95 (18.1) 87 (17.5) 109 (22.5) 0.08 0.05

Previous PCI 103 (19.6) 93 (18.8) 86 (17.7) 0.44 0.68

Previous CABG 33 (6.3) 42 (8.5) 35 (7.2) 0.56 0.47

Clinical syndrome

ST-segment elevation MI 143 (27.2) 135 (27.2) 113 (23.3)

0.45 0.50
Non-ST-segment elevation MI 118 (22.5) 104 (21.0) 111 (22.9)

Unstable angina 102 (19.4) 86 (17.3) 93 (19.2)

Stable angina 162 (30.9) 171 (34.5) 168 (34.6)

Multivessel treatment 154 (29.3) 141 (28.4) 157 (32.4) 0.30 0.18

Syntax scoresa 13.7 (8.3) 12.8 (7.9) 12.9 (8.3) 0.11 0.93

At least 1:

Complex lesion 429 (81.7) 381 (76.8) 376 (77.5) 0.10 0.79

Bifurcation lesion 235 (44.8) 218 (44.0) 217 (44.7) > 0.99 0.80

Chronic total occlusion 30 (5.7) 23 (4.6) 30 (6.2) 0.75 0.28

Severe calcification 121 (23.0) 117 (23.6) 124 (25.6) 0.35 0.47

In-stent restenosis 7 (1.3) 12 (2.4) 14 (2.9) 0.08 0.65

Lesion length > 27mm 182 (34.7) 169 (34.1) 189 (39.0) 0.16 0.11

Total stent length per patient, mm 44.6 (31.6) 42.3 (30.6) 45.8 (31.2) 0.55 0.08

Number of stents per patient 2.1 (1.2) 2.0 (1.2) 2.1 (1.2) 0.24 0.02

Implantation of 2.25mm stent 164 (31.2) 146 (29.4) 172 (35.5) 0.15 0.04

Implantation of 2.50mm stent 250 (47.6) 229 (46.2) 234 (48.2) 0.84 0.51

Implantation of 3.00mm stent 290 (55.2) 274 (55.2) 275 (56.7) 0.64 0.65

Implantation pressure, atm.b 14.9 (2.8) 15.0 (2.7) 14.8 (3.0) 0.63 0.21

IVUS use during index procedure 4 (0.8) 9 (1.8) 7 (1.4) 0.30 0.65

OCT use during index procedure 2 (0.4) 1 (0.2) 3 (0.6) 0.59 0.37

Values are n (%), n/N (%) or mean (SD). Table adapted from JAMA Cardiol 2019;4:659-669. 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters 

squared); CABG, coronary artery bypass graft; CAD, coronary artery disease; EES, everolimus-eluting 

stent; MI, myocardial infarction; PCI, percutaneous coronary intervention; SES, sirolimus-eluting 

stent; ZES, zotarolimus-eluting stent.
a Data was available in 492 of patients assigned to SES, in 454 of patients assigned to EES and in 450 of 

patients assigned to ZES (not recorded for patients with previous CABG).
b Data was available in 522 of patients assigned to SES, in 493 of patients assigned to EES and in 481 of 

patients assigned to ZES.
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Figure 2. Kaplan-Meier cumulative event curves for target lesion failure and its individual components at three-year follow-up.

Target lesion failure (A), a composite of cardiac death (B), target vessel-related myocardial infarction (C) or clinically indicated target 

lesion revascularization (D). HR indicates hazard ratio.

Figure 3. Landmark analyses at 1-year for target lesion failure and clinically indicated target lesion revascularization.

Target lesion failure until 2 (A) and 3 (C) years of follow-up; target lesion revascularization until 2 (B) and 3 (D) years of follow-up. HR 

indicates hazard ratio.

0
5

Figure 3. Landmark analyses at 1-year for target lesion failure and clinically indicated target lesion revascularization.
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Table 2. Clinical event rates during 3 years of follow-up

SES 

(n=525)

EES 

(n=496)

ZES 

(n=485)

HR [95% CI]

SES vs. ZES

p-logrank

SES vs. ZES

HR [95% CI]

EES vs. ZES

p-logrank

EES vs. ZES

Until 1-year follow-up

Cardiac death 4 (0.8) 5 (1.0) 6 (1.2) 0.62 [0.17-2.18] 0.45 0.81 [0.25-2.67] 0.73

Target vessel MI 13 (2.5) 11 (2.2) 14 (2.9) 0.86 [0.40-1.82] 0.68 0.77 [0.35-1.69] 0.51

TLR 6 (1.2) 6 (1.2) 8 (1.7) 0.69 [0.24-1.99] 0.49 0.73 [0.52-2.10] 0.56

TLF 21 (4.0) 21 (4.3) 24 (5.0) 0.81 [0.45-1.45] 0.47 0.85 [0.74-1.53] 0.59

Definite-or-probable ST 2 (0.4) 3 (0.6) 4 (0.8) 0.46 [0.09-2.52] 0.36 0.73 [0.16-3.27] 0.68

Definite ST 2 (0.4) 2 (0.4) 2 (0.4) 0.92 [0.13-6.55] 0.94 0.98 [0.14-6.93] 0.98

Until 2-year follow-up

Cardiac death 7 (1.3) 9 (1.8) 10 (2.1) 0.65 [0.25-1.70] 0.37 0.88 [0.36-2.17] 0.78

Target vessel MI 14 (2.7) 13 (2.7) 19 (4.0) 0.68 [0.34-1.35] 0.27 0.67 [0.33-1.35] 0.26

TLR 9 (1.7) 12 (2.5) 21 (4.4) 0.39 [0.18-0.85] 0.01 0.56 [0.27-1.13] 0.10

TLF 27 (5.2) 32 (6.5) 42 (8.7) 0.59 [0.36-0.95] 0.03 0.74 [0.47-1.17] 0.20

Definite-or-probable ST 3 (0.6) 6 (1.2) 7 (1.5) 0.40 [0.10-1.53] 0.16 0.84 [0.28-2.50] 0.75

Definite ST 2 (0.4) 3 (0.6) 5 (1.1) 0.37 [0.07-1.90] 0.21 0.59 [0.14-2.46] 0.46

Until 3-year follow-upa

Cardiac death 12 (2.4) 12 (2.5) 12 (2.5) 0.92 [0.42-2.06] 0.85 0.98 [0.44-2.18] 0.96

Target vessel MI 17 (3.3) 19 (3.9) 20 (4.2) 0.78 [0.41-1.50] 0.46 0.93 [0.50-1.74] 0.81

TLR 11 (2.1) 19 (4.0) 25 (5.3) 0.40 [0.20-0.81] 0.009 0.74 [0.41-1.34] 0.31

TLF 36 (7.0) 46 (9.5) 48 (10.0) 0.68 [0.44-1.05] 0.08 0.93 [0.62-1.39] 0.72

Definite-or-probable ST 3 (0.6) 7 (1.5) 7 (1.5) 0.40 [0.10-1.53] 0.16 0.98 [0.34-2.79] 0.97

Definite ST 2 (0.4) 4 (0.8) 5 (1.1) 0.37 [0.07-1.90] 0.21 0.78 [0.21-2.92] 0.72

Table 2. Clinical event rates during 3 years of follow-up (continued)

Landmark analyses b SES EES ZES
Difference [95% CI]

SES vs. ZES

p-value

SES vs. ZES

Difference [95% CI]

EES vs. ZES

p-value

EES vs. ZES

Between 1-2 years

Cardiac death 3 (0.6) 4 (0.8) 4 (0.8) -0.3 [-1.3 – 0.8] 0.62 0.0 [-1.2 – 1.1] 0.98

Target vessel MI 1 (0.2) 2 (0.4) 5 (1.1) -0.9 [-1.9 – 0.1] 0.09 -0.7 [-1.8 – 0.5] 0.25

TLR 3 (0.6) 6 (1.3) 13 (2.8) -2.2 [-3.9 – -0.6] 0.009 -1.5 [-3.3 – 0.3] 0.10

TLF 6 (1.2) 11 (2.4) 18 (4.0) -2.8 [-4.8 – -0.7] 0.008 -1.6 [-3.9 – 0.7] 0.17

Definite-or-probable ST 1 (0.2) 3 (0.6) 3 (0.6) -0.4 [-1.3 – 0.4] 0.29 0.0 [-1.0 – 1.0] 0.98

Definite ST 0 (0.0) 1 (0.2) 3 (0.6) -0.6 [-1.4 – 0.1] 0.08 -0.4 [-1.3 – 0.4] 0.31

Between 1-3 years

Cardiac death 8 (1.6) 7 (1.4) 6 (1.3) 0.3 [-1.2 – 1.8] 0.71 0.2 [-1.3 – 1.7] 0.81

Target vessel MI 4 (0.8) 8 (1.7) 6 (1.3) -0.5 [-1.8 – 0.8] 0.44 0.4 [-1.2 – 2.0] 0.62

TLR 5 (1.0) 13 (2.7) 17 (3.7) -2.7 [-4.6 – -0.8] 0.006 -0.9 [-3.2 – 1.3] 0.42

TLF 15 (3.0) 25 (5.3) 24 (5.3) -2.3 [-4.8 – 0.3] 0.08 0.1 [-2.8 – 3.0] 0.96

Definite-or-probable ST 1 (0.2) 4 (0.8) 3 (0.6) -0.4 [-1.3 – 0.4] 0.29 0.2 [-0.9 – 1.3] 0.73

Definite ST 0 2 (0.4) 3 (0.6) -0.6 [-1.4 – 0.1] 0.08 -0.2 [-1.1 – 0.7] 0.64

Values are n (%). According to the BIO-RESORT study protocol, comparisons of SES vs. ZES and EES vs. ZES were performed.

Abbreviations: EES, everolimus-eluting stent; HR, hazard ratio; MI, myocardial infarction; SES, sirolimus-eluting stent; ST, stent thrombosis; TLF, target lesion 

failure; TLR, target lesion revascularization; ZES, zotarolimus-eluting stent.
a Three-year follow-up information was obtained from 1,452 of all 1,506 study patients (96.4%) and analyzed using the Kaplan-Meier method, therefore the 

percentages may differ slightly from straightforward nominator divided by denominator calculations.
b Patients that were censored before the 1-year landmark are not included.
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Among 1054 study patients who were treated in a single small vessel, the 

TLF rate was 7.4% (n = 27 of 371) in SES, 7.5% in EES (n = 26 of 355), and 9.9% in 

patients with ZES (n = 32 of 328) (SES vs ZES, HR 0.74; 95% CI, 0.44-1.24; P = .24; 

EES vs ZES: HR, 0.74; 95% CI, 0.44-1.24; P = .25). In addition, TLR was performed 

less often in patients with SES than in patients with ZES (2.2% vs 5.0%; HR, 

0.44; 95% CI, 0.19-1.02; P = .049) and in 4.1% of the patients with EES (EES vs 

ZES: HR, 0.80; 95% CI,0.39-1.64; P = .55). Multivariate analysis showed that after 

adjustment for potential confounders (ie, in-stent restenosis) the implantation 

of SES was independently associated with a lower incidence of TLR (adjusted 

HR, 0.42; 95% CI, 0.20-0.85; P = .02) at 3-year follow-up (vs ZES).

DISCUSSION

Main Findings

This secondary analysis of the randomized BIO-RESORT trial compared all-

comers with at least 1 small-vessel lesion treated with thin-strut, very thin-

strut, or ultrathin-strut DES. Drug-eluting stents with particularly thin struts 

were found to have the lowest adverse event rate. During 3-year follow-up, 

there was a significantly lower incidence of target lesion revascularization in 

patients treated with SES than with previous-generation ZES. This difference 

emerged during the second year of follow-up and was confirmed in patients 

who underwent single-vessel treatment only (ie, to exclude any potential 

confounding effect of treating additional nonsmall vessels). In addition, 

multivariate analysis showed that treatment with SES was independently 

associated with TLR. This difference in TLR contributed to a difference 

between SES and ZES in the composite clinical end point TLF, which reached 

statistical significance between 1-year and 2-year follow-up; over the entire 

3 years, there was a numeric difference in TLF that did not reach statistical 

significance.

Previous Studies

A meta-analysis21 based on 1-year outcome data found in target vessels of 

various sizes no significant difference in TLR rate between patients treated 

with ultrathin-strut DES vs thicker-strut DES.21 As in small-vessel lesions, 

the strut cross-section contributes relatively more to the stent-induced 

luminal obstruction, the potential benefit of ultrathin-strut stents may be 

most pronounced in such lesions. In addition, the findings of our study suggest 

that the meta-analysis21 may not have been able to show a significant benefit of 

ultrathin strut stents because advantages may emerge after the 1-year follow-

up.

A small-vessel (≤2.5 mm) subanalysis of the CENTURY-II trial9 in 525 

patients compared a thin-strut SES (80 μm; Ultimaster; Terumo) vs a thin-

strut EES (81 μm; Xience; Abboe Vascular). At 1-year follow-up of that study, 

there was no significant between-stent difference in the rates of TLR (4.0% vs 

5.7%), which might be partly aeributed to the similarity in strut thickness.

The overall incidence of TLR at 2 years in our study is lower than reported 

in previous small-vessel studies with new-generation DES that reported 

2-year outcome data. In a substudy of the randomized DUTCH PEERS trial,5 

comparing the previous-generation thin-strut ZES (91 μm) with a thin-strut 

durable polymer EES (81 μm; Promus Element; Boston Scientific), the 2-year 

incidence of TLR was 4.8% in all-comer patients with small vessels (n = 798). 
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A 2019 prospective single-arm small-vessel study26 assessed 70 Japanese non–

all-comer patients, who were treated with a 2.25-mm thin-strut SES (80μm; 

Ultimaster) and found TLR to occur in 4.3% within 2 years. The incidence of 

TLR in both aforementioned studies was similar to that of patients treated 

with previous-generation thin-strut ZES in our study (4.4%). However, the 

patients in our study treated with very thin-strut EES and ultrathin-strut 

SES showed lower rates (2.5% and 1.7%, respectively), which supports the 

hypothesis that strut thickness maeers for the repeated revascularization 

risk, in particular in small target vessels.

Yet a retrospective, observational small-vessel study assessed 1132 

patients treated with 2.50-mm thin-strut EES (81 μm; Xience V or Promus) 

or thick-strut biolimus-eluting stents (120 μm; Nobori; Terumo). The 2-year 

TLR rates were similar (8.4% vs 8.3%), which might partly be explained by 

differences in clinical presentation between both DES groups. Overall, the TLR 

rates were relatively high, which might be related to the patient population.27

While most small-vessel studies reported 2-year outcome data, 5-year 

follow-up data were reported in a post hoc subgroup analysis in 259 patients 

with small target vessels (≤2.75 mm) of a previous trial that assessed the 

ultrathin-strut SES.28 While the TLR rates were similar for the ultrathin-

strut SES and the thin-strut EES (Orsiro 8.7% vs Xience 8.9%), there was a 

numerically lower rate of TLF in patients treated with ultrathin strut SES 

(11.1%) as compared with thin strut EES (15.5%).28 The lack of a statistical 

significance may be aeributed to the relatively small sample size as well as 

the choice of a more generous cutoff value for defining small vessels, which 

resulted in the inclusion of patients with target vessels between 2.50 mm 

and 2.75 mm, (ie, patients who are expected to have a lower TLR risk); these 

patients were not included in our analysis.

A subgroup analysis of a 2017 meta-analysis29 that assessed patients 

treated with various biodegradable polymer DES vs durable polymer DES 

in target vessels of all sizes, treated with DES that had stent struts smaller 

than 100 μm, found no between-group difference in the occurrence of cardiac 

death, MI, or stent thrombosis after a mean follow-up of 26 months. The 

results in patients in our study with small target vessels corroborate the 

aforementioned findings in patients with target vessels of all sizes, showing 

low stent thrombosis rates and no significant difference in cardiac death, MI, 

and stent thrombosis between durable and biodegradable polymer DES.

Possible Explanations for This Study’s Findings

Some aspects of our findings require further elaboration. Owing to the 

difference in strut thickness, the neointimal response to strut and polymer 

coating may have been more pronounced in ZES than in ultrathin-strut 

SES, most likely because in ZES there is more material to provoke a biologic 

response. Theoretically, in ZES, the presence of a durable polymer may have 

promoted and prolonged vessel wall inflammation with delayed arterial 

healing, and it may have accelerated the formation of neoatherosclerosis.30 

As a result of this, plaque burden may be larger, which may have led to more 

adverse events such as in-stent restenosis and TLR.

In addition, the same volume of neointimal ingrowth is much more likely 

to cause hemodynamically significant lumen obstructions in small vs larger 

target vessels. In the era of bare-metal stents, an inverse association between 

vessel size and angiographic restenosis or TLR was described. There was a 

direct association between strut thickness and late lumen loss and TLR that 

was most apparent in smaller vessels, suggesting an increased importance 

of stent strut thickness in smaller vessels.31 While DES reduced neointimal 

proliferation and its association with strut size, thicker DES struts required a 

longer time for re-endothelialization and were more thrombogenic owing to a 

disturbed blood flow and shear stress distribution.32 On the other hand, with 

increasingly thin struts, aeention has to be paid to maintaining an adequate 

radial force. In the specific patient population of our present study, we did 

not notice any signal that ultrathin- or very thin-strut stents might have a 

clinically relevant problem with insufficient radial force.

In this study, differences in TLR (and TLF) between ultrathin-strut SES 

and thin-strut ZES were seen in particular beyond 1 year. A stringent cessation 

of DAPT after 12 months, which is common practice in the Netherlands, may 

have contributed to our findings by promoting some ischemic coronary 

events and related TLR during the second year of follow-up. In a 2017 trial,17 

target vessel MI was the driver of a reduced TLF with ultrathin-strut SES as 

compared with thin-strut durable polymer cobalt-chromium EES both at 30 

days and 1-year follow-up. Similarly, large-scale meta-analyses21,33 showed an 

advantage in ischemic end points for DES with particularly thin struts. This 

may be aeributed to less flow disturbance, vascular damage, and side branch 

obstruction, caused by particularly thin struts.

Nevertheless, strut width and cross-sectional strut shape are also 

important factors that differ between contemporary devices. In this 

analysis, no significant difference in target vessel MI was noted, but small 

vessels have smaller side branches than large vessels, and obstruction of 
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small side branches may remain more often unnoticed and may less often 

cause a substantial cardiac marker release. In addition, the high rate of stent 

postdilation might have reduced the risk of side branch compromise in all 3 

stent groups, and in ZES (ie, the device with the thickest struts), the round 

cross-sectional strut shape may have reduced the risk of obstructing side 

branches.

Clinical Implications

The findings of our analysis suggest that the ultrathin-strut SES may reduce 

the risk of repeated revascularization in small-vessel lesions, which could 

have a positive effect on the patients’ comfort and morbidity as well as health 

care expenditures. As a consequence, operators may consider strut thickness 

as one of the factors when making their choice of DES for treating small-vessel 

lesions. Treatment of small coronary vessels has generally been associated 

with a higher risk of adverse clinical events, but the definition of a small 

target vessel has changed over time. In the eras of bare metal stents and first-

generation DES, a small target vessel was usually classified by a reference 

vessel size of less than 3.0mm, while later the cutoff value was lowered to 

2.75mm, and in small-vessel trials published after 2016, a cutoff value of 2.5 

mm was used. Coronary lesions that previously were deemed untreatable 

are now considered small or very small target lesions, for which small and 

very small DES15,34 are available. Owing to innovations in the field and the 

availability of DES with very thin and ultrathin struts and increasingly 

smaller sizes, one may expect that PCI with DES implantation will be even 

more frequently the therapy of choice in patients with lesions in small and 

very small coronary vessels.

Limitations

The potential signal of lower revascularization rates with ultrathin-strut 

SES should be interpreted cautiously because this hypothesis-generating 

finding was obtained from a prespecified subgroup analysis; therefore, no 

definitive conclusions can be drawn. We did not collect residual Syntax Score 

data (ie, after invasive treatment). In addition, during study enrollment, DES 

with diameters of 2.0 mm were not yet available. Nowadays, the successor 

(Resolute Onyx; Medtronic) of the thin-strut ZES of this study is available in 

2.0-mm sizes and has struts with a thickness of 81 μm (uncoated). It has shown 

favorable clinical and angiographic outcomes at 1 year, including a single-

arm study in 101 patients who were treated with 2.0-mm stents.15,34,36 Finally, 

guidance by intracoronary imaging (eg, intravascular ultrasonography or 

optical coherence tomography) can facilitate stent sizing in small vessels 

but were infrequently used (overall 1.7%); nevertheless, TLR rates were 

particularly low in this trial vs many previous studies.

Conclusion

Patients stented in small coronary vessels experienced fewer repeated 

target lesion revascularizations if they were treated with ultrathin-strut 

SES vs previous-generation thin-strut ZES. Study stents differed not only in 

strut thickness but also in stent geometry, polymer type, and eluted drug. 

Therefore, further research is required to definitely answer the question 

of whether the difference in stent strut thickness is the main driver of the 

observed between-stent difference.
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KEY POINTS

Question Are very thin- or ultrathin-strut drug-eluting stents associated with 

reduced adverse cardiovascular events in all-comer patients with lesions in 

small coronary vessels?

Findings In this small-vessel substudy including 1506 participants of the 

3-arm randomized BIO-RESORT trial, patients experienced fewer repeated 

target lesion revascularizations within 3 years after treatment with ultrathin-

strut sirolimus-eluting stents (2.1%) vs previous-generation thin-strut 

zotarolimus-eluting stents (5.3%).

Meaning In small-vessel lesions, the implantation of the ultrathin-strut 

sirolimus-eluting stent that is examined in the BIO-RESORT trial may reduce 

the need for repeated revascularization.
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SUPPLEMENTAL DATA

eFigure 1. Multidimensional representation of study devices for the smallest sized stents

The upper site of the image shows the abluminal side of the stent struts, this part of the stent is 

apposed to the vessel wall. Abbreviations: CoCr, cobalt-chromium; EES, everolimus-eluting stent; 

SES, sirolimus-eluting stent; PtCr, platinum-chromium; ZES, zotarolimus-eluting stent.

eTable 1. Technical details of study devices

ZES EES SES

Uncoated strut thickness, µm 91

74

3.0 – 3.5 mm: 79

4.0 mm stent: 81

60

> 3.0mm stents: 80

Coating thickness, µm 5.6 4
7.4 / 3.5

(ab- / luminal)

Coated strut thickness, µm 102 78 71

Metal Cobalt-chromium
Platinum-

chromium
Cobalt-chromium

Polymer

BioLinx®,

a blend of 

hydrophobic C10, 

hydrophilic C19, 

and poly-vinyl 

pyrrolidone

PLGA

(poly [lactic-

co-glycolic acid] 

polymer)

coating

PLLA

(poly [L-lactide] acid) 

(BIOlute®), on thin 

amorphous silicon 

carbide (proBIO®)

Drug release time, months 6 3 3.3

Degradation time, months -- 4 ~ 24

Abbreviations: EES, everolimus-eluting stent; SES, sirolimus-eluting stent; ZES, zotarolimus-eluting 

stent.

05

on 



138 139

BIO-RESORT: small-vessel analysisChapter 05

eTable 2. Medication at index procedure and at 1-, 2-, and 3-year follow-up

SES EES ZES
P

SES vs. ZES

P

EES vs. ZES

Index procedure, n = 1,506 n = 525 n = 496 n = 485

Dual antiplatelet therapy 506 (96.4) 482 (97.2) 473 (97.5) 0.29 0.73

With clopidogrel 278 (53.0) 272 (54.8) 272 (56.1) 0.32 0.70

With ticagrelor or prasugrel 228 (43.4) 210 (42.3) 201 (41.4) 0.52 0.78

OAC with P2Y12 inhibitor 11 (2.1) 9 (1.8) 10 (2.1) 0.97 0.78

1-year follow-up, n = 1,469 n = 515 n = 482 n = 472

Dual antiplatelet therapy 437 (84.9) 413 (85.7) 410 (86.9) 0.47 0.86

With clopidogrel 247 (48.0) 227(47.1) 235 (49.8) 0.57 0.41

With ticagrelor or prasugrel 190 (36.9) 186 (38.6) 175 (37.1) 0.95 0.63

OAC with P2Y12 inhibitor 55 (10.7) 51 (10.6) 48 (10.2) 0.79 0.84

2-year follow-up, n = 1,453 n = 511 n = 477 n = 465

Dual antiplatelet therapy 31 (6.1) 38 (8.0) 44 (9.5) 0.05 0.42

With clopidogrel 18 (3.5) 24 (5.0) 23 (4.9) 0.27 0.95

With ticagrelor or prasugrel 13 (2.5) 14 (2.9) 21 (4.5) 0.09 0.20

OAC with P2Y12 inhibitor 5 (1.0) 9 (1.9) 6 (1.3) 0.65 0.47

3-year follow-up, n = 1,388 n = 481 n = 459 n = 448

Dual antiplatelet therapy 35 (7.3) 35 (7.6) 25 (5.6) 0.29 0.22

With clopidogrel 23 (4.8) 20 (3.3) 15 (3.3) 0.27 0.43

With ticagrelor or prasugrel 12 (2.5) 15 (3.3) 10 (2.2) 0.79 0.34

OAC with P2Y12 inhibitor 4 (0.8) 6 (1.3) 3 (0.7) >0.99 0.51

Values are n (%). Abbreviations: EES, everolimus-eluting stent; OAC, oral anticoagulation therapy; 

SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent.
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Reply to a LeFer to the Editor entitled:

Ultrathin strut stents in small coronary vessels – are we 

there yet?

Rosaly A. Buiten, Eline H. Ploumen, Clemens von Birgelen

JAMA Cardiol 2019; Oct 16; doi:10.1001/jamacardio.2019.3915
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IN REPLY We thank Al Hinai et al for their interest in our work.1 They raise 

the question whether one can separate the effect of strut size vs eluted 

drug or type of polymer. Based on our data, such a separation cannot be 

done, but as outlined in our article,1 we feel that strut thickness may be 

the most relevant characteristic of our study’s drug-eluting stents (DESs) 

with regard to the risk of target lesion revascularization. All 3 types of DESs 

use sirolimus or one of its derivatives, which have shown similar efficacy 

in suppressing in-stent neointimal proliferation in several studies. The 

duration of drug elution differed among the 3 DESs, and thus, an effect of 

dissimilar pharmacodynamics cannot be excluded. In addition, theoretically, 

a prolonged inflammation caused by durable polymer could accelerate the 

formation of neoatherosclerosis, which may be most relevant in small-vessel 

lesions. We cannot exclude that polymer type (ie, biodegradable vs durable) 

and distribution and degradation speed of biodegradable polymers could 

play a certain role. Nevertheless, if a minimum amount of polymer coating 

and a rapid polymer degradation would be most important for lowering the 

risk of repeated revascularization, the biodegradable polymer everolimus-

eluting stent should have shown the lowest repeated revascularization rate. 

In addition, a 2017 meta-analysis with medium-term follow-up did not show 

superiority of biodegradable over durable polymer DES.2

From a more mechanistical point of view, it would be interesting to evaluate 

angiographic in-stent restenosis. Yet from a clinician’s perspective, it may 

be most useful to obtain reliable data on the incidence of clinically driven 

repeated revascularization. In our study, the assessment of end points was 

not affected by routine angiographic follow-up, which can increase the rate 

of repeated interventions, triggered by the so-called oculostenotic reflex. In 

a porcine model, biodegradable polymer sirolimus-eluting stents showed a 

lower angiographic restenosis rate than bare-metal stents after 1 month.3 

In a study that compared biodegradable polymer everolimus-eluting stents 

with durable polymer zotarolimus-eluting stents in rabbits, the biodegradable 

polymer everolimus-eluting stents showed a lower neoatherosclerosis score 

at 90 days.4

In a subgroup analysis of the BIO-RESORT trial at 3 years comparing target 

lesion revascularization using biodegradable polymer sirolimus-eluting 

stents vs durable polymer zotarolimus-eluting stents, we found a significant 

interaction with treatment of small vessels (reference vessel size, <2.5 mm) 

(small vessels: hazard ratio, 0.40; 95% CI, 0.20-0.81; nonsmall vessels: hazard 

ratio, 1.30; 95% CI, 0.70-2.42; P for interaction = .02). This finding was in line 

with the pathophysiological concept that thinner stent struts may be most 

relevant in stents that are implanted in small-vessel lesions. The proportions 

of women and patients with diabetes in this small-vessel subgroup were 

similar to those in the entire BIO-RESORT population.5 Actually, this is not 

surprising, as many women and patients with diabetes were treated for 

lesions located in nonsmall vessels (ie, 2.5 mm or greater). Furthermore, for 

the comparison between stents regarding target lesion revascularization, we 

found no interaction with sex or with diabetes.

CONFLICTS OF INTEREST

Drs Buiten, Ploumen, and von Birgelen indicate that the research department 

of Thoraxcentrum Twente has received research grants from Abboe Vascular, 

Biotronik, Boston Scientific, and Medtronic.
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ABSTRACT

Background: Treatment of a coronary bifurcation lesion is often required 

in routine clinical practice, but data on the performance of very thin-strut 

biodegradable polymer drug-eluting stents are scarce.

Methods: BIO-RESORT is a prospective, multicenter randomized clinical trial 

that included 3,514 all-comer patients, who were 1:1:1 randomized to very thin-

strut biodegradable polymer-coated sirolimus- or everolimus-eluting stents, 

versus thin-strut durable polymer-coated zotarolimus-eluting stents. The 

approach of bifurcation stenting was left at the operator’s discretion and 

provisional stenting was generally preferred. This prespecified analysis 

assessed 3-year clinical outcome of all patients in whom treatment involved 

at least one bifurcation with a side-branch diameter ≥1.5mm.

Results: Of all 3514 BIO-RESORT trial participants, 1236 patients were treated 

in bifurcation lesions and analyzed. In these patients, single- and two-stent 

techniques were used in 85.8% and 14.2%, respectively. ‘True’ bifurcation 

lesions (main vessel and side-branch obstructed) were treated in 31.1%. 

Three-year follow-up was available in 1200/1236 (97.1%) patients. The main 

endpoint target vessel failure (composite of cardiac death, target vessel-

related myocardial infarction, or target vessel revascularization) occurred 

in sirolimus-eluting stents in 42/412 (10.3%) and in zotarolimus-eluting stents 

in 49/409 (12.1%) patients (P-logrank = 0.40). In everolimus-eluting stents, 

target vessel failure occurred in 40/415 (9.8%) patients (vs. zotarolimus-

eluting stents: P-logrank = 0.26). There was no between-stent difference in 

individual components of target vessel failure. Findings were consistent in 

both, patients with single-vessel treatment and patients treated with a single-

stent technique.

Conclusions: Three years after stenting all-comers with bifurcation lesions, 

clinical outcome was similar with the sirolimus-eluting and everolimus-

eluting stents versus the zotarolimus-eluting stent.

INTRODUCTION

Treatment of obstructive coronary bifurcation lesions with percutaneous 

coronary interventions can be technically challenging, due to demanding 

lesion anatomies or differences in lumen diameter between main and side 

branch that may interfere with optimal stent sizing.1 Previous clinical 

studies in bifurcation lesions showed improved outcomes with second-

generation versus first-generation drug-eluting stents (DES)2-4 and lower 

repeat revascularization rates with biodegradable polymer-coated versus 

durable polymer-coated DES that utilized thick stent struts.5,6 In addition, 

bench studies have shown that coronary DES can differ in their response to 

procedural steps that are involved in bifurcation treatment.7-9 Therefore, the 

technical characteristics of stents may be important when selecting DES for 

bifurcation treatment.

The metallic backbones of most contemporary DES are characterized 

by very flexible open-cell designs that use thinner stent struts than their 

predecessors.10 In bifurcation lesions, more flexible devices have a theoretical 

advantage in being easier advanced through complex bifurcation anatomies 

and their thinner stent struts may reduce the coverage of side branch ostia. 

Several studies have shown excellent outcomes in broad all-comer patient 

populations with very thin-strut biodegradable polymer DES,11-14 but outcome 

data after bifurcation treatment are scarce.

BIO-RESORT is a large-scale randomized clinical trial that compares two 

very thin-strut biodegradable polymer-coated DES with a thin-strut durable 

polymer-coated DES in all-comer patients. In the entire study population 

clinical outcome with all three DES was favorable after 3 years of follow-

up.15 The current, prespecified subgroup analysis assesses the 3-year clinical 

outcome of BIO-RESORT participants who were treated in bifurcation lesions.

METHODS

Patient population and study design

This is a prespecified subgroup analysis of the 3-arm, multicenter, 

investigator-initiated, patient-and assessor-blinded, randomized BIO-RESORT 

trial (NCT01674803). Details of study design and clinical outcomes until 3 

years of follow-up have been published.15,16 In brief, BIO-RESORT included 

3514 all-comer patients with obstructive coronary disease in 4 Dutch cardiac 

intervention centers between December 2012 and August 2015. Patients 

were equally randomized to treatment with very thin-strut biodegradable 

polymer sirolimus-eluting stents (SES; Orsiro, Biotronik, Bülach, Switzerland) 
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or everolimus-eluting stents (EES; Synergy, Boston Scientific, Marlborough, 

Massachusees, USA), versus thin-strut durable polymer zotarolimus-eluting 

stents (ZES; Resolute Integrity, Medtronic, Santa Rosa, California, USA). All 

coronary syndromes, and de novo and restenotic lesions in native vessels or 

bypass grafts were permieed. There was no limit for lesion length, reference 

vessel size, or number of lesions or vessels to be treated.

BIO-RESORT complied with the Declaration of Helsinki and was approved 

by the Medical Ethics Commieee Twente and the institutional review boards 

of all participating centers. All patients provided wrieen informed consent. 

The present secondary analysis of the trial analyzed all patients who were 

treated in at least one bifurcation lesion, defined by a side-branch diameter 

≥1.5 mm. Bifurcation lesions were classified as ‘true’ bifurcation lesions, based 

on the Medina classification, if they had obstructions ≥50% in both main 

and side branch. Interventional procedures were performed according to 

current medical guidelines and the operator’s judgement. The recommended 

approach for bifurcation lesion treatment was provisional stenting, but the 

technique of stenting and the use of final kissing-balloon inflations were left 

at the operator’s discretion. Quantitative coronary angiographic analyses 

were performed in a core laboratory (Cardiovascular Research and Education 

Enschede, Enschede, the Netherlands).

Follow-up, event adjudication and clinical endpoints

Procedures of follow-up and monitoring have been reported.16 An independent 

clinical event commieee adjudicated adverse clinical events (Diagram, Zwolle, 

the Netherlands). The prespecified clinical endpoints of the BIO-RESORT trial 

were defined according to the Academic Research Consortium.17,18 The main 

composite endpoint target vessel failure (TVF) included cardiac death, target 

vessel-related myocardial infarction (MI), or clinically indicated target vessel 

revascularization. Death was considered as cardiac unless an unequivocal 

noncardiac cause could be established. MI was defined by any creatine 

kinase concentration of more than double the upper limit of normal, with 

confirmatory elevated cardiac biomarkers. A periprocedural MI was defined 

as an MI occurring during the first 48 hours after the index procedure. 

Stent thrombosis was defined according to Academic Research Consortium 

definitions.17

Technical details of stents

The SES platform is made from very thin cobalt-chromium struts (60 µm 

for stents ≤3.0 mm and 80 µm for stents >3.0 mm). It has a thin passive 

amorphous silicon carbide coating and is circumferentially covered with an 

asymmetrical hybrid biodegradable poly[L-lactide]acid coating that is thicker 

on the abluminal side (7.4/3.5 µm), that elutes sirolimus in approximately 3 

months and is resorbed within 24 months. The EES platform is made from 

platinum-chromium struts of varying sizes (strut thickness of 74, 79, and 81 

µm for stent sizes ≤ 2.5, 3.0–3.5, and 4.0 mm, respectively). The 4 µm abluminal 

biodegradable poly[lactic-co-glucolic acid] coating elutes everolimus within 

3 months and is resorbed within 4 months. The ZES platform is made from 

cobalt-chromium and has a strut thickness of 91 µm. Zotarolimus is eluted 

for 6 months from a 5.6 µm coating that is a blend of 3 durable polymers.9,15

Statistical analysis

By study design, SES and EES were compared to ZES, but not with each other. 

Categorical variables were compared between groups with the Pearson 

chi-square test, while continuous variables were assessed with the t-test 

or Wilcoxon rank-sum test, as appropriate. The time to clinical endpoint 

was calculated with Kaplan-Meier methods and the log-rank test was 

applied for between-group comparisons. Hazard ratios (HR), with 2-sided 

confidence intervals (CI) were computed using Cox regression analysis. 

Potential confounders were identified if in univariate analysis a P value < 

0.15 was found, and they were then entered into a multivariate Cox regression 

model using stepwise backward selection. The final model included renal 

insufficiency and total stent length. Additional analyses were performed in 

patients treated with a single-stent technique. A 2-sided P value < 0.05 was 

considered significant. Statistical analyses were performed with SPSS, version 

24 (IBM Corp).

RESULTS

A total of 1236 patients were treated in at least one bifurcation lesion (35.2% 

of all 3514 randomized trial participants). Patient characteristics at baseline 

are shown in Table 1. There were no differences in baseline characteristics 

between patient groups, except for previous MI which was less prevalent 

in SES (17.0%) and EES (13.5%) versus ZES (24.7%) (SES vs. ZES: P = 0.007; EES 

vs. ZES: P < 0.001). In all 3 stent groups, the most common Medina class was 

Medina 1,1,0, and provisional stenting was applied in most patients (Table 2). 

Clinical outcome after 1-year of follow-up is reported in Supplementary Table 

1 and showed no between-DES differences.
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At 3 years, clinical follow-up was available in 1200/1236 (97.1%) patients; 17 

patients were lost to follow-up and 19 withdrew consent (censored at time of 

dropout; Figure 1). The main composite endpoint TVF occurred in SES in 42/412 

(10.3%) patients and in ZES in 49/409 (12.1%) patients (HR 0.84, 95% CI 0.56-1.27, 

P-logrank = 0.40). In EES, TVF occurred in 40/415 (9.8%) patients (EES vs. ZES: 

HR 0.79, 95% CI 0.51-1.20, P-logrank = 0.26; Figure 2). There was no significant 

between-stent difference in any individual component of TVF (Table 3). In all 

three DES, stent thrombosis was an infrequent event (Table 3). An exploratory 

analysis in patients with single-vessel treatment confirmed these findings 

(data not shown).

Multivariate analysis showed that after adjustment for confounders 

(i.e., renal insufficiency and total stent length) there was no independent 

association between type of DES and 3-year TVF rates (adjusted HR for SES 

vs. ZES: 0.79, 95% CI 0.52-1.20 and adjusted HR for EES vs. ZES: 0.81, 95% CI 

0.54-1.23).

A total of 1059/1236 patients (85.7%) were treated with a single-stent 

technique. In these patients, TVF rates were similar between the very thin-

Table 1. Patient characteristics at baseline

SES (n = 412) EES (n = 415) ZES (n = 409)

Age, years 64.3 (10.3) 64.0 (10.2) 64.0 (9.9)

Female sex 82 (19.9) 94 (22.7) 96 (23.5)

Body mass index, kg/m2 27.1 (3.9) 27.4 (3.9) 27.6 (4.0)

Smoking 104/404 (25.7) 104/401 (25.9) 92/402 (22.9)

Medical History

Diabetes 74 (18.0) 75 (18.1) 87 (21.3)

Hypertension 193 (46.8) 184 (44.3) 202 (49.4)

Hypercholesterolemia 159 (38.6) 150 (36.1) 151 (36.9)

Prior myocardial infarction 70 (17.0)a 56 (13.5)b 101 (24.7)

Prior percutaneous coronary intervention 80 (19.4) 72 (17.3) 64 (15.6)

Prior coronary bypass surgery 27 (6.6) 29 (7.0) 22 (5.4)

Renal insufficiency 21 (5.1) 6 (1.4) 12 (2.9)

Clinical syndrome at presentation

Acute coronary syndrome 269 (65.3) 275 (66.3) 276 (67.5)

Stable angina 143 (34.7) 140 (33.7) 133 (32.5)

Data expressed as mean (SD) or n (%). All other comparisons between SES and EES versus ZES did not 

differ significantly. EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-

eluting stents.
a SES significantly lower than in ZES, p = 0.007.

b EES significantly lower than in ZES, p < 0.001.

strut SES and EES versus the thin-strut ZES (SES 10.4% and EES 9.2%, vs. 11.6%, 

P = 0.59 and P = 0.26, respectively). In addition, periprocedural target vessel 

MI rates did not differ significantly between DES groups (SES 2.2% and EES 

1.7%, vs. ZES 2.9%, P = 0.58 and P = 0.29, respectively). Supplementary Table 2 

presents other secondary clinical outcomes in these patients.

Three-year clinical outcome in patients treated with two- versus single-

stent technique was similar, except for periprocedural MI which was more 

prevalent in patients treated with a two-stent technique (9/176 [5.1%] vs. 

24/1,059 [2.3%]; HR 2.27, 95% CI 1.05-4.88, P = 0.03).

Patients treated in ‘true’ bifurcation lesions (i.e., lesions obstructed in 

main and side branch) represented almost one third of the study population 

(385/1236; 31.1%). These patients showed 3-year adverse event rates that were 

Table 2. Procedural and lesion characteristics at baseline

SES (n = 412) EES (n = 415) ZES (n = 409)

Medina classification

0.0.1 27 (6.6) 39 (9.4) 38 (9.3)

0.1.0 78 (18.9) 58 (14.0) 55 (13.4)

0.1.1 21 (5.1) 17 (4.1) 21 (5.1)

1.0.0 17 (4.1) 29 (7.0) 18 (4.4)

1.0.1 13 (3.2) 20 (4.8) 13 (3.2)

1.1.0 168 (40.8) 162 (39.0) 162 (39.6)

1.1.1 88 (21.4) 90 (21.7) 102 (24.9)

Multivessel treatment 127 (30.8) 114 (27.5) 124 (30.3)

Right coronary artery 96 (23.3) 95 (22.9) 102 (24.9)

Left anterior descending artery 304 (73.8) 278 (67.0) 279 (68.2)

Circumflex artery 129 (31.3) 149 (35.9) 145 (35.5)

Stenting approacha

Single-stent approach 359 (87.1) 353 (85.3) 347 (84.8)

Two-stent approach 53 (12.9) 61 (14.7) 62 (15.2)

T-stenting 29 (54.7) 40 (65.6) 42 (67.7)

(Mini) crush 15 (28.3) 15 (24.6) 9 (14.5)

CuloTe 2 (3.8) 1 (1.6) 4 (6.5)

Other 7 (13.2) 5 (8.2) 6 (9.7)

Final kissing balloon inflation 72 (17.5) 86 (20.7) 71 (17.4)

Total stent length 37 (22-57) 36 (20-58) 38 (24-60)

Data expressed as median (interquartile range) or n (%). EES, everolimus-eluting stents; SES, 

sirolimus-eluting stents; ZES, zotarolimus-eluting stents.
a One patient in the EES group did not receive a stent, and the stenting technique was marked as 

missing.
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non-significantly different to the rates of patients with ‘non-true’ bifurcation 

lesions (Supplementary Table 3). 

Figure 1. Study flow diagram

* This is the number of patients treated with drug-eluting stents during the period of study 

enrollment, irrespective of inclusion or exclusion criteria.

EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.
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DISCUSSION

Main findings

Three years after treating all-comer patients who had bifurcated target lesions 

with very thin-strut SES and EES, there was no significant difference in the 

incidence of the main clinical endpoint TVF as compared to treatment with 

thin-strut ZES. In addition, for SES and EES there were no differences in the 

occurrence of safety (cardiac death, MI, stent thrombosis) or efficacy (repeat 

revascularization) endpoints versus ZES. Intuitively, one might expect that 

the lower strut thickness of the very thin-strut SES and EES could result in 

fewer periprocedural MI due to less side branch strut coverage. However, 

the findings of the present study (including a subanalysis in patients 

with single-stent treatment) do not provide any signal that supports this 

hypothesis. Previous research in bifurcation lesions has shown lower 

repeat revascularization rates after implantation of biodegradable polymer-

coated versus durable polymer-coated thick-strut stents.4,5 Although, in the 

current study, some clinical endpoints showed numerically somewhat lower 

event rates in the biodegradable polymer SES and EES groups, none reached 

statistical significance versus the durable polymer ZES group. Moreover, 

multivariate analysis showed no independent association of DES type with 

clinical outcome.

Previous studies using the same drug-eluting stents

Only few other clinical studies assessed patients with bifurcation lesions 

treated with exactly the same DES as in the present study. A pilot-study in 52 

patients, who received the very thin-strut SES in complex bifurcation lesions 

(Medina 1,1,1 or 1,0,1) with at least 2.5 mm wide side branches, using a new 

two-stent nano-crush stenting technique, found no adverse clinical events 

after a mean follow-up of 12 months.19 The very thin-strut SES was also used 

in a study that compared two different two-stent techniques (the nano-crush 

and Culoee techniques) in patients with unprotected left main bifurcations, 

but provisional stenting with this SES was not assessed.20

The CELTIC bifurcation study compared the performance of the very 

thin-strut EES versus a thin-strut durable polymer EES (Xience, Abboe 

Vascular, Santa Clara, California, USA).21 Participants in that study underwent 

treatment in de novo bifurcation lesions (Medina 1,1,1) with a minimum 

diameter of 2.5 mm in both main vessel and side-branch, using the Culoee 

technique. The study population comprised 170 selected patients, excluding 

patients with acute ongoing ST-segment elevation MI and patients with 

left main stem or bypass graft lesions. After 2 years of follow-up, both DES 
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had similar rates of the main composite clinical endpoint (17.7% vs. 18.8%), 

which included death, MI, cerebrovascular accident, stent thrombosis, target 

vessel revascularization, and complete or subtotal re-occlusion in the stented 

vessel or presence of a binary angiographic in-stent restenosis (Hanraey 

C. The Celtic Bifurcation study: 2-year clinical outcomes. Presented at: 

EuroPCR 2019; May 22, 2019). Because of the substantial differences in patient 

population, technique of stenting, duration of follow-up, and clinical endpoint, 

a meaningful comparison with the present study cannot be made.

The thin-strut ZES was assessed in a substudy of the randomized 

DUTCH PEERS trial that reported a 2-year TVF rate of 9.8% after bifurcation 

treatment with thin-strut ZES in 244 all-comer patients.22 Another study that 

assessed the clinical performance of the same ZES and its predecessor in 577 

patients who underwent percutaneous coronary intervention for bifurcation 

lesions showed that 8.2% of patients reached the main composite endpoint 

(cardiac death, MI or target vessel revascularization) after a mean follow-up 

of 27 months.23 A direct comparison with the event rates of the present study 

cannot be made due to the differences in follow-up duration.

Technique of stenting and clinical outcome

Current guidelines and expert panels generally recommend provisional 

stenting for most bifurcation lesions.24,25 A meta-analysis of several 

randomized clinical trials investigated the clinical outcomes of patients with 

bifurcation lesions, who were treated with a systematic two-stent approach 

versus provisional stenting, and found no clear benefit for one or the other 

approach.26 In the present study the majority of patients were treated with 

single-stenting, which most likely reflects the use of a provisional stenting 

approach in the majority of patients; nevertheless, the operators’ motivation 

for selecting a certain approach was not recorded. In patients treated with 

the single-stent technique, there were no between-DES differences in clinical 

outcome.

In general, crush, Culoee, and T- and protrusion are the most widely used 

two-stent techniques,25 which is also reflected in the current study. Because 

of the relatively low number of patients in whom two-stent techniques 

were applied, we did not perform a comparison between different two-stent 

techniques. Previous studies that compared crush versus Culoee technique, 

found no solid evidence in favor of one of these techniques.27,28 In pursuit of 

the best strategy for treating bifurcation lesions, the series of DK CRUSH 

studies applied a modified double-kissing crush technique that showed 

promising 3-year results.29,30 Nevertheless, these dedicated bifurcation 

studies were performed in selected patient populations with true left main 

bifurcation lesions, and the highly skilled operators were probably more 

familiar with this technically more demanding approach. Consequently, 

while dedicated bifurcation studies provide extremely important insights 

from treating challenging bifurcation lesions, such trials may be somewhat 

less representative of the all-comer patients with bifurcation lesions who are 

currently treated in routine clinical practice.

Limitations

The results of this substudy of the randomized BIO-RESORT trial are 

hypothesis-generating as the trial was not powered for subgroup analyses. 

As quantitative coronary angiographic analyses were restricted to stented 

coronary segments, no measurements were available of lumen size in 

untreated side branches. Furthermore, the number of patients who were 

treated with a two-stent technique was limited, preventing a stent-level 

comparison of different techniques. Moreover, the decision to apply a certain 

technique was left at the operator’s discretion, and the motivation for their 

choice was not recorded.

Clinical implications

The present prespecified analysis of the randomized BIO-RESORT trial 

reassures the safety and efficacy of contemporary DES with dissimilar stent 

characteristics in treating all-comer patients with bifurcated target lesions. 

The findings were consistent in patients treated with the single-stent 

technique, which is generally recommended for most bifurcation lesions24 

and was applied in the majority of patients. Dedicated bifurcation stents are 

available but have not (yet) been able to show significant, clinically relevant 

improvements in outcomes as compared to conventional contemporary DES.31

Conclusion

In this prespecified analysis of a randomized drug-eluting stent trial in all-

comers, 3-year clinical outcomes after bifurcation stenting were similar 

between the very thin-strut SES and EES versus the thin-strut ZES.
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SUPPLEMENTAL DATA

Supplemental Table 1. Clinical outcome at 1-year follow-up

SES (n = 412) EES (n = 415) ZES (n = 409)
SES vs. ZES

HR (95% CI)
Logrank P

EES vs. ZES

HR (95% CI)
Logrank P

Target vessel failure 25 (6.1) 23 (5.6) 30 (7.4) 0.82 (0.48-1.39) 0.46 0.75 (0.43-1.28) 0.28

Cardiac death 3 (0.7) 2 (0.5) 4 (1.0) 0.74 (0.17-3.31) 0.69 0.49 (0.09-2.68) 0.40

Target vessel myocardial infarction 13 (3.2) 11 (2.7) 17 (4.2) 0.75 (0.37-1.55) 0.44 0.63 (0.30-1.35) 0.23

Peri-procedural myocardial infarction 10 (2.4) 9 (2.2) 14 (3.5) 0.71 (0.31-1.59) 0.39 0.63 (0.27-1.46) 0.28

Target vessel revascularization 12 (2.9) 12 (2.9) 11 (2.7) 1.08 (0.48-2.44) 0.86 1.07 (0.47-2.41) 0.88

Target lesion failure 22 (5.4) 19 (4.6) 27 (6.6) 0.80 (0.46-1.40) 0.43 0.69 (0.38-1.23) 0.20

Target lesion revascularization 9 (2.2) 8 (1.9) 7 (1.7) 1.27 (0.47-3.40) 0.64 1.12 (0.41-3.08) 0.83

Definite or probable stent thrombosis 2 (0.5) 2 (0.5) 3 (0.7) 0.66 (0.11-3.95) 0.65 0.65 (0.11-3.92) 0.64

Definite stent thrombosis 2 (0.5) 2 (0.5) 1 (0.2) 1.98 (0.18-21.84) 0.57 1.96 (0.18-21.65) 0.58

Event rates, expressed as n (%), were calculated with the use of the Kaplan-Meier method at 1 year; therefore, percentages may differ slightly from 

straightforward ‘nominator divided by denominator’ calculations. EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting 

stents.

Supplemental Table 2. Three-year clinical outcome in patients treated with single-stenting (n=1,059)

SES (n = 359) EES (n = 353) ZES (n = 347)
SES vs. ZES

HR (95% CI)
Logrank P

EES vs. ZES

HR (95% CI)
Logrank P

Target vessel failure 37 (10.4) 32 (9.2) 40 (11.6) 0.88 (0.57-1.38) 0.59 0.77 (0.48-1.22) 0.26

Cardiac death 8 (2.3) 6 (1.7) 8 (2.3) 0.96 (0.36-2.57) 0.94 0.74 (0.26-2.12) 0.57

Target vessel myocardial infarction 16 (4.5) 12 (3.5) 14 (4.1) 1.10 (0.54-2.25) 0.79 0.83 (0.39-1.80) 0.64

Peri-procedural myocardial infarction 8 (2.2) 6 (1.7) 10 (2.9) 0.77 (0.30-1.95) 0.58 0.59 (0.21-1.62) 0.29

Target vessel revascularization 21 (5.9) 19 (5.5) 22 (6.5) 0.91 (0.50-1.66) 0.77 0.84 (0.45-1.54) 0.57

Target lesion failure 31 (8.8) 29 (8.3) 34 (9.9) 0.87 (0.54-1.42) 0.58 0.82 (0.50-1.35) 0.44

Target lesion revascularization 13 (3.7) 14 (4.1) 15 (4.4) 0.83 (0.40-1.75) 0.63 0.91 (0.44-1.88) 0.80

Definite or probable stent thrombosis 3 (0.8) 4 (1.2) 5 (1.5) 0.58 (0.14-2.42) 0.45 0.79 (0.21-2.93) 0.72

Definite stent thrombosis 2 (0.6) 2 (0.6) 3 (0.9) 0.64 (0.11-3.85) 0.63 0.65 (0.11-3.92) 0.64

Event rates, expressed as n (%), were calculated with the use of the Kaplan-Meier method at 3 years; therefore, percentages may differ slightly from 

straightforward ‘nominator divided by denominator’ calculations. EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting 

stents.
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Supplemental Table 3. Three-year clinical outcome in patients with true versus non-true bifurcation lesions

True bifurcation (n = 385) Other bifurcation (n = 851) Hazard Ratio (95% CI) Logrank P

Target vessel failure 49 (12.9) 82 (9.7) 1.35 (0.95-1.93) 0.09

Cardiac death 12 (3.2) 13 (1.6) 2.07 (0.95-4.54) 0.06

Target vessel MI 17 (4.5) 37 (4.4) 1.02 (0.58-1.82) 0.94

Peri-procedural MI 12 (3.1) 21 (2.5) 1.26 (0.62-2.57) 0.52

Target vessel revascularization 25 (6.7) 48 (5.7) 1.18 (0.73-1.91) 0.51

Target lesion failure 41 (10.8) 71 (8.4) 1.30 (0.89-1.91) 0.18

Target lesion revascularization 17 (4.5) 31 (3.7) 1.24 (0.68-2.23) 0.48

Definite or probable ST 6 (1.6) 9 (1.1) 1.50 (0.53-4.20) 0.44

Definite stent thrombosis 4 (1.1) 6 (0.7) 1.50 (0.42-5.30) 0.53

Event rates, expressed as n (%), were calculated with the use of the Kaplan-Meier method at 3 years; therefore, percentages may differ slightly from 

straightforward ‘nominator divided by denominator’ calculations. Patients who were treated in ‘true’ bifurcation lesions, in which both main and side branch 

are affected, represented 31.1% of the patient population (385/1,236 patients).

0
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ABSTRACT

Objective: The objective was to assess the 2-year clinical performance of three 

drug-eluting stents in all-comer patients with severely calcified coronary 

lesions.

Background: Severe lesion calcification increases cardiovascular event risk 

after coronary stenting, but there is a lack of data on the clinical outcome of 

all-comers with severely calcified lesions who were treated with more recently 

introduced drug-eluting stents.

Methods: The BIO-RESORT trial (clinicaltrials.gov: NCT01674803) randomly 

assigned 3,514 all-comer patients to biodegradable polymer Synergy 

everolimus-eluting stents (EES) or Orsiro sirolimus-eluting stents (SES), 

versus durable polymer Resolute Integrity zotarolimus-eluting stents (ZES). In 

a post-hoc analysis, we assessed 783 patients (22.3%) with at least one severely 

calcified target lesion.

Results: At 2-year follow-up (available in 99% of patients), the main composite 

endpoint target vessel failure occurred in 19/252 (7.6%) of the EES and in 33/265 

(12.6%) of the ZES-treated patients (p = .07). Target vessel failure occurred in 

24/266 (9.1%) of the SES-treated patients (vs. ZES: p = .21). There was a difference 

in target vessel revascularization, which was required in EES in 6/252 

(2.4%) patients and in ZES in 20/265 (7.7%) patients (p = .01); the target vessel 

revascularization rate in SES was 9/266 (3.4%, vs. ZES: p = .04). Multivariate 

analysis showed that implantation of EES, but not SES, was independently 

associated with lower target vessel revascularization rates than in ZES.

Conclusions: In BIO-RESORT participants with severely calcified target 

lesions, treatment with EES was associated with a lower 2-year target vessel 

revascularization rate than treatment with ZES.

INTRODUCTION

Severe coronary artery calcification is associated with an increased risk of 

adverse cardiovascular events following percutaneous coronary intervention 

(PCI).1 Risk factors contributing to the development of coronary calcification 

include advanced age, diabetes, male sex and renal dysfunction. Coronary 

artery calcification, which can be found in 20-30% of all patients who undergo 

PCI,2-6 may result in a reduced vascular compliance and impair myocardial 

perfusion.1

In severely calcified coronary lesions the radiopacity of calcium hampers 

the x-ray visibility of PCI devices,1 which may result in technical challenges 

and problems that include impaired stent deliverability, under-expansion 

or incomplete apposition of stents, and sometimes geographical miss of the 

target lesion. In addition, when being advanced through calcified coronary 

vessels, the polymer-coating of drug-eluting stents (DES) can be damaged, 

which may reduce the efficacy of preventing lesion recurrence.7,8 All these 

factors contribute to the increased risk of cardiovascular events (e.g., lesion 

recurrence and repeated revascularization) that have been reported for 

calcified target lesions.6,9,10 Although coronary calcification increases the 

rate of target lesion recurrence in DES,11 early generation DES improved 

clinical outcome as compared to bare-metal stents.12,13 Newer DES include 

devices with biodegradable polymers and thinner struts14 that have shown 

excellent results in randomized clinical trials that assessed broad patient 

populations.15-19 Calcified lesions may represent a true challenge for the radial 

force of stents with particularly thin struts, but data on the outcome of PCI 

with these devices in severely calcified lesions are scarce.

BIO-RESORT is a large-scale, randomized clinical trial in all-comer 

patients that compares two contemporary very-thin biodegradable polymer 

DES versus a thin-strut durable polymer DES. Clinical outcome after PCI with 

all three stents was shown to be favorable.20,21 In the current post-hoc analysis, 

we assessed the clinical outcome of PCI with the three DES in the challenging 

population of all-comer patients who were all treated for severely calcified 

lesions.

METHODS

Study design and participants

The present study was performed in participants of the BIO-RESORT trial. 

Details of the randomized BIO-RESORT trial and 2-year follow-up data have 

been published.20,21 In brief, the 3-arm, multicenter, investigator-initiated BIO-
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RESORT trial (NCT01674803) randomized and assessed 3,514 all-comer patients 

undergoing PCI with DES implantation in 4 Dutch centers for coronary 

intervention, between December 2012 and August 2015. Randomization was 

done in a 1:1:1 fashion with biodegradable polymer everolimus-eluting stents 

(EES; Synergy, Boston Scientific, Marlborough, MA) or sirolimus-eluting 

stents (SES; Orsiro, Biotronik, Bülach, Switzerland) versus durable polymer 

zotarolimus-eluting stents (ZES; Resolute Integrity, Medtronic, Santa Rosa, 

CA). Web-based randomization was performed with the use of a custom-

designed computer program in random block sizes of 6 and 3, stratified 

according to the presence of diabetes mellitus. All coronary syndromes, de 

novo and restenotic lesions, and lesions in native vessels or bypass grafts 

were permieed. There was no limit for lesion length, reference vessel size, 

and number of lesions or vessels to be treated.

The trial complied with the Declaration of Helsinki and the CONSORT 

2010 Statement and was approved by the Medical Ethics Commieee Twente 

and the institutional review boards of all participating centers. All patients 

provided wrieen informed consent. For the current analysis, patients treated 

in at least one severely calcified target lesion (based on qualitative coronary 

angiographic analysis) were included.

Definition of target lesion calcification

Experienced angiographic analysts of Thoraxcentrum Twente performed 

qualitative and quantitative coronary angiographic analyses of all cases 

according to current standards, using the software QAngio XA (Version 7.3, 

Medis, Leiden, the Netherlands). Target lesion calcification was prospectively 

classified, in analogy with previous studies.5,6 Severe target lesion calcification 

was defined as readily apparent radiopaque densities noted prior to contrast 

injection without cardiac motion and generally involved both sides of the 

arterial wall.5,6

Procedures and follow-up

Coronary interventions were performed according to standard techniques, 

current medical guidelines and the operator’s judgment. Clinical follow-up 

data was obtained at visits to outpatient clinics, or if not feasible, by telephone 

follow-up or a medical questionnaire. Research staff was blinded to the 

assigned treatment.

The stent platform of the Synergy EES is made from platinum-chromium 

struts with a varying strut thickness (74 µm for stent diameters ≤2.5 mm, 

79 µm for 3.0-3.5 mm stents, and 81 µm for 4.0 mm stents). The struts have 

an abluminal biodegradable 4 µm poly(lactic-co-glycolic acid) coating that is 

resorbed within 4 months and elutes everolimus within 3 months. The Orsiro 

SES has a circumferential biodegradable coating that is resorbed within 24 

months and is thicker on the abluminal side (7.4 µm) than on the luminal side 

(3.5 µm) that elutes sirolimus within 4 months. The stent platform is made 

from cobalt-chromium struts of 60 µm (for stents ≤3.0 mm) or 80 µm (for >3.0 

mm stents) and is covered with a thin passive coating of amorphous silicon 

carbide. The durable polymer coating of the Resolute Integrity ZES is a 6µm 

thick blend of 3 polymers and the stent platform is made from 91 µm round 

cobalt-chromium struts.20

Clinical endpoints, monitoring and event adjudication

Clinical endpoints were prespecified according to definitions of the 

Academic Research Consortium.22,23 The composite endpoint target vessel 

failure comprised cardiac death, target vessel-related myocardial infarction 

or clinically indicated target vessel revascularization (TVR). Secondary 

endpoints included target lesion failure (a composite of cardiac death, 

target vessel myocardial infarction or clinically indicated target lesion 

revascularization), and stent thrombosis. Data monitoring and independent 

clinical event adjudication were performed by an external research 

organization (Diagram, Zwolle, Netherlands). The clinical event commieee 

was blinded for the assigned stent type at all times.

Statistical analysis

Continuous variables were compared between groups with the Student’s t test 

or Wilcoxon Rank Sum test, as appropriate, while categorical variables were 

assessed with chi-square test. The Kaplan-Meier method was used to calculate 

the time to clinical endpoint and the log-rank test was applied for between-

group comparisons. Hazard ratios were computed with Cox proportional 

hazards regressions analysis. Potential confounders were identified if 

in univariate analysis a p-value <.15 was found. The first multivariate 

Cox regression model included all potential confounders (i.e., arterial 

hypertension, previous myocardial infarction, previous coronary bypass 

surgery, and total stent length per patient), and with stepwise backwards 

selection only true confounding factors (i.e. arterial hypertension) were kept 

in the model. We performed an additional sensitivity analysis in patients who 

required single vessel treatment. All confidence intervals (CI) and p values are 

two-sided, p values <.05 were considered significant. Statistical analyses were 

performed with SPSS, Version 24 (IBM Corp., Armonk, NY).
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RESULTS

Patient characteristics

Of all 3,514 BIO-RESORT trial participants, 783 (22.3%) all-comer patients 

were treated in severely calcified lesions (Figure 1). These patients were 

67.0 ± 10.0 years old, and there was no difference between stent groups in 

clinical characteristics except for history of myocardial infarction, which 

was less prevalent in EES versus ZES (p = .02), and previous coronary bypass 

surgery, which was less prevalent in SES versus ZES (p = .04). Baseline patient 

characteristics and procedural details are presented in Table 1.

Figure 1. Study Flow Diagram

*Total number of patients treated with drug-eluting stents during enrolment period, irrespective of 

study eligibility.

EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.

Table 1. Baseline characteristics for patients of the three stent groups.

EES

n = 252

ZES

n = 265

SES

n = 266

Demographics and medical history

Age, years 67.3 ± 10.0 67.0 ± 9.8 66.8 ± 10.2

Female sex 71 (28.2) 81 (30.6) 71 (26.7)

Body mass index, kg/m2 27.5 ± 4.1 27.1 ± 3.8 27.4 ± 4.2

Current smoker 60/243 (24.7) 65/261 (24.9) 74/259 (28.6)

Diabetes, medically treated 53 (21.0) 55 (20.8) 54 (20.3)

Hypertension 124 (49.2) 150 (56.6) 131 (49.2)

Hypercholesterolemia 111 (44.0) 119 (44.9) 106 (39.8)

Previous myocardial infarction 37 (14.7) a 60 (22.6) 50 (18.8)

Previous percutaneous coronary intervention 52 (20.6) 49 (18.5) 53 (19.9)

Previous coronary artery bypass grafting 25 (9.9) 34 (12.8) 20 (7.5) b

Left ventricular ejection fraction < 30% 7 (2.8) 5 (1.9) 7 (2.6)

Renal insufficiency (severe) c 10 (4.0) 13 (4.9) 18 (6.8)

Clinical presentation

ST-elevation myocardial infarction 69 (27.4) 60 (22.6) 53 (19.9)

Non-ST-elevation myocardial infarction 42 (16.7) 53 (20.0) 43 (16.2)

Unstable angina 45 (17.9) 48 (18.1) 61 (22.9)

Stable angina 96 (38.1) 104 (39.2) 109 (41.0)

Details of target lesions and procedures

Multivessel treatment 59 (23.4) 71 (26.8) 62 (23.3)

Severely calcified target vessel d

Right coronary artery 125 (49.6) 120 (45.3) 118 (44.4)

Left anterior descending artery 125 (49.6) 138 (52.1) 152 (57.1)

Left circumflex artery 42 (16.7) 61 (23.0) 50 (18.8)

Chronic total occlusion 14 (5.6) 15 (5.7) 15 (5.6)

Rotablator 11 (4.4) 17 (6.4) 17 (6.4)

CuTing balloon 14 (5.6) 10 (3.8) 19 (7.1)

Maximum implantation pressure, atm 16.0 ± 2.8 15.9 ± 2.8 15.7 ± 2.8

Postdilation 223 (88.5) 226 (85.3) 229 (86.1)

Maximum postdilation pressure, atm 22.3 ± 4.7 22.2 ± 5.0 22.6 ± 4.6

Total stent length per patient, mm 38 (24–62) 44 (28–67) 40 (24–62)

Values are mean ± SD, n (%) or median (interquartile range).

Abbreviations: EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-

eluting stents.
a Previous myocardial infarction was less prevalent in EES vs. ZES, p = .02.
b Previous coronary artery bypass grafting was less prevalent in SES vs. ZES, p = .04.
c Defined as an estimated glomerular filtration rate of < 30 ml/min/1.73m2 or the need for dialysis.
d Only severely calcified target vessels are presented. Patients were allowed to be treated in multiple 

severely calcified vessels, therefore, the percentages add up to more than 100%.
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Two-year clinical outcomes

Two-year follow-up was available in 775/783 patients (99.0%; one lost to follow-

up, seven withdrew consent; all censored at dropout). The main composite 

endpoint target vessel failure occurred in 19/252 (7.6%) patients treated with 

EES, 33/265 (12.6%) patients treated with ZES (EES vs. ZES: HR 0.59, 95% CI 0.34-

1.04, p-logrank = .07) and 24/266 (9.1%) patients treated with SES (SES vs. ZES: 

HR 0.72, 95% CI 0.42-1.21, p-logrank = 0.21) (see Figure 2). There was also no 

statistically significant between-stent difference in the rates of the individual 

safety endpoints cardiac death, target vessel myocardial infarction and stent 

thrombosis.

But there was a significant between-DES difference in the efficacy 

endpoint TVR, which occurred in 6/252 (2.4%) patients treated with EES, 

20/265 (7.7%) patients treated with ZES (EES vs. ZES: HR 0.31, 95% CI 0.12-0.76, 

p-logrank = .01), and 9/266 (3.4%) patients treated with SES (SES vs. ZES: HR 

0.44, 95% CI 0.20-0.97, p-logrank = .04). A sensitivity analysis in 591 patients 

with single-vessel treatment confirmed these findings: TVR rates were in EES, 

ZES and SES 2.6, 8.0, and 3.5%, respectively (EES vs. ZES: HR 0.32, 95% CI 0.12-

0.89, p-logrank = .02; SES vs. ZES: HR 0.43, 95% CI 0.18-1.06, p-logrank = .06). 

Clinical outcome of patients without severely calcified target lesions is 

presented in Table S1.

Multivariate analysis

Multivariate analysis revealed that the implantation of EES was independently 

associated with a lower risk of TVR (adjusted HR 0.32, 95% CI 0.13-0.80, p = .02). 

The lower rate of TVR after the implantation of SES lost statistical significance 

after adjustment for confounders, with an adjusted HR 0.46, 95% CI 0.12-1.02 

p = .06. Further clinical outcomes at 2 years are presented in Table 2.
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DISCUSSION

Main findings

Among all-comer patients with at least one severely calcified target lesion, 

there were no statistically significant differences in the 2-year rate of the 

main composite endpoint target vessel failure between patients treated with 

biodegradable polymer Synergy EES or Orsiro SES versus durable polymer 

Resolute Integrity ZES.

Yet, the efficacy endpoint TVR was significantly less often reached after 

treatment with Synergy EES and Orsiro SES versus Resolute Integrity ZES. 

For Synergy EES, this statistically significant finding was confirmed in a 

sensitivity analysis in patients with single-vessel treatment. Furthermore, 

multivariate analysis showed that during 2-year follow-up the implantation 

of Synergy EES was independently associated with a lower risk of TVR. After 

treatment with Orsiro SES the TVR rate was low, but multivariate analysis did 

not show a statistically significant difference versus Resolute Integrity ZES.

There was no between-stent difference in various safety endpoints, such 

as cardiac death, target vessel myocardial infarction, and stent thrombosis. 

Overall, clinical adverse event rates were low as compared to previous studies 

that assessed patients treated in severely calcified coronary lesions,2,5,10,12 

which may be partly related to the high rate of stent postdilation and the high 

balloon pressures applied.

Previous studies

There is lack of data on the performance of new-generation biodegradable 

polymer DES in severely calcified coronary lesions. Some previous studies 

assessed other DES in calcified coronary target lesions, but to the best of our 

knowledge, no other randomized study assessed these two biodegradable 

polymer study stents in patients with severely calcified target lesions. In 

patient-level pooled analyses from previous TWENTE trials,5,6 patients with 

severely calcified target lesions were also treated with Resolute Integrity ZES. 

Two-year target vessel failure and TVR rates in patients with stable angina 

(16.4 and 7.6%, respectively) and in patients with acute coronary syndromes 

(12.4 and 6.8%) were quite similar to the corresponding event rates in the BIO-

RESORT all-comer patients treated with Resolute Integrity ZES in the current 

study (12.6 and 7.7%).

The prospective, multicenter ADAPT-DES registry assessed 8,582 all-

comer patients who underwent successful PCI with DES implantation.2 

Moderate-to-severe coronary artery calcification was observed in 2,644 

(30.8%) patients, and these patients had a 2-year target vessel failure rate of 
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14.2%, which is somewhat higher than in our present study. Yet, the ADAPT-

DES registry assessed patients who were treated with a variety of early- and 

new-generation durable polymer DES, and not with the two new-generation 

biodegradable polymer DES that were examined in BIO-RESORT. As DES differ 

in various characteristics (i.e., design and strut thickness of metallic stent; 

material, distribution, and degradation (if any) of polymer coating; and type 

and pharmacodynamics of drug), we can only hypothesize that the rather 

biocompatible coatings and the -on average- thinner stent struts may have 

accounted for the lower target vessel failure rates in our present study.

A large multiethnic registry retrospectively assessed patients, who had 

undergone stent implantation between 2009 and 2013, according to coronary 

calcification.24 A total of 994 (8.0%) of these patients were treated with second-

generation durable polymer DES for severely calcified lesions, and the 1-year 

incidence of the composite clinical endpoint of death, myocardial infarction, 

or TVR (17.8%) was much higher than the 2-year incidence of target vessel 

failure in our current study. A possible explanation could be differences in 

patient population, with a higher prevalence of comorbidities in the registry.

In a large patient-level pooled dataset of 26 randomized clinical trials, 

the coronary artery calcification status of 11,557 women was assessed.4 The 

coronary calcification status was known in 6,371 participants, of whom 1,622 

(25.5%) had moderate-to-severely calcified coronary arteries. After 3-years 

of follow-up, moderate-to-severely calcified coronaries led to higher rates of 

adverse clinical events, irrespective of the generation of DES used.4 While 

this registry included patients treated with early thick-strut biodegradable 

polymer DES, it did not assess any of the contemporary very-thin-strut 

biodegradable polymer DES.

Three-year clinical outcomes according to coronary calcification status 

were assessed among 6,296 patients in a patient-level pooled analysis of seven 

stent trials.3 Patients with severe lesion calcification had a higher 3-year 

mortality as compared to patients without severe coronary calcification. 

In that study, multivariate analysis showed that severe calcification was 

independently associated with mortality, myocardial infarction, and repeat 

revascularization. The study, which did not include patients treated with one 

of the biodegradable polymer DES assessed in BIO-RESORT, underlines that 

severe coronary calcification is not only a marker of advanced atherosclerosis 

but also a predictor of worse prognosis.3

Stent design and clinical outcome

The material and design of the metallic stent may have an impact on the 

radial force of a DES. Platinum-chromium alloy has a higher radiographic 

visibility and a somewhat higher radial force, which allowed to reduce strut 

thickness in the very thin-strut Synergy EES as compared to the previous 

cobalt-chromium-based device. Both, Orsiro SES and Resolute Integrity ZES 

use cobalt-chromium stent backbones. The newer devices (i.e., the EES and 

SES), assessed in BIO-RESORT, have thinner uncoated metallic stent struts 

with a flexibility that is higher than in their predecessors, but it was unknown 

whether the radial force of these very-thin strut devices is sufficient in the 

complex, severely calcified target lesions of an all-comer patient population.

In the present study, we perceived no signal for a potential problem with 

radial force following the use of very thin-strut Synergy EES and Orsiro SES, 

as clinical adverse event rates of both of these DES were lower than with 

Resolute Integrity ZES. These findings should be interpreted in light of the 

applied high maximum balloon pressures and the very high postdilation rates 

(>85%), which both may have been advantageous. In addition, a bench study 

with scanning electron microscopy has shown no more than mild effects of 

aggressive postdilation on the polymer coatings of DES.25 Furthermore, to 

achieve the best possible stent apposition despite severe lesion calcification, 

a high rate of stent postdilation and high balloon pressures may be expected 

in this particular patient population. In fact, the rates and pressures of stent 

postdilation were similar to previous substudies of other TWENTE trials that 

assessed patients with severely calcified target lesions.5,6

The “ideal” DES for patients with severely calcified target lesions has not 

yet been determined, and in such patients adverse clinical event rates are 

still increased. Based on the results of our current study, the combination of 

very-thin struts with sufficient radial force and good radiographic visibility 

appears to be highly suitable to achieve and maintain good clinical results in 

patients with severely calcified target lesions.

Limitations

The findings of this post-hoc analysis are hypothesis generating and should, 

therefore, be interpreted with caution. Nevertheless, with a reasonable sample 

size of 783 patients and high 2-year follow-up rate (99%), the present subgroup 

analysis of a randomized all-comer trial provides quite unique data about 

the treatment of severely calcified target lesions using three different DES. 

However, we cannot rule out potential effects of unmeasured confounders, 

and treatment details were classified on a patient-level (rather than on a 

08

; 

e 

n 

, 

2 

f 

ut 

en 

r 

e 

at 



182 183

BIO-RESORT: severely calcified target lesionsChapter 08

lesion-level). In addition, the severity of coronary lesion calcification was 

determined by (blinded) angiographic analysts in a central core laboratory, 

based on coronary angiographic images and not on intravascular imaging. 

Routine intravascular ultrasound or optical coherence tomography 

assessment in severely calcified lesions could have further improved 

angiographic and clinical outcomes. Finally, the use of rotablator and cueing 

balloon was relatively low, to which many reasons may have contributed: (a) 

severely calcified plaques, seen on angiography, may be located on the outside 

of the vessel wall and no suitable target for these therapeutic devices; (b) a 

large proportion of patients was treated for an acute myocardial infarction 

in which rotablator use is controversial;26 (c) considering the increased 

procedural risk of rotablation, some centers follow a more restrictive policy 

of rotablator use; (d) data were obtained from an all-comer stent trial rather 

than a dedicated rotablator- or calcified lesion study. The Resolute Integrity 

ZES is the predecessor of the present widely used Resolute Onyx ZES, which 

has struts that are slightly thinner and more visible. Future research may 

focus on clinical outcomes with this newest iteration of the ZES.

Conclusion

In patients with severely calcified target lesions, there was no significant 

between-DES difference in the main composite endpoint target vessel failure 

and various safety endpoints. Nevertheless, the use of Synergy EES was 

independently associated with a lower 2-year incidence of repeat target vessel 

revascularization as compared to the Resolute Integrity ZES. These findings 

are hypothesis generating and therefore further validation in randomized 

clinical trials and large-scale prospective registries is required.

FUNDING

The present substudy received no additional financial support. The 

investigator-initiated BIO-RESORT trial was equally funded by Biotronik, 

Boston Scientific, and Medtronic.

CONFLICTS OF INTEREST

CvB reports that the research department of Thoraxcentrum Twente has 

received institutional research grants provided by Abboe Vascular, Biotronik, 

Boston Scientific, and Medtronic. All other authors declared that they have 

no conflict of interest.

REFERENCES

1. Madhavan MV, Tarigopula M, Mintz GS, Maehara A, Stone GW, Généreux P. 

Coronary artery calcification: pathogenesis and prognostic implications. J Am 

Coll Cardiol 2014;63:1703–14.

2. Généreux P, Redfors B, Witzenbichler B, et al. Two-year outcomes after 

percutaneous coronary intervention of calcified lesions with drug-eluting stents. 

Int J Cardiol 2017;231:61–7.

3. Bourantas CV, Zhang YJ, Garg S, et al. Prognostic implications of coronary 

calcification in patients with obstructive coronary artery disease treated 

by percutaneous coronary intervention: a patient-level pooled analysis of 7 

contemporary stent trials. Heart 2014;100:1158–64.

4. Giustino G, Mastoris I, Baber U, et al. Correlates and Impact of Coronary Artery 

Calcifications in Women Undergoing Percutaneous Coronary Intervention With 

Drug-Eluting Stents. J Am Coll Cardiol Intv 2016;9:1890–901.

5. Huisman J, van der Heijden LC, Kok MM, et al. Impact of severe lesion calcification 

on clinical outcome of patients with stable angina, treated with newer generation 

permanent polymer-coated drug-eluting stents: A patient-level pooled analysis 

from TWENTE and DUTCH PEERS (TWENTE II). Am Heart J 2016;175:121–9.

6. Huisman J, van der Heijden LC, Kok MM, et al. Two-year outcome after treatment 

of severely calcified lesions with newer-generation drug-eluting stents in acute 

coronary syndromes: A patient-level pooled analysis from TWENTE and DUTCH 

PEERS (TWENTE II). J Cardiol 2017;69:660–5.

7. Wiemer M, Butz T, Schmidt W, Schmitz KP, Horstkoee D, Langer C. Scanning 

electron microscopic analysis of different drug eluting stents after failed 

implantation: from nearly undamaged to major damaged polymers. Catheter 

Cardiovasc Interv 2010;75:905–11.

8. Kitahara H, Kobayashi Y, Yamaguchi M, et al. Damage to polymer of undelivered 

sirolimus-eluting stents. J Invasive Cardiol 2008;20:130–3.

9. Généreux P, Redfors B, Witzenbichler B, et al. Angiographic predictors of 2-year 

stent thrombosis in patients receiving drug-eluting stents: Insights from the 

ADAPT-DES study. Catheter Cardiovasc Interv 2017;89:26–35.

10. Généreux P, Madhavan MV, Mintz GS, et al. Ischemic Outcomes After Coronary 

Intervention of Calcified Vessels in Acute Coronary Syndromes: Pooled analysis 

from the HORIZONS-AMI and ACUITY trials. J Am Coll Cardiol 2014;63:1845–54.

11. Theodoropoulos K, Mennuni MG, Dangas GD, et al. Resistant in-stent restenosis in 

the drug eluting stent era. Catheter Cardiovasc Interv 2016;88:777–85.

12. Zhang BC, Wang C, Li WH, Li DY. Clinical outcome of drug-eluting versus bare-

metal stents in patients with calcified coronary lesions: a meta-analysis. Intern 

Med J 2015;45:203–11.

08

as 

n 

ed 

nt 

re 

as 

el 

gs 

he 

k, 



184 185

BIO-RESORT: severely calcified target lesionsChapter 08

13. Bangalore S, Vlachos HA, Selzer F, et al. Percutaneous coronary intervention of 

moderate to severe calcified coronary lesions: insights from the National Heart, 

Lung, and Blood Institute Dynamic Registry. Catheter Cardiovasc Interv 2011;77:22–8.

14. Byrne RA, Stone GW, Ormiston J, Kastrati A. Coronary balloon angioplasty, stents, 

and scaffolds. Lancet 2017;390:781–92.

15. Kereiakes DJ, Meredith IT, Windecker S, et al. Efficacy and safety of a novel 

bioabsorbable polymer-coated, everolimus-eluting coronary stent: the EVOLVE 

II Randomized Trial. Circ Cardiovasc Interv 2015;8:e002372.

16. Pilgrim T, Heg D, Roffi M, et al. Ultrathin strut biodegradable-polymer sirolimus-

eluting stent versus durable-polymer everolimus-eluting stent for percutaneous 

coronary revascularisation (BIOSCIENCE): a randomised, single-blind, non-

inferiority trial. Lancet 2014;384:2111–22.

17. von Birgelen C, Zocca P, Buiten RA, et al. Thin composite wire strut, durable 

polymer-coated (Resolute Onyx) versus ultrathin cobalt–chromium strut, 

bioresorbable polymer-coated (Orsiro) drug-eluting stents in allcomers with 

coronary artery disease (BIONYX): an international, single-blind, randomised 

non-inferiority trial. Lancet 2018;392:1235–45.

18. Kandzari DE, Mauri L, Koolen JJ, et al. Ultrathin, bioresorbable polymer sirolimus-

eluting stents versus thin, durable polymer everolimus-eluting stents in patients 

undergoing coronary revascularisation (BIOFLOW V): a randomised trial. Lancet 

2017;390:1843–52.

19. Jensen LO, Thayssen P, Maeng M, et al. Randomized comparison of a biodegradable 

polymer ultrathin strut sirolimus-eluting stent with a biodegradable polymer 

biolimus-eluting stent in patients treated with percutaneous coronary 

intervention: The SORT OUT VII trial. Circ Cardiovasc Interv 2016;9:e003610.

20. von Birgelen C, Kok MM, van der Heijden LC, et al. Very thin strut biodegradable 

polymer everolimuseluting and sirolimus-eluting stents versus durable polymer 

zotarolimus-eluting stents in allcomers with coronary artery disease (BIO-

RESORT): a three-arm, randomised, non-inferiority trial. Lancet 2016;388:2607–17.

21. Kok MM, Zocca P, Buiten RA, et al. Two-year clinical outcome of all-comers treated 

with three highly dissimilar contemporary coronary drug-eluting stents in the 

randomised BIO-RESORT trial. EuroIntervention 2018;14:915–23.

22. Cutlip DE, Windecker S, Mehran R, et al; Academic Research Consortium. Clinical 

end points in coronary stent trials: A case for standardized definitions. Circulation 

2007;115:2344–51.

23. 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.

24. Copeland-Halperin RS, Baber U, Aquino M, et al. Prevalence, correlates, and impact 

of coronary calcification on adverse events following PCI with newer-generation 

DES: Findings from a large multiethnic registry. Catheter Cardiovasc Interv 

2018;91:859–66.

25. Basalus MWZ, Tandjung K, van Apeldoorn AA, Ankone MJK, von Birgelen C. Effect 

of oversized partial postdilatation on coatings of contemporary durable polymer-

based drug-eluting stents: a scanning electron microscopy study. J Interv Cardiol 

2011;24:149–61.

26. Sakakura K, Ako J, Wada H, et al. Comparison of frequency of complications with 

on-label versus off-label use of rotational atherectomy. Am J Cardiol 2012;110:498–

501.

08

f 

, 

nts 

e 

r 

d 

ty. 



18
6

18
7

B
IO

-R
E

S
O

R
T

: se
v

e
re

ly
 c

a
lc

ifi
e

d
 ta

rg
e

t le
sio

n
s

C
h

a
p

te
r 0

8

SUPPLEMENTAL DATA

Supplemental Table 1. Clinical outcome in 2,731 patients without severely calcified target lesions

EES

Synergy

n = 920

ZES

Resolute Integrity

n = 908

SES

Orsiro

n = 903

Hazard ratio

[95%CI]

EES vs. ZES

P-logrank

EES vs. ZES

Hazard ratio

[95%CI]

SES vs. ZES

P-logrank

SES vs. ZES

Target vessel failure 60 (6.6) 63 (7.0) 52 (5.8) 0.94 [0.66-1.34] 0.74 0.83 [0.57-1.19] 0.30

Cardiac death 14 (1.5) 11 (1.2) 11 (1.2) 1.26 [0.57-2.79] 0.56 1.01 [0.44-2.32] 0.99

Target vessel myocardial infarction 18 (2.0) 27 (3.0) 17(1.9) 0.66 [0.36-1.19] 0.16 0.63 [0.34-1.16] 0.13

Target vessel revascularisation 33 (3.7) 36 (4.0) 34 (3.8) 0.91 [0.57-1.46] 0.70 0.95 [0.59-1.41] 0.82

Target lesion failure 48 (5.3) 49 (5.4) 37 (4.1) 0.97 [0.65-1.44] 0.88 0.76 [0.49-1.16] 0.20

Target lesion revascularisation 21 (2.3) 18 (2.0) 18 (2.0) 1.17 [0.62-2.19] 0.64 1.01 [0.52-1.94] 0.98

Event rates are expressed as n (%) and were calculated with the use of the Kaplan-Meier method. All target vessel revascularizations were clinically indicated. 

Abbreviations: CI, confidence interval; EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.
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ABSTRACT

Objectives: This study sought to assess 2-year clinical outcome following 

percutaneous coronary intervention (PCI) with thin-strut new-generation 

drug-eluting stents (DES) in patients treated in proximal left anterior 

descending artery (P-LAD) versus non–P-LAD lesions.

Background: In current revascularization guidelines, P-LAD coronary artery 

stenosis is discussed separately, mainly because of a higher adverse event risk 

and benefits of bypass surgery.

Methods: The study included 6,037 patients without previous bypass surgery 

or left main stem involvement from the TWENTE I, II, and III randomized 

trials. A total of 1,607 (26.6%) patients had at least 1 DES implanted in P-LAD 

and were compared with 4,430 (73.4%) patients who were exclusively treated 

in other (non–P-LAD) segments.

Results: Two-year follow-up was available in 5,995 (99.3%) patients. At baseline, 

P-LAD patients had more multivessel treatment and longer total stent length. 

The rate of the patient-oriented composite clinical endpoint (any death, 

any myocardial infarction, or any revascularization) was similar in P-LAD 

versus non–P-LAD patients (11.4% vs. 11.6%; p = 0.87). In P-LAD patients, the 

rate of the device-oriented composite clinical endpoint (cardiac death, target 

vessel myocardial infarction, or target lesion revascularization) was higher 

(7.6% vs. 6.0%; p = 0.020), driven by a higher rate of target vessel myocardial 

infarction (4.1% vs. 2.6%; p = 0.002). However, multivariate analysis showed 

no independent association between stenting P-LAD lesions and clinical 

endpoints.

Conclusions: In this patient-level pooled analysis of 3 large-scale contemporary 

DES trials, treatment of P-LAD lesions was not independently associated with 

higher 2-year adverse clinical event rates. These results imply that separate 

consideration in future revascularization guidelines may not be mandatory 

any longer.

INTRODUCTION

Traditionally, target lesions in the proximal left anterior descending artery (P-

LAD) are separately considered in international myocardial revascularization 

guidelines.1,2 This is because the P-LAD supplies blood to a large portion of 

the myocardium, which would be in danger if a percutaneous coronary 

intervention (PCI) failed.3,4 In addition, studies have suggested that the 

P-LAD benefits more from coronary artery bypass grafting (CABG) surgery. 

In patients with single-vessel disease that includes the P-LAD, both CABG and 

PCI have a Class I recommendation, Level of Evidence: A.

Most of our knowledge about the optimal treatment of patients with 

P-LAD lesions is based on studies published years ago.5 To date, no randomized 

trial with contemporary coronary drug-eluting (DES) has addressed this 

issue. In addition, no randomized trial has directly compared PCI with the 

most refined DES versus CABG in the absence of left main disease, and it is 

unlikely that such a study will soon be done. Recently, 10-year outcomes after 

PCI have shown no between-group difference in mortality between patients 

with P-LAD treatment versus patients treated in other segments.6 Although 

that trial assessed early-generation DES, new-generation DES have become 

the standard devices. These contemporary DES have thin (or very thin) stent 

struts, flexible designs, and relatively biocompatible coatings, as compared 

with early-generation DES. The use of new-generation DES has been associated 

with lower event rates, but reliable clinical data on the use of these DES for 

treating patients with P-LAD lesions are scarce.

Therefore, we analyzed the 2-year clinical outcome of patients treated 

with thin strut new-generation DES in P-LAD segments versus patients 

treated with the same type of stent in other coronary segments, using a 

patient-level pooled dataset of 3 large-scale randomized clinical trials.7-9 We 

hypothesized that mid-term results after PCI in the P-LAD may be similar to 

PCI in other segments.

METHODS

Study design and patient population

For the present study, we analyzed all trial participants in the TWENTE (Real-

World Endeavor Resolute versus Xience V Drug-Eluting Stent Study in Twente; 

NCT01066650),7 DUTCH PEERS (Durable Polymerbased Stent Challenge of 

Promus Element versus Resolute Integrity) (TWENTE II; NCT01331707),8 and 

BIO-RESORT (Comparison of Biodegradable Polymer and Durable Polymer 

Drug-eluting Stents in an All Comers Population) (TWENTE III; NCT01674803)9 
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trials, except for those who were stented for left main disease or previously had 

CABG. Analysts from an angiographic core lab determined whether the P-LAD 

was stented. Extended stenting from the proximal to mid LAD and treatment 

of any other (non-left main artery) coronary segment was permieed. In the 

study population of the present analysis, we compared patients with P-LAD 

treatment versus patients who were stented in other (non–P-LAD) lesions only. 

In addition, we performed a subgroup analysis among patients with single 

vessel treatment.

Details of the original TWENTE I, II, and III trials have been reported 

previously.7-9 In brief, the 3 trials are investigator-initiated, patient-blinded, 

randomized studies, in which a total of 6,716 patients with stable angina 

or various acute coronary syndromes were treated with thin-strut new-

generation DES: Xience V (Abboe Vascular, Santa Clara, California); Resolute 

and Resolute Integrity (Medtronic, Santa Rosa, California); Promus Element 

and Synergy (Boston Scientific, Marlborough, Massachusees); and Orsiro 

(Biotronik, Bülach, Switzerland). A brief summary of the findings of these 3 

trials is provided in the Supplemental Appendix.

Patients, enrolled at 6 Dutch PCI centers, were eligible if they were 18 

years of age or older, capable of providing informed consent, and required a 

PCI with DES. There were only few exclusion criteria.7-9 For participation in the 

TWENTE II and III trials, any coronary syndrome was permieed, including ST-

segment elevation myocardial infarction; only the TWENTE I trial excluded 

patients with ST-segment elevation myocardial infarction <48 hours. For all 

three trials, there was no limit on the number of lesions and vessels to be 

treated, the reference vessel size, or lesion length. Trials were approved by 

the Medical Ethics Commieee Twente and the Institutional Review Boards 

of all participating centers and complied with the Declaration of Helsinki. All 

patients provided wrieen informed consent.

Procedures and angiographic analysis

Coronary interventions and concomitant pharmacological treatment were 

done according to standard techniques; generally, dual antiplatelet therapy 

was prescribed for 6 to 12 months. Analysts from the angiographic core lab 

of Thoraxcentrum Twente, blinded to the assigned treatment and clinical 

outcome, classified the treated segments and performed quantitative coronary 

angiographic analysis according to international standards using Qangio XA 

versions 7.1 to 7.3 (Medis, Leiden, the Netherlands). The P-LAD was defined as 

the LAD segment distal from the left main stem, proximal to and including 

the first major septal branch.

Follow-up, event adjudication, and outcomes

Procedures of follow-up and monitoring have been reported.7-9 The 

independent clinical event commieees, adjudicated the adverse clinical 

events (Cardialysis, Roeerdam, the Netherlands; and Diagram, Zwolle, the 

Netherlands). Clinical endpoints were pre-specified according to definitions of 

the Academic Research Consortium.10,11 We assessed 2 main composite clinical 

endpoints: the patient-oriented composite endpoint (POCE; any death, any 

myocardial infarction [MI], or any repeat revascularization); and the device-

oriented composite endpoint target lesion failure (TLF; cardiac death, target 

vessel MI, or target lesion revascularization). The Supplemental Appendix 

shows more details on definitions.

Statistical analysis

Continuous variables were compared between groups with Student’s t-test, and 

the chi-square test was used to assess differences in categorical variables. The 

Kaplan-Meier method was used to calculate the time to clinical endpoint, and 

the log-rank test was applied for between-group comparisons. We compared 

P-LAD and non–P-LAD groups and performed an additional subgroup analysis 

among patients with single-vessel treatment. Parameters were considered as 

potential confounders if, in univariate analysis, associations were found with 

a p-value <0.15. Owing to multicollinearity of the SYNTAX (Synergy between 

Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery) score 

and proximal LAD lesion location, the SYNTAX score has not been added as a 

confounder to the multivariate model. On first pass, all potential confounders 

(age, sex, diabetes, hypertension, hypercholesterolemia, smoking, previous 

MI, previous PCI, renal insufficiency, impaired left ventricular ejection 

fraction, acute MI, multi-vessel treatment, treatment of at least 1 severely 

calcified lesion, bifurcation lesion, total number of implanted stents and 

total stent length) were included in the multivariate Cox regression model; 

using backward selection, the final model included sex, diabetes, acute 

MI, total number of stents, severely calcified lesion, previous MI and renal 

insufficiency. We performed a landmark analysis of the primary endpoint 

using a 2-day landmark. Confidence intervals (CI) were 2-sided. All p values 

<0.05 were considered significant. Data were analyzed with SPSS version 22.0 

(IBM Corporation, Armonk, New York).
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RESULTS

Of all 6,716 trial participants, 679 were excluded due to left main stem 

treatment or previous CABG. The remaining 6,037 patients represent the 

participants in the current analysis, of whom 1,607 (26.6%) had at least 1 stent 

implanted in the P-LAD, while 4,430 (73.4%) were treated exclusively in non–P-

LAD segments (Central Illustration). 

Central Illustration. Study overview and main outcome.

Stenting the proximal LAD with new-generation drug-eluting stents did not increase the 2-year risk 

of the patient-oriented composite endpoint that includes mortality by any cause, any myocardial 

infarction or any revascularization.

Characteristics of patients, target lesions, and interventions

Patients in the P-LAD group were more often men, were less often smokers 

or diagnosed with hypertension, and had less often known ischemic heart 

disease with previous PCI than those in the non–P-LAD group (Table 1). P-LAD 

patients presented less often with an acute MI, but they had more complex 

Table 1. Baseline patient, procedure, and lesion characteristics of all patients (n=6,037).

P-LAD

n = 1,607

Non–P-LAD

n = 4,430
p Value

Patient characteristics

Age (years) 63.8 ± 10.8 63.3 ± 10.7 0.11

Female sex 407 (25.3) 1,283 (29.0) 0.005

Body mass index (kg/m2) 27.5 ± 4.2 27.7 ± 4.4 0.08

Diabetes mellitus 278 (17.3) 781 (17.6) 0.77

Arterial hypertension 760 (47.3) 2,235 (50.5) 0.030

Hypercholesterolemia 675/1,600 (42.2) 1,910/4,406 (42.3) 0.42

Current smoker 392/1,588 (24.7) 1,336/4,368 (30.6) <0.0001

Family history of coronary disease 756/1,583 (47.8) 2,130/4,332 (49.2) 0.34

Previous myocardial infarction 324 (20.2) 902 (20.4) 0.87

Previous percutaneous coronary intervention 233 (14.5) 795 (17.9) 0.002

Left ventricular ejection fraction <30% 26/1,526 (1.7) 59/4,219 (1.4) 0.40

Renal insufficiency* 41 (2.6) 132 (3.0) 0.38

Clinical syndrome

Acute myocardial infarction <0.0001

ST-segment elevation 329 (20.5) 1,077 (24.3)

Non–ST-segment elevation 355 (22.1) 1,109 (25.0)

Unstable angina 311 (19.4) 719 (16.2) 0.004

Stable angina 612 (38.1) 1,525 (34.4) 0.009

Procedure and lesion characteristics

Multiple vessels treated 417 (25.9) 658 (14.9) <0.0001

Circumflex artery treated 227 (14.1) 1,513 (34.2) <0.0001

Right coronary artery treated 222 (13.8) 2,068 (46.7) <0.0001

Syntax scores† 17.0 ± 6.6 9.4 ± 6.4 <0.0001

At least 1 bifurcation treated 809 (50.3) 1,037 (23.4) <0.0001

At least 1 severely calcified lesion 416 (25.9) 846 (19.1) <0.0001

At least 1 complex lesion 1,326 (82.5) 3,284 (74.1) <0.0001

At least 1 chronic total occlusion 56 (3.5) 215 (4.9) 0.023

At least 1 reference vessel <2.75 mm 992 (61.7) 2,632 (59.4) 0.10

At least 1 in-stent restenosis 56 (3.5) 127 (2.9) 0.22

At least 1 lesion length >27 mm 500 (31.1) 994 (22.4) <0.0001

Total stent length per patient 43.3 ± 28.2 37.1 ± 25.1 <0.0001

Number of stents per patient 2.0 ± 1.2 1.7 ± 1.0 <0.0001

Values are mean ± SD, n (%) of n/N (%). P-LAD = proximal left anterior descending.

* defined as creatinine level ≥130μmol/L (TWENTE I, II) or creatinine clearance <30mL/1.73m2 of 

body-surface area or the need for dialysis (TWENTE III). † Data available in 6,034 patients.
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angiographic lesion characteristics, were more often treated in bifurcated 

(50.3% vs. 23.4%; p < 0.0001) and complex (82.5% vs. 74.1%; p < 0.0001) target 

lesions, and underwent more often multivessel treatment (25.9% vs. 14.9%; p 

< 0.0001) that resulted in more implanted stents and a longer total stent length 

(43.3 ± 28.2 mm vs. 37.1 ± 25.1 mm; p < 0.0001). 

Clinical outcome in all patients

Two-year follow-up was available in 5,995 of 6,037 (99.3%) patients. Eleven 

(0.2%) patients were lost to follow-up and 31 (0.5%) withdrew consent (all 

censored at moment of dropout). Table 2 presents the clinical outcome data 

at 2-years. The most global POCE was similar between groups (11.4% vs. 11.6%; 

hazard ratio [HR]: 0.99; 95% CI 0.83 to 1.17; p = 0.87). The rate of the device-

oriented composite endpoint TLF was higher in the P-LAD group than in the 

non–P-LAD group (7.6% vs. 6.0%; HR: 1.29; 95% CI 1.04 to 1.60; p = 0.020); this was 

driven by a difference in target vessel MI (4.1% vs. 2.6%; p = 0.002), reflecting a 

difference in periprocedural MI (3.2% vs. 1.8%; p = 0.001). However, there was 

no between-group difference in several other individual endpoints, such as 

death from any cause, cardiac death, and target lesion revascularization. The 

rate of any repeat revascularization was lower in P-LAD patients (5.8% vs. 7.5%; 

p = 0.03). Stent thrombosis was an infrequent event without any between-

group difference. Figure 1 presents Kaplan-Meier curves for the event-rates 

of POCE, TLF, target vessel MI, and definite or probable stent thrombosis. 

Landmark analysis revealed that the higher incidence of TLF in the P-LAD 

group was restricted to the periprocedural period (Supplemental Appendix).

Clinical outcome in patients with single-vessel treatment

Table 3 displays the results of a subgroup analysis in 4,962 patients who 

underwent single-vessel treatment. The rate of POCE was similar in P-LAD 

and non–P-LAD patients (11.0% vs. 11.1%; p = 0.96), while TLF showed a slight 

numerical difference (6.7% vs. 5.5%, p = 0.11). There was also no difference in 

individual endpoints, such as mortality, repeat revascularization, MI, and 

stent thrombosis (Table 3).

Multivariate analysis (all patients)

After adjustment for sex, diabetes, previous MI, severely calcified target 

lesion, acute MI at presentation, the number of implanted stents, and renal 

insufficiency, proximal LAD treatment was not independently associated with 

higher 2-year rates of TLF; adjusted HR: 1.11; 95% CI 0.89 to 1.38; p = 0.34. In 

addition, for target vessel MI (adjusted HR: 1.29; 95% CI 0.95 to 1.76; p = 0.11) 

and periprocedural MI (adjusted HR: 1.36; 95% CI 0.95 to 1.94; p = 0.09), P-LAD 

stenting appeared not to be independently related to these outcomes either. 

Table 2. 2-Year clinical outcome in all patients (n = 6,037).

P-LAD

n = 1,607

Non–P-LAD

n = 4,430

Hazard Ratio 

[95%CI]
Log-rank p

Patient-oriented clinical endpoint 183 (11.4) 515 (11.6) 0.99 [0.83-1.17] 0.87

Target lesion failure 122 (7.6) 264 (6.0) 1.29 [1.04-1.60] 0.020

Death from any cause 51 (3.2) 127 (2.9) 1.11 [0.80-1.54] 0.53

Cardiac death 30 (1.9) 65 (1.5) 1.28 [0.83-1.97] 0.27

Any myocardial infarction 67 (4.2) 130 (2.9) 1.43 [1.07-1.92] 0.016

TV myocardial infarction 65 (4.1) 112 (2.6) 1.61 [1.19-2.19] 0.002

Periprocedural 51 (3.2) 79 (1.8) 1.78 [1.26-2.54] 0.001

Nonperiprocedural 14 (0.9) 33 (0.8) 1.19 [0.64-2.22] 0.59

Any repeat revascularization 93 (5.8) 329 (7.5) 0.78 [0.62-0.98] 0.029

Target lesion revascularization 44 (2.8) 116 (2.7) 1.05 [0.74-1.48] 0.79

Definite or probable stent thrombosis 17 (1.1) 34 (0.8) 1.38 [0.77-2.47] 0.27

Definite stent thrombosis 8 (0.5) 24 (0.5) 0.92 [0.41-2.05] 0.84

Values are n (%). Data was analyzed using the Kaplan-Meier method. Therefore, the percentages may 

differ slightly from straightforward nominator divided by denominator calculations.

CI =confidence interval; P-LAD = proximal left anterior descending; TV = target vessel.

Table 3. 2-Year clinical outcome in patients with single vessel treatment (n = 4,962).

P-LAD

n = 1,190

Non–P-LAD

n = 3,772

Hazard Ratio 

[95%CI]
Log-rank P

Patient-oriented clinical endpoint 131 (11.0) 419 (11.1) 1.00 [0.82-1.21] 0.96

Target lesion failure 79 (6.7) 205 (5.5) 1.23 [0.95-1.60] 0.11

Death from any cause 40 (3.4) 101 (2.7) 1.26 [0.88-1.82] 0.21

Cardiac death 23 (1.9) 54 (1.4) 1.36 [0.83-2.21] 0.22

Any myocardial infarction 36 (3.1) 102 (2.7) 1.12 [0.77-1.64] 0.54

TV myocardial infarction 34 (2.9) 84 (2.2) 1.29 [0.87-1.92] 0.21

Periprocedural 26 (2.2) 57 (1.5) 1.45 [0.91-2.30] 0.12

Nonperiprocedural 8 (0.7) 27 (0.7) 0.95 [0.43-2.09] 0.90

Any repeat revascularization 76 (6.5) 280 (7.5) 0.86 [0.67-1.11] 0.24

Target lesion revascularization 36 (3.1) 93 (2.5) 1.24 [0.84-1.82] 0.28

Definite or probable stent thrombosis 8 (0.7) 25 (0.7) 1.02 [0.46-2.26] 0.97

Definite stent thrombosis 4 (0.3) 18 (0.5) 0.71 [0.24-2.09] 0.53

Values are n (%). Data was analyzed using the Kaplan-Meier method. Therefore, the percentages may 

differ slightly from straightforward ‘nominator divided by denominator’ calculations.

CI = confidence interval; P-LAD = proximal left anterior descending; TV = target vessel.
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DISCUSSION

Main study findings

The present post-hoc analysis of patient-level data from 3 randomized clinical 

trials is the first to compare the outcome after PCI with thin-strut new-

generation DES in the P-LAD versus any other (non-left main) coronary artery 

segment. In 6,037 all-comers, treatment of P-LAD lesions did not increase 

the risk of an adverse outcome. The 1,607 patients with P-LAD treatment 

differed from the 4,430 patients with non–P-LAD lesions in baseline clinical 

and angiographic characteristics, but the 2-year rates of the patient-oriented 

composite clinical endpoint, mortality, and stent thrombosis were similar 

between groups. There was an increased rate of TLF in the P-LAD group, driven 

by a higher incidence of (periprocedural) target vessel MI, but this finding 

was not confirmed in the subgroup analysis of patients with single-vessel 

treatment. Furthermore, multivariate analysis showed that P-LAD treatment 

had no independent association with higher rates of TLF, target-vessel MI, or 

periprocedural MI.

Patients treated for P-LAD disease had a lower incidence of clinical risk 

factors (e.g., less often hypertension, smoking, or previous PCI) than patients 

stented in other coronary segments, which corresponds with risk profiles 

seen in previous studies.6,12,13 A possible explanation might be that patients 

with many comorbidities or an extensive history of PCI procedures might 

have undergone CABG instead of PCI. As a consequence, such patients may 

have been less often candidates for participation in a randomized PCI trial.

Lesion and procedure characteristics were more complex in P-LAD 

patients (e.g., more multivessel treatment, bifurcation lesions, and severely 

calcified lesions, and longer stents), suggesting the presence of more 

extensive coronary artery disease. Despite the more complex target lesion 

characteristics in our study, PCI of P-LAD lesions was not independently 

associated with higher 2-year rates of TLF, target-vessel MI, or periprocedural 

MI. The fact that the TWENTE trial participants with P-LAD lesions were less 

often treated (by PCI) for chronic total occlusions reflects current clinical 

practice, as these patients will more often undergo CABG than will patients 

who have a chronic total occlusion distal in the LAD or in another coronary 

vessel. This should be considered when interpreting the findings of the 

present analysis.

The incidence of periprocedural MI was higher in patients in the 

P-LAD group, which might be partly related to the clinical syndrome at 

presentation, which was more often stable in this group. Of note, the definition 

of a periprocedural MI was consistent across the 3 trials and based on the 
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Academic Research Consortium (Supplemental Appendix). Creatine kinase 

or creatine kinase-myocardial band data were available in most patients; 

thus, minor elevations in troponin levels were, in general, not interpreted as 

periprocedural MIs. Nevertheless, we cannot exclude that the greater extent of 

atherosclerotic involvement (i.e., more multivessel treatment, more implanted 

stents, and more bifurcated target lesions) and the generally larger myocardial 

volume at risk3,4,14 may have increased the risk of ischemic periprocedural 

events in patients with P-LAD involvement. However, importantly, the 

difference in periprocedural MI did not translate into any significant difference 

in mortality or repeat target lesion revascularization rate. Therefore, the 

clinical relevance of the higher incidence of related periprocedural MI in the 

P-LAD-treated patients is uncertain. On the other hand, the large subtended 

myocardial volume explains why successful treatment of P-LAD lesions can 

be particularly important for relief from angina. In the absence of data on 

angina, we can only speculate that this might have been a reason for the lower 

rate of (any) repeat revascularization in our P-LAD patients.

Previous studies

Whether PCI in the P-LAD segment is associated with a higher risk of adverse 

events than PCI in non–P-LAD segments is of substantial clinical interest. 

Nevertheless, only few randomized DES trials and registries have addressed 

this issue and reported data from separate subgroup analyses. These analyses 

showed no major difference in mortality or major adverse cardiac events.6,12,13 

A single-arm observational study in 3,067 all-comers, treated with thick-strut 

new-generation biodegradable polymer-coated DES in P-LAD or non–P-LAD 

coronary segments, showed similar 2-year major adverse cardiac events rates 

for both segment groups (7.7% vs. 6.6%; p = 0.22).12

A secondary analysis of the large-scale randomized PROTECT (Patient 

Related Outcomes with Endeavor Versus Cypher Stenting Trial) trial compared 

the clinical outcome of 2,534 patients with P-LAD treatment to that of 

6,172 patients with non–P-LAD treatment. At 4-year follow-up, there was a 

higher incidence of MI in the P-LAD patients (6.2% vs. 4.9%; p = 0.015), and a 

multivariate analysis showed that stenting the P-LAD was an independent 

predictor of MI but not of the composite clinical endpoints MACE and TVF.13 

The SORT-OUT II (Danish Organization on Randomized Trials with Clinical 

Outcome II) randomized trial recently showed, in all-comer population with 

single-lesion treatment, that 10-year mortality rates were similar in patients 

stented in P-LAD and non–P-LAD lesions. In addition, in patients with P-LAD 

stenting, there was a lower incidence of a composite clinical endpoint of 

cardiac death, MI, or target vessel revascularization; however, multivariate 

analysis did not confirm an independent association.6

In the PROTECT and SORT-OUT II trials, patients were treated with DES of 

earlier generations.6,13 The present study adds to the growing evidence about 

P-LAD treatment, namely that the outcome of all-comers, treated with thin-

strut new-generation DES in P-LAD lesions, is similar to that of patients who 

were stented in other segments (Supplemental Table 1).

Impact on daily practice

Obstructive coronary disease in the P-LAD segment has been considered 

a high-risk feature because of the large myocardial mass that generally is 

subtended by the LAD. However, coronary revascularization procedures, 

both surgical and percutaneous, have become much safer nowadays, with 

more predictable outcomes and beeer long-term results. Several studies have 

shown that patients with stable angina and isolated proximal LAD disease 

have similar survival rates after CABG and PCI, but most of these studies 

assessed patients treated with bare metal stents.15-18 In 2014, Hannan et al.19 

reported the 3-year outcome of an observational study that compared CABG 

with DES implantation for isolated proximal LAD disease in 715 propensity-

matched patient-pairs, showing a lower repeat revascularization risk after 

CABG, but no difference in mortality.

Current myocardial revascularization guidelines recommend a “Heart 

Team” discussion for patients with proximal LAD disease and stable angina at 

presentation, and they confer a Class I indication with Level of Evidence: A to 

both percutaneous and surgical treatment strategies;1,2 yet, no such discussion 

is required for similar lesions in the right or circumflex coronary arteries. 

Based on the results of our present analysis, one may question whether P-LAD 

lesions deserve a dedicated section in future revascularization guidelines.

The “Heart Team approach”, with a careful consideration of the various 

treatment options, is valuable for determining the most appropriate 

revascularization strategy in high-risk and fragile patients, and in the 

presence of complex and advanced (multivessel) disease, although not 

essential for all patients.20 Performing a complex lesion PCI in a dominant 

right or left circumflex coronary artery may have a higher risk than a PCI in 

the proximal segment of a relatively small LAD. Guidelines provide indications 

and useful criteria for evidence-based therapeutic decision-making, but 

they do not replace common sense and the treating physician’s individual 

experience.
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Study limitations

The current study is a post-hoc analysis of patient-level data from 3 large-scale, 

prospective, randomized stent trials that assessed the outcome of all-comers 

treated with contemporary thin-strut DES. Although we observed similar 

2-year outcomes for patients treated in P-LAD and non–P-LAD segments, we 

cannot rule out that clinically relevant differences may occur in the longer 

term. In addition, we had no data on residual left ventricular function, angina, 

or symptoms of heart failure. Furthermore, before the inclusion of any patient 

in a PCI study, a choice has been made to treat this patient with PCI (rather 

than with CABG). In addition, there was no control group of patients treated 

with CABG. As a consequence, patients with the most severe comorbidities 

may be considered more often for CABG, which is even more likely in the 

presence of P-LAD lesions. Patients in the P-LAD group had more complex 

target lesions and interventional procedures, and although we used a robust 

statistical method to account for all known differences, we cannot rule out 

potential unmeasured confounders. Technical details of stenting were left to 

the operator’s discretion, study outcomes were entirely clinically driven, and 

there was no planned angiographic follow-up. We did not compare outcomes 

according to the 6 stent types, but all devices were new-generation DES with 

thin or very thin struts and quite biocompatible coatings; in addition, a similar 

2-year safety and efficacy has previously been shown.21-23

Conclusions

In this analysis of 3 large-scale contemporary DES trials, treatment of 

P-LAD lesions was associated with a somewhat higher periprocedural risk 

of TLF, but it was not independently associated with higher 2-year adverse 

clinical event rates. These results imply that separate consideration in future 

revascularization guidelines may not be mandatory any longer.

PERSPECTIVES

What is known?

The P-LAD supplies blood to a large portion of the myocardium and as a result, 

revascularization options carry an increased risk.

What is new?

The present study is the first to assess the impact of lesion location in the 

P-LAD on clinical outcome after treatment with thin-strut new-generation 

DES.

What is next?

The results of the current analysis should be considered for the treatment 

of patients with P-LAD artery lesions, and they may serve the expert panels 

which regularly update clinical guidelines.
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SUPPLEMENTAL DATA

Supplemental Results – Landmark analysis

We performed an additional (post-hoc) landmark analysis regarding the main 

endpoint target lesion failure, with a landmark at 2 days (peri-procedural 

period). Within 2 days, the rates of target lesion failure were 3.5% in the 

proximal LAD (P-LAD) group, versus 1.9% in the non-proximal LAD (non–P-

LAD) group, p <0.001. Using Cox regression analysis regarding peri-procedural 

target lesion failure the hazard ratio for P-LAD treatment was 1.80, 95% CI 

1.29-2.52. Beyond the peri-procedural period, i.e. > 2 days, the rates for target 

lesion failure were 4.1% for P-LAD versus 4.0% for non–P-LAD, p = 0.88, HR 

1.04, 95% CI 0.79-1.38.

Supplemental Table 1. DES trials comparing clinical outcome according to proximal LAD lesion 

location.

Trial name SORT OUT II PROTECT NOBORI-2 TWENTE I-III

Follow-up duration, years 10 4 2 2

Stents tested
Cypher and 

Taxus

Cypher and 

Endeavor
Nobori

Resolute, Xience V, 

Resolute Integrity, 

Promus Element, 

Synergy, and Orsiro

Number of patients, n 1,479 8,709 3,067 6,037

Proximal LAD, n [%] 365 [24.7%] 2,534 [29.1%] 834 [27.2%] 1,607 [26.6%]

Non-proximal LAD, n [%] 1,114 [75.3%] 6,172 [70.9%] 2,203 [71.8%] 4,430 [73.4%]

 P-LAD versus Non–P-LAD

Patient-oriented clinical 

endpoint [%]

24.6% vs. 31.0%

p = 0.09

15.0% vs. 13.7%

p = 0.14

7.7% vs. 6.6%

p = 0.22

11.4% vs. 11.6%

p = 0.86

Device-oriented clinical 

endpoint [%]

15.1% vs. 17.4%

p = 0.29

14.8% vs. 13.5%

p = 0.11

5.8% vs. 4.8%

p = 0.31

6.7% vs. 5.5%

p = 0.11

Myocardial infarction [%]
12.6% vs. 17.9%

p = 0.017

6.2% vs. 4.9%

p = 0.015

3.0% vs. 2.2% 

p = 0.19

4.2% vs. 2.9%

p = 0.016

Definite and probable 

stent thrombosis [%]

6.0% vs. 7.2%

p = 0.41

2.1% vs. 2.0%

p = 0.80

0.5% vs. 0.6% 

p = 0.77

1.1% vs. 0.8%

p = 0.27

DES = drug-eluting stent; P-LAD = proximal left anterior descending.
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After the introduction of coronary drug-eluting stents in 2002, these 

efficacious devices were rapidly adopted in clinical practice. Nevertheless, 

controversy remained about the safety of drug-eluting stents in acute ST-

segment elevation myocardial infarction (STEMI).1 Later, although in daily 

practice drug-eluting stents were used in all clinical scenarios and several 

randomised trials with few exclusion criteria evaluated drug-eluting stents 

in study populations that included patients with STEMI,2 many studies that 

assessed newer drug-eluting stents still excluded patients with STEMI. In 

2014, based on new study results,3,4 European guidelines first recommended 

the use of new-generation drug-eluting stents rather than bare-metal stents 

in STEMI.5 Up to 30% of participants in recent allcomer trials assessing the 

new-generation biodegradable polymer sirolimus-eluting stent (Orsiro) were 

treated for STEMI.6–9 Within STEMI subgroups, only the BIOSCIENCE trial 

found a significant between-stent difference favouring biodegradable polymer 

sirolimus-eluting stents.7,10

In The Lancet, Juan Iglesias and colleagues11 report the 1-year outcomes of the 

BIOSTEMI trial, which is, to our knowledge, the first dedicated randomised 

trial to compare biodegradable polymer sirolimus-eluting stents with durable 

polymer everolimus-eluting stents (Xience) in patients with STEMI. The 

authors should be commended for their large-scale randomised trial in a 

population that must have been difficult to enroll as it includes individuals 

in cardiogenic shock and unconscious patients, in whom a consent-by-

proxy procedure was applied. Bayesian methods were used to incorporate 

data from 407 patients with STEMI from the BIOSCIENCE trials as historical 

priors, showing 1-year superiority of biodegradable polymer sirolimus-

eluting stents (4%) compared with durable polymer everolimus-eluting 

stents (6%) for the composite endpoint of target lesion failure. In 1300 newly 

enrolled patients in BIOSTEMI (76% men and 24% women), biodegradable 

polymer sirolimus-eluting stents and durable polymer everolimus-eluting 

stents showed similar proportions for the safety endpoints of cardiac death 

and target vessel myocardial infarction, although there was a numerical 

difference in favour of biodegradable polymer sirolimus-eluting stents in the 

efficacy endpoint clinically-indicated target lesion revascularisation (1% in 

the biodegradable polymer sirolimus-eluting stent group vs 3% in the durable 

polymer everolimus-eluting stent group). Furthermore, both types of drug-

eluting stent showed low and similar stent thrombosis rates.11 The BIOSTEMI 

trial will have a 2-year follow-up, which is of interest in light of the findings of 

the BIO-RESORT trial, which showed an advantage for biodegradable polymer 

sirolimus-eluting stents compared with durable polymer zotarolimus-eluting 

stents in target lesion revascularisation between 1-year and 2-year follow-up.12

The Bayesian approach reduced the required number of participants to 

appropriately power the trial and shortened the enrolment period. Iglesias 

and colleagues11 claim that their use of robust historical priors in their 

Bayesian statistical model appropriately controlled the type I error rate by 

down weighting the contribution of historical information from the earlier 

STEMI subgroup of BIOSCIENCE, in case the historical information was 

inconsistent with the information collected in the BIOSTEMI trial. Although 

this might reassure some readers, others will find the chosen approach too 

novel, unusual, or complex to be credible. Additionally, this approach might 

make it more difficult to obtain answers to some secondary or additional 

research questions.

Yet which clinical endpoint is the driver of superiority? In the 1300 

patients in BIOSTEMI, the individual component of target lesion failure 

that differed numerically between the two types of stent was target lesion 

revascularisation. In the subgroup of BIOSCIENCE participants with STEMI10—

the source of priors for the Bayesian approach—adverse event rates did not 

mirror these findings but showed low and similar clinically indicated target 

lesion revascularisation proportions for both types of stent (2% for both). 

In the BIOSCIENCE trial, the significantly lower target lesion failure rate in 

biodegradable polymer sirolimus-eluting stents (3% vs 9% in the durable 

polymer everolimus-eluting stent group) was mainly driven by numerical 

differences in the safety endpoints of cardiac death (2% in the biodegradable 

polymer sirolimus-eluting stent group vs 5% in the durable polymer 

everolimus-eluting stent group) and target vessel myocardial infarction (1% in 

the biodegradable polymer sirolimus-eluting stent group vs 3% in the durable 

polymer everolimus-eluting stent group).10 From a pathophysiological point of 

view, it makes sense to expect a lower target lesion revascularisation risk in 

culprit vessels of STEMI, as allcomer studies suggest.7,10,13 Myocardial scarring 

reduces the subtended myocardial volume. Therefore, the same degree of 

(recurrent) lumen narrowing that leads to angina in patients without previous 

STEMI might remain unnoticed after STEMI because of the smaller amount 

of viable myocardium. Consequently, showing superiority of biodegradable 

polymer sirolimus-eluting stents in reducing target lesion revascularisation 

is more difficult in a population with STEMI. In the BIOFLOW V trial,14 which 

excluded patients with STEMI, biodegradable polymer sirolimus-eluting 
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stents were superior (6%) to durable polymer everolimus-eluting stents (10%) 

regarding target lesion failure, driven by fewer repeat myocardial infarctions 

(5% in the biodegradable polymer sirolimus-eluting stent group vs 8% in the 

durable polymer everolimus-eluting stent group).14 Thus, both the BIOSTEMI 

trial and the subgroup analysis of the BIOSCIENCE trial in patients with 

STEMI showed lower proportions of target lesion failure after treatment with 

biodegradable polymer sirolimus-eluting stents. However, the individual 

clinical endpoints in favour of biodegradable polymer sirolimus-eluting stents 

appear to be different (ie, target lesion revascularisation rather than cardiac 

death or target vessel myocardial infarction).10,11

Future research needs to clarify which individual clinical endpoint drives 

superiority.
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GENERAL DISCUSSION

Since the introduction of coronary stents, clinical outcome in patients with 

obstructive coronary artery disease treated by percutaneous coronary 

intervention has improved remarkably. Innovations in stent design are 

ongoing and aim at further reducing the incidence of adverse events. 

Contemporary drug-eluting stents (DES) are made from thin to very thin-

struts with more biocompatible, or completely biodegradable, polymer 

coatings than previous iterations.1

The widely used and latest version of the thin-strut durable polymer-coated 

zotarolimus-eluting stent is the Resolute Onyx stent, which has struts that 

have a swaged shape and are slightly thinner than its predecessor. This 

novel device was assessed in all-comers for the first time in the prospective, 

international, investigator-initiated, randomized BIONYX trial. After 

one year of follow-up, its non-inferiority was established regarding the 

primary endpoint target vessel failure against the reference ultrathin-strut 

biodegradable polymer-coated sirolimus-eluting Orsiro stent (Chapter 2). A 

remarkable secondary finding of the trial was the very low 1-year incidence 

of definite stent thrombosis (0.1%) in trial participants who were treated with 

Resolute Onyx. This rate was even lower than seen with the previous iteration 

of the thin-strut durable polymer-coated zotarolimus-eluting stent (Resolute 

Integrity) in other clinical all-comer trials.2-4 This is noteworthy given the fact 

that a majority of trial participants was treated for acute coronary syndromes.

The very low rate of stent thrombosis during the first year after implantation 

of the Resolute Onyx stent warranted longer term follow-up. Currently, most 

patients stop dual antiplatelet therapy after one year (or earlier, if treated in 

stable clinical seeings), and continue with aspirin monotherapy, which can 

be associated with a somewhat increased risk of stent thrombosis. BIONYX 

was the first clinical study to report 2-year follow-up data for Resolute Onyx 

showing an excellent safety and efficacy that was similar to that of the 

reference stent (i.e., Orsiro) (Chapter 3). The encouraging results regarding 

stent thrombosis were maintained during the second year. In addition, the 

study showed promising results in patients with target lesions in small 

vessels; this finding that was in line with findings of studies that reported 

shorter-term follow-up.5,6

Theoretically, biodegradable polymer-coated DES combine the short-term 

benefits of drug-elution and the long-term advantages of bare metal stents,1,7 

but the polymer degradation time differs between devices. In the very thin-

strut everolimus-eluting Synergy stent, this process is completed in four 

months, while in the Orsiro stent this process may take up to 24 months. 

Therefore, it is of interest to assess clinical outcome beyond this period of 

follow-up. In addition, prolonged inflammation of the coronary vessel wall and 

delayed arterial healing in DES have been related to the permanent presence 

of durable polymer-coatings, which may cause very late adverse events.8,9 

The three-arm, prospective, investigator-initiated, multicenter, randomized 

BIO-RESORT trial compared Synergy and Orsiro with the durable polymer-

coated Resolute Integrity.10 Three years after stenting, the clinical outcome 

of all-comers participating in BIO-RESORT was similar with both Synergy 

and Orsiro versus the reference Resolute Integrity (Chapter 4). This finding 

is remarkable considering the substantial differences among these devices 

in strut thickness, design of the metallic stent backbone, and eluted drug. 

Furthermore, the potential advantage of a biodegradable polymer-coated DES 

of leaving only a bare metal stent behind has not (yet) translated into lower 

rates of ischemic adverse events. An alternative might be polymer-free drug-

coated stents, but evidence in broad patient populations is lacking.11

DES are frequently assessed in large-scale randomized clinical trials in broad 

patient populations and establishing non-inferiority of one stent over another 

has become an everyday finding.4,10,12-15 Nonetheless, with these excellent 

results on a large scale, the quest for the optimal device in patients with 

challenging coronary lesions has only just begun.

One aspect of contemporary DES refinement is strut thickness which was 

progressively reduced. In 2018, a meta-analysis of ten randomized clinical 

trials showed improved clinical outcomes with ultrathin-strut DES (<70 

µm strut thickness) as compared to thicker-strut DES.16 In BIO-RESORT 

trial participants who were treated in coronaries with a small vessel lumen 

diameter (< 2.5 mm), the ultrathin-strut (60 µm) sirolimus-eluting Orsiro stent 

showed lower revascularization rates than the thin-strut (91 µm) zotarolimus-

eluting Resolute Integrity stent, three years after stent implantation (Chapter 

5). There were no significant differences in clinical outcome between the 

very thin-strut (74 µm) everolimus-eluting Synergy stent and the Resolute 

Integrity stent. Based on the findings of this study, differentiation between 

the effect of strut size, eluted drug, or type of polymer cannot be made, but 

strut thickness may be the most relevant characteristic with regard to the 

revascularization risk. First, because all three devices use sirolimus or one 
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of its derivatives, which have shown similar efficacy in suppressing in-stent 

neo-intimal hyperplasia in several studies. Second, it cannot be excluded 

that polymer type (i.e., biodegradable versus durable) and distribution and 

degradation speed of biodegradable polymers could play a certain role. 

However, if a minimum amount or rapid polymer degradation would be 

most important for lowering the revascularization risk, the Synergy stent 

should have shown the lowest revascularization rate (Chapter 6). In addition, 

a meta-analysis did not show superiority of biodegradable over durable 

polymer-coated DES.17 Considering the theory of a thinner-is-be_er strategy 

for patients with small-vessel lesions, it is of interest to investigate the effect 

of a no-struts-at-all strategy and compare the use of ultrathin-strut DES with 

drug-coated balloons in small vessel-lesions.18

Flexible very thin-strut stents may also be beneficial in patients who require 

treatment of bifurcation lesions. The coronary anatomy of bifurcation lesions 

may challenge stent deliverability and vessel tapering may interfere with 

optimal stent sizing. In addition, bench studies have shown that coronary DES 

can differ in their response to procedural steps that are involved in bifurcation 

treatment.19-21 Therefore, the technical characteristics of stents may be 

of particular importance when selecting the optimal DES for bifurcation 

lesions. After three years of follow-up in the randomized BIO-RESORT trial, 

clinical outcome was similar in participants requiring bifurcation treatment, 

irrespective of the implanted DES (Chapter 7). The findings were consistent in 

the large subgroup of trial participants who were treated with a single-stent 

technique. This most likely reflects the use of a provisional stenting approach, 

which is generally recommended for most bifurcation lesions.22 The dissimilar 

strut thickness, drug-elution, polymer type and polymer degradation time 

of the three DES did not translate into between-stent differences in 3-year 

clinical outcome. In addition, the reduced ostial coverage of side branches with 

the use of very thin-strut DES with open-cell designs (i.e., Orsiro and Synergy) 

did not significantly reduce the incidence of peri-procedural myocardial 

infarction. These results suggest that a high procedural quality in bifurcation 

stenting may be of greater importance than the stent characteristics including 

strut thickness and type of polymer-coating. Currently, dedicated bifurcation 

coronary stents are available but have not (yet) been able to show significant 

and clinically relevant improvements in clinical outcome.23

Besides strut thickness, the material of the metallic stent platforms of 

contemporary DES may have a substantial impact on radial force and 

radiographic visibility which both may be of particular importance in 

severely calcified target lesions.24 In addition, severely calcified plaque may 

impair distribution of the antiproliferative drug into the coronary vessel wall, 

especially considering the potential damage to the polymer-coating during 

DES advancement through the calcified coronary artery.25,26 The platinum 

that is incorporated in the platinum-chromium stent platform of the Synergy 

device ensures radiographic visibility and allows to reduce strut thickness 

while maintaining radial strength.7 Whereas the stent platforms of Orsiro and 

Resolute Integrity are made from a cobalt-chromium alloy that is less visible 

on angiography, especially if combined with a very low strut thickness (e.g., in 

Orsiro). Thus far, it was unknown whether these stent characteristics would 

impact clinical outcome in patients with severely calcified target lesions. 

BIO-RESORT trial participants who were treated in severely calcified lesions 

with the Synergy stent had lower revascularization rates than patients treated 

with the Resolute Integrity stent, at two years of follow-up. There was an 

independent association between the implantation of Synergy and a lower 

2-year rate of target vessel revascularization. Patients who were treated with 

Orsiro also showed lower revascularization rates than with Resolute Integrity, 

but multivariate analysis found no independent association (Chapter 8). 

Patients with severely calcified target lesions are still at an increased risk of 

developing adverse events,27,28 nevertheless, the results of this study suggest 

that DES with a combination of very thin struts, sufficient radial force, and 

good radiographic visibility may be highly suitable to achieve and maintain 

good clinical results in this subset of patients.

When the proximal segment of a coronary artery is obstructed, a large area 

of myocardium supplied by that vessel is at risk for developing ischemia or 

even necrosis.29,30 International guidelines on myocardial revascularization 

provide specific recommendations if this proximal segment is located in 

the left anterior descending (LAD) artery, but for similar lesions in proximal 

segments of the left circumflex or right coronary artery recommendations 

are lacking.31,32 Yet performing a complex percutaneous coronary intervention 

in a dominant right or left circumflex artery may have a higher risk than a 

procedure in the proximal segment of a relatively small LAD. Our patient-

level pooled analysis of data from three consecutive, randomized, single-

blinded TWENTE trials showed that patients who were treated with thin-

strut DES in the proximal LAD had a somewhat higher peri-procedural risk 

of adverse events, as compared to patients who were exclusively treated in 

other coronary segments (Chapter 9). However, there was no independent 
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association of proximal LAD treatment with 2-year clinical outcome. These 

data suggest that percutaneous coronary intervention with DES in a lesion 

located in the proximal LAD alone does not necessarily predict adverse 

clinical outcome. The study implies that separate consideration in future 

revascularization guidelines may not be mandatory any longer.

Recent all-comer trials included many patients with an ST-segment elevation 

myocardial infarction, yet, only one dedicated randomized clinical trial 

assessed two (very) thin-strut DES in this specific patient population.33 After 

one year of follow-up in this trial, implantation of the Orsiro stent resulted 

in a lower rate of the main composite endpoint as compared to the durable 

polymer-coated everolimus-eluting Xience stent.33 The primary composite 

clinical endpoint (target lesion failure) of the trial was in analogy with other 

major DES trials;2,14,15 however, in contrast to those other DES trials, it did not 

primarily apply a non-inferiority study design, but aimed at demonstrating 

superiority. In addition, the trial was designed with complex Bayesian 

methods that allowed for the incorporation of robust historical data of an 

already published subgroup analysis from another trial.34 Notably, superiority 

of Orsiro was found for the composite primary endpoint target lesion failure, 

but the clinical implications may be somewhat uncertain as the incorporated 

historical data and the main randomized clinical trial data showed (signals 

of) an advantage in different individual components of the composite primary 

endpoint (Chapter 10).

FUTURE PERSPECTIVES

Many of the different types of contemporary thin-strut coronary DES 

have shown excellent clinical outcomes in broad patient populations that 

participated in randomized stent trials. These findings are remarkable given 

the dissimilarities in polymer type, drug, stent material, and stent strut 

thickness between devices. Subsequently, we may be able to refine the use of 

the individual DES types in certain challenging lesions. The current thesis 

showed promising results in patients with challenging target lesions located 

in small vessels, bifurcations, and severely calcified coronary segments.

However, to date, the maximum available follow-up for these patients was 

three years. As many patients live on for a substantial number of years (or 

even decades) after treatment with DES, it is of great clinical importance 

to investigate long-term clinical outcome in these patients. In addition, the 

findings of our studies should be validated in larger patient populations, 

or meta-analyses, which should be realized by a collaboration of multiple 

research organizations.

While we as clinicians keep on striving for further improvements in treatment 

outcome for the good of our patients, it may seem that refinements in metallic 

DES design have been maximally exploited on the large scale. Nevertheless, 

there is still room for improvement in patients with challenging target 

lesions. In addition, there is a theoretical long-term advantage for completely 

bioabsorbable devices. While such bioabsorbable vascular scaffolds are 

currently not used in everyday practice due to safety concerns,35 there is still 

a change that scaffold technology might improve as was seen with metallic 

stents.

In addition, it should be questioned whether advancements in DES (or 

scaffold) design should remain the main focus of clinical research, or that 

the patients’ perspectives and experience should be key in the assessment of 

interventional treatment. Traditionally, the ‘physician-patient relationship’ 

was mainly paternalistic, in which physicians made decisions about the best 

treatment strategy for each patient. Nowadays, shared decision-making is 

being more and more implemented in daily clinical practice, and patients are 

progressively involved in decisions regarding their optimal individualized 

therapy.

Interventional cardiologists base their choice of treatment mainly on the 

results of large-scale research such as randomized clinical trials that often 

assess composite clinical endpoints. As patients may have a quite different 

opinion about the burden of a specific clinical endpoint than physicians, it 

would be of invaluable worth to include the patients’ perspective on adverse 

events in future clinical trials.36 In fact, future clinical research should be 

designed with the patients’ point of view as the starting point.
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SUMMARY

Since drug-eluting coronary stents were introduced in clinical practice 

in 2002, these devices have become indispensable in the treatment of 

patients with obstructive coronary artery disease. Numerous clinical trials 

assessed clinical outcome of patients undergoing percutaneous coronary 

intervention with drug-eluting stent implantation, and clinical adverse event 

rates have been drastically reduced due to innovations in stent design and 

implementation of novel drugs and therapies.

The continuous innovation in coronary stent technology resulted in the 

development of very flexible drug-eluting stents with very thin-strut stent 

platforms and biocompatible polymer-coatings. Large-scale all-comer 

clinical trials have shown excellent outcome with the use of contemporary 

drug-eluting stents that assured safety and efficacy in everyday clinical 

practice. However, data on the performance of these devices in specific patient 

populations with challenging target lesion anatomies is limited.

This thesis assessed the clinical outcome of all-comer patients who 

participated in consecutive large-scale randomized clinical trials and were 

treated with contemporary thin-strut drug-eluting stents. In addition, special 

emphasis was laid on the assessment of patients with challenging target 

lesions.

Chapter 1 provided a general introduction to this thesis. Background 

information on coronary artery disease and drug-eluting stent development 

was discussed. In addition, it deliberated about the potential of contemporary 

drug-eluting stents in patients with challenging target lesion anatomies, such 

as small vessels, bifurcation lesions, severely calcified target lesions, and 

lesions located in the proximal segment of the left anterior descending artery.

Chapter 2 presented the primary 1-year clinical outcome of the prospective, 

international, investigator-initiated, randomized BIONYX (TWENTE IV) trial. 

The 2,488 all-comer patients were randomized to treatment with the novel 

thin composite-wire-strut durable polymer-coated zotarolimus-eluting 

Resolute Onyx or the ultrathin-strut biodegradable polymer-coated sirolimus-

eluting Orsiro stents. The Resolute Onyx was found to be non-inferior to the 

reference Orsiro regarding the primary endpoint target vessel failure (4.5% 

vs. 4.7%). Patients treated with the Resolute Onyx stent had a particularly low 

rate of definite stent thrombosis (0.1%) as compared to patients treated with 

the Orsiro stent (0.7%).

Chapter 3 assessed the 2-year clinical outcome of the BIONYX trial 

participants, of whom the vast majority was not on dual antiplatelet therapy 

during the second year of follow-up. Two-year follow-up was available in 98.9% 

of all patients. The study showed low and similar rates of target vessel failure 

with Resolute Onyx versus Orsiro (7.6% vs. 7.1%). Stent thrombosis rates were 

low and statistically non-significantly different between stent groups (0.4% 

vs 1.1%), indicating comparable safety of the novel Resolute Onyx stent versus 

the Orsiro stent until the 2-year follow-up. In a pre-specified subgroup analysis 

in patients who were treated in small vessels (diameter < 2.5 mm), clinical 

outcome data showed no advantage for either stent (target lesion failure: 6.4% 

vs. 6.9%).

Chapter 4 reported the 3-year clinical outcome of 3,514 all-comer BIO-RESORT 

trial participants. In the three-arm, prospective, investigator-initiated, 

multicenter BIO-RESORT trial, patients were randomized to treatment with 

either the very thin-strut biodegradable polymer-coated everolimus-eluting 

Synergy or sirolimus-eluting Orsiro stents versus the thin-strut durable 

polymer-coated zotarolimus-eluting Resolute Integrity stent. At 3-year follow-

up, the rate of the main endpoint target vessel failure was low in the three 

groups, and there were no between-DES differences.

Chapter 5 evaluated the hypothesis that in patients with lesions in small 

vessels, treatment with stents that have thinner struts may improve clinical 

outcome. We assessed the clinical performance of the three thin-strut drug-

eluting stents that were used to treat 1,506 BIO-RESORT participants with 

small vessel target lesions (diameter < 2.5 mm). Three years after implantation, 

patients treated with the ultrathin-strut Orsiro stent had significantly lower 

revascularization rates than patients treated with the thin-strut Resolute 

Integrity stent (2.1% vs. 5.3%); a difference that emerged after the first year of 

follow-up. On the other hand, there was only a numerical, statistically non-

significant, difference in revascularization rate between very thin-strut 

Synergy and thin-strut Resolute Integrity stents (4.0% vs. 5.3%). These results 

supported the hypothesis that stents with thinner struts may be beneficial 

in patients with small target vessels.
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In Chapter 6, we discussed the importance of strut thickness in small vessel 

lesions in response to a leeer to the editor. We concluded that the study results 

presented in Chapter 5 were in line with the pathophysiological concept that 

thinner stent struts may be most relevant in small vessel lesions.

Chapter 7 displayed the 3-year clinical performance of the three BIO-RESORT 

drug-eluting stents in 1,236 patients with bifurcated target lesions. It was 

hypothesized that the very thin-strut devices (Synergy and Orsiro) might 

result in lower adverse event rates due to less ostial side branch coverage. 

However, the findings of this prespecified substuby did not support this 

hypothesis. The study showed low and similar rates of target vessel failure 

and other clinical endpoints such as peri-procedural myocardial infarction, 

irrespective of implanted stent-type. The findings were consistent in a 

secondary analysis of those patients who were treated with a single stent 

only. The dissimilarity in strut thickness, drug-elution, polymer type and 

polymer degradation time of the three DES did not translate into between-

stent differences in 3-year clinical outcome.

Chapter 8 described the clinical outcome of 783 patients with severely 

calcified target lesions, who were treated with the very-thin strut Synergy 

and Orsiro stents or the thin-strut Resolute Integrity stent in the randomized 

BIO-RESORT trial. Two years after treatment, target vessel revascularization 

rates were lower with Synergy (2.4%) and Orsiro (3.4%) than with Resolute 

Integrity (7.7%). The study showed that implantation of the Synergy stent was 

independently associated with a lower risk of target vessel revascularization. 

There was no independent association of Orsiro with lower target vessel 

revascularization rates at two years.

Chapter 9 showed that treatment of the proximal left anterior descending 

artery led to a somewhat higher peri-procedural adverse event risk than 

treatment of other coronary segments. However, after two years, there was 

no independent association of the proximal left anterior descending artery 

with higher adverse event rates. These data were derived from the analysis 

of patient-level pooled data of three consecutive randomized TWENTE trials 

that enrolled a total of 6,037 patients.

In Chapter 10, we deliberated about how superiority of the ultrathin-strut 

Orsiro stent was reached in a multicenter trial of another research group that 

applied Bayesian methods to assess the composite primary endpoint of target 

lesion failure. This comment was addressed to the manuscript that reported 

the 1-year outcomes of the randomized BIOSTEMI trial in 1,300 patients who 

presented with ST-segment elevation myocardial infarction.

Chapter 11 comprised the general discussion of the findings of this thesis and 

included suggestions for future research.
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CONCLUSIONS

After the introduction of drug-eluting coronary stents in clinical practice, 

these efficacious devices have become the cornerstone of percutaneous 

coronary intervention in patients with obstructive coronary artery disease. 

Over the years, stent designs have been refined resulting in low rates of 

adverse events following percutaneous coronary intervention. The two 

large-scale, investigator-initiated, multicenter, randomized BIO-RESORT and 

BIONYX trials confirmed low adverse event rates of thin-strut drug-eluting 

stents with durable and biodegradable polymer-coatings in all-comers.

The prospective, international, randomized BIONYX all-comer trial showed 

excellent clinical outcome with the novel Resolute Onyx stent as compared 

to the Orsiro stent, after one and two years of follow-up. Particularly low rates 

of stent thrombosis were seen with Resolute Onyx and the device showed 

promising results in patients who were treated in small vessel lesions. In 

the three-arm, prospective, randomized, multicenter BIO-RESORT trial, low 

adverse event rates were seen in all-comers treated with all three devices 

(Synergy, Orsiro, and Resolute Integrity), after three years of follow-up.

With the overall low rate of adverse events, demonstrating a difference 

in safety and efficacy between devices in broad patient populations may 

become increasingly difficult. Therefore, the assessment of patients with 

challenging target lesions is of considerable interest. Discriminating stent 

characteristics, such as strut thickness or radiographic visibility, may be of 

particular importance in patients with challenging lesion anatomies. Three 

types of challenging lesions that were investigated in subgroup analyses of 

the randomized BIO-RESORT trial were lesions in small vessels, bifurcation 

lesions, and severely calcified target lesions. In patients with lesions in 

small vessels, the ultrathin-strut Orsiro stent showed promising results 

with particularly low revascularization rates. In bifurcation lesions, 3-year 

follow-up data showed that adverse event rates were low with all three types 

of drug-eluting stents that were assessed in this trial. Radiographic visibility 

in combination with the very thin-struts in the Synergy stent appeared to be 

advantageous in patients with severely calcified target lesions.

Lesion localization in the proximal segment of the left anterior descending 

artery is considered a high risk feature in percutaneous coronary intervention. 

Although this coronary artery segment generally supplies a large myocardial 

area, our study showed that patients treated in the proximal left anterior 

descending artery did not necessarily have higher adverse event rates than 

patients treated in other coronary segments.

Randomized clinical stent trials often assess a composite clinical endpoint 

as their primary outcome. The use of Bayesian models reduces the number 

of patients required to prove statistical difference and it also reduces costs. 

However, clinical implications may be somewhat uncertain if a study finds 

superiority of one stent over the other in reaching a composite primary 

endpoint, but shows in the incorporated historical data and the main 

randomized clinical trial data (signals of) an advantage in different individual 

components of the composite primary endpoint.

In conclusion, this thesis showed encouraging results of thin-strut coronary 

drug-eluting stents in all-comer patients as well as patients with particularly 

challenging target lesions. Further research should focus on long-term 

clinical outcome, and consider the patients’ perspective in the assessment 

of percutaneous coronary intervention, including the clinical performance 

of novel drug-eluting stents.
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SAMENVATTING

Sinds de introductie van medicijn-afgevende stents in de klinische praktijk in 

2002, zijn deze stents onmisbaar geworden in de behandeling van patiënten 

met obstructief coronairlijden. De klinische uitkomsten van patiënten die 

een percutane coronaire interventie met implantatie van medicijn-afgevende 

stents ondergingen is door veel studies onderzocht. Het aantal gevallen van 

ongewenste klinische uitkomsten van patiënten die deelnemen aan studies is 

drastisch verminderd. Het gebruik van nieuwe medicatie en ontwikkelingen 

op stent-niveau hebben hieraan bijgedragen.

De voortdurende innovatie in coronaire stent technologie heeft geresulteerd 

in zeer flexibele medicijn-afgevende stents met zeer dunne stent platforms 

(‘struts’) en een biologisch afbreekbare polymeer-laag. Grootschalige 

klinische studies met hedendaagse stents toonden excellente uitkomsten 

met betrekking tot veiligheid en effectiviteit in een patiëntenpopulatie die 

de dagelijkse klinische praktijk weerspiegelt. Deze studies hanteren weinig 

selectiecriteria en worden ‘all-comer’ trials genoemd. Er is echter weinig 

data beschikbaar over de uitkomsten van patiënten met een zogenaamde 

‘uitdagende’ anatomie van de vernauwde coronairen.

Dit proefschrift onderzocht de impact van verschillende typen medicijn-

afgevende stents op de klinische uitkomsten van patiënten die deelnamen aan 

grootschalige gerandomiseerde all-comer trials. Het proefschrift richt zich in 

het bijzonder op patiënten met een uitdagende anatomie van de vernauwde 

coronairen.

Hoofdstuk 1 beschreef een algemene introductie met achtergrondinformatie 

over coronairlijden en de ontwikkelingen die plaats hebben gevonden op het 

gebied van medicijn-afgevende stents. De klinische potentie van hedendaagse 

medicijn-afgevende stents in patiënten met een uitdagende anatomie, zoals 

kleine vaten, bifurcatie laesies, ernstig verkalkte laesies, en laesies in het 

proximale segment van de ‘ramus ascendens anterior’ coronairarterie, werden 

besproken.

Hoofdstuk 2 presenteerde het primaire klinische eindpunt van de 

internationale, gerandomiseerde BIONYX (TWENTE IV) trial. De 2.488 

‘all-comers’ werden gerandomiseerd naar behandeling met een nieuw 

soort medicijn-afgevende stent bestaande uit samengesteld metaal met 

een permanente polymeer-laag (de Resolute Onyx stent), of met medicijn-
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afgevende stents bestaande uit een zeer dunne kobalt-chroom legering met 

een biologisch afbreekbare polymeer-laag (de Orsiro stent). De Resolute 

Onyx stent was non-inferieur ten opzichte van de Orsiro stent aangaande 

het primaire eindpunt ‘target vessel failure’ (4.5% vs. 4.7%). Patiënten die 

behandeld waren met de Resolute Onyx stent hadden een opvallend laag 

aantal gevallen van stent trombose (0.1%), in vergelijking met de patiënten 

die behandeld waren met de Orsiro stent (0.7%).

Hoofdstuk 3 onderzocht de klinische uitkomsten van de BIONYX 

deelnemers na twee jaar follow-up, van wie de meerderheid geen duale 

antiplaatjesremming meer gebruikte tijdens het tweede jaar. Follow-up data 

was beschikbaar in 98.9% van alle patiënten. De studie toonde een lage en 

vergelijkbare incidentie van ‘target vessel failure’ met de Resolute Onyx in 

vergelijking met de Orsiro stent (7.6% vs. 7.1%). Stent trombose kwam erg 

weinig voor en de verschillen waren onderling niet statistisch significant 

verschilend (0.4% vs. 1.1%), wat tot twee jaar follow-up een vergelijkbare 

veiligheid van de nieuwe Resolute Onyx stent ten opzichte van de Orsiro stent 

aantoonde. In een vooraf gespecificeerde subgroep analyse van patiënten die 

gedoeerd werden in kleine coronairen (diameter < 2.5 mm), werd eveneens 

geen voordeel gevonden voor één van beide stents ten opzichte van de ander 

(target lesion failure: 6.4% vs. 6.9%).

Hoofdstuk 4 rapporteerde de 3-jaars klinische uitkomsten van 3.514 ‘all-

comers’ die deelnamen aan de gerandomiseerde, multicenter BIO-RESORT 

trial. Patiënten werden gerandomiseerd naar een medicijn-afgevende stent 

van zeer dun metaal met een biologisch afbreekbare polymeer-laag (de 

Orsiro stent of de Synergy stent), of een medicijn-afgevende stent met een 

permanente polymeer-laag (de Resolute Integrity stent). Drie jaar na stent-

implantatie was de incidentie van ‘target vessel failure’ en andere uitkomsten 

laag in alle drie de stentgroepen, en werd er geen significant verschil tussen 

de stents gevonden.

Hoofdstuk 5 evalueerde de hypothese dat medicijn-afgevende stents 

gemaakt van zeer dun metaal de klinische uitkomsten van patiënten 

die gedoeerd moeten worden in coronairen met een kleine diameter zou 

kunnen verbeteren. De drie medicijn-afgevende stents van de BIO-RESORT 

trial werden onderzocht in 1.506 patiënten die gedoeerd moesten worden in 

kleine coronairen (diameter < 2.5 mm). Drie jaar na stent-implantatie bleek 

dat patiënten die behandeld waren met de zeer dunne Orsiro stent (strut-

dikte 60 µm) minder vaak opnieuw in hetzelfde bloedvat gedoeerd moesten 

worden, dan patiënten die behandeld waren met de Resolute Integrity stent 

(strut-dikte 91 µm; 2.1% v. 5.3%); dit verschil uiee zich vooral na het eerste jaar. 

Daarentegen was er slechts een numeriek (dus statistisch niet significant) 

verschil in het voorkomen van herhaalde doeerbehandeling bij patiënten die 

behandeld waren met de iets minder dunne Synergy stent (strut-dikte 74 µm), 

in vergelijking met patiënten die behandeld waren met de Resolute Integrity 

stent (4.0% vs. 5.3%). Deze resultaten ondersteunen de hypothese dat de dunste 

stents het meest voordelig lijken in patiënten die gedoeerd moeten worden 

in coronairen met een kleine diameter.

In Hoofdstuk 6 werd het belang van stent strut-dikte in coronairen met 

een kleine diameter bediscussieerd, in reactie op een ‘leeer to the editor’. 

We concludeerden dat de studieresultaten besproken in Hoofdstuk 5 

overeenkwamen met het pathofysiologische concept dat dunnere stents 

mogelijk het meest relevant zijn in laesies met een kleine diameter.

Hoofdstuk 7 presenteerde de klinische uitkomsten na drie jaar follow-up 

van de drie BIO-RESORT medicijn-afgevende stents in 1.236 patiënten met 

bifurcatie laesies. De hypothese dat implantatie van de stents met zeer dunne 

struts (de Synergy stent en de Orsiro stent) tot een lagere incidentie van 

ongewenste klinische uitkomsten zou leiden (vanwege verminderde stent-

overlapping van zijtakken) werd getest. De bevindingen van deze vooraf 

gespecificeerde sub-studie ondersteunden de hypothese niet; de incidentie 

van ‘target vessel failure’ en andere uitkomsten zoals peri-procedureel 

myocardinfarct, waren laag en verschilden onderling niet tussen de stents. 

De bevindingen werden bevestigd in een secundaire analyse in patiënten 

die behandeld werden met één enkele stent. Ondanks de verschillen in stent 

strut-dikte, soort medicijn, polymeer-type en biologische afbreekbaarheid 

van de polymeer-laag van de drie typen medicijn-afgevende stents, heeft 

dit niet geleid tot verschillen in klinische uitkomsten tot drie jaar na stent-

implantatie.

Hoofdstuk 8 beschreef de klinische uitkomsten van 783 patiënten met 

ernstig verkalkte laesies die werden behandeld met de zeer dunne Synergy 

en Orsiro stents, of de dunne Resolute Integrity stent in de BIO-RESORT trial. 

Twee jaar na stent-implantatie bleek dat herhaalde doeerbehandelingen in 

hetzelfde vat minder vaak voorkwamen met Synergy (2.4%) en Orsiro (3.4%), 

dan met Resolute Integrity (7.7%). De studie toonde een onafhankelijke 
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associatie tussen het gebruik van de Synergy stent en het lagere risico op 

herhaalde doeerbehandelingen na twee jaar. Daarentegen bestond er geen 

onafhankelijke associaties tussen implantatie van de Orsiro stent en een lager 

risico op herhaalde doeerbehandeling.

Hoofdstuk 9 toonde dat dotterbehandeling van het proximale segment 

van de ramus descendens anterior coronairarterie een licht verhoogd peri-

procedureel risico had ten opzichte van doeerbehandeling met medicijn-

afgevende stents in andere coronaire segmenten. Een aanvullende analyse 

toonde aan dat er, na correctie van factoren die op baseline verschilden tussen 

beide groepen, geen onafhankelijke associatie bestond tussen het doeeren 

van het proximale segment van de ramus descendens anterior en klinische 

uitkomsten na twee jaar follow-up. Deze data werd verkregen door een analyse 

van op patiënt-niveau gepoolde data van drie opéénvolgende gerandomiseerde 

TWENTE-trials en betrof 6.037 patiënten.

In Hoofdstuk 10 bespraken we hoe superioriteit van de Orsiro stent 

werd bereikt in een gerandomiseerde multicenter trial van een andere 

onderzoeksgroep, waarin een complex Bayesiaans model werd gebruikt om 

het primaire eindpunt ‘target lesion failure’ te onderzoeken. Ons commentaar 

was gericht op het manuscript dat de uitkomsten van de gerandomiseerde 

BIOSTEMI trial in 1.300 patiënten met ST-segment elevatie myocardinfarct 

na één jaar follow-up rapporteerde.

Hoofdstuk 11 gaf een algemene discussie van de bevindingen in dit 

proefschrift en bevaee tevens aanbevelingen voor onderzoek in de toekomst.

CONCLUSIES

Nadat medicijn-afgevende stents in de klinische praktijk werden 

geïntroduceerd, zijn deze effectieve stents de hoeksteen van de percutane 

behandeling van patiënten met obstructief coronairlijden geworden. 

Gedurende tientallen jaren zijn de stent ontwerpen verfijnd wat heeft 

geresulteerd in steeds lagere percentages van ongewenste klinische 

uitkomsten na percutane coronaire interventie. De twee grootschalige, 

gerandomiseerde BIO-RESORT en BIONYX trials hebben de lage incidentie 

van ongewenste klinische uitkomsten na implantatie van dunne medicijn-

afgevende stents met permanente of biologisch afbreekbare polymeer-laag 

bevestigd in grote ‘all-comer’ patiënten populaties die de dagelijkse klinische 

praktijk weergeven.

De internationale, gerandomiseerde BIONYX trial in all-comers toonde 

uitstekende klinische uitkomsten met de nieuwe Resolute Onyx stent, in 

vergelijking met de Orsiro stent, na één en twee jaar follow-up. Opvallend 

was het zeer lage aantal gevallen van stent trombose met de Resolute Onyx 

stent, en deze stent toonde veelbelovende resultaten in patiënten die gedoeerd 

moesten worden in coronairen met een kleine diameter. De gerandomiseerde, 

multicenter BIO-RESORT trial toonde na drie jaar follow-up lage incidenties 

van ongewenste klinische uitkomsten met alle drie typen medicijn-afgevende 

stents (Synergy, Orsiro, Resolute Integrity).

Door de lage aantallen van ongewenste klinische uitkomsten wordt het 

steeds moeilijker om een verschil aan te tonen in veiligheid en effectiviteit 

tussen verschillende medicijn-afgevende stents in grote patiëntgroepen. 

Het is daarom van aanzienlijk belang om deze medicijn-afgevende stents 

te onderzoeken in patiënten met een ‘uitdagende’ coronaire anatomie. 

Onderscheidende stentkarakteristieken zoals stent strut-dikte of 

radiografische zichtbaarheid zouden van bijzonder belang kunnen zijn in deze 

geselecteerde patiëntengroep. In subgroep analyses van de gerandomiseerde 

BIO-RESORT trial werden drie soorten laesies met een uitdagende anatomie 

onderzocht; coronairen met een kleine diameter, bifurcatie laesies en ernstig 

verkalkte laesies. Voor patiënten die gedoeerd moesten worden in kleine 

coronairen, toonde de Orsiro stent veelbelovende resultaten met een opvallend 

laag aantal gevallen van revascularisatie. In bifurcatie laesies toonde 3-jaar 

follow-up dat de incidentie van ongewenst klinische uitkomsten laag was met 

de drie typen medicijn-afgevende stents in BIO-RESORT. De radiografische 
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zichtbaarheid in combinatie met de zeer dunne stent strut-dikte in de Synergy 

stent leek voordelig in patiënten met ernstig verkalkte laesies.

Als een laesie zich in het proximale segment van de ramus descendens 

anterior coronairarterie bevindt dan wordt dit historisch gezien als een hoog-

risico kenmerk voor percutane interventie. Ondanks dat deze coronair in het 

algemeen een groot deel van het myocard voorziet, toonde onze studie aan dat 

patiënten die in de proximale ramus descendens anterior werden behandeld 

niet een hoger percentage van ongewenste klinische uitkomsten hadden dan 

patiënten die in andere coronaire segmenten werden gedoeerd.

Gerandomiseerde klinische stent studies beoordelen vaak een samengesteld 

klinisch eindpunt als primaire uitkomstmaat. Het gebruik van een Bayesiaans 

model kan het aantal patiënten dat nodig is om statistische verschillen aan 

te tonen reduceren, waarmee het ook de kosten van een studie verlaagt. De 

klinische implicaties kunnen echter onzeker zijn als een studie superioriteit 

van een bepaalde stent vindt aangaande het samengestelde primaire 

eindpunt, terwijl de opgenomen historische data en de gerandomiseerde 

klinische data voordelen tonen in verschillende individuele componenten 

van dat samengestelde primaire eindpunt.

Concluderend toonde dit proefschrift bemoedigende resultaten van dunne 

medicijn-afgevende coronaire stents in all-comer patiënten en in patiënten 

met bijzonder uitdagende anatomie van coronaire laesies. Toekomstig 

wetenschappelijk onderzoek moet zich focussen op lange-termijn uitkomsten, 

en men moet overwegen of het perspectief van de patiënt in het onderzoeken 

van percutane coronaire interventie en de klinische beoordeling van nieuwe 

medicijn-afgevende stents niet een prominentere rol moet krijgen.
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DANKWOORD

Dit proefschrift is mede dankzij de hulp en steun van vele anderen tot stand 

gekomen en ik wil graag iedereen die hieraan heeft bijgedragen hartelijk 

bedanken. Ook dank aan jou, lezer, dat je mijn proefschrift blijkbaar hebt 

verslonden en al bij het dankwoord bent aangekomen. Daarnaast verdienen 

onderstaande personen een bijzondere vermelding en persoonlijk dankwoord.

Allereerst dank aan alle patiënten uit binnen- en buitenland die hebben 

deelgenomen aan en betrokken waren bij de TWENTE trials. Het is fantastisch 

dat ze in zulke groten getale mee wilden werken aan de verbetering en 

innovatie van de cardiologische zorg.

Geachte professor von Birgelen, beste Clemens, bedankt dat je mij de 

mogelijkheid voor dit promotietraject hebt gegeven. Mede dankzij jouw 

gedrevenheid, volharding en niet te stillen honger naar kwaliteit ben ik zover 

gekomen. Ik heb veel van je geleerd over het schrijven van manuscripten 

en het presenteren op (internationale) congressen. Ik waardeer het dat je 

de ogenschijnlijk onmogelijke missie om mij te leren hoe ik komma’s moet 

gebruiken in de manuscripten hebt weten vol te houden tot het eind. Bedankt 

voor het vertrouwen dat je in mij had. Ondanks dat dit proefschrift nu is 

afgerond zijn we alweer bezig met nieuwe projecten en ik kijk ernaar uit om 

ook die tot een succes te maken.

Beste Carine, inmiddels mag ik je aanspreken met professor Doggen en wil ik 

je ook via deze weg feliciteren met je hoogleraarschap! Ik vond het ontzeeend 

leuk om met je samen te werken, je had altijd een goede andere invalshoek 

om medische artikelen en andere zaken te benaderen. Ik wil je heel erg 

bedanken voor de steun en de tijd die je in het meeschrijven aan de artikelen 

hebt gestoken. 

Naast mijn promotoren wil ik ook graag de leden van mijn promotiecommissie, 

professor Geelkerken, professor Grandjean, professor Hoorntje, professor 

de Winter en dr. Vermeer, bedanken voor de kritische beoordeling van dit 

proefschrift. Ik ben vereerd dat u als opponent zieing wilde nemen in mijn 

promotiecommissie.

Onmisbaar voor het onderzoek binnen het Thoraxcentrum en daarmee 

ook voor dit proefschrift is natuurlijk de afdeling Cardiovascular Research 

en Educatie (CRE). Dion, Ilona, Jan, Linnea, Magda, Marije, Martina, Petra, 
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Renate en Tamara: jullie bijdrage is van ongekende waarde! Het verzamelen, 

invoeren en verwerken van alle data die in dit proefschrift is gepresenteerd 

was niet gelukt zonder jullie. Ondanks dat ik mijn oordopjes vaak heb gebruikt 

om me af te sluiten van de lawaaiige gezelligheid in de kantoortuin met 

oncontroleerbare airco bewaar ik goede herinneringen aan mijn tijd op het 

CRE. Dion, jouw korte briefjes met lieve woorden heb ik zeer gewaardeerd en 

Ilona, dankzij jou weet ik nu dat je niet groot en sterk hoeft te zijn om onwijs 

hard te kunnen fietsen. Het napraten over de wedstrijden van Ajax was leuk, 

en Jan, het is volgens mij nog altijd onbeslist wie nou echt ‘de slimste mens’ 

is. Linnea, ontzeeend leuk dat je mij introduceerde in je hockeyteam en dank 

dat je me wist te motiveren voor de hardlooptrainingen ter voorbereiding 

op de halve marathon van Enschede. Magda, dank voor je uiterst secure 

werkzaamheden. Marije, het was fijn dat je van alles iets af wist waardoor ik 

met mijn vragen bij jou terecht kon. Martina, bedankt voor de levendige (en 

vaak hilarische) beschrijvingen van jouw belevenissen en Petra, top dat je 

soms zelfs in de avonduren kwam werken. Dankzij Renate weet ik nu dat je het 

best met twee traptreden tegelijk naar boven kunt lopen en Tamara, jij bewees 

dat je stiekem heel goed bent in pub quizzen (l’oeuff). Nejra, jij hoort natuurlijk 

ook bij de CRE-club. We hebben niet aan dezelfde projecten gewerkt, maar ik 

vond het fijn dat we in de daluren vaak nog samen op het CRE aanwezig waren. 

Maar ondanks de vele uren die we met z’n allen samen op het CRE hebben 

doorgebracht weten jullie allemaal niet wie er achter het paaseitjes-incident 

zaten! 

Marlies & Liefke, jullie kennis en ervaring als voorgangers in de lijn van 

onderzoekers was onmisbaar. Ik heb veel van jullie geleerd en ik ben erg 

dankbaar dat ik jullie te allen tijde mocht bellen met mijn honderdduizend 

vragen. Doordat ik werkte aan de projecten waarvoor jullie de fundering reeds 

hadden gelegd waren de adviezen zeer goed toepasbaar. Bedankt voor de hulp 

en bemoedigende woorden als ik soms door de bomen het bos niet meer zag.

Job van der Palen en Marjolein Brusse, dank voor al jullie statistische input 

en bereidheid om mee te denken. Vaak konden we op korte termijn terecht en 

ik heb erg veel van jullie geleerd.

Alle cardiologen en cardiothoracaal chirurgen van Thoraxcentrum Twente 

en in het bijzonder de opleiders dr. Verhorst en initieel dr. Scholten, nu dr. 

Wagenaar: bedankt voor de mogelijkheid om mijn klinische taken tijdelijk 

te pauzeren en mijn tijd fulltime te gebruiken voor het promotietraject. 

Dankwoord

Ook geldt voor alle interventiecardiologen, hartkatheterisatie laboranten, 

verpleegkundigen en ander ondersteunend personeel: dank voor jullie 

onbeteugelde inzet en bijdrage aan de studies.

Eveneens de (interventie) cardiologen, verpleegkundigen en andere 

werknemers van externe centra waren essentieel voor de inclusie van 

patiënten, dataverzameling en daarmee de realisatie van dit proefschrift. A 

special thanks to dr. Ariel Roguin: it was a great pleasure to work with you on 

our shared manuscripts and it was nice to meet you in person at the EuroPCR 

conferences. 

Alle arts-assistenten cardiologie; bedankt voor jullie interesse tijdens het 

schrijven van dit proefschrift. Bijzondere dank aan Lisanne, Paulien en Saskia 

voor jullie support en de culturele opvoeding, feestjes, wintersportvakanties, 

amareeo, wandelingen door Twente en spelletjesavonden. Allen waren een 

welkome afleiding in drukke perioden. 

Lieve Eva, Floor, Klaziena, Marina en Wenda, ondanks de (relatief) grote 

onderlinge afstand hebben we veelvuldig gebeld, was er altijd een luisterend 

oor en ruimte voor ontspanning. We hebben samen al veel meegemaakt en 

de bijzondere gebeurtenissen blijven elkaar maar opvolgen. Na de bruiloften, 

promotie en de eerste baby kijk ik uit naar toekomstige belevenissen samen. 

Bedankt dat jullie er altijd voor me zijn!

Lieve Sanne, wij kennen elkaar al langer dan dat we ons kunnen herinneren 

en ondanks dat de frequentie van ons weerzien sterk is afgenomen blijft onze 

vriendschap altijd bestaan. 

Teveel om op te noemen maar niet minder belangrijk: vrienden, vriendinnen 

en bestuursgenoten die ik nog niet heb vermeld. Bedankt voor jullie aandacht 

en interesse gedurende het gehele traject.

Mijn paranimfen, Eline & Paolo, geweldig dat jullie dit traject vanaf het begin 

met mij hebben doorlopen en het nu ook met mij willen afsluiten. Paolo, toen 

ik aan mijn promotietraject begon was jij al geroutineerd in het proces van 

wetenschappelijk onderzoek doen. Ik waardeer je genuanceerde blik en jouw 

vermogen om dingen in perspectief te kunnen plaatsen. Het was een grote eer 

om een half jaar geleden jouw paranimf te mogen zijn tijdens jouw promotie en 

ik ben verheugd dat de rollen nu zijn omgedraaid. Met onze gedeelde liefde voor 
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Ajax en voor een MDL-arts (in wording) denk ik ook dat onze band eigenlijk 

niet meer stuk kan. Ik kijk ernaar uit om nog eens samen te gaan racefietsen 

zodat je die grootspraak “dat je dat zo goed kan” eens waar kunt maken. 

Eline, mijn ‘partner in crime’. Ik weet nog goed dat we allebei de promotieplek 

wilden hebben en ik ben ontzeeend blij dat we dit uiteindelijk samen zijn gaan 

doen! Zo hebben we geleerd om kritisch te zijn op elkaars werk en hebben ons 

verbaasd over de vele ‘inceptie-referenties’. Ik bewaar leuke herinneringen 

aan de goede koffie, de congressen (veelal in Parijs) en het hardlopen en 

racefietsen in onze vrije uurtjes. Ik vind het knap dat je in korte tijd al zoveel 

hebt bereikt. We hebben veel gelachen en ik ben blij dat ik mijn gevoel voor 

humor een beetje op jou heb weten over te dragen. Het feit dat jij nu dezelfde 

soort grappen tegenover andere vrienden maakt doet me goed. Geweldig 

hoe we het hele CRE voor de gek hebben weten te houden met het paaseitjes-

incident! Ik ga het tijdperk van ons samen promoveren zeker missen en ik 

verheug me erop om in de toekomst weer samen te werken.

Mijn familie, ooms, tantes, neven, nichten, schoonfamilie en natuurlijk oma: 

dank voor jullie interesse en ondersteuning in deze tijd. Lieve stoere oma, ik 

bewonder jouw levenslust en kijk op het leven. “Gewoon maar doorgaan met 

ademhalen” bleek een goede wijsheid die ons al ver heeft gebracht.

Lieve Hanneke, Peter, Martijn, Katelijne & Joep, dank voor het warme onthaal 

in jullie gezin. Jullie liefde en persoonlijke aandacht hebben me enorm 

gesteund. Ik kijk ernaar uit om volgend jaar ook officieel bij de Beukema-

familie te horen.

Zonder pap, mam, Simon en Lynn had ik hier nooit gestaan. Lieve mam, ik 

heb enorm veel bewondering voor jouw doorzeeingsvermogen en wilskracht. 

Deze eigenschappen bleken de voorgaande jaren extra hard nodig en ik ben 

trots op jou en ontzeeend blij dat onze band zo goed is. Jij en pap hebben me 

altijd gesteund in alles wat ik deed en de dubbele trots is (nog) altijd voelbaar. 

Broer, je lijkt in zoveel dingen op pap en ik vind het mooi om te zien hoe zijn 

karaktertrekken bij jou terug komen. Je blijft me leren om met beide benen op 

de grond te staan en ik vind het geweldig om samen te toeren op de motor. Lieve 

Lynn, ik ben blij dat je mijn broertje zo gelukkig maakt en dat jullie samen 

met mam op dat mooie plekje wonen. Het gemis van pap blijft onverminderd 

aanwezig, maar de sterke band in ons gezin heeft mij veel kracht gegeven op 

de moeilijke momenten in de afgelopen jaren. 

Dankwoord

Lieve Koen, er zijn geen woorden die kunnen omschrijven hoe misbaar je voor 

mij bent. Ik geniet elke dag van je geweldige gevoel voor humor, je sportiviteit 

en je onvoorwaardelijke liefde. Ik verheug me op de rest van ons leven samen.
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Rosaly Anne (Lyanne) Buiten was born on the 5th of December, 1989 in 

Zuidlaren, the Netherlands. She grew up as the first child of Johan Buiten 

and Jantje Buiten-Schuring, together with her younger brother Paul Simon. 

In 2007, she graduated from Zernike College in Haren after which she started 

her Medicine studies at the University of Groningen. During the bachelor, she 

worked fulltime in the daily executive board of the large student rowing club 

G.S.R. Aegir in Groningen for one year, during which she enriched her personal 

development and social skills. In 2012, her clinical internships began and she 
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