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INTRODUCTION 

 

Cardiovascular disease is the leading cause of death globally. In 2012, an estimated 17.5 million 

people died from cardiovascular disease, which represent 31% of all global deaths. Of these 

deaths, 7.4 million were caused by coronary artery disease.1 In most cases, symptomatic coronary 

artery disease is based on structural changes of the coronary vessel wall due to atherosclerosis, 

which is characterized by thickening of the innermost layer of the artery, the intima.2,3 The disease 

process often starts in proximal coronary segments, and its extent varies along the course of the 

coronary arteries. Ischemia and myocardial infarction occur when the disease prevents 

transportation of a sufficient amount of blood flow through the artery.  

Impairment of coronary blood flow may lead to angina pectoris, in which patients sense chest 

pain or a feeling of thoracic pressure.4 Angina pectoris is classified as stable or unstable. Stable 

angina refers to the “classical” type of effort-related chest discomfort and pain during physical 

activity, but not at rest,4 caused by myocardial ischemia distal to a coronary obstruction in 

situations with an imbalance between blood demand and blood supply. Unstable angina with 

symptoms that may occur unpredictably at rest is generally found in patients with very severely 

narrowed coronary arteries, and can be an indicator of an imminent myocardial infarction.4 

Previously, progressive coronary luminal narrowing was thought to be the main cause of 

myocardial infarction. However, meanwhile it has become evident that the vulnerability of plaque 

(rather than stenosis progression) precedes acute ischemia and myocardial infarction.2,3 Although 

atherosclerosis is generally accepted to be an inflammatory disease, it has become evident that 

other pathophysiological mechanisms, such as plaque angiogenesis (i.e., the formation of intra-

plaque blood vessels due to hypoxemia of the plaque), play a crucial role in the progression from 

a stable into a vulnerable plaque. Such vulnerable plaques are prone to develop ruptures or 

fissures,5 which generally trigger thrombus formation and propagation that may cause acute 

coronary artery closure and myocardial infarction.  

 

From percutaneous coronary balloon angioplasty to early drug-eluting stents 

Since the introduction of percutaneous transluminal coronary balloon angioplasty procedures in 

humans by Andreas Grüntzig in 1977, interventional cardiology has made extensive 

developments in the treatment of obstructive coronary artery disease.6 It all started with plain old 

balloon angioplasty, which stretched and dilated the narrowed coronary arterial segment to 

improve blood flow. Although percutaneous coronary interventions have been improved in 

several ways, the introduction of coronary artery stents has revolutionized the practice of 

interventional cardiology.7,8 

The earliest coronary stents were metallic mesh tubes, inserted to treat or prevent acute vessel 

closure by using their scaffolding properties to counteract the early elastic recoil of the vessel wall 

after balloon deflation and to prevent dissections from obstructing the lumen.9 Although early 

coronary stents reduced the incidence of restenosis by abolishing elastic recoil of the vessel wall, 

they did not prevent restenosis mediated by proliferation of neointima, which in approximately 

30% of cases resulted in a significant in-stent restenosis that required a repeat intervention.10,11 

For that reason, drug-eluting stents were developed that were loaded with an anti-proliferative 

drug to interfere with the pathways involved in neointimal proliferation, leading to results that 

were at follow up clearly superior to the results of bare metal stents.12,13 

While effectively reducing lesion recurrence, first-generation drug-eluting stents did not improve 

mortality,14,15 which was to a great extent attributed to a higher incidence of late and very late 
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stent thrombosis that was largely related to the limited biocompatibility of the early drug-eluting 

stents.16-18 This triggered the development of the second-generation drug-eluting stents with more 

biocompatible durable polymer-based coatings. The everolimus-eluting Xience V stent (Abbott 

Vascular Devices, Santa Clara, California) and the zotarolimus-eluting Resolute stent (Resolute, 

Medtronic CardioVascular, Santa Rosa, California) are such stents which have been compared in 

the TWENTE and Resolute All-comers trial.19-22 

 

Challenging coronary anatomies  

Several challenging anatomical coronary regions have been identified. An example is the aorto-

ostial region, which is technically challenging for percutaneous coronary interventions, as 

interventional devices and guiding catheter engagement share the same space.23 While the left 

main area is well investigated,24 the performance of drug-eluting stents in the aorta-ostial region 

of the right coronary artery was largely unclear. Furthermore, the rigid nature of the vessel wall in 

the right proximal artery might induce difficulties during stent expansion and more stent recoil, 

which could lead to a higher incidence of adverse events.25 A study has recently shown that 

implantation of (predominantly) earlier generation drug-eluting stents in the right ostium has 

been associated with a 10 times higher risk of repeat revascularization procedures than the 

treatment of left main ostial lesions.26 For more than two decades, coronary bifurcation lesions 

that involved significant side-branches represented a serious touchstone of both interventional 

cardiologists and several types of coronary stents.27-31 A variety of factors that include the 

differences in techniques and number of stents used might influence the clinical outcome of 

patients treated for a bifurcated target lesion. In the presence of relatively large side-branches, 

bifurcated lesions show significant tapering of the main vessel from proximal to distal of the 

ostium of the side-branch. In addition, the typical distribution of sheer stress in bifurcations 

determines that atherosclerotic plaque generally accumulates opposite to the side-branch ostium 

while the carina remains mostly free from disease.32 Stent implantation over a major side-branch 

might stretch the tapered main vessel segment, which may trigger restenosis due to modulation of 

the vessel. Finally, in vitro studies and bench tests suggest that drug-eluting stents with different 

stent designs may act dissimilarly in the setting of bifurcation stenting.33,34 Therefore, the 

assessment of long-term clinical outcome following the treatment of bifurcated target lesions 

with contemporary drug-eluting stents is of interest. 

The coronary arterial system, consisting of the right and left coronary artery, shows among 

humans a wide variation with either a dominance of one of both coronary arteries or, most often, 

a balanced distribution. In subjects with left coronary artery dominancy, the left circumflex artery 

reaches the crux and supplies both posterior descending and posterolateral branches.35,36 

Although some studies previously suggested an inferior clinical outcome in patients with left 

coronary artery dominancy,36-38 there is still limited knowledge about the relation between 

coronary artery dominancy and the risk of adverse clinical events following percutaneous 

coronary intervention. 

 

Patients with complex coronary anatomy 

Initially, drug-eluting stents were supposed to be implanted “on-label” (with indications noted on 

a label on the packages) during percutaneous coronary interventions39 in easily accessible lesions 

of low-risk patients. Nevertheless, these low-risk patients do not reflect the average patient 

population seen in daily clinical practice, as the vast majority of patients undergo percutaneous 

coronary intervention for at least one “off-label” indication, such as bifurcation or arterial bypass 



Chapter 1| General Introduction 

 

12 

 

graft lesions.40,41 The Syntax score is a scoring system to quantify the degree and complexity of 

atherosclerotic disease burden of coronary arteries.42 Currently, the Syntax score is mainly used as 

a tool to evaluate the suitability of patients with multi-vessel disease to undergo percutaneous 

coronary intervention or coronary artery bypass grafting.43 In addition to this application, the 

score may also be useful to stratify the risk of (periprocedural) adverse events. In patients with 

previous coronary artery bypass graft surgery, who generally have an advanced atherosclerotic 

burden, graft degeneration and disease progression in the native coronary arteries may lead to 

secondary revascularization procedures that, for the most part, are percutaneous coronary 

interventions.44,45 So far, the outcome of percutaneous coronary interventions in this patient 

group have been studied mostly in the era of bare metal stents and early drug-eluting stents.46-48 

Only limited data are available about percutaneous interventions with second-generation drug-

eluting stents in patients with previous bypass surgery. 

 

Beyond second-generation drug-eluting stents 

The increasing use of stents in tortuous and calcified coronary arteries and complex lesion 

anatomies has eventually led to the development of more flexible and highly deliverable drug-

eluting stents.49,50 The cobalt-chromium-based Resolute Integrity zotarolimus-eluting stent 

(Medtronic) and the platinum-chromium-based Promus Element everolimus-eluting stent 

(Boston Scientific, Natick, MA, USA) are examples of such flexible stents that have been assessed 

in the DUTCH PEERS (TWENTE II) trial and sometimes are addressed as third-generation or 

novel-generation drug-eluting stents.51  

In parallel with the refinement of these highly deliverable stents with durable polymer coatings, 

the development of drug-eluting stents with biodegradable polymer-based coatings was triggered 

by a debate on the role of durable polymer coatings as a potential trigger of vessel wall 

inflammation and late adverse events.52 These biodegradable polymer-coated stents leave after 

degradation only a bare metal stent in the vessel wall that does not induce an excessive or 

prolonged inflammatory response.52,53 The everolimus-eluting Synergy stent (Boston Scientific) 

and the sirolimus-eluting Orsiro stent (Biotronik, Bülach, Switzerland) are such stents. Both 

stents are currently assessed in the ongoing BIO-RESORT (TWENTE III) trial.  

 

Outline of this thesis 

Interventional cardiologists are increasingly confronted with challenging coronary anatomies, 

such as tortuous coronary vessels, and complex lesion anatomies and locations (e.g. calcified, 

bifurcated, and/or aorta-ostial lesions). As coronary stents are greatly refined, one may 

hypothesize that device improvement may facilitate the treatment of such challenging patient and 

lesion populations, which may result in a reduced incidence of adverse clinical events. 

Nevertheless, there are only data from studies that assessed complex patients following the 

implantation of newer-generation drug-eluting stents. Therefore, this thesis aims to provide 

insight into the performance of contemporary drug-eluting stents in patients with challenging 

features of coronary anatomy, and lesion configuration and location. 

 

 In CHAPTER 1, we provide background information that serves as a general introduction to 

this thesis.  

 In CHAPTER 2, we aim to understand plaque instability by investigating the presence of 

VEGF receptors in atherosclerotic plaques and to evaluate whether this approach may help 

to predict plaque instability. 
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 In CHAPTER 3, we illustrate with a clinical case the pathophysiological principle of thrombus 

propagation from a ruptured or fissured plaque into both subordinate branches of a coronary 

bifurcation. 

 In CHAPTER 4, we evaluate the impact on two-year clinical outcome of right coronary aorto-

ostial stent coverage with a second-generation drug-eluting stent.  

 In CHAPTER 5, we discuss the current state of percutaneous treatment of bifurcated coronary 

lesions. 

 In CHAPTER 6, we assess the long-term clinical outcome following treatment of coronary 

bifurcation lesion with second-generation drug-eluting stents. 

 In CHAPTER 7, we evaluate the relation between left coronary artery dominance and the risk 

of adverse clinical events following the implantation of second-generation drug-eluting stents. 

 In CHAPTER 8, we investigate the two-year clinical outcome of patients who underwent 

percutaneous coronary intervention with drug-eluting stent implantation for off-label 

indications and compare it with the outcome of patients treated for on-label indications. 

 In CHAPTER 9, we evaluate the relation between the Syntax score and the risk of adverse 

clinical events after the implantation of second-generation drug-eluting stents.  

 In CHAPTER 10, we evaluate the impact of previous coronary artery bypass surgery on clinical 

outcome following percutaneous coronary interventions with second-generation drug-eluting 

stents.  

 In CHAPTER 11, we assess the safety and efficacy of the third-generation Resolute Integrity 

versus Promus Element stents at one-year follow-up in treating all-comer patients of the 

randomized DUTCH PEERS trial. 

 In CHAPTER 12, we assess the two-year clinical outcome and patient self-reported chest pain 

following the implantation of Resolute Integrity versus Promus Element stents. 

 In CHAPTER 13, we assess the safety and efficacy of third-generation Resolute Integrity and 

Promus Element stents in patients treated for acute myocardial infarction. 

 In CHAPTER 14, we discuss the design of the ongoing BIO-RESORT trial, a randomized 

comparison of three biodegradable polymer and durable polymer-based drug-eluting stents in 

all-comers. 

 In CHAPTER 15, we present a general discussion of the findings of this thesis. 

 In CHAPTER 16, we provide the summary and conclusions of this thesis. 
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ABSTRACT 

 
Objectives: Investigate the efficacy of the anti-VEGFR mimic single-chain VEGF (scVEGF) to 

map intra-plaque VEGFR expression and atherosclerotic plaque instability using near-infrared 

fluorescence (NIRF). 

 

Background: Unstable plaques may cause clinical events. Plaque destabilization results from the 

synergy between intraplaque angiogenesis and inflammation. VEGF and VEGFRs are considered 

to be involved in these processes. 

 

Materials and methods: Human carotid plaques were retrieved from 15 symptomatic and 5 

asymptomatic patients. NIRF plaque imaging was performed pre-/post-incubation with 

scVEGF/Cy5.5. Biopsies taken from regions with high (hot spot) and low (cold spot) NIRF 

signals were examined for VEGF-A, VEGFR-1 and VEGFR-2 mRNA expression levels using 

real-time-RT-PCR analysis. Immunohistochemistry for CD31 (endothelium), CD68 

(macrophages) and αSMA (smooth muscle cells) was performed to evaluate plaque composition. 

 

Results: NIRF imaging of 20 plaques revealed a heterogeneous distribution of scVEGF/Cy5.5-

binding. After incubation NIRF-activity increased from 3.9x10-5±5.2x10-6 to 3.0x10-4±2.2x10-5 

and 5.8x10-5±1.9x10-5 to 3.1x10-4±1.9x10-5 photons/sec/cm2/sr/illumination intensity on the 

intraluminal and extraluminal side, respectively (both p<0.001). Real-time-RT-PCR analysis 

showed a ~1.2- and ~16.4-fold increased mRNA expression of respectively VEGFR-1 and 

VEGFR-2 in hot spots (vs. cold spots). Immunohistochemistry exhibited higher intraplaque 

capillary density in hot spots (vs. cold spots) (17.2±3.7 vs. 5.4±2.2 capillary/mm2; p=0.037). Hot 

spots contained significantly reduced numbers of -SMA-positive cells (vs. cold spots) 

(2.2±0.7% vs. 6.9±1.5%; p=0.038). Finally, a 2-fold increase of CD68+ infiltrating 

macrophages within hot spots (vs. cold spots) was observed (not significant, p=0.17). Sub 

analysis revealed significant higher capillary density between hot and cold spot in plaques from 

symptomatic patients whereas difference in plaques from asymptomatic patients was not 

significant. 

 

Conclusion: Our data support that scVEGF/Cy5.5 is a suitable indicator for plaque instability 

and a promising diagnostic tool for risk assessment in cardiovascular diseases.  
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INTRODUCTION 

 

Atherosclerosis is an inflammatory disease that may result in arterial stenosis and consequently 

hypoperfusion and thrombo-embolism to target organs. Extending evidence supports that plaque 

biology rather than plaque anatomy is important for the occurrence of clinical events1,2. With 

regard to plaque biology, the synergy between inflammation and angiogenesis plays a crucial role 

in progression from stable into unstable plaques which tend to dislodge (plaque destabilization). 

Angiogenesis is initiated by vascular endothelial growth factor (VEGF) in response to hypoxia, 

thereby causing new blood capillaries to be formed within the plaque, i.e. formation of 

intraplaque capillaries. Intraplaque hypoxia appears to be the inciting trigger for VEGF-induced 

neovascularization. Previous studies have shown that hypoxia specifically occurred in regions 

containing foam cells probably due to an impaired oxygen diffusion capacity due to the thickness 

of the lesion as well as the high oxygen consumption by these foam cells3. Locally produced 

VEGF in hypoxic areas interacts with VEGF receptors 1 and 2 (VEGFR-1 and VEGFR-2, 

respectively) resulting in sprouting and formation of intraplaque capillaries4-7. In addition, VEGF 

contributes to the fragility of newly-formed capillaries by increasing vascular permeability8 

thereby promoting intraplaque hemorrhage and leukocyte extravasation. This process is further 

enhanced by increasing endothelial expression of the adhesion molecules ICAM-1 and VCAM-

19,10. Also, a disturbed balance between angiopoietin 1 (Ang-1) and angiopoietin 2 (Ang-2) in 

favor of Ang-2 enhances the pro-inflammatory status of endothelial cells and increases 

permeability11. Following this pathway, a vicious circle of hypoxia, angiogenesis and inflammation 

is established which culminates in plaque destabilization and rupture eventually12-14. 

Focusing on inflammation and targeting matrix metalloproteinases (MMPs), recently the use of a 

MMP-sensitive activatable fluorescent probe (MMPSenseTM680, VisEn Medical, Boston, MA, 

USA), was described as a proof of principle15. In further studies, however, it appeared that this 

probe was just moderately discriminative between areas of high and low uptake within an excised 

plaque, especially with regard to MMP-9 (own data), which initiated the search for a probe more 

closely related to plaque (in)stability. Given the pivotal role of VEGF and its receptors in 

promoting intraplaque neovascularization and plaque destabilization, in vivo non-invasive imaging 

of the presence of VEGFRs might be a useful diagnostic tool in order to predict atherosclerotic 

plaque stability16. However, as yet localizing intraplaque VEGFRs remains difficult. 

In the present study we provide a novel approach to map VEGFRs within carotid plaques using 

single chain VEGF (scVEGF) conjugated with 5-N-N’-diethyltetramethylindodicarbocyanine 

(scVEGF/Cy5.5). scVEGF is a VEGF mimic consisting of a cys-tagged VEGF protein of the 

VEGF-A isoform VEGF121 that binds specifically to both VEGFR-1 and VEGFR-217. The aim 

of the current study was to investigate the presence of VEGFRs in atherosclerotic carotid 

plaques using scVEGF/Cy5.5 ex vivo, and to evaluate whether this approach might be of potential 

use to predict plaque (in)stability. 

 

MATERIALS AND METHODS 

 

Patient recruitment 

Patients were recruited from April 2008 till January 2009 from two hospitals (University Medical 

Center Groningen and Martini Hospital, Groningen, The Netherlands). Preoperative evaluation 

was performed according to the local protocols of both hospitals. Medical histories were 

examined and patients who suffered from stroke, transient ischemic attack (TIA) or amaurosis 
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fugax were referred as symptomatic patients. Asymptomatic patients were detected during 

screening for carotid artery stenosis while admitted for another vascular disease. Patients were 

eligible for carotid endarterectomy with a stenosis of the internal carotid artery greater than 70% 

and symptoms as mentioned above, or a stenosis greater than 80% without symptoms (UMCG 

only) (Table 1). All patients provided written informed consent before enrolling in the study. The 

study was approved by the Institutional Review Boards of both hospitals. 
 

Table 1. Characteristics of patients enrolled in the study 

 Symptomatic 
patients (n=15) 

Asymptomatic 
patients 
(n=15) 

Total (n=20) 

Patient characteristics       

Age (years) 72.2±2.5  65.0±4.9  70.4±2.3  
Sex (M/F) 12/3  2/3  15/5  

Degree of stenosis 
70–99 %  
n=10 

80–
99% 
n=5 

70–99%  
n=0 

80–99% 
 n=5 

70–99% 
n=10 

80–99% 
n=10 

Quetelet index 28.1±1.2  26.5±1.3  27.6±0.96  
Smoking (includes abstinence G1 year) 7 (47 %)  3 (60 %)  10 (50 %)  
Co-morbidity       
Diabetes mellitus 2 (13 %)  3(60 %)  5 (25 %)  
Hypertension 13(87 %)  4(80 %)  17 (85 %)  
Hyperlipidemia 9 (60 %)  3(60 %)  12 (60 %)  

Definitions co-morbidity according SVS/ISCVS grading system 

 

Molecular imaging equipment 

Multispectral near-infrared fluorescence (NIRF) optical imaging was acquired using the IVIS® 

Spectrum (Xenogen Corporation, Caliper Life Sciences, Hopkinton, MA, USA). ScVEGF/Cy5.5 

was purchased from SibTech Inc. (Brookfield, CT, USA), lot 013/0108C-25. NIRF 

measurements were gained after excitation of Cy5.5 using a so-called excitation wave. In response 

to excitation, Cy5.5 emitted a specific emission wave which, after processing, led to a NIRF 

image. The excitation and emission waves of Cy5.5 met the near-infrared spectrum, resulting in 

less auto-fluorescence, i.e. fluorescence activity without Cy5.5. NIRF measurements were 

analyzed using Living Image® version 3.0 (Caliper Life Sciences Inc., Hopkinton, MA, USA) 

software. Measurements are presented in efficiency ((photon/sec/cm2/sr)/illumination 

intensity(ii)), without a unit as recommended by the Living Image® software. 

 

Pre-study assessment 

In order to establish the best fitting camera settings, a series of NIRF measurements was carried 

out with 0.1 ml undiluted scVEGF/Cy5.5 solution. All relevant and available camera settings 

were tested independently. The combination of camera settings that acquired the clearest 

differential fluorescence activity between auto-fluorescence and scVEGF/Cy5.5 included 640 nm 

excitation wave, 720 nm emission wave (both fitting within excitation spectrum of Cy5.5), lens 

aperture F/4, a field of view of 12.8 cm, small binning, and a temperature of 37°C. These settings 

were therefore used throughout the entire study.  

In another pre-study analysis the required dilution of scVEGF/Cy5.5 solution and time of plaque 

incubation was determined. To this end, a carotid plaque was homogeneously ground and then 

divided into four Eppendorf tubes suitable for fluorescence-based analyses. Tubes were filled 

with either 0.5 ml 1:10, 1:100 or 1:1000 diluted scVEGF/Cy5.5 solution. To one tube no 

scVEGF/Cy5.5 was added and was used as a negative control for aspecific autofluorescence. The 
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IVIS Spectrum® was set to acquire a series of 40 consecutive measurements with a time interval 

of one minute. Measurements performed to adjust camera settings and pre-study assessments 

were calculated in average counts (uncalibrated measurements) as recommended by the Living 

Imaging® software for pre-experimental adjustment of the IVIS Spectrum®. 

 

Near-infrared fluorescence of carotid plaques 

Plaques were obtained as fresh specimen and incubated in scVEGF/Cy5.5 according to the 

protocol established in the pre-study analysis as described above. NIRF acquisitions were 

performed before and after incubation with scVEGF/Cy5.5 and carried out on both sides (i.e. 

intra- and extraluminal) of the plaque. To quantify NIRF activity within the entire plaque, a 

region of interest (ROI) was defined that encompassed the entire plaque. NIRF measurements 

were then calculated and expressed as efficiency by the Living Image® software. 

Based on the acquired NIRF measurements, tissue samples were taken from areas identified as 

‘cold spots’ (i.e. areas with relatively low binding/uptake of scVEGF/Cy5.5) and ‘hot spots’ (i.e. 

areas with relatively high binding/uptake of scVEGF/Cy5.5) by punch biopsies (diameter 5mm). 

A repeated NIRF acquisition was performed to check whether the biopsies were taken correctly. 

Biopsies were split into two parts of which one was snap frozen in liquid nitrogen and stored at -

80°C, the other part being fixed in 10% formalin and embedded in paraffin.  

 

Phenotypic analysis scVEGF/Cy5.5-binding cells 

In order to determine the phenotype of intraplaque cells displaying scVEGF/Cy5.5 binding 

capacity as identified by NIRF imaging, cryosections of plaques from asymptomatic patients were 

stained for αSMA (smooth muscle cells, clone 1A4, mIgG2a, DAKO, Glostrup, Denmark), 

CD31 (endothelial cells, clone JC70A, mIgG1, DAKO), or CD45 (inflammatory cells, clone 

2B11-PD7/26, mIgG1, DAKO) followed by incubation with scVEGF/Cy5.5. To this end, 4 µm 

cryosections were fixed in 1% paraformaldehyde in PBS (10 min., room temperature) after which 

they were rinsed in PBS (5 min., room temperature). Subsequently, sections were incubated with 

PBS/3% BSA for 30 min. at room temperature. Slides were tapped on filter paper to remove 

fluid surplus after which primary antibody dilutions were added followed by incubation (60 min., 

room temperature). After washing in PBS (3x 5 min., room temperature) endogenous peroxidase 

activity was blocked (0.075% H2O2 in PBS) for 30 min. After washing in PBS (3x 5 min., room 

temperature), binding of primary antibodies was detected by incubation with horseradish 

peroxidase (HRP)-conjugated rabbit-anti-mouse Ig polyclonal antibody (Dako). HRP activity was 

visualized using the Tyramide Signal Amplification System (Perkin Elmer, Waltham, MA, USA). 

Next, sections were incubated with scVEGF/Cy5.5 (0.1 mg/ml in PBS) for 45 min. at 37°C after 

which nuclei were stained with DAPI for 10 min. at room temperature, embedded in 

Fluorescence Mounting Medium (Dako) and coverslipped. Fluorescence microscopy was 

performed using a Leica DMLB microscope (Leica Microsystems, Rijswijk, The Netherlands) 

equipped with a Leica DC300F camera and Leica QWin 2.8 software.  

 

Real-time RT-PCR analysis of hot and cold spots 

Differences in VEGF-A, VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1/KDR) mRNA-expression in 

hot- and cold spots were evaluated by real time reverse transcriptase (RT)-polymerase chain 

reaction (PCR) analysis. Five plaques (3 symptomatic, 2 asymptomatic) with the clearest 

differences between hot- and cold spots were included in this analysis. From each spot, total 

RNA was isolated from 5 consecutive 4 µm thick cryosections using the NucleoSpin RNA II 
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Total RNA isolation kit (Machery-Nagel) according to the manufacturer’s instructions. RNA was 

then reverse transcribed into cDNA using oligo(dT)primer (Invitrogen, Breda, The Netherlands) 

and Superscript II reverse transcriptase (Invitrogen). Real-time RT PCR analyses (final primer 

concentration 300 nM) were performed using ABsoluteTM QPCR SYBR® Green Fluorescein 

Mix (Abgene Limited, Epsom, United Kingdom) on an iCycler iQ Real-Time PCR Detection 

System (Bio-Rad Laboratories, Hercules, CA, USA). The PCR protocol was as follows: initial 

denaturation at 95°C for 10 min, then 45 cycles of 95°C for 15 s, and 60°C for 1 min. followed 

by 10 min. at 72°C. Primer sequences for VEGF, VEGFR-1, and VEGFR-2 are shown in Table 

2. mRNA expression values were normalized to glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) and expression levels in the hot spots were compared with the cold spots and 

expressed as 2-(∆∆Ct) in which ∆ Cycle threshold (Ct) is the difference between the Ct values of 

the target transcript and GAPDH from the same tissue sample. The equation is as follows: ∆Ct 

cold spot = Ct target (cold spot) – Ct GAPDH (cold spot); ∆Ct hot spot = Ct target (hot spot) - 

Ct GAPDH (hot spot); ∆∆Ct = ∆Ct (cold spot) - ∆Ct (hot spot). 

 
Table 2. Primer sequences used for real-time RT-PCR analysis 

Gene Sequence 
NCBI Ref. 

sequence 

Product size 

(bp) 

VEGF-A FW 5’-AGG CCA GCA CAT AGG AGA GA-3’ 

REV 5′-TTT CTT GCG CTT TCG TTT TT-3′ 

NM_001025366.2  

 

133 

VEGFR-1 FW 5′-ACT GAA GGA AGG GAG CTC GT-3′ 

REV 5′-TCC CAG ATT ATG CGT TTT CC- 3′ 

NM_002019.4 116 

 

VEGFR-2 FW 5′-TGA TCG GAA ATG ACA CTG GA-3′ 

REV 5′-CAC GAC TCC ATG TTG GTC AC-3′ 

NM_002253.2  

 

131 

GAPDH FW 5′-TGC ACC ACC AAC TGC TTA GC-3′ 

REV 5′-GGC ATG GAC TGT GGT CAT GAG-

3′ 

NM_002046.3  

 

87 

bp base pairs, FW forward, REV reverse 
 

Immunohistochemistry on hot and cold spots 

To evaluate the relationship between symptomatology and plaque biology, all asymptomatic 

plaques (n=5) and a subset of symptomatic plaques (n=5) were used for immunohistochemistry. 

The symptomatic plaques included in this immunohistochemical analysis were selected based on 

the presence of clear differential NIRF activity between hot- and cold spot areas. Paraffin 

sections (4 µm) from both the hot and cold spots were cut, deparaffinized and rehydrated. The 

following primary antibodies were used: αSMA, CD31 (described above), and CD68 

(macrophages, clone KP-1, mIgG1, DAKO). For detection of α-smooth muscle actin (αSMA) 

expression sections were subjected to heat-induced antigen retrieval by overnight incubation in 

0.1M Tris/HCl buffer (pH 9.0) at 80ºC. For CD31 and CD68 stainings, sections were subjected 

to heat-induced antigen retrieval by microwave treatment in 10 mM citrate buffer (pH 6.0). 

Endogenous peroxidase activity was blocked with 0.3% H2O2 in PBS for 30 min. Sections were 

incubated with primary antibodies at the appropriate dilution for 60 min. at room temperature. 

Binding of the primary antibody was detected using sequential incubations with horseradish 

peroxidase (HRP)-conjugated rabbit-anti-mouse and HRP-conjugated goat-anti-rabbit polyclonal 

antibodies, both for 30 min. Peroxidase activity was visualized using 3,3’-diaminobenzidine 

tetrachloride (DAB) for 10 min. Sections were counterstained with haematoxylin and 

coverslipped with Depex mounting medium. Sections were evaluated using an Olympus BX50 

Research Microscope and images were acquired using the Cell^B acquisition and processing 

software (Olympus Netherlands, Zoeterwoude, The Netherlands). Verhoeff staining performed 
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on serial sections was used to evaluate general morphology and to discriminate media from 

intimal/plaque areas. Quantitative analyses were performed exclusively on plaque areas. For 

angiogenesis, the total number of CD31 positive intraplaque capillaries was counted and 

expressed as the number of capillaries per mm2. For intraplaque CD68 and αSMA expression, 

the positive stained area was calculated in µm2 using ImageJ 1.41 (downloaded from 

http://rsbweb.nih.gov/ij/, Rasband, W.S., ImageJ, U.S. National Institutes of Health, Bethesda, 

Maryland, USA) and expressed as the percentage stained surface area of the total surface area 

analyzed.  

 

Data assessment and statistics 

Statistical analyses were performed using SPSS Statistics 17.0 (SPSS Inc®) software. Wilcoxon 

Matched-Pairs Signed-Ranks test was used to compare differences of non-parametric paired data 

(cold and hot spot from the same plaque) and performed on NIRF-, RT-PCR and 

immunochemistry data. Data are presented as mean ± standard error of the mean. A p-value 

<0.05 was considered statistically significant. 

 

RESULTS 
 

Near-infrared fluorescence 

Before analyzing scVEGF/Cy5.5-induced 

NIRF in patients’ atherosclerotic plaques we 

first determined optimal scVEGF/Cy5.5 

dilution and incubation times using an 

atherosclerotic plaque homogenate as 

substrate. Fig. 1a shows the time course of 

NIRF signals obtained after incubation of a 

plaque homogenate with 1:10 diluted 

scVEGF/Cy5.5. A clear decrease in average 

counts during the first 24 minutes was 

observed, which stabilized after approximately 

29 minutes. Stabilization of counts activity 

represents full saturation of scVEGF/Cy5.5 in 

the plaque and therefore 29 min. incubation 

time was considered as the minimally required 

time. Similar time courses were observed for 

the other dilutions tested (data not shown).  

In addition to incubation time, counts activity 

depended on scVEGF/Cy5.5 dilution. Counts 

of both 1:100 and 1:1000 scVEGF/Cy5.5 

dilutions did not differ from the background measurement after 29 min. of incubation in 

scVEGF/Cy5.5. In contrast, 1:10 dilution of scVEGF/Cy5.5 showed a clear differential counts 

activity compared to background activity (Fig. 1b). Based on these results we decided to perform 

all further experiments with a 1:10 dilution of scVEGF/Cy5.5 and an incubation time of 29 min. 

All plaques showed a heterogeneous distribution of NIRF activity and resulted in the 

identification of hot spots and cold spots (Fig. 2a). Significantly increased total NIRF activity was 

observed in plaques from both symptomatic and asymptomatic patients following incubation  

Figure 1. Determination of optimal time point 

 
(a) and dilution (b) for NIRF imaging with 

scVEGF/Cy5.5. Counts acquired from tube without 

scVEGF/Cy5.5 were taken as background measurement.  



 

23 

 

with scVEGF/Cy5.5 compared to 

autofluorescence signals. For the 

symptomatic group, NIRF activity 

increased ~7 times at the intraluminal 

side and ~4.5 times at the 

extraluminal side. Likewise, image 

analysis of the asymptomatic group 

revealed a ~9 times NIRF activity 

increase at both sides. As shown in 

Fig. 2b, increase of activity was 

significant for both groups 

(symptomatic: p=0.001 for both 

sides, asymptomatic: p=0.043 for 

both sides).  

 

Phenotypic analysis 

scVEGF/Cy5.5-binding cells 

In order to determine the phenotype 

of cells that are able to bind 

 scVEGF/Cy5.5, 

immunofluorescence double labeling 

was performed for scVEGF/Cy5.5 

with CD31, CD45 or αSMA. To this 

end, an asymptomatic plaque was 

transversally cut and the area with 

clear macroscopic plaque formation 

was selected for further analysis (Fig. 

3a). Incubation of cryosections with 

scVEGF/Cy5.5 revealed binding of 

the probe primarily within the fibrous 

cap and medial areas whereas the 

necrotic core displayed relatively little 

scVEGF/Cy5.5 binding (Fig. 3b). As 

most scVEGF/Cy5.5 binding was 

observed within the fibrous cap and 

media, we next determined the phenotype of scVEGF/Cy5.5+ cells within these areas. The 

media contained CD31+ vessels of which some contained scVEGF/Cy5.5 positive ECs; the 

majority of medial ECs did however not bind scVEGF/Cy5.5 (Fig. 3c, upper row). Alike most 

medial ECs, also CD45+ media-infiltrating leukocytes were scVEGF/Cy5.5 negative (Fig. 3c, 

middle row). Double labeling with αSMA+ indicated SMCs to be the predominant cell type 

displaying scVEGF/Cy5.5 binding (Fig. 3c, bottom row). In the plaque area, CD31 staining 

revealed presence of intraplaque capillaries as well as numerous CD31+ individual cells, most 

likely representing infiltrating leukocytes. Although scVEGF/Cy5.5 binding was occasionally 

observed close to the intraplaque capillaries, both ECs and CD31+ leukocytes appeared to be 

scVEGF/Cy5.5 negative (Fig. 3d, upper row). This was supported by the absence of 

CD45+/scVEGF/Cy5.5+ double positive infiltrating leukocytes (Fig. 3d, middle row). In 

Figure 2. NIRF activity as observed in atherosclerotic 
plaques (a) and following quantification (b). 

 

 
(a) NIRF activity of carotid plaque before and after incubation with 
scVEGF/Cy5.5. Plain photographic pictures (left column), autofluorescence 
before incubation (middle column), and NIRF activity distribution after 
incubation (right column) were taken at both intra- (upper row) and 
extraluminal (lower row) sides of the plaque. Black areas, where high NIRF 
activity was measured (see color bar on the right), were referred as hot spots 
(arrow), whereas white areas (low NIRF activity) were referred as cold spots. 
(b) Quantification of NIRF measurements including activity at 
autofluorescence (AF, white bars) and after incubation with scVEGF/Cy5.5 
(scVEGF, black bars). Both at intra- and extraluminal sides of the plaque 
there was a significant difference between autofluorescence and after incubation 
with scVEGF, both in symptomatic (n=15, ***p=0.001) and asymptomatic 
(n=5, *p<0.05) patients. 

 

B 
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contrast, fibrous cap αSMA+ SMCs displayed clear scVEGF/Cy5.5 binding capacity (Fig. 3d, 

bottom row). These results indicate that in atherosclerotic plaques scVEGF/Cy5.5 binds only to 

cellular structures with predominantly a SMC phenotype. 

 

Real-time RT-PCR analysis of hot and cold spots 

In order to determine whether increased NIRF activity was associated with enhanced VEGFR 

expression, real-time RT PCR analysis was performed on hot and cold spots for VEGFR-1 and 

VEGFR-2. Real time RT-PCR revealed a ~2-fold not significant decrease of VEGF mRNA 

expression within hot spots compared with the expression level in respective cold spots (p=0.29). 

Increased levels of mRNA expression were observed for VEGFR-1 (~ 1.2 fold increase) and 

VEGFR-2 (~16.4 fold increase) in hot spots as compared to cold spots. Similar to mRNA 

expression of VEGF, differential mRNA expression of VEGFR-1 and VEGFR-2 between hot 

and cold spots did not reach the level of statistical significance (p=0.59 for VEGFR-1 and 

p=0.068 for VEGFR-2). Comparison of RT-PCR data from the symptomatic and asymptomatic 

group did not reveal differential expression profiles and therefore pooled RT-PCR data of 

symptomatic and asymptomatic plaques are presented (Fig. 4). 

 

Immunohistochemistry of hot and cold spots 

Samples (both hot- and cold spots) of five symptomatic patients were compared with samples of 

five asymptomatic patients with regard to CD31, CD68 and -SMA protein expression using 

immunohistochemical stainings. Fig. 5 shows photomicrographs of Verhoeff (a, b), CD31 (c, d), 

CD68 (e, f) and -SMA (g, h) stainings performed on a hot and a cold spot of a representative 

symptomatic plaque. Fig. 6 shows the results of the quantitative analyses of capillary density (a-c) 

as well as CD68 (d-f) and -SMA (g-i) expression. When pooling data from asymptomatic and 

symptomatic plaques, the hot spots exhibited higher plaque capillary density compared to the 

cold spots (Fig. 6c; 17.2 ± 3.7 vs. 5.4 ± 2.2 capillaries/mm2; p=0.037). Interestingly, the 

difference of plaque capillary density between hot- and cold spots in the symptomatic group was 

statistically significant (Fig. 6a; 18.7 ± 4.0 (hot spot) vs. 5.7 ± 2.6 (cold spot); p=0.043), whereas 

the difference within the asymptomatic group did not reach the level of statistical significance 

(Fig. 6b; p=0.35). Furthermore we observed a ~1.5 fold increased CD68+ macrophage influx in 

hot spots compared to cold spots of the pooled groups (Fig. 6f) however without reaching the 

level of statistical significance (p=0.17). Comparison of hot and cold spots from symptomatic 

(Fig. 6d) and asymptomatic (Fig. 6e) plaques revealed non-significant increases in CD68+ 

macrophage influx in hot spots of ~2 fold (p=0.080) and ~1.18 fold (p=0.69), respectively. 

Finally, when analyzing the pooled data from symptomatic and asymptomatic plaques, hot spots 

were characterized by significantly reduced numbers of -SMA positive smooth muscle cells (Fig. 

6i; 2.2 ± 0.7% (hot spots) vs. 6.9 ± 1.5% (cold spots); p=0.038). In symptomatic plaques hot 

spots contained a ~9.3 fold decreased -SMA expression compared with cold spots (Fig. 6g, 

borderline significance, p=0.068), while in asymptomatic plaques no differences were observed in 

-SMA expression between hot and cold spots (Fig. 5h, ~1.7 fold decrease in hot spot vs. cold 

spot, p=0.35). 
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Figure 3. Phenotype of scVEGF/Cy5.5 binding cells in an asymptomatic atherosclerotic 
plaque. 

 
(a) Macroscopic view of an endarterectomy specimen of an asymptomatic plaque. Left panel: whole specimen; right panel: cross-

sectional area. (b) Cy5.5 signal in a cryosection after incubation with PBS  (-scVEGF/Cy5.5, left panel) and with 

scVEGF/Cy5.5 (right panel). Binding of scVEGF/Cy5.5 is primarily observed in the fibrotic core and medial area. Original 

magnification: 25x (c) Immunofluorescent double labeling of  scVEGF/Cy5.5 with CD31 (endothelial cells and leukocytes, upper 

row), CD45 (leukocytes, middle row) and αSMA (smooth muscle cells, lower row) in the vascular media. Original magnification: 

10x40. Arrowheads indicate CD31+ medial capillary endothelial cells (upper row) and CD45+ media infiltrating leukocytes 

(middle row). Insets show higher power magnifications of the areas indicated by the dashed line. Dotted line represents the border 

between the medial and plaque area. (d) Immunofluorescent double labeling of  scVEGF/Cy5.5 with CD31 (endothelial cells and 

leukocytes, upper row), CD45 (leukocytes, middle row) and αSMA (smooth muscle cells, lower row) in the plaque area. Original 

magnification: 10x40. Arrowheads indicate CD31+ intraplaque capillaries (upper row). Insets show higher power magnifications of 

the areas indicated by the dashed line. Abbreviations: FC: fibrous cap; M: media; NC: necrotic core. 
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DISCUSSION 

 

The current approach of targeting VEGF 

receptors may provide a novel strategy in 

risk assessment for patients with 

atherosclerotic carotid artery disease 

focusing on plaque angiogenic and 

inflammatory profiles. In the present 

study, NIRF using scVEGF/Cy5.5 seems 

to be an efficacious probe to visualize 

VEGF receptors in atherosclerotic 

plaques. scVEGF/Cy5.5 NIRF imaging 

revealed heterogeneity within individual 

plaques reflecting that VEGF receptors are 

not homogenously distributed throughout 

a plaque. Quantification of NIRF 

measurements showed that binding of scVEGF/Cy5.5 took place in a similar extent in plaques 

from both symptomatic and asymptomatic patients. These data suggest that binding per se is not 

dependent on symptomatology. These findings thus suggest that scVEGF/Cy5.5 may be of 

potential use in localizing VEGFR-1 and VEGFR-2, but the mere uptake/binding of 

scVEGF/Cy5.5 does not a priori predict current or upcoming clinical events such as stroke. 

Analysis of plaque areas with high and low uptake/binding of scVEGF/Cy5.5 using real time 

RT-PCR and immunohistochemistry revealed that hot spots were relatively unstable compared to 

cold spots. Real-time RT-PCR showed that the increase of VEGFR-2 mRNA expression levels in 

hot spots was more pronounced than the increase observed in VEGFR-1 expression. This 

finding suggests that binding of scVEGF/Cy5.5 to plaques may be attributed to VEGFR-2 rather 

than VEGFR-1. Furthermore, VEGFR-1 has been known to function as a growth regulatory 

receptor counteracting the proliferative actions of VEGFR-24,18. VEGFR-2 is considered to be 

responsible for angiogenesis, whereas VEGFR-1 stimulates endothelial cell re-differentiation into 

capillary-like structure (vascular maturation)19. The pattern of high VEGFR-2 and low VEGFR-1 

therefore suggest that, in terms of angiogenic processes, angiogenesis dominates over vascular 

maturation within hot spots compared to cold spots. Furthermore, VEGFR-2 is involved in 

intraplaque hemorrhage and leukocyte extravasation9,10,20-22, thus leading to plaque instability. 
Increased angiogenesis and inflammation within hot spots were demonstrated by 

immunochemistry. Hot spots were characterized by higher capillary density compared to cold 

spots. Interestingly, plaques from symptomatic patients showed significant higher capillary 

density in hot spots compared to cold spots when compared to asymptomatic patients. This 

suggests that plaque angiogenesis might be related to symptomatology, which was also found in 

other studies23,24. In addition to high capillary density within hot spots, we also observed 

increased numbers of intraplaque macrophages, especially in plaques obtained from symptomatic 

patients. These findings are in line with suggestions that plaques from symptomatic patients are 

in a higher inflammatory state than plaques from asymptomatic patients25. Furthermore, hot 

spots were characterized by significantly reduced numbers of αSMA-expressing SMCs compared 

to cold spots.Reduction of smooth muscle cells, another characteristic of plaque instability, was 

predominantly observed in the symptomatic group26.   

Figure 4. Fold change mRNA expression of 
VEGF-A, VEGFR-1 and VEGFR-2 in hot spots 
relative to cold spots. 

 
Black bar: expression down-regulated, white bars: expression up-

regulated. Real-time RT-PCR analysis was performed on 3 

symptomatic and 2 asymptomatic plaques and pooled data are shown. 
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Figure 5. Photomicrographs of (immuno)histochemical stainings performed on a hot (a,c,g,e) 
and cold (b,d,f,h) spot of a representative symptomatic plaque. 

 
(a,b) Verhoeff staining was performed to discriminate between the tunica media (m) and plaque (p) tissue. Arrow indicates the 

internal elastic lamina (IEL). (b,d) CD31 staining. Arrows indicate the lumen of intraplaque capillaries. (e,f) CD68 staining. 

(g,h) αSMA staining. Original magnification: 10x40x. 
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Figure 6. Quantitative analyses of intraplaque capillary density (a-c), CD68+ macrophage influx 
(d-f) and αSMA expression (g-i) in hot and cold spots of symptomatic and asymptomatic plaques. 

 
The total number of CD31 positive intraplaque capillaries was counted and expressed as the number of capillaries per mm2. For 

intraplaque CD68 and αSMA expression, the positive stained area was calculated and expressed as the percentage stained surface area of 

the total surface area analyzed. (n=5 symptomatic plaques, n=5 asymptomatic plaques, *p<0.05). 

 
These findings suggest that within plaque hot spots, especially from symptomatic patients, may 

be used to estimate plaque (in)stability and subsequent clinical risks. Immunofluorescent double 

labeling for scVEGF/Cy5.5 binding and CD31, CD45 or αSMA expression within an 

asymptomatic plaque indicated that scVEGF/Cy5.5 did not homogeneously bind to matrix or 



 

29 

 

cellular components within the plaque. In this plaque, scVEGF/Cy5.5 binding was confined to 

αSMA-expressing SMCs and not demonstrably detected in ECs. These results indicate that 

scVEGF/Cy5.5 not just binds to ‘dead tissue’ but rather binds to a specific subset of intraplaque 

cells. However, immunohistochemistry performed on hot and cold spots indicated increased 

angiogenesis and reduced SMC content in the hot spots compared with cold spots suggesting 

binding of scVEGF/Cy5.5 to ECs. This contrasts with the double immunofluorescence data 

which revealed preferential binding of scVEGF/Cy5.5 to SMCs. This discrepancy can be 

explained by the fact that for double immunofluorescence we used a stable asymptomatic plaque 

with a clearly present fibrous cap and relatively few intraplaque capillaries. These data thus 

suggest that in the relative absence of intraplaque angiogenesis scVEGF/Cy5.5 preferentially 

binds to fibrous cap and medial SMCs. We suppose that in the presence of more abundant 

intraplaque angiogenesis and less fibrous cap formation (as can be identified in symptomatic 

plaques), scVEGF/Cy5.5 binding will be more skewed towards ECs. The present study was 

limited by the relatively low number of (n=5) asymptomatic patients as the majority of eligible 

patients were symptomatics. Likewise, the numbers of plaques were insufficient for appropriate 

statistical analysis of other clinical data with regard to plaque instability. Asymptomatic patients in 

the present study were generally younger and less obese which might have affected the degree of 

plaque instability. 

 

CONCLUSION 

 

In conclusion, our findings showed that ex vivo imaging of VEGF receptors can be achieved 

using scVEGF/Cy5.5 NIRF imaging and may be used as a step up to further studies after its’ in 

vivo use in order to improve stroke risk assessment. 
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LETTER TO THE EDITOR 

 
Figure 1. 

 
Coronary angiographic images of the interventional procedure (A-C); intact Y-shaped thrombus (D) and 3D 

reconstruction of the bifurcation anatomy from two-dimensional angiographic projections (E). 

 
We report a case of a 74-year-old female patient with acute chest pain was admitted for primary 

percutaneous coronary angioplasty. The electrocardiogram indicated an acute ST-elevation 

myocardial infarction of the anterolateral wall. Coronary angiography showed a thrombus-

containing lesion in the left anterior descending coronary artery with absence of a major diagonal 

branch (Figure 1A; arrowhead). Administration of abciximab was not considered as there was 

some leakage of blood from the punctured, calcified femoral artery. An aspiration catheter was 

slowly advanced into the lesion, before vacuum-suction was initiated to remove thrombus. After 
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careful retrieval, we found at its tip an intact Y-shaped thrombus (Figure 1D) that resembled the 

shape of the bifurcation. After thrombus removal, blood flow was fully restored in the diagonal 

branch (Figure 1B, arrowhead; Figure 1E, 3D reconstruction by dedicated 3D QCA software1 

(Medis, Leiden, The Netherlands)). Following stent implantation of two drug-eluting coronary 

stents (Figure 1C), the in-hospital course of our patient was uneventful, and the patient was 

discharged after 5 days. This case with a unique removal of an intact coronary bifurcation 

thrombus nicely illustrates the pathophysiological principle of thrombus propagation from a 

fissured or ruptured plaque into both subordinate branches of a bifurcation.2 
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ABSTRACT 

 

Objectives: The aim of the present study was to assess the impact on clinical outcome of RCA 

ostial coverage with second-generation DES. 

 

Background: Treatment of the aorta-ostial (AO) region of the right coronary artery (RCA) with 

bare metal stents and first-generation drug-eluting stents (DES) has been associated with a higher 

risk of target-lesion revascularisation (TLR).  

 

Methods: Of the 1,391 patients of the prospective TWENTE trial, we identified 321 (23%) with 

single-vessel RCA treatment, who were categorized into stenting with AO coverage (AOC) 

versus stenting without AOC. The AO region was defined as 3 mm from the aortic orifice.  

 

Results: The 67 (20.9%) patients with AOC showed more severe lesion calcifications than the 

254 patients without AOC (31.3% vs. 12.6%; p<0.01). In the AOC group, there was a higher 

prevalence of hypercholesterolemia and family history of coronary disease (75.4% vs. 61.6%, and 

68.7% vs. 53.5%, respectively; p=0.03). During 2-year follow-up, patients in the AOC group had 

a higher incidence of TLR (7.5% vs. 1.6%; p=0.02). Following adjustment for confounders, AOC 

independently predicted TLR with an adjusted hazzard ratio of 4.1 (95%CI: 1.17-14.39; p=0.03).  

 

Conclusion: AO treatment of the RCA with second-generation DES is feasible, but our data 

suggest that stent coverage of the right aorta-ostial segment remains a predictor of TLR. 
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INTRODUCTION 

 

Percutaneous coronary interventions (PCI) of the aorto-ostial (AO) region are known to be 

technically challenging as interventional location and guiding catheter engagement share the same 

space.1 While balloon angioplasty often led to suboptimal results in ostial lesions,2,3 use of bare 

metal stents4,5 and first-generation drug-eluting stents (DES)6 increased both early procedural 

success and safety of PCI in the AO region. However, stenting was associated with a higher 

incidence of in-stent restenosis in the most proximal coronary segments,6,7 which has been 

attributed to stent recoil due to the rigid nature of the vessel wall.2 To date, most DES studies 

that have addressed AO disease have been performed with bare metal stents and first-generation 

DES.6,8-11 

Implantation of bare metal stents and predominantly early generation DES in AO lesions of the 

right coronary artery (RCA) has been associated with a 10 times higher risk of repeat 

revascularization procedures than treatment of left main ostial lesions.8 For that reason, a focused 

evaluation of PCI procedures that involve the RCA ostium is of interest. Meanwhile, second-

generation DES with more biocompatible durable polymer-based coatings have been developed, 

such as the zotarolimus-eluting Resolute stent (Medtronic Inc., Santa Rosa, CA) and the 

everolimus-eluting Xience V stent (Abbott Vascular, Santa Clara, CA), which showed favorable 

clinical results.12-14  

Currently, there is only limited knowledge about the outcome of PCI with second-generation 

DES involving the AO region of the RCA. We therefore assessed patients with RCA single-

vessel treatment with second-generation DES in the prospective TWENTE trial12,13,15 and 

compared the 2-year clinical outcome of patients with versus without ostial stent coverage. 

 

METHODS 

 

Study Population 

We assessed patients with single-vessel RCA treatment within the randomized TWENTE trial 

(ClinicalTrials.gov NCT01066650), which was performed between June 2008 and August 2010 at 

Thoraxcentrum Twente, Enschede, the Netherlands, and has previously been described in 

detail.12,13 In brief, in a broad and heterogeneous patient population with many complex lesions,15 

patients with an indication for PCI with DES, who were capable of providing informed consent, 

were randomized for treatment with either the Resolute or Xience V stent. The study was 

approved by the institutional ethics committee and complied with the Declaration of Helsinki, 

and all patients provided written informed consent.  

 

Angiographic Assessment 

Angiographic data were categorized into stenting with AO stent coverage (AOC) versus stenting 

without AO stent coverage (No AOC). A patient was allocated to the AOC group if any part of 

the stent covers the AO region, the area arising within 3 mm of the aortic orifice (Figure 1). 

Classification was performed by two experienced angiographic analysts; in the case of 

disagreement, two interventional cardiologists were consulted to achieve consensus. Quantitative 

coronary angiographic analyses were performed offline with the use of edge-detection software 

(QAngio XA version 7.1, Medis, Leiden, the Netherlands).12 
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Figure 1. Scheme explaining the definition of the compared patient groups.  

 
Patients with aorto-ostial stent coverage (AOC) were compared with patients without AOC (no AOC).  

 

Follow-up and Definition of Clinical Endpoints 

Details of the 2-year clinical follow-up have been reported previously,13 and were used to assessed 

clinical outcome of stenting with and without AOC. In addition, we compared the outcome of 

patients of the AOC group treated with Resolute versus Xience V. Clinical event adjudication 

(follow-up data were available in all patients of this study) was performed by the independent, 

external research organization Cardialysis (Rotterdam, the Netherlands). Clinical endpoints were 

defined according to the Academic Research Consortium (ARC).16,17 Cardiac death was defined as 

any death due to proximate cardiac cause (e.g. MI, low-output failure, fatal arrhythmia). 

Myocardial infarction (MI) was defined by any creatine kinase concentration of more than double 

the upper limit of normal with elevated values of a confirmatory cardiac biomarker (creatine 

kinase myocardial band fraction or troponin), based on the updated ARC definition of MI and 

periprocedural MI (PMI) was defined as MI within 48 hours after PCI.16,17 Cardiac markers were 

systematically assessed with subsequent serial measurements in the case of relevant biomarker 

elevation or complaints (97% of the cases had at least one blood sampling performed between 12 

and 18 h after PCI). Stent thrombosis was defined according to ARC as definite or probable.  

The composite endpoint target-vessel failure (TVF) was defined as cardiac death, target-vessel-

related MI, or clinically driven target-vessel revascularisation (TVR). Target-lesion failure (TLF) 

was defined as composite of cardiac death, target-vessel-related MI, and clinically indicated target 

lesion revascularisation (TLR); and a patient-oriented composite endpoint (POCE) as a 

composite of all-cause mortality, any MI, and any repeat (target- and non-target vessel) 

revascularisation.12 

 

Statistical Analysis 

Categorical data were presented as numbers and percentages whereas continuous variables were 

expressed as mean ± standard deviation (SD). Baseline characteristics were compared using chi-

square test or Fisher’s exact test for categorical variables and using one-way analyses of variance 

for continuous variables including age, body-mass index, minimum reference diameter and 

maximal stenosis as data were normally distributed. Kruskal-Wallis rank-sum test (non-parametric 

data) was used to compare total number of stents and stent length between AOC, and presented 
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as median and interquartile range (IQR). The time to the individual endpoint was assessed 

according to the Kaplan Meier method, and the log-rank test was applied to compare stenting 

with versus without AOC. Univariate and Cox regression analyses were performed to assess the 

event risk for stenting with versus without AOC. A potential confounder was identified if p-

values were <0.10 at univariate analysis. A multivariate Cox regression analysis was then 

performed to adjust for potential confounders. Confidence intervals and p-values were two-sided 

and a p-value <0.05 was considered statistically significant. Analyses were performed using SPSS 

15.0 (SPSS Inc., Chicago, Illinois, USA). 

 

RESULTS 
 

Patient and Lesion Characteristics 

A total of 321 patients with single-vessel RCA treatment were analysed, of whom 67 (20.9%) 

underwent stenting with AOC and 254 (79.9%) stenting without AOC. Patients with AOC had a 

higher prevalence of hypercholesterolemia compared to patients without AOC (75.4% vs. 61.1%; 

p=0.03) and more frequently a family history of coronary artery disease (68.7% vs. 53.5%; 

p=0.02; Table 1). The prevalence of diabetes mellitus tended to be higher in patients of the AOC 

group (35.8% vs. 24.4%; p=0.06).  

In patients of the AOC group, lesions were more often severely calcified (31.3% vs. 12.6%; 

p<0.01) and restenotic (13.4% vs. 5.1%; p=0.03). As may be expected, based on the definitions 

of both groups, patients with AOC had a larger vessel diameter (minimum reference 3.3±0.7mm 

vs. 2.8±0.6mm; p<0.01), and a higher number (2.0 (1.0-3.0) vs. 1.0 (1.0-2.0); p<0.01) and total 

length of stents implanted (53 (18.0-74.0)mm vs. 30 (18.0-48.0)mm; p<0.01). In addition, lesions 

in the AOC group were more frequently post-dilated (97.0% vs. 85.8%; p=0.01) and stents were 

more often overlapping (52.2% vs. 33.9%; p<0.01). Residual stenosis and minimal lumen 

diameter (MLD) were substantially improved after stent implantation for both group. 

Nevertheless difference (pre- and post PCI) in MLD and maximal diameter stensosis did not 

differ between the AOC and No AOC group (MLD: -1.6±0.8mm vs. -1.6±0.6mm; p<0.63 and 

52.2±16.6% vs. 56.0±16.8%; p=0.10, respectively). 

 

Clinical Follow-up 

Patients with AOC had a higher incidence of TVF (16.4% vs. 7.5%; p=0.03) and TLF (14.9% vs. 

6.7%; p=0.03) as compared to patients without AOC (Table 2). The composite endpoint POCE 

was also significantly higher in patients of the AOC group (26.9% vs. 12.2%; p<0.01), which was 

mainly attributed to a higher rate of TLR (7.5% vs. 1.6%; p=0.02).  Of the AOC group, 5/67 

patients required TLR, which was in 2 patients related to the ostial stent (and in 3 related to a 

stent other than the ostial stent). Definite stent thrombosis was noted in none of the patients 

with AOC and in 2 (0.8%) of the patients without AOC. The TVF rates of all patients treated 

with Resolute versus Xience V stent showed no significant difference (13/162(8.0%) vs. 

17/159(10.7%); p=0.41). Within patients of the AOC group, there was no statistically significant 

difference in clinical outcome between both stents groups (Table 2).  

Figure 2 presents the Kaplan-Meier curves for TLF (and the components thereof) for patients 

with versus without AOC, showing a diverging course of TLF (p=0.03) after 2 months, which 

was mainly based on a significant difference in TLR (p<0.01), while the time-to-event curves of 

target-vessel MI were very similar. A Cox regression analysis revealed that AOC was associated 

with the composite endpoint TLF (HR 2.32, 95%CI: 1.10-5.10; p=0.04). After adjustment for 
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potential confounders (only adjustment for overlapping stents was required), AOC was 

independently associated with TLR (adjusted HR 4.07 95%CI: 1.07-15.48; p=0.04).  

 
Table 1. Characteristics of study patients undergoing single-vessel PCI of the RCA.  

 
AOC 

(n=67) 
No AOC 
(n=254) 

p-value 

Age (years)  63.2 ± 9.6 64.4 ± 10.6 0.42 
Gender (male) 40 (59.7) 177 (69.7) 0.12 
Clinical risk factor     
Diabetes mellitus  
Hypercholesterolemia  
Arterial hypertension  
Family history of CAD  
Current smoking  

Obesity (BMI ≥ 30 kg/m
3
)  

24 (35.8) 
49/65 (75.4) 

35 (52.2) 
46 (68.7) 
13 (19.4) 

28.2 ± 4.4 

62 (24.4) 
151/247 (61.1) 

150 (59.1) 
136 (53.5) 
65 (25.6) 

28.0 ± 4.1 

0.06 
0.03 
0.32 
0.03 
0.29 
0.82 

Cardiovascular history    
Previous myocardial infarction (any)  
Previous PCI  
Previous CABG  

24 (35.8) 
15 (22.4) 
10 (14.9) 

88 (34.6) 
67 (26.4) 
30 (11.8) 

0.86 
0.51 
0.49 

Clinical syndrome at presentation     
Stable angina pectoris  
Unstable angina pectoris  
Non-ST-elevation MI  

35 (52.2) 
21 (31.3) 
11 (16.4) 

118 (46.5) 
52 (20.5) 
84 (33.1) 

0.02 

Lesion characteristics     
De novo lesions only 
Aorta-ostial lesion* 
At least one chronic total occlusion  
At least one in-stent restenosis  
At least one bifurcation lesion  
At least one severe calcification  
At least one thrombus present  
At least one total occlusion  

58 (86.6) 
36 (53.7) 
9 (13.4) 
9 (13.4) 
0 (0.0) 

21 (31.3) 
2 (3.0) 

55 (82.1) 

241 (94.9) 
 

20 (7.9) 
13 (5.1) 
7 (2.8) 

32 (12.6) 
16 (6.3) 

210 (82.7) 

0.03 
 

0.16 
0.03 
0.35 

<0.01 
0.38 
0.91 

Number of lesions treated     
One lesion treated  
Two lesions treated  
Three or more lesions treated  

44 (65.7) 
19 (28.4) 
4 (6.0) 

194 (76.4) 
55 (21.7) 
5 (2.0) 

0.07 

Procedure-related characteristics     
Reference diameter (mm) 
MLD pre (mm)# 
MLD post (mm)# 
Δ Pre-post MLD (mm) 
Lumen diameter stenosis pre (%)# 
Lumen diameter stenosis post (%)# 
Δ Pre-post stenosis (%) 
Total number of stents  
Total stent length (mm) 
At least one direct stenting  
At least one stent post-dilation  
Overlapping stents 

3.3 ± 0.7 
1.2 ± 0.6 
2.8 ± 0.6 
-1.6 ± 0.8 

63.5 ± 17.3 
11,4 ± 6.2 
52.2 ± 16.6 
2.0 (1.0-3.0) 

53 (18.0-74.0) 
25 (37.3) 
65 (97.0) 
35 (52.2) 

2.8 ± 0.6 
0.9 ± 0.5 
2.5 ± 0.6 
-1.6 ± 0.6 

68,9 ± 14.7 
12.9 ± 8.4 
56.0 ± 16.8 
1.0 (1.0-2.0) 

30 (18.0-48.0) 
103 (40.6) 
218 (85.8) 
86 (33.9) 

<0.01 
<0.01 
<0.01 
0.63 
0.11 
0.15 
0.10 

<0.01 
<0.01 
0.63 
0.01 

<0.01 

Data are n (%), mean ± SD or median (IQR); CAD coronary artery disease; BMI = body mass index; PCI = percutaneous 

coronary intervention; CABG = coronary artery bypass grafting; MLD=Minimum lumen diameter post. *An AO lesion was 

defined as any lesion with a luminal stenosis of ≥ 50% by visual estimation, arising within 3 mm of the aortic orifice. #In case of more 

than one lesion, data of the  most sever lesion (i.e. lesion with the highest diameter stenosis pre) are presented.  

 
DISCUSSION 

The present substudy of the TWENTE trial in patients with single-vessel treatment of the RCA 

demonstrates that treatment of the AO region with second-generation DES is feasible but 
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associated with a higher risk of repeat revascularization procedures. This may be partly attributed 

to the rigid nature of the vessel wall in the coronary ostium.2 In addition, we found that only 2 of 

the 5 TLR events were related to the ostial stent. This suggests that the need for stenting of the 

RCA ostium may indicate the presence of extensive and advanced coronary atherosclerosis that is 

associated with a higher risk of repeat revascularizations within the various stented coronary 

segments. 

 
Table 2. Two-year clinical outcome in patients with single-vessel PCI of the RCA. 

 
AOC 

(n=67) 
No AOC 
(n=254) 

p-value 
AOC population 

(n=67) 

    Resolute 
(n=29) 

Xience V 
(n=38) 

p-value 

Death        
   All-cause mortality  5 (7.5) 6 (2.4) 0.06 2 (6.9) 3 (7.9) 1.00 
   Cardiac death  3 (4.5) 3 (1.2) 0.11 1 (3.4) 2 (5.3) 1.00 
Myocardial infarction        
   Target vessel MI  2 (3.0) 12 (4.7) 0.74 1 (3.4) 1 (2.6) 1.00 
Revascularization       
   Target vessel revascularization  6 (9.0) 9 (3.5) 0.10 3 (10.3) 3 (7.9) 1.00 
   Target lesion revascularization* 5 (7.5) 4 (1.6) 0.02 3 (10.3) 2 (5.3) 0.65 
Stent thrombosis        
   Definite or probable stent 
thrombosis  

1 (1.5) 4 (1.6) 1.00 0 (0.0) 1 (2.6) 1.00 

Composite endpoints        
   Target vessel failure  11 (16.4) 19 (7.5) 0.03 5 (17.2) 6 (15.8) 1.00 
   Target lesion failure  10 (14.9) 17 (6.7) 0.03 5 (17.2) 5 (13.2) 0.74 
   Major adverse cardiac events  12 (17.9) 20 (7.9) 0.02 6 (20.7) 6 (15.8) 0.60 
   Patient-oriented composite 
endpoint  

18 (26.9) 31 (12.2) <0.01 8 (27.6) 10 (26.3) 0.90 

Data are n (%). *2 of the 5 TLR were related to the ostial stent and 3 to a stent other than the ostial stent. 

 

An increased risk of TLR following AO stenting has also been observed by a French group in a 

retrospective analysis of 181 patients, treated for AO coronary disease in the RCA and left main 

stem.8 They found that in RCA AO lesions, the risk of TLR was 10 times higher than in AO 

lesions of the left main stem.8 Therefore, a focused assessment of RCA ostial treatment, as 

performed in our present study, is of interest. In addition, we report data on the use of second-

generation DES in AO disease, which is currently scarce. Only a single retrospective study by a 

Japanese group focused on the treatment of RCA lesions in a study population of 135 patients 

and compared the implantation of first-generation sirolimus-eluting Cypher stents (Cordis/ 

Johnson&Johnson, New Brunswick, NJ, USA) and bare metal stents in ostial (n=73) and 

proximal RCA lesions (n=62).6 In this study, the TLR rate of ostial RCA lesions was 13.5% after 

8 months in the Cypher stent group and 36.1% months after 6.5 months in the bare metal stent 

group (p<0.05).6 Despite the longer follow-up of 24 months, we found in our present study a 

lower TLR rate of 8.3% in RCA AO lesions, which suggests a rather favorable performance of 

the second-generation DES in this setting. Thus far, more attention has been paid to stenting of 

AO left main lesions,7 but many studies have not reported outcome separately for ostial and 

other target-lesion locations. The introduction of DES for the treatment of left main disease has 

reduced the need for repeat revascularization (from 15-30% in bare metal stents) to 10-19%, 

making PCI of the left main stem a reasonable alternative to bypass surgery.18 Mehilli et al. 

recently compared second-generation zotarolimus-eluting Resolute stents and everolimus-eluting 

Xience V stents in a randomized study of unprotected left main PCI with routine follow-up and 
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reported 1 year after stenting similar TLR rates of 11.7% and 9.4% (p=0.35).19 The SYNTAX 

Score regards the AO lesion location as an adverse feature since percutaneous treatment is 

technically more challenging, but the score adds the extra point for the AO lesion location 

irrespective of whether this lesion is located in the RCA or in the left main stem.20 

A high radial strength in combination with a high visibility and longitudinal stability of the device 

may be characteristics of an “ideal” stent for the treatment of AO lesions. The radial strength of 

the implanted devices can sometimes be increased by the so-called double stenting technique (i.e. 

stent in stent implantation), which has improved angiographic outcome in selected cases with 

acute stent recoil.21 Most recently, third-generation DES (also called novel generation DES) have 

been introduced to meet the demand for more flexible and highly deliverable devices, which has 

been achieved by novel designs and/or materials of bare-metal stent platforms.22 To date, no 

comprehensive data are available on the outcome of PCI with such DES in the subgroup of AO 

lesions. However, as the high flexibility and thin-strut design of third-generation DES may be 

associated with reduced longitudinal device stability,23,24 it is uncertain whether these novel 

devices may improve the outcome of PCI in AO lesions.  

 
Figure 2. 2-Year clinical outcome in patients with versus without RCA aorto-ostial stent 
coverage (AOC).  

 
Kaplan Meier curves of AOC (n=67) versus No AOC (n=254) of the composite endpoint target-lesion failure (A) and its 

components: cardiac death (B), target-vessel-related MI (C), and clinical indicated target-lesion revascularization (D). 

 

In the present study, the rate of definite–or–probable stent thrombosis following DES 

implantation in the AO region (1.5%) was not higher than in patients without ostial stent 
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coverage (1.6%) (i.e. No AOC group). Thrombotic occlusion of a stent in the most proximal 

coronary segment may result in a particularly large myocardial necrosis with a high clinical risk.25 

Besides a delayed endothelial coverage of DES struts, both vessel wall inflammation and 

premature occurrence of neoatherosclerosis have been identified as triggers of stent-thrombosis 

in durable-polymer based DES.26-30 The two latter factors may be greatly avoided by the use of 

DES with biodegradable coatings,31,32 of which–after degradation of the coating material–only a 

bare metal stent remains in the coronary artery.29,33 

 

Implications 

The findings of the present study show that treatment of the right coronary ostium with second-

generation DES is feasible and associated with relatively favorable clinical outcome in a study 

population that resembles routine clinical practice. The higher risk of repeat revascularization 

procedures in patients with AO stent coverage (i.e. AOC group) did not result from an excess in 

ostial instent restenosis but may most likely be related to the greater extent of atherosclerotic 

disease burden in patients who require stenting of the most proximal segment of the RCA. Our 

data suggest that the need to cover the ostium of the RCA with a stent may be considered an 

indicator of a generally increased risk of repeat revascularization that should be taken into 

account when planning the initial revascularization therapy in a heart team discussion.  

 

Limitations 

This study was limited by its post-hoc nature and should be considered as hypothesis generating. 

The low number of AO-lesion within the AOC group (36/67) did not permit further meaningful 

sub-analyses. Nevertheless, our data suggest that the increased risk of TLR in the AOC group is 

not related to problems that occur in the AO segment, but that the need for stenting the RCA 

ostium is an indicator of extended atherosclerotic disease burden with an inherent risk of more 

TLR events. Our study adds novel information on the performance of second-generation DES in 

the AO segment of the RCA. Nevertheless, regular use of IVUS could have further improved our 

understanding of true ostial involvement in the lesion and the presence and extent of calcium.34 

Although patients with very recent ST-elevation myocardial infarction were not studied in the 

TWENTE trial, a total of 52% of the patient population presented with acute coronary 

syndromes, and the vast majority of patients had complex lesions and met the criteria of so-called 

off-label DES use.   

 

CONCLUSION 

 

Treatment of the aorta-ostial region of the right coronary artery with second-generation drug-

eluting stents is feasible, but our data suggest that stent coverage of the right aorta-ostial segment 

remains a predictor of target-lesion revascularization in the RCA. 
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LETTER TO THE EDITOR 

 

Coronary bifurcation lesions that involve significant side branches represent a particularly 

challenging subset of target lesions for percutaneous coronary interventions.1,2 Besides the 

necessity for the interventional cardiologist to often perform technically more demanding 

interventions with more procedural steps,3 clinical outcome following percutaneous coronary 

intervention has usually been somewhat inferior. For more than two decades, coronary 

bifurcation lesions represent a serious touchstone of both interventional cardiologists and various 

types of stents and vascular scaffolds.1-6  

The use of first-generation drug-eluting stents (DES) has reduced the incidence of restenosis 

following percutaneous coronary intervention of bifurcation lesions as compared to bare metal 

stents. In a first, small-sized study by Colombo et al., a numerically lower rate of angiographic 

restenosis was seen in bifurcated lesions treated with a single DES in the main vessel.7 In the 

meantime, pooled data of the Nordic Bifurcation and the British Bifurcation Coronary studies, 

both using first-generation Cypher DES (Cordis; Waaren, NJ, United States), have clearly 

demonstrated at 9-month follow-up that clinical outcome is superior following a simple approach 

with provisional T-stenting of the side branch versus a complex approach.8 In addition, the 

Nordic Bifurcation study has shown that long-term outcome (up to five years) following 

bifurcation stenting with a simple approach was at least as good as the outcome of a complex 

approach.9 The aforementioned studies were performed with the first-generation Cypher stent 

that had a closed-cell design. 

The results of several in vitro studies and bench tests suggest that DES with different stent 

materials and designs may act differently in the setting of bifurcation stenting.10,11 Moreover, the 

coatings of various DES types show significant dissimilarities in mechanical properties,12 which 

may be relevant during kissing balloon inflations that apply a significant shear stress to the 

coatings of DES. Consequently, the assessment of clinical outcome following bifurcation stenting 

with different types of DES is of great interest, in particular when being performed in the setting 

of a randomized study.  

In a remarkable original article published in Revista Española de Cardiología, Pan and co-

workers13 compare the 3-year outcome of 443 patients, in whom the simple approach for 

bifurcation treatment was applied (provisional T-stenting of the side branch), which was 

performed in a randomized manner with either the first-generation, stainless steel Cypher Select 

sirolimus-eluting stent (SES) (Cordis) or the second-generation, cobalt-chromium Xience V 

everolimus-eluting stent (EES) (Abbott Vascular, Santa Clara, CA, United States). The authors 

avoid use of the somewhat vague term “new generation DES”, which is currently embraced by 

many authors, while it does not take into account the ongoing process of device evolution. Pan et 

al. rather use the term “second-generation DES” when referring to Xience V, a choice that 

deserves broad approval as it places the device into the historical context of DES development. 

Such information may help future researchers, as the cobalt-chromium EES is currently not the 

only EES available (e.g., platinum-chromium based EES with either durable or biodegradable 

coating).14,15  The study by Pan and co-workers is characterized by the inclusion of many patients 

with acute coronary syndromes and diabetes mellitus, and by the excellent 3-year follow-up rate 

of 99.1%.13 The considerable size of the present study was achieved by pooling data of two 

randomized DES studies, the SEAside study and the CORpal study.16,17 These studies were 

similar in various aspects, but there were also between-study differences. For instance, the 

visually assessed size of the side branch had to be ≥2.0 mm in SEAside and ≥ 2.25 mm in 
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CORpal, and there were differences in the maximum side-branch lesion length and in the criteria 

for side-branch stenting.16,17 At 3-year follow-up, the composite endpoint of major adverse 

cardiac events, which in this study did not include peri-procedural myocardial infarctions, was 

favorable for both DES. An explorative sub-analysis of late major adverse cardiac events (beyond 

1 year) revealed a significant difference in favor of the EES.13 Despite the randomization in both 

studies, the side-branch diameter was slightly larger in the EES group, which might have had an 

impact on outcome. Nevertheless, the present data by Pan and co-workers are very interesting, 

generate an attractive hypothesis, and show that studies exploring the long-term outcome of DES 

are warranted. In fact, the present manuscript by Pan and co-workers should stimulate 

investigators to collect more high-quality data on coronary bifurcation treatment with a follow-up 

beyond 1 year. In the SEAside and CORpal studies, bifurcations were treated by stenting the 

main vessel and – only if required according to predefined criteria – by (provisional) T-stenting of 

the side branch. As a consequence, the rates of side-branch stenting were low.16,17 While 

provisional T-stenting is currently considered the optimal approach for the vast majority of 

bifurcation lesions, this approach may not be optimal for the entire range of bifurcation 

lesions.8,9,18 In particular, in the presence of a heavily calcified side-branch ostium and/or a long 

side-branch lesion, operators may consider certain bifurcation lesions to be better suitable for 

treatment with a two-stent technique.3 Consequently, some bifurcation lesions with the 

abovementioned side-branch criteria may rightly not be considered for enrollment in studies that 

per protocol require use of the provisional T-stenting approach. In this light, the rate of true 

bifurcation lesions in the present study by Pan and co-workers is substantial, and the operators 

should be congratulated on having included so many patients with advanced bifurcation disease. 

Long-term data from the bifurcation subsets of large “most-comer” and “all-comer” DES studies 

may be of additional interest, as they generally include all types of bifurcation lesions treated in 

real-world clinical practice, including bifurcation lesions that right from the beginning of the 

percutaneous coronary intervention procedure are intended to be treated with a two-stent 

approach. While some large DES trials have already reported detailed information on the 

outcome of their bifurcation subsets,4,5 others have yet to report such data.14,19  

There is also good reason to assess very carefully the subset of patients with bifurcation 

treatment in studies that examine bioresorbable vascular scaffolds. Current polymer-based 

vascular scaffolds bear the risk of being disrupted from a post-dilatation with an oversized 

balloon, as is quite often performed in long metal stents to accommodate the stent to vessel 

tapering, which is particularly pronounced in coronary segments with major bifurcations.10 

Moreover, simultaneous kissing balloon inflation in polymer-based bioresorbable vascular 

scaffolds bears the risk of disrupting struts of the scaffold and should therefore only be 

performed in cases in which it is absolutely deemed necessary.6 A modified kissing balloon 

technique may be considered as an intermediate step, if sequential inflation of non-compliant 

balloons in side branch and main vessel fail to achieve a satisfactory result. This technique, which 

has been assessed in bench tests, first inflates the balloon in the side branch and then partially 

deflates that balloon which is kept in place during the final balloon dilatation in the main vessel.20 

Hence, in the setting of bifurcation treatment with bioresorbable vascular scaffolds, further 

bench testing and computer modeling as well as clinical studies with optical coherence 

tomography are of interest. Moreover, the fate of side branches that are (initially) partially 

covered by struts of bioresorbable scaffolds should be carefully assessed, including long-term 

studies with optical coherence tomography. While currently only few biodegradable vascular 

scaffolds are available, a number of companies may launch novel bioresorbable devices before 
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long. Among other measures, the performance of these implants in bifurcation lesions will be an 

important criterion for selection and may help sort out less suitable devices. In conclusion, 

bifurcation lesions are still a serious touchstone of novel DES and biodegradable vascular 

scaffolds. The assessment of outcome following percutaneous coronary intervention in 

bifurcations is an issue of ongoing scientific and clinical interest. 
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ABSTRACT 

Background: Only limited data from large randomized clinical trials have been published on the 

long-term performance of second-generation drug-eluting stents (DES) in bifurcation lesions. 

 

Methods: We investigated in patients in the randomized TWENTE trial the long-term safety 

and efficacy of treating bifurcation lesions with two widely applied second-generation DES, the 

zotarolimus-eluting Resolute stent (Medtronic Inc., Santa Rosa, CA) and the everolimus-eluting 

Xience V stent (Abbott Vascular, Santa Clara, CA). Three-year follow-up was available in 99.3%. 

Patients were categorized into treatment for at least one bifurcation lesion versus treatment for 

non-bifurcation lesions only. 

 

Results: Among the 1,391 patients of the TWENTE trial, 362(26%) were treated for bifurcation 

lesions. At 3-year follow-up, target-vessel failure (TVF) did not differ between patients treated for 

bifurcation versus non-bifurcation lesions (13.1% vs. 12.6%; p=0.84), while the periprocedural 

myocardial infarction rate was higher in patients with bifurcation lesions (6.9% vs. 3.1%; p<0.01). 

Of the 362 patients with bifurcation lesion treatment, 179 (49.4%) were treated with Resolute and 

183(50.6%) with Xience V. There was no significant difference in TVF between the Resolute and 

Xience V groups with bifurcation treatment (13.6% vs. 12.6%; p=0.78), and their incidence of 

definite-or-probable stent thrombosis was low and similar (1.1% vs. 0.5%, respectively; p=0.62). 

 

Conclusion: Despite a significant difference in periprocedural myocardial infarction, 3-year 

clinical outcome after implantation of second-generation stents was favorable and similar for 

patients with and without bifurcation lesions. In addition, we observed no difference in long-term 

clinical outcome following bifurcation lesion treatment with Resolute and Xience V stents. 
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INTRODUCTION 

 
Percutaneous coronary interventions (PCI) of bifurcation lesions have been associated with an 

increased procedural risk and a higher restenosis rate.1 The introduction of the first generation of 

drug-eluting stents (DES) reduced the incidence of restenosis.2-4 Meanwhile, second-generation 

DES with more biocompatible, durable polymer-based coatings have been developed, such as the 

zotarolimus-eluting Resolute stent (Medtronic Inc., Santa Rosa, CA) and everolimus-eluting 

Xience V stent (Abbott Vascular, Santa Clara, CA). Both DES are widely applied, and they have 

shown favorable clinical results in a large population of all-comer patients5,6 and in the broad 

patient population of the TWENTE trial.7-9 In bifurcation lesions, second-generation DES 

reduced the risk of restenosis and the need for repeat revascularization, as compared to first-

generation DES.10-12 In addition, a randomized trial that exclusively used second-generation DES 

recently reported very favorable 2-year outcome data following treatment of bifurcation lesions in 

an all-comer patient population.13 

Nevertheless, so far only limited data from large randomized clinical trials have been published 

on the long-term performance of second-generation DES in bifurcation lesions.13-15 Therefore, in 

the present sub-study of the TWENTE trial,7,8,16 we performed an analysis of the 3-year follow-

up data of TWENTE to compare long-term clinical outcome in patient with and without 

treatment of a bifurcated target lesion. In addition, to evaluate potential between-stent 

differences, we compared the outcome of patients with bifurcation treatment with Resolute 

versus Xience V stents. 

 

METHODS 

 

Patient population, interventional procedures, and angiographic analysis 

We assessed 1,391 patients in the randomized TWENTE trial (ClinicalTrials.gov NCT01066650), 

which was performed between June 2008 and August 2010 at the Thoraxcentrum Twente, the 

Netherlands, and has previously been described in detail.7,9 In brief, a broad and heterogeneous 

population of PCI patients (but no STEMI within 48 hours) were randomized for treatment with 

Resolute or the Xience V stents. Interventional procedures and the application of concomitant 

medication were performed according to institutional protocols and current guidelines. In 

bifurcations, provisional T-stenting was the generally preferred approach. Nevertheless, the 

treatment strategy, technique of stenting, and decision to perform a final kissing balloon inflation 

were left at the operator’s discretion. The TWENTE trial was approved by the institutional ethics 

committee and complied with the Declaration of Helsinki, and all patients provided written 

informed consent.7 

For the purpose of the present analysis, patients were categorized into treatment of at least one 

bifurcation lesion versus treatment of non-bifurcation lesions only. In accordance with the 

definition of a relevant side-branch in the SYNTAX score,17 a relevant bifurcation was defined as 

a junction of a main vessel and a side-branch with minimum lumen diameter ≥ 1.5 mm (after 

administration of intracoronary nitrates, before PCI), as measured by quantitative coronary 

angiography (QCA). Angiographic analyses were performed offline by experienced angiographic 

analysts of the Thoraxcentrum Twente (blinded for stent arm) with the use of edge-detection 

software (QAngio XA version 7.1; Medis, the Netherlands).7 In the bifurcation group, a further 

thorough analysis was performed, comparing the single-stent and the two-stent strategies for 
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bifurcation treatment, the two allocated DES, and the application or omission of a final kissing-

balloon inflation.  

 

Follow-up and definition of clinical endpoints 

Details of the 3-year clinical follow-up have been reported.16 Clinical event adjudication was 

performed by an independent, external clinical event committee, organized by independent 

clinical research organizations (Cardialysis, Rotterdam, the Netherlands; and Diagram, Zwolle, 

the Netherlands). Clinical endpoints were defined according to the Academic Research 

Consortium (ARC).18,19 Cardiac death was defined as any death due to proximate cardiac cause 

(e.g. MI, low-output failure, fatal arrhythmia). Myocardial infarction (MI) was defined by any 

creatine kinase concentration of more than double the upper limit of normal with elevated values 

of a confirmatory cardiac biomarker (creatine kinase MB fraction or troponin), based on the 

updated ARC definition of MI. Periprocedural MI (PMI) was defined as target-vessel-related MI 

within 48 hours after PCI.18,19 Cardiac markers were systematically assessed with subsequent serial 

measurements in the case of relevant biomarker elevation or complaints. Stent thrombosis was 

defined according to ARC as definite or probable. The composite endpoint target-vessel failure 

(TVF) was defined as cardiac death, target-vessel-related MI, or clinically driven target-vessel 

revascularization (TVR). Target-lesion failure (TLF) was defined as composite of cardiac death, 

target-vessel-related MI, and clinically indicated target-lesion revascularization (TLR); and a 

patient-oriented composite endpoint (POCE) as a composite of all-cause mortality, any MI, and 

any repeat (target- and non-target vessel) revascularization.7 

 

Statistics and data analysis 

Categorical data were presented as numbers and percentages whereas continuous variables were 

expressed as mean ± standard deviation (SD). Baseline characteristics were compared using chi-

square test or Fisher’s exact test for categorical variables and using one-way analyses of variance 

for continuous variables. Kruskal-Wallis rank-sum test (non-parametric data) was used to 

compare total number of stents and stent length between treatment for a bifurcation or non-

bifurcation target lesion, and results were presented as median and interquartile range (IQR). The 

time to clinical endpoint was assessed according to the Kaplan Meier method, and the log-rank 

test was applied to compare patients with bifurcation treatment versus patients with treatment of 

non-bifurcation lesions only. Confidence intervals and p-values were two-sided. P-values <0.05 

were considered significant. Parameters were considered as potential confounders, if in univariate 

analyses associations were found with a p-value <0.10. A multivariate Cox regression model was 

then used to adjust for potential confounders. Analyses were performed using SPSS 15.0 (SPSS 

Inc., Chicago, IL, USA). The TWENTE trial is an investigator-initiated study, supported by equal 

unrestricted grants from Abbott Vascular and Medtronic. The authors are solely responsible for 

the design and conduct of the study, all study analyses, the drafting and editing of the paper, and 

its final contents.  

RESULTS 

 

Baseline characteristics of patients, lesions, and procedures  

Of the 1,391 patients in the TWENTE trial, 362 (26.0%) patients were treated for bifurcation 

lesions and 1,029 (74.0%) for non-bifurcation lesions only. Within the bifurcation group, 179 

(49.4%) patients were treated with Resolute and 183 (50.6%) with Xience V stents.  

 



   

53 

 

Table 1. Characteristics of all study patients with and without bifurcated target lesions, and of 
both stent arms in patients with bifurcated target lesions.  

 
All patients 
(N=1391) 

 
Patients with bifurcated 
target lesions (N=362) 

 

Patient characteristics 
Bifurcated 

target lesion 
(N=362) 

Non-bifur. 
target lesion 
(N=1029) 

p-value 
Resolute 
(N=179) 

Xience V 
(N=183) 

p-value 

Age (yrs ) 64.3 (10.5) 64.3 (10.6) 0.98 64.5 (11.1) 64.0 (10.0) 0.68 
Female  89 (24.6) 293 (28.5) 0.15 44 (24.6) 45 (24.6) 1.00 

BMI  (kg/m2) 
27.5 

(3.8)/317 
27.8 (4.0)/872 0.25 

27.1 
(3.4)/156 

27.9 
(4.1)/161 

0.05 

Diabetes mellitus  75 (20.7) 226 (22.0) 0.62 37 (20.7) 38 (20.8) 0.98 
Arterial hypertension 198 (54.7) 575 (55.9) 0.70 95 (53.1) 103 (56.3) 0.54 

Hypercholesterolemia 194 (55.1) 609 (60.6) 0.07 93 (52.2)/178 
101 

(58.0)/174 
0.27 

Current smoker 95 (26.2) 245 (23.8) 0.35 45 (25.1) 50 (27.3) 0.64 
Family history of CAD 188 (51.9) 552 (53.6) 0.58 90 (50.3) 98 (53.6) 0.53 
Previous MI 114 (31.5) 336 (32.7) 0.69 55 (30.7) 59 (32.2) 0.76 
Previous PCI 66 (18.2) 222 (21.6) 0.18 33 (18.4) 33 (18.0) 0.92 
Previous CABG 25 (6.9) 123 (12.0) <0.01 11 (6.1) 14 (7.7) 0.57 
Clinical syndrome   0.65   0.47 
   Stable angina pectoris 171 (47.2) 503 (48.9)  82 (45.8) 89 (48.6)  
   Unstable angina 91 (25.1) 234 (22.7)  50 (27.9) 41 (22.4)  
   Non-ST-elevation MI 100 (27.6) 292 (28.4)  47 (26.3) 53 (29.0)  

Lesion/procedural characteristics       

Medina Classification      0.54 
   0.0.1 30 (8.3%)   17 (9.5) 13 (7.1)  
   0.1.0 63 (17.5)   30 (16.8) 33 (18.0)  
   0.1.1 43 (11.9)   16 (8.9) 27 (14.8)  
   1.0.0 59 (16.3)   27 (15.1) 32 (17.5)  
   1.0.1 21 (5.8)   11 (6.1) 10 (5.5)  
   1.1.0 62 (17.2)   35 (19.6) 27 (14.8)  
   1.1.1 84 (23.1)   43 (24.0) 41 (22.4)  
Multivessel treatment 127 (35.1) 209 (20.3) <0.01 65 (36.3) 62 (33.9) 0.63 
Total no. of lesions treated 
per patient 

  <0.01   0.75 

   One lesion treated 179 (49.4) 678 (65.9)  90 (50.3) 89 (48.6)  
   Two or more lesions treated 183 (50.6) 351 (34.1)  89 (49.7) 94 (51.4)  
Treated coronary vessels        
   Right coronary artery 70 (19.3) 435 (42.3) <0.01 34 (19.2) 36 (19.7) 0.91 
   Left anterior artery 269 (74.3) 455 (44.2) <0.01 136 (76.8) 132 (72.1) 0.31 
   Circumflex artery 135 (37.3) 304 (29.5) <0.01 64 (36.2) 70 (38.3) 0.68 
De novo lesions 320 (88.4) 874 (84.9) 0.10 156 (88.1) 162 (88.5) 0.33 
Severe calcification 78 (21.5) 197 (19.1) 0.32 38 (21.5) 40 (21.9) 0.93 
At least one CTO 26 (7.2) 69 (6.7) 0.76 15 (8.4) 11 (6.0) 0.38 
At least one in-stent 
restenosis 

14 (3.9) 55 (5.3) 0.27 6 (3.4) 8 (4.4) 0.62 

At least one aorto-ostial lesion 25 (6.9) 127 (12.3) <0.01 10 (5.6) 15 (8.2) 0.34 
At least one small-vessel# 257 (71.0) 617 (60.0) <0.01 121 (67.6) 136 (74.3) 0.16 
At least one lesion length > 
27mm 

72 (19.9) 221 (21.5) 0.52 39 (21.8) 33 (18.0) 0.37 

Longest lesion length (mm) 22.3 (11.6) 20.4 (13.0) 0.87 20.7 (12.2) 20.0 (11.1) 0.61 
Degree of stenosis (pre-PCI)* 67.3 (13.7) 68.0 (14.4) 0.43 68.6 (13.5) 66.1 (13.8) 0.08 
Residual in-stent stenosis 
(post-PCI)* 

14.8 (6.1) 13.6 (7.9) <0.01 14.8 (6.1) 14.8 (6.2) 0.90 

Total stent length per patient 40 (24-60) 30 (18-51) <0.01 42 (24-63) 40 (28-56) 0.98 
Number of stents per patient 2.0 (1.0-3.0) 2.0 (1.0-2.0) <0.01 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.73 
Postdilation 343 (94.8) 879 (85.4) <0.01 170 (96.0) 171 (93.4) 0.27 

Values are mean (±SD), n (%)or median (IQR); # a reference vessel diameter (RVD) <2.75 mm defined a small vessel; * in case of 
multiple target lesion, the most severe diameter stenosis was presented. 
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In bifurcated target lesions, the side-branch lumen measured 2.27±0.41mm with a lesion length 

of 10.1 ± 6.8mm and a side-branch stenose 62.5 ± 13.6% before PCI. A total of 79.0% of these 

side-branches had lumen diameters ≥ 2.0 mm by QCA. During follow-up, 10 (0.7%) patients 

withdrew consent or refused further participation (two in the bifurcation group). In all remaining 

1,381 patients (99.3%), follow-up was obtained. Baseline characteristics of patients, lesions, and 

procedures are shown in Table 1. Patients with bifurcation treatment had aorto-ostial lesions and 

a history of previous CABG less often, and they were more often treated in the left anterior 

descending artery and by post-dilation of the implanted stents (Table 1). Among patients of the 

bifurcation group treated with Resolute versus Xience V, there was no difference in the technique 

of stenting and the rate of final kissing balloon inflation (Table 2).  

 

Clinical outcome 

At 3-year follow-up, patients in the bifurcation group showed a higher incidence of target-vessel 

MI (8.1% vs. 5.0%; p=0.03) but no difference in TVF compared to the non-bifurcation group 

(Table 3). Among patients with bifurcation lesions, there was no difference in TVF between 

patients with side-branches ≥2.0mm vs. <2.0mm (13.3% vs. 12.2%; p=0.80; Table 3). The rates 

of definite-or-probable stent thrombosis were low and similar for both patients with bifurcation 

lesions and patients with non-bifurcated lesions (0.8% vs. 1.8%; p=0.22). Dual anti-platelet 

therapy (DAPT) use at 3-year follow-up was slightly lower than after 2 years (70/1302 (5.4%) vs. 

91/1312 (6.9%)9 and was similar between the bifurcation and non-bifurcation groups (5.0% vs. 

5.5%; p=0.70). Among  patients with bifurcation lesions, use of a single-stent or a two-stent 

approach (independent of the allocated stent) and the use or omission of a final kissing balloon 

inflation were not associated with differences in clinical outcome (Table 3). In patients with 

bifurcation lesions, there was no difference in TVF and other clinical endpoints between the 

Resolute and Xience V stent arm (13.6% vs. 12.6%; p=0.78). 

 
Table 2. Techniques applied with Xience V and Resolute stents in both single-stent and two-
stent approaches among 362 patients with bifurcated target lesions. 

Single-stent approach (N=280) 
Resolute 

(n=145) 

Xience V 

(n=135) 

p-value 

Main vessel stenting only 137 (94.5) 126 (93.3) 0.69 

Side-branch stenting only 8 (5.5) 8 (6.7)  

Use of final kissing balloon inflation 48 (33.1) 55 (40.7) 0.19 

Two-stent approach (N=82) 
Resolute 

(n=34) 

Xience V 

(n=48) 

p-value 

   T-stenting 22 (64.7) 26 (54.2) 0.61 

   Culotte stenting 2 (5.9) 7 (14.6)  

   Mini-crush technique 4 (11.8) 7 (14.6)  

   Crush technique 4 (11.8) 3 (6.3)  

   V-stenting 2 (5.9) 5 (10.4)  

Use of final kissing balloon inflation 27 (79.4) 33 (68.8) 0.28 

 
Figure 1 presents the Kaplan-Meier curves for TVF (Fig. 1A) and the components thereof (Fig. 

B-D). The abrupt early rise in TVF was numerically higher in patients of the bifurcation group, 

mainly as the result of a higher incidence of PMI (Fig. 1C). A landmark analysis (Fig. 2) showed 

that after >48 hours there was no difference between the bifurcation and non-bifurcation group 

(p=0.37). In addition, the Kaplan Meier curves of TVR for the two study groups showed a 

somewhat diverging course in favor of patients with bifurcation treatment (Fig. 1D; p=0.06). 
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Risk factors of target-vessel MI  

Cox regression analysis suggested that bifurcation treatment may be associated with an increased 

risk of target-vessel MI (HR=1.64, 95%CI: 1.04-2.58; p=0.03); but after adjustment for potential 

confounders (multi-vessel treatment, total stent length, number of stents, post-dilation, treatment 

of circumflex artery, number of lesions treated, and residual in-stent stenosis following stent 

implantation) in a multivariate Cox regression model, bifurcation treatment turned out to be no 

independent predictor of target-vessel MI (adjusted HR=1.29, 95%CI: 0.80-2.06; p=0.30). With 

an increasing degree of residual in-stent lumen diameter stenosis, there was an increase in the risk 

of target-vessel MI that was no more than slight (adjusted HR=1.03, 95%CI: 1.01-1.05; p<0.01). 

 
Figure 1. Kaplan Meier curves of the composite clinical endpoint target-vessel failure (TVF) and 
its individual components. 

 
 

Risk factors of repeat revascularization 

Although statistically non-significant, there was a higher risk of TVR in patients with non-

bifurcated lesions (HR=1.7, 95%CI: 0.97-2.86; p=0.06). Previous CABG and treatment of (at 

least one) aorto-ostial lesion were identified as potential confounder and therefore tested in a 

multivariate Cox regression model which showed that both parameters were predictors of TVR 

(adjusted HR=2.31, 95%CI: 1.40-3.82, p<0.01; adjusted HR=2.00, 95%CI: 1.18-3.34, p=0.01, 

respectively). After adjustment for these confounders, treatment of non-bifurcated lesions did 

not independently predict TVR (adjusted HR=1.52, 95%CI: 0.89-2.62; p=0.13). 
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DISCUSSION 

 

Despite a higher incidence of PMI, patients treated for bifurcation lesions with second-

generation DES had a favorable long-term clinical outcome that was similar to the outcome of 

patients with non-bifurcation lesions. In patients with treatment of bifurcated target lesions, 

different treatment strategies (i.e. single-stent or two-stent approach) and the use of final kissing 

balloon inflation did not affect long-term outcome. In patients treated with a 2-stent approach, 

the rate of final kissing balloon inflation was numerically higher in the Resolute group as 

compared to Xience V group (79.4% vs. 68.8%;p=0.28), which may be related to the more open 

cell design of the Resolute  stent.20 Nevertheless, there was no difference in clinical outcome 

between patients treated for bifurcated lesions with Resolute versus Xience V stents. The 

numerically higher incidence of TVR in the non-bifurcation group (p=0.06) was attributed to the 

presence of a more advanced atherosclerotic burden, as shown by the multivariate analysis that 

demonstrated a significantly higher prevalence of previous CABG and aorto-ostial target lesions 

in that group. 

 
Figure 2. Landmark analysis of target-vessel myocardial infarction at two days. 

 
 

The importance of these two parameters as risk factors of repeat revascularization has previously 

been shown.21,22 The definite-or-probable stent thrombosis rate was numerically higher in the 

non-bifurcation group versus the bifurcation group (1.8% vs. 0.8%; p=0.22), and in patients with 

bifurcation treatment with a 2-stent approach versus a single stent (2.4% vs. 0.4%; p=0.13). 

Although the latter is in line with the sub-study of the Resolute All Comers13, the stent 

thrombosis data should be interpreted with caution due to the limited number of events.  

 

Previous bifurcation studies with DES 

The introduction of DES has substantially reduced the rate of repeat revascularization following 

treatment of bifurcation lesions.2-4 Due to differences in stent design, clinical outcome of 

bifurcation stenting may differ between DES.20 The randomized CORpal and SEAside studies 
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compared Xience V and the first-generation sirolimus-eluting Cypher stent (Cordis; Waren, New 

Jersey, USA) in bifurcation lesions, and found after 12 and 18 months, respectively, no difference 

in clinical outcome between the two DES.11,12 However, in a recently reported pooled analysis of 

both trials, the rate of MACE beyond 1 year was significantly lower (p=0.03) following treatment 

with Xience V as compared to Cypher,14 underlining the importance of long-term clinical 

assessment of DES.15  

There are somewhat less data available on the Resolute stent in bifurcations lesions. A 

multicenter registry, comprising 180 patients treated with Resolute, showed a low MACE rate at 

9-month follow-up.23 In the Z-SEAside study, use of the Resolute stent in bifurcated lesions of 

75 patients resulted in a lower procedure-related composite endpoint (as compared to Cypher). 

Nevertheless, at 2-year follow-up there was no difference in a composite clinical and 

angiographic endpoint.24 

Overall, Xience V and Resolute have shown favorable results in various patient populations that 

included patients with bifurcation lesions.5-7,16,21,25,26 A recent analysis that pooled both stent arms 

of the RESOLUTE All Comers trial, which used the same DES as the TWENTE trial (and thus 

our present sub-study), showed similar clinical outcomes for patients treated for bifurcated versus 

non-bifurcated lesions at 2-year follow-up.13  In the study reported by Diletti et al. as well as in 

our present study, there was a higher incidence of PMI in patients with bifurcation lesions. In the 

absence of an unequivocal cause of PMI in patients with bifurcated target lesions, we speculate 

that (stent-induced) closures of side-branches may have resulted in PMI. While PMI may be 

considered a marker of PCI procedure complexity (e.g. treatment of a bifurcated lesion), the 

clinical impact of PMI remains partly unclear.27 In addition, in the present study there was no 

evidence of a relationship between the occurrence of PMI following bifurcation treatment and an 

adverse clinical outcome. However, in the presence of larger side branches and an increased risk 

of side-branch occlusion, one may consider the use of an additional guide wire in the side-branch, 

a more aggressive pharmacological (anti-platelet) therapy, and occasionally the upfront use of a 2-

stent approach to protect the patency of the side-branch. 

In both studies, the number of patients treated with a two-stent approach was reasonable (8113 

and 82 patients in the present study), representing 20.7% and 22.7% of all patients with 

bifurcation treatment. In the TWENTE trial population, final kissing balloon inflation was 

performed in 73.2% of patients treated with the two-stent approach. In the absence of data on 

the use of final kissing balloon inflation in the RESOLUTE All Comers trial, we can only 

speculate that potential differences in the frequency of kissing balloon inflation might have 

played a role.  

A randomized bifurcation study with first-generation DES has previously shown a lower 

restenosis rate of the side-branch in lesions that had been treated with kissing balloon inflation 

(7.9% vs. 15.4%; p=0.04).28 In our present clinical study, in the absence of a routine angiographic 

follow-up, clinical outcome was similar in patients treated for bifurcation lesions with and 

without final kissing balloon inflation. 

Bifurcation analyses should focus on target lesions with side-branches of a relevant size. 

However, through the various bifurcation studies there was no general consensus on the 

minimum lumen diameter of side-branches that should be addressed and on the method of 

assessment (i.e. visually determined or measured by QCA).11-13,24,28 Compared to visual 

assessment, QCA is more objective and may be stricter in preventing the inclusion of too small 

side-branches.29 In the TWENTE trial and the present bifurcation sub-study, a minimum side-

branch diameter ≥1.5 mm by QCA was applied, which is in line with the definition of relevant 
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bifurcations for the SYNTAX score.17 In addition, almost 80% of our patients with bifurcated 

target lesions had side-branches ≥2.0mm by QCA, and their TVF rate did not differ from 

patients with smaller side-branches (p=0.80). Bifurcations with side-branches ≥2.0mm were also 

addressed by previous bifurcation studies such as the SEASIDE trial and Z-SEASIDE registry, 

which included patients based on a visual assessment of the side-branch lumen diameter.11,24 

 

Study limitations 

Because of the relatively limited sample size and the low event rates, no definite conclusion can 

be drawn from the present post hoc analysis, and findings should be considered hypothesis 

generating. Nevertheless, because of the low event rates with the study stents used, the analysis 

was based on the 3-year clinical outcome data (which increased the overall number of adverse 

events). In addition, the comparison between the outcome of patients treated with two-stent 

versus single stent approach and of patients treated with kissing balloon inflation versus the 

omission thereof are limited by the small size of these patient subgroups. Similar to previous 

bifurcation studies that used several different definitions of bifurcated target lesion and relevant 

side-branch, the comparability of our findings with data of trials that used different definitions 

and/or addressed dissimilar patient populations may be limited. We did not measure the 

bifurcation angle; a dedicated three-dimensional reconstruction and analysis software for 

bifurcations may be a promising tool to obtain reliable data on true lesion geometry.30 The 

TWENTE trial did not comprise a routine angiographic follow-up; as such, no angiography-

based sub-analyses of side-branch patency could be performed.  

 

Clinical implications  

The present analysis of the randomized TWENTE trial, which enrolled a broad study population 

of patients with advanced coronary disease and complex coronary lesions in the majority of 

patients, reassures that use of the study stents for the treatment of bifurcated coronary lesions is 

safe and effective. These findings are relevant, as in most patients with bifurcation lesions a 

simple approach with provisional T-stenting was applied, which is currently the recommended 

approach.31,32 The favorable outcome of various subgroups of patients suggest that, with the use 

of second-generation DES, long-term clinical outcome is favorable and similar for bifurcation 

treatment with a single-stent or two-stent approach, and with or without kissing balloon inflation. 

 

CONCLUSIONS 

 

Despite a significant difference in periprocedural myocardial infarction, 3-year clinical outcome 

after implantation of second-generation stents was favorable and similar for patients with and 

without bifurcation lesions. In addition, we observed no difference in long-term clinical outcome 

following bifurcation lesion treatment with Resolute and Xience V stents. 
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ABSTRACT 
 

Aim: Investigate the prognostic value of coronary dominancy for various adverse clinical events 

following the implantation of drug-eluting stents. 

 

Methods and Results: We assessed two-year follow-up data of 1387 patients from the 

randomised TWENTE trial. Based on the origin of the posterior descending coronary artery, 

coronary circulation was categorised into left and non-left dominancy (i.e. right and balanced). 

Target vessel-related myocardial infarction (MI) was defined according to the updated Academic 

Research Consortium (ARC)-definition (2xupper reference limit of creatine kinase (CK), 

confirmed by CK-MB elevation), and peri-procedural MI (PMI) as MI ≤48 hours following PCI. 

136(9.8%) patients had left and 1251 (90.2%) non-left dominancy. Target lesions were more 

frequently located in dominant arteries (p<0.005). Left dominancy was associated with more 

severe calcifications (p=0.006) and more bifurcation-lesions (p=0.031). Non-left dominancy 

tended to be less frequent in men (p=0.09). Left coronary dominancy was associated with more 

target vessel related MI (14(10.3%) vs. 62(5.0%), p=0.009).  Left dominancy independently 

predicted PMI (adjusted 2.19 95%CI: 1.15-4.15, p=0.017), while no difference in other clinical 

endpoints was observed between dominancy groups.  

 

Conclusion:  In the population of the TWENTE trial, we observed a higher incidence of peri-

procedural myocardial infarction in patients, who had left coronary dominancy. 
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INTRODUCTION 

 

Left coronary artery dominancy is a variant of the normal coronary anatomy, in which the left 

circumflex artery reaches the crux and supplies both posterior descending and posterolateral 

branches.1,2 A recent post-mortem analysis showed a decreasing prevalence of left dominancy 

with the increase of age, suggesting a worse prognosis for subjects with this dominance pattern.3 

The database of a registry of patients undergoing cardiac catheterisation for acute coronary 

syndromes has demonstrated a higher all-cause mortality in patients with left dominancy.4 In 

addition, a non-invasive study with computer tomography coronary angiography screening of the 

coronary arteries in a heterogeneous group of patients with chest pain (with or without coronary 

artery disease) showed left dominancy being an independent predictor of non-fatal myocardial 

infarction (MI) and all-cause mortality.2  

However, there is limited knowledge about the relation between coronary dominancy patterns 

and the risk of various adverse clinical events that can occur following percutaneous coronary 

interventions (PCI) with contemporary drug-eluting stents (DES). The aim of this study was to 

investigate the prognostic value of left dominancy in relation to post-PCI outcome – in particular 

the rate of peri-procedural MI (PMI), which in current DES studies has the highest incidence of 

all adverse clinical events.5-7 We performed the analyses in patients in the prospective, randomised 

TWENTE trial5,8 which assessed a population of PCI patients with broad inclusion and only few 

exclusion criteria, treated with second-generation DES.9 

 

METHODS 

 

Study population. The study assessed patients enrolled in the TWENTE trial (ClinicalTrials.gov 

NCT01066650), which has previously been described in detail.5,8 In brief, TWENTE is an 

investigator-initiated, patient-blinded, randomised non-inferiority study with broad inclusion and 

limited exclusion criteria in a study population with a majority of complex lesions and ‘off-label’ 

indications for DES. The study was performed between June 2008 and August 2010 at 

Thoraxcentrum Twente, Enschede, the Netherlands. Patients with an indication for PCI with 

DES, who were capable of providing informed consent, were randomised for treatment with one 

of two types of second-generation DES – Resolute (Medtronic Inc., Santa Rosa, CA) or Xience 

V (Abbott Vascular, Santa Clara, CA). There was no limit for lesion length, reference vessel size, 

and number of target lesions or vessels to be treated. As a consequence, in a high proportion of 

study patients there was advanced coronary disease requiring treatment of multiple vessels, 

bifurcation lesions, long lesions, and lesions in small vessels.5 A total of 52% of patients 

presented with an acute coronary syndrome, but as a very recent ST-elevation myocardial 

infarction (STEMI) was the most important exclusion criterion, patients requiring primary PCI 

were not enrolled. The TWENTE trial has demonstrated a similar clinical outcome for both 

DES.5 The study was approved by the institutional ethics committee and complied with the 

Declaration of Helsinki. All patients provided written informed consent. The study population of 

the present analysis consisted of all TWENTE patients except 4 patients who withdrew their 

consent during follow-up. 

Angiographic assessment of coronary artery dominancy. Coronary dominancy was classified 

in left and non-left by two experienced analysts who inspected the coronary angiography of all 

TWENTE patients. A coronary artery system was classified as right dominant when the PDA 

originated from the right coronary artery (RCA), while left dominancy was defined when the 
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PDA originated from the left circumflex artery (LCX). A balanced dominant coronary system 

was categorised when the PDA rose from the RCA in combination with a large posterolateral 

branch originating from the LCX reaching near the posterior interventriculair groove.2 Right and 

balanced were referred as non-left dominancy. Any potential disagreement between analysts was 

resolved by jointly inspecting all angiographic runs available in order to achieve consensus.  

Quantitative coronary angiography. Quantitative coronary angiographic analyses were 

performed offline with the use of edge-detection software (QAngio XA version 7.1, Medis, 

Leiden, the Netherlands) by angiographic analysts from the Thoraxcentrum Twente.5 Follow-up 

and definition of clinical endpoints. Details of the clinical follow-up have been reported 

previously.5,8 In brief, in the TWENTE trial follow-up data were obtained during 2-year follow-

up after the index procedure. For any events trigger, all relevant clinical information available was 

gathered. Clinical event adjudication (of all patients, follow-up information was available) was 

performed by core laboratory and an external independent research organisation (Cardialysis, 

Rotterdam, the Netherlands). Clinical endpoints were defined according to the Academic 

Research Consortium (ARC).10,11 Cardiac death was defined as any death due to proximate 

cardiac cause (e.g., MI, low-output failure, fatal arrhythmia). MI was defined by any creatine 

kinase concentration of more than double the upper limit of normal with elevated values of a 

confirmatory cardiac biomarker (creatine kinase myocardial band fraction or troponin), based on 

the updated ARC definition of MI. Peri-procedural MI (PMI) was defined as MI within 48 hours 

after PCI.10,11 Further classification of MI and MI location was based on laboratory information, 

electrocardiogram, and/or clinical data. Laboratory information included determination of 

creatine kinase before PCI and cardiac markers 6 to 18 h after PCI, with subsequent serial 

measurements in case of relevant biomarker elevation or complaints (97% of the cases had at 

least one blood sampling performed between 12 and 18 h after PCI). Stent thrombosis was 

defined according to ARC as definite, probable, or possible. The composite endpoint target 

vessel failure (TVF) was defined as cardiac death, target vessel–related MI, or clinically driven 

target vessel revascularisation (TVR). Target lesion failure (TLF), was defined as composite of 

cardiac death, target vessel–related MI, and clinically indicated target lesion revascularisation 

(TLR); major adverse cardiac events as composite of all-cause death, any MI, emergent coronary 

artery bypass surgery, or clinically indicated TLR; and a patient-oriented composite endpoint as 

composite of all-cause mortality, any MI, and any repeat (target and non-target vessel) 

revascularisation.5 

Statistical analysis. Categorical data were presented as frequency and percentage whereas 

continuous variables were expressed as mean ± standard deviation (SD). To assess potential 

differences in the prevalence of dominancy patterns between younger and older patients, age was 

categorized with use of the mean of the total population as cut-off value.  The baseline 

characteristics were compared using chi-square test or Fisher’s exact test for categorical variables 

and one-way analyses of variance (ANOVA) for continuous variables including age, BMI, 

minimum reference diameter and total stent length, as the data were distributed normally. 

Kruskal-Wallis test (non-parametric data) was used to compare total number of stent placed 

between dominancy patterns, and presented as median and interquartile range (IQR). Univariate 

and Cox regression analysis was performed to assess coronary dominancy as an independent 

predictor in respect to the predefined endpoints. Potential confounding was identified if p-values 

were < 0.10 at univariate analysis of the relations between tested parameter vs. both dominancy 

and predefined clinical endpoints. A multivariate Cox regression analysis was then performed to 

adjust for potential confounders. The time to the MI was assessed according to the Kaplan Meier 
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method, in which the log-rank test was applied to compare the three coronary dominancy 

patterns. Analyses were performed using SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA). Unless 

otherwise specified, confidence intervals and p-values were two-sided. A p-value <0.05 was 

considered statistically significant. 

 

RESULTS 

 

Patient characteristics. 

A total of 1387 patients were analysed, of which 136 (9.8%) had left dominancy and 1251 

(90.2%) non-left dominancy, consisting of right 1077 (77.6%) and balanced 174 (12.5%) 

dominancy. In all 1387 patients, data for follow-up analysis were available. Baseline characteristics 

are shown in Table 1. Male gender tended to be more frequent in left than in the non-left 

dominancy group (78.7% vs. 71.8%, respectively; p=0.087). There was no difference in 

prevalence of dominancy patterns between patients age 64 and older (p=0.79). Patients with left 

dominancy tended to have less often a previous PCI (p=0.11). 

 
Table 1.  Patient characteristics in left and non-left coronary dominancy. 

 Total population 
(n=1387) 

Left 
(n=136) 

Non-left 
(n=1251) 

p-
value 

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

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

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

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

0.685 
0.792 

Gender (male) (%) 1005 (72.5) 107 (78.7) 898 (71.8) 0.087 
Clinical risk factor 
  Diabetes mellitus (any) 
  Hypercholesterolemia 
  Arterial hypertension 
  Family history of CAD 
  Current smoking 
  Obesity (BMI ≥ 30 kg/m3) 

 
299 (21,6) 

801/1353 (59.2) 
771 (55.6) 
737 (53.1) 
340 (24.5) 

27.7 ± 4.0 (1186) 

 
29 (21.3) 

78/132 (59.1) 
75 (55.1) 
65 (47.8) 
33 (24.3) 

28.1 ± 3.8 (118) 

 
270 (21.6) 

723/1221 (59.2) 
696 (55.6) 
672 (53.7) 
307 (24.5) 

27.7 ± 4.0 (1068) 

 
0.944 
0.978 
0.913 
0.189 
0.943 
0.299 

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

 
450 (32,4) 
287 (20.7) 
148 (10.7) 

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

 
45 (33.1) 
21 (15.4) 
14 (10.3) 

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

 
405 (32.4) 
266 (21.3) 
134 (10.7) 

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

 
0.866 
0.111 
0.881 
1.000 
0.304 
0.639 

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

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

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

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

 
0.436 

 

Medication usage 
  Acetylsalicylic acid 
  Clopidogrel 
  Statins 
  Beta blocker 
  ACE inhibitor 

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

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

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

 
1.000 

 
0.134 
0.375 
0.941 

Left ventricular ejection fraction 
<30%* 

32/1048 (3.1) 5/95 (5.3) 27/953 (2.8) 0.202 

Values are mean ± SD or n (%). *Left ventricular ejection fraction assessed with ultrasound, magnetic resonance imaging or left 
ventricular angiography. BMI = body mass index; CAD coronary artery disease; PCI = percutaneous coronary intervention; CABG = 
coronary artery bypass grafting; TIA = Transient Ischemic Attack; MI = myocardial infarction. 
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Angiographic and procedural characteristics.  

Angiographic analysis revealed that target lesions were more frequently located in the dominant 

artery (Table 2): left and non-left dominancy were present in 64.0% vs. 50.8% if target lesions 

were located in the left anterior descending artery (LAD; p=0.004); 50.7% vs. 29.4% if target 

lesions were located in the CX (p<0.001); and 6.6% vs. 39.4% if target lesions were located in the 

RCA (p<0.001). The ACC/AHA lesion types did not differ in complexity between dominancy 

groups (p=0.6). Left dominancy was associated with more severe lesion calcification (p=0.006), 

more bifurcation lesions (p=0.031) and showed a trend towards more de novo lesions (p=0.079). 

Between dominancy groups, there was no significant difference in minimum reference vessel size, 

the number of lesions treated, and other procedural details. 

 
Table 2.  Baseline lesion and angiograph characteristics in patients with left and non-left 
coronary dominancy. 

 Total 
(n=1387) 

Left  
(n=136) 

Non-left 
(n=1251) 

p-value 

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

 
52 (3.7) 
723 (52.1) 
437 (31.5) 
502 (36.2) 
41(3.0) 

 
7 (5.1) 
87 (64.0) 
69 (50.7) 
9 (6.6) 
2 (1.5) 

 
45 (3.6) 
636 (50.8) 
368 (29.4) 
493 (39.4) 
34 (3.2) 

 
0.366 
0.004 
<0.001 
<0.001 
0.423 

ACC/AHA lesion class  
  A  
  B1  
  B2  
  C 

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

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

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

 
0.591 

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

 
1284 (92.6) 
95 (6.8) 
68 (4.9) 
362 (26.1) 
152 (11.0) 
274 (19.8) 
61 (4.4) 
184 (13.3) 

 
131 (96.3) 
9 (6.6) 
3 (2.2) 
46 (33.8) 
8 (5.9) 
39 (28.7) 
4 (2.9) 
16 (11.8) 

 
1153 (92.2) 
86 (6.9) 
65 (5.2) 
316 (25.3) 
144 (11.5) 
235 (18.8) 
57 (4.6) 
168 (13.4) 

 
0.079 
0.910 
0.125 
0.031 
0.046 
0.006 
0.510 
0.587 

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

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

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

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

 
0.913 

Multivessel treatment 334 (24.1) 34 (25.0) 300 (24.0) 0.792 
PCI related characteristics 
  Minimum reference diameter (mm) 
  Total number of stents 
  Total stent length (mm) 
  At least one direct stenting 
  At least one stent post-dilation 
  Maximal inflation pressure (atm) 

 
2.6 ± 0.6 
2.0 (1.0-3.0) 
40.98 ± 26.9 
662 (47.7) 
1218 (87.8) 
15.9 ± 2.6 

 
2.5 ± 0.6 
2.0 (1.0-3.0) 
39.2 ± 24.1 
62 (45.6) 
121 (89.0) 
15.9 ± 2.8 

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

 
0.408 
0.219 
0.484 
0.868 
0.610 
0.898 

Values are n (%). *Including chronic total occlusion but not grafts and in-stent re-stenosis. #Thrombus triggering use of thrombus 

aspiration catheters. ACC = American College of Cardiology; AHA = American Heart Association; TIMI = Thrombolysis in 

Myocardial Infarction. 

 
Adverse clinical events during 2-year follow-up. Left dominancy was associated with a higher 

incidence of target vessel MI (p=0.009, Table 3): in particular non-Q-wave MI (p=0.006) and 

PMI (p=0.014). For all other adverse cardiac events and composite endpoints, there was no 
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significant difference between dominancy groups. Definite or probable stent thrombosis was 

non-significantly more frequent in patients with left dominancy than in non-left dominancy 

(2.2% vs. 1.3%, respectively). 

 

Multivariate analysis of coronary dominancy and myocardial infarction.  

Severe lesion calcification and at least one bifurcated lesions were referred as potential 

confounders and were therefore included as covariates in a multivariate model. Using the largest 

group with non-left dominancy as a reference, left coronary dominancy was shown to be a 

significant independent predictor of target vessel MI (adjusted HR 1.88, 95%CI: 1.05-3.37, 

p=0.034) – mainly non-Q-wave MI (adjusted HR 2.35, 95%CI: 1.26-4.36, p=0.007) and PMI 

(adjusted HR 2.19 95%CI: 1.15-4.15, p=0.017). In addition, severe lesion calcification and at least 

one bifurcated lesion were independent predictors for target vessel MI (adjusted HR 2.16, 

95%CI: 1.35-3.46, p=0.001, adjusted HR 1.60, 95%CI: 1.00-2.55, p=0.048, respectively) and for 

non-Q-wave MI (adjusted HR 1.81, 95%CI: 1.05-3.14, p=0.034, adjusted HR 2.00, 95%CI: 1.19-

3.56, p=0.009, respectively). For PMI severe lesion calcification tended to be predicting PMI 

(adjusted HR 1.75, 95%CI: 0.99-3.07, p=0.051) and at least one bifurcated lesion was an 

independent predictor (adjusted HR 2.13, 95%CI: 1.26-3.59, p=0.005). Kaplan-Meier MI-free 

survival analysis stratified for the dominancy groups demonstrated a higher incidence of MI in 

patients with left dominancy (p=0.009, Figure 1). The MI occurred most frequently as PMI – that 

is within the first 2 days, after which all three survival curves showed hardly any change. 

 
Table 3.  2-years clinical outcome in patients with left and non-left coronary dominancy. 

 Total 
(n=1387) 

Left 
(n= 136) 

Non-left 
(n= 1251) 

p-value 

Death 
  Any cause  
  Cardiac cause 

 
62 (4.5) 
30 (2,2) 

 
8 (5.9) 
4 (2.9) 

 
54 (4.3) 
26 (2.1) 

 
0.401 
0.511 

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

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

 
14 (10.3) 
14 (10.3) 
1 (0.7) 
13 (9.6) 

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

 
0.015 
0.009 
1.000 
0.010 

Periprocedural MI 57 (4.1) 12 (8.8) 45 (3.6) 0.004 
Major adverse cardiac event* 172 (12.4) 22 (16.2) 150 (12.0) 0.160 
Patient-oriented composite endpoint# 232 (16.7) 28 (20.6) 204 (16.3) 0.204 
Clinically indicated TVR 
  Any  
  Percutaneous  
  Surgical  

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

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

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

 
0.365 
0.201 
0.665 

Clinically indicated TLR 
  Any  
  Percutaneous  
  Surgical 

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

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

 
49 (3.9) 
39 (3.1) 
12 (1.0) 

 
0.318 
0.423 
1.000 

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

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

Within the 1387 patients of the prospective randomised TWENTE trial, left coronary dominancy 

was an independent predictor of PMI following the implantation of contemporary second-

generation DES and associated with a higher MI rate at 2-year follow-up.  The relation between 

left coronary dominancy and both MI and PMI remained after correcting for confounders, 

including severe lesion calcification and at least one bifurcated lesion. Despite significant 

differences in PMI and MI rates at 2-year follow-up, no difference in other clinical endpoints was 

observed between dominancy groups. While the present study adds novel information on the 

relation between coronary anatomy and clinical outcome following PCI, the limited power of the 

analysis requires that the findings of this study should be considered as hypothesis generating. 

 

Peri-procedural myocardial infarction 

This study demonstrates that left dominancy is associated with a 2.2-times higher risk of PMI. 

The relation between anatomical features such as the coronary distribution pattern and PMI had 

not been assessed so far. In DES trials, the MI rate is a component of several combined clinical 

endpoints; the PMI rate represents the vast majority of the MI rate which is an endpoint in both 

stent trials and pathophysiological studies.12-15 The mechanism underlying the increased PMI risk 

in left coronary dominancy it still unclear. Previous studies have demonstrated that complex 

plaque morphologies and greater atheroma volumes bear a greater risk of significant plaque 

(micro)embolisation that can lead to microvascular injury.16-20 Furthermore, PCI-related (stent-

induced) closure of epicardial arteries may lead to blood flow reduction or occlusion in side 

branches with subsequent myocardial injury.16 Both microembolisation and stent-induced closure 

of very small side branches may not be visible on the angiogram but can lead to cardiac marker 

release and PMI.  

 

Clinical outcome 

A few registries and studies showed relations between left dominancy and inferior clinical 

outcome2-4, but the patient populations of these studies differed significantly from that of the 

TWENTE trial.5 A recently published post-mortem angiography study showed that the 

prevalence of left and balanced dominancy decreased with increasing age3 while we found no 

relation between age and dominancy pattern in the population of TWENTE trial patients, who 

were on average at a younger age (being normally distributed) than the population of the 

aforementioned post-mortem study that also comprised a wider rage of age (with non-Gaussian 

distribution). In a heterogeneous group of patients with chest pain, computer tomography 

coronary angiographic screening revealed left dominancy to independently predict non-fatal MI 

and all-cause mortality.2 In addition, in a registry of patients with acute coronary syndromes, left 

dominancy was associated with higher all-cause mortality.4  

Our present study in a population of PCI patients with broad inclusion and only few exclusion 

criteria, consisting almost equally of patients with acute coronary syndromes and stable angina5,9, 

adds further information on the prognostic impact of left coronary dominancy with regard to 

various aspects of clinical outcome following PCI. Although we did not observe an inferior 

outcome in terms of higher mortality, treatment failure, or major adverse cardiac events, we 

found an independent association between left dominancy and PMI which, in the presence of 

major cardiac marker release, may be related to increased mortality.16,21-24 Furthermore, we 

observed in patients with left dominancy more bifurcated and severely calcified coronary lesions, 
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lesion with characteristics that are known to be associated with inferior clinical outcome.25 While 

our data may not have direct clinical implications, findings suggest that further research may be 

warranted to clarify the role of coronary dominancy. Left coronary dominancy in the presence of 

left main disease and a proximal LAD stenosis may sometimes lead to surgical revascularization 

or, if PCI is performed, may trigger a more aggressive pharmacological anti-platelet and/or 

anticoagulation therapy, as the occlusion of a dominant CX artery may induce serious 

complications. This impact of a dominant circumflex coronary artery on PCI procedural risk is 

also reflected in the SYNTAX score.26,27 

 
Figure 1. MI-free survival in patients with left, right and balanced coronary dominancy (2-year 
follow-up).   

 
Kaplan Meier curves of MI-free survival over 2-year follow-up.   

 

Limitations of the study.  

The present study is a non-prespecified post-hoc analysis of the TWENTE trial with two-year 

clinical follow-up. Nevertheless, any prolongation of follow-up would have had no effect on the 

difference in PMI between dominancy groups (PMI may only occur during the first 48 hours 

after PCI), which was the main finding of this study. In addition, none of the other clinical 

outcome parameter (i.e. other than MI and PMI) showed a trend towards significant difference 

between coronary dominancy groups. While the adjudication of MI was performed according to 

the ARC definitions, we did not stratify events for different levels of CK-MB elevation (e.g. >5x 

or >10x the upper reference limit of CK-MB). In future assessments of this issue, it may be 

valuable to stratify CK-MB value to certain levels in order to better define the severity of MI. In 

addition, we cannot completely exclude that during follow-up a subclinical MI might have been 

missed, especially if it did not lead to hospitalization, revascularization by PCI or CABG, and/or 
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if ECG changes were not recognizable. Because of the limited power of the present post-hoc 

analysis, no definite conclusion can be drawn and findings should be considered hypothesis 

generating. Nevertheless, the current findings add novel information on the relation between 

coronary anatomy and clinical outcome following PCI. 

 

Impact on daily practice 

Revascularisation of a significant lesion in a left-dominant coronary system may be associated  

with an increased risk of periprocedural myocardial infarction. In such lesions, additional 

measures to prevent this adverse event may be considered (e.g., more aggressive  pharmacological 

therapy). In the presence of significant left main and proximal LAD disease with unfavorable 

anatomies, left coronary dominance may sometimes suggest serious consideration of surgical 

coronary revascularization. 

 
CONCLUSION 

 

In the population of the TWENTE trial, we observed a higher incidence of peri-procedural 

myocardial infarction in patients, who had left coronary dominancy. 
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ABSTRACT 
 
Aim: Drug-eluting stents (DES) were first used on-label–in simple patients with low clinical risk 

and easily accessible lesions. Currently, DES are increasingly used off-label–in complex patients 

undergoing percutaneous coronary interventions (PCI) with historically higher event risk. 

 

Methods and Results:  We therefore analyzed 2-year follow-up data of 1387 TWENTE trial 

patients, treated with second-generation everolimus-eluting Xience V or zotarolimus-eluting 

Resolute stents, and compared off-label vs. on-label DES use with regard to the following clinical 

endpoints: cardiac death; myocardial infarction (MI); periprocedural MI (≤48h); and target-vessel 

revascularization (TVR). Patients with off-label DES use (n=1033; 74.5%) had more diabetes 

(22.9% vs.17.5%; p=0.032), previous MI (35.9% vs.22.3%; p<0.001), type B2/C lesions (84.7% 

vs.62.7%; p<0.001), and acute coronary syndromes (57.8% vs.33.3%; p<0.001). Nevertheless, 

cardiac death and TVR rates were similar to that of patients with on-label DES use (p>0.8). 

Following off-label DES use, there was a higher incidence of periprocedural MI (5.0% vs.1.4%; 

p=0.003), of which only 1.1% reached creatine kinase levels >5x ULN. 

  

Conclusions:  Despite differences in risk profile, patients with off-label DES use did not differ 

from patients with on-label DES use in clinical endpoints other than periprocedural MI. These 

largely positive findings underline the favorable safety profile of second-generation DES. 
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INTRODUCTION 

 

Initially, DES were supposed to be implanted on-label during percutaneous coronary 

interventions (PCI) in easily accessible lesions of low-risk patients.1 Shortly thereafter, DES were 

increasingly used off-label in patients who were characterized by a higher clinical event risk and 

more challenging lesion anatomies.2 Nevertheless, in routine clinical procedures with more off-

label use of first-generation DES, event rates were higher than in the initial pivotal trials.3 Patients 

with off-label use of first-generation DES had a higher risk of death, myocardial infarction (MI), 

stent thrombosis (ST), and repeat revascularization procedures than patients with on-label DES 

use.3,4 

Second-generation DES with more biocompatible coatings5 were developed to improve outcome 

and counteract drawbacks of the early generation DES. Resolute ZES (Medtronic Cardiovascular, 

Santa Rosa, CA) and Xience V EES (Abbott Vascular Devices, Santa Clara, CA) are two widely 

applied second-generation DES, for which similar safety and efficacy have been demonstrated in 

the randomized RESOLUTE All-Comers and TWENTE trials that enrolled patients with off-

label DES use in two thirds and three quarters of their study populations, respectively.6,7 So far, 

most data on clinical outcome following the use of second-generation DES for off-label 

indications were derived from registries.8-10 In particular, outcome data beyond 1 year were 

scarce.11 In a substudy of the prospective TWENTE trial7,12 we investigated whether patients with 

off-label indications for DES use had a similar 2-year clinical outcome as compared to patients 

who were treated for on-label indications only. 

 

METHODS 

 

Study design and patient population  

Details of the randomized TWENTE trial, which was performed between June 18, 2008 and 

August 26, 2010 at Thoraxcentrum Twente in Enschede, the Netherlands, have previously been 

reported.7 In brief, TWENTE (ClinicalTrials.gov NCT01066650) is a randomized, controlled, 

patient-blinded DES trial, comparing Resolute ZES and Xience V EES stents after 1:1 

randomization in 1391 patients. Patients with non-ST-elevation acute coronary syndromes (Non-

ST-ACS) or stable angina were eligible, and few exclusion criteria were applied.7 In TWENTE, a 

total of 81.4% of all eligible patients were enrolled, of whom more than 52% presented with 

ACS. The real-world character of the randomized TWENTE trial was underlined by the findings 

of the Non-Enrolled TWENTE study, which demonstrated similar and excellent outcomes of 

the eligible but non-enrolled patients.13 The present study population consisted of all 1387 

patients (4 patients withdrew consent).7 Off-label indications for DES use were defined as: renal 

insufficiency (creatine ≥140 µmol/l); ejection fraction <30%; occurrence of acute MI within the 

previous 72 hours; more than one lesion/vessel; more than two vessels treated; lesion length >27 

mm; bifurcation; saphenous vein graft lesion; arterial bypass graft lesion; in-stent restenosis; 

unprotected left main lesion; lesion with thrombus; and/or lesion with total occlusion. 

 

Intervention, electrocardiography, laboratory testing, and angiographic analysis 

Five experienced interventional cardiologists, of whom each had individual experience of at least 

4000 PCI procedures, performed all PCI procedures of the TWENTE trial by use of standard 

techniques. Peri-procedural pharmacological therapy as well as systematic laboratory testing and 
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ECG assessment have previously been described.7 Quantitative coronary angiography analyses 

were performed offline with Qangio XA (version 7.1, Medis, Leiden, the Netherlands).  

Clinical endpoints 

Definitions of clinical endpoints were reported on patient-level, were previously described in 

detail7, and generally followed suggestions of the Academic Research Consortium (ARC).14,15 

Death was considered cardiac, unless an unequivocal non-cardiac cause could be established. MI 

was defined by any creatine kinase concentration of more than twice the upper limit of normal 

with elevated confirmatory cardiac biomarkers.14 Further classification and location of MI was 

based on laboratory testing, electrocardiographic parameters, angiographic information, and 

clinical data.7 Target vessel-related MI was related to the target vessel or could not be related to 

another vessel. TVR and target-lesion revascularization (TLR) by re-PCI or surgery were 

considered clinically indicated if the angiographic diameter stenosis was ≥70%, or ≥50% in the 

presence of ischemic signs or symptoms.15 Stent thrombosis was defined according to ARC.15 

 

Data acquisition, follow-up, and clinical event adjudication 

Two-year follow-up data was available in 100% of patients. For any event trigger, clinical 

information was gathered from the referring cardiologist, general practitioner, and/or hospital 

involved, which was facilitated by a close network of cooperation between the care-providers in 

the Twente region. The processing of clinical data and adjudication of adverse clinical events 

were performed by an independent, external contract research organization and core laboratory 

(Cardialysis, Rotterdam, the Netherlands), which also performed an on-site audit to assess key 

study data. 

 

Statistical analysis 

Data analysis was performed with the Statistical Package for Social Sciences (SPSS; version 17, 

SPSS Inc., Chicago, IL). Data were reported as frequencies and percentages for dichotomous and 

categorical variables and as mean±SD for continue variables. Chi-square and Fisher’s exact tests 

were used as appropriate. The student’s t-test was used to test normally distributed parameters. 

The Kaplan–Meier method was used to calculate the time to clinical endpoints, and the Log-rank 

test was used to compare between-group differences. Possible predictors of PMI were identified 

if p values were <0.15 at univariate analysis of the relation between the variables of the definition 

of off-label versus PMI. Multivariate cox regression analysis was then performed to evaluate the 

independent predictors of PMI. Two-sided P values <0.05 were considered significant.   

 

RESULTS 

 

Characteristics of patients, lesions, and PCI procedures 

Of the entire population of the TWENTE trial, 1033 (74.5%) patients were treated with DES for 

at least one off-label indication and 354 (25.5%) were treated for on-label indications only (Table 

1). Patients with off-label DES use had a slightly higher prevalence of diabetes mellitus (22.9% 

vs.17.5%; p=0.032) and chronic renal failure (3.3% vs. 1.1%; p=0.032), and significantly more 

often a history of MI (35.9% vs. 22.3%; p<0.001), non-ST-ACS at presentation (57.8% vs. 

33.3%; p<0.001), and more B2/C lesion types (84.7% vs. 62.7%; p<0.001). Between patients 

with off-label versus on-label DES use, there were significant differences in various angiographic 

and procedural details that were mainly related to the definition of the groups. In addition, in 

patients with off-label DES use, there were more ostial (12.2% vs. 7.3%; p=0.012) and severely 
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calcified lesions (21.0% vs. 16.1%; p=0.045), and stent post-dilation was more often performed 

(90.4% vs. 80.2%; p<0.001). 

 
Table 1. Characteristics of patients and procedures 

 Off-label (n=1,033) On-label (n=354) p value 

Age (yrs ) 64.4 ± 10.7 64.0 ± 10.2 0.507 
Men 752 (72.8) 253 (71.5) 0.629 
BMI (kg/m2) 27.7 ±3.9 27.9 ± 4.2 0.36 
Diabetes mellitus (any) 237 (22.9) 62 (17.5) 0.032 
Chronic renal failure* 34 (3.3) 4 (1.1) 0.032 
Arterial hypertension 558 (54.0) 213 (60.2) 0.044 
Hypercholesterolemia 577/1004 (57.5) 224/349 (64.2) 0.028 
Current smoker 265 (25.7) 75 (21.2) 0.092 
Family history of CAD 537 (52.0) 200 (56.5) 0.142 
Myocard infarction (any) 371 (35.9) 79 (22.3) <0.001 
Previous PCI 217 (21.0) 70 (19.8) 0.621 
Previous CABG 116 (11.2) 32 (9.0) 0.249 
Clinical characteristic   <0.001 
     Stable angina pectoris 436 (42.2) 236 (66.7)  
     Acute coronary syndrome 597 (57.8) 118 (33.3)  
        Unstable angina 214 (20.7) 111 (31.4)  
        Non-ST-elevation MI 383 (37.1) 7 (2.0)  
Left ventricular ejection fraction <30%† 32/792 (4.0) 0 0.001 
Multivessel treatment 281 (27.2) 53 (15.0) <0.001 
Total no lesions treated per patient   <0.001 
     1 lesion treated 549 (53.1) 307 (86.7)  
     2 lesions treated 344 (33.3) 47 (13.3)  
     3 of more lesions treated 140 (13.6) 0  
De novo coronary lesions only  930 (90.0) 354 (100.0) <0.001 
At least 1 CTO 95 (9.2) 0 <0.001 
Severe calcification 217 (21.0) 57 (16.1) 0.045 
Aorta ostial lesion 126 (12.2) 26 (7.3) 0.012 
At least 1 bifurcation 362 (35.0) 0 <0.001 
At least 1 bifurcation with SB treatment‡ 213 (20.6) 0 <0.001 
At least 1 in-stent restenosis 68 (6.6) 0 <0.001 
At least 1 small-vessel(RVD<2.75mm) 657 (63.6) 215 (60.7) 0.335 
At least 1 lesion length >27mm 293 (28.4) 0 <0.001 
Glycoprotein IIb/IIIa antagonist  175 (16.9) 18 (5.1) <0.001 
Target coronary artery    
     Left main 43 (4.2) 9 (2.5) 0.166 
     Left anterior descending 551 (53.3) 172 (48.6) 0.122 
     Left circumflex 326 (31.6) 111 (31.4) 0.944 
     Right coronary artery 387 (37.5) 115 (32.5) 0.093 
     Bypass graft 41 (4.0) 0 <0.001 
ACC-AHA lesion class§   <0.001 
     A 25 (2.4) 39 (11.0)  
     B1 133 (12.9) 93 (26.3)  
     B2 280 (27.1) 129 (36.4)  
     C 595 (57.6) 93 (26.3)  
Post-dilation 934 (90.4) 284 (80.2) <0.001 

Data are number (%) or mean (SD). CAD=coronary artery disease. PCI=percutaneous coronary intervention. CABG=coronary 

artery bypass grafting. MI=myocardial infarction. CTO=chronic total occlusion. *Chronic renal failure was defined by serum creatinine 

level ≥130µmol/L; †Left ventricular ejection fraction was assessed with ultrasound, MRI or LV angiography. ‡SB= side branch; 

§Highest lesion classification 
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Clinical outcome 

Two-year follow-up data were available in all randomized patients. The rates of death from any 

cause (4.5% vs. 4.2%; p=0.806), cardiac death (2.1% vs. 2.3%; p=0.884), TVR (5.4% vs. 5.1%; 

p=0.808), and definite-or-probable stent thrombosis (1.4% vs.1.1%; p=1.0) were similar for 

patients with off-label and on-label DES use (Table 2). There was a difference in the incidence of 

target vessel-related MI (6.4% vs. 2.8%; p= 0.011). While the rate of target vessel-related MI >48 

hours was similar for both groups (1.4% vs.1.4%; p=1.0), the rate of target vessel-related MI ≤48 

hours (i.e. periprocedural MI) was significantly higher in patients with off-label DES use (5.0% 

vs. 1.4%; p=0.003), of which 1.1% developed a maximum creatine kinase level >5x ULN (Table 

2).  

 
Table 2. Clinical Outcome After 2 Years 

Figure 1 shows the Kaplan-Meier 

cumulative incidence of three 

major clinical endpoints: cardiac 

death, target vessel-related MI, and 

TVR. Of these three endpoints, 

only target vessel-related MI 

showed a significantly higher rate 

in patients with off-label DES use 

(p log rank= 0.011). Figure 2 

displays the cumulative incidence 

of target vessel-related MI within 

≤48 hours (i.e. periprocedural MI) 

as well as after >48 hours (i.e. 

non-periprocedural MI), showing 

that only MI after ≤48 hours 

occurred significantly more often 

in patients with off-label DES use 

(p log rank=0.003). 

Identification of possible 

predictors. The chi-square test was 

applied to identify independent 

predictors of PMI, The following 

variables of the definition of off-

label showed a univariate 

association (p <0.15) with PMI, 

and were further evaluated: 

treatment of more than one lesion/vessel; more than two vessels; lesion >27 mm lesion length; 

bifurcation lesion; and lesion with thrombus. Multivariate cox regression analysis. Lesion length 

>27 mm (adjusted HR 2.84, 0.95%CI:1.68-4.80, p<0.001), more than one lesion/vessel (adjusted 

HR 2.55, 0.95%CI:1.51-4.32, p<0.001), and bifurcation lesion (adjusted HR 2.03, 0.95%CI:1.20-

3.45, p=0.008) were the only significant independent predictors of PMI that were related to the 

definition of off-label DES use. 

 

 
Off-label 
(n=1,033) 

On-
label 

(n=354) 
p-value 

Death, any cause 47 (4.5) 15 (4.2) 0.806 
Death, cardiac cause 22 (2.1) 8 (2.3) 0.884 
Target vessel-related MI 66 (6.4) 10 (2.8) 0.011 
     CK > 2 ULN * 66 (6.4) 10 (2.8) 0.011 
     CK > 3 ULN  22 (2.1) 3 (0.8) 0.118 
     CK > 5 ULN  11 (1.1) - 0.076 
  Periprocedural MI (MI≤48h) 52 (5.0) 5 (1.4) 0.003 
     2<CK≤5 ULN 41 (4.0) 5 (1.4) 0.024 
     CK>5ULN 11 (1.1) - 0.076 
  Non-periprocedural MI (MI>48 
h) 

14(1.4) 5 (1.4) 1.0 

Revascularization, any 99 (9.6) 28 (7.9) 0.346 
Target Lesion Revascularization 
(TLR)† 

43 (4.2) 9 (2.5) 0.166 

Target Vessel Revascularization 
(TVR)† 

56 (5.4) 18 (5.1) 0.808 

Definite ST (0-720 days)    
   All patients 5 (0.5) 2 (0.6) 1.0 
Probable ST (0-720 days)    
   All patients 9 (0.9) 2 (0.6) 0.739 
ST (0-720 days)    
   Possible 11 (1.1) 5 (1.4) 0.571 
   Definite or probable 14 (1.4) 4 (1.1) 1.0 
Very late definite or probable ST 2 (0.2) 2 (0.6) 0.270 

Data are number of patients (%). *In our study, MI was defined by any creatine 

kinase concentration of more than double the upper limit of normal with elevated 

values of a confirmatory cardiac biomarker. †TVR and TLR were clinically 

indicated. MI=myocardial infarction; PMI=periprocedural MI; TVR=target 

vessel revascularization; TLR=target lesion revascularization; ST=stent 

thrombosis.  
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DISCUSSION 

In the TWENTE trial, off-label DES use was associated with more clinical, lesion, and 

procedure-related characteristics of increased risk, as may be expected from the definition of off-

label DES use. In addition, PCI was more often driven by ACS, which triggered use of 

glycoprotein IIb/IIIa antagonists in a higher proportion of patients. Despite this significant 

difference in risk profile, both patient groups showed low and similar 2-year rates of various 

clinical endpoints such as death from any cause, cardiac death, target-vessel revascularization, and 

definite-or-probable stent thrombosis. The only exception was a higher incidence of 

periprocedural MI (i.e. MI ≤ 48 hours following PCI) in patients with off-label DES use, of 

whom only a minority developed a myocardial necrosis with a maximum CK-level of more than 

five times the upper limit of normal. These findings underline the favorable safety profile of 

second-generation DES. In this analysis, there was no difference in target vessel-related MI after 

more than 48 hours between patients with off-label and on-label DES use (1.4% vs. 1.4%); only 

within the first 48 hours after the PCI was there a higher rate of (periprocedural) target vessel-

related MI in patients with off-label DES use (5.0% vs. 1.4%). Such periprocedural MI typically 

results from microembolization of plaque material, or stent-induced closure of small side 

branches, which occurs more frequently in patients with ACS and in extensive coronary 

disease.16,17 In the present analysis, the higher incidence of periprocedural MI following off-label 

DES use led to a higher rate of target vessel-related MI during 2 years of follow-up (6.4% vs. 

2.8%, respectively). 

Comparison with previous studies. Off-label use of first-generation DES was previously shown 

to be associated with a higher risk of death, MI, and/or repeat revascularization procedures.3,4,17,18 

Detailed analyses of clinical outcome following off-label use of second-generation DES were 

performed in few studies only.8-11 Latib et al. reported a retrospective analysis of patients treated 

with Xience V EES (248 (72%) off-label) and a median follow-up of 12 months.8 Galasso et al. 

and Romagnoli et al. published two registries of patients treated with Resolute ZES (311 (84%) 

and 504 (61%) off-label) and an average follow-up duration of 17 and 12 months, respectively.9,10 

Stefanini et al. reported data from the only randomized study–the RESOLUTE All Comers trial–

that compared 12-month clinical outcome of patients treated with Resolute ZES and Xience V 

EES in 1520 (66.3%) complex patients (with off-label DES use) versus (33.7 %) simple patients.11 

Our present analysis of the randomized TWENTE trial, which included 1033 (74.5%) patients 

with off-label DES use, is the first comprehensive analysis of 24-month follow-up data to 

compare the clinical outcome of patients treated for off-label and on-label indications with either 

Resolute ZES or Xience V EES.  

In the RISICO registry, Romagnoli et al. found no significant difference in the incidence of in-

hospital MI between off-label and on-label treatment with Resolute ZES (3.8 vs. 2.5%, 

respectively; p=0.4).10 While the RISICO registry defined MI by the elevation of creatine kinase 

or creatine kinase-MB levels to ≥ 3 times the upper limit of normal10, in the TWENTE trial, MI 

was defined by CK levels ≥ 2 times the upper limit of normal with elevated confirmatory cardiac 

biomarkers.7 This may partly explain the slightly higher incidence of periprocedural MI (5.0%) in 

TWENTE patients with off-label DES use. The TWENTE trial compared the same DES types 

as RESOLUTE ALL COMERS, and also evaluated DES use in daily clinical practice within a 

slightly different population that did not include acute STEMI. Using the same criteria of off-

label DES use, the proportion of complex patients was somewhat higher in the TWENTE trial 

(74.5% vs. 66.3%; p<0.001).  
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Nevertheless, it is difficult to 

compare the outcome results 

of both trials as the 

corresponding sub-group 

analysis of RESOLUTE ALL 

COMERS focused on stent 

level comparisons.11 While all-

comer DES trials generally 

comprise relatively low rates of 

PCI for unprotected left main 

lesions, which is one of the off-

label criteria, the ISAR-LEFT 

MAIN 2 study recently 

reported in 650 patients treated 

with Resolute and Xience V 

stents for unprotected left 

main lesions a favorable 

outcome at 1-year follow-up.19 

In the 4-year follow-up data of 

the LEADERS study, a 

subgroup analysis of the 

primary composite endpoint 

TVF favours the biolimus-

eluting biodegradable coating 

Biomatrix stent over the first-

generation sirolimus-eluting 

biodurable coating Cypher 

stent in patients treated for off-

label indications.20 

Nevertheless, only limited 

individual outcome data of 

patients treated with 

biodegradable coatings DES for off-label versus on-label indications have been reported. In the 

NOBORI 2 study, which comprised 2242 patients treated with the biolimus-eluting 

biodegradable coating Nobori stent for at least one off-label indication, off-label stent use was 

associated with higher rates of cardiac death (1.9% vs. 0.7%, p=0.02), TVR (5.1% vs. 2.3%, 

p<0.01), and MI (2.7% vs. 1.5%, p=0.04).21 In addition, in that study there was no significant 

difference in the rate of definite or probable stent thrombosis between patients with off-label 

versus on-label DES use.21  

In the present study, we also found a higer rate of MI in off-label patients, and there is no 

significant difference in stent thrombosis between patients with off-label versus on-label 

indications. Our findings differ from NOBORI 2 with regard to cardiac death and TVR, which 

were similar for our off-label and on-label patients. Due to differences in patient population and 

limitations inherent to the study design, it may be difficult to compare findings of registries and 

randomized trials. In addition, we postdilated stents in 90.4% and 80.2% of the off-label and on-

Figure 1. Kaplan-Meier curves for cardiac death, target vessel-
related MI, and TVR. 

 
Kaplan-Meier cumulative incidence curves at 2 year for (A); cardiac death (B); target 
vessel-related MI (C); and target-vessel revascularization for patients treated with off-
label and on-label DES use.  
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label patients (p<0.001), while in the NOBORI 2 study postdilation was only performed in 

34.9% and 31.5% (p=0.07) of both patient groups.21 Substantial differences in material (stainless 

steel vs. cobalt-chromium) and strut thickness (relatively thick struts vs. thinner struts) of the 

stent platforms might also have contributed to differences in certain outcome parameters 

between both studies.  

 
Figure 2. Target Vessel-Related MI ≤ 48 Hours (Periprocedural) and > 48 Hours 

 
Kaplan-Meier cumulative incidence curves at 2 year for (left) target vessel-related MI ≤48 hours and (right) target 
vessel-related MI >48 hours for patients treated with off-label and on-label DES use.  

 

Periprocedural myocardial infarction 

In our analysis, target vessel-related MI ≤ 48 hours following PCI was the only clinical endpoint 

that was significantly higher in patients with off-label DES use. In fact, many criteria of off-label 

DES use characterize patients with an advanced stage of coronary disease with greater 

atheroslerotic burden and more complex lesions.8 Such patients often require stenting of multiple 

lesions with more aggressive interventional treatment that often includes stent post-dilation with 

high balloon pressures.7 In addition, greater atheroma volumes and complex lesion morphologies 

bear a greater risk of significant microembolization of plaque or thrombi, which can lead to 

myocardial injury and periprocedural MI.16 Periprocedural MI is frequently a marker of 

atherosclerotic burden and complexity of the interventional procedure.16 It has previously been 

related to an increased mortality during short-term and long-term follow-up after PCI.22-25, while 

other studies showed no significant relation between periprocedural MI and clinical outcome.26,27 

In fact, the extent of cardiac marker release may be relevant, as an impact on prognosis may be 

more likely in presence of large periprocedural MI.16 In the present analysis the vast majority of 

periprocedural MI had no more than moderate periprocedural MI with maximum CK levels 

between 2x the ULN and 5x the ULN. 

In our study, off-label patients had relatively low cardiovascular event rates. Several factors might 

have contributed to this phenomenon. First, the improved flexibillity of the cobalt-chromium 

based stents, the more biocompatible coatings of second-generation DES, and improvement of 

other procedural devices (e.g. balloon catheters, guide wires) may have played a role. Secondly, 

the high postdilatation rate of 88% may have improved DES apposition which might have 

contributed to the overall favorable findings. Thirdly, the modification of adjunctive medication 

and the increased awareness of the importance of dual antiplatelet therapy continuation by 
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various healthcare providers may also have played a role in improving clinical outcome of DES in 

our present study as well as in other recent DES studies – an improvement that may be most 

pronounced in the subset of complex patients. 

 

Study limitations 

Because of the post-hoc nature of this analysis, the results should be considered as hypothesis 

generating. Off-label criteria of DES are ‘moving targets’ and may differ between DES types; for 

that reason, we applied for the entire study population a definition that was recently used by 

another research group.11 In the present study patients with on-label DES use showed a higher 

prevalence of arterial hypertension and hypercholesterolemia, for which we do not have an 

explanation. The TWENTE trial enrolled patients with limited exclusion criteria but no acute 

STEMI; therefore, our results may not be extrapolated to the setting of STEMI.7 Nevertheless, 

the vast majority of patients were complex and the rate of non-ST-ACS was high. All patients 

were treated in a high-volume tertiary PCI center by five experienced interventional cardiologists 

who applied stent postdilation in the vast majority of cases; therefore, generalization of the 

findings may be limited in other settings. 

 

Impact on daily practice 

Off-label patients of the TWENTE trial had two-year event rates for cardiac death, target vessel 

revascularisation and stent thrombosis that were comparable to those of patients with on-label 

indications for drug-eluting stent (DES) use. Off-label use of contemporary DES was associated 

with a higher rate of periprocedural myocardial infarction, but only a minority of these patients 

developed maximum creatine kinase levels of more than 5 times the upper limit of normal. 

Overall, our findings show that PCI with these DES is feasible and safe in patients with off-label 

DES use. Therefore, in clinical practice with implantation of second-generation DES, distinction 

between patients with off-label and on-label indication for DES use may be of limited value.  

 

CONCLUSION 

 

Despite differences in risk profile, patients with off-label DES use did not differ significantly 

from patients with on-label DES use in clinical endpoints other than periprocedural MI. These 

largely positive findings underline the favorable safety profile of second-generation DES. 
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ABSTRACT 
 

Aim: The SYNTAX score is a tool to quantify the complexity of coronary artery disease. We 

investigated the relation between the SYNTAX score and the occurrence of a periprocedural 

myocardial infarction (PMI) according to the historical definition of the World Health 

Organization (WHO) and recently updated universal definition of MI.  

 

Methods and Results: The SYNTAX score was calculated in 1243 patients enrolled in 

TWENTE – a randomised trial that assessed second-generation drug-eluting stents. PMI was 

defined by the WHO definition and third universal definition of MI.Patients were divided in 

tertiles of SYNTAX score: ≤7 (n=430); >7 and <15 (n=390); ≥15 (n=423). PMI according to 

the WHO definition occurred more frequently in patients in the highest SYNTAX score tertile 

(7.3% vs. 3.1% vs. 1.6%, p<0.001) compared to the mid and lowest tertile. Similar findings were 

seen for universal PMI (9.9% vs. 7.7% vs. 3.7%, p<0.01). After multivariate analysis, SYNTAX 

score was a significant independent correlate of PMI for both definitions: the highest SYNTAX 

score tertile had an almost 5 times higher risk for WHO PMI and 3 times higher risk for universal 

PMI.  

 

Conclusion: In a broad patient population treated with second-generation DES, the Syntax 

Score was able to stratify the risk of PMI. 
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INTRODUCTION 

 

The SYNTAX Score is a tool for the assessment of the degree and complexity of atherosclerotic 

disease burden of coronary arteries. It incorporates several pre-existing scoring systems such as 

the Leaman classification, American Heart Association/American College of Cardiology, 

modified BARI classification, and chronic total occlusion and bifurcation scores.1  

Currently, the SYNTAX score is mainly used as a tool to evaluate the suitability of patients with 

multivessel disease to undergo coronary artery bypass grafting (CABG) or percutaneous coronary 

intervention (PCI).2 In addition to this application, the SYNTAX score may also be useful to 

stratify the risk of peri-procedural complications. Myocardial infarction after a percutaneous 

coronary intervention (PCI) is the most common procedural complication and is an important 

endpoint in coronary stent trials.3 There is controversy about the clinical impact of 

periprocedural myocardial infarction (PMI), however several studies have shown a relation 

between PMI and an increased mortality.4-6 So far, there are no established risk models for the 

prediction of PMI.  

We therefore assessed in 1243 real-world PCI patients of the randomised TWENTE trial,8  

treated with second-generation drug-eluting stents (DES), the relation between SYNTAX score 

and the occurrence of PMI, as defined by the extended historical WHO definition as well as the 

recently updated third universal definition of MI. 

 

METHODS 

 

Study design and patient population  

The randomised TWENTE trial (ClinicalTrials.gov NCT01066650) has previously been 

described and reported.7,8 In brief, TWENTE was an investigator-initiated, patient-blinded, 

randomised, comparative DES trial with limited exclusion criteria in 1391 ‘real-world’ PCI 

patients with a majority of complex lesions and off-label indications for DES. The study was 

performed between June 2008 and August 2010 at Thoraxcentrum Twente, Enschede, the 

Netherlands. Patients capable of providing informed consent with an indication for PCI with 

DES were randomised for treatment with Resolute (Medtronic Inc., Santa Rosa, CA) or Xience V 

stents (Abbott Vascular, Santa Clara, CA) in a 1:1 ratio. There were no angiographic exclusion 

criteria such as a mandatory lesion length, reference vessel size, and number of target lesions or 

vessels. The main exclusion criterion was a recent ST-elevation myocardial infarction (STEMI). 

More than 81% of the eligible patients were enrolled in this trial.9 In all trial participants, except 

for 148 patients with a history of CABG, SYNTAX score was prospectively assessed by analysts 

of the angiographic core laboratory at Thoraxcentrum Twente. The study was approved by the 

institutional ethics committee and complied with the Declaration of Helsinki. All patients 

provided written informed consent.  

 

Definition and assessment of PMI  

PMI was defined by the extended historical WHO definition (WHO PMI; total CK >2x normal 

with elevated CKMB or in the case of ongoing MI, CK >2x normal and ≥50% above the 

previous level if the baseline values are elevated, in addition to symptoms) and the third universal 

definition of MI (troponin >5x normal or in the case of ongoing MI, a rise of troponin values 

>20% if the baseline values are elevated, in addition to symptoms, ECG changes, angiographic 

findings or new regional wall motion abnormalities).10,11 In all patients, cardiac biomarkers and 
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electrocardiograms were systematically assessed before and after index PCI or staged procedure 

in order to identify PMI. Cardiac biomarker measurements were scheduled before PCI and 6 to 

18 hours after PCI, with subsequent serial measurements for relevant biomarker increases or 

complaints, until peak increase was established. Adjudication of WHO PMI was performed by an 

external clinical event committee (Cardialysis, Rotterdam, Netherlands), and adjudication of PMI 

according to the universal definition of MI was performed by three experienced 

cardiologists/research physicians.  

 

Statistical analysis  

Categorical variables were assessed with use of χ2 or Fisher's exact tests, as appropriate, whereas 

continuous variables were assessed with the Wilcoxon rank-sum test or Student’s t-test, as 

appropriate. Means are given with standard deviation (SD) and medians with an interquartile 

range (IQR). Univariate and multivariate logistic regression analyses were performed to assess the 

relationship between the SYNTAX score and PMI. We constructed three models: Model 1 

including clinical variables with an univariate association with PMI p<0.10, Model 2 being the full 

model with variables with an univariate association with PMI p<0.10, in addition to other clinical 

variables used in similar research which evaluated the SYNTAX score and its relation to clinical 

outcome (i.e. presentation with acute coronary syndrome, age, sex, stent type, history of MI, 

history of PCI, and chronic renal failure).12 In Model 3, only the SYNTAX score and the variable 

total stent length were entered in the model. Variables were simultaneously put into a multivariate 

model using the forced enter method, without exit criteria. Variables which are included in the 

SYNTAX score (i.e. vessel diameter, lesion length) were not included in the model to avoid co-

linearity. The variable left ventricular ejection fraction (LVEF) <30% was not included in this 

model, as data on LVEF were not available in all patients. In order to compare SYNTAX score 

versus the AHA/ACC lesion classification and their relation to PMI, we compared the -2 Log-

likelihood of the full multivariate model with SYNTAX score in it with the -2 Log-likelihood of 

the same model but with the SYNTAX score replaced by the AHA/ACC lesion classification. A 

higher -2 Log-likelihood suggests a better model. Unless otherwise specified, p values and CIs 

were two-sided. A p value <0.05 was considered significant. All statistical analyses were 

performed with SPSS vers. 15.0 (SPSS Inc., Chicago, IL).   

 

RESULTS 

 

Syntax Score and baseline characteristics 

The SYNTAX score was assessed in 1243 of the 1391 patients (89.4%) of the TWENTE trial 

who had not undergone previous CABG. The mean SYNTAX score was 12.45 ± 8.36, and the 

median SYNTAX score was 11.00 (IQR 6.00-24.00). Based on tertiles of SYNTAX score, the 

SYNTAX score was ≤ 7.0 in 430 patients, >7.0 and <15.0 in 390 patients, and ≥15 in 423 

patients. Baseline characteristics and angiographic and procedural characteristics are described in 

Tables 1 and 2. Patients with the highest SYNTAX score (≥15) were older (p<0.001) and were 

more likely to have an LVEF <30% (p=0.008), and a previous myocardial infarction (p<0.001). 

Postdilation with balloon pressures >18 atm and use of glycoprotein IIb/IIIa antagonists were 

more frequent in patients with higher SYNTAX score (p<0.001). Medication at discharge did not 

differ between groups (Table 3).   
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Incidence of PMI 

The incidence of PMI according to the extended historical WHO definition and universal 

definition, stratified for SYNTAX score, is shown in Table 4.  MI according to the extended 

historical WHO definition occurred more frequently in patients of the highest SYNTAX score 

tertile (7.3% vs 3.1% vs. 1.6%, p<0.001) as compared to the mid and lowest SYNTAX score 

tertiles. In addition, PMI according to the third universal definition occurred more frequently in 

patients of the highest SYNTAX score tertile (9.9% vs. 7.7% vs. 3.7%, p=0.002). The difference 

in definitions of PMI impacts the diagnosis of PMI and this is shown in figure 1. 

 
Table 1.  Baseline Characteristics of Patients 

 
Study 

population 
(n=1243) 

SxS <=7,0 
(n=430) 

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

SxS ≥15 
(n=423) 

p Value 
Across 
groups 

Age  (yrs ) 63.8 (10.6) 62.2 (10.8) 64.1 (10.6) 65.2 (10.1) <0.01 
Men 890 (71.6) 303 (70.5) 277 (71.0) 310 (73.3) 0.63 
Body mass index (kg/m²)* 27.7 (4.0) 27.9 (4.2) 27.6 (3.9) 27.7 (3.9) 0.56 
Diabetes mellitus 262 (21.1) 89 (20.7) 84 (21.5) 89 (21.0) 0.96 
Diabetes mellitus receiving insulin 90 (7.2) 34 (7.9) 25 (6.4) 31 (7.3) 0.71 
Chronic renal failure† 32 (2.6) 9 (2.1) 7 (1.8) 16 (3.8) 0.15 
Arterial hypertension 690 (55.5) 239 (55.6) 208 (5.3) 243 (57.4) 0.50 
Hypercholesterolemia 700 (57.8) 248 (58.8) 216 (56.8) 236 (57.6) 0.86 
Current smoker 324 (26.1) 119 (27.7) 98 (25.1) 107 (25.3) 0.64 
Family history of CAD 651 (52.4) 226 (52.6) 204 (52.3) 221 (52.2) 1.00 
Myocardial infarction (any) 392 (31.5) 107 (24.9) 123 (31.5) 162 (38.3) <0.01 
Previous PCI 234 (18.8) 90 (20.9) 77 (19.7) 67 (15.8) 0.14 
Clinical indication     0.24 
Stable angina pectoris 591 (47.5) 203 (47.2) 182 (46.7) 206 (48.7)  
Unstable angina 285 (22.9) 95 (22.1) 104 926.7) 86 (20.3)  
Non-ST-elevation MI 367 (29.5) 132 (30.7) 104 (26.7) 131 (31.0)  
Acute coronary syndrome 652 (52.5) 227 (52.8) 208 (53.3) 217 (51.3) 0.83 
Left ventricular ejection fraction < 
30%‡ 

25/919 
(2.6) 

5/313 (1.6) 4/298 (1.3) 
16/313 

(4.9) 
<0.01 

Multivessel treatment 293 (23.6) 25 (5.8) 99 (25.4) 169 (40.0) <0.01 
Total no lesions treated per patient     <0.01 
One lesion 762 (61.3) 370 (86.0) 221 (56.7) 171 (40.4)  
Two lesions 357 (28.7) 54 (12.6) 142 (36.4) 161 (38.1)  
Three of more lesions 124 (10.0) 6 (1.4) 27 (6.9) 91 (21.5)  
Only de novo coronary lesions§   60 (4.8) 16 (3.7) 27 (6.9) 17 (4.0) 0.07 
At least one CTO 83 (6.7) 8 (1.9) 17 (4.4) 58 (13.7) <0.01 
At least one bifurcation 337 (27.1) 39 (9.1) 107 (27.4) 191 (45.2) <0.01 
At least one bifurcation with side-
branch 

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

At least one in-stent restenosis 60 (4.8) 16 (3.7) 27 (6.9) 17 (4.0) 0.07 
At least one small-vessel 
(RVD<2.75mm) 

793 (63.8) 231 (53.7) 244 (62.6) 318 (75.2) <0.01 

At least one long lesion 
(length>27mm)  

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

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

Data are number (%) or mean (SD). BMI = body mass index. CAD = coronary artery disease. PCI = percutaneous coronary 

intervention. CABG = coronary artery bypass grafting. MI = myocardial infarction. CTO = chronic total occlusion. RVD = 

reference vessel diameter.; *assessed in 1064 patients; † chronic renal failure defined by serum creatinine level ≥ 130 µmol/L‡ left 

ventricular ejection fraction assessed with ultrasound, MRI or LV angiography; § including chronic total occlusion, but not grafts and 

in-stent restenosis 
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Figure 1. Venn diagram that illustrates the overlap and differences of the definitions of PMI 
according to the WHO and third universal definition. 

 
 
Table 2. Angiographic and procedural characteristics. 

 
Study 

population 
(N=1243) 

SxS <=7,0 
(N = 430) 

SxS >7,0 
and <15 

(N = 390) 

SxS ≥15 
(N = 423) 

p Value 

Target lesion coronary artery      
Left anterior descending 695 (55.9) 143 (33.3) 216 (55.4) 336 (79.4) <0.01 
Left circumflex 391 (31.5) 133 (30.9) 119 (30.5) 139 (32.9) 0.74 
Right coronary artery 453 (36.4) 181 (42.1) 151 (38.7) 121 (28.6) <0.01 
Left main  23 (1.9) 0 9 (2.3) 14 (3.3) <0.01 
Multivessel treatment 293 (23.6) 25 (5.8) 99 (25.4) 169 (40.0) <0.01 
Total lesions treated per patient     <0.01 
One lesion treated 762 (61.3) 370 (86.0) 221 (56.7) 171 (40.4)  
Two lesions treated 357 (28.7) 54 (12.6) 142 (36.4) 161 (38.1)  
Three of more lesions treated 124 (10.0) 6 (1.4) 27 (6.9) 91 (21.5)  
No of stents placed 2.02 (1.18) 1.38 (0.69) 2.00(0.97) 2.68 (1.38) <0.01 
ACC-AHA lesion class B2 or C lesion 
treated 

702 (56.5) 126 (29.3) 241 (61.8) 335 (79.2) <0.01 

At least one ostial lesion treated 113 (9.1) 28 (6.5) 51 (13.1) 34 (8.0) <0.01 
Preprocedural TIMI flow (grade 0-1) 99 (8.0) 24 (5.6) 35 (9.0) 40 (9.5) 0.08 
At least 1 lesion directly stented 414 (33.3) 196 (45.6) 124 (31.8) 94 (22.2) <0.01 
At least one stent postdilated  >18 atm  954 (76.7) 301 (70.0) 293 (75.1) 630 (85.1) <0.01 

Data are number (%) or mean (SD). ACC = American College of Cardiology; ACE = angiotensin-converting enzyme; AHA = 

American Heart Association; ARB = angiotensin receptor blockers; CTO = chronic total occlusion; DM = diabetes mellitus;  

RVD = reference vessel diameter; TIMI = thrombolysis in myocardial infarction. 

 

Causes of PMI 

The causes of PMI are shown table 5. According to the extended historical WHO definition, the 

cause of PMI was a vessel dissection in 20%,  sidebranch occlusion in 28%, no reflow in 16% 

and embolization/ or stent thrombosis in 6%. In 42%, no angiographic reason was found for the 

occurrence of WHO PMI. For PMI according to the third universal definition the cause of PMI 

was a vessel dissection in 19%, sidebranch occlusion in 52%, no reflow in 24% and 

embolization/ or stent thrombosis in 6%. In 18%, no angiographic reason was found for the 

occurrence of updated third definition of PMI. As shown certain causes were not statistically 

more prevalent in higher SYNTAX scores. 
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Table 3. Medication at discharge 

 
Study 

population 
(N=1243) 

SxS <=7,0 
(N = 430) 

SxS >7,0 and 
<15 

(N = 390) 

SxS ≥15 
(N = 
423) 

p Value 

Antiplatetelet therapy      
Acetylsalicylic acid  1233 (99.2) 426 (99.1) 387 (99.2) 420 (99.3) 0.93 
Clopidogrel  1243 (100) 430 (100) 390 (100) 423 (100) 1.00 
Other medication      
Statin  1061 (85.4) 369 (85.8) 339 (86.9) 353 (83.5) 0.36 
Βeta-blocker  1026 (82.5) 353 (82.1) 335 (85.9) 338 (79.9) 0.08 
ACE/ARB* 581 (46.7) 203 (47.2) 165 (42.3) 213 (50.4) 0.07 

Data are number (%). *ACE = Angiotensin-converting enzyme; ARB = angiotensin receptor blockers.   

 
Table 4. The incidence of PMI according to the extended historical WHO definition and 
third 
universal definition, stratified for SYNTAX score. 

 
Study 

population 
(N=1243) 

SxS <=7,0 
(N = 430) 

SxS >7,0 and 
<15 

(N = 390) 

SxS ≥15 
(N = 
423) 

p Value 

PMI (historical WHO definition) 50 (4.0) 7 (1.6) 12 (3.1) 31 (7.3) <0.001 
PMI (third universal definition)  88 (7.1) 16 (3.7) 30 (7.7) 42 (9.9) 0.002 

Data are number (%). 

 

Multivariate analysis 

Table 6 shows the complete results of the multivariate analysis. After multivariate analysis, 

adjusting for covariates, SYNTAX score was a significant independent predictor of PMI 

according to both definitions. Patients with the highest tertile of the SYNTAX score, compared 

to the lowest tertile, had an almost 5 times higher risk for PMI according to the historical WHO 

definition (adjusted OR 4.95, 95% CI: 2.13-11.52) and an almost 3 times higher risk according to 

the updated PMI definition (adjusted OR 2.84, 95% CI: 1.55-5.19) (Figure 2). On a continuous 

scale, SYNTAX score was also a significant independent predictor of PMI according to the 

extended historical WHO definition (adjusted OR 1.07, 95% CI:1.038-1.098, p<0.001)  and third 

universal definition (adjusted OR 1.04, 95% CI:1.014-1.063, p=0.002). When total stent length 

implanted was entered in the multivariate model (model 3) there was a trend that patients with 

the highest tertile of the SYNTAX score, compared to the lowest tertile had a higher risk of PMI 

according to the WHO definition( adjusted OR 2.51, 95% CI: 0.98-6.39, p= 0.054), but not for 

the third definition of MI, also total stent length implanted was significant correlate for both 

definitions of PMI. The full multivariate model with the SYNTAX score in it had a better 

correlation with PMI than the same model with SYNTAX score being replaced by the 

AHA/ACC lesion classification (-2 Log-likelihood of 407.6 versus 396.8). This suggests that the 

SYNTAX score is a better correlate of PMI. 

 

DISCUSSION 

 

Main Findings 

The SYNTAX score is an independent correlate of PMI according to both the extended 

historical WHO definition10 and the recently updated universal definition of MI.11 According to 

the historical WHO definition, patients with the highest tertile of the SYNTAX score, compared 

to the lowest tertile, had an almost 5 times higher risk for PMI (adjusted OR 4.95, [2.13-11.52]) 

and according the updated PMI definition, an almost 3 times higher risk (adjusted OR 2.84,[1.55-
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5.19]). Our data demonstrate that PCI patients with complex coronary artery disease have a 

higher PMI risk, and that the SYNTAX score correlated better to PMI better than the 

AHA/ACC lesion classification. The present substudy of the TWENTE trial shows that the 

SYNTAX score independently predicts PMI in a large clinical trial with randomized data, external 

adjudication and core laboratory analysed data. These results are consistent with the findings 

from van Gaal et al. who first described this relation in a registry.13 

 

Figure 1. Multivariate adjusted Odds Ratios of Syntax Score tertiles for PMI 
(A) 

 
(B) 

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

 

Syntax Score and PMI 

PMI is the most common adverse event after PCI and occurs in 5 to 30% of the procedures, 

depending on patient population, local practice of post-procedural assessment of cardiac markers, 

and the diagnostic criteria applied.14-17 Some studies have shown a relation between PMI and 

adverse outcome.4-6  In previous studies, the SYNTAX score has been shown to be associated 

with adverse long-term clinical outcome;6,12,18 however, there is limited data on the value of the 

SYNTAX score on periprocedural complications in a broad population of patients undergoing 

PCI. Van Gaal et al. previously assessed 100 patients with stable coronary artery disease and 

suggested, based on their findings in this relatively small population, that the SYNTAX score was 

associated with periprocedural necrosis.13 Farooq et al. recently reported in a post-hoc analysis of 

the SYNTAX trial that a higher SYNTAX score was associated with an increased risk of PMI in 
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827 patients undergoing PCI with first-generation DES (Taxus; Boston Scientific, Natick, MA) 

for severe (three-vessel or left main) coronary artery disease.6 Our study population differs 

significantly from both aforementioned studies as 10% of our patients had a history of previous 

CABG, 58% presented with acute coronary syndromes, and merely 24% underwent multi-vessel 

PCI.19 The findings of our present study extend current knowledge by showing that also in a 

broad population of contemporary PCI patients, treated with second-generation DES, a higher 

SYNTAX score is related to an increased PMI risk.   

 
Table 5. Causes of periprocedural myocardial infarction. 
Cause of WHO 
PMI 

Syntax Score 
<=7.0 

Syntax Score >7.0 
and <15 

Syntax Score ≥15 p Value 

Vessel dissection 1 (14.3) 3 (25) 6 (19.4) 0.88 
Sidebranch 
occlusion 

2 (28.6) 4(28.6) 8 (57.1) 0.90 

No reflow 0 (0) 1 (8.3) 7 (22.6) 0.33 
Embolization or 
stent thrombosis 

0 (0) 1 (8.3) 2 (6.5) 1.00 

No evident cause 4 (66) 6(50) 11 (35) 0.40 

Cause of third 
universal 
definition PMI 

Syntax Score 
<=7.0 

Syntax Score >7.0 
and <15 

Syntax Score ≥15 p Value 

Vessel dissection 2 (12.5) 5 (16.7) 10 (23.8) 0.63 
Sidebranch 
occlusion 

8 (50.0) 15(50.0) 23 (56.1) 0.85 

No reflow 4 (25.0) 6 (20.0) 11 (26.2) 0.80 
Embolization or 
stent thrombosis 

1 (6.3) 1 (3.3) 3 (7.1) 0.85 

No evident cause 3 (18.8) 8 (26.7) 5 (11.9) 0.25 

Data are number (% of all periprocedural myocardial infarctions).   

 

Risk factors of PMI are associated with the burden of atherosclerotic disease (i.e. multivessel 

disease, calcification) and lesion complexity (i.e. thrombus formation, lesion eccentricity).20,21 

These risk factors are also included in the SYNTAX score, which is a tool to assess the severity 

and complexity of coronary atherosclerotic disease burden. A higher SYNTAX score reflects 

more complex coronary artery disease, with longer lesions and/or smaller arteries which might 

result in higher risk for vessel dissection, sidebranch occlusion, no reflow or vessel occlusion 

causing a PMI. While numerically these causes occurred frequently in the highest SYNTAX 

tertile, no statistical difference was shown in the causes for PMI throughout the syntax tertiles 

which might be due to the low number of events. When the variable total stent length implanted 

was entered in the multivariate model the value of the SYNTAX score as correlate for PMI was 

diminished, while total stent length implanted was significantly correlated with PMI. Total stent 

length is known to be related to lesion length, and its relation with PMI may thus be explained by 

the same mechanisms as earlier mentioned. As the parameter lesion length is included in the 

SYNTAX score, co-linearity may also be the reasons that the value of the SYNTAX score was 

diminished when the variable total stent length was entered in a multivariate model.  

 

Definition of PMI 

Various clinical trials have applied different definitions of MI and PMI. In an attempt to 

standardise definitions, a Joint European Society of Cardiology, American College of Cardiology, 

American Heart Association, and World Health Foundation Task Force for the development of a 

Universal Definition of Myocardial Infarction has been established. With the development of 
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even more sensitive assays for markers of myocardial necrosis and new insights from recent 

studies, the universal definition of MI has recently been updated11 to make the definition more 

specific. In contrast to the second universal definition of MI, higher troponin values along with 

supplemental clinical information are now required in order to diagnose a PMI. In the present 

study, we used the extended historical WHO definition as well as the third universal definition of 

MI to assess a potential relation between SYNTAX score and PMI. This relation was shown for 

both definitions, indicating that the relation between SYNTAX score and PMI was not related to 

use of one particular definition only. Nevertheless, this relation was stronger for the WHO 

definition of MI, which uses a higher threshold for identifying PMI. While several previous 

studies showed a relation between PMI and short-term and long-term clinical outcome6,21, there is 

still an ongoing discussion on this issue as other studies showed no such relation.4,22,23  

 

Table 6: Univariate and multivariate analysis with both definitions of PMI. 

Clinical variable 
Odds Ratio 

(95%CI) 
WHO MI 

 

Odds Ratio (95% 
CI) 

Third definition 
MI 

 

Syntax score      
Low SYNTAX tertile (reference) Reference  Reference  
Mid SYNTAX tertile 1.92 (0.75-4.92) 0.18 2.16 (1.16-4.02) 0.02 
High SYNTAX 4.78 (2.08-10.98) <0.01 2.85 (1.58-5.16) <0.01 
Age  (yrs ) 1.01 (0.98-1.04) 0.59 1.00 (0.98-1.02) 1.00 
Female 1.31 (0.72-2.39) 0.37 0.94 (0.58-1.53) 0.81 
Body mass index (kg/m²)* 1.03 (0.96-1.11) 0.40 1.05 (0.99-1.11) 0.11 
Diabetes mellitus 1.33 (0.70-2.54) 0.39 0.89 (0.51-1.54) 0.68 
 Diabetes mellitus receiving insulin 2.18 (0.96-4.99) 0.07 0.93 (0.40-2.20) 0.87 
Chronic renal failure  † 0.77 (0.10-5.72) 0.77 0.87 (0.21-3.71) 0.85 
Arterial hypertension 1.11 (0.63-1.97) 0.72 0.83 (0.54-1.28) 0.39 
Hypercholesterolemia 1.19 (0.65-2.16) 0.58 1.04 (0.66-1.63) 0.88 
Current smoker 0.53 (0.25-1.14) 0.11 0.77 (0.45-1.30) 0.32 
Family history of CAD 0.77 (0.43-1.35) 0.36 1.00 (0.65-1.54) 0.98 
Peripheral artery disease 1.09 (0.39-3.11) 0.87 1.34 (0.62-2.87) 0.45 
Myocardial infarction (any) 1.23 (0.68-2.22) 0.49 1.48 (0.95-2.30) 0.09 
Previous PCI 1.23 (0.62-2.43) 0.56 1.12 (0.65-1.92) 0.69 
Clinical indication     
Stable angina pectoris Reference  Reference  
Unstable angina 0.71 (0.33-1.53) 0.38 1.07 (0.62-1.84) 0.82 
Non-ST-elevation MI 0.93 (0.48-1.77) 0.82 1.02 (0.61-1.70) 0.93 
Clinical indication: Acute coronary syndrome 0.83 (0.47-1.46) 0.52 1.04 (0.68-1.61) 0.85 
Left ventricular ejection fraction < 30%  ‡ 0.89 (0.12-6.76) 0.91 0.55 (0.07-4.11) 0.56 
Multivessel treatment 2.91 (1.63-5.16) <0.01 1.96 (1.24-3.09) <0.01 
Total no lesions treated per patient     
One lesion treated Reference  Reference  
Two lesions treated 2.77 (1.42-5.41) <0.01 1.75 (1.06-2.87) 0.03 
Three of more lesions treated 5.93 (2.82-12.50) <0.01 3.66 (2.05-6.54) <0.01 
Only de novo coronary lesions treated §   0.82 (0.19-3.43) 0.78 1.21 (0.47-3.09) 0.70 
At least one CTO treated 1.59 (0.61-4.12) 0.34 1.02 (0.43-2.42) 0.96 
At least one bifurcation treated 2.39 (1.35-4.22) <0.01 2.18 (1.40-3.39) <0.01 
At least one bifurcation with side-branch 
treated 

1.51 (0.76-3.00) 0.24 1.97 (1.19-3.25) <0.01 

At least one in-stent restenosis treated 0.82 (0.19-3.43) 0.78 1.21 (0.47-3.09) 0.70 
At least one small-vessel (RVD <2.75mm) 2.06 (1.05-4.07) 0.04 1.05 (0.67-1.65) 0.84 
At least one long lesion (length  > 27mm) 
treated 

2.91 (1.63-5.19) <0.01 2.60 (1.65-4.10) <0.01 

Glycoprotein IIb/IIIa antagonist use 4.43 (2.46-8.00) <0.01 5.60 (3.54-8.85) <0.01 
Stent type [Xience vs Resolute (ref)] 0.87 (0.49-1.53) 0.62 1.45 (0.94-2.25 0.10 
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Multivariate Model 1 

Clinical Variable 
adjusted Odds 
Ratio (95% CI) 

WHO MI 
 

adjusted Odds 
Ratio (95% CI) 
Third definition 

MI 

 

Syntax score      
Low SYNTAX tertile (reference) Reference  Reference  
Mid SYNTAX tertile 1.95 (0.76-5.01) 0.17 2.11 (1.13-3.94) 0.02 
High SYNTAX 4.80 (2.08-11.09) <0.01 2.74 (1.51-4.97) <0.01 
 Diabetes mellitus receiving insulin 2.23 (0.96-5.18) 0.06 0.94 (0.39-2.22) 0.88 
Myocardial infarction (any) 1.04 (0.57-1.90) 0.89 1.35 (0.86-2.11) 0.18 

 

Multivariate Model 2 

Clinical Variable 
adjusted Odds 
Ratio (95% CI) 

WHO MI 
 

adjusted Odds 
Ratio (95% CI) 
Third definition 

MI 

 

Syntax score      
Low SYNTAX tertile (reference) Reference    
Mid SYNTAX tertile 1.93 (0.75-4.98) 0.17 2.11 (1.13-3.94) 0.02 
High SYNTAX 4.95 (2.13-11.52) <0.01 2.84 (1.55-5.19) <0.01 
 Diabetes mellitus receiving insulin 1.30 (0.67-2.53) 0.43 1.06 (0.44-2.55) 0.89 
Myocardial infarction (any) 1.06 (0.56-2.01) 0.86 1.31 (0.81-2.13) 0.28 
Age  (yrs ) 1.00 (0.97-1.03) 0.86 0.99 (0.97-1.02) 0.54 
Female 1.37 (0.74-2.57) 0.32 1.02 (0.62-1.68) 0.95 
Stent type [Xience vs Resolute (ref)] 0.86 (0.49-1.54) 0.62 1.44 (0.92-2.24) 0.11 
Myocardial infarction (any) 1.06 (0.56-2.02) 0.86 1.31 (0.81-2.13) 0.28 
Previous PCI 1.34 (0.65-2.76) 0.43 1.06 (0.60-1.89) 0.84 
Chronic renal failure   0.60 (0.08-4.64) 0.63 0.82 (0.19-3.58) 0.79 

 

Multivariate Model 2 

Clinical Variable 
adjusted Odds 
Ratio (95% CI) 

WHO MI 
 

adjusted Odds 
Ratio (95% CI) 
Third definition 

MI 

 

Syntax score     
Low SYNTAX tertile (reference) Reference  Reference  
Mid SYNTAX tertile 1.42 (0.54-3.72) 0.48 1.43 (0.75-2.74) 0.27 
High SYNTAX 2.50( 0.98-6.37) 0.054 1.22 (0.61-2.42) 0.58 
Total stent length implanted 1.02 (1.01-1.03) <0.01 1.02 (1.02-1.03) <0.01 

Model 1 includes the SYNTAX score as well as clinical variables with an univariate association with PMI p < 0.10 and model 2 
includes variables with an univariate association with PMI p < 0.10 as well as the covariates presentation with acute coronary syndrome, 
age, sex, stent type, history of MI, history of PCI, and chronic renal failure. 

 

PMI with limited marker release may have no impact on the clinical course, which recently even 

triggered the suggestion of a new “clinically relevant” definition of PMI.24 

 

Implications 

Preprocedural assessment of the SYNTAX score could help to identify patients at an increased 

risk of PMI, which might then trigger preventive measures. In patients with particularly high risk 

of PMI, pre-treatment with drugs that have anti-inflammatory and/or antithrombotic properties 

might be considered, such as high-dose or early initiation of statin therapy25,26, administration of a 

glycoprotein IIb/IIIa antagonist27,28, and perhaps even the initiation of pharmacologic treatment 

for glycemic control in patients with not previously recognised diabetes mellitus.29 
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Limitations 

This substudy of the TWENTE trial is limited by its post-hoc nature, and the findings should be 

considered as hypothesis generating only. Patients undergoing primary PCI were not included in 

the TWENTE trial. No data on residual SYNTAX score were available in this study.  

 

Impact on daily clinical practice 

Several studies have shown a relation between periprocedural myocardial infarction and an 

unfavourable outcome. The Syntax Score may be a useful tool for risk stratification for a 

periprocedural myocardial infarction and preprocedural assessment of the Syntax Score could 

help to identify patients at an increased risk of PMI, which might trigger preventive measures. 

 

CONCLUSION 

 

In a broad population of patients treated with second-generation DES, the Syntax Score was able 

to stratify the risk of periprocedural myocardial infarction according to both WHO and the third 

universal definition of myocardial infarction. 
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ABSTRACT 

 

Background: Patients with previous coronary artery bypass grafting (CABG) who underwent 

percutaneous coronary intervention (PCI) have an increased repeat revascularization rate, but 

data on contemporary second-generation drug-eluting stents (DES) are scarce. 

 

Methods: We evaluated 1-year clinical outcome following secondary revascularization by PCI in 

patients of the TWENTE trial and non-enrolled TWENTE registry, and compared patients with 

previous CABG versus patients without previous CABG. 

 

Results: Of all 1709 consecutive patients, 202 (11.8%) had previously undergone CABG (on 

average 11.2 ± 8.5 years ago). CABG patients were older (68.5 ± 9.4 years vs. 64.1 ± 10.7 years, 

P < 0.001) and more often had diabetes (28.7% vs. 20.9%, P = 0.01) and previous PCI (40.1% 

vs. 19.8%, P < 0.001) compared to patients without previous CABG. Nevertheless, a higher 

target vessel revascularization (TVR) rate following PCI in the CABG patients (9.4% vs. 2.3%, P 

< 0.001) was the only significant difference in clinical outcome at 1-year follow-up (available for 

99.6%). Among CABG patients, the TVR rate was significantly higher in patients treated for graft 

lesions (n = 65; 95.4% in vein grafts) than in patients treated for native coronary lesions only (n 

= 137) (18.5% vs. 5.1%, P = 0.002). Among 1638 patients with PCI of native coronary lesions 

only, there was only a non-significant difference in TVR between patients with previous CABG 

versus patients without previous CABG (5.1% vs. 2.3%, P = 0.08). 

 

Conclusions: Patients with previous CABG showed a favorable safety profile after PCI with 

second-generation DES. Nevertheless, their TVR rate was still much higher, driven by more 

repeat revascularizations after PCI of degenerated vein grafts. In native coronary lesions, there 

was no such difference. 
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INTRODUCTION 

 

In patients with previous coronary artery bypass graft surgery (CABG), progression of 

atherosclerosis and degeneration of bypass grafts may lead to secondary revascularizations — in 

the majority of patients by means of percutaneous coronary intervention (PCI)1,2. So far, most 

PCI studies with comprehensive assessment of patients with a history of CABG were performed 

in the era of bare metal and early generation drug-eluting stents (DES)3-5, while only limited data 

are available from second-generation DES. Second-generation DES with more bio-compatible 

coatings have been shown to be safe and efficacious in several randomized clinical trials with 

limited exclusion criteria. An example of such a trial is the randomized TWENTE trial, which 

studied a broad population of patients undergoing PCI with second-generation DES6. In parallel 

with the randomized TWENTE trial, we performed a registry which assessed patients who also 

underwent PCI with second-generation DES and were eligible for enrollment in the randomized 

trial but were not enrolled for various reasons7. The pooled population of the randomized trial 

and the non-enrolled registry represent a consecutive series of patients with stable angina or non-

ST-elevation myocardial infarction (MI) who underwent a PCI at Thoraxcentrum Twente during 

a period of 26 months. A total of 11% of patients of the TWENTE trial and 17% of the non-

enrolled TWENTE registry had a history of CABG. 

In the present study, we analyzed the pooled population of the TWENTE trial and non-enrolled 

TWENTE registry to assess the impact of previous CABG on individual clinical endpoints 

following PCI with second-generation DES. In addition, we investigated the potential impact of 

lesion location (i.e. in bypass graft versus native coronary artery) on clinical outcome. 

 

METHODS 

 

Study design and patient population 

We performed a pooled analysis of the prospective TWENTE trial and TWENTE non-enrolled 

registry. We analyzed 1709 consecutive patients, undergoing PCI with second-generation DES 

for stable angina or non-ST-elevation acute coronary syndromes (Non-ST-ACS) at 

Thoraxcentrum Twente in Enschede, The Netherlands. Patients were treated between June 2008 

and August 2010. To compare baseline characteristics and clinical outcome between patients with 

previous CABG versus patients without previous CABG, the patient population was sub-divided, 

based on history of CABG. Details of the randomized TWENTE trial have previously been 

reported6. In brief, TWENTE (ClinicalTrials.gov NCT01066650) is a randomized, prospective, 

controlled, patient-blinded DES trial, comparing Resolute ZES and Xience V EES stents after 

1:1 randomization in 1391 patients. Patients with stable angina or non-ST-ACS were eligible, and 

few exclusion criteria were applied6. The non-enrolled TWENTE registry has also been reported 

in detail; it included 318 eligible patients who were not enrolled during the course of the 

randomized TWENTE trial7. 

 

Intervention, medication, electrocardiography, and laboratory testing 

Five experienced interventional cardiologists, of whom each had individual experience of at least 

4000 PCI procedures as a first operator, performed all PCI procedures by the use of standard 

techniques. Pharmacological therapy before, during, and after PCI as well as systematic 

laboratory testing and ECG assessment have previously been described and did not differ 
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between the TWENTE trial and TWENTE non-enrolled registry6. Angiographic analyses were 

performed offline at Thoraxcentrum Twente. 

 

Definitions of clinical endpoints 

Definitions of clinical endpoints have been fully described in the main report on the randomized 

TWENTE trial6. In general, the definitions of the Academic Research Consortium (ARC) were 

applied8,9. Cardiac death was defined as any death due to proximate cardiac cause, unwitnessed 

death and death of unknown cause, and all procedure-related deaths, including those related to 

concomitant treatment. Myocardial infarction (MI) was defined by any creatine kinase 

concentration of more than twice the upper limit of normal with elevated confirmatory cardiac 

biomarkers9. Further classification and location of MI have been previously described6. Target 

vessel-related MI was related to the target vessel or could not be related to another vessel. Target 

vessel and target lesion revascularization (TVR and TLR) were defined as any repeat coronary 

revascularization of the target vessel or target lesion by re-PCI or surgery. Stent thrombosis was 

defined according to ARC8. 

 

Data acquisition and follow-up 

In-hospital adverse events were recorded prior to discharge. One-year follow-up data after PCI 

of all patients were obtained at visits in outpatient clinics or, if not feasible, by telephone follow-

up or questionnaire. For any event trigger, all clinical information available from the referring 

cardiologist, general practitioner, and hospital involved was gathered. The adjudication of adverse 

clinical events was performed by an independent CRO (Cardialysis, Rotterdam, The 

Netherlands). 

 

Statistical analysis 

Data analysis was performed with the Statistical Package for Social Sciences (SPSS; version 17, 

SPSS Inc., Chicago, IL). Data were reported as frequencies and percentages for dichotomous and 

categorical variables and as mean ± standard deviation for continuous variables. The chi-square 

test and the Fisher's exact test were used to compare frequencies as appropriate. The Student's t-

test was used to compare normally distributed continuous variables. The Kaplan–Meier method 

was used to calculate the time to clinical endpoints and the Log-rank test was used to compare 

between-group differences. A two-sided P value <0.05 was considered statistically significant. 

 

RESULTS 

 

Characteristics of patients, lesion, and PCI procedures 

Of all 1709 patients, 202 (11.8%) had a history of CABG (Table 1). These patients were older 

(68.5 ± 9.4 vs. 64.1 ± 10.7 years), more often males (79.7% vs. 71.1%), and suffered more often 

from diabetes (28.7% vs. 20.9%), chronic renal failure (6.4% vs. 3.1%), and heart failure (6.9% vs. 

3.2%) than patients without a history of CABG. In addition, patients with previous CABG had 

more often a history of MI (40.6% vs. 33.5%) and PCI (40.1% vs. 19.8%). Despite the – on 

average – higher cardiovascular risk profile, patients with previous CABG were more often 

treated for stable angina, rather than for acute coronary syndromes (55.0% vs. 47.4%; Table 1).  
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Table 1: Characteristics of patients and procedures.  

 Patients with 
CABG in history 

(N=202) 

Patients with no 
CABG in history 

(N=1507) 

p value 

Age  (yrs ) 68.5 ±9.4 64.1±10.7 0.000 
Men 161 (79.7) 1072 (71.1) 0.011 
Diabetes mellitus (any) 58 (28.7) 315 (20.9) 0.012 
Chronic renal failure * 13 (6.4) 46 (3.1) 0.013 
Arterial hypertension 113 (55.9) 845 (56.1) 0.972 
Hypercholesterolemia 143/199 (71.9) 853/1476 (57.8) 0.000 
Current smoker 22 (10.9) 388 (25.7) 0.000 
Family history of CAD 108/181 (59.7) 734/1403 (52.3) 0.062 
Myocardial infarction (any) 82 (40.6) 505 (33.5) 0.046 
Previous PCI 81 (40.1) 299 (19.8) 0.000 
Clinical characteristic   0.023 
   Stable angina pectoris 111 (55.0) 714 (47.4)  
   Acute coronary syndrome 91 (45.0) 793 (52.6)  
      Unstable angina 51 (25.2) 358 (23.8)  
      Non-ST-elevation MI 40 (19.8) 435 (28.9)  
      Left ventricular ejection 
fraction<30%† 

10/144 (6.9) 35/1106 (3.2) 0.022 

Multivessel treatment 52 (25.7) 345 (22.9) 0.368 
Total no lesions treated per patient   0.381 
   One lesion treated 133 ( 65.8) 927 (61.5)  
   Two lesions treated 49 (24.3) 436 (28.9)  
   Three of more lesions treated 20 (9.9) 144 (9.6)  
At least one CTO 12 (5.9) 111 (7.4) 0.462 
At least one bifurcation 36 (17.8) 409 (27.1) 0.005 
At least one in-stent restenosis 23 (11.4) 89 (5.9) 0.003 
Postdilatation  177 (87.6) 1323 (87.8) 0.946 
Target coronary artery    
   Left main© 35 (17.3) 34 (2.3) 0.000 
   Left anterior descending 35 (17.3) 835 (55.4) 0.000 
   Left circumflex 60 (29.7) 461 (30.6) 0.797 
   Right coronary artery 66 (32.7) 550 (36.5) 0.288 
   Bypass graft 65 (32.2) - 0.000 
ACC-AHA lesion class §   0.003 
   A 5 (2.5) 70 (4.6)  
   B1 22 (10.9) 240 (15.9)  
   B2 49 (24.3) 463 (30.7)  
   C 126 (62.4) 734 (48.7)  
Medication at discharge    
   Statine 180/201 (89.6) 1279/1485 (86.1) 0.182 
   Ace-inhibitor 63/201 (31.3) 425/1486 (28.6) 0.421 
   Beta-blocker 164/201 (81.6) 1219/1484 (82.1) 0.848 
   Acetylsalicylic acid 199 (98.5) 1486 (98.6) 0.757 
   Thienopyridine 199 (98.5) 1497/1505 (99.5) 0.132 
   DAPT 196 (97.0) 1479 (98.1) 0.281 

Medication at 1-year§ N=142 N=1216  

   Acetylsalicylic acid 130 (91.5) 1133 (93.2) 0.473 
   Thienopyridine   <0.001 
       Stopped after 1 year 118 (83.1) 1130 (92.9)  
       Less than 1 year 4 (2.8) 17 (1.4)  
       Continued after 1 year 20 (14.1) 69 (5.7)  
   Dual anti-platelet therapy   <0.001 
      Stopped after 1 year 109 (76.8) 1062 (87.3)  
      Less than 1 year 15 (10.6) 99 (8.1)  
      Continued after 1 year 18 (12.7) 55 (4.5)  

Data are number (%) or mean (SD). CAD=coronary artery disease. PCI=percutaneous coronary intervention. CABG=coronary 
artery bypass grafting. MI=myocardial infarction. CTO=chronic total occlusion. *Chronic renal failure was defined by serum creatinine 
level ≥130 µmol/L. †Left ventricular ejection fraction was assessed with ultrasound, MRI or LV angiography. ©2/35 PCI in left 
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main stems were performed for unprotected left main disease. §Based on data from the randomized TWENTE trial. No data are 
available for patients from the non-enrolled TWENTE registry.  

 

At discharge, patients with previous CABG did not differ from patients without previous CABG 

in use of statins (90% vs. 86%, P = 0.18), ACE inhibitors (31% vs. 29%, P = 0.42), beta blockers 

(82% vs. 82%, P = 0.85), acetylsalicylic acid (99% vs. 99%, P = 0.76), and thienopyridine (99% 

vs. 99.5%, P = 0.13) (Table 1). Patients with previous CABG versus patients without history of 

previous CABG differed in several lesion characteristics and procedural details (Table 1), 

including more index PCI for in-stent restenosis (11.4% vs. 5.9%) and type C lesions (62.4% vs. 

48.7%) a difference that was mainly related to bypass graft lesions. Patients with previous CABG 

less often underwent PCI of lesions in left anterior descending coronary arteries (17.3% vs. 

55.4%). Of the 202 patients with previous CABG, 65 (32.2%) patients were treated for at least 

one lesion in a bypass graft, of which 62 (95.4%) were located in saphenous vein grafts and 3 

(4.6%) in arterial grafts. PCI was performed on average 11.2 ± 8.5 years after CABG. Time 

between CABG and PCI differed significantly between patients treated for bypass lesions versus 

native coronary lesions only (9.6 ± 8.6 vs. 14.3 ± 7.5 months, P < 0.001). Fig. 1 shows the 

distribution of patients in time intervals from CABG to index PCI for 65 patients with PCI in 

graft lesions versus 132 patients with PCI in native coronary lesions only. 

 
Figure 1. PCI per time interval from CABG to index PCI in patients with previous CABG. 

 
The distribution of patients in time intervals from CABG to index PCI for the two patient groups (65 patients with PCI in graft lesions 
vs. 132 patients with PCI in native coronary lesions only). Analysis based on 197/202 patients with knowledge of exact time interval. 
Among the 17 pts. who underwent PCI in native coronary vessels during 0–1 year from previous CABG, 9 were treated in grafted and 
8 in ungrafted coronary arteries. 
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Clinical outcome 

One-year follow-up was available in 1703 (99.6%) patients. Table 2 shows the clinical outcome of 

patients with previous CABG versus patients without previous CABG. The only difference was a 

higher TVR rate in patients with previous CABG (9.4% vs. 2.3%, P < 0.001) (Fig. 2A) and 

explains the significantly higher rate of dual anti-platelet therapy continuation beyond 12 months 

(12.7% vs. 4.5%, P < 0.001) in these patients. Table 3 presents the outcome of the 202 patients 

with previous CABG; it shows that the TVR rate was much higher in 65 patients who were 

treated for bypass graft lesions than in the 137 patients who were treated for native coronary 

lesions only (18.5% vs. 5.1%, p = 0.002) ( Fig. 2B). As shown in Table 4, among 1638 patients 

who underwent PCI for the treatment of native coronary lesions only (irrespective of a history of 

CABG), there was a non-significant difference in TVR between patients with previous CABG 

versus patients without previous CABG (5.1% vs. 2.3%, P = 0.08).  

 
 

Table 2:  Clinical endpoints at 1-year follow-up of patients with versus without previous CABG.  

 Patients with CABG 
in history 
(N=202) 

Patients without 
CABG in history 

(N=1.501) 

p value 

Death    
Any cause 7 (3.5) 29 (1.9) 0.185 
Cardiac cause 5 (2.5) 17 (1.1) 0.171 
Target vessel-related MI     
Any 13 (6.4) 66 (4.4) 0.196 
Clinically indicated TVR    
Any 19 (9.4) 35 (2.3) <0.001 
Percutaneous  18 (8.9) 27 (1.8) <0.001 
Surgical 1 (0.5) 8(0.5) 1.0 
Clinically indicated TLR    
Any 13 (6.4) 25 (1.7) <0.001 
Percutaneous 13 (6.4) 18 (1.2) <0.001 
Surgical 0 7 (0.5 1.0 
Definite ST (0-360 days) 0 4 (0.3) 1.0 
Probable ST (0-360 days) 3 (1.5) 8 (0.5) 0.133 
ST (0-360 days)    
Possible 3 (1.5) 6 (0.4) 0.080 
Definite or probable 3 (1.5) 12 (0.8) 0.408 
Definite, probable or possible 6 (3.0) 18 (1.2) 0.056 

Data are number of patients (%). MI=myocardial infarction. TVR=target vessel revascularization. TLR=target  lesion 
revascularization. ST=stent thrombosis 

 

DISCUSSION 

 

Major findings 

In this pooled analysis of 1709 consecutive patients of the prospective TWENTE trial and the 

TWENTE non-enrolled registry, patients with previous CABG had a 4-fold higher 1-year risk of 

TVR after PCI than patients without previous CABG. Differences in the incidence of cardiac 

death, target vessel-related MI, and stent thrombosis showed the same trend, but were non-

significant. Within patients who underwent PCI for native coronary lesions only, there also 

appeared to be a difference in TVR rate between patients with previous CABG versus patients 

without previous CABG, which was almost significant. Among patients with previous CABG, 

the TVR rate was 3.5-fold higher in patients treated for target lesions in bypass grafts. Thus, the 

increased TVR risk of patients with prior CABG is mainly related to PCI performed in vein 

grafts. 



Chapter 10 | PCI Outcome After Previous CABG 

104 

 

 
Table 3. Clinical outcome at 1-year of CABG patients treated for graft lesions versus native 
coronary lesions only. 

 Graft lesions 
(N=65) 

Native vessels only 
(N=137) 

p Value 

Death    
Any cause 3 (4.6) 4 (2.9) 0.538 
Cardiac cause 1 (1.5) 4 (2.9) 0.555 
Target vessel-related MI     
Any 6 (9.2) 7 (5.1) 0.265 
Clinically indicated TVR    
Any 12 (18.5) 7 (5.1) 0.002 
Percutaneous  12 (18.5) 6 (4.4) 0.001 
Surgical 0 1 (0.7) 0.490 
Clinically indicated TLR    
Any 10 (15.4) 3 (2.2) <0.001 
Percutaneous 10 (15.4) 3 (2.2) <0.001 
Surgical - - - 
Probable ST (0-360 days) 1 (1.5) 2 (1.5) 0.966 
ST (0-360 days)    
Possible - 3 (2.2) 0.229 
Definite, probable or possible 1 (1.5) 5 (3.6) 0.409 

Data are number of patients (%). MI=myocardial infarction. TVR=target vessel revascularization. TLR=target lesion 
revascularization. ST=stent thrombosis.  

 

Comparison with previous studies 

In the present study, 11.8% of patients had a previous CABG (on average 11.2 years before PCI), 

which is similar to or higher than several randomized DES trials where 7% to 11.5% had prior 

CABG procedures. 10-14 During the last decades, there has been an increase in patients with 

previous CABG, who ultimately required additional coronary revascularization procedures. Some 

factors may have contributed to this development. For instance, the aging of populations with a 

western lifestyle has increased the likelihood of developing very advanced stages of coronary 

disease and graft failure.1 In addition, coronary revascularization techniques have been spread 

over time, leading to a substantial increase in the accessibility of coronary revascularization 

procedures.15 Angiographic studies have shown that 10 years from CABG approximately 75% of 

vein grafts are occluded or severely diseased.16,17 The attrition of vein grafts with the formation of 

intimal hyperplasia is promoted by the exposure of the thin-walled conduit to the higher and 

pulsatile pressure in the systemic circulation,18 the compliance mismatch between vein graft and 

native coronary arteries, and early endothelial damage along suture lines or due to intraoperative 

handling of vein graft material. Migration of vascular smooth muscle cells, sustained collagen 

proliferation, and lipid deposition result in the accelerated formation of more friable 

atherosclerotic plaques.19 While there are several similarities in the predisposing factors and the 

general process of atheroma formation between vein graft and native coronary atheromas, vein 

graft atheromas are more diffuse and concentric, less calcified, and often have poorly developed 

or absent fibrous caps.19,20 As a consequence of the higher friability of the lesions, PCI in vein 

grafts are associated with a higher risk of plaque embolization, no-reflow during PCI, and TVR, 

as compared to PCI in native coronary arteries.21,22 

PCIs of arterial grafts are more rare and are generally required after a shorter time interval from 

CABG, as arterial graft lesions are often the result of neo-intimal hyperplasia secondary to a 

vascular trauma during the preparation of a graft or anastomosis.15 In addition, the proximal 

segments of grafted native coronary arteries (i.e. proximal to the anastomosis) often show an 

increased disease progression as a result of the reduced flow through these segments.23,24 On the 
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other hand, as a result of a general progression of atherosclerosis in the native coronary 

vasculature, native vessels may develop significant lesions distal to the anastomosis of a graft.15 In 

our present study, patients with STEMI were not assessed, as this subset of PCI patients was not 

considered for enrollment in the TWENTE trial.6 However, the rate of STEMI patients with 

previous CABG is relatively low.25 In a large US registry, for instance, only 6% of STEMI 

patients had a previous CABG; and in the randomized APEX-AMI trial 2.2% of all 5,745 STEMI 

patients had a history of CABG. STEMI patients with previous CABG were older and had more 

comorbidities (e.g. more diabetes), which may have contributed to a higher mortality (12% vs. 

5%, P < 0.001; in APEX-AMI trial).26 

 
Figure 2. Target vessel revascularization during follow-up of 1 year. 

 
Kaplan–Meier cumulative incidence curves at 1-year for target vessel revascularization for patients with versus without prior CABG 
(A), Kaplan–Meier cumulative incidence curves at 1-year for target vessel revascularization for patients with prior CABG treated for 
graft lesions versus lesions in native coronary vessels only (B) 
 

The mortality of STEMI patients with CABG was particularly high if the culprit vessel was a 

bypass graft rather than a native coronary artery (19% vs. 6%, P = 0.03).26 The majority of our 

patients with previous CABG underwent PCI for target lesions in native coronary arteries (68%) 

rather than bypass grafts (32%). This relation is quite similar to that of other studies, in which 

patients with previous CABG underwent PCI in 56% to 63% for treatment of lesions in native 

coronary arteries.3,4,27,28 In a study among 91 consecutive patients with previous CABG who were 
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treated by PCI with BMS or first-generation DES, a repeat revascularization rate of 10.9% was 

found.3 Despite the use of second-generation DES in our present study, we still found a TVR 

rate of 9.4%. 

 
Table 4: Clinical outcome after 1 year of patients treated for lesions in native coronary vessels 
only, comparing patients with versus without previous CABG. 

 Native vessels CABG 
(N=137) 

Native vessels non-
CABG (N=1501) 

p Value 

Death    
Any cause 4 (2.9) 29 (1.9) 0.350 
Cardiac cause 4 (2.9) 17 (1.1) 0.092 
Target vessel-related MI     
Any 7 (5.1) 66 (4.4) 0.665 
Clinically indicated TVR    
Any 7 (5.1) 35 (2.3) 0.080 
Percutaneous  6 (4.4) 27 (1.8) 0.052 
Surgical 1(0.7) 8 (0.5) 0.545 
Clinically indicated TLR    
Any 3 (2.2) 25 (1.7) 0.504 
Percutaneous 3(2.2) 18 (1.2) 0.412 
Surgical - 7 (0.5) 1.000 
Probable ST (0-360 days) 2 (2.2) 8 (0.5) 0.201 
ST (0-360 days)    
Possible 3(2.2) 6 (0.4) 0.033 
Definite, probable or possible 5(3.6) 18 (1.2) 0.037 

Data are number of patients (%). MI=myocardial infarction. TVR=target vessel revascularization. TLR=target lesion 
revascularization. ST=stent thrombosis. 

 

In another study, 161 patients with previous CABG who were treated between September 2005 

and April 2008 with PCI using BMS or DES were analyzed. In that study, a higher incidence of 

TVR was the only difference in individual clinical endpoints between patients treated for graft 

versus native coronary lesions (15.0% vs. 4.9%, after mean follow-up of 13 months).4 In addition, 

previous studies have demonstrated a clinical benefit of PCI with DES versus BMS in vein 

grafts.21 Our data show that, despite the use of contemporary second-generation DES with 

biocompatible durable coatings, the discrepancy in TVR between patients treated for graft lesions 

versus native coronary lesions remained similar (19% vs. 5%, at 1-year follow-up). Data from the 

large National Cardiovascular Data Registry Cath PCI Registry have shown that the in-hospital 

mortality was higher in patients with previous CABG if they were treated for graft lesions (OR: 

1.22, 95% CI: 1.12–1.32, P < 0.001).27 However, CABG with arterial grafting was associated with 

lower rates of major adverse cardiac events.29 

 

Clinical implications 

If a secondary revascularization is required in patients with previous CABG, many patients prefer 

to undergo a PCI rather than a redo-CABG,30 as the redo-CABG is associated with a higher 

mortality than the initial CABG.31 Our data confirm that PCI with contemporary DES is feasible 

and safe in patients with previous CABG. But despite the use of modern DES, PCI of bypass 

graft lesions is still associated with a much higher TVR rate. Therefore, if PCI of both native 

coronary and corresponding graft lesions is feasible with a similar resource utilization and chance 

of lesion success, a thorough heart team discussion on clinical risk may help to choose the most 

appropriate therapeutic strategy. 
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Study limitations 

Because of its post hoc nature, the results of the present study should be considered hypothesis 

generating. The TWENTE trial as well as the non-enrolled TWENTE registry assessed patients 

with limited exclusion criteria but no acute STEMI; therefore, our results may not be 

extrapolated to the setting of STEMI.6,7 In addition, follow-up of this pooled patient population 

is limited to 1 year.32 A longer-term follow-up may be of interest to assess potential differences in 

long-term mortality and morbidity between patients with previous CABG versus patients without 

previous CABG. 

 

CONCLUSIONS 

 

Patients with previous CABG were older and had a higher prevalence of diabetes, but the safety 

profile of PCI with contemporary second-generation DES was favourable in this group of 

patients. Nevertheless, their overall TVR rate was still higher than that of patients without a 

history of CABG, and it was driven by a higher TVR rate in degenerated vein grafts. Following 

PCI of native coronary arteries, there was no significant difference between patients with 

previous CABG versus patients without previous CABG. 
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ABSTRACT 

 

Background: Third-generation, permanent-polymer-based drug-eluting stents with novel, 

flexible designs might be more easily delivered than previous generations of stents in complex 

coronary lesions, but might be less longitudinally stable. We aimed to assess the safety and 

efficacy in all-comer patients of two third-generation stents that are often used clinically, but that 

have not yet been compared, and one of which has not previously been assessed in a randomised 

trial. 

 

Methods: In this investigator-initiated, single-blind, multicentre, randomised, two-arm, non-

inferiority trial, patients aged 18 years and older who required a percutaneous coronary 

intervention with implantation of a drug-eluting stent were recruited from four study sites in the 

Netherlands. We randomly assigned patients by independently managed computer-generated 

allocation sequences in a 1:1 ratio to receive either cobalt-chromium-based zotarolimus-eluting 

stents (Resolute Integrity, Medtronic, Santa Rosa, CA, USA) or platinum-chromium-based 

everolimus-eluting stents (Promus Element, Boston Scientific, Natick, MA, USA). Patients and 

analysts were masked to the allocated stent, but treating clinicians were not. The primary 

endpoint of target-vessel failure was a composite of safety (cardiac death or target-vessel-related 

myocardial infarction) and efficacy (target-vessel revascularisation) at 12 months, analysed by 

intention to treat (with a non-inferiority margin of 3·6%). This trial is registered with 

ClinicalTrials.gov, number NCT01331707. 

 

Findings: Between Nov 25, 2010, and May 24, 2012, 1811 eligible all-comer patients, with 2371 

target lesions, were enrolled in the study. 370 (20%) patients presented with ST-elevation 

myocardial infarction and 447 (25%) with non-ST-elevation myocardial infarction. 906 patients 

were assigned to receive zotarolimus-eluting stents and 905 to receive everolimus-eluting stents. 

Ease of stent delivery was shown by very low numbers of patients requiring treatment other than 

their assigned study treatment (six [1%] in the zotarolimus-eluting stent group vs five [1%] in the 

everolimus-eluting stent group; p=0·22). 12-month follow-up results were available for 1810 

patients (one patient in the zotarolimus-eluting stent group withdrew consent). The primary 

endpoint was met by 55 (6%) of 905 patients in the zotarolimus-eluting stent group and 47 (5%) 

of 905 in the everolimus-eluting stent group. The zotarolimus-eluting stent was non-inferior to 

the everolimus-eluting stent (absolute risk difference 0·88%, 95% CI −1·24% to 3·01%; upper 

limit of one-sided 95% CI 2·69%; non-inferiority p=0·006). We noted no significant between-

group differences in individual components of the primary endpoint. Definite stent thrombosis 

occurred in three (0·3%) patients in the zotarolimus-eluting stent group and six (0·7%) patients 

in the everolimus-eluting stent group (p=0·34). Longitudinal stent deformation was seen only in 

the everolimus-eluting stent group (nine [1·0%] of 905 vs 0 of 906, p=0·002; nine of 1591 [0·6%] 

everolimus-eluting stents implanted became deformed), but was not associated with any adverse 

events. 

  

Interpretation: Both stents were similarly efficacious and safe, and provided excellent clinical 

outcomes, especially in view of the large number of patients who presented with acute myocardial 

infarctions. 

 

Funding: Boston Scientific and Medtronic. 
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INTRODUCTION 

 

Drug-eluting stents that counteract the development of restenosis by delivering antiproliferative 

drugs from polymer-based coatings have revolutionised the percutaneous treatment of 

obstructive coronary artery disease.1,2 First-generation durable-polymer drug-eluting stents were 

made from bare-metal stent platforms with little flexibility and fairly plain permanent-polymer 

coatings, which were associated with an increased risk of late and very late stent thrombosis.3,4 

Second-generation drug-eluting stents with durable coatings that were more biocompatible than 

those of first-generation stents were then developed. These newer stents showed superior safety 

profiles in various clinical settings.5-9 

Most recently, third-generation, durable-polymer-based drug-eluting stents were developed to 

answer the demand for more flexible and highly deliverable devices that can tackle very 

challenging coronary lesion and vessel anatomies, as are increasingly encountered in ageing 

western patient populations. Although the coatings of these stents contain the same established 

drug and durable polymer combinations as their second-generation counterparts, the design and 

material of their bare-metal stent platforms have been changed substantially.10-14 However, such 

changes might have the trade-off of reducing longitudinal stent stability,15-16 which would account 

for the occurrence of longitudinal stent deformation that has been reported after contact between 

deployed stents and guiding catheters, balloon catheters, or other catheter-based devices.16-19 Data 

so far reported about the incidence and clinical significance of longitudinal stent deformation 

have been conflicting.16-19 

A cobalt-chromium-based zotarolimus-eluting stent, made from a single sinusoidal-formed wire 

(Resolute Integrity, Medtronic, Santa Rosa, CA, USA), and a laser-cut platinum-chromium-based 

everolimus-eluting stent (Promus Element, Boston Scientific, Natick, MA, USA), are two such 

third-generation drug-eluting stents.11-14 Although clinical outcome data for the use of the Promus 

Element stent in patients with mild-to-moderate clinical risk have been reported,11,19 no such data 

are available for the Resolute Integrity stent. We aimed to compare clinical outcomes from the 

use of these two third-generation drug-eluting stents in a broad population of all-comer patients. 

 

METHODS 

 

Study design and patients 

We undertook a randomised trial entitled DUrable polymer-based sTent CHallenge of Promus 

ElemEnt versus ReSolute integrity (DUTCH PEERS): randomized multicenter trial in all comers 

population Treated Within Eastern NeThErlands II (TWENTE II) at four Dutch centres 

(Thoraxcentrum Twente, Medisch Spectrum Twente, Enschede; Rijnstate Hospital, Arnhem; Scheper 

Hospital, Emmen; and Medisch Centrum Alkmaar, Alkmaar). In this investigator-initiated, single-blind, 

multicentre, randomised, two-arm, non-inferiority trial,10 all-comer patients aged 18 years and 

older, who were capable of providing informed consent and who required a percutaneous 

coronary intervention with implantation of a drug-eluting stent, were randomly assigned for 

treatment with one of the two study stents. All coronary syndromes, de-novo and restenotic 

lesions, and coronary artery or bypass stenoses were permitted (with no limit for lesion length, 

reference size, or number of lesions or diseased vessels). Exclusion criteria were: participation in 

another randomised study for a drug or medical device that had not reached its primary endpoint; 

planned surgery within the next 6 months, unless dual antiplatelet therapy was maintained; 

known intolerance to a P2Y12 receptor antagonist that would prevent adherence to dual 
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antiplatelet therapy, or intolerance to aspirin, heparin, or components of drug-eluting stents; 

known pregnancy; and life expectancy of less than 1 year. The study complied with the 

CONSORT 2010 statement20 and the Declaration of Helsinki, and was approved by the 

independent Medical Ethics Committee Twente and the institutional review boards of all 

participating centres. All patients provided written informed consent. 

 

Randomisation and masking 

After guide wire passage (or predilation), patients were randomly assigned in blocks of eight and 

four in random order by a computer program (block stratified randomisation 5.0, by S 

Piantadosi). Patients were assigned in a 1:1 ratio to one of the drug-eluting stents. Patients and all 

analysts were masked to the allocated stent, but treating clinicians were not. The random 

allocation was implemented by use of sequentially numbered, opaque, sealed envelopes. 

 

Procedures  

The third-generation cobalt-chromium-based zotarolimus-eluting Resolute Integrity stent uses a 

novel, open-cell stent design for increased flexibility and deliverability.13,14 The stent platform is 

made from a single, sinusoidal-formed, helically wrapped, locally laser-fused wire (strut thickness 

91 μm).13 It is covered by a 6 μm layer of coating that consists of zotarolimus and the BioLinx 

polymer system, which have been efficacious in the second-generation Resolute stent 

(Medtronic).7,8,21 Zotarolimus-eluting stents were available with stent diameters of 2·25–4·0 mm 

and lengths of 8–38 mm. The platinum-chromium alloy-based stent platform (minimum strut 

thickness 81 μm) of the third-generation everolimus-eluting Promus Element stent has a novel, 

laser-cut, open-cell stent design, consisting of short serpentine rings connected by helically 

distributed links.11,12 The stent, which was designed for improved deliverability and visibility (ie, 

radiopacity), is covered by a 7 μm everolimus-eluting fluoropolymer coating that has been 

efficacious in the second-generation cobalt-chromium-based everolimus-eluting Xience 

V/Promus stent (Xience V, Abbott Vascular Devices, Santa Clara, CA, USA; Promus, Boston 

Scientific, Natick, MA, USA).5,8 Everolimus-eluting stents were available in diameters of 2·25–4·0 

mm and lengths of 8–38 mm. 

Interventions were done with standard techniques. Lesion predilation, use of glycoprotein 

IIb/IIIa receptor antagonists, direct stenting, and stent post-dilation were left to the operator's 

discretion. Staged procedures with allocated stents were allowed within 6 weeks. Concomitant 

drugs did not differ from routine treatment; further medical treatment was provided in 

accordance with medical guidelines and the physician's judgment.10 Generally, dual antiplatelet 

therapy was prescribed for 1 year after stent insertion. 

Electrocardiographs (ECGs) were systematically assessed before and after the intervention, 

before discharge, and at suspicion of ischaemia, and were recommended at 12-month follow-up. 

Laboratory tests included systematic assessment of cardiac markers after the intervention, and 

subsequent serial measurements in the case of relevant raised markers or chest pain. In patients 

with acute coronary syndromes, cardiac markers were also assessed before the intervention.10 

Angiographic analysts at Thoraxcentrum Twente, who were masked to the assigned stent type, 

did subsequent quantitative coronary angiography for study participants from all centres in 

accordance with present standards, using QAngio XA 7.2 (Medis, Leiden, Netherlands). 

Operators were requested to report any evident or suspected longitudinal stent deformation, 

which was defined as distortion or shortening of an implanted stent in the longitudinal axis after 

initially successful deployment.16,17, 18 On angiography, longitudinal stent deformation was 
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identified as a localised change in radiopacity pattern of a stent that occurred between initial 

deployment and the end of the procedure, after manipulations with the guiding catheter, or after 

the use of further catheter-based devices (eg, an attempt to recross a deployed stent with a 

balloon catheter, imaging catheter, or another stent). The angiograms of all patients were 

reviewed for stent deformation by an analyst, who was masked to reported longitudinal stent 

deformation and allocated stent type. Measurement of stent length, both final (ie, after 

completion of the interventional procedure) and immediately after deployment, and calculation 

of the post-deployment stent length ratio (final stent length divided by stent length after 

deployment) were done for cases in which longitudinal stent deformation was noted by the 

operator or identified by the analyst.19 

Clinical endpoints were defined as proposed by the Academic Research Consortium, including 

the addendum on myocardial infarction.10,22,23 The prespecified composite primary endpoint of 

target-vessel failure assessed both device efficacy and patient safety at 12 months and was 

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

target-vessel revascularisation (components listed in hierarchical order by importance). Death was 

regarded as cardiac unless an unequivocal non-cardiac cause could be established. Myocardial 

infarction was defined by a creatine kinase concentration of more than double the upper limit of 

normal with raised confirmatory cardiac biomarkers.23 A target-vessel-related myocardial 

infarction was related to the target vessel or could not be related to another vessel; further 

classification could be based on laboratory, ECG, angiographic, or clinical data.10,23 

Revascularisation procedures were regarded as clinically indicated (ie, there was sufficient 

objective evidence of a clinically significant lesion) if the angiographic diameter stenosis of the 

then treated lesion was 50% or more in the presence of ischaemic signs or symptoms, or if the 

diameter stenosis was 70% or more irrespective of ischaemic signs or symptoms.23 

Prespecified secondary endpoints included: the separate components of the primary endpoint; all-

cause mortality; any myocardial infarction; clinically indicated target-lesion revascularisation; and 

stent thrombosis.10,23 Prespecified secondary composite endpoints (components in hierarchical 

order of importance) were: a composite of target-lesion failure, consisting of cardiac death, 

target-vessel-related myocardial infarction, and clinically indicated target-lesion revascularisation; 

a composite of major adverse cardiac events, consisting of all-cause mortality, any myocardial 

infarction, emergent coronary bypass surgery, and clinically indicated target-lesion 

revascularisation; and a more comprehensive patient-oriented composite, consisting of all-cause 

mortality, any myocardial infarction, and any coronary revascularisation. A final residual diameter 

stenosis of less than 50% was defined as device success if achieved with assigned study stents 

only, lesion success if achieved with any approach, and procedure success if achieved without in-

hospital major adverse cardiac events. We also did a post-hoc exploratory subgroup analysis of 

the primary endpoint, in line with previous trials.7,8,21 

The 12-month clinical follow-up data were obtained at visits to outpatient clinics or, if not 

feasible, by telephone follow-up, a medical questionnaire, or both (with staff masked to assigned 

study stents). The contract research organisation (CRO) Cardio Research Enschede (Enschede, 

Netherlands) coordinated trial and data management, and the regular safety data were reported to 

the Medical Ethics Committee Twente. The CRO Diagram (Zwolle, Netherlands) did the data 

monitoring, which consisted of: informed consent and type and size of stent (all patients); all 

potential clinical events reported by investigators or patients (all event triggers); and further in-

depth monitoring of all demographic, procedural, and clinical outcome data (at random in 10% 

of patients). The CRO Cardialysis (Rotterdam, Netherlands) did the processing of clinical 
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outcome data and clinical event adjudication. The clinical event committee in Rotterdam, which 

was masked to the assigned treatment, adjudicated all clinical endpoints, with the only exception 

being the secondary endpoint of non-target-vessel revascularisation, which was adjudicated by 

Cardio Research Enschede. Members of the clinical event committee are listed at the end of the 

report. 

 

Statistical analysis  

The main outcome was the difference in primary endpoint at 12 months between patients 

assigned to treatment with zotarolimus-eluting or everolimus-eluting stents, analysed by the χ2 

test with at least 80% power to detect non-inferiority at a one-sided type I error of 0·05.24 We 

applied a non-inferiority margin of 3·6%, with the expectation of 10% events (on the basis of 

results from the RESOLUTE All Comers trial7). With a maximum loss to follow-up of 3%, a 

minimum of 1788 patients was needed. All analyses were based on the intention-to-treat 

principle. We also did a per-protocol analysis of the primary endpoint. Categorical variables were 

assessed with the χ2 test, whereas continuous variables were assessed with the Student's t test or 

the Wilcoxon rank-sum test, as appropriate. The time to primary endpoint and the components 

thereof were assessed by Kaplan-Meier analysis;25 the log-rank test was applied to compare 

groups. We calculated relative risk using the log-binomial method and hazard ratios (HRs) using 

Cox proportional hazards regression analysis. To account for intra-patient correlation (due to 

inter-lesion dependence), we did an additional lesion-based analysis using the generalised 

estimating equation method. We used logistic regression to test for interaction between 

subgroups and stent type with respect to the primary endpoint. A p value of less than 0·05 was 

regarded as significant. All p values and CIs were two-sided, except those for non-inferiority 

testing of the primary endpoint. After non-inferiority was assessed, we calculated regular two-

sided 95% CIs and two-sided p values to allow conventional interpretation of results (as for 

superiority trial design). Since it is unnecessary to compare baseline characteristics statistically in 

randomised trials,26 we do not report individual p values for these data. We used SPSS 15.0 

(SPSS, Chicago, IL, USA) and SAS 9.2 (SAS Institute, Cary, NC, USA) for all statistical analyses. 

This trial is registered with ClinicalTrials.gov, number NCT01331707. 

 

Role of the funding source 

The sponsors of this study had no role in the development of the study design, data collection 

and monitoring, data analysis and interpretation, or writing of the report. They had no access to 

the clinical trial database. The authors had full access to all study data. The corresponding author 

had final responsibility for the decision to submit for publication. 

 

RESULTS 

 

Between Nov 25, 2010, and May 24, 2012, 1811 eligible all-comer patients, aged 21–91 years, 

with 2371 target lesions, were enrolled and randomly assigned to treatment with third-generation 

zotarolimus-eluting Resolute Integrity stents (906 patients, 1205 lesions) or everolimus-eluting 

Promus Element stents (905 patients, 1166 lesions; figure 1). One patient from the zotarolimus-

eluting stent group withdrew consent after 1 day; therefore, baseline data and interventional 

results are reported for 1811 patients and follow-up results for 1810 patients. We obtained 12-

month follow-up data for all 1810 remaining trial participants, which were used for clinical 

endpoint analysis.  
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Figure 1. Trial profile 

 
*Total number of patients at the four study centres who had percutaneous coronary intervention with use of drug-eluting stents during the 
study enrolment period, irrespective of inclusion and exclusion criteria. †No reliable data are available for the reasons why eligible 
patients were not enrolled. 

 

We recorded no significant differences in baseline patient and preprocedural lesion characteristics 

between the study groups (table 1 and table 2). Patients often presented with ST-elevation or 

non-ST-elevation myocardial infarction, which contributed to the overall high proportion of 

acute coronary syndromes at presentation (1062 patients [59%]). Most patients (1068 [59%]) were 

treated for at least one lesion in a small vessel, and many patients underwent treatment for 

bifurcation lesions (table 1).  
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Table 1.  Baseline characteristics of patients  

 
Zotarolimus-eluting stent  

(906 patients) 
Everolimus-eluting stent  

(905 patients) 

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

De novo coronary lesions only‖ 817 (90·2) 810 (89·5) 

At least one chronic total occlusion 38 (4·2) 38 (4·2) 
At least one bifurcation 244 (26·9) 221 (24·4) 
At least one bifurcation with main vessel stenting 
only  

186 (20·5) 174 (19·2) 

At least one bifurcation with main vessel and side 
branch stenting 

54 (6·0) 36 (4·0) 

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

Data are number (%) or median (IQR). Baseline patient characteristics did not differ significantly between treatment arms; p values 
were >0·10, except for clinical syndrome at presentation (p=0.07), bifurcation with main and side branch stenting (p=0·052), and 
severe calcification (p=0·052).RVD=reference vessel diameter. *Data from 721 patients in the zotarolimus-eluting stent group and 
703 patients in the everolimus-eluting stent group. † Chronic renal failure defined by serum creatinine level ≥130 µmol/L. ‡Data from 
903 patients in the zotarolimus-eluting stent group and 905 patients in the everolimus-eluting stent group. §Data from 903 patients in 
the zotarolimus-eluting stent group and 902 patients in the everolimus-eluting stent group. ¶Left ventricular ejection fraction assessed 
with ultrasound, MRI, or left ventricular angiography and data out of 900 patients in the zotarolimus-eluting stent group and 903 

patients in the everolimus-eluting stent group. ‖Including chronic total occlusion, but not grafts or in-stent restenosis. 

 

Of all coronary lesions, most (1558 [66%]) were complex, with lesion class B2 or C, and many 

lesions had severe plaque calcification (table 2). More than 99% of patients were successfully 

treated with the assigned study stents only, across both groups (table 3); the proportion of 

patients with deviation from the assigned treatment was low and similar for both groups (six [1%] 

of 906 patients in the zotarolimus-eluting stent group vs. five [1%] of 905 patients in the 

everolimus-eluting stent group; p=0•76; figure 1). Stenting without predilation (direct stenting) 

was done in 678 (29%) of the 2371 lesions (table 3). The frequency of stent post-dilation was 

high and differed between lesions treated with zotarolimus-eluting and everolimus-eluting stents 

(table 3). We recorded no significant difference between groups for any of the other procedure-

related parameters (table 3). An additional lesion-based analysis of procedural details and results 
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(with analyses corrected for intra-patient correlation with generalised estimating equations) did 

not change the overall findings (appendix I). At coronary intervention, 521 (29%) patients were 

treated with a glycoprotein IIb/IIIa antagonist (table 1), whereas only two patients (<1%) were 

treated with bivalirudin. At discharge, most (1790 [99%] of 1810) patients were treated with an 

antiplatelet therapy that included clopidogrel and aspirin; only three patients (<1%) received 

ticagrelor and 18 (1%) received prasugrel. 

 
Table 2 Baseline characteristics of target lesions  

 Zotarolimus-eluting stent 
(1205 lesions) 

Everolimus-eluting stent 
(1166 lesions) 

Left main stem 19 (1·6) 21 (1·8) 
Left anterior descending artery 493 (40·9) 469 (40·2) 
Left circumflex artery 304 (25·2) 280 (24·0) 
Right coronary artery 378 (31·4) 379 (32·5) 
Bypass graft 30 (2·5) 35 (3·0) 
ACC/AHA lesion class:   
   A 73 (6·1) 70 (6·0) 
   B1 339 (28·1) 331 (28·4) 
   B2 432 (35·9) 412 (35·3) 
   C 361 (30·0) 353 (30·3) 
De novo lesion║ 1147 (95·2) 1103 (94·6) 
Chronic total occlusion 38 (3·2) 39 (3·3) 
In stent restenosis 28 (2·3) 28 (2·4) 
Aorta-ostial lesion 59 (4·9) 65 (5·6) 
Severe calcification 221 (18·3) 251 (21·5) 
Bifurcated lesion 282 (23·4) 249 (21·4) 
Thrombus present ** 165 (13·7) 174 (14·9) 
Total occlusion 167 (13·9) 153 (13·1) 
Lesion length (mm)  13·63 (9·58-20·41) 13·46 (9·56-20·68) 
Diameter of reference vessel (mm)  2·64 (2·25-3·06) 2·66 (2·27-3·07) 
Minimum lumen diameter (mm)  0·88 (0·63-1·18) 0·88 (0·61-1·23) 
Lumen diameter stenosis (%)  65·25 (53·83-75·84) 64·48 (53·92-76·17) 
Preprocedural TIMI flow grade:   
   0 175 (14·5) 155 (13·3) 
   1 40 (3·3) 39 (3·3) 
   2 128 (10·6) 125 (10·7) 
   3 862 (71·5) 847 (72·6) 

Data are n (%) or median (IQR). Baseline patient characteristics did not differ significantly between treatment arms; p values were 
greater than 0·10, apart from those for clinical syndrome at presentation (p=0·07) and bifurcation with main-vessel and side-branch 
stenting (p=0·052). RVD=reference vessel diameter. 
* Data from 721 patients in the zotarolimus-eluting stent group and 703 patients in the everolimus-eluting stent group. 
† Chronic renal failure defined by serum creatinine level ≥130 μmol/L. 
‡ Data from 903 patients in the zotarolimus-eluting stent group and 905 patients in the everolimus-eluting stent group. 
§ Data from 903 patients in the zotarolimus-eluting stent group and 902 patients in the everolimus-eluting stent group. 
¶ Left ventricular ejection fraction assessed with ultrasound, MRI, or left ventricular angiography; data from 900 patients in the 
zotarolimus-eluting stent group and 903 patients in the everolimus-eluting stent group. 
║Including chronic total occlusion, but not grafts or in-stent restenosis. 

 

Table  4  shows  clinical  outcome  at  12  months.  The primary  endpoint  of  target-vessel  

failure  was  met  by 55  (6%)  of  905  patients  in  zotarolimus-eluting  stent group  and  47  

(5%)  of  905  patients  in  the  everolimus-eluting  stent  group.  The  zotarolimus-eluting  

Resolute Integrity   stent   was   non-inferior   to   the   everolimus-eluting  Promus  Element  

stent,  with  an  absolute  risk difference  of  0•88%  (95%  CI  −1•24  to  3•01)  and  an upper  

limit  of  the  one-sided  95%  CI  of  2•69%  (non-inferiority  p=0•006).  We  noted  no  

significant  between-group   differences   in   individual   components   of   the primary endpoint 
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(Figure 2) or in the secondary clinical endpoints  (table  4).  HRs  (with  95%  CIs)  and  log-rank 

p values for the clinical outcomes at 1 year are reported in  the  appendix  (II). 

 
Table 3 Interventional procedure and results  

 Zotarolimus-eluting 
stent 

(1205 lesions) 

Everolimus-eluting 
stent 

(1166 lesions) 

p 
value 

 

Implantation of assigned stents only 1195 (99·2) 1161 (99·6) 0·22 
Number of stents per patient * 1·80 (1·08) 1·76 (1·10) 0·41 
Number of stents per lesion 1·35 (0·68) 1·36 (0·70) 0·70 
Total stent length per patient (mm) *   30 (18-50) 28 (20-48) 0·64 
Total stent length per lesion (mm) 22 (18-36) 24 (16-38) 0·10 
Maximum nominal stent diameter  
per lesion (mm) † 

3·00 (2·50-3·50) 3·00 (2·50-3·50) 0·09 

Direct stenting 352 (29·2) 326 (28·0) 0·50 
Stent postdilation 887 (73·6) 920 (78·9) 0·002 
Device success ‡ 1194 (99·1) 1158 (99·3) 0·54 
Lesion success §  1203 (99·8) 1162 (99·7) 0·39 
Procedure success * ¶ 884 (97·6) 890 (98·3) 0·25 
Post-procedure minimum lumen diameter 
(mm)† 

2·22 (1·80-2·64) 2·15 (1·78-2·58) 0·06 

Post-procedure minimum lumen diameter 
stenosis (%) † 

15·07 (10·58-21·17) 15·73 (10·86-21·63) 0·24 

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

Data are mean (SD), median (IQR), or n (%). 
* Data are per patient (906 patients in the zotarolimus-eluting stent group and 905 patients in the everolimus-eluting stent group). 
† Data from 1204 lesions in the zotarolimus-eluting stent group and 1165 lesions in the everolimus-eluting stent group. 
‡ Device success was defined as the attainment at the target site of a final residual diameter stenosis of less than 50% with only the 
assigned study device. 
§ Lesion success was defined as the attainment at the target site of a final residual diameter stenosis of less than 50% by any 
percutaneous method. 
¶ Procedure success was defined as the attainment at the target site of a final residual diameter stenosis of less than 50%, together with 
the absence of any in-hospital major adverse cardiac events. 
 

An exploratory subgroup analysis revealed no significant between-group difference in the primary 

endpoint across the various subgroups (appendix III). In both stent groups, frequencies of 

definite and definite-or-probable stent thrombosis were low (table 4). No definite stent 

thrombosis occurred beyond 3 months after stenting. Figure 3 shows the time-to-event curve of 

definite-or-probable stent thrombosis and information about corresponding clinical events. 

Longitudinal stent deformation during the index procedure was seen only in patients assigned to 

treatment with everolimus-eluting stents (nine [1·0%] of 905 vs 0 of 906 patients; p=0·002). With 

respect to the number of stents implanted, nine (0·6%) of 1591 everolimus-eluting stents became 

deformed. However, none of the patients with longitudinal stent deformation had any adverse 

clinical events as a result ( appendix IV). 

To account for the possibility that deviation from the assigned stent might have affected the 

primary outcome, we also did a per-protocol analysis of the primary endpoint, which gave a 

similar result to the intention-to-treat analysis. The primary endpoint of target-vessel failure was 

met by 53 (6%) of 899 patients treated with zotarolimus-eluting stents and 45 (5%) of 900 

patients treated with everolimus-eluting stents. The zotarolimus-eluting stent remained non-

inferior, with an absolute risk difference of 0·90% (95% CI −1·20 to 3·00) and an upper limit of 

the one-sided 95% CI of 2·66% (non-inferiority p=0·006). 
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Table 4 Interventional procedure and results  

 
Total 

(1810 pt) 
ZES 

(905 pt) 
EES 

(905 pt) 
Relative Risk 

(95% CI) 

p 
valu

e 

Primary endpoint target vessel failure * 102 (5·6) 55 (6·1) 47 (5·2) 1·17 (0·80-1·71) 0·42 
Death      
 Any cause 34 (1·9) 22 (2·4) 12 (1·3) 1·83 (0·91-3·68) 0·08 
  Cardiac cause 25 (1·4) 15 (1·7) 10 (1·1) 1·50 (0·67-3·32) 0·31 
  Non-cardiac cause 9 (0·5) 7 (0·8) 2 (0·2) 3·50 (0·73-16·80) 0.18 
Target vessel-related myocardial infarction       
Any 32  (1·8) 20 (2·2) 12 (1·3) 1·67 (0·82-3·39) 0·15 
 Q-wave 5 (0·3) 3 (0·3) 2 (0·2) 1·50 (0·25-8·96) 0·65 
 Non-Q-wave 27 (1·5) 17 (1·9) 10 (1·1) 1·70 (0·78-3·69) 0·18 
 Periprocedural (<48h from index procedure) 30 (1·7) 19 (2·1) 11 (1·2) 1·74 (0·83-3·61) 0·14 
 Non-periprocedural (>48h from index 
procedure) 

2 (0·1) 1 (0·1) 1 (0·1) 1·00 (0·06-15·96) 1·00 

Target vessel revascularizatio, any 53 (2·9) 26 (2·9) 27 (3·0) 0·96 (0·57-1·64) 0·89 
Target vessel revascularization, clinically 
indicated 

50 (2·8) 24 (2·7) 26 (2·9) 0·92 (0·53-1·60) 0·77 

Target lesion revascularization, clinically 
indicated 

40 (2·2) 20 (2·2) 20 (2·2) 1·00 (0·54-1·85) 1·00 

Death from cardiac cause or target vessel-
related myocardial infarction  

56 (3·1) 34 (3·8) 22 (2·4) 1·55 (0·91-2·62) 0·10 

Target lesion failure † 92 (5·1) 51 (5·6) 41 (4·5) 1·24 (0·83-1·86) 0·29 
Major adverse cardiac events ‡ 102 (5·6) 58 (6·4) 44 (4·9) 1·32 (0·90-1·93) 0·15 
Patient-oriented composite endpoint § 156 (8·6) 84 (9·3) 72 (8·0) 1·17 (0·86-1·58) 0·32 
Stent thrombosis (0-360 days)      
 Definite, any (0-360 days) 9 (0·5) 3 (0·3) 6 (0·7) 0·50 (0·13-2·00) 0·51 
  Definite, acute (0-1 day) 3 (0·2) 2 (0·2) 1 (0·1) 2·00 (0·18-22·02) 0·56 
  Definite, subacute (2-30 days) 3 (0·2) 0 3 (0·3) <0·001 0·08 
  Definite, late (31-360 days) 3(0·2) 1 (0·1) 2 (0·2) 0·50 (0·05-5·50) 0·56 
 Definite or probable, any (0-360 days) 13 (0·7) 5 (0·6) 8 (0·9) 0·63 (0·21-1·90) 0·40 
 Possible, any (0-360 days) 14 (0·8) 8 (0·9) 6 (0·7) 1·33 (0·50-3·83) 0·59 
 Definite, probable, or possible, any (0-360 
days) 

27 (1·5) 13 (1·4) 14 (1·5) 0·93 (0·44-1·96) 0·85 

Data are n (%), unless otherwise indicated. 
* The primary endpoint of target-vessel failure is a composite of cardiac death, target-vessel-related myocardial 
infarction, and clinically indicated target-vessel revascularisation. 
† Target-lesion failure is a composite of cardiac death, target-vessel-related myocardial infarction, and clinically 
indicated target-lesion revascularisation. 
‡ Major adverse cardiac events is a composite of all-cause death, any myocardial infarction, emergent coronary-
artery bypass surgery, and clinically indicated target-lesion revascularisation. 
§ The patient-oriented composite endpoint is a composite of all-cause death, any myocardial infarction, and any 
revascularisation. 

 

DISCUSSION 

 

DUTCH PEERS is the first randomised comparison of the third-generation zotarolimus-eluting 

Resolute Integrity and everolimus-eluting Promus Element stents. It is also the first trial ever to 

investigate the Resolute Integrity stent. In this all-comer patient population, no significant 

difference was seen between stent groups in the primary endpoint of target-vessel failure at 12-

month follow-up. As a result, the zotarolimus-eluting Resolute Integrity stent met the criterion of 

non-inferiority compared with the everolimus-eluting Promus Element stent (panel). No 

significant differences were seen in the individual components of the primary endpoint (cardiac 

death, target-vessel-related myocardial infarction, and clinically indicated target-vessel 

revascularisation). Stent thrombosis was rare in both groups, and no definite stent thrombosis 

occurred beyond 3 months from stenting. Clinical outcomes were excellent for both stent groups, 
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especially in view of the large proportion of patients with complex lesions and acute myocardial 

infarction at presentation.  

 
Figure 2. Kaplan-Meier cumulative event curves for the primary combined safety and efficacy 
endpoint and its individual components at 12 months. 

 
*The primary endpoint of target-vessel failure is a composite of cardiac death, target-vessel-related myocardial infarction, and clinically 
indicated target-vessel revascularisation. 

 

Our findings showed favourable event rates in a population in which most patients had advanced 

cardiovascular disease. Therefore, these data might serve as an important reference for future 

stent trials. Our study assessed many patients with increased clinical, lesion-related, or procedural 

risk. The proportions of patients with acute coronary syndrome and, in particular, ST-elevation 

myocardial infarction, were among the highest of all randomised, multicentre trials of drug-

eluting stents in an all-comers population.7,19,27,28,29 The proportions of patients with complex type 

B2 or C coronary lesions and bifurcation lesions were also high compared with other 

trials.6,7,8,19,28,29 Very few patients deviated from their assigned stents in this trial, which suggests 

excellent deliverability and similar feasibility for both devices. In fact, deviation from the assigned 

stents was much higher in the permanent-polymer-based drug-eluting stent groups of various 

other randomised trials, such as TWENTE,8 RESOLUTE All Comers,7 COMPARE II,30 and 

LEADERS,27 across which treatment of 1·6–5·3% of patients deviated from the assigned stents. 

Up to now, the third-generation Promus Element stent has only been compared with second-

generation drug-eluting stents.11,19 In the PLATINUM trial,11 which enrolled patients at low-to-

moderate risk of adverse cardiovascular events, the Promus Element stent was shown to be non-

inferior to the second-generation cobalt-chromium-based everolimus-eluting Xience V/Promus 
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stent, and only a small proportion of patients (4·2%) met the target-vessel-related composite 

endpoint.11 Our findings show excellent results for the Promus Element stent in an all-comers 

population with a much higher risk profile than that of the PLATINUM trial. 

The HOST-ASSURE trial19 has compared the Promus Element stent with the second-generation 

zotarolimus-eluting Resolute stent in an all-comers population in South Korea (patients with a 

reference vessel diameter less than 2·5 mm or heart failure were excluded). The investigators 

attributed the very low frequencies of clinical endpoints to the excellent device characteristics and 

generally lower clinical event frequencies in east Asian populations.19 DUTCH PEERS provides 

the first randomised assessment of Promus Element stents in an all-comer population of 

European patients. Besides this difference in ethnic background, the patient population of 

DUTCH PEERS differed from the HOST-ASSURE patients in its much higher proportion of 

acute ST-elevation myocardial infarctions at presentation (20% vs 11%), treatment of more 

complex target lesions (class B2 or C, 66% vs 51%), and treatment of more lesions in small 

vessels (by not excluding patients with a reference vessel diameter of less than 2·5 mm). Only a 

small-scale, first-in-man study has reported data for the bare-metal stent platform that is used in 

the third-generation zotarolimus-eluting Resolute Integrity stent.14 Our trial is the first clinical 

study to investigate this particular stent, and has shown it to have a favourable outcome in a 

broad patient population. The frequencies of target-vessel-related composite endpoint events and 

the number of definite stent thromboses were much lower than reported for its second-

generation counterpart in the randomised TWENTE8 and RESOLUTE All Comers7 trials 

(target-vessel-related composite endpoint: 6·1% vs 8·2–9·0%; definite stent thromboses: 0·3% vs 

0·6–1·2%). 

A potential trade-off of the novel, flexible designs of third-generation drug-eluting stents might 

be a reduced longitudinal stability.15,16 Since the introduction of the Promus Element stent, 

longitudinal stent deformation has been reported much more frequently.18 Retrospective 

analyses16,17 have shown longitudinal deformation to occur at a frequency of 0·3–0·9% per 

Promus Element stent implanted, although such deformations are associated with a mostly 

benign clinical course. In the HOST-ASSURE trial,19 longitudinal deformation of the Promus 

Element stent was noted in seven (0·2%) of 2938 patients, but was not associated with future 

adverse events.19 In our study, visually assessed longitudinal stent deformation was noted only in 

the everolimus-eluting Promus Element stents, with a frequency of 0·6% per stent implanted, but 

without clinical sequelae. Quantitative coronary angiographic assessment of longitudinal stent 

deformation was not done systematically, but was restricted to cases with visually determined 

stent deformation. Investigators of two previous studies19,32 did systematic, quantitative, coronary 

angiography-derived measurement of post-deployment stent length compared with the nominal 

stent length and showed the absence of a systematic shortening of this stent platform. The 

excellent radiographic visibility of the Promus Element stent might have contributed to the more 

frequent recognition of longitudinal stent deformation and the slightly higher frequency of stent 

post-dilation compared with the Resolute Integrity stent. Although the use of the highly device-

oriented composite of target-lesion failure has been advocated as primary endpoint,22 DUTCH 

PEERS used the composite of target-vessel failure.10 Target-vessel failure is also very appropriate 

and has been used as primary endpoint by other trials of drug-eluting stents in all-comers.27-29 

Both composite endpoints have advantages and disadvantages. Target-lesion failure includes only 

target-vessel revascularisations for lesions inside the original target-lesion segment, whereas 

target-vessel failure also includes revascularisation procedures for lesions at other sites of the 

target-vessel (ie, inside and outside the target-lesion segment). Target-vessel failure, therefore, 
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avoids the sometimes difficult discussion about whether the target lesion segment is touched by a 

stenosis or restenosis, or not. Additionally, target-vessel failure would cover the progression of 

lesions that are initially not clinically significant to stenoses that require interventional treatment, 

which might sometimes be caused by the intracoronary use of a bulky device.  

 
Figure 3. Cumulative incidence of definite or probable stent thrombosis 

 
Symbols indicate the hierarchically most important adverse events associated with stent thromboses. Dark grey symbols signify definite stent 
thromboses, of which none were fatal. Light-gray symbols signify probable stent thromboses. In patients treated with zotarolimus-eluting 
stents, only one late, definite stent thrombosis occurred in a patient who was not on dual antiplatelet therapy. In patients treated with 
everolimus-eluting stents, beyond 3 months no definite and only one probable stent thrombosis occurred; the one probable case was related 
to a minor myocardial infarction (clinically significant increase in cardiac troponin concentration, but no clinically significant increase in 
creatine kinase concentration). Dual antiplatelet therapy consisted of aspirin (≥80 mg daily) and an adequate dose of a P2Y12 receptor 
antagonist (usually clopidogrel 75 mg daily). Reasons for not being on dual antiplatelet therapy were: clopidogrel was stopped without 
substitution because of a novel allergic reaction (myocardial infarction on day 12); non-compliance to the prescribed drug treatment 
(myocardial infarction on day 58); and per-protocol cessation of aspirin after 1 month of dual antiplatelet therapy because of chronic oral 
anticoagulation therapy (target-vessel revascularisation on day 79). 

 

Our trial has some limitations. The lower-than-expected frequencies of primary endpoint events 

affect the robustness of the results, particularly the results of the post-hoc subgroup analysis. 

When designing the DUTCH PEERS trial, we assumed that the tested devices would have an 

event risk that was in the range of their second-generation counterparts tested in the 

RESOLUTE All Comers trial,7 and that enrolment of more patients with ST-elevation 

myocardial infarction (who have an inherently increased risk of adverse outcome) would slightly 

increase the frequency of events. However, although we succeeded in enrolling more patients 

with ST-elevation myocardial infarction than did the RESOLUTE All Comers trial,7 event 

frequencies were lower. Underreporting of events in our study is very unlikely, in view of the 
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systematic post-procedural assessment, the complete 12-month follow-up, and the independent 

monitoring used. 

Other randomised trials of stents in all-comers19,30 have also had low event frequencies, 

suggesting that our findings are actually more representative of the present outcomes of 

percutaneous coronary interventions than of those from when the trial was designed. 

Nevertheless, even with a more conservative non-inferiority margin of 2·7% (to compensate for 

the lower-than-expected event frequency), the primary outcome of non-inferiority of the 

Resolute Integrity stent compared with the Promus Element stent was unchanged. A one-sided α 

of 0·05, which is also used by other trials of drug-eluting stents in all-comers,7,29,30 is less 

conservative in establishing non-inferiority of two treatments, but the use of a one-sided α of 

0·025 would not have had an effect on the outcome of our study (ie, the upper limit of the 

97·5% CI of the difference is 3·01%, which is below our prespecified non-inferiority margin). 

Two final issues should also be mentioned, relating to our subgroup analysis of the primary 

endpoint and the definition of third-generation drug-eluting stents used. On the first point, 

because the subgroup analysis done for the primary endpoint of target-vessel failure was not 

prespecified, we applied subgroup definitions from previous trials7,8 to avoid a subjective post-

hoc selection. On the second, although the term third-generation drug-eluting stents is 

sometimes used for a broader spectrum of novel stents, we have used the term to refer 

specifically to the more flexible, highly deliverable durable-polymer stents that followed the 

second-generation durable-polymer stents.  

 

CONCLUSION 

 

In conclusion, both stents were similarly efficacious and safe, and provided excellent clinical 

outcomes, especially in view of the large number of patients who presented with acute myocardial 

infarctions. 
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PANEL: RESEARCH IN CONTEXT 

Systematic review 

We searched PubMed for reports with an abstract in English published up to Aug 26, 2013, 

and checked the listings of the EuroPCR, Transcatheter Cardiovascular Therapeutics, and 

American College of Cardiology conferences (from 2009 onwards) for reports of randomised 

trials that compared the zotarolimus-eluting Resolute Integrity stent or the everolimus-eluting 

Promus Element stent with another drug-eluting stent. We used as search terms “coronary” 

and “stent” in combination with one or more of “zotarolimus”, “everolimus”, “Resolute 

Integrity”, “Promus Element”, “platinum”, “randomised”, and “randomized”. The third-

generation Resolute Integrity stent had not yet been assessed in a randomised trial. The Promus 

Element stent had been assessed in two randomised clinical trials.11,19 In the PLATINUM trial,11 

Promus Element was non-inferior to the cobalt-chromium-based Xience V stent in patients at 

low-to-moderate risk of adverse cardiovascular events. Preliminary data from the HOST-

ASSURE trial19 in allcomer patients in South Korea showed very low event frequencies for 

both the Promus Element and the second-generation Resolute stent. 

 

Interpretation 

DUTCH PEERS was the first randomised trial to investigate the Resolute Integrity stent. The 

third-generation, permanent-polymer zotarolimus-eluting (Resolute Integrity) and everolimus-

eluting (Promus Element) stents were similarly efficacious and safe, with excellent clinical 

outcomes in a real all-comer patient population. 
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Appendix I. Lesion-based interventional procedure data (analyses corrected for intra-patient 
correlation with Generalized Estimating Equations) 
 

 
Zotarolimus-eluting 
stent (1205 lesions) 

Everolimus-eluting 
stent (1166 lesions) 

p 
value 

Implantation of assigned stents only 1195 (99·2) 1161 (99·6) 0·36 
Number of stents per lesion 1·35 (0·68) 1·36 (0·70) 0·70 
Total stent length per lesion (mm) 22 (18-36) 24 (16-38) 0·20 
Maximum nominal stent diameter  
per lesion (mm)* 

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

Direct stenting 352 (29·2) 326 (28·0) 0·81 
Stent postdilation 887 (73·6) 920 (78·9) 0·01 
Device success † 1194 (99·1) 1158 (99·3) 0·79 
Lesion success ‡  1203 (99·8) 1162 (99·7) 0·40 
Post-procedure minimum lumen diameter 
(mm)† 

2·22 (1·80-2·64) 2·15 (1·78-2·58) 0·11 

Post-procedure minimum lumen diameter 
stenosis (%)* 

15·07 (10·58-21·17) 15·73 (10·86-21·63) 0·40 

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

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

 

 
Appendix II. One-year clinical outcome (with HR, 95%CI and log-rank P value of various clinical 
endpoints)  

 
Total 

(1810 pts) 
ZES 

(905 pts) 
EES 

(905 pts) 
Hazard ratio 

Log rank 
P value 

Primary endpoint target vessel failure* 102 (5·6) 55 (6·1) 47 (5·2) 1·18 (0·80-1·74) 0·40 
Death      
 Any cause 34 (1·9) 22 (2·5) 12 (1·3) 1·84 (0·91-3·72) 0·08 
  Cardiac cause 25 (1·4) 15 (1·7) 10 (1·1) 1·51 (0·68-3·36) 0·31 
  Non-cardiac cause 9 (0·5) 7 (0·8) 2 (0·2) 3·52 (0·73-16·93) 0·09 
Target vessel-related myocardial infarction       
Any 32  (1·8) 20 (2·2) 12 (1·3) 1·67 (0·82-3·42) 0·15 
 Q-wave 5 (0·3) 3 (0·3) 2 (0·2) 1·50 (0·25-8·98) 0·66 
 Non-Q-wave 27 (1·5) 17 (1·9) 10 (1·1) 1·70 (0·78-3·72) 0·18 
  Periprocedural (<48h index procedure) 30 (1·7) 19 (2·1) 11 (1·2) 1·73 (0·82-3·63) 0·15 
  Non-periprocedural (>48h index procedure) 2 (0·1) 1 (0·1) 1 (0·1) 1·01 (0·06-16·15) 0·99 
Target vessel revascularisation, any 53 (2·9) 26 (2·9) 27 (3·0) 0·97 (0·56-1·66) 0·90 
Target vessel revascularisation, clinically indicated 50 (2·8) 24 (2·7) 26 (2·9) 0·93 (0·53-1·62) 0·79 
Target lesion revascularisation, clinically indicated 40 (2·2) 20 (2·2) 20 (2·2) 1·01 (0·54-1·87) 0·99 
Death from cardiac cause or target vessel-related 
myocardial infarction  

56 (3·1) 34 (3·8) 22 (2·4) 1·56 (0·91-2·67) 0·10 

Target lesion failure † 92 (5·1) 51 (5·7) 41 (4·6) 1·26 (0·83-1·89) 0·28 

Major adverse cardiac events ‡ 102 (5·6) 58 (6·4) 44 (4·9) 1·33 (0·90-1·97) 0·15 

Patient-oriented composite endpoint § 156 (8·6) 84 (9·3) 72 (8·0) 1·16 (0·85-1·59) 0·35 

Stent thrombosis (0-360 days)      
 Definite, any (0-360 days) 9 (0·5) 3 (0·3) 6 (0·7) 0·50 (0·13-2·00) 0·32 
  Definite, acute (0-1 day) 3 (0·2) 2 (0·2) 1 (0·1) 2·00 (0·18-22·03) 0·56 
  Definite, subacute (2-30 days) 3 (0·2) 0 3 (0·3) 0·02 (<0·01-164·48) 0·08 
  Definite, late (31-360 days) 3(0·2) 1 (0·1) 2 (0·2) 0·50 (0·05-5·55) 0·57 
Definite or probable, any (0-360 days) 13 (0·7) 5 (0·6) 8 (0·9) 0·63 (0·21-1·91) 0·41 
Possible, any (0-360 days) 14 (0·8) 8 (0·9) 6 (0·7) 1·33 (0·47-3·87) 0·58 
Definite, probable, or possible, any (0-360 days) 27 (1·5) 13 (1·4) 14 (1·6) 0·93 (0·44-1·98) 0·85 

Data are number of patients (%).  Percentages are Kaplan-Meier estimates. 
*  Primary endpoint target vessel failure is a composite of cardiac death, target vessel-related myocardial infarction, or clinically indicated target vessel 

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

indicated target lesion revascularisation.  
§  Patient-oriented composite end-point is a composite of all cause death, any myocardial infarction, or any revascularisation.  
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Appendix III. Subgroup analysis for target-vessel failure at 12 months (primary endpoint) 

 
 
Appendix IV. Longitudinal stent deformation, classified according to presumed cause 
 

 
 
Longitudinal stent deformation (n=9) was only noted in the everolimus-eluting Promus Element stent group.  
Deformations were located exclusively in the proximal stent entrance.  
ACC/AHA=American College of Cardiology/American Heart Association. F=female. LAD=left anterior descending artery. LAO=left anterior 
oblique. LIO=left inferior oblique. M=male. PDSL=post-deployment stent length ratio. Prox.=proximal. Right anterior oblique. RCA=right 
coronary artery. RSO=right superior oblique. RIO=right inferior oblique. *Post-deployment stent length ratio (PDSL) is defined as final stent length 
divided by stent length immediately after deployment. 
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ABSTRACT 

 

Objectives: We assessed clinical events and patient-reported chest pain 2 years after treatment of 

all-comers with Resolute Integrity zotarolimus-eluting stents (ZES) (Medtronic Vascular) and 

Promus Element everolimus-eluting stents (EES) (Boston Scientific). 

 

Background: For both drug-eluting stents (DES), no all-comer outcome data >12 months were 

published. While there is increasing interest in patient-reported chest pain following stenting, data 

with novel DES are scarce. 

 

Methods: The DUTCH PEERS multicenter trial (TWENTE II) randomized 1,811 all-comer 

patients to treatment with one DES type. Monitoring and event adjudication were performed by 

independent contract research organizations.  

 

Results:  2-year follow-up of 1,810 patients (99.9%) was available. The primary composite 

endpoint target vessel failure (TVF) occurred in 8.6% and 7.8% of patients treated with ZES and 

EES (p=0.55). Rates of components of TVF were: cardiac death (2.4% vs. 1.9%, p=0.42); target 

vessel-related myocardial infarction (2.4% vs. 1.8%, p=0.33); clinically-indicated target vessel 

revascularization (TVR) (4.6% vs. 4.9%, p=0.83). At 1 and 2-year follow-up, >80% of patients 

were free from chest pain (no between-stent difference). In addition, >87% of patients were 

either free from chest pain or experienced pain only at maximum physical exertion, but not 

during normal daily activities. Patients with chest pain after 12 months at no more than moderate 

physical effort had a higher TVR risk during the following year (HR: 1.89 (95%-CI: 1.05-3.39), 

p=0.03). 

 

Conclusion: During the second year of follow-up, the incidence of adverse clinical endpoints 

remained similar and low for both DES. The vast majority of patients were free from chest pain. 
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INTRODUCTION 

 

Drug-eluting stents (DES) have revolutionized the treatment of obstructive coronary disease. 

Since their introduction, these devices have undergone major improvements1. These include an 

increase in biocompatibility of their durable polymer-based coatings in the second-generation 

DES2,3 and an improvement in flexibility and deliverability of their metallic stent platforms in the 

more recent generation of DES, using the same coatings4-6. 

The cobalt-chromium-based Resolute Integrity zotarolimus eluting stent (ZES) (Medtronic, Santa 

Rosa, CA, USA) and the platinum-chromium-based Promus Element everolimus-eluting stent 

(EES) (Promus Element, Boston Scientific, Natick, MA, USA) are two such novel, highly flexible 

DES, which have recently been compared in the randomized, multi-center DUTCH PEERS trial 

in all-comers4. DUTCH PEERS is the first randomized trial that reports outcome data of 

Resolute Integrity ZES and the first trial to provide a head-to-head comparison of the two 

durable coating-based DES, showing low clinical event rates at 1 year4. Follow-up information 

after the cessation of dual-antiplatelet therapy (DAPT) at 1 year is of interest to demonstrate or 

exclude any potential late catch-up in adverse events.  

In the presence of very low rates of traditional clinical endpoints following percutaneous 

coronary interventions (PCI) with novel DES4-6, there is growing interest in the assessment of 

patient-reported chest pain – the principal anginal symptom and main trigger of repeat cardiac 

assessment despite a successful PCI7-8.  Moreover, long-lasting absence of chest pain determines 

to a great extent the "patient satisfaction" with PCI. Therefore, in the present 2-year analysis of 

the DUTCH PEERS all-comers population, we investigated both clinical event rates and patient-

reported chest pain following treatment with Resolute Integrity ZES and Promus Element EES. 

 

METHODS 

 

Study design, patients, and procedures. The DUTCH PEERS trial has previously been 

described in detail4. In brief, DUTCH PEERS is a multicenter, prospective, randomized, single-

blinded, investigator-initiated trial in an all-comers patient population. Study enrollment was 

performed between November 25, 2010, and May 24, 2012. There was no limit for lesion length, 

reference size, and number of lesions or diseased vessels to be treated. Interventional procedures 

were performed according to standard techniques and routine clinical protocols. The study 

complied with the Declaration of Helsinki and was approved by the Medical Ethics Committee 

Twente and the institutional review boards of all participating centers. All patients provided 

written informed consent. Patients were randomly assigned, in a 1:1 fashion, to treatment with 

one of the two study stents.  

Resolute Integrity ZES releases zotarolimus from the 6 μm BioLinx conformal, permanent 

polymer system (blend of 3 polymers), which has been highly effective on Resolute stents2,3,9, and 

uses the novel, sinusoid-shaped single cobalt-chromium wire-based, open-cell design Integrity 

stent platform (91 μm round struts)4 with slightly more strut connections in close vicinity to its 

proximal and distal ends. Promus Element EES releases everolimus from a 7 μm conformal, 

permanent fluoropolymer coating that recently demonstrated its efficacy in other patient 

populations2,3,9-12 and uses the novel, laser-cut, platinum-chromium alloy (highly radiopaque), 

open-cell design (serpentine rings connected by links) Element stent platform (81 μm struts) for 

improved deliverability4,13,14. Novel flexible, highly deliverable stents may be less longitudinally 

stable, which can sometimes result in a distortion or shortening of an initially successfully 
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implanted stent in the longitudinal axis; differences in stent design and radiographic visibility may 

explain between-stent differences. In DUTCH PEERS, a dedicated angiographic analysis 

confirmed longitudinal stent deformations in 1% of patients treated with Promus Element (no 

clinical consequences up to 1-year follow-up) and in none of the patients treated with Resolute 

Integrity4. 

Interventions were performed according to standard techniques. Patients were pre-treated with 

acetylsalicylic acid and clopidogrel. Lesion pre-dilation, use of glycoprotein IIb/IIIa receptor 

antagonists, direct stenting, and stent post-dilation were left at the operator’s discretion. 

Operators were requested to report evident (or suspected) longitudinal stent deformation, 

defined as distortion or shortening of initially successfully implanted stents in the longitudinal 

axis15,16. In general, dual anti-platelet therapy was prescribed for 1 year. Systematic laboratory and 

electrocardiographic testing were performed as previously described4 to identify peri-procedural 

myocardial infarction (MI).  

The follow-up procedures of the study have previously been reported4,17. At 1 and 2-year follow-

up, research nurses and analysts who were blinded to the assigned stent type obtained 

information on chest pain by use of a medical questionnaire or, in the absence of a response, a 

telephone follow-up that used the same questions.  

Angiographic analysts, blinded to the stent type used, performed off-line quantitative coronary 

angiography according to current standards (QAngio XA 7.2, Medis, Leiden, the Netherlands). 

The CRO Cardio Research Enschede (Enschede, the Netherlands) co-ordinated the trial and data 

management. Regular safety data were reported to the independent Medical Ethics Committee 

Twente. Data monitoring was performed by the independent CRO Diagram (Zwolle, the 

Netherlands). Processing of clinical outcome data and clinical event adjudication were performed 

by the independent CRO Cardialysis (Rotterdam, the Netherlands).  

Definition of clinical endpoints.  Definitions of all predefined clinical endpoints have 

previously been described in detail4,17. Clinical endpoints were defined according to the Academic 

Research Consortium (ARC), including the addendum on myocardial infarction4,17-19. In brief, 

Target Vessel Failure (TVF), the primary endpoint of DUTCH PEERS is a composite of cardiac 

death, target vessel-related MI, or clinically-indicated target vessel revascularization (TVR). Death 

was considered cardiac, unless an unequivocal non-cardiac cause could be established. MI was 

defined by any creatine kinase concentration of more than double the upper limit of normal with 

elevated confirmatory cardiac biomarkers. A target vessel-related MI was related to the target 

vessel or could not be related to another vessel. TVR and target lesion revascularization (TLR) 

were considered clinically-indicated if the angiographic diameter stenosis was ≥70%, or ≥50% in 

the presence of ischemic signs or symptoms. Stent thrombosis was classified according to the 

ARC definitions19,20. Predefined secondary endpoints included the components of the primary 

endpoint; all-cause mortality; any MI; clinically-indicated TLR; stent thrombosis and longitudinal 

stent deformation. Other composite parameters were (in hierarchical order): Target Lesion 

Failure (TLF), a composite of cardiac death, target vessel-related MI, or clinically indicated TLR; 

Major Adverse Cardiac Events (MACE), a composite of all-cause death, any MI, emergent 

coronary bypass surgery, or clinically indicated TLR; Patient-Oriented Composite Endpoint 

(POCE), a composite of all-cause death, any MI, or any coronary revascularization. An 

exploratory subgroup analysis of the primary endpoint was performed in line with previous 

trials2,3. 

Patient-reported chest pain, the principal symptom of angina pectoris and a surrogate for 

myocardial ischemia, was classified into four scores: 0= no chest pain at all; 1= chest pain only 
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during most severe physical exertion; 2= chest pain at moderate physical effort (during 

moderate/normal daily activities); 3= chest pain at mild physical effort or at rest.  

 

Table 1.  Characteristics of Patients, Target Lesions, and Interventional Procedures. 

 
Resolute Integrity 

ZES 
Promus Element 

EES 
p value 

Patients data N=906 patients N=905 patients  

Age  (years) 63.9 ± 10.6 63.9 ± 11.0 0.97 
Men 665 (73.4) 675 (72.6) 0.70 
Diabetes mellitus (any) 167 (18.4) 157 (17.3) 0.55 
Arterial hypertension 500  (55.2) 484 (53.5) 0.47 
Hypercholesterolemia 418 (46.1) 430 (47.5) 0.56 
Current smoker* 213 (23.6) 231 (25.5) 0.32 
Family history of CAD† 452 (50.1) 451 (49.9) 0.98 
Previous myocardial infarction 207 (22.8) 190 (21.0) 0.34 
Previous percutaneous coronary intervention 182 (20.1) 167 (18.5) 0.38 
Previous coronary bypass surgery 84 (9.3) 89 (9.8) 0.68 
Clinical syndrome at presentation:   0.07 
   Stable angina pectoris 372 (41.1) 377 (41.7)  
   Unstable angina pectoris 113 (12.5) 132 (14.6)  
   Non-ST-elevation myocardial infarction 246 (27.2) 201 (22.2)  
   ST-elevation myocardial infarction 175 (19.3) 195 (21.5)  
At least one small-vessel (RVD <2.75mm) 551 (60.8) 517 (57.1) 0.11 
At least one lesion length >27 mm 161 (17.8) 157 (17.3) 0.81 
At least one chronic total occlusion 38 (4.2) 38 (4.2) 1.00 
Glycoprotein IIb/IIIa antagonist 262 (28.9) 259 (28.6) 0.89 
Number of lesions treated per patient:   0.32 
   One lesion treated 668 (73.7) 688 (76.0)  
   Two lesions treated 191 (21.1) 182 (20.1)  
   Three or more lesions treated 47 (5.2) 35 (3.9)  

Lesions and Interventional procedures data N=1205 lesions N=1166 lesions  

ACC/AHA lesion class B2/C 793 (65.8) 765 (65.6) 0.92 
De novo lesion‡ 1147 (95.2) 1103 (94.6) 0.51 
Reference vessel diameter (mm)  2.68 ± 0.59 2.70 ± 0.59 0.32 
Implantation of assigned stents only 1195 (99.2) 1161 (99.6) 0.22 
Number of stents per lesion 1.35 ± 0.68 1.36 ± 0.70 0.70 
Total stent length per lesion (mm) 28.60 ± 18.51 29.71 ± 19.11 0.15 
Direct stenting 352 (29.2) 326 (28.0) 0.50 
Stent postdilation 887 (73.6) 920 (78.9) <0.01 

Data are number (%) or mean ± SD. CAD = coronary artery disease. RVD = reference vessel diameter. ACC/AHA=American 
College of Cardiology/American Heart Association. 
* Out of 903 patients in the zotarolimus-eluting stent group and 905 patients in the everolimus-eluting stent group. 
† Out of 903 patients in the zotarolimus-eluting stent group and 902 patients in the everolimus-eluting stent group. 
‡ Including chronic total occlusion, but not grafts or in-stent restenosis. 

 

Statistical analysis.  Data were reported as frequencies and percentages for dichotomous and 

categorical variables, while continuous variables were expressed as mean ± standard deviation 

(SD) for continuous variables. Differences in dichotomous and categorical variables were 

assessed with the Chi-square or Fisher’s exact tests, while continuous variables were assessed with 

the student’s t-test or the Wilcoxon rank-sum test, as appropriate. The Kaplan-Meier analysis was 

used to calculate the time to clinical endpoints and the Log-rank test was applied to compare 

between-group differences. A landmark analysis was performed at 1 year for various adverse 

clinical events expressed as a difference in proportion and 95% confidence interval21. The Cox 

proportional-hazards regression analysis was performed to test for interaction between subgroups 

and stent type with regard to the clinical endpoint TVF. All p-values and confidence intervals 
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were two-sided and a p-value <0.05 was considered significant. Data analysis was performed with 

SPSS (version 17, SPSS Inc., Chicago, IL) and SAS v.9.2 (SAS Institute Inc., Cary, NC).    

 

RESULTS 

 

A total of 1,811 patients were randomly assigned to treatment with Resolute Integrity ZES (906 

patients) or Promus Element EES (905 patients). The main clinical, procedural, and angiographic 

characteristics of both study groups are summarized in Table 1. Two-year follow-up data was 

obtained from all but one patient, who withdrew consent (Supplement I shows trial consort 

diagram). 

 
Table 2.  Two-Year Clinical Outcome in Treatment Arms. 

 
Total 

patients 
Resolute 

Integrity ZES 
Promus 

Element EES 
Relative Risk 

(95% CI) 

p 
valu

e 

 N=1810 
N=905 
patients 

N=905 
patients 

  

Death      
Any cause 57 (3.1) 33 (3.6) 24 (2.7) 1.38 (0.82-2.31) 0.23 
Cardiac cause 39 (2.2) 22 (2.4) 17 (1.9) 1.29 (0.69-2.42) 0.42 
Target vessel-related myocardial 
infarction  

     

Any 38 (2.1) 22 (2.4) 16 (1.8) 1.38 (0.73-2.60) 0.33 
Q-wave 10 (0.6) 5 (0.6) 5 (0.6) 1.00 (0.29-3.44) 1.00 
Non-Q-wave 28 (1.5) 17 (1.9) 11 (1.2) 1.55 (0.73-3.28) 0.34 
 Periprocedural (<48h index 
procedure) 

30 (1.7) 19 (2.1) 11 (1.2) 1.74 (0.83-3.61) 0.14 

Target vessel revascularization, any 88 (4.9) 43 (4.8) 45 (5.0) 0.96 (0.64-1.44) 0.83 
Target vessel revascularization, 
clinically indicated 

86 (4.8) 42 (4.6) 44 (4.9) 0.96 (0.63-1.44) 0.83 

Target lesion revascularization, 
clinically indicated 

66 (3.6) 34 (3.8) 32 (3.5) 1.06 (0.66-1.71) 0.80 

Target vessel failure* 149 (8.2) 78 (8.6) 71 (7.8) 1.10 (0.81-1.50) 0.55 
Target lesion failure† 131 (7.2) 71 (7.8) 60 (6.6) 1.18 (0.85-1.65) 0.32 
Major adverse cardiac events‡ 156 (8.6) 83 (9.2) 73 (8.1) 1.14 (0.84-1.54) 0.40 
Patient-oriented composite endpoint§ 228 (12.6) 114 (12.6) 114 (12.6) 1.00 (0.78-1.27) 0.99 
Stent thrombosis (0-360 days)      
Definite, any (0-720 days) 15 (0.8) 7 (0.8) 8 (0.9) 0.88 (0.32-2.40) 0.80 
Definite, very late (360-720 days) 6 (0.3) 4 (0.4) 2 (0.2) 2.00 (0.37-10.89) 0.69 
Definite or probable, any (0-720 days) 20 (1.1) 10 (1.1) 10 (1.1) 1.00 (0.42-2.39) 1.00 
Definite or probable, very late (360-
720 days) 

7 (0.4) 5 (0.6) 2 (0.2) 2.50 (0.49-12.85) 0.45 

Definite, probable, or possible, any (0-
720 days) 

46 (2.5) 23 (2.5) 23 (2.5) 1.00 (0.57-1.77) 1.00 

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

 

Rates of adverse clinical events.  At 2-year follow-up, the composite primary endpoint TVF 

occurred in 78 patients (8.6%) treated with Resolute Integrity ZES and in 71 patients (7.8%) 

treated with Promus Element EES (p=0.55) (Table 2 and Figure 1). The incidence of the 
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individual components of TVF was similar for both stent arms: cardiac death (2.4% vs. 1.9%, 

p=0.42); target vessel-related MI (2.4% vs. 1.8%, p=0.33); clinically-indicated target vessel 

revascularization (4.6% vs. 4.9%, p=0.83). 

 
Figure 1.  Kaplan-Meier for Target Vessel Failure and the Individual Components at 2-Year 
Follow-up. 

 
Kaplan-Meier cumulative incidence curves for: the primary endpoint target vessel failure (TVF), a composite of cardiac death, target 
vessel-related myocardial infarction, or target vessel revascularization (A); cardiac death (B); target vessel -related myocardial infarction 
(C); target-vessel revascularization (D) for patients treated with Resolute Integrity ZES or Promus Element EES. 

 

An exploratory subgroup analysis revealed no significant between-stent difference in TVF at 2 

years across various subgroups (Figure 2). In addition, there was also no significant difference in 

various event rates between 1 and 2-year follow-up (Table 3). None of the 9 patients who had 

developed longitudinal stent deformation in Promus Element EES during the index PCI 

procedure experienced an adverse clinical event during the second year of follow-up, although 

DAPT was discontinued after 12 months in all but one patient, who continued DAPT at 

physician discretion (Supplement II). The incidence of definite-or-probable stent thrombosis was 

1.1% for both DES at 2-year follow-up (Figure 3), and the rate of definite stent thrombosis was 

similar in patients treated with Resolute Integrity ZES and Promus Element EES (0.8% vs. 0.9%, 

p=0.80; Table 2). Very late definite stent thrombosis occurred in 4 (0.4%) vs. 2 (0.2%) patients, 

respectively. At 2-year follow-up, 8.9% (78/872) and 9.0% (79/881) of the (surviving) patients in 

both stent arms were still on DAPT (Supplement III).  
Patient-reported chest pain. At 1-year follow-up, 1,647(92.7%) of all 1,776 surviving patients 

provided information about the presence or absence of chest pain (Figure 4, panel A). Most of 
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these patients had no chest pain at all, and there was no difference between stent arms (81.6% vs. 

81.0%, p=0.96).  

 

Table 3.  Outcome Differences Between 1 and 2-Year Follow-up. 

 
Resolute 
Integrity ZES 

Promus 
Element 
EES  

Difference 
(95% CI) 

p 
value 

Death     
 Any cause 1.2 (11/883) 1.3 (12/893) -0.10(-1.03—1.23) 0.86 
 Cardiac cause 0.8 (7/893) 0.8 (7/883) -0.01(-0.91—0.94) 0.98 
Target vessel-related myocardial infarction  0.2 (2/864) 0.5 (4/881) -0.22(-0.45—0.95) 0.69 
Target vessel revascularization, clinically 
indicated 

2.1 (18/860) 2.1 (18/867) 0.02(-1.43—1.39) 0.98 

Target lesion revascularization, clinically 
indicated 

1.6 (14/864) 1.4 (12/873) 0.25 (-1.48—0.96) 0.67 

Target lesion failure* 2.4 (20/847) 2.2 (19/862) 0.16 (-1.64—1.31) 0.83 
Target vessel failure† 2.7 (23/843) 2.8 (24/856) -0.08(-1.54—1.69) 0.93 
Major adverse cardiac events‡ 3.0 (25/847) 3.4 (29/861) -0.42(-1.29—2.13) 0.62 
Patient-oriented composite endpoint§ 3.7 (30/821) 5.0 (42/833) -1.39(-0.60—3.41) 0.17 
Stent thrombosis     
Definite 0.5 (4/880) 0.2 (2/887) 0.23(-0.96—0.43) 0.41 
Definite or probable 0.6 (5/879) 0.2 (2/886) 0.34(-1.12—0.33) 0.29 

Values are % (n/N) or % difference (95%CI). Analyses were performed among survivors of the first year of follow-up who did not 
experience the respective adverse event during 1-year follow-up.   
* Target lesion failure is a composite of cardiac death, target vessel-related myocardial infarction, or clinically indicated target lesion 
revascularization. 
† Primary endpoint target vessel failure is a composite of cardiac death, target vessel-related  
Myocardial infarction, or clinically indicated target vessel revascularization. 
‡ Major adverse cardiac events is a composite of all cause death, any myocardial infarction, emergent coronary-artery bypass surgery, or 
clinically indicated target lesion revascularization.  
§ Patient-oriented composite end-point is a composite of all cause death, any myocardial infarction, or any revascularization.  

 

In addition, 88.2% and 87.4% of patients in both stent arms had either no chest pain at all or 

chest pain only during maximal exertion (p=0.96). Patients with a chest pain score of 2 or 3 at 1-

year follow-up had an almost two-fold increase in risk of clinically-indicated TVR during the 

second year of follow-up (HR 1.89 (1.05-3.39), p=0.03) compared to those with a chest pain 

score of 0 or 1. Chest pain data at 2-year follow-up was available from 1,606/1,753 (91.6%) of 

the surviving patients with pain scores that were similar to 1-year (Figure 4, panel B).  

At 2-year follow-up, new onset (as compared to 1-year) chest pain was reported by 8.8% of 

patients. Between 1 and 2-year follow-up, 77.9% (of the 1572 patients who were alive at 2 years 

and answered the chest pain questionnaire at both 1 and 2 years) in both stent arms showed no 

change in chest pain score (Figure 4, panel C), while only 10.6% and 12.2% of patients in the 

respective stent arms reported an increase and 11.6% and 9.9% a decrease (p=0.30). Restricting 

the analysis of chest pain score at 1 and 2-year to patients who provided chest pain information 

at both times (Supplement IV) lead to results which were similar to findings in all responding 

patients at the individual times of follow-up (Figure 4, panels A and B).  

 

DISCUSSION 

 

At 2-year follow-up of the DUTCH PEERS trial, the incidence of the primary endpoint TVF was 

low and similar in both stent arms. The rates of cardiac death, target vessel-related MI, and 

clinically-indicated TVR (i.e., the individual components of TVF), were also low and similar. In 
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addition, despite enrollment of an all-comers population that included many high-risk patients 

and complex lesions, the incidence of very late stent thrombosis was extremely low.  

 
Figure 2.  Subgroup Analysis: Target Vessel Failure at 2-Year Follow-up. 

 
Target vessel failure (TVF) is a composite of cardiac death, target vessel myocardial infarction, and clinically driven target vessel 
revascularization. CI=confidence interval; RVD=reference vessel diameter; MI=myocardial infarction; PCI=percutaneous coronary 
intervention. 

 

None of the few patients who initially had developed longitudinal deformation in Promus 

Element stents experienced a very late clinical event after cessation of DAPT. At 1 and 2-year 

follow-up, more than 80% of patients in both stent arms were free from chest pain. In addition, 

more than 87% were either symptom-free or experienced chest pain only at the very maximum 

level of physical exertion, in that the pain did not limit the daily activities of this large group of 

patients.  

Previous DES trials with the examined stents. The present analysis from the DUTCH 

PEERS randomized trial is the first report of 2-year clinical outcome data in all-comers treated 

with the Resolute Integrity or Promus Element stents. The PLATINUM trial, which assessed 

patients with low-to-moderate cardiovascular event risk, has previously demonstrated non-

inferiority of the Promus Element stent as compared to the second-generation Xience V/Promus 
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stent (Abbott Vascular, Santa Clara, California/ Boston Scientific)13, showing a favorable rate of 

the primary endpoint TLF (5.9%) for Promus Element after 3 years14.  

 
Figure 3.  Cumulative Incidence of Definite or Probable Stent Thrombosis. 

 
 
Symbols indicate the hierarchically highest adverse events, associated with stent thrombosis. Black symbols signify definite stent thrombosis. 
Green symbols signify probable stent thrombosis. *Off-DAPT indicates stent thrombosis in patients not on dual anti-platelet therapy 
(DAPT), which consisted of aspirin ≥80mg daily and an adequate dose of a P2Y12 receptor antagonist (generally clopidogrel 75mg 
daily). 

 

The HOST-ASSURE trial has compared Promus Element with the second-generation Resolute 

stent in South Korean patients in coronary vessels >2.5mm, showing a similar clinical 

performance of both stents at 1 year5. So far, the SORT-OUT VI all-comers trial is the only other 

randomized study that has also examined the Resolute Integrity stent, showing at 1 year an 

incidence of the primary endpoint MACE that was similar to the comparator, the bioresorbable 

coating-based BioMatrix Flex stent (Biosensors, Singapore) (5.3% versus 5.1%)6.  
Chest pain following PCI.  Chest pain, the principal symptom of angina pectoris, is the main 

trigger for patients to consult medical professionals following a successful PCI procedure, and it 

is frequently associated with further cardiac assessment and increased costs8. The prevalence and 

recurrence of angina pectoris after coronary revascularization had previously been investigated in 

randomized studies that compared balloon angioplasty with coronary bypass surgery22,23 or with 

PCI, using bare metal stents24,25. However, randomized trials with DES were mostly focused on 

device-oriented endpoints26.   
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Nowadays, there is a growing 

interest in the assessment of 

angina pectoris following the 

implantation of novel DES and 

bioresorbable scaffolds7. But so 

far, there is a lack of published 

data about this matter regarding 

treatment with newer generation 

DES.  

In the DUTCH PEERS trial, 

there was no difference in chest 

pain between the two stent 

arms, at both 1 and 2-year 

follow-up. More than 80% of 

our patients were entirely free 

from chest pain. This rate is 

similar to or higher than the 

prevalence of angina in several 

studies with bare metal stents or 

DES, reporting 66% to 79% of 

the patients to be angina-free at 

1 year7,27-30. However, none of 

these studies applied the highly 

deliverable DES that were used 

in DUTCH PEERS. A substudy 

of the FREEDOM trial, which 

assessed diabetic patients with 

multi-vessel disease being 

treated with PCI or CABG, 

found 79.5% and 81.0% of 

patients to be free from angina 

at 1 and 2-year follow-up after 

PCI with first-generation 

sirolimus-eluting stents27, but 

this excellent result may be 

partly attributed to the general 

lower incidence of angina in 

diabetic patients. In the 

SYNTAX trial, which assessed 

angina after PCI for the 

treatment of three-vessel or left-

main coronary disease with first-

generation paclitaxel-eluting 

stents, 71.6% of patients were 

free from angina at 1-year 

follow-up28. The two 

Figure 4.  Patient-Reported Chest Pain at 1 and 2-Years. 

 
Patient-reported chest pain classified into 4 scores: 0= no chest pain at all; 1= chest 
pain only during most severe physical exertion; 2= chest pain at moderate physical 
effort (during moderate/normal daily activities); 3= chest pain during mild physical 
exertion or at rest.Panels A and B provide information about the presence and extent 
(i.e., pain score) of chest pain at 1 and 2-year follow-up in all (surviving) patients who 
provided chest pain information at the two individual time points (1,647 and 1,606 
patients, respectively). Panel C shows the change in chest pain score between 1 and 2-
year follow-up in 1,572 patients, who were alive at 2-year follow-up and answered the 
chest pain questionnaire both times. 
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aforementioned studies used the Seattle Angina Questionnaire, which is a validated method to 

assess anginal stability and frequency, physical limitation, treatment satisfaction, and disease 

perception by use of a list of standardized questions31. This approach requires patients to answer 

a considerable number of questions, which might sometimes have a negative effect on the overall 

response rate of a study32. In the present study, we did not assess angina but scored the patient-

reported chest pain in relation to the individual range of physical activities of a patient. While this 

approach does not attempt to distinguish between angina and atypical chest pain, it tackles the 

key issue of “patient satisfaction”, which is greatly independent of the classification of chest pain 

into angina or atypical chest pain26. We assessed whether an individual patient felt chest pain 

during (individually graded) levels of physical activity, as this will generally determine whether a 

patient seeks further medical advice and/or repeat cardiac assessment. Notably, we found a 

significant relation between chest pain at 1-year follow-up and repeat clinically-indicated TVR 

during the second year of follow-up.  

Limitations. We did not pre-specify the analysis of the primary endpoint TVF across the various 

subgroups; to avoid subjectivity, we applied subgroup definitions of previous DES trials2,3. 

Rigorous embracing of the principle of ischemia-driven PCI may have contributed to the 

relatively low rate of residual chest pain following PCI with novel generation DES in DUTCH 

PEERS. Knowledge on the completeness of coronary revascularization would have facilitated the 

interpretation of the chest pain data, but as most other all-comer DES trials, DUTCH PEERS 

did not assess this matter. It is desirable that future randomized clinical trials prospectively 

address this issue. 

 

CONCLUSIONS 

 

During the second year of follow-up, the incidence of adverse clinical endpoints remained similar 

and low for both DES. The vast majority of patients were free from chest pain after 1 and 2 

years.  
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Supplement I. Trial Profile.  

 
Of all patients who underwent percutaneous coronary intervention with DES during the study period, 3,224 patients were eligible. A total of 1,811 
patients (56%) were enrolled and randomly assigned to the stent types. Two-year follow-up data was obtained from 1,810 patients (one patient 
withdrew consent). BMS=bare metal stent. DES=drug-eluting stent. 
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Supplement II. Outcome of patients in whom longitudinal stent deformation had been observed (all 
Promus Element stent group). 

 
ACC/AHA=American College of Cardiology/ American Heart Association; LAD=left anterior descending artery; Prox.=proximal; RCA=right 
coronary artery; DAPT=dual antiplatelet therapy. + = yes; – = no. 

 
 
 
Supplement III.  Anticoagulant Use at 1 and 2-Year Follow-up. 

 Total Resolute Integrity ZES Promus Element EES p value 

At 1 year N=1776 N=883 N=883  
   Ascal  1575 (88.7) 786 (89.0) 789 (88.4) 0.66 
   P2Y12 inhibitor 437 (24.2) 227 (25.7) 210 (23.5) 0.28 
   DAPT 1534 (86.4) 765 (86.6) 769 (86.1) 0.75 
   Vitamin K antagonist 195 (11.0) 90 (10.2) 105 (11.8) 0.29 

At 2 years N=1753 N=872 N=881  
   Ascal  1523 (86.9) 760 (87.2) 763 (86.6) 0.73 
   P2Y12 inhibitor 205 (11.7) 102 (11.7) 103 (11.7) 1.00 
   DAPT 157 (9.0) 78 (8.9) 79 (9.0) 0.99 
   Vitamin K antagonist 214 (12.2) 98 (11.2) 116 (13.2) 0.22 

Values are % (n/N). DAPT= dual-antiplatelet therapy. Analysis based on survivors at 1 and 2-year, respectively. 
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Supplement IV. Patient-Reported Chest Pain at 1 and 2-Years (in Patients who Provided Chest Pain 
Information at Both Times). 

 
Patient-reported chest pain classified into 4 scores: 0= no chest pain at all; 1= chest pain only during most severe physical exertion; 2= chest pain at 
moderate physical effort (during moderate/normal daily activities); 3= chest pain during mild physical exertion or at rest. Panels A and B provide 
information about the presence and extent (i.e., pain score) of chest pain at 1 and 2-year follow-up in 1,572 patients, who were alive at 2-year follow-up 
and answered the chest pain questionnaire both times. 
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ABSTRACT 
 
Background:  In acute myocardial infarction (MI), novel highly deliverable drug-eluting stents 

(DES) may be particularly valuable as their flexible stent designs might reduce device-induced 

traumas to culprit lesions. The aim of the study was to investigate in patients with acute MI 

whether percutaneous coronary intervention (PCI) with two different, highly deliverable DES is 

similarly safe and efficacious. 

 

Methods:  Resolute Integrity (Medtronic, Santa Rosa, CA) and Promus Element (Boston 

Scientific, Natick, MA) are such novel DES that were only compared in the randomized DUTCH 

PEERS all-comer trial. In the present study, we compared post-hoc the two-year clinical 

outcomes of both DES in all DUTCH PEERS patients who presented initially with an acute MI. 

Primary endpoint was target-vessel failure (TVF), a composite of cardiac death, target-vessel-

related MI, or target-vessel revascularization. 

 

Results:  Of all 1,811 trial participants, 817 (45.1%) presented with acute MI; 421 patients 

(51.5%) were treated with Resolute Integrity and 396 (48.5%) with Promus Element. Two-year 

follow-up was available in 816 patients (99.9%). There was no significant between-stent 

difference in clinical outcome. The rates of TVF (7.4% vs. 6.1%; p=0.45), target-lesion 

revascularization (3.1% vs. 2.8%; p=0.79), and definite stent thrombosis (1.0% vs. 0.5%; p=0.69) 

were low and similar for both stents. Consistent with these findings in all MI patients, outcomes 

for the two stent were favorable and similar among both, patients with ST-elevation MI (STEMI) 

and Non-STEMI (NSTEMI). 

 

Conclusion:  In patients with acute myocardial infarction, both Resolute Integrity and Promus 

Element stents were similarly safe and efficacious at two-year follow-up. 
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INTRODUCTION 

 

In the setting of acute myocardial infarction (MI), percutaneous coronary intervention (PCI) with 

first-generation drug-eluting stents (DES) had an increased risk of adverse clinical outcome and 

stent thrombosis.1 Concerns about the use of DES in the setting of acute MI triggered 

randomized studies, which suggested that the early benefit of first-generation DES in reducing 

the need for repeat revascularization is offset in subsequent years by an increased risk of very late 

stent thrombosis.2-4 Second-generation DES with more biocompatible permanent polymer 

coatings then showed favorable outcomes in broad patient populations5-9 and in patients with 

acute MI.10-15  

At present, flexible, highly deliverable DES are widely applied and utilize the established 

combinations of drug-and-polymer coating of the second-generation DES on stent platforms, 

which have undergone substantial changes in design (and material) as compared to their second-

generation counterparts.16 In patients with acute MI, these novel stent designs may be particularly 

valuable, as an increased conformability to the vessel anatomy might reduce both the device-

induced trauma to the frequently already disrupted culprit lesion and the likelihood of incomplete 

stent apposition – a major risk factor of stent thrombosis.17,18 

Nevertheless, in patients with acute MI, data on the safety and efficacy of these DES are scarce. 

The Resolute Integrity (Medtronic, Santa Rosa, CA) and Promus Element stents (Boston 

Scientific, Natick, MA) are such novel, highly flexible DES that so far have only been compared 

in the randomized, multicenter DUTCH PEERS trial, which enrolled an all-comer patient 

population, of which more than 45% presented with an acute MI.16 In the present substudy of 

the DUTCH PEERS randomized trial, we evaluate the hypothesis that Resolute Integrity and 

Promus Element stents are similarly safe and efficacious in treating patients with acute MI.  

 

METHODS 

 

Study design, patients, and procedures. In the present substudy of the DUTCH PEERS 

randomized, patient-blinded, multicenter trial (ClinicalTrials.gov NCT01331707),16 we analyzed 

post hoc the data of all 817 patients, who presented with acute MI at the time of enrolment. The 

trial complied with the Declaration of Helsinki for investigation in human beings and was 

approved by the independent Medical Ethics Committee Twente and the institutional review 

boards of all participating centers. All patients provided written informed consent. The study 

design and procedures of this investigator-initiated trial have previously been described in detail16 

and two years clinical outcome has been reported.19 In brief, DUTCH PEERS enrolled 1,811 all-

comer patients between November 25, 2010 and May 24, 2012 at four Dutch PCI centers. 

Patients underwent PCI procedures for de-novo and re-stenotic lesions in coronary arteries or 

bypass grafts. There was no limit for lesion length, reference size, and number of lesions or 

diseased vessels to be treated. Interventional procedures were performed according to standard 

techniques and routine clinical protocols. Treatment of all target lesions within a single PCI 

procedure was encouraged, except for patients with ST-elevation myocardial infarction (STEMI). 

Staged procedures with allocated DES were permitted within 6 weeks. The definitions of MI and 

MI subtypes were based on current international guidelines.20,21 Prior to stent implantation, 

patients were randomly assigned in a 1:1 fashion to treatment with one of the two study stents: 

the Resolute Integrity zotarolimus-eluting stent (ZES) releases zotarolimus from the 6μm 

BioLynx conformal, permanent polymer system (blend of three polymers) that has been highly 
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effective on Resolute stents (Medtronic)7,8 and uses the novel, sinusoid-shaped single cobalt-

chromium wire-based, open-cell design Integrity stent platform (91μm round struts);16 the 

Promus Element everolimus-eluting stent (EES) releases everolimus from a 7μm conformal, 

permanent fluoropolymer coating that recently demonstrated its efficacy in other patient 

populations5-8 and uses the novel, laser-cut, platinum-chromium alloy (highly radiopaque), open-

cell design (serpentine rings connected by links) Element stent platform (81μm struts).16,22,23 

Lesion pre-dilation, manual thrombus aspiration, use of glycoprotein IIb-IIIa receptor 

antagonists, direct stenting, and stent post-dilation were left at the operator’s discretion. 

Electrocardiograms and laboratory tests were systematically performed. Dual anti-platelet 

therapy, which generally consisted of aspirin and clopidogrel, was generally prescribed for 12 

months. Monitoring was performed by the independent CRO Diagram (Zwolle, the 

Netherlands), as previously described.16 Processing of clinical outcome data and clinical event 

adjudication were performed by the independent CRO Cardialysis (Rotterdam, the Netherlands). 

An ethics committee monitored the safety data. Experienced angiographic analysts from 

Thoraxcentrum Twente analyzed the angiography runs of all trial participants according to 

current standards using the software QAngio XA (version 7.2, Medis, Leiden, the Netherlands).16 

Definitions of clinical endpoints. The definitions of clinical endpoints, which have previously 

been described in detail,8,16 followed suggestions from the Academic Research Consortium 

(ARC).24,25 The independent, external CRO Cardialysis adjudicated the clinical events as 

previously described.16 In brief, target-vessel failure (TVF), the primary endpoint, was defined as 

a composite of cardiac death, target-vessel-related myocardial infarction (MI) or clinically 

indicated target-vessel revascularization (TVR). Death was considered cardiac, unless an 

unequivocal non-cardiac cause could be established. MI was defined by any creatine kinase 

concentration of more than double the upper limit of normal with elevated confirmatory cardiac 

biomarkers. A target-vessel-related MI was related to the target-vessel or could not be related to 

another vessel. Target-vessel revascularization (TVR) and target-lesion revascularization (TLR) 

were considered clinically indicated if the angiographic diameter stenosis was ≥70%, or ≥50% in 

the presence of ischemic signs or symptoms. Stent thrombosis was classified according to the 

ARC definitions.24,25 We also assessed: target-lesion failure (TLF: cardiac death, target-vessel-

related MI or clinically indicated TLR).  

Statistical Analysis. Data were reported as frequencies and percentages for dichotomous and 

categorical variables, while continuous variables were expressed as mean ± SD. Differences 

between dichotomous and categorical variables were assessed with the Chi-square or Fisher’s 

exact tests, while continuous variables were assessed with the student’s t-test. The Kaplan-Meier 

analysis was used to calculate the time to clinical endpoints and the Log-rank test was applied to 

compare between-group differences. All p-values and confidence intervals were two-sided and a 

p-value <0.05 was considered significant. Data analysis was performed with SPSS (version 17, 

SPSS Inc., Chicago, IL). 

 

RESULTS 

 

Characteristics of patients, lesions, and PCI procedures. 

Of all 1,811 randomized trial participants, 817 (45.1%) patients presented with an acute MI and 

were assessed in the present study. Of these 817 study patients, 421 (51.5%) were allocated to 

treatment with Resolute Integrity stents and 396 (48.5%) patients to treatment with Promus 

Element stents. Of all 817 patients with acute MI, 370 patients (45.3%) presented with STEMI 
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and 447 patients (54.7%) with non-ST-elevation myocardial infarction (NSTEMI). All STEMI 

were treated by primary PCI (no rescue PCI).  

 
Table 1: Characteristics of Patients, Target Lesions, and Interventional Procedures 

 
Total population 

with 
acute MI 

Resolute Integrity 
ZES 

Promus Element 
EES 

p value 

 N = 817 patients N = 421 patients N = 396 patients  

Age  (yrs ) 62.48 ± 11.55 62.65 ± 11.45 62.30 ± 11.67 0.67 
Men 590 (72.2%) 294 (69.8%) 296 (74.7%) 0.12 
Diabetes mellitus 117 (14.3%) 70 (16.6%) 47 (11.9%) 0.052 
Arterial hypertension 389 (47.6%) 208 (49.4%) 181 (45.7%) 0.29 
Hypercholesterolemia 285 (34.9%) 140 (33.3%) 145 (36.6%) 0.31 
Current smoker§ 296 (36.3%) 139 (33.2%) 157 (39.6%) 0.07 
Family history of CAD ¥ 376 (46.1%) 199 (47.4%) 177 (44.8%) 0.46 
Previous myocardial infarction 185 (22.6%) 94 (22.3%) 91 (23.0%) 0.82 
Previous PCI 95 (11.6%) 49 (11.6%) 46 (11.6%) 0.99 
Previous CABG 46 (5.6%) 22 (5.2%) 24 (6.1%) 0.61 
Clinical syndrome at 
presentation 

   0.03 

   ST-elevation MI 370 (45.3%) 175 (41.6%) 195 (49.2%)  
   Non-ST-elevation MI 447 (54.7%) 246 (58.4%) 201 (50.8%)  
Glycoprotein IIb/IIIa 
antagonist used 

338 (41.4%) 170 (40.4%) 168 (42.4%) 0.55 

Number of lesions treated per 
patient 

   0.44 

   One lesion treated 628 (76.9%) 319 (75.8%) 309 (78.0%)  
   Two or more treated 189 (23.1%) 102 (24.2%) 87 (22.0%)  
De-novo lesion‡ 762 (93.3) 393 (93.3) 369 (93.2) 0.92 
Left anterior descending artery 
lesion 

358 (43.8%) 193 (45.8%) 165 (41.7%) 0.23 

At least one small-vessel (RVD 
<2.75mm) 

431 (52.8%) 230 (54.6%) 201 (50.8%) 0.27 

At least one severe calcification 165 (20.2) 73 (17.3) 92 (23.2) 0.04 
At least one lesion with 
Preprocedural  TIMI flow grade 
0 or 1 

276 (33.8) 144 (34.2) 132 (33.3) 0.79 

ACC/AHA lesion type B2 or C 624 (76.4) 328 (77.9) 296 (74.7) 0.29 
At least one bifurcated lesion 190 (23.3) 101 (24.0) 89 (22.5) 0.61 
At least one aorta ostial lesion 41 (5.0%) 16 (3.8%) 25 (6.3%) 0.10 
At least one thrombus aspiration 301 (36.8%) 146 (34.7%) 155 (39.1%) 0.19 
At least one stent post-dilated 657 (80.4%) 327 (77.7%) 330 (83.3%) 0.04 
Total stent length per patient 
(mm) 

35.39 ± 23.90 35.64 ± 23.75 35.11 ± 24.08 0.75 

Data are n (%) or mean ± SD. CAD = coronary artery disease. PCI = percutaneous coronary intervention. CABG = coronary 

artery bypass grafting. MI = myocardial infarction. CTO = chronic total occlusion. RVD = reference vessel diameter. TIMI = 

thrombolysis in myocardial infarction. ACC/AHA = American College of Cardiology/American Heart Association. §data from 

419 patients in the zotarolimus-eluting stent and 396 patients in the everolimus-eluting stent group. ¥data from 420 patients in the 

zotarolimus-eluting stent and 395 patients in the everolimus-eluting stent group. ‡including chronic total occlusion, but not grafts and in-

stent restenosis 

 

Of the patients with NSTEMI, 72 (16.1 %) presented with non-patent culprit vessels, and a total 

of 132 (29.5%) had an impaired coronary flow. Baseline characteristics of patients and lesions, 

and procedural data were similar for both stent groups (Table 1); patients of the Resolute 

Integrity stent group presented more often with NSTEMI (58.4% vs. 50.8%; p=0.03), and target 

lesions of this group were less often severely calcified (17.3% vs. 23.2%; p=0.04) and were less 

often post-dilated (77.7% vs. 83.3%; p=0.04). There was no difference in any other procedure-
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related parameter. During PCI, anticoagulation was generally achieved by the administration of 

unfractionated heparin; bivalirudin was used in one patient (0.1%). Stent groups did not differ in 

the use of glycoprotein IIb-IIIa receptor antagonists (Table 1). Dual anti-platelet therapy 

consisted of clopidogrel and aspirin, except for 5 patients (0.6%) who received prasugel or 

ticagrelor plus aspirin. One patient in the Resolute Integrity stent group withdrew consent, but 

for all remaining 816 patients (99.9%) 2-years follow-up data were obtained. 

 

Outcome in patients treated with Resolute Integrity versus Promus Element stents.   

Table 2 presents the various individual and composite clinical outcome parameters at 2 years 

follow-up for all patients with acute MI, comparing the two stent groups. Time-to-event analysis 

of the primary clinical endpoint TVF (7.4% vs. 6.1%; p=0.45) and its components revealed no 

significant difference between stent groups (Figure 1), and the definite-or-probable stent 

thrombosis rates were low and similar for both stent groups (1.4% vs. 0.5%; p=0.29).  
 

Table 2: Clinical Outcome at 2-Year Follow-Up.  

 
All patients with acute MI  
(N = 816) 

Resolute Integrity 
(N = 420) 

Promus 
Element 
(N = 396) 

p value 

Individual clinical endpoints     
Cardiac death 22 (2.7) 13 (3.1) 9 (2.3) 0.47 
Target vessel-related MI 8 (1.0) 5 (1.2) 3 (0.8) 0.73 
Target-vessel revascularization 
(TVR) 

31 (3.8) 16 (3.8) 15 (3.8) 0.99 

Target-lesion revascularization 
(TLR) 

24 (2.9) 13 (3.1) 11 (2.8) 0.79 

Stent thrombosis (ST) (0-720 
days) 

    

  Definite ST, any (0-720 days) 6 (0.7) 4 (1.0) 2 (0.5) 0.69 
   Definite ST, acute (0-1 days) 1 (0.1) 1 (0.2) 0 1.00 
   Definite ST, subacute (2-30 
days) 

0 0 0  

   Definite ST, late (31-360 days)  1 (0.1) 0 1 (0.3) 0.49 
   Definite ST, very late (360-720 
days)  

4 (0.5) 3 (0.7) 1 (0.3) 0.63 

Definite or probable ST, any (0-
720 days) 

8 (1.0) 6 (1.4) 2 (0.5) 0.29 

Composite clinical endpoints     

Target-lesion failure (TLF) ‡ 49 (6.0%) 29 (6.9%) 20 (5.1%) 0.27 
Target-vessel failure (TVF) * 55 (6.7%) 31 (7.4%) 24 (6.1%) 0.45 

Data are n (%), unless otherwise indicated. TVR and TLR were clinically indicated. *TVF is a composite of cardiac death, target-
vessel-related myocardial infarction, and clinically indicated target-vessel revascularization. ‡TLF is a composite of cardiac death, target-
vessel-related myocardial infarction, and clinically indicated target-lesion revascularization. PCI = percutaneous coronary intervention. 

 

In patients presenting with STEMI (n=370), the incidence of TVF (5.1% vs. 4.9%; p=0.81), TLF, 

and various individual clinical endpoints was low and similar between both stent arms (Table 3). 

In addition, in patients presenting with NSTEMI (n=447), there was no significant difference 

between stent arms in TVF (9.0% vs. 7.5%; p=0.56), and other clinical endpoints.  

 

DISCUSSION 

 

In the present substudy of the DUTCH PEERS randomized trial, both Resolute Integrity and 

Promus Element stents were similarly safe and efficacious for treating patients with acute MI. At 

2-year follow-up, the rates of stent thrombosis were similar and low. The observed low event 
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rates were mainly attributable to the use of these modern DES and not to the concomitant 

pharmacological therapy that was quite traditional in this study. In addition, we observed no 

significant between-stent difference in clinical outcome among both, patients with STEMI and 

NSTEMI. 

 
Table 3: Clinical Outcome at 2-Year Follow-Up for the STEMI and NSTEMI Population  

 
 

STEMI 
 

NSTEMI 
 

 
Resolute 
Integrity 

(N = 175) 

Promus 
Element 

(N = 195) 

p Resolute 
Integrity 

(N = 245) 

Promus 
Element 

(N = 201) 

p 

Individual clinical endpoints       
Cardiac death 4 (2.3) 4 (2.1) 1.00 9 (3.7) 5 (2.5) 0.48 
Target vessel-related MI 1 (0.6) 1 (0.5) 1.00 4 (1.6) 2 (1.0) 0.70 
Target-vessel revascularization 
(TVR) 

5 (2.9) 6 (3.1) 0.90 11 (4.5) 9 (4.5) 1.00 

Target-lesion revascularization 
(TLR) 

5 (2.9) 5 (2.6) 1.00 8 (3.3) 6 (3.0) 0.87 

Definite or probable ST, any (0-360 
days) 

3 (1.7) 1 (0.5) 0.35 3 (1.2) 1 (0.5%) 0.63 

Composite clinical endpoints       
Target-lesion failure (TLF) ‡ 9 (5.1) 8 (4.1%) 0.63 20 (8.2) 12 (6.0) 0.37 
Target-vessel failure (TVF) * 9 (5.1) 9 (4.9) 0.81 22 (9.0) 15 (7.5) 0.56 

Data are n (%), unless otherwise indicated. TVR and TLR were clinically indicated. *TVF is a composite of cardiac 
death, target-vessel-related myocardial infarction, and clinically indicated target-vessel revascularization. ‡TLF is a 
composite of cardiac death, target-vessel-related myocardial infarction, and clinically indicated target-lesion 
revascularization. MI = myocardial infarction. ST = stent thrombosis 

 

The DUTCH PEERS randomized trial enrolled a high proportion of patients with acute MI 

(45.1%) at presentation.16 Its proportion of patients with acute STEMI (20.4%) – the group with 

the highest in-hospital risk after PCI – was even among the highest of all randomized, 

multicenter trials that compared DES in all-comers.7,26-29 The high proportion of patients with 

acute MI, and in particular STEMI, suggests that selection bias, which is present in almost all 

randomized clinical trials, may have been relatively small. At the same time, the systematic 

assessment of post-PCI cardiac markers and ECG changes, the rigorous monitoring, and the 

availability of follow-up in as much as 99.9% of patients make potential underreporting of stent 

thrombosis or other important clinical events quite unlikely.  

In the current analysis, baseline characteristics of patients, lesions, and PCI procedures showed 

many similarities between stent groups. However, there were a few differences. First, patients 

treated with Resolute Integrity stents presented with a NSTEMI significantly more often (58% 

vs. 51%). In addition, they had less calcified lesions (17% vs. 23%), and, as may be expected, they 

required less often stent post-dilations (78% vs. 83%).  

 

Assessment of the study stents 

The DUTCH PEERS trial is the first randomized study to compare the new generation Resolute 

Integrity and Promus Element stents in all-comers. It is also the first randomized trial to assess 

Resolute Integrity. The Promus Element stent has previously been compared with second-

generation cobalt-chromium-based Xience V/ Promus (Abbott Vascular, Santa Clara, CA; 

Boston Scientific) and Resolute stents.14,23,27 The PLATINUM randomized trial compared the 
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Promus Element stent with Xience V in patients with low-to-moderate event risk but excluded 

patients with STEMI or NSTEMI.22,23  

 
Figure 1. Kaplan Meier Curves for Primary Composite Endpoint Target-Vessel Failure and its 
Individual Components, for all Patients Presenting with Acute MI 
 

 
 

 

The HOST-ASSURE randomized trial compared the Promus Element stent with the second-

generation zotarolimus-eluting Resolute stent (Medtronic) in an East Asian all-comers patient 

population, excluding patients with target lesions in vessels < 2.5 mm or with severe heart failure. 

One-year follow-up revealed very low event rates (TVF 3.3% vs. 3.4%).27 Besides explicable 

differences in the ethnic background of patients and in reference vessel size, DUTCH PEERS 

differed from HOST-ASSURE in enrolling a much higher proportion of patients with acute 

STEMI at presentation (20.4% vs. 11.2%); in addition, DUTCH PEERS also assessed more 

patients with NSTEMI (24.7% vs. 17.6%). Recently, the SORT OUT VI randomized trial 

compared Resolute Integrity and BioMatrix Flex stents in 2,999 Danish all-comer patients, 

including 18.3% patients with acute STEMI.30 In a preliminary report of 1-year outcome, both 

DES showed similar rates of the primary composite endpoint MACE (5.3% vs. 5.1%) and other 

endpoints such as definite-or-probable stent thrombosis (0.8% vs. 0.5%, p=0.25).30 

 

Newer generation DES and acute MI 

Patients with NSTEMI and STEMI share a common pathophysiological substrate, which 

consists of a ruptured or eroded coronary plaque that induces a more or less occlusive thrombus 

formation and varying degrees of distal embolization of thrombi and/or plaque material.20 In 
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addition, mid and long-term mortality rates were shown to be similar following NSTEMI and 

STEMI.31,32 Therefore, it is reasonable that several comparative DES studies, as well as the 

present study, assessed patients with STEMI and NSTEMI together.11,33 Nevertheless, culprit 

lesions of patients with acute coronary syndromes show a healing response and a neointimal DES 

coverage that may differ from those of patients with stable angina,34 and in newer generation 

DES, more attention has been paid to outcomes in patients with STEMI.10,13,14,35,36 Data from 

randomized studies that assessed second-generation DES in the setting of acute MI were mainly 

performed with the cobalt-chromium everolimus-eluting Xience V/ Promus stent.10-13 In the 

EXAMINATION randomized trial, Xience V and bare metal stents showed no significant 

difference in the composite primary endpoint POCE (11.9% vs. 14.2%, p=0.19) in a total of 

1,498 patients with acute STEMI, but the rates of TLR (2.1% vs. 5.0%, p=0.003) and stent 

thrombosis (definite-or-probable: 0.9% vs. 2.5%, p=0.019) were significantly lower after the use 

of DES.10 In the XAMI randomized trial, in which 625 patients with acute MI (96% patients with 

STEMI) underwent PCI with Xience V or sirolimus-eluting Cypher (Cordis, Warren, NJ) stents, 

the rate of the primary composite endpoint MACE was significantly lower in Xience V (4.0% vs. 

7.7%, p=0.048). In addition, the definite-or-probable stent thrombosis rate was non-significantly 

lower in Xience V (1.2% vs. 2.7%, p=0.21).12 A comprehensive network meta-analysis13 and a 

mixed treatment comparison analysis of trial level data14 revealed, for the treatment of STEMI 

with newer generation DES, a substantially decreased need for repeat revascularizations without 

compromising safety and showed relatively low rates of stent thrombosis in Xience V/ Promus 

stents.  

Although the permanent polymer coatings on modern DES show a safety that is superior to that 

of coatings on first-generation DES, they may still be related to a certain late event risk; this 

could be circumvented by use of polymer-free DES or DES with bioresorbable polymers that, 

after degradation and resorption of the coating material, leave only a bare metal stent behind.37 

Encouraged by favorable results in the LEADERS trial, which studied the BioMatrix Flex stent 

(Biosensors, Singapore) that elutes biolimus from a bioresorbable (polylactic acid-based) 

abluminal coating on a stainless-steel platform,26 the COMFORTABLE AMI randomized trial 

compared the BioMatrix Flex stent with its corresponding bare metal stent and showed in a total 

of 1,161 STEMI patients a significantly lower MACE rate after DES use (4.3 vs. 8.7, p=0.004).35 

Randomized clinical trials, such as the ongoing BIO-RESORT (TWENTE III) trial, will answer 

the question whether novel DES, consisting of a thin bioresorbable polymer coating on thin-strut 

stents with highly flexible designs, may further improve clinical outcome in all-comer patients, 

including patients with acute MI.37 

 

Limitations 

As many other sub-studies of large clinical trials, the present post-hoc study is characterized by a 

limited power to detect significant differences, and therefore our findings should be considered 

hypothesis generating. The randomization was not stratified for the presence of an acute MI; 

nevertheless, in this randomized study the baseline characteristics of the two stent groups were 

similar. In the DUTCH PEERS randomized trial, patients who, from the operator’s view, were 

not fully conscious (e.g. due to hypotension, shock, agitation, alcohol abuse, drugs, or medication 

with morphine derivates to mitigate pain) fulfilled a predefined exclusion criterion and were not 

enrolled.16 The exclusion of this patient subset, which is known to have an increased mortality, 

represents a limitation of many randomized clinical trials that assess patients in the setting of 

acute MI.38 For that reason, favorable event rates in comparative, randomized DES trials should 



  

153 

 

not give rise to the expectation of achieving identical results in unselected cohorts of patients 

with acute MI.  

 

Clinical implications 

In the absence of any data from a large randomized trial to compare the two novel but widely 

applied, highly deliverable DES in the setting of acute MI, the results of our present analysis may 

be of value. The very favorable outcomes following the use of both DES may be interpreted as a 

safety signal that supports the use of both DES in patients with acute MI and in different 

subgroups of MI. The data may be particularly relevant as the relatively high rate of enrolled 

STEMI patients in the DUTCH PEERS trial suggests that the inevitable selection bias in this 

particular subset of patients may have been kept within very reasonable limits. The observed 

safety and efficacy of the two novel DES support a broad use of DES in patients treated for 

STEMI or NSTEMI (unless adherence to dual anti-platelet therapy is uncertain) and corroborate 

current international guidelines.20,21 Nevertheless, long-term data will be of interest to exclude any 

potential late safety issue as well as the presence of a potential late catch-up in repeat 

revascularization. 

 

CONCLUSION 

 

In patients with acute myocardial infarction, both Resolute Integrity and Promus Element stents 

were similarly safe and efficacious at two-year follow-up. 
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ABSTRACT 
 

Aim: To evaluate the safety and efficacy of two novel drug-eluting stents (DES) with 

biodegradable polymer-based coatings versus a durable coating DES.  

 

Methods and Results: BIO-RESORT is an investigator-initiated, prospective, patient-blinded, 

randomized multicenter trial in 3,540 Dutch all-comers with various clinical syndromes, requiring 

percutaneous coronary interventions (PCI) with DES implantation. Randomization (stratified for 

diabetes mellitus) is being performed in a 1:1:1 ratio between ORSIRO sirolimus-eluting stent 

with circumferential biodegradable coating, SYNERGY everolimus-eluting stent with abluminal 

biodegradable coating, and RESOLUTE INTEGRITY zotarolimus-eluting stent with durable 

coating. The primary endpoint is the incidence of the composite endpoint target vessel failure 

(TVF) at 1 year, consisting of cardiac death, target vessel-related myocardial infarction, or 

clinically driven target vessel revascularization. Power calculation assumes a TVF rate of 8.5% 

with a 3.5% non-inferiority margin, giving the study a power of 85% (alpha level 0.025 adjusted 

for multiple testing). The impact of diabetes mellitus on post-PCI outcome will be evaluated. The 

first patient was enrolled on December 21, 2012.  

 

Conclusions: BIO-RESORT is a large, prospective, randomized, multicenter trial with three 

arms, comparing two DES with biodegradable coatings versus a reference DES with a durable 

coating in 3,540 all-comers. The trial will provide novel insights into the clinical outcome of 

modern DES and will address the impact of known and so far undetected diabetes mellitus on 

post-PCI outcome. 
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BACKGROUND 

 

More than a decade ago, the concept of drug-eluting stents (DES) was developed to minimize the 

risk of in-stent restenosis by the local delivery of anti-proliferative drugs from stent coatings that 

also helped control the release kinetics of the drugs. While effectively reducing lesion recurrence, 

first-generation DES with elementary durable polymer-based coatings did not improve mortality 

following percutaneous coronary interventions (PCI). This was to a great extent attributed to a 

higher incidence of late and very late stent thrombosis that was largely related to a limited 

biocompatibility of early DES.1 Second-generation DES with more biocompatible durable 

polymer-based coatings then showed on average a more favorable clinical outcome,2-7 while 

contemporary third-generation DES with more refined stent designs showed improved stent 

deliverability in challenging coronary anatomies.8-12 The zotarolimus-eluting RESOLUTE 

INTEGRITY stent (Medtronic Vascular, Santa Rosa, CA, USA) is, such a third-generation 

durable polymer DES6,8,9 that utilizes the established combination of zotarolimus elution from a 

BioLinx coating, of which previous randomized controlled trials demonstrated that it is safe, 

highly efficacious, and non-inferior to that of fluoropolymer-coated everolimus-eluting 

stents.4,5,13,14 

In parallel with the refinement of durable coating DES, concerns about durable polymers as a 

potential trigger of vessel wall inflammation and late adverse events prompted the development 

of DES with biodegradable polymer-based coatings,15 which, after degradation, leave only a bare 

metal stent in the vessel wall that does not induce an excessive or prolonged inflammatory 

response.15,16 Such DES recently demonstrated favorable safety and efficacy compared to first 

generation durable coating DES.17  

Meanwhile, novel biodegradable coating DES have been introduced, which utilize modern, 

flexible, thin-strut stent platforms and drugs that are highly efficacious in preventing 

restenosis.18,19 These devices employ dissimilar concepts as either the entire stent (i.e. 

circumferential coating) or only the abluminal stent surface (i.e. external coating) is covered by 

the biodegradable coating. The ORSIRO stent (Biotronik, Bülach, Switzerland) elutes sirolimus 

from a thin circumferential biodegradable coating,20 and the SYNERGY stent (Boston Scientific, 

Natick, MA, USA) elutes everolimus from a thin abluminal biodegradable coating.21 While such 

DES are increasingly used in clinical practice, there is no data from randomized head-to-head 

comparisons between these stents and established third-generation durable coating DES.   

Meanwhile, PCI with DES has become the standard of care. Current randomized comparisons of 

approved DES therefore address so-called all-comer populations with very limited exclusion 

criteria, and comprise patients with all clinical syndromes.8 The findings of such trials are 

particularly valuable as they reflect the performance of DES in routine clinical practice. 

Therefore, in the present BIO-RESORT multicenter trial, we assess in an all-comer patient 

population the safety and efficacy of the ORSIRO and SYNERGY biodegradable coating DES 

versus the RESOLUTE INTEGRITY durable coating DES as a reference.   

 

INVESTIGATIONAL PRODUCTS 

 

ORSIRO 

ORSIRO is a Conformité Européenne (CE)-certified hybrid coating DES with a 7.5-m-thick 

circumferential coating that consists of a combination of an active (BIOlute) and passive coating 

(PROBIO). The BIOlute active coating consists of a biodegradable PLLA polymer that elutes 
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sirolimus in which 50% of the drug is released within 30 days and 80% within 3 months 

(complete degradation of coating within 1–2 years),22 resulting in promising pre-clinical data.23 

The PROBIO passive coating encapsulates the metal stent and minimizes interaction between 

metal and surrounding tissue at sites of contact. The configuration of the coating is asymmetrical 

and thicker on the abluminal side than on the luminal side (7.4µm vs. 3.5µm, respectively), which 

results in a higher drug dose on the abluminal side of the DES.23 The ORSIRO is based on the 

PRO-Kinetic cobalt-chromium stent platform with a strut thickness of 60µm in stents with a 

nominal diameter  3.0mm and 80µm in stents with a nominal diameter >3.0mm. The efficacy of 

this DES was assessed in the BIOFLOW studies, in which the ORSIRO showed favorable 

outcome and non-inferiority compared to the durable polymer based Xience Prime (Abbott 

Vascular, Santa Clara, California).20,24,25 

 

SYNERGY 

Synergy is a CE-certified DES that elutes everolimus from a 4-m-thick biodegradable PLGA 

(poly[lactic-co-glycolic acid]) coating that is completely resorbed within 4 months. To minimize 

the amount of polymer, the coating is applied on the abluminal side of the stent only. The 

flexible stent platform is manufactured from 74µm struts of a platinum chromium alloy, a 

material that is also employed in the durable polymer-based Promus Element DES.10 To improve 

stent flexibility, conformability, and longitudinal robustness, the design of SYNERGY stent 

platform underwent several modifications from the Element platform, including changes in 

connector angles and peak radius, and the presence of two additional proximal and distal end-

connectors.26 The performance of SYNERGY was assessed in the EVOLVE-I trial, in which 

SYNERGY achieved long-term angiographic results that were similar to Promus Element.21 

 

RESOLUTE INTEGRITY 

RESOLUTE INTEGRITY is a CE-certified and Food and Drug Administration (FDA)-

approved durable polymer DES. The 5.6-m-thick BioLinx polymer system, which covers the 

entire stent platform, elutes zotarolimus as the antiproliferative agent. The polymer system 

consists of a blend of three different polymers: (1) the hydrophobic C10 polymer, which aids in 

the control of drug release; (2) the hydrophilic C19 polymer, which supports biocompatibility; 

and (3) polyvinyl pyrro-lidinone, which increases the initial drug burst and enhances the elution 

rate. This coating is also used in Resolute, a DES that was shown to be highly effective in 

reducing restenosis with a favorable safety profile.4,13 RESOLUTE INTEGRITY is based on a 

third-generation, cobalt-chromium stent platform (Integrity), which has a strut thickness of 91µm 

and a stent design that facilitates stent delivery.11 

 

METHODS 
 

Study hypothesis and design 

The main objective of the current investigator-initiated, patient-blinded, randomized, multicenter 

BIO-RESORT trial (ClinicalTrial.gov no. NCT01674803) is to compare the safety and efficacy of 

two novel biodegradable coating DES with that of the established RESOLUTE INTEGRITY 

durable coating DES (the reference device) in an all-comer population with many complex 

lesions and patients (Figure 1). The study will independently assess whether the safety and 

efficacy of (1) the ORSIRO stent and (2) the SYNERGY stent is non-inferior to that of 

RESOLUTE INTEGRITY. Randomization for DES type is performed in a 1:1:1 ratio after 
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stratification for the prevalence of diabetes mellitus. The investigator-initiated trial was planned 

and is performed by cardiologists of the participating PCI centers. Biotronik, Boston Scientific, 

and Medtronic provided equal financial support.  

 
Figure 1 

 
Flow-chart of the BIO-Resort trial 

 

Study population 

A total of 3,540 all-comer patients (age ≥18years) with various clinical syndromes, requiring PCI 

with DES implantation, are studied. All-comers are studied to assess patients and lesions that 

reflect routine clinical practice. This implies the application of only few exclusion criteria (Table 

1). The study complies with the Declaration of Helsinki and was approved by the Ethical Review 

Board Twente. All patients provide written informed. Enrollment is currently performed at four 

study sites in The Netherlands (Thoraxcentrum Twente at Medisch Spectrum Twente, Enschede; 

Rijnstate Hospital, Arnhem; Albert Schweitzer Hospital, Dordrecht; and Haga Hospital, The 

Hague). The first patient was enrolled on December 21, 2012. The expected completion of 

enrollment is by the end of 2014. 

 

Study protocol, patient demographics, and medical data 

Patient demographics and clinical data at inclusion are collected online in an electronic database 

(CRO Diagram, Zwolle, the Netherlands). Cardiac marker assessment is scheduled prior to PCI 

and 6 to 18 hours after PCI, with subsequent serial measurements in case of relevant biomarker 

elevation or complaints until the peak elevation has been determined. PCI will be performed 

according to routine clinical practice. In accordance with current guidelines, the use of Fractional 

Flow Reserve (FFR) for the assessment of angiographically intermediate stenoses is 

recommended. If clinically indicated, intravascular ultrasound (IVUS) or optical coherence 

tomography (OCT) may be used for guidance of the PCI procedure at the operator’s discretion. 

Operators were requested to report any evident (or suspected) longitudinal stent deformation, 

which is defined as distortion or shortening of an implanted stent in the longitudinal axis 

following initially successful deployment.27 In case of stent thrombosis, the use of OCT or IVUS 

is encouraged to identify the mechanism of stent thrombosis. If an operator is unable to insert 

the randomized study stent despite various measures, crossover to a stent of choice is allowed. 
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Treatment of all target lesions within a single PCI procedure is encouraged, if reasonable and 

safe; however, staged procedures (defined as procedures planned at the time of the index 

procedure or shortly thereafter and being performed within 6 weeks with the allocated type DES) 

are permitted. During follow-up, in patients with potential restenosis and visually determined 

lumen narrowing ≤80%, the use of FFR is encouraged to evaluate its hemodynamic significance 

and indication for reintervention. In case of unplanned revascularization procedures, the use of 

the allocated type DES is recommended, except for the treatment of a restenosis in a study stent. 

 
Table 1. BIO-RESORT inclusion and exclusion criteria. 

 Inclusion criteria 
1. Patient ≥ 18 years, capable of providing informed consent and willing and able to cooperate with study 

procedures and follow-up 
2. Coronary artery or bypass graft lesion(s) requiring PCI with DES implantation according to clinical guidelines 

and/or the operator’s judgment 
  
 Exclusion criteria 
1. Participation in another randomized drug or device trial before reaching its primary endpoint 
2. Known pregnancy  
3. Known intolerance to components of an investigational product, or to antithrombotic or anticoagulant 

medication, preventing adherence to dual antiplatelet therapy 
4. Planned elective surgical procedure during the first 6 months after randomization, necessitating the 

interruption of dual antiplatelet therapy  
5. Adherence to scheduled follow-up is uncertain and/or life expectancy assumed to be < 1 year 

 

Medical therapy during the PCI procedure conforms to routine medical treatment. Dual 

antiplatelet therapy (DAPT) is recommended for 6-12 months according to current medical 

guidelines. In patients on oral anticoagulation (e.g. for atrial fibrillation), triple therapy is 

recommended for at least 1-3 month(s), after which oral anticoagulation in combination with 

clopidogrel, ticagrelor, or prasugrel is prescribed for 6-12 months. 

 

Follow-up data collection 

After 1 month, 12 (±1) months, and 24 (±1) months, follow-up data will be collected at visits at 

outpatient clinics or, if not feasible, by telephone follow-up and/or a medical questionnaire, 

carried out by staff that is blinded to the allocated treatment. Follow-up beyond 2 years is 

intended. During visits and telephone calls, patients will be interviewed regarding repeat 

hospitalizations, revascularization procedures, and MIs during follow-up. Survival is checked 

from the municipal population register; in case of death, information will be obtained from the 

patient’s medical chart, general practitioner, and/or cardiologist.  

 

Clinical endpoints and definitions 

The primary endpoint is the incidence of target vessel failure (TVF) at 1-year follow-up, a 

composite endpoint to assess device efficacy as well as patient safety. Components of TVF are in 

hierarchical order: cardiac death, target vessel MI, and clinically driven target vessel 

revascularization. Cardiac death is defined as any death caused by proximate cardiac cause (e.g. 

MI, low-output failure, or fatal arrhythmia), unwitnessed death, death of unknown cause, and all 

procedure-related deaths, including those related to concomitant therapy. As in our previous 

trials,4,5 target vessel MI is defined by any creatine kinase concentration of more than double the 

upper limit of normal with elevated values of a confirmatory cardiac biomarker,28 and can be 

related to a target vessel or cannot be related to another vessel. Clinically indicated repeated 
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revascularization includes revascularization procedures by PCI and coronary artery bypass graft 

surgery. 

Secondary endpoints include device and patient-oriented efficacy and safety parameters such as 

target lesion failure (TLF), major adverse cardiac events (MACE), patient-oriented composite 

endpoint (POCE) as previously described,8 and stent thrombosis according to the Academic 

Research Consortium (ARC)-definitions.29 Among the secondary endpoints, the impact of 

diabetes mellitus on post-PCI outcome will be evaluated. In addition, a sub-study will investigate 

the prevalence of so far undetected diabetes and its potential relevance for clinical outcome. At 

24-month follow-up, we will assess TVF as a major secondary endpoint. Moreover, one of the 

elements of the BIORESORT is the health economic evaluation comprising a Markov decision 

model constructed to model all three treatment arms. Information on resource use will be 

collected during the trial. The EQ-5D, a standardized measure of health status, will be used to 

estimate quality-adjusted life years in all treatment groups. The incremental cost-effectiveness 

ratio (ICER) will be calculated for the three stents, and probabilistic sensitivity analysis will be 

applied to analyze decision uncertainty. 

 

Sample size calculation 

The BIO-RESORT trial will assess two non-inferiority hypotheses independently of each other, 

using RESOLUTE INTEGRITY as the reference to compare the novel biodegradable coating 

DES ORSIRO and SYNERGY. The main outcome parameter is the difference in TVF between 

two treatment arms after 12 months, analyzed by Chi-squared test. A total of 3,540 patients is 

enrolled based on a power calculation that assumes a TVF rate of 8.5% at 1-year follow-up, based 

on data of the TWENTE and Resolute All Comers trials4,13, with a 3.5% non-inferiority margin, 

giving the study a power of at least 85% with a one-sided alpha level of 0.025 (from 0.05 adjusted 

for multiple testing to 0.025) and allowing for up to 3% loss to follow-up. The sample size 

calculation was performed with PASS software (NCSS, Kaysville, UA, USA). 

 

Randomization  

Patients are randomized by custom-designed computer software (Diagram, Zwolle, the 

Netherlands) when stent implantation is intended. Randomization is performed in random blocks 

of 6 and 3 in random order and stratified on the prevalence of medically treated diabetes mellitus.  

 

Statistical considerations 

Between-group differences in Target Vessel Failure (TVF) rate at 12 months will be analyzed for 

the two primary comparisons (SYNERGY versus RESOLUTE INTEGRITY and ORSIRO 

versus RESOLUTE INTEGRITY). The primary endpoint will be analyzed by the log-rank test 

by comparing the time to the primary endpoint using the Kaplan-Meier method. Non-inferiority 

will be achieved if the upper limit of the one-sided 97.5% confidence interval of the absolute risk 

difference is less than the non-inferiority margin. After non-inferiority has been established, 

superiority testing will be performed as well as calculation of two-sided 95% confidence intervals. 

The primary analyses will be performed based on intention-to-treat. In addition, we will perform 

a more conservative per-protocol analysis (i.e. based on the actual stents implanted) of the 

primary endpoint. Pre-specified subgroup analyses will be performed for, but will not be limited 

to, diabetes mellitus, age, gender, recent MI, in-stent restenosis, known renal insufficiency, 

bifurcation lesion, left main stenting, bypass graft lesion treated, multivessel stenting, number of 

implanted stents, lesion length, small vessels, and number of treated lesions, in which the primary 



 

163 

 

and secondary endpoints will be analyzed. The subgroup analyses will be performed to assess 

consistency of treatment effect across different subsets. P-values <0.05 will be considered 

statistically significant, except for the primary analyses, as outlined.  

 

Trial organization 

Trial coordination and data management will be performed by Cardio Research Enschede, 

Enschede, the Netherlands. Study monitoring will be carried out by an independent external 

contract research organization (Diagram, Zwolle, the Netherlands). An independent clinical 

events committee will adjudicate all potential clinical endpoints. Moreover, an independent data 

safety monitoring board will evaluate safety interim analyses of all-cause mortality in the three 

stent arms performed after inclusion of 33% and 66% of the patient population. The authors are 

solely responsible for the design and conduct of the study, all study analyses, the drafting and 

editing of the manuscript, and its final contents. Device-manufacturing companies will have no 

access to the study database and are not involved in the interpretation of data or manuscript 

preparation.  

 

DISCUSSION 

 

The prospective BIO-RESORT multicenter trial performs a 1:1:1-randomized head-to-head 

comparison of two contemporary, flexible biodegradable coating DES (ORSIRO and 

SYNERGY) versus a third-generation, highly deliverable durable coating DES (RESOLUTE 

INTEGRITY) in all-comer patients. The trial examines two independent hypotheses, namely that 

the efficacy and safety of both ORSIRO and SYNERGY is non-inferior to that of RESOLUTE 

INTEGRITY. In addition, the three-arm study design offers the unique opportunity to compare 

the clinical performance of two modern biodegradable coating DES as a major secondary 

research question. The trial does not only compare three devices, but also three different 

“philosophies” as both biodegradable coating DES differ significantly in the distribution of 

coating and in the speed by which coatings are resorbed.   

The development of DES with biodegradable coatings was prompted by a debate on the role of 

durable polymers as potential triggers of vascular inflammation and late adverse clinical 

events.15,16 While the first biodegradable coating DES had more rigid stent designs with thicker 

struts, they had a clinical outcome that was generally similar and sometimes even superior to first 

and some second-generation durable coating DES. For instance, in the LEADERS trial, the 

BioMatrix stent showed non-inferiority at 5-year follow-up compared to Cypher (Cordis, New 

Jersey, USA) for a composite primary endpoint that included cardiac death, MI, or clinically-

indicated TVR (22.3% vs. 26.1%, respectively; p non-inferiority <0.0001).17 Similar to 

LEADERS, in COMPARE II, non-inferiority was shown for the same composite endpoint, 

comparing the biolimus-eluting, biodegradable coating  Nobori stent (Terumo, Tokyo, Japan) 

with Xience (5.2% vs. 4.8%, respectively; p=0.69).30 The SORT OUT V study, which compared 

Nobori and Cypher stents, however, did not find non-inferiority of the biodegradable stent;31 this 

may partly be related to the particularly low event rate in SORT OUT V that was at one year in 

the biodegradable stent arm lower than that of the BioMatrix stent in LEADERS (5.4% vs. 11%, 

respectively).17,31 

Novel biodegradable coating DES, such as ORSIRO and SYNERGY, provide improved stent 

flexibility due to thin-strut stent designs and more flexible stent materials.10,21,23 The SYNERGY 

stent uses a modified Element stent platform, made from a highly radiopaque platinum-
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chromium alloy with favorable strength and durability;12,32,33 and the ORSIRO stent is based on a 

PRO-Kinetic Energy stent platform made from cobalt chromium.23 While ORSIRO utilizes an 

asymmetric encompassing coating (abluminal coating >luminal coating) that is degraded within 1-

2 years,23 SYNERGY uses an abluminal coating only21 that is degraded within 4 months; these 

dissimilarities in coating might result in differences of vascular inflammatory response to both 

DES. Differences in strut thickness could be of interest, as flexible thin-strut stent designs have 

previously been shown to be particularly efficacious in preventing restenosis.18,19 Data provided 

by the BIO-RESORT trial may serve as reference to compare the results of upcoming studies 

with polymer-free DES34,35 such as the novel BioFreedom stent36 or the Cre8 stent (CID, Salugia, 

Italy), which has shown a lower 6-month late lumen loss than the Taxus Liberté stent (Boston 

Scientific Corporation, Natick, MA).37  

In parallel with this innovative approach, novel durable coating DES with improved 

biocompatibility, such as the second-generation RESOLUTE stent, were developed and 

demonstrated a favorable clinical performance in the randomized Resolute All Comers and 

TWENTE trials.4,13 Meanwhile, third-generation durable coating DES, such as RESOLUTE 

INTEGRITY, combine the proven efficacy and safety profiles of coatings and drugs of second-

generation DES with more flexible stent designs. The cobalt chromium Integrity stent design is 

formed by a continuous sinusoidal technology that has shown to be highly deliverable.11 The 

DUTCH PEERS (TWENTE II) trial is the first randomized study that reported safety and 

efficacy of RESOLUTE INTEGRITY in all-comers.6 

The comparison of stents in all-comer patient populations is particularly useful, as the results of 

such studies reflect device performance in routine clinical practice and may be 

generalized.2,17,30,31,39,40 A recent analysis of data of the TWENTE trial demonstrated an increased 

incidence of peri-procedural MI in patients with previously undetected diabetes.40 Because of the 

increasing clinical and economic burden of diabetes in aging populations with a western lifestyle, 

BIO-RESORT pays particular attention to the outcome of diabetic patients. In brief, prior to 

randomization, all patients are stratified for medically treated diabetes mellitus. In addition, the 

levels of glycated hemoglobin (HbA1c) and fasting serum glucose are collected to identify 

previously undetected diabetics and assess the true impact of diabetes on clinical outcome, and to 

study in diabetic patients the impact of glycemic control on clinical outcome. The collected data 

will allow evaluation of the added value of testing for undetected diabetes regarding resource 

utilization.   

Thus, BIO-RESORT is a large, prospective, randomized, controlled, multicenter trial with three 

arms, comparing in 3,540 all-comers two contemporary biodegradable coating DES versus a 

third-generation durable polymer coating DES as the reference. The trial will provide novel 

insights into the clinical outcome of modern DES and will address the impact of known and so 

far undetected diabetes mellitus on post-PCI outcome. 

 
  



 

165 

 

REFERENCES 
 
1. Jensen LO, Maeng M, Kaltoft A, et al. Stent thrombosis, myocardial infarction, and death after drug-eluting and 

bare-metal stent coronary interventions. J Am Coll Cardiol 2007;50:463-470.  
2. Kedhi E, Joesoef KS, McFadden E, et al. Second-generation everolimus-eluting and paclitaxel-eluting stents in 

real-life practice (COMPARE): a randomised trial. Lancet 2010;375:201-209.  
3. Stone GW, Rizvi A, Newman W, et al. Everolimus-eluting versus paclitaxel-eluting stents in coronary artery 

disease. N Engl J Med 2010;362:1663-1674.  
4. von Birgelen C, Basalus MW, Tandjung K, et al. A randomized controlled trial in second-generation 

zotarolimus-eluting Resolute stents versus everolimus-eluting Xience V stents in real-world patients: the 
TWENTE trial. J Am Coll Cardiol 2012;59:1350-1361.  

5. Tandjung K, Sen H, Lam MK, et al. Clinical Outcome Following Stringent Discontinuation of Dual Anti-
Platelet Therapy After 12 Months in Real-World Patients Treated With Second-Generation Zotarolimus- 
Eluting Resolute and Everolimus-Eluting Xience V Stents: Two-Year Follow-up of the Randomized TWENTE 
Trial. J Am Coll Cardiol 2013;61:2406-2416.  

6. von Birgelen C, Sen H, Lam MK. Highly deliverable third-generation zotarolimus-eluting and everolimus-eluting 
stents in all-comer patients (DUTCH PEERS): A randomised trial. Lancet; published online October 31, 2013 
(doi:10.1016/S0140-6736(13)62037-1).  

7. Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Stent thrombosis with drug-eluting and bare-metal stents: 
evidence from a comprehensive network meta-analysis. Lancet 2012;379:1393-1402.  

8. Tandjung K, Basalus MW, Sen H, et al. DUrable polymer-based sTent CHallenge of Promus ElemEnt versus 
ReSolute integrity (DUTCH PEERS): rationale and study design of a randomized multicenter trial in a Dutch 
all-comers population. Am Heart J 2012;163:557-562.  

9. Foin N, Sen S, Allegria E, et al. Maximal expansion capacity with current DES platforms: a critical factor for 
stent selection in the treatment of left main bifurcations? EuroIntervention 2013;8:1315-1325.  

10. Menown IB, Noad R, Garcia EJ, et al. The platinum chromium element stent platform: from alloy, to design, to 
clinical practice. Adv Ther 2010;27:129-141.  

11. Lee SW, Chan MP, Chan KK. Acute and 16-month outcomes of a new stent: the first-in-man evaluation of the 
Medtronic S9 (integrity) stent. Catheter Cardiovasc Interv 2011;78:898-908.   

12. Stone GW, Teirstein PS, Meredith IT, et al. A prospective, randomized evaluation of a novel everolimus-eluting 
coronary stent: the PLATINUM (a Prospective, Randomized, Multicenter Trial to Assess an Everolimus-
Eluting Coronary Stent System [PROMUS Element] for the Treatment of Up to Two de Novo Coronary Artery 
Lesions) trial. J Am Coll Cardiol 2011;57:1700-1708.  

13. Serruys PW, Silber S, Garg S, et al. Comparison of zotarolimus-eluting and everolimus-eluting coronary stents. 
N Engl J Med 2010;363:136-146.  

14. Massberg S, Byrne RA, Kastrati A, et al. Polymer-free sirolimus- and probucol-eluting versus new generation 
zotarolimus-eluting stents in coronary artery disease: the Intracoronary Stenting and Angiographic Results: Test 
Efficacy of Sirolimus- and Probucol-Eluting versus Zotarolimus-eluting Stents (ISAR-TEST 5 trial). Circulation 
2011;124:624-632.  

15. Joner M, Finn AV, Farb A, et al. Pathology of drug-eluting stents in humans: delayed healing and late 
thrombotic risk. J Am Coll Cardiol 2006;48:193-202.   

16. Waksman R, Maluenda G. Polymer drug-eluting stents: is the future biodegradable? Lancet 2011;378:1900-1902.  
17. Serruys PW, Farooq V, Kalesan B, et al. Improved safety and reduction in stent thrombosis associated with 

biodegradable polymer-based biolimus-eluting stents versus durable polymer-based sirolimus-eluting stents in 
patients with coronary artery disease: Final 5-year report of the LEADERS randomized, noninferiority trial. 
JACC Cardiovasc Interv. 2013;6:777-789.  

18. Pache J, Kastrati A, Mehilli J, et al. Intracoronary stenting and angiographic results: strut thickness effect on 
restenosis outcome (ISAR-STEREO-2) trial. J Am Coll Cardiol 2003;41:1283-1288.  

19. Briguori C, Sarais C, Pagnotta P, et al. In-stent restenosis in small coronary arteries: impact of strut thickness. J 
Am Coll Cardiol 2002;40:403-409  

20. Hamon M, Niculescu R, Deleanu D, et al. Clinical and angiographic experience with a third-generation drug-
eluting Orsiro stent in the treatment of single de novo coronary artery lesions (BIOFLOW-I): a prospective, 
first-in-man study. EuroIntervention 2013; 8:1006-1011.  

21. Meredith IT, Verheye S, Weissman NJ, et al. Six-month IVUS and two-year clinical outcomes in the EVOLVE 
FHU trial: a randomised evaluation of a novel bioabsorbable polymer-coated, everolimus-eluting stent 
EuroIntervention. 2013; 9: 308-315.  

22. Tittelbach M, Diener T. Orsiro - The first hybrid drug-eluting stent, opening up a new class of drug-eluting 
stents for superior patient outcomes. Interventional Cardiology 2011;6:142-144.  

23. Koppara T, Joner M, Bayer G, et al. Histopathological comparison of biodegradable polymer and permanent 
polymer based sirolimus eluting stents in a porcine model of coronary stent implantation. Thromb Haemost. 
2012;107:1161-1171.  



Chapter 14 | Bio-Resort rational and study design 

 

166 

 

24. Windecker S. Safety and clinical performance of the drug-eluting Orsiro stent in the treatment of subjects with 
single de novo coronary artery lesions-II (BIOFLOW-II). Presented as late breaking trial on May 21th at EuroPCR 
2013 in Paris, France. 

25. Waltenberger J, Hoffman S, Brachmann J, et al. BIOFLOW-III, an All Comers registry with a sirolimus eluting 
stent, presentation of one year target lesion failure rate. Presented on May 21th at EuroPCR 2013 in Paris, France.  

26. Bennett J, Dubois C. A novel platinum-chromium everolimus-eluting stent for the treatment of coronary artery 
disease. Biologics 2013;7:149-159.  

27. Williams PD, Mamas MA, Morgan KP, et al. Longitudinal stent deformation: a retrospective analysis of 
frequency and mechanisms EuroIntervention. 2012; 8: 267-274.  

28. Vranckx P, Cutlip DE, Mehran R, et al. Myocardial infarction adjudication in contemporary all-comer stent 
trials: balancing sensitivity and specificity. EuroIntervention 2010;5:871-874.  

29. Cutlip DE, Windecker S, Mehran R, et al. Clinical end points in coronary stent trials: a case for standardized 
definitions. Circulation 2007;115:2344-2351.29. 

30. Smits PC, Hofma S, Togni M, et al. Abluminal biodegradable polymer biolimus-eluting stent versus durable 
polymer everolimus-eluting stent (COMPARE II): a randomised, controlled, non-inferiority trial. Lancet 
2013;381:651-660.  

31. Christiansen EH, Jensen LO, Thayssen P, et al. Biolimus-eluting biodegradable polymer-coated stent versus 
durable polymer-coated sirolimus-eluting stent in unselected patients receiving percutaneous coronary 
intervention (SORT OUT V): a randomised non-inferiority trial. Lancet 2013;381:661-669.  

32. Wilson GJ, Huibregtse BA, Stejskal EA, et al. Vascular response to a third generation everolimus-eluting stent. 
EuroIntervention 2010;6:512-519.  

33. Wilson GJ, Huibregtse BA, Pennington DE, et al. Comparison of the SYNERGY with the PROMUS 
(XIENCE V) and bare metal and polymer-only Element control stents in porcine coronary arteries. 
EuroIntervention 2012;8:250-257.36. 

34. Basalus MW, Joner M, von Birgelen C, Byrne RA. Polymer coatings on drug-eluting stents: Samson's hair and 
Achilles' heel? EuroIntervention. 2013;9:302-305.  

35. Waksman R, Pakala R, Baffour R, et al. In vivo comparison of a polymer-free Biolimus A9-eluting stent with a 
biodegradable polymer-based Biolimus A9 eluting stent and a bare metal stent in balloon denuded and radiated 
hypercholesterolemic rabbit iliac arteries Catheter Cardiovasc Interv. 2012;80:429-436.  

36. Urban P, Abizaid A, Chevalier B, et al. Rationale and design of the LEADERS FREE trial: A randomized 
double-blind comparison of the BioFreedom drug-coated stent vs the Gazelle bare metal stent in patients at 
high bleeding risk using a short (1 month) course of dual antiplatelet therapy Am Heart J. 2013;165:704-709.  

37. Carrie D, Berland J, Verheye S, et al. A multicenter randomized trial comparing amphilimus- with paclitaxel-
eluting stents in de novo native coronary artery lesions J Am Coll Cardiol. 2012;59:1371-1376. 

38. Silber S, Windecker S, Vranckx P, et al. RESOLUTE All Comers investigators. Unrestricted randomised use of 
two new generation drug-eluting coronary stents: 2-year patient-related versus stent-related outcomes from the 
RESOLUTE All Comers trial Lancet. 2011;377:1241-1247.40.  

39. Sen H, Tandjung K, Basalus MW, et al. Comparison of eligible non-enrolled patients and the randomised 
TWENTE trial population treated with Resolute and Xience V drug-eluting stents. EuroIntervention. 2012;8:664-
671. 

40. Tandjung K, van Houwelingen KG, Jansen H, et al. Comparison of frequency of periprocedural myocardial 
infarction in patients with and without diabetes mellitus to those with previously unknown but elevated glycated 
hemoglobin levels (from the TWENTE trial). Am J Cardiol 2012;110:1561-1567.  

 



 

167 

 

 

CHAPTER 15 

 

General discussion 

 



Chapter 15 | General discussion 

168 

 

In clinical practice, interventional cardiologists are often confronted with challenging anatomies 

of coronary arteries and lesions. The assessment of lesion geometry and plaque morphology has 

gained increasing attention in the fields of biochemical research in cardiovascular medicine, 

including the unraveling of pathophysiological mechanisms of plaque destabilization.1-3 As a 

result of these studies, the scientific community learned that atherosclerosis is not just a simple 

disease that narrows the arterial lumen, but involves complex pathophysiological mechanisms 

such as vessel wall inflammation, intra-plaque hypoxia, and angiogenesis, which can destabilize 

plaques and may eventually cause thrombus formation and myocardial infarction (CHAPTER 3). 

Imaging techniques, such as near-infrared fluorescence with scVEGF/Cy5.5, may in the future 

become promising diagnostic tools for advanced risk assessment of patients with atherosclerosis 

(CHAPTER 2). Other imaging techniques and approaches have been identified to be feasible in 

mapping plaque areas that might be associated with plaque instability.4-6 Nevertheless, further 

research is required to assess the potential clinical value of such diagnostic tools.  

Challenging lesion anatomies require the use of stents with adequate radial force, relatively thin 

struts, and highly biocompatible coatings to minimize stent thrombosis risk. Improvement in the 

biocompatibility of coatings of contemporary drug-eluting stents and refinements in stent 

materials and design have resulted in devices that have shown a favorable clinical outcome in an 

all-comer population7,8 and in most-comers, as investigated in the randomized TWENTE trial 

(zotarolimus-eluting Resolute stent [Medtronic, Santa Rosa, CA, USA] versus everolimus-eluting Xience V 

stent [Abbott Vascular, Santa Clare, CA, USA]).9,10 The TWENTE trial enrolled patients of whom 

the vast majority had characteristics of clinical and lesion complexity.  

Among these patients, we identified several subgroups with challenging coronary artery and 

lesion anatomies, as for instance patients with right coronary aorta-ostial lesions (i.e. lesions 

arising within the first 3 mm from the aortic orifice of the right coronary artery). Aorta-ostial 

disease can also involve the left main stem. Patients with unprotected left main disease are at an 

increased risk of adverse clinical events,11,12 and the use of contemporary second-generation drug-

eluting stents has been shown to be associated with a lower rate of myocardial infarction in such 

patients than seen with first-generation drug-eluting stents (2% vs. 3.5-5%).13 Nevertheless, due 

to the more rigid nature of the coronary vessel wall in the proximal right artery, which might 

render an optimal stent expansion more difficult, differences in clinical outcome between patients 

treated in left versus right aorto-ostial segments might be expected.14 And indeed, a recent study 

has shown that implantation of (predominantly) earlier generation drug-eluting stents in the right 

coronary ostium was associated with a ten times higher risk of repeat revascularization as 

compared with stenting the left main stem.15 As shown in CHAPTER 4, the implantation of a 

second-generation drug-eluting stent in the right coronary aorto-ostial region is feasible, but the 

need for covering the right aorta-ostial segment by a stent was a predictor of target lesion 

revascularization. It is likely that the higher incidence of target lesion revascularization in these 

patients is a consequence of the greater atherosclerotic disease burden. In patients with previous 

coronary artery bypass grafting, who now require percutaneous interventions in vein graft lesion, 

the greater extent of disease involvement may–besides principal differences between the 

atherosclerosis in native coronary arteries and degenerative vein graft disease–also be relevant 

(CHAPTER 10). 

As discussed in CHAPTER 5, coronary bifurcation lesions have represented for more than two 

decades a serious touchstone of both interventional cardiologists and various types of stents.16-20 

A variety of factors that include differences in interventional techniques and the number of stents 

used might have an impact on the clinical outcome of patients who are treated for a bifurcated 
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target lesion. In the presence of relatively large side-branches, bifurcated lesions show significant 

tapering of the main vessel from proximal to distal of the ostium of the side-branch. In addition, 

the typical distribution of sheer stress in bifurcations determines that atherosclerotic plaque 

generally accumulates opposite to the side-branch ostium, while the carina remains mostly free 

from significant disease.21 Stent implantation in a segment that involves a major side-branch 

might stretch the tapered main vessel segment, which could trigger restenosis due to a 

modulation of the vessel geometry. Finally, bench tests and in vitro experiments suggest that 

drug-eluting stents with different stent designs may act dissimilarly in the setting of bifurcation 

stent implantation.22,23 As shown in CHAPTER 6, the 3-year clinical outcome after the implantation 

of second-generation stents was favorable and similar for patients with and without bifurcation 

lesions, despite a significant difference in periprocedural myocardial infarction between these two 

groups. In addition, in the study reported in that chapter, we observed no difference in long-term 

clinical outcome following the implantation of the Resolute and Xience V stents in bifurcation 

lesions. 

A subgroup of patients of the TWENTE trial,9,24 who had a left coronary dominancy, has shown 

a higher incidence of periprocedural myocardial infarction following the implantation of second-

generation drug-eluting stents (CHAPTER 7). While the incidence of peri-procedural myocardial 

infarction was higher in this group, it appeared not to be associated with a worse long-term 

prognosis. This was not the case in previous studies, which have shown that the presence of left 

coronary dominancy is associated with a higher long-term mortality in the general population.25-27 

The difference may be related to the fact that this subgroup had a follow-up period of 2 years 

only, and therefore a longer follow-up would have been of interest. 

The definition of high-risk lesions and vessel anatomies has been of interest since the approval of 

the first drug-eluting stents by the U.S. Food and Drug Administration and their rapid adoption 

in clinical practice.28,29 At that time, drug-eluting stents were supposed to be implanted in easily 

accessible lesions of low-risk patients, the so-called “on-label” indications (also called non-

complex or easy patients). Nevertheless, these patients do not reflect the average patient 

population as currently seen in daily clinical practice, in which the majority of patients (also called 

complex patients) is treated for at least one off-label indication.30 The off-label indications 

include, besides patient characteristics such as renal insufficiency and a left ventricular ejection 

fraction of less than 30%, anatomical and lesions-based characteristics, as for instance a 

bifurcated lesion (CHAPTERS 5 AND 6) and a lesion length of more than 27 mm. CHAPTER 8 

shows that in complex patients the use of second-generation drug-eluting stents is feasible, 

except for an increased risk of periprocedural myocardial infarction, and that the 2-year clinical 

outcome of these patients is similar to patients treated for “on-label”-indications only.  

As shown in CHAPTER 6-8, periprocedural myocardial infarction is a common procedural 

complication and has been an important clinical endpoint in coronary stent trials.31,32 The 

coronary-angiography-based (anatomical) Syntax score33 might be a promising tool for identifying 

patients at risk of periprocedural myocardial infarction, as shown in CHAPTER 9. The increasing 

referral of patients with tortuous and calcified coronary arteries and complex lesion anatomies for 

percutaneous treatment with drug-eluting stent implantation has eventually led to the 

development of more flexible and highly deliverable drug-eluting stents.34,35 Two novel and 

widely-applied, highly deliverable drug-eluting stents, the zotarolimus-eluting Resolute Integrity 

stent (Medtronic, USA) and the everolimus-eluting stent Promus Element stent (Boston 

Scientific, USA) were compared in the randomized DUTCH PEERS trial and demonstrated in an 

all-comer study population to be similarly efficacious and safe, providing excellent clinical 
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outcomes at 1 and 2-year follow-up (CHAPTERS 11 AND 12). CHAPTER 13 shows that the clinical 

outcome remained similar and favorable in the high-risk subpopulation of patients, who were 

treated for an acute myocardial infarction. In addition, there was no significant between-stent 

difference in clinical outcome among both patients with STEMI and NSTEMI. As shown in 

CHAPTER 12, the vast majority of all patients was and remained free from chest pain. The 

proportion of patients with clinically relevant chest pain was particularly low, which might partly 

be related to the increased flexibility of these devices and their high conformability to tortuous 

vessel anatomies. Although the higher flexibility of these stents seems to be associated with a 

reduced longitudinal stent stability,36,37 the outcome reported in CHAPTER 11-13 and the results of 

other studies, such as HOST-ASSURE34 and SORT-OUT VI35, provide an unmistakable safety 

signal for the use of these stents in patients with complex lesion anatomies. 

In parallel with the refinement of drug-eluting stents with durable polymer coatings to adapt to 

complex lesion anatomies, drug-eluting stents with biodegradable polymer-based coatings have 

been improved by the use of modern, flexible, thin-strut stent designs. The initial development of 

biodegradable polymer-coated stents was triggered by a debate on the role of durable polymer 

coatings as a potential trigger of vessel wall inflammation and late adverse events.38  Potential 

long-term effects related to the permanent presence of a durable polymer in the coronary artery 

can be prevented by the use of biodegradable polymer-coated drug-eluting stents that leave after 

polymer resorption only a bare metal stent in the vessel wall that does not induce a prolonged 

inflammatory response.38,39 The everolimus-eluting Synergy stent (Boston Scientific, USA) and the 

sirolimus-eluting Orsiro stent (Biotronik, Switzerland) are such modern, flexible biodegradable 

polymer-coated stents. The two aforementioned stents, which differ significantly in their amount, 

distribution, and degradation speed of the polymer, represent in their biodegradable coating 

relatively dissimilar concepts. Both stents are currently compared with the durable polymer-

coated Resolute Integrity stent in the ongoing three-arm BIO-RESORT (TWENTE III) trial, 

which is introduced and discussed in CHAPTER 14. The randomized BIO-RESORT trial will 

provide novel insights into the clinical outcome of modern drug-eluting stents, which may be 

highly relevant for further improvement of drug-eluting stents. 
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SUMMARY 

 

Interventional cardiologists are confronted with challenging coronary artery and lesion anatomies. 

The refinement of current drug-eluting stents may improve treatment of patient populations with 

such anatomical features, which might result in a reduction of the incidence of adverse clinical 

events. Nevertheless, studies that assessed the clinical outcome of this subset of complex patients 

following the implantation of newer-generation drug-eluting stents are limited. Therefore, this 

thesis aims to provide insight into the performance of contemporary drug-eluting stents in 

patients with challenging coronary artery and lesion anatomies. 

 

CHAPTER 1 served as a general introduction to this thesis and provided background information 

on drug-eluting stents and various anatomically challenging patients groups, such as aorto-ostial 

lesions, coronary dominancy and bifurcation lesions.  

 

CHAPTER 2 provided a novel approach to map VEGF receptors (VEGFR) within carotid 

plaques (using single chain VEGF (scVEGF) labeled to Cy5.5) to investigate the presence of 

VEGFRs in atherosclerotic plaques and to evaluate whether this approach might be of potential 

use to predict plaque (in)stability. Near infrared fluorescence imaging revealed a heterogeneous 

distribution of VEGFRs and accumulation of scVEGF/Cy5.5 (hotspot) and was associated with 

higher capillary density and reduced numbers of α-SMA-positive cells, which are both indicators 

for plaque instability. The data support that scVEGF/Cy5.5 is a suitable indicator for plaque 

instability and a promising diagnostic tool for risk assessment in cardiovascular disease. 

 

CHAPTER 3 presented the unique aspiration of an intact coronary bifurcation thrombus. The case 

illustrates the pathophysiological principle of thrombus propagation from a fissured or ruptured 

plaque into both subordinate branches of a bifurcation. 

 

CHAPTER 4 assessed the impact of coverage of the right aorta-ostial region (the area arising 

within 3 mm of the aortic orifice) by a stent on 2-year clinical outcome of patients treated with 

second-generation drug-eluting stents. A total of 321 patients from the TWENTE trial with 

single-vessel right coronary artery treatment were analyzed, of whom 67 (20.9%) underwent stent 

implantation with aorto-ostial coverage and 254 (79.9%) patients without aorto-ostial coverage. 

During 2-year follow-up, patients with aorto-ostial stent coverage had a higher incidence of 

target-lesion revascularization (TLR; 7.5% vs. 1.6%; p=0.02). Following adjustment for 

confounders, aorto-ostial stent coverage independently predicted the rate of target-lesion 

revascularization with an adjusted hazard ratio of 4.1 (95%CI: 1.17-14.39; p=0.03). This chapter 

shows that treatment of the right aorta-ostial segment with second-generation drug-eluting stents 

is feasible, but remains a predictor of target-lesion revascularization. 

 

CHAPTER 5 described the current state of treatment of bifurcated coronary lesions with 

contemporary drug-eluting stents, suggesting that bifurcation lesions are still a serious touchstone 

of newer stents. Therefore, the assessment of clinical outcome following percutaneous coronary 

intervention for bifurcated target lesions is an issue of ongoing clinical and scientific interest. 

 

CHAPTER 6 assessed the long-term clinical outcome following treatment of bifurcated target 

lesion with the two widely applied second-generation drug-eluting stents Resolute and Xience V. 
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Among the 1,391 patients of the TWENTE trial, 362 (26%) were treated for bifurcation lesions. 

At 3-year follow-up, target-vessel failure did not differ between patients treated for bifurcated 

versus non-bifurcated target lesions (13.1% vs. 12.6%; p=0.84), while the periprocedural 

myocardial infarction rate was higher in patients with bifurcation lesions (6.9% vs. 3.1%; p<0.01). 

There was no significant difference in target-vessel failure between the patients treated with 

Resolute versus Xience V for bifurcation lesions (13.6% vs. 12.6%; p=0.78). The incidence of 

definite-or-probable stent thrombosis was low and similar for both groups (1.1% vs. 0.5%; 

p=0.62). Despite a significant between-group difference in periprocedural myocardial infarction, 

3-year clinical outcome after the implantation of second-generation drug-eluting stents was 

favorable and similar for patients with and without bifurcated target lesions. In addition, we 

observed no difference in long-term clinical outcome after bifurcation stenting with Resolute 

versus Xience V. 

 

CHAPTER 7 evaluated the relation between left coronary artery dominancy and the risk of 

adverse clinical events following the implantation of second-generation drug-eluting stents. 

Follow-up data of 1,387 patients from the randomized TWENTE trial were analyzed. Based on 

the origin of the posterior descending coronary artery, coronary circulation was categorized into 

left and non-left dominancy (i.e. right or balanced). At 2-year follow-up, left coronary dominancy 

was associated with more periprocedural myocardial infarctions (8.8% vs. 3.6%, p<0.01) and 

independently predicted periprocedural myocardial infarction (adjusted 2.19 95%CI: 1.15-4.15, 

p<0.02), while there was no between-dominancy difference in other clinical endpoints.  

 

CHAPTER 8 investigated the 2-year clinical outcome of patients who underwent drug-eluting 

stent implantation for off-label indications (n=1033) and compared it with the outcome of 

patients treated for on-label indications (n=358). Patients with at least one of the following 

criteria were allocated to the off-label group: renal insufficiency with serum creatine ≥140 

μmol/l; left ventricular ejection fraction <30%; acute myocardial infarction within previous 72 

hours; >1 lesion/vessel treated; >2 vessels treated; lesion length >27 mm; bifurcated target 

lesion; saphenous vein graft lesion; arterial bypass graft lesion; in-stent restenosis; unprotected 

left main lesion; lesion with thrombus; lesion with total occlusion. Compared to patients with on-

label drug-eluting stent use, the off-label patients had a significantly higher rate of periprocedural 

myocardial infarction (5.0% vs.1.4%, p<0.01). This chapter demonstrated that despite differences 

in risk profile, clinical endpoints other than periprocedural myocardial infarction were similar in 

patients with off-label versus on-label drug-eluting stent use. The findings underline the favorable 

safety profile of second-generation drug-eluting stents. 

 

CHAPTER 9 evaluated the relation between the Syntax score, a scoring system to quantify the 

complexity of coronary artery disease, and the occurrence of a periprocedural myocardial 

infarction, following the implantation of second-generation drug-eluting stents. Of the 1,391 

patients in the TWENTE trial, the Syntax score was calculated in 1,243 patients (89.4%). The 

incidence of periprocedural MI was higher in patients in the highest tertile group of the Syntax 

score (7.3% vs. 3.1% vs. 1.6%, p<0.01) compared to the mid and lowest tertile groups. This 

chapter demonstrates the relation between the atherosclerotic disease burden, which is reflected 

by a higher Syntax score, and the risk of periprocedural myocardial infarction.  
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CHAPTER 10 evaluated, in 1,709 patients from the randomized TWENTE trial and the non-

enrolled TWENTE registry, the impact of previous coronary artery bypass surgery on clinical 

outcome following percutaneous coronary interventions with second-generation drug-eluting 

stents. Of all patients, 202 (11.8%) had a history of previous CABG. At 1-year follow-up, 

previous CABG was associated with a higher incidence of target-vessel revascularization (9.4% 

vs. 2.3%, p<0.01), in particular in patients treated for vein graft lesions (p<0.01). In patients 

treated for native coronary lesions, no such difference was observed. 

 

CHAPTER 11 assessed the 1-year safety and efficacy of the highly deliverable, third-generation 

Resolute Integrity and Promus Element stents in treating 1,811 all-comer patients of the 

randomized DUTCH PEERS trial. Ease of device delivery was demonstrated, and only very few 

patients were treated with stents other than the assigned study stent (6 (1%) in the Resolute 

Integrity group and 5 (1%) in the Promus Element group p=0.22). A total of 55 (6%) patients of 

the Resolute Integrity group and 47 (5%) of the Promus Element group met the primary clinical 

endpoint target-vessel failure, and non-inferiority of the Resolute Integrity stent, as compared to 

the Promus Element stent, was declared (p non-inferiority p<0.01). There was also no significant 

between-group difference in individual components of the primary endpoint. Definite stent 

thrombosis occurred in 3 (0.3%) and 6 (0.7%) patients of the Resolute Integrity and Promus 

Element-treated patients (p=0.34). This chapter demonstrates that both highly deliverable drug-

eluting stents are similarly efficacious and safe with excellent clinical outcomes at 1-year follow-

up. 

 

CHAPTER 12 evaluated the 2-year clinical outcome and patient-reported chest pain of the 

DUTCH PEERS trial population, treated with Resolute Integrity and Promus Element drug-

eluting stents. Of all 1,811 trial participants, follow-up data were available in 1,810 (99.9%). After 

2 years, the primary composite clinical endpoint target-vessel failure had occurred in 8.6% versus 

7.8% of patients treated with Resolute Integrity and Promus Element, respectively (p=0.55). At 1 

and 2-year follow-up, more than 80% of patients were free from chest pain without any between-

stent difference. In addition, more than 87% of patients were either free from chest pain or 

experienced pain only at maximum physical exertion, but not during normal daily activities. 

Patients with chest pain after 12 months, who had no more than moderate physical effort, had a 

higher risk of target-vessel revascularization during the following year (HR: 1.89; 95%-CI: 1.05-

3.39, p=0.03). This chapter demonstrates that during the second year of follow-up of the 

DUTCH PEERS trial, the incidence of adverse clinical endpoints remained similar and low in 

both stent groups, and that the vast majority of all patients had no chest pain. 

 

CHAPTER 13 assessed the clinical outcome of patients who were treated with these two highly 

deliverable drug-eluting stents in the setting of acute myocardial infarction. Of all participants in 

the DUTCH PEERS trial, 817 (45%) presented with acute MI; 2-year follow-up was available in 

816 patients (99.9%). Between stent groups, there was no significant difference in clinical 

outcome parameters. The rates of target-vessel failure (7.4% vs. 6.1%; p=0.45), target-lesion 

revascularization (3.1% vs. 2.8%; p=0.79), and definite stent thrombosis (1.0% vs. 0.5%; p=0.69) 

were low and similar for both stents groups. This chapter shows that in patients treated for acute 

myocardial infarction, both Resolute Integrity and Promus Element stents were similarly safe and 

efficacious at 2-year follow-up. 
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CHAPTER 14 introduced the design and discussed the rationale of the ongoing BIO-RESORT trial 

– a randomized comparison of biodegradable and durable polymer-based drug-eluting stents in 

all-comers. In this investigator-initiated, prospective, patient-blinded, randomized multicenter 

trial in 3,540 all-comers, the safety and efficacy of two novel drug-eluting stents with 

biodegradable polymer-based coatings, Synergy and Orsiro, will be compared with the durable 

polymer-based Resolute Integrity stent as a reference. The BIO-RESORT trial will provide novel 

insights into the clinical outcome of percutaneous coronary intervention with three modern drug-

eluting stents. In addition, the trial will address the impact of known and so far undetected 

diabetes mellitus on clinical outcome following percutaneous coronary intervention with 

contemporary drug-eluting stents. 

 

CONCLUSION 

 

Coronary artery disease is a global health problem that affects a major proportion of the 

population, in part due to an increase in ageing that is associated with an enlarged risk of 

developing a higher atherosclerotic disease burden. More and more evidence shows that 

atherosclerosis is not just a simple disease with luminal narrowing, but involves complex 

pathophysiological mechanisms such as inflammation and intra-plaque hypoxia and angiogenesis, 

which can lead to plaque destabilization and may eventually cause thrombus formation and 

myocardial infarction. Imaging techniques such as near-infrared fluorescence with 

scVEGF/Cy5.5 may be promising diagnostic tools for the risk assessment of patients with 

cardiovascular diseases. 

Treatment of obstructive coronary artery disease with percutaneous coronary interventions has 

undergone major improvements, in particular since the introduction of drug-eluting stents. 

Several challenging anatomical coronary regions have been identified. The use of contemporary 

(second-generation) drug-eluting stents has resulted in a generally favorable outcome in patients 

with challenging features of coronary anatomy as well as lesion configuration and location. This 

includes patients with a left dominant coronary system, bifurcated target lesions, or lesions that 

involve the right aorta-ostial segment. While periprocedural myocardial infarction still occured 

more frequently in patients with left coronary dominancy and patients treated for a bifurcation 

lesion, the occurrence of periprocedural myocardial infarction appeared not to be associated with 

a worse long-term prognosis. The Syntax score might be a promising tool for identifying patients 

at risk of periprocedural myocardial infarction. Despite technical improvements of newer drug-

eluting stent, the increased atherosclerotic disease burden seems to be an important predictor of 

an increased risk of repeat revascularization, for instance in patients who require stenting that 

involves the right aorta-ostial segment or in patients who had previously undergone coronary 

artery bypass grafting and now require a percutaneous intervention in a vein graft lesion.  

The use of second-generation drug-eluting stents in complex patients (i.e. off-label use) is feasible 

and has shown a favorable clinical outcome, with the only exception being a higher risk of 

periprocedural myocardial infarction. The recent development of highly deliverable drug-eluting 

stents has further improved the treatment of patients who require a percutaneous coronary 

intervention. The two widely applied, highly deliverable drug-eluting stents Resolute Integrity and 

Promus Element were demonstrated to be similarly efficacious and safe, and provided excellent 

clinical outcomes in the DUTCH PEERS trial, even in the high-risk sub-population of patients 

who were treated for an acute myocardial infarction. In addition, follow-up beyond 1 year in the 

DUTCH PEERS trial shows that the incidence of adverse clinical endpoints remained similar and 
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low for both study devices and that the vast majority of the study population was free from chest 

pain. 

Routine clinical use of contemporary drug-eluting stents with biodegradable polymer coatings, 

which after elution of the drug and resorption of the polymer leave a bare metal stent at the 

target lesion site, is rapidly increasing. Data on clinical outcome of all-comer patients who were 

treated with such devices would be of great interest but are currently scarce. The upcoming BIO-

RESORT trial, which compares two novel biodegradable polymer-coated stents, Synergy and 

Orsiro, with a durable polymer-coated stent, Resolute Integrity, will provide novel insights into 

the clinical outcome of modern drug-eluting stents that may be highly relevant for further 

improvement of drug-eluting stents. 
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NEDERLANDSE SAMENVATTING 

 

Interventie cardiologen worden regelmatig geconfronteerd met lastig te behandelen laesies door 

een complexe anatomie van kransslagaderen, dan wel door de aard van de laesies zelf. De huidige 

generatie medicijnafgevende stents is inmiddels erg verfijnd wat de behandeling van dergelijke 

patiëntenpopulaties kan verbeteren en wat mogelijk tot een verbetering van de klinische 

uitkomsten kan leiden. Studies naar de klinische uitkomsten van deze complexe patiënten na 

implantatie van nieuwere generaties medicijnafgevende stents zijn echter beperkt. Het doel van 

dit proefschrift is inzicht te geven in het functioneren van nieuwere generaties stents bij patiënten 

met een uitdagende anatomie van de kransslagaderen en de te behandelen laesie.  

 

HOOFDSTUK 1 dient als een algemene inleiding voor dit proefschrift en verstrekt 

achtergrondinformatie over de medicijnafgevende stents en diverse anatomisch uitdagende 

laesies, zoals aorto-ostiale laesies, coronaire dominantie en bifurcatie laesies. 

 

HOOFDSTUK 2 laat een nieuwe benadering zien om VEGF-receptoren (VEGFR) binnen plaques 

aan te tonen. VEGF is betrokken bij angiogenese, een proces dat ook bij plaquedestabilisatie 

plaatsvindt. Bij deze nieuwe methode werd gebruik gemaakt van near infrared fluorescentie in 

combinatie met Cy5.5 gelabeld single chain VEGF (scVEGF). Er werd vervolgens gekeken of de 

aanwezigheid van VEGFR geassocieerd is met plaque instabiliteit. Near infrared fluorescentie 

toonde een ongelijkmatige verdeling van VEGFR en accumulatie van scVEGF/Cy5,5 

(zogenaamde hotspots) dat geassocieerd was met een hogere capillaire dichtheid en verminderde 

aantallen α-SMA-positieve cellen. Dit zijn kenmerken van plaque instabiliteit. De bevindingen 

ondersteunen dat scVEGF/Cy5.5 een geschikte indicator is voor plaque instabiliteit en een 

veelbelovend diagnostisch hulpmiddel voor risicoanalyse van hart- en vaatziekten. 

 

HOOFDSTUK 3 laat een casus zien met een unieke aspiratie van een intact coronair bifurcatie 

trombus. Dit illustreert mooi de pathosfysiologische mechanisme van een trombus welk is 

ontstaan uit een geruptureerde plaque en die vervolgens heeft voorgezet in de aftakkingen van 

een bifurcatie. 

 

HOOFDSTUK 4 onderzocht de klinische impact van medicijnafgevende stents na implantatie in het 

rechter aorta-ostiale regio (het gebied tot 3 mm vanaf de aorta opening). Een totaal van 321 

patiënten uit de TWENTE trial zijn uitsluitend alleen aan de rechter coronair arterie behandeld, 

waarvan 67 (20,9%) patiënten een implantatie van een stent in de aorto-ostiale regio hebben 

ondergaan. Een follow-up periode van 2 jaar laat zien dat patiënt bij wie een stent was 

geïmplanteerd in de rechter aorto-ostiale regio geassocieerd is met een hogere incidentie van 

target-lesion revascularisatie (TLR; 7,5% versus 1,6%; p=0,02). Na correctie van confounders, 

blijkt het implanteren van een stent in de aorto-ostiale regio een onafhankelijke voorspeller van 

TLR te zijn met een gecorrigeerde hazard ratio van 4,1 (95% CI: 1,17-14,39; p = 0,03). Dit 

hoofdstuk laat zien dat de behandeling van de rechter aorta-ostiale regio met tweede-generatie 

medicijnafgevende stents haalbaar is, echter blijft het een voorspeller van TLR. 

 

HOOFDSTUK 5 beschrijft de huidige status van de behandeling met de nieuwere generatie 

medicijnafgevende stents in coronair bifurcatielaesies. In dit hoofdstuk worden de behandelingen 

van deze specifieke laesies bediscussieerd en hieruit wordt geconcludeerd dat behandeling van 
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bifurcatielaesies nog steeds een belangrijke toetssteen is voor nieuwere generaties 

medicijnafgevende stents en dat verder onderzoek nodig is om klinische uitkomsten hiervan 

inzichtelijk te maken. 

 

HOOFDSTUK 6 bestudeerde de lange termijn klinische uitkomsten na implantatie van twee 

veelgebruikte tweede generatie medicijnafgevende stents, de Resolute en Xience V. Onder de 

1391 patiënten van de TWENTE trial, werden 362 (26%) patiënten behandeld voor 

bifurcatielaesies. Na 3-jaar follow-up was behoudens een hogere incidentie van peri-procedurele 

myocardinfarct bij patiënten die behandeld waren voor bifurcatielaesies (6.9% vs. 3.1%; p <0,01), 

geen verschillen gevonden in andere eindpunten. De incidentie van stent trombose was laag en 

vergelijkbaar voor beide groepen (0,8% vs. 1,8%; p = 0,22). Er was tevens geen verschil 

gevonden in het eindpunt target-vessel failure (een gecombineerd eindpunt bestaande uit cardiale 

dood, target-vessel gerelateerde myocardinfarct en klinisch geïndiceerde target-vessel 

revascularisatie) tussen de beide stents (13,6% vs. 12,6%; p = 0.78). Dit hoofdstuk laat zien dat 

ondanks een significant verschil tussen de groepen in peri-procedurele myocardinfarct, de 3-jarige 

klinische uitkomsten na de implantatie van de tweede generatie medicijnafgevende stents gunstig 

was en vergelijkbaar voor patiënten die wel of niet behandeld waren voor bifurcatielaesies. 

Daarnaast hebben we geen verschil gevonden in de lange termijn klinische uitkomsten  tussen de 

Resolute en Xience V stent. 

 

HOOFDSTUK 7 bespreekt de relatie tussen een links coronair dominant systeem en het risico op 

het optreden van events na de implantatie van tweede generatie medicijnafgevende stents. 

Follow-up gegevens van 1387 patiënten uit de gerandomiseerde TWENTE trial werden 

geanalyseerd. Op basis van de oorsprong van de posterior aflopende kransslagader werd de 

coronaire circulatie onderverdeeld in het linker en niet-linker dominant systeem (of te wel rechts 

of gebalanceerd). Dit hoofdstuk laat zien dat na 2 jaar follow-up, patiënten met een links coronair 

dominant systeem geassocieerd worden met een verhoogde incidentie van peri-procedurele 

myocardinfarct (8,8% vs. 3,6%, p<0,01) en bleek ook een onafhankelijk voorspeller te zijn voor 

peri-procedurele myocardinfarct (adjusted HR 2,19; 95%CI:1,15-4,15, p<0.02 ), terwijl er geen 

verschillen werd gevonden in andere klinische eindpunten. 

 

HOOFDSTUK 8 onderzocht de klinische uitkomsten van patiënten die een tweede generatie 

medicijnafgevende stent hadden gekregen met een off-label indicatie (n = 1033) en vergeleek 

deze met de resultaten van patiënten die werden behandeld met een on-label indicatie (n = 358). 

Patiënten met ten minste één van de volgende criteria werden beschouwd als off-label patiënten: 

nierinsufficiëntie met serum kreatinine ≥140 μ mol/l;  linkerventrikel ejectiefractie <30%;  acuut 

myocardinfarct binnen 72 uur;  >1 laesie/bloedvat behandeld;  >2 bloedvaten  behandeld;  laesie 

lengte>27 mm;  bifurcatie laesie;  vene graft laesie;  arteriële bypass graft laesie;  in-stent 

restenose;  unprotected hoofdstam laesie;  laesie met trombus;  laesie met een totale occlusie. 

Patiënten uit de off-label groep hadden een significant hogere incidentie op peri-procedurele 

myocardinfarct (5,0% vs.1.4%, p<0,01), vergeleken met de patiënten uit de on-label groep. Dit 

hoofdstuk laat zien dat ondanks verschillen in de risico profielen van on- versus off-label 

patiënten, behoudens een toegenomen incidentie van peri-procedurele myocardinfarct, de andere 

klinische eindpunten vergelijkbaar zijn na implantatie van de tweede generatie 

medicatieafgevende stents. Deze bevinden benadrukken de gunstige veiligheidsprofiel van de 

tweede generatie medicijnafgevende stents. 
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HOOFDSTUK 9 onderzocht de relatie tussen de Syntax score, een scoringssysteem dat de 

complexiteit van coronaire hartziekte weergeeft, en het optreden van een peri-procedurele 

myocardinfarct na implantatie van tweede generatie medicijnafgevende stents. Van de 1391 

patiënten in de TWENTE trial, werd de Syntax score berekend bij 1243 patiënten (89,4%).  De 

incidentie van peri-procedurele myocardinfarct was hoger bij patiënten in de hoogste tertiel groep 

van de Syntax score in vergelijking met de midden en laagste tertiel groepen (7,3% vs. 3,1% vs. 

1,6%, p<0,01). Dit hoofdstuk toont de relatie tussen de mate van arteriosclerose, welk wordt 

weerspiegeld door een hogere Syntax score, en het risico van het optreden van een peri-

procedurele myocardinfarct. 

 

HOOFDSTUK 10 onderzocht in 1709 patiënten van de TWENTE trial en de non-enrolled 

TWENTE registry, de impact van een eerdere coronaire bypassoperatie op de klinische uitkomst 

na implantatie met de tweede generatie medicijnafgevende stents. Van alle patiënten, hadden 202 

(11,8%) een geschiedenis van eerdere coronaire bypassoperatie. Een follow-up van 1 jaar liet zien 

dat patiënten met een eerdere coronaire bypassoperatie geassocieerd waren met een hogere 

incidentie van target-vessel revascularisatie (9.4% vs. 2.3%, p<0,01), met name binnen de groep 

patiënten die behandeld waren voor veneuze graft laesies (p<0,01). Bij patiënten die behandeld 

werden voor natieve coronair laesies, werd niet een dergelijk verschil waargenomen. 

 

HOOFDSTUK 11 onderzocht de 1-jaar veiligheid en effectiviteit van twee ‘highly deliverable’ derde 

generatie medicijnafgevende Resolute Integrity vs. Promus Element in 1811 all-comers patiënten 

binnen de gerandomiseerde DUTCH PEERS trial. De ‘highly deliverability’ werd aangetoond 

doordat weinig patiënten werden behandeld met een niet-gerandomiseerde stent (6 patiënten 

(1%) in de Resolute Integrity groep en 5 (1%) in de Promus Element groep, p=0.22). In totaal 

kregen 55 (6%) patiënten van de Resolute Integrity groep en 47 (5%) van de Promus Element 

groep een target-vessel failure (primaire klinisch eindpunt) en was de non-inferioriteit van de 

Resolute Integrity vergeleken met de Promus Element aangetoond (pnon-inferioriteit p<0.01). Er was 

tevens ook geen verschil in individuele componenten van het primaire eindpunt. Het aantal 

patiënten met een definitieve stent trombose was laag en trad op in 3 (0.3%) patiënten binnen de 

Resolute Integrity groep en 6 (0,7%) binnen de Promus Element groep. Dit hoofdstuk 

demonstreert dat deze nieuwe generatie medicijnafgevende stents gelijkwaardig effectief en veilig 

zijn en toont een excellente klinische uitkomst na 1 jaar follow-up. 

 

HOOFDSTUK 12 onderzocht de 2-jaars klinische uitkomsten en de patiënt gerapporteerde pijn op 

de borst binnen de DUTCH PEERS trial, waarbij patiënten behandeld waren met Resolute 

Integrity of Promus Element. Twee jaar follow-up data was beschikbaar in 99,9% van alle 1811 

participanten. Het primaire klinische eindpunt, target-vessel failure, trad op in 8,6% binnen de 

Resolute Integrity groep en 7,8% in de Promus Element groep (p=0,55). Tijdens 1 en 2 jaar 

follow-up hadden meer dan 80% van de participanten geen klachten van pijn op de borst en 

waren daarin ook geen verschillen aangetoond tussen beide stents. Patiënten die na 12 maanden, 

tijdens matige dan wel milde lichamelijke inspanning of in rust pijn hadden op de borst, hadden 

een bijna twee keer zo hoge risico op een klinisch geïndiceerde target-vessel revascularisatie in het 

tweede jaar (HR: 1.89, 95% CI: 1.05-3.39, p = 0.03) vergeleken met patiënten die alleen bij 

maximale inspanning pijn op de borst hadden of helemaal pijnvrij waren. Dit hoofdstuk toont 

aan dat na twee jaar follow-up binnen de DUTCH PEERS trial, de klinische events laag en 
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vergelijkbaar waren voor beide medicijnafgevende stents en dat de meerderheid van de patiënten 

na 1 en 2 jaar vrij waren van pijn op de borst. 

 

HOOFDSTUK 13 onderzocht de klinische uitkomsten van patiënten die werden behandeld met 

twee ‘highly deliverable’ medicijnafgevende stents (Resolute Integrity of Promus Element) in de 

setting van een acute myocardinfarct. Van alle participanten van de DUTCH PEERS trial, 

presenteerden bij inclusie 817 (45%) patiënten met een acute myocardinfarct. Tussen de stent 

groepen waren geen significante verschillen gevonden in met de klinische uitkomsten na tweejaar 

follow-up. De incidentie van target-vessel failure (7.4% vs. 6.1%; p=0.45), target-lesion 

revascularisatie (3.1% vs. 2.8%; p=0.79), en definite stent thrombose (1.0% vs. 0.5%; p=0.69) 

waren laag en vergelijkbaar tussen beide stent groepen. Dit hoofdstuk laat zien dat zowel de 

Resolute Integrity als de Promus Element veilig en effectief zijn bij de behandeling van patiënten 

met een acute myocardinfarct.  

 

HOOFDSTUK 14 introduceert de opzet en bediscussieerd de rationale van de reeds gestarte BIO-

RESORT trial, een gerandomiseerde vergelijking van biodegradable en durable polymeer gecoate 

medicijnafgevende stents. In deze onderzoeker geïnitieerde, prospectieve, patiëntgeblindeerde, 

gerandomiseerde multicenter trial met 3540 all-comer patiënten, wordt de veiligheid en 

effectiviteit van twee nieuwe biodegradable polymeer gecoate medicijnafgevende stents, de 

Synergy en Orsiro, vergeleken met de durable polymeer gecoate Resolute Integrity stent, welk als 

referentie dient. De BIO-RESORT trial zal nieuwe inzichten geven voor wat betreft klinische 

uitkomsten van deze drie moderne medicijnafgevende stents. Tevens zal deze trial de impact 

onderzoeken tussen bekende en onbekende diabetes mellitus en de klinische uitkomsten daarvan.  

 

CONCLUSIE 

 

Coronaire hartziekte is wereldwijd een groot gezondheidsprobleem. Het betreft een grote 

populatie, mede door vergrijzing, welk is geassocieerd met een verhoogde kans op arteriosclerose. 

Steeds meer onderzoeken laten zien dat arteriosclerose niet simpelweg een luminale vernauwing 

is van een bloedvat, maar dat complexe pathofysiologische mechanismen meespelen, zoals 

ontsteking, intraplaque hypoxie en angiogenese wat uiteindelijk kan leiden tot plaque 

destabilisatie, trombusvorming en het optreden van een myocardinfarct. Beeldvormende 

technieken zoals near infrared fluorescentie met scVEGF/Cy5.5 zijn veelbelovende diagnostische 

hulpmiddelen voor de risicoanalyse van hart- en vaatziekten.  

Behandeling van obstructieve coronaire hartziekte met percutane coronaire interventie heeft veel 

belangrijke verbeteringen ondergaan, met name na de introductie van medicijnafgevende stents.  

Verschillende uitdagende anatomische kenmerken van de coronairen zijn in de loop van de tijd 

geïdentificeerd.  Het gebruik van moderne (tweede generatie) medicijnafgevende stents heeft over 

het algemeen geleid tot een gunstige klinische uitkomst bij deze uitdagende groep patiënten. 

Binnen deze patiëntengroep vallen patiënten met een links dominant coronair systeem, 

bifurcatielaesies en laesies waarbij het rechter aorta-ostiale segment betrokken is. Ondanks dat bij 

patiënten met een links dominant coronair systeem en met bifurcatielaesies meer peri-procedurele 

myocardinfarcten voorkwamen, was dit niet geassocieerd met een slechtere prognose op langere 

termijn. De syntax score lijkt een veelbelovende instrument te zijn voor het identificeren van 

patiënten die een verhoogde kans hebben op het krijgen van een peri-procedurele 

myocardinfarct. 
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Ondanks de technische verbeteringen van de nieuwere generaties medicijnafgevende stents, blijkt 

de uitgebreidheid van arteriosclerose een belangrijke voorspeller te zijn voor revascularisatie, 

bijvoorbeeld bij patiënten met een stent dat (deels) geïmplanteerd is in de rechter aorta-ostiale 

regio of bij patiënten die een  eerdere coronaire bypassoperatie hebben ondergaan en nu opnieuw 

gedotterd werden in een veneuze graft laesie. Het gebruik van de tweede generatie 

medicijnafgevende stents in complexe patiënten (d.w.z. met een off-label indicatie) is uitvoerbaar 

en geeft gunstige klinisch uitkomsten behoudens een toegenomen risico op het krijgen van een 

peri-procedurele myocardinfarct. 

De recentelijk ontwikkelde ‘highly deliverable’ medicijnafgevende stents, heeft de behandeling 

van coronaire hartziekte verder verbeterd. In de DUTCH PEERS trial, werden twee veel 

gebruikte ‘highly deliverable’ medicijnafgevende stents Resolute Integriteit vs. Promus Element 

onderzocht, en toonde een vergelijkbare veiligheid en effectiviteit met excellente klinische 

uitkomsten. Vergelijkbare resultaten werden tevens gezien in een hoog risico subpopulatie van 

patiënten die werden behandeld voor een acute myocardinfarct. Ook na een follow-up periode 

van 2 jaar, blijkt in de DUTCH PEERS trial, dat de klinische events laag en vergelijkbaar bleven 

en dat meerderdeel van de patiënten geen pijn klachten meer hadden op de borst.  

Naast de ‘highly deliverable’ medicijnafgevende stents, zijn er ook ‘biodegradable’ polymeer 

gecoate medicijnafgevende stents ontwikkeld. Deze stents laten na het vrijgeven van de medicatie 

en resorptie van het polymeer een bare metal stent achter. Data over routinematig gebruik van 

dergelijke nieuwe stents zijn schaars. De reeds gestart BIO-RESORT trial vergelijkt twee nieuwe 

biodegradable polymeer gecoate stents, de Synergy en Orsiro, en vergelijkt deze met de Resolute 

Integrity dat een ‘durable’ polymeer coating heeft. De trial zal meer inzicht verschaffen over de 

klinische uitkomsten van deze moderne medicijnafgevende stents, welk zal bijdragen bij de 

ontwikkeling van nog betere coronair stents. 
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