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General introduction and outline of the thesis
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GENERAL INTROduCTION

And the tournament begins

Science and technological innovations are the backbone of modern medicine. However, 

despite all the advances and successes made by researchers and clinicians in the past few 

decades to better understand, prevent and treat cardiovascular disease, it remains the lead-

ing cause of death worldwide1. In Europe, cardiovascular disease, including coronary heart 

disease, accounts for 45% of all deaths2. The main cause of ischemic heart disease is athero-

sclerosis, a process wherein fatty deposits leading to atheromas in the arterial wall results in 

narrowing of the artery and insufficient blood supply to the heart muscle. Whereas the first 

described treatment of angina pectoris consisted of bed rest or bloodletting, today’s patients 

with ischemic heart disease are receiving highly advanced, state-of-the-art coronary artery 

stents to restore the blood flow1. Stent implantation by percutaneous coronary intervention 

has become one of the most commonly performed therapeutic procedures in daily clinical 

practise. With the urge to reduce procedure and device related adverse outcome to a mini-

mum, coronary stent designs are continuously evolving since their first reported use for the 

treatment of coronary artery disease. Numerous stent types, with different platforms, carriers 

and pharmacological agents, including bioresorbable scaffolds are competing in the clinical 

arena to enhance patient outcome. Trial after trial we have learned which anti-proliferative 

drug beats its competitor, that controlled drug release and pro-healing coatings seem to be 

non-inferior to mainstream players and the importance of precise stent delivery and optimal 

stent expansion. To date, the next generation drug-eluting stents with thinner struts and 

biodegradable polymers have entered the competition aiming further decrease of restenosis 

and stent thrombosis rates. What actually does make you a mainstream or even a major 

league player?

Self-expanding stent technologies

Coronary stenting started in Europe in the late 1980s with the implantation of the Wallstent, 

a self-expanding stent as the first coronary stent delivered in the human coronary circula-

tion3. The delivery system, which consisted of an outer constraining sheath, makes stent 

delivery technically challenging and resulted in impaired clinical outcome. The concept of 

self-expanding stents stayed of interest since its possible advantages over stiff metallic stents. 

The elastic deforming behaviour of structural materials from the living body is distinctly dif-

ferent from these conventional stent materials such as stainless steel or cobalt-based alloys, 

but appeared to be similar with nitinol, an alloy of nickel and titanium4. Tissue such as 

tendon and bone can be elastically deformed when stress is released. With lower stresses, 

the strain will recover (figure 1). Nitinol is able to reach strains of 10% without deformations 

and has found a widespread acceptance as material of choice for medical devices, e.g. the 

stent of valve prostheses, tracheobronchial, biliary stents and peripheral vascular stents5-7.
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The introduction of the nitinol self-apposing STENTYS coronary stent (STENTYS SA, Paris, 

France) was in early 2010, concurrently with the release of the first third generation drug-

eluting stents. Theoretical advantages over stiff tubular stents include well apposed stent 

struts in variable vessel diameters and the ability to enlarge further after implantation due 

to the gentle chronic outward force of the nitinol platform, especially appealing for example 

in cases where thrombus material resolves over time. We know from previous research 

using optical coherence tomography that with the use of the STENTYS stent, incomplete 

stent apposition rates are significantly lower compared to balloon-expanded stents during 

shortterm follow-up8. Malapposed struts delay coverage is associated with impaired clinical 

outcome9,10. In cases where angiographic and/or anatomic characteristics could increase the 

risk of stent mis-sizing and therefore strut malapposition, the STENTYS stent could become 

beneficial.

This thesis focuses on clinical research of the nitinol self-apposing STENTYS stent including 

an evaluation of the stent’s performance using intracoronary imaging. What is its position in 

this dog-eats-dog competition?

OuTLINE OF ThE ThESIS

The aim of this thesis is to provide insight into the properties and the performance of the 

STENTYS self-apposing stent technology in coronary artery disease. With the use of intra-

coronary imaging techniques, it was possible to assess detailed analyses of the arterial wall 

and the stent strut apposition, as well as stent related complications. The properties of the 

nitinol stent platform will be discussed in Part I. The clinical outcome of the STENTYS stent 

in patients presenting with STEMI is evaluated in Part II. Finally, after the introduction of an 

improved delivery device, insights on its feasibility and efficacy with the use of optical coher-

ence tomography are provided in Part III. This thesis starts with an overview of the emergence 

of self-expanding stents in the era of balloon-expanded stents in Chapter 2.
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Figure 1. Biomechanical compatibility of nitinol: deformation characteristics of nitinol and living tissue. 4 
From Stoeckel et al.  5 
 6 
The introduction of the nitinol self-apposing STENTYS coronary stent (STENTYS SA, Paris, 7 
France) was in early 2010, concurrently with the release of the first third generation drug-8 
eluting stents. Theoretical advantages over stiff tubular stents include well apposed stent 9 
struts in variable vessel diameters and the ability to enlarge further after implantation due to 10 
the gentle chronic outward force of the nitinol platform, especially appealing for example in 11 
cases where thrombus material resolves over time. We know from previous research using 12 
optical coherence tomography that with the use of the STENTYS stent, incomplete stent 13 
apposition rates are significantly lower compared to balloon-expanded stents during 14 
shortterm follow-up8. Malapposed struts delay coverage is associated with impaired clinical 15 
outcome9,10. In cases where angiographic and/or anatomic characteristics could increase the 16 
risk of stent mis-sizing and therefore strut malapposition, the STENTYS stent could become 17 
beneficial.  18 
This thesis focuses on clinical research of the nitinol self-apposing STENTYS stent including 19 
an evaluation of the stent’s performance using intracoronary imaging. What is its position in 20 
this dog-eats-dog competition?  21 
  22 

Figure 1 Biomechanical compatibility of nitinol: 
deformation characteristics of nitinol and living 
tissue. From Stoeckel et al.
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PART I Properties of the nitinol STENTYS stent

In Chapter 3 we evaluate for which specific angiographic indications the interventionalist 

would choose to use a self-apposing stent, with the report of angiographic characteristics 

of the target segment as assessed with quantitative coronary angiography (QCA) and 5-year 

clinical follow-up of this cohort. In Chapter 4 we discuss whether performing balloon post-

dilatation after implantation of a self-apposing stent yields improved clinical outcome. We 

review the available evidence of performing balloon post-dilatation in the self-apposing 

stent. With the serial assessment of intravascular ultrasound combined with near-infrared 

spectroscopy we are able to investigate the impact of the implantation of the STENTYS stent 

on the arterial wall throughout the procedure in Chapter 5.

PART II Clinical evaluation in the setting of STEMI patients

Due to several theoretical advantages of the self-apposing STENTYS stent, this device would 

be especially appealing for the treatment of patients presenting with ST-segment elevation 

myocardial infarction (STEMI). Stent sizing in STEMI patients is often challenging due to large 

thrombus load combined with catecholamine induced vasoconstriction. Chapter 6 reports 

the safety and feasibility of the STENTYS stent in patients presenting with STEMI caused by 

a bifurcation culprit lesion. In Chapter 7 we evaluate the 2-year clinical outcome of STEMI 

patients treated with the STENTYS stent. A randomized comparison with a balloon-expanded 

stent is warranted to prove that the self-apposing technique is non-inferior. In Chapter 8 we 

report the design and rationale of the randomized trial comparing the STENTYS stent with a 

balloon-expanded stent in patients presenting with STEMI.

PART III The novel delivery device

The novel balloon-based delivery device for the STENTYS stent has been developed to im-

prove precise stent delivery. Chapter 9 evaluates the first-in-man experience of the novel 

Xposition delivery device for the STENTYS stent. A detailed appreciation using optical co-

herence tomography (OCT) will provide insights into the direct stent results and the final 

results after balloon post-dilatation. In Chapter 10 we investigate whether the novel delivery 

device would increase the risk of stent edge dissections, as the delivery system with the jailed 

delivery sheath could interact with the guiding catheter upon retraction.

Chapter 11, finally, presents an overview of the current status of the STENTYS stent and 

the ongoing studies; and finally describes the encountered technical difficulties.
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ABSTRACT

The first stent implanted in the human coronary circulation was a self-expandable (SE) stent 

and was introduced almost simultaneously with the first balloon-expandable (BE) stents 

in the late 1980s. Nowadays, the majority of the available stents are delivered by balloon 

expansion. While BE stents reach their final size at the time of implantation, the SE stent 

continues to enlarge days to weeks after implantation. Potential advantages of the self-

expandable and self-apposing properties of nitinol stents, a super-elastic metallic alloy of 

nickel and titanium, could be reduction of acute and late acquired stent malapposition with 

a subsequently decreased risk of target vessel restenosis. Several nitinol stents have been 

developed and clinically evaluated and are now in use in daily clinical practice. However, it 

is important to further improve and optimize the SE stent design and apply newer strate-

gies for the development of next generation SE stents. The present review will provide an 

overview of the development of these devices and the currently available clinical evidence of 

the contemporary SE stents.
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INTROduCTION

Since the first introduction of percutaneous transluminal coronary angioplasty in the 1960s, 

the interventional treatment of stenotic lesions in the coronary arteries has been through 

a rapid process of development. The first choice of treatment for unstable and/or clinically 

significant atherosclerotic lesions is nowadays often percutaneous coronary intervention 

(PCI), where implantation of a coronary artery stent is commonly performed. Coronary artery 

stents have substantially evolved since their first use during PCI, and have improved long-term 

clinical outcome compared to treatment with plain old balloon angioplasty (POBA)1-3. Innova-

tions have been provided regarding the improvement of the stent platforms and expansion 

nature, pharmacological technologies and the polymer drug-carrier. Based on the nature of 

delivery and expansion, coronary artery stents can be divided either in balloon-expandable 

(BE) or self-expandable (SE)4. The SE stent was used from the beginning of the introduction 

of coronary artery stents, the first-in-human implanted stent by Sigwart in 1986 was the 

self-expandable Wallstent5. Today, the use of SE stents is well-established in peripheral vessels 

and the digestive tract. In coronary arteries however, the SE stent has not yet proven to 

be more advantageous than a BE stent and in current clinical practice the majority of the 

used stents are balloon-expandable6,7. However, the idea of a stent which expand by itself 

remains enticing since the self-expanding technique offers theoretically potential advantages 

over BE stents. Stent thrombosis (ST) and in-stent restenosis remain important problems 

and are related to stent malapposition. Therefore, SE stents with proper apposition due its 

self-apposing properties might improve long-term clinical outcomes after PCI. Ever since the 

Wallstent, many other self-expanding stents have been developed to improve deliverability 

and clinical safety and efficacy. The present review will provide an overview of the potential 

advantages of self-expansion, the development of the SE-stent technology and the currently 

available clinical evidence of contemporary SE stent designs.

SELF-ExPANdABLE STENT PLATFORMS

The stent platform is the skeleton of the stent which provides the radial force after stent 

implantation. The radial force from the stent prevents acute vessel closure and provides long-

term vessel scaffolding to facilitate vessel healing. The first generation SE stents were made 

of platinum and an alloy of cobalt-chromium36. The relatively thick stent struts of the first 

generation stents of cobalt-chrome alloy exert a relatively high chronic outward force and 

pressure on the vessel wall after implantation. These have now been replaced by stent designs 

with thinner stent struts with better deliverability37. A stent platform made of thinner struts 

causes less arterial injury and therefore reduces the risk of restenosis. The use of SE stents 

made of platinum and cobalt-chromium was also limited by the problem of foreshortening 
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up to 20% and therefore less precise stent implantation. Subsequently, uncertainty about the 

direction of the foreshortening can lead to large inaccuracies in deployment. As the leading 

end of the stent begins to emerge from the constraint, there is a natural tendency for it to 

spring forward and in the extreme, the stent can jump completely out of the delivery cath-

eter. As foreshortening during stent deployment is associated with restenosis, overall stent 

design appears to play an important role in the hyperplastic response of the vessel wall38. This 

issue among others prompted a shift towards the use of nitinol in the second generation SE 

stents. Although Charles Dotter started to experiment with nitinol wire coils as intra-arterial 

scaffolds in the early 1980s, it took many years for coronary nitinol stents to appear on the 

market. Unlike platinum and cobalt-chromium, nitinol is a biocompatible nickel and titanium 

alloy that has unusual, super-elastic, metallurgic properties with a thermal shape memory. 

A nitinol stent will recover to its original shape even when it is crushed fully flat. Another 

feature of nitinol stents is the temperature-dependent stiffness, which is a unique character-

istic among metallic alloys39. The stent transits at a temperature set by the designer, above 

which the stent stiffen. This gives the designer the option to increase or decrease the radial 

outward force of the stent without changing the design or physical dimensions. The novel SE 

stent devices manufactured from nitinol are delivered constrained in a delivery system. After 

deployment, the stent positions itself against the vessel wall. Due to its thinner stent struts 

and gentle chronic outward force, it may produce less vessel wall injury resulting in larger 

lumens at followup40,41. Furthermore, several measures are taken to reduce foreshortening 

in nitinol stent designs and improve its accurate delivery. Newer designs make use of waved 

strut designs, such as diamonds or Z-shaped struts which lengthen during expansion, and 

then shorten to the initially designed stent length. Incorporating stretching bridges in the 

strut patterns compensates for strut shortening and therefore reduces foreshortening of the 

stent to a minimum39,42. The clinical efficacy of these improved nitinol SE stents can therefore 

be dramatically altered by manipulation of these metallurgic and design properties.

POTENTIAL BENEFITS ANd CLINICAL IMPLICATIONS

Adequate sizing and stent selection in complex lesions

Incomplete stent apposition is related with the occurrence of ST8,9. Therefore, it is important 

to adequately size stents to prevent stent malapposition. Stent malapposition is present 

when the axial distance between the luminal surface of the strut to the luminal surface of the 

vessel wall is greater than the strut thickness (including polymer, if present), identified and 

quantified by optical coherence tomography (OCT) imaging. Acute malapposition is caused 

by incomplete stent apposition due to underexpansion of stents or underdilatation. Late 

acquired stent malapposition is the phenomenon of incompletely apposed stent struts during 

follow-up procedure, which were initially well-apposed at the index procedure10,11. This is 
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seen in patients with positive arterial remodelling, decreased plaque volume or thrombus 

dissolution behind the stent struts, both in drug-eluting- and bare-metal stents. Adequate 

sizing and stent selection for complex coronary artery lesions yields precise and proper stent 

expansion and could be challenging in some cases in daily clinical practice. Particularly in 

complex coronary artery lesions, including lesions in ectatic, aneurysmatic or tapered vessels, 

there is an increased risk of malapposition and adequate stent sizing is of great importance. 

Furthermore, in patients presenting with ST-segment elevation myocardial infarction (STEMI), 

adequate stent sizing may be hampered by a large thrombus burden and vasoconstriction 

during the acute phase of the event which could result in an underestimation of the vessel 

size. Vessel wall relaxation days after the initial acute event may lead to late malapposition 

of a previously well-apposed stent12. A stent with self-expandable and self-apposing proper-

ties that adjusts itself to the vessel wall with chronic radial force could resolve the problem 

of sizing failures and reduce the risk of direct and late acquired stent malapposition and 

thus theoretically leading to a reduced risk of ST13. Furthermore, very large vessel diameters 

of 4.5 mm and larger, such as highly proximal vessel segments or ecstatic saphenous vein 

grafts (SVG), often exceeds the size and expansion limits of balloon expandable stents. The 

majority of the currently available stents are limited to reference vessel diameters of 4.5 mm 

as maximum. Particular SE stents could enlarge to a diameter of 6.0 mm. This could solve the 

problem of sizing and selecting the proper stent to treat these lesions.

Prevention of distal embolization due to gentle deployment

The gentle mechanics of the stent deployment with SE stents, in contrary to BE stents which 

are deployed with high outward force, might theoretically offer potential advantages by 

reducing the risk of plaque ruptures, minimizing the risk of edge dissections, and decreasing 

the risk of occurrence of distal embolization of thrombus or plaque debris. In ST-segment 

elevation myocardial infarction (STEMI), where there is often a high thrombus burden, gentle 

stent deployment might decrease the risk of distal embolization, although this hypothesis 

remains to be proven, particularly when taken into account that there is a need of low pres-

sure balloon post-dilations in almost all cases. Additionally, most SVG lesions, with its large 

diameters and unique vein wall morphology, are often ectatic and contain a high thrombus 

and soft plaque load. This is associated with a high risk of peri-procedural distal emboliza-

tion during stent deployment14,15. Gentle mechanics of stent deployment might potentially 

prevent the occurrence of above mentioned procedural complications in SVG lesions. This 

theory is currently investigated.

Less neointimal proliferation due to lower pressures at stent expansion

In pre-clinical animal models, it has been shown that stent design may influence stent recoil, 

neointimal hyperplasia, and thrombosis16,17. It is suggested that the amount of neointimal 

proliferation in an arterial segment is proportional to the amount of injury sustained18-21. The 
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consensus in clinical practice nowadays is the use of high pressure inflation to adequately 

deploy BE stents. This approach is based on previous studies demonstrating that high pres-

sure inflations improve stent expansion and stent apposition which decreases the occurrence 

of acute stent thrombosis22-24. However, when a stent is expanded with high pressures, im-

mediate injury occurs deep in the vessel wall within the stented segment and at its margins. 

It has been shown that the severity of vessel wall injury in patients treated with a BE stent is 

strongly correlated with neointimal hyperplasia and percent diameter stenosis during follow 

up21. Accelerated neointimal hyperplasia and therefore lumen loss at the stented segment 

and its margins accounts for more than one-third of the cases of in-stent restenosis, result-

ing in target lesion revascularization (TLR) in these patients25,26. With SE stents, designed 

to grow and adjust to the vessel wall over time, deployment can be accomplished with 

less barotraumas during pre- and post balloon dilatation. This might be translated into less 

vessel-wall trauma, and subsequently results in less distal edge dissection, intimal prolifera-

tion, and lower rates of TLR. A previous study, comparing SE stents with low post-dilatation 

pressures with high-pressure deployment of BE stents, have shown that stent and lumen 

cross-sectional areas measured on IVUS at 6 months was larger in the SE stent group than 

in the BE stent group, indicating that the SE stent enlarged progressively after implantation 

which might be useful for prevention of restenosis27. On the contrary, the chronic outward 

force on the vessel wall from SE stents, instead of the acute stimulus from a BE stents, may 

cause a different pattern of injury28. The chronic stimulus on the vessel wall associated with 

SE stents may yield some degree of neointimal growth. With the new design of the nitinol SE 

stents the chronic outward force is very gentle and should theoretically cause only minimal 

chronic injury.

Very small vessel diameters

Coronary artery lesions in small vessels found on angiography were often left untreated 

in the recent past. Smaller vessel diameters (≤ 2.75mm) are mostly found in mid to distal 

segments of the major epicardial coronaries or in side branches and more commonly seen in 

women and diabetic patients29. Treatment of small-vessel lesions is still controversial because 

they are often not reachable or not clinically relevant. When PCI is performed in these lesions, 

the risk of failure to cross with the undeployed stent is increased due the distal location and 

the often tight lesion30. Additionally, small-vessel coronary artery disease carries a worse 

prognosis than larger arteries in terms of restenosis31,32. However, treatment of small-vessel 

lesions with drug eluting stents has shown to be efficient33-35. An increasing percentage of 

these lesions become reachable with a recently developed, super-elastic, SE nitinol stent with 

a flexible guidewire based lumen delivery system, designed to reach distally located lesions in 

vessels of 2.75 mm and smaller diameters, through tortuous, calcified, diseased or previously 

stented vessel segments29. These thin strut, SE drug-eluting stents on a maximal flexible 

guidewire delivery system, could possibly reduce restenosis rates in small vessels with their 
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inherently favourable conformability and positive effects on remodelling. The flexibility of 

the guidewire delivery system could be obtained because there is no balloon on the delivery 

system which makes the delivery system less bulky.

hISTORICAL SELF-ExPANdABLE STENTS

WALLSTENT stent

The Wallstent stent (Boston Scientific, Natick, Massachusetts), initially manufactured by 

Schneider (Switzerland), was the first stent which was clinically tested and implanted in the 

human coronary circulation by Sigwart in 19865. It is a self-expanding stent with a cylindrical 

braided mesh design consisting of 24 wires with struts dimensions of 0.1 mm. The stent 

consists of an inner platinum core and an outer layer of a cobalt alloy that is constrained by a 

retractable outer sheath. The Wallstent stent was available in variable stent lengths from 15 

to 50 mm and diameters ranging from 4.0 mm to 6.0 mm. There were two different mesh 

angles available (>140º and <120º) which affected the radial force strength and the extent 

of foreshortening. There is a chronic radial pressure exerted on the vessel wall because of the 

self-expandable properties of the stent. The technical challenge with the Wallstent stent was 

the foreshortening of up to 20% which made precise positioning difficult. Immediate and 

short-term results were encouraging. However, due to the suboptimal stent implantation, 

a significantly enhanced risk of restenosis was found43. In addition to that, the technical 

challenges in using the stent delivery system (an inner shaft and outer constraining sheath) 

limited its clinical utility in PCI. The Wallstent stent is now used in the digestive tract for the 

treatment of neoplasmatic stenoses.

RAdIuS stent

The RADIUS stent (RADIUS, Boston Scientific, Miami, FL, USA) was a SE nitinol, multiple-

segment structured stent consisting of multiple V-sections connected by three strut connec-

tions that are offset from each other every 120º. The multi-segmented structure enhances 

the longitudinal flexibility while the slotted tube structure improves radial force. The stent is 

deployed by pulling back an over-the-wire distal sheath and released from distal to proximal. 

Available labelled diameters were 3.0, 3.5 and 4.0 mm with lengths of 14 mm, 20 mm, and 

31 mm. After delivery, the unconstrained Radius stent is able to expand itself to a diameter of 

0.75 mm over the labelled size at body temperature. The first safety and feasibility study, the 

ESSEX study, was a prospective, multicenter, observational study with 103 enrolled patients44. 

At 1-month follow-up a total of 97% patients were event free and 76% were event free 

at 6-month follow-up. Angiographic restenosis rates for all patients were 19% and 21%, 

respectively. Clinical events occurred at 1- and 6-month follow-up in 2.9% and 24.3% of all 

patients, respectively. No patients suffered from a subacute ST.



24 CHAPTER 2

The Stent COmparative REStenosis (SCORES) trial followed, randomly comparing the 

Radius SE stent with the Palmaz-Schatz (Johnson and Johnson, Warren, NJ) BE stent in native 

coronary arteries6. A total of 1096 patients were randomly assigned to the Radius SE stent 

or the Palmaz-Schatz BE stent. There were no differences regarding MACE rates at 1 month 

(2.9% versus 3.1% for SE stent versus BE stent, respectively) and at 9 months follow-up 

(19.3% versus 20.1%, SE stent versus BE stent respectively). A subgroup of 250 patients 

underwent follow-up angiography. The binary restenosis rates and the late lumen loss as-

sessed with QCA were not significantly different for both groups. IVUS imaging was assessed 

in 62 patients revealing that the minimal stent area of the Radius stent was accompanied by 

a larger degree of intimal proliferation compared with the BE stent. The in parallel conducted 

multi-centre, prospective SCORES SVG registry was performed in 159 patients with de novo 

SVG lesions45. The primary end point was TVF at 9 months follow-up, which was defined as 

a composite of procedural failure, death, myocardial infarction, or target vessel revasculariza-

tion. Procedural success was achieved in 96.8% of patients, MACE rate at 30-days follow-

up was 2.5%. At 9 months follow-up, the rate of TVF was 24.5%, and MACE rate was 

23.1%. These registry data showed high initial procedure success and favourable early and 

intermediate outcomes for the treatment of de novo SVG lesions with the Radius SE stent. 

The Radius stent is not longer produced for the coronary system. However, it is nowadays 

available to treat stenotic lesions in the peripheral vasculature.

SYMBIOT™ stent

The Symbiot™ stent (Boston Scientific Corporation, Natick, MA) was a self-expanding, 

nitinol, polytetrafluoroethylene (PTFE)-covered stent system which initially was developed 

to optimize the treatment of lesions in SVGs. The Symbiot was a multi-segmented stent 

encased within an ultra-thin (13 μm), microporous PTFE polymer membrane designed to 

prevent distal embolization of debris by capturing it behind the membrane (figure 1). The mi-

croporous design of the membrane maintains cellular viability of the adjacent tissue behind 

the membrane. Furthermore, the PTFE cover could theoretically serve as a physical barrier 

to smooth muscle cell migration and therefore reduces restenosis46. The stent was available 

in 2 diameters (4.0 and 5.0 mm) and three lengths (20, 31 and 45 mm) for use in vessels 

ranging from 3.5 to 5.5 mm in diameter. The Symbiot stent was delivered via a Monorail™ 

catheter system with a retractable deployment sheath at the distal end, compatible with an 8 

Fr guide catheter and 0.014-inch guidewire. Deployment was done by retracting the sheath 

and deploying the stent from distal to the proximal, thereby entrapping embolic material 

between the stent and the vessel wall during deployment. The Symbiot program begun 

with a nonrandomized registry, the Symbiot I trial, which enrolled 25 patients with SVG 

disease. Of the 16 patients with angiographic follow-up at 6 months, the mean percentage 

diameter stenosis was 18.8 ± 28.6%. Additionally, 19% had in-stent binary restenosis. This 

data remained unpublished (Boston Scientific Corporation).
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Figure 1: Cross-sectional image of the Symbiot stent. The PTFE polymer membrane is 

porous and semipermeable to cells with the deployed Symbiot stent with the PTFE-covered 

membrane which is porous and semipermeable to cells. 

 

 

 

  

Figure 1 Cross-sectional image of the Symbiot stent. The PTFE polymer membrane is porous and semi-
permeable to cells with the deployed Symbiot stent with the PTFE-covered membrane which is porous 
and semipermeable to cells.

The Symbiot II trial, a prospective multicentre nonrandomized study, evaluated the fea-

sibility, safety and efficacy of the Symbiot stent in 77 patients with SVG lesions15. Primary 

endpoint was 30-day MACE rates (defined as death, MI and clinically driven target vessel 

revascularization [TVR]), which was 5.2% in this population. Six months MACE rate was 

14.3%. Although the study revealed favourable clinical outcomes for the use of the Symbiot 

PTFE membrane-covered SE stent in SVG lesions, subsequent randomized studies showed 

no procedural or long-term clinical advantage for the use of this stent in SVG lesions47-49. 

The randomised Symbiot III trial, including a total of 400 patients with SVG disease who 

were randomly assigned to either the Symbiot SE stent or a commercially available BMS did 

not show a benefit of the Symbiot stent regarding the primary endpoint of QCA-assessed 

percent diameter stenosis at 8 months (30.9% Symbiot vs. 31.9% BMS, p = 0.80)49. The 

secondary endpoint of 8-month overall MACE rates (cardiac death, MI, TVR) also showed 

no difference (30.6% Symbiot vs. 26.6% BMS, p= 0.43). Although QCA analyses showed 

comparable results in both groups, binary restenosis rate at the proximal stent edge was 

found significantly higher in the Symbiot group (9.0% Symbiot vs 1.8% BMS, p = 0.021).

Moreover, Bennet et al. compared the Symbiot stent with a BMS for SVG intervention as 

well47. A total of 90 patients with degenerative SVG lesions were prospectively randomized 

to Symbiot implantation (n = 30), BMS with embolic protection device (EPD) (n = 30), or BMS 

without EPD (control group, n = 30). Primary end point was reduction in peri-procedural 

cardiac enzyme rise, secondary end points were in-hospital TVF (cumulative of death, MI and 

clinically driven TLR), TVF at 6-month and at long-term follow-up. There was no significant 

reduction in post-procedural troponin-I rise in the Symbiot group compared to BMS with EPD 

or the control group (0.08 μg/l; 0.06 μg/l; and 0.04 μg/l, p = 0.58 respectively). There was no 

significant difference in TVF-free survival between the Symbiot group and the BMS groups (P 

= 0.98). In conclusion, there is no evidence of superiority of the treatment with the Symbiot 

stent in SVG lesions47-49. This stent is currently no longer implanted in SVG lesions.
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CuRRENTLY AVAILABLE SELF ExPANdABLE STENTS

AxxESS™ Bifurcation stent system

The AXXESS™ system (Biosensors International, USA), is a self-expanding, dedicated bifurca-

tion stent system, 7 Fr compatible, and comprised of a conical shaped laser-cut nitinol stent 

platform with strut thickness of 0.15 mm designed to adjust to the anatomy of the vessel to 

the level of the bifurcation carina. The AXXESS System covers the ostium of the both distal 

branch vessels, allowing implantation of distal stents. Ostial stent strut obstruction can be 

eliminated, which provides undisturbed flow into the distal branch vessels50. The AXXESS 

Plus is the drug-eluting version which is coated with a bioabsorbable polymer polylactic acid 

(PLA), releasing Biolimus A9™, a highly lipophilic, semi-synthetic sirolimus analogue that 

inhibits the cell-cycle transition of proliferating smooth muscle cells, which is applied on the 

abluminal surface of the AXXESS plus stent. The stent has a rapid-exchange delivery system 

with a hydrophilic coating, which allows stent release upon withdrawal of the cover sheath. 

Optimal deployment is guided by the three gold markers at the distal stent edge during 

unsheathing. The AXXESS System can accommodate vessels from 2.75 to 4.25 mm diameter, 

and is available in two different lengths, namely 10 and 14 mm. An additional version of 

the AXXESS stent has been designed for treatment of left main bifurcation lesions, allowing 

larger diameters (up to 4.75 mm) and distinct bifurcation angles. After a positive AXXESS 

pilot study of 43 included patients, the prospective, multi-centre, single-arm AXXESS Plus 

registry started. This registry evaluated the AXXESS Plus biolimus-eluting stent in a total of 

139 patients. Depending on the lesion anatomy, additional non-study stents were placed 

distally of the study stent if indicated. The primary endpoint was QCA-assessed in-stent 

late loss at 6-months. Overall in-stent late loss in the stented main branch was 0.19 mm. A 

similar late loss was seen in the side branch, where a significantly higher restenosis rate was 

seen in patients undergoing balloon angioplasty only of the side branch, as compared to side 

branch stenting or no treatment (25% vs. 9.2% and 12%, respectively). MACE at 6 months 

follow-up was 11.2%, including death (0.7%), MI, (6%) and ischaemic driven TLR (7.5%)51. 

The DIVERGE (Drug Eluting Stent Intervention for Treating Side Branches Effectively) trial fol-

lowed which was designed to evaluate the AXXESS drug-eluting stent in a larger population 

of 302 patients52. The majority of patients (65%) underwent additional implantation in one 

or both of the daughter vessels with a sirolimus-eluting stent with 18% being stented in the 

distal main vessel only and 4% in the side branch (SB) only. Cumulative 9-months MACE rate 

(death, MI and TLR) was 7.7%, including 0.7% death, 4.3% MI and 4.3% TLR. Subacute and 

late stent thrombosis occurred in 0.7% and 0.3% of patients. Total restenosis was 6.4%. In 

the AXXESS stent segment, percent neointimal volume obstruction was 4.3 ± 5.2%.

An additional trial, the AXXENT trial, in left main coronary artery (LMCA) disease was 

conducted to evaluate the treatment of diseased LMCA with an AXXESS stent with a larger 

diameter53. Six month follow-up with IVUS revealed a 12.4% increase in the stented segment, 
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leading to an increase in lumen area. Importantly, with regard to the distal vessels, treated 

with a BE sirolimus-eluting stent, a 4.8% restenosis rate was found at the LAD ostium, and a 

19% rate at the CX ostium. This might suggest that there is an interaction between biolimus 

and sirolimus at the stent overlap, causing neo-intimal hyperplasia. There was a TLR rate of 

9% and no cases of stent thrombosis.

The subsequent randomized COBRA (COmplex BifuRcation Lesions: A Comparison Be-

tween the AXXESS Device and Culotte Stenting: An OCT-study), is still ongoing and will 

enroll 40 patients and assess vessel healing at 9 months by OCT in bifurcation lesions treated 

using the Axxess stent. Primary endpoints are percentage stent strut coverage and stent strut 

apposition assessed with OCT on 9-months follow-up. Conformité Européenne (C.E.) Mark 

for the AXXESS™ Biolimus A9™ Eluting Coronary Bifurcation Stent System was obtained in 

July 2010.

CAPELLA SIdEGuARd™ Bifurcation stent

The Cappella Sideguard™ (Cappella Medical Devices Ltd, Galway, Ireland) is a dedicated 

bifurcation stent for treatment of the side branch in bifurcation lesions. Treatment of bi-

furcation lesions is associated with restenosis at the side branch ostium, possibly due to 

inadequate coverage or stent-vessel wall malapposition. To address these limitations, the 

Sideguard stent was developed. It is a nitinol, balloon-deployed, self-expanding, bare metal 

stent with stent struts of 65 µm, designed for side branch access with angles from 45° to 

135°. The Cappella Sideguard has a balloon mounted delivery system, which is unusual for 

self-expandable devices. The stent has a distal stent section that functions as an anchor in 

the side branch and a proximal trumpet-shaped flaring section that covers the side branch 

(SB) ostium. Deployment of the stent occurs with a nominal pressure balloon, which helps 

to release the stent from its protective sheath. Once released, the Sideguard self-expands 

into place. Full ostial coverage is achieved by the proximally flares that deploys as a trumpet 

shape54. The device is indicated for use in conjunction with a drug-eluting main branch stent 

which must be cobalt chromium or stainless steel. The procedure is completed with rewiring 

both stents in the SB and the MV and performing kissing balloon inflation. There are 5 

radiopaque markers, three proximal markers to aid accurate positioning at the side branch 

ostium, and 2 distal markers indicating the distal end of the stent. The stent is available in 3 

diameters, 2.5, 2.75, 3.25 mm and 2 lengths, 8 and 14 mm except the 2.5 mm stent which 

is only available in 8 mm length.

The Sideguard I first-in-man study reported an early experience with the Sideguard in 

combination with Cypher™ DES as main vessel stent in 20 patients with coronary bifurcation 

lesions. All patients were treated with (1) predilation of the SB, (2) Sideguard stenting in the 

SB, (3) Cypher stenting in the main vessel, and (4) kissing balloon inflations. Technical success 

was achieved in 16 (80%) patients. At 6-months, the target lesion revascularisation (TLR) 

rate was 12.5% and there were no cases of stent thrombosis. Post intervention 6 months 
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follow-up IVUS assessment was available in 11 patients. Despite an intimal hyperplasia area 

of 0.6±0.7 mm² at 6-month IVUS follow-up, there was no change in lumen area (p = 0.77), 

due to an increase of stent area. Six patients had minimal intimal hyperplasia; the increase 

in-stent area was translated into an increase in lumen area of 0.4 +/- 0.6 mm²; 5 patients 

had relatively more intimal hyperplasia (1.3 +/- 0.4 mm²), but the increase in stent area of 

1.3 +/- 0.3 mm² compensated for the intimal hyperplasia, preventing a decrease in lumen 

area. In contrast, the main vessel stent area at the carina did not change. This data suggest 

that chronic stent expansion due to the self-expanding nitinol properties of the Sideguard 

stent may be sufficient to compensate for the late lumen loss that occur with this BMS due 

to intimal hyperplasia.

Sequent changes to the stent design were made to improve the deliverability and the 

anchoring of the stent after implantation. With this second generation Cappella stent a 

multi-centre non-randomised trial was performed with 93 patients enrolled to evaluate the 

clinical safety and feasibility of the stent. The 6-month MACE (defined as cardiac death, MI, 

and ischemia-driven TLR) rate was 10.8%. The 12-month results demonstrate a MACE of 

12%, accounted for predominantly by a TLR of 9.6%. However, if specifically looked at the 

SB, the TLR rate for the Sideguard stent was 4.8%.55 Ma et al. compared the mechanisms 

of lumen gain in bifurcation lesions after implantation of the Cappella Sideguard stent in 

the side branch with a balloon expandable stent in the corresponding main vessel55. IVUS 

was performed in 28 bifurcation lesions, pre- and postintervention. Vessel and lumen areas 

were measured every 1 mm over a 5 mm segment beginning at the carina. Post-stenting, the 

minimum lumen area (MLA) site that was located at the carina was more frequently found 

in the SB (85.7%) than in the MV (60.7%), p=0.04. Plaque volume post-stenting decreased 

in the 5 mm proximal of the carina in the MV, while plaque volume increased post-stenting 

in the 5 mm distal from the carina in the SB, while there was no change in plaque volume 

in the 5 mm distal from the carina in the distal MV. These findings suggested the occur-

rence of plaque shift from the proximal MV into the SB. Furthermore, stent expansion was 

significantly less in the SB compared with the MB. The 3rd generation Sideguard stent with 3 

proximal markers is currently undergoing evaluation in a multicentre European registry, with 

the objective of evaluating the efficacy and safety of this dedicated side branch stent in an 

all-comer population.

Cardiomind Sparrow™

The Cardiomind Sparrow (Biosensors, Morges, Switzerland) stent is a self-expanding nitinol 

stent which is developed to treat lesions in small coronary arteries (figure 2). The Sparrow 

stent has a closed cell design and an ultrathin strut of 67 μm. The stent is deployed through 

a mechanism which enables the electrolysis of mechanical latches at both ends of the stent. 

This feature of the stent is initiated and controlled by electrical energy delivered from a 

handheld battery source.The CardioMind Sparrow coronary stent delivery system is designed 
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to improve coronary luminal diameter in vessels with reference vessel diameters of at least 

2.0mm and no more than 2.75mm and < 24mm in length29. Two versions of the Cardiomind 

Sparrow stent have been developed. The first version was a BMS which was evaluated in the 

prospective, multicenter, CARE I feasibility study. A total of 22 patients were enrolled and the 

study reported a MACE rate of 9.5% at 24-month follow-up and an in-stent late lumen loss 

of 0.73 ± 0.57 mm at 6-month follow-up. The second version is a sirolimus-eluting stent. 

The sirolimus is combined in the SynBiosys™ polylactic acid (PLA) biodegradable copolymer. 

This second version was compared to the BMS version tested in the CARE I study and a BE 

BMS in the prospective, multicenter, three-arm randomized CARE-II study. The trial showed 

an in-stent late lumen loss of 0.29 ± 0.45 mm in the sirolimus-eluting Cardiomind Sparrow 

arm versus 0.86 ± 0.54 in the bare metal Cardiomind Sparrow arm and 0.99 ± 0.45 mm 

in the BMS arm at 8-month follow-up. Eight-month cumulative MACE rates were 6.25%, 

8.6%, and 16.7%, respectively30. In conclusion, the Cardomind Sparrow stent seems to be 

favourable in the treatment of small vessel disease and will need a randomly comparison with 

a conventional BE DES.

Figure 2: Close-up of the CardioMind stent on the wire platform (left) and in cross sectional 

comparison of the CardioMind delivery system to a commercially available BE stent delivery 

system (right). 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Close-up of the CardioMind stent on the wire platform (left) and in cross sectional comparison 
of the CardioMind delivery system to a commercially available BE stent delivery system (right).

STENTYS Self-apposing ® Coronary stent

The STENTYS Self-Apposing ® Coronary stent (STENTYS SA, Paris, France) consists of a self-

expanding nitinol stent platform with a nominal strut width of 68μm, Z-shape meshed, and 

available both in a bare metal and drug-eluting version. Due to its nitinol stent platform 

the stent is able to adapt to the vessels anatomy and appose itself to the vessel wall after 

implantation. The STENTYS stent is available in 3 lengths, namely 17 mm, 22 mm and 27 mm 

with diameters suitable for vessels between 2.5 to 3.0 mm (small), 3.0 to 3.5 mm (medium), 

and 3.5 to 4.0 mm (large). The large size STENTYS is indicated for vessel diameters of 3.5 mm 

to 4.5 mm. However, it can expand to over 6.0 mm when positive vessel remodelling occurs, 

or in the case of ectatic vessels with diameters >4.5 mm. The stent can be delivered through 
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a 6-F compatible, rapid exchange delivery system over a conventional 0.014-inch guidewire. 

The STENTYS stent struts are connected with small interconnections that can be used to cre-

ate an opening through the stent for side-branch access in coronary bifurcation lesions. After 

implantation in the main branch, the stent struts can be disconnected by balloon inflation 

towards the side-branch to create the opening with full ostium coverage and scaffolding 

(figure 3). This allows multiple treatment strategies to treat bifurcation lesions, including 

main-branch stenting only, main-branch stenting with additional disconnection and final 

kissing balloon inflation, or main-branch stenting with disconnection and T-stenting56. The 

interconnections are placed along the length and the circumference of the stent, except for 

the proximal and distal 2mm of the stent. The STENTYS drug eluting stent is covered with a 

polysulphone polymer which elutes Paclitaxel. Both the BMS as the Paclitaxel STENTYS are 

CE-marked. In addition, a Sirolimus-eluting version is currently clinical investigated.

Figure 3: The sheat retrieval and deployment of a STENTYS stent (above) and the 

disconnectable interconnections of the STENTYS stent. 

 

 

Figure 3 The sheath retrieval and deployment of a STENTYS stent (above) and the disconnectable inter-
connections of the STENTYS stent.

The OPEN I first in man bifurcation study of the STENTYS evaluated the stents safety and 

efficacy in bifurcation lesions57. This study was a prospective multicenter single arm study 

including 40 patients with de novo coronary bifurcation lesions with QCA evaluation to 

determine angiographic success. Patients were clinically followed for 4 years. Primary end-

point of the study was procedural success, defined as technical and angiographic success in 

the absence of a MACE (cardiac death, stroke, MI, coronary artery bypass graft and TLR) at 

hospital discharge. Angiographic success was achieved if there was <30% residual stenosis 

in main-branch and side-branch with final TIMI 3 flow in both vessels. Procedural success 

was achieved in 39/40 cases (95.5%), disconnection of the stent interconnection in the 

main-branch, overlying the side-branch ostium, was done in 37/39 cases (94.9%); in two 

cases, disconnection was not attempted. The MACE-rate at 30 days was 5.1%, which dem-
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onstrated the safety and feasibility of the stent in bifurcation lesions. The MACE-rate of the 

OPEN I study at 6 months was 3.7% for DES and 27.3% for BMS (driven by clinically-driven 

TLR) over a total of 63 included patients (33 BMS,27 DES).5,7 A two-year IVUS follow-up study 

in a subset of patients included in this study have shown that the STENTYS stents does not 

continue to expand beyond 6 months, with almost no increase of stent diameters between 

6 months and 2 years (data presented at TCT 2011, see figure 4). The subsequent OPEN II 

observational study, with enrolment of 200 patients with bifurcation lesions, is still ongoing. 

The OPEN II will evaluate the long-term clinical benefit of the STENTYS stent in bifurcation 

lesions.

 

Figure 4: The Stentys stent continues to expand until 6 months post-procedure and then 

remains stable. 

 

 
 

 

 

 
 
  
 
 

 
 
 

Figure 4 The Stentys stent continues to expand until 6 months post-procedure and then remains stable.

The STENTYS stent was first SE stent to be tested in acute ST-segment elevation myocardial 

infarction (STEMI) patients in the setting of primary PCI in the APPOSITION I trial (Assessment 

of the Safety and Performance of the STENTYS self-expanding Coronary Stent in Acute Myo-

cardial Infarction)58. This feasibility study shows that the use of the STENTYS self-expanding 

stent is safe and feasible of approaching STEMI patients. On OCT 3-day post-procedural, 

the stent was completely apposed to the vessel wall, which might potentially reduce the 

incidence of ST.

The prospective, randomized, multi-centre APPOSITION II trial between the STENTYS and a 

BE stent in STEMI patients soon followed. The primary endpoint of stent struts malapposition 

on OCT three days after PCI (figure 5) was significant lower in the STENTYS group than in the 

BE group (0.58% vs. 5.46%, p < 0.0001). At 6 months clinical follow-up, MACE rates were 

2.3% vs 0% in the SE and BE groups, respectively (p= ns). Subsequently, the APPOSITION III 

registry was designed to measure the long-term safety of the STENTYS stent, both BMS and 

DES, in 1,000 STEMI patients. The primary endpoint was MACE at 12 months follow-up and 
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results are expected to be published soon. Subsequent ongoing trials are the APPOSITION IV 

(randomised comparison between STENTYS sirolimus with the RESOLUTE ™ stent in STEMI) 

and APPOSITION V trials (randomised comparison between the STENTYS BMS and the Multi 

Link Vision™ BMS (from Abbott Vascular, Inc.) in STEMI patients). Both trials are designed to 

evaluate the safety and effi cacy of the STENTYS stent in STEMI patients compared to widely 

commercially available BE stents. In conclusion, the STENTYS stent has shown very promising 

clinical results. The APPOSITION V trial should provide evidence regarding the use of the 

STENTYS BMS for the treatment of STEMI patients in a large world-wide population and is 

conducted to provide Food and Drug Administration (FDA)-approval for use of the STENTYS 

stent to treat patients with STEMI in the US.

Figure 5: A balloon-expandable stent compared with a Stentys self-apposing stent on 3-days 
post-procedure OCT imaging.   
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Figure 5 A balloon-expandable stent compared with a Stentys self-apposing stent on 3-days post-
procedure OCT imaging.

The vProtect™ Luminal Shield

The vProtect™ Luminal Shield (Prescient Medical Inc., Doylestown, PA, USA) is a SE device, 

which is designed for use of the mechanical stabilisation of non-obstructive, soft lesions 

with high risk, vulnerable plaques. The luminal shield (LS) exerts lower chronic outward 

forces than previ ous SE stents while maintaining a stable radial force (crush-resistant) and 

avoiding collapse after implantation. The device consists of the SE vascular shield of nitinol 

and a rapid exchange delivery system. The Protect LS has a strut thickness of 57 μm. The 

system is compatible with 0.014 inch guidewires and 6 Fr guiding catheters. The shield has 

a percent open area ranging from 13% to 16% in 2.5 to 3.0 mm vessels59. The fi rst in man 

study was a non-randomised, single-arm, single centre prospective trial which enrolled 29 
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patients with myocardial ischemia and intermediate de novo coronary lesions to evaluate the 

feasibility and safety of the implantation of the Protect LS and to investigate the late device 

over-expansion with angiographic follow-up and IVUS analysis at 9-months60. Low-pressure 

balloon pre-dilatation was performed before LS placement. Acute procedural and device 

success was achieved in all of the patients. Angiographic follow-up at 9 months showed 

an in-stent lumen loss of 0.50±0.30 mm and a binary restenosis rate of 10.3%. There was 

no late LS over-expansion or acute or late malapposition as shown with IVUS. The MACE 

rate (defined as cardiac death, MI or TLR) at 9 months was 10.3%, consisting of three TLRs, 

with no cardiac deaths, MI or stent thrombosis. The use of the LS in non-complex coronary 

lesions was feasible and resulted in low rates of late loss and restenosis. IVUS analysis at 9 

months showed favourable mechanical properties of the LS without evidence of late device 

over-expansion.

The prospective, open-label, single centre, randomised SECRITT trial followed which aimed 

to evaluate the safety and feasibility of sealing the high risk IVUS and OCT-derived thin 

cap fibroatheroma (TCFA), with LS device versus medical therapy61. A total of 23 patients 

with a TCFA lesion on IVUS and OCT were randomised to LS (n=13) versus medical therapy 

(n=10). There were no dissections after LS placement and no plaque ruptures. At 6 months 

OCT follow-up, the number of malapposed struts decreased from 10.7% to 7.6% and the 

number of uncovered struts at six months was 8.1%. There was no device-related MACE, 

which was defined as death, MI, clinically driven TLR, at 6 month follow-up. High risk plaque 

passivation and sealing with a SE nitinol shield self-expanding appears feasible and safe in 

patients with high risk plaque lesions. However, the treatment of non-stenotic TCFA lesions 

remains to be controversial and clinical evidence is lacking whether ‘sealing’ of TCFA will 

result in clinical benefit when compared with optimal medical treatment.

CONCLuSIONS

The innovations in SE stent platform discussed above anticipate promising clinical ap-

plications, in particular for the treatment of challenging lesions such as vessels with large 

reference vessel diameters, ectatic or aneurysmatic vessels, bifurcations lesions, SVGs, acute 

coronary artery stenosis in STEMI patients and even lesions located in small vessels. In previ-

ous years several efforts have been devoted by researchers to address the limitations found 

in the use of first-generation SE stents. First, some of the newer generations SE stents have 

been coated with a drug to improve clinical efficacy outcomes, as has been shown with BE 

stents. Secondly, the limitation of foreshortening found by first generation SE stents has been 

addressed by changes to the design of the stent platforms and the metal used. Third, the 

development of the Cardiomind Sparrow™ SE stent technology shows that SE stents do not 

necessarily have to result in bulkier stents. However, the issue of chronic expansion force is 
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still a potential limitation because the long-term stent over-expansion might cause restenosis 

due to intimal hyperplasia. Therefore, it is important to further improve and optimize the SE 

stent design and apply newer strategies for the development of next generation SE stents. 

More large randomized studies with long-term clinical follow-up will be needed investigating 

the safety and efficacy of the novel dedicated nitinol SE stent to prove its advantages over the 

BE stent in order to determine its role within the daily armamentarium of the interventional 

cardiologist.
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ABSTRACT

Objectives: We sought to investigate angiographic indications for the use of the STENTYS 

technique and evaluated the long-term safety and clinical efficacy of the stent.

Background: Coronary lesions involving complex anatomy, including aneurysmatic, ectatic, 

or tapered vessel segments often carry a high risk of stent malapposition. The self-apposing 

stent technique may reduce the risk of stent malapposition and therefore improve clinical 

outcomes.

Methods: A total of 120 consecutive patients treated with the STENTYS stent were included 

(DES: n=101, BMS n=19). All lesions were scored for angiographic indications for the STEN-

TYS stent, including aneurysms, ectasias, tapering, absolute diameters, bifurcation lesions, 

and saphenous vein grafts (SVG). Off-line quantitative coronary angiography analyses were 

performed pre- and post-procedure. Five years follow-up was obtained including cardiac 

death, target vessel myocardial infarction (TV-MI), target vessel revascularization (TVR), stent 

thrombosis, and the composite endpoint target vessel failure (TVF; cardiac death, TV-MI and 

TVR).

Results: Angiographic indications for STENTYS use were aneurysm (30%), ectasia (19%), 

tapering (27%), bifurcation- (8%), and SVG lesions (16%) and absolute diameters (22%). 

Mean maximal diameter was 4.51 ± 0.99 mm. At 5 year follow-up TVF rates were 24.1% in 

the total cohort (DES 22.8% vs. BMS 33%, p=0.26). Definite ST rate was 3.8% at 5 years in 

this cohort with complex and high-risk lesions (DES 4.5% vs. BMS 0%, p=0.39).

Conclusions: Angiographic indications for the use of the self-apposing stent were complex 

lesions with atypical coronary anatomy. Our data showed reasonable ST rates at 5-year 

follow-up considered the high-risk lesion characteristics.
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INTROduCTION

Percutaneous coronary intervention (PCI) of coronary lesions involving complex anatomy 

such as aneurysm, ectasia or tapering remains challenging in daily clinical practice. Due to 

the varying vessel diameters within the target vessel, optimal stent sizing can be difficult. 

Particularly in these complex lesions, in-stent restenosis and late stent thrombosis (ST) remain 

significant problems, even when contemporary drug eluting stent (DES) are used1. When 

stent to vessel size mismatch occurs, incompletely apposed stent struts could delay tissue 

coverage, and therefore predispose for the occurrence of ST2,3. Proper sizing using balloon-

expandable (BE) stents in lesions with varying vessel diameters can be more difficult, since 

BE-stents are tubular by nature and limited to a maximum expansion diameter 4. The nitinol 

self-apposing STENTYS stent (STENTYS SA, Paris, France) is able to adjust to varying lumen 

diameters (figure 1). This technique might improve clinical outcome after PCI of vessels involv-

ing varying diameters due to its superior strut apposition 5. Moreover, large vessel diameters 

often exceed the expansion capacity of currently available BE-stents 6. This stent can expand 

up to 6.0mm which results in adequate apposition even in absolute vessel diameters. In the 

present single-centre study, we aimed to evaluate what the operator indication was for the 

use of the self-apposing stent in daily clinical practice. We report the angiographic indication 

for the stent, with angiographic and clinical outcomes up to 5 years follow-up.

Figure 1 Stent apposition in a tapered aneurysmatic vessel
A tapered aneurysmatic tube which illustrates the stent apposition of the WALLSTENT (A), a balloon-
expandable stent (B) the STENTYS Self-Apposing stent (C) and stent boost of the STENTYS stent in an 
aneurysmatic vessel in vivo (D).
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MATERIALS ANd METhOdS

Study patients and setting

All consecutive patients treated with the STENTYS stent since the introduction of the device 

in our centre from April 2010 until January 2016 were evaluated for this registry. Patients 

were excluded if they presented with STEMI or were enrolled in a randomized trial. All other 

clinical indications for PCI were allowed. PCI involving the STENTYS device was in the setting 

of routine clinical care. The choice for DES or bare metal stent (BMS) was at the discretion 

of the operator. Pre-implantation sizing was done by visual estimation. All patients provided 

written informed consent for this registry. All patients were pre-loaded with aspirin and a 

P2Y12-inhibitor, if not already on chronic therapy. Patients received 5000 IU of unfraction-

ated heparin at the start of the procedure. The use of peri-procedural glycoprotein IIb/IIIa 

receptor inhibitors was left at the discretion of the operator.

Study device

The STENTYS stent is a new generation self-expanding device, made of a nitinol platform, 

a biocompatible nickel and titanium alloy. The stent is 6 French-compatible and delivered 

using a rapid-exchange delivery system over a conventional 0.014” guidewire. It is available 

in 3 lengths; 17 mm, 22 mm and 27 mm, and in three diameter sizes: small (2.5 - 3.0 

mm), medium (3.0 - 3.5 mm), and large (3.5 - 4.5 mm). The strut thickness is 102 micron 

(small-size) or 133 micron (medium- and large-sizes). The large STENTYS can expand over 

6.0mm suitable for absolute vessel diameters of >4.5mm. The stent is available as BMS- and 

DES (Paclitaxel- and Sirolimus eluting). Since apposition is possible in large and variable vessel 

diameters of e.g. proximal and distal main branches, the stent can be safely and effectively 

used in bifurcation lesions lesions7-9 and in saphenous vein grafts (SVG)10. Moreover, the 

nitinol platform is able to enlarge further after implantation. Therefore the STENTYS device 

is extensively evaluated in patients with acute myocardial infarction in the APPOSITION trials 
5,11-13, which revealed lower rates of strut mal-apposition as compared with BE- stents and 

favourable clinical results. During the present study, the novel balloon based delivery system 

Xposition was not yet available for commercial use.

Angiographic data acquisition and definitions

The procedural report and procedural angiograms of all STENTYS treated lesions were re-

viewed retrospectively by an experienced interventional cardiologist (KTK) to obtain lesion 

characteristics and to access the angiographic indication why the operator chose the use 

of this device if it was not stated in the report. The following angiographic indications were 

specified; aneurysm; ectasias; tapering; absolute reference vessel diameter 4.0-5.0 mm, bi-

furcation lesions and lesions located in SVG. Aneurysm was defined as localised or segmental 

dilatation which exceeds the diameter of normal adjacent segments by 1.5 times14. Ectasia 
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was defined as irregular diffuse dilatation (>1.5 times the normal diameter) that involves 

more than one third of the length of the coronary artery15,16. Tapering was defined as a sig-

nificant diameter change of ≥ 1 mm from the proximal to the distal vessel segment. Offline 

quantitative coronary angiography (QCA) analyses were performed using dedicated software 

(QAngioXA version 7.3; Medis, Leiden, The Netherlands). Standardized QCA methodology 

was used including a bifurcation algo rithm for bifurcation lesions. Pre- and post-procedural 

reference vessel diameter (RVD), minimal luminal diameter (MLD) and percentage diameter 

stenosis (%DS) were obtained. Pre-implantation D-max is obtained to assess maximal luminal 

diameters at baseline. Acute gain was defined as the difference between pre- and post-

procedural MLD. Longitudinal geographic mismatch (GM) on QCA was defined as the entire 

length of the lesion (as defined by QCA) not completely covered by the stent. Angiographic 

success was defined as final residual stenosis of less than 20 percent by offline QCA and 

Thrombolysis In Myocardial Infarction (TIMI) 3 flow on the final angiogram without GM.

Follow-up and outcomes

Patients were contacted individually to obtain follow-up data. Hospital records and coronary 

angiograms were reviewed to complete information. Reported clinical outcomes included 

cardiac death, target vessel myocardial infarction (TV-MI), non-TV-MI, clinically indicated 

target lesion revascularization (TLR), target vessel revascularization (TVR), non-TVR, and 

definite/probable stent thrombosis (ST) according to the Academic Research Consortium 

definitions17. Target vessel failure (TVF) was defined as the composite of cardiac death, TV-MI 

or TVR. Procedural success was defined as angiographic success without in-hospital TVF.

Statistical analysis

Continuous variables were presented as mean ± standard deviation, categorical variables as 

frequencies. Comparisons of variables were performed using the two-sided Student-t test, 

chi-square or Fisher’s exact test, as appropriate. Event rates were assessed by Kaplan-Meier 

estimates and compared with the log-rank test. Follow-up was censored at 5 years or at the 

last known date of follow-up, whichever came first. SPSS software package (version 24, IBM, 

Chicago, IL, USA) was used.

RESuLTS

Baseline patient characteristics and procedural characteristics

Between April 2010 and January 2016, 120 patients were included in our registry including 

19 BMS STENTYS, and 101 DES STENTYS. We report the outcome separately. Baseline clinical 

characteristics are summarized in table 1 (online supplement). Mean age was 65±12 years in 

the DES group vs. 67±13 in the BMS group. In the DES group, 46% of patients had stable 
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angina, 16% unstable angina and 39% NSTEMI. In the BMS group 53% of patients had 

stable angina, 26% unstable angina and 21% NSTEMI.

Table 1 Angiographic indications for STENTYS

Angiographic indications for 
STENTYS L = 124

dES BMS

p-valueL = 104 L = 20

Aneurysm 37 (30%) 31 (30%) 6 (30%) 0,99

Ectasia 24 (19%) 17 (16%) 7 (35%) 0,07

Tapering 33 (27%) 24 (23%) 9 (45%) 0,04

Diameters 4,0 - 5,0 mm 27 (22%) 21 (20%) 6 (30%) 0,38

Bifurcation lesion 10 (8%) 10 (10%) 0 0,36

SVG 19 (16%) 16 (16%) 3 (15%) 1

N (%), ≥1 indication may apply for 1 lesion

Table 2 Quantitative coronary angiography results (QCA) Pre- and post procedure

Parameter

All patients Aneurysm & ectasia Tapering

Pre Post Pre Post Pre Post

RVD proximal edge (mm) 3.72 ± 0.85 3.87 ± 0.75 3.84 ± 0.85 4.02 ± 0.77 3.93 ± 1.01 3.97 ± 0.87

RVD in-stent (mm) 3.47 ± 0.84 3.56 ± 0.70 3.61 ± 0.82 3.73 ± 0.71 3.39 ± 0.87 3.53 ± 0.76

RVD distal edge (mm) 3.20 ± 1.01 3.33 ± 0.81 3.40 ± 1.11 3.55 ± 0.84 2.97 ± 0.93 3.10 ± 0.76

MLD in-stent (mm) 0.99 ± 0.58 2.90 ± 0.57 1.02 ± 0.54 3.00 ± 0.59 0.97 ± 0.36 2.86 ± 0.57

DS in-stent (%) 71.4 ± 13.5 18.2 ± 7.9 71.3 ± 14.7 19.7 ± 8.0 71.1 ± 8.8 18.5 ± 5.9

D mean (mm) 3.06 ± 0.72 3.43 ± 0.62 3.15 ± 0.72 3.57 ± 0.62 3.03 ± 0.68 3.34 ± 0.64

D max (mm) 4.53 ± 1.00  4.82 ± 1.08  4.60 ± 1.04  

Lesion length (mm) 12.67 ± 7.40  14.33 ± 8.89  14.89 ± 8.38  

Acute gain (mm) 1.95 ± 0.68 2.00 ± 0.67 1.93 ± 0.59

Parameter

Absolute Diameters Bifurcation (MB only) SVG

Pre Post Pre Post Pre Post

RVD proximal edge (mm) 4.31 ± 0.97 4.34 ± 0.77 3.26 ± 0.44 3.37 ± 0.34 3.76 ± 0.99 3.97 ± 0.76

RVD in-stent (mm) 4.09 ± 0.93 4.11 ± 0.59 2.84 ± 0.45 2.95 ± 0.31 3.85 ± 1.00 3.98 ± 0.78

RVD distal edge (mm) 3.91 ± 0.81 3.93 ± 0.58 2.43 ± 0.60 2.63 ± 0.43 4.04 ± 1.01 3.96 ± 0.80

MLD in-stent (mm) 1.09 ± 0.73 3.30 ± 0.41 0.78 ± 0.32 2.47 ± 0.39 1.14 ± 0.84 3.20 ± 0.48

DS in-stent (%) 74.3 ± 13.0 19.3 ±6.7 72.4 ± 10.4 16.5 ± 8.7 71.5 ± 17.1 18.2 ± 9.7

D mean (mm) 3.56 ± 0.75 3.87 ± 0.53 2.55 ± 0.48 2.97 ± 0.32 3.56 ± 0.75 3.87 ± 0.53

D max (mm) 5.11 ± 0.89  3.99 ± 0.82  5.06 ± 1.10  

Lesion length (mm) 14.23 ± 7.74  12.22 ± 5.50  11.90± 7.23  

Acute gain (mm) 2.22 ± 0.69 1.74 ± 0.47 2.07 ± 0.92

All values are expressed as mean ±standard deviation. RVD; reference vessel diameter, MLD; minimal 
lumen diameter, DS; diameter stenosis, D-max; maximum diameter, D-mean; mean diameter, MB; main 
branch, SVG; saphenous vein graft.
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Lesion and procedural characteristics are shown in table 2 (online supplement). A total 

of 124 lesions were treated (study lesions). Of this total, 104 lesions were treated with the 

DES STENTYS and 20 with the BMS STENTYS. D-max was 4.51±0.99mm in the DES group 

and 4.63±1.05mm in the BMS group (p=0.64). A considerable number of patients had a 

pre-implantation D-max of ≥4.0 to ≤ 5.0 mm (38% vs. 37% respectively, p = 0.95). Both 

groups patients had even a pre-implantation D-max of ≥ 5.0 mm in approximately one third 

of cases (28% vs. 37% respectively, p = 0.42). GM occurred in 2% in the DES group vs. 5% 

in the BMS group (p= 0.46). Angiographic success was 69% in the DES group vs. 68% in the 

BMS group (p = 0.94), as same as procedural success due to no in-hospital TVF.

Angiographic indications and results

Angiographic indications for operators to choose the STENTYS stent, were in 30% aneurysm, 

in 19% ectasia, in 27% tapering, in 8% bifurcation lesions, in 16% SVG lesions and in 22% 

absolute target vessel diameters (Table 1). More than 1 angiographic indication could apply, 

e.g. tapering and absolute target vessel diameter (Figure 2). QCA results are summarized 

in Table 2. RVD, %DS and the MLD of all angiographic indications are shown separately 

illustrating the angiographic differences between the groups. For tapering the RVD of the 

proximal edge is remarkably larger than the RVD in the distal edge of the treated segment. 

Angiographic outcomes for the bifurcation lesions are shown in Table 3 (online supplement).

Figure 2 Examples of STENTYS cases
Pre- and post-procedural coronary angiograms of 4 cases from our cohort including (A) pre-procedural 
angiogram of an aneurysmatic vessel, (E) result after STENTYS placement, (B) pre-procedural angiogram 
of an ectatic vessel, (F) result after STENTYS placement, (C) pre-procedural angiogram of SVG lesion, (G) 
result after STENTYS placement, (D) pre-procedural angiogram of a tapered left main lesion, (H) result 
after STENTYS placement.
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Table 3 Patient event rates at 5-years follow-up

Clinical event

Total dES BMS

p-value

(n = 120) (n = 101) (n = 19)

n. event rate n. event rate n. event rate

Target Vessel Failure

Cardiac death, TV-MI and TVR 25 24,1% 19 22,8% 6 33,0% 0,26

Target Vessel Failure between 2 and 5 years

Cardiac death, TV-MI and TVR 10 13,1% 8 13,3% 2 15,2% 0,73

Other composite endpoints

Cardiac death and TV-MI 11 10,5% 8 9,7% 3 15,8% 0,31

Cardiac death, TV-MI and TLR 22 21,7% 16 20,0% 6 33,0% 0,13

Components of composite endpoints

Cardiac death 6 5,7% 3 4,0% 3 15,8% 0,02

Target Vessel Myocardial infarction 5 4,9% 5 5,7% 0 0,0% 0,34

TVR 19 19,0% 16 19,2% 3 20,5% 0,98

Stent thrombosis

Definite 4 3,8% 4 4,5% 0 0,0% 0,39

Probable 1 1,6% 1 2,0% 0 0,0% 0,61

Other events

Clinically indicated TLR 16 16,4% 13 16,1% 3 20,5% 0,71

Non-cardiac death 3 3,2% 3 3,8% 0 0,0% 0,46

MI not related to target vessel 2 1,9% 2 2,2% 0 0,0% 0,55

Non-TVR 15 13,3% 15 15,7% 0 0,0% 0,09

Values are n (number of patients) with event rates calculated using the KM-method. BMS bare metal 
stent, DES drug eluting stent, TV-MI Target Vessel Myocardial infarction TVR target vessel revasculariza-
tion, TLR target lesion revascularization

Figure 3 Kaplan-Meier estimates of target vessel failure
Cumulative event rate of the composite endpoint target vessel failure by Kaplan Meier estimates with 
landmark analysis at 2-years.
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Clinical outcomes

Clinical follow-up was obtained for all patients with a median follow-up of 51 months (IQR 

42 – 60). One patient was lost to follow-up due to emigration to Suriname 2 years after 

baseline PCI, and is censored from the date of emigration. TVF was observed in 25 patients 

(24.1%), 19 (22.8%) in the DES group vs. 6 (33%) in the BMS group (Table 3). Landmark 

analysis at 2 year up to 5 years revealed an incremental TVF rate of 13.3% in the DES group 

and 15,2% in the BMS group (p=0.73) (figure 3). In the total cohort, definite ST occurred in 

Figure 4 Kaplan-Meier estimates of cardiac death, target vessel myocardial infarction, target lesion 
revascularization, and probable and definite stent thrombosis
(A) Cumulative event rate of individual endpoint cardiac death by Kaplan Meier estimates. (B) Cumula-
tive event rate of the individual endpoint target vessel myocardial infarction by Kaplan Meier estimates. 
(C) Cumulative event rate of the individual endpoint target lesion revascularization by Kaplan Meier 
estimates. (D) Cumulative event rate of the individual endpoint probable and definite stent thrombosis 
by Kaplan Meier estimates.
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4 cases (3.8%). ST characteristics are shown in Table 4 (online supplement). Individual clinical 

endpoints are shown in Table 3, Figure 4. Clinical outcomes per angiographic indication are 

shown in Table 5 (online supplement). Comparison between the BMS and the DES group 

should be interpreted with caution due to the non-randomized design and the small sample 

size.

dISCuSSION

This study evaluates what angiographic indications are for the use of the STENTYS stent 

according to experienced interventionalists with the report of 5-year clinical outcome in a 

sub-group of complex patients. Indications for STENTYS use was coronary aneurysm, ectasia, 

tapering, absolute vessel diameters, bifurcation lesions and lesions located in SVGs. Our QCA 

data demonstrates that this device is effective in large variable RVDs in a cohort with high 

risk complex coronary anatomy.

Clinical experience with the STENTYS stent

Several theoretic advantages of the nitinol self-apposing platform were previously evaluated 

in selected cohorts. Naber et al. observed a definite ST rate of 1% at 6 months and 0% at 

12 months follow-up in bifurcation lesions7. A large STEMI registry with BMS and paclitaxel 

eluting STENTYS (PES) revealed definite ST-rates of 3.3% at 2 years13. Less data is available 

of the stents performance in all-comer populations. An evaluation of a small real-world 

cohort reveals that interventionalists chose the STENTYS device in a comparable selection of 

angiographic situations, including bifurcation lesions, acute coronary syndrome and ectatic 

coronaries, with a ST-rate of 2.5% at 21 ± 13 months18. Another real-world single-centre 

experience with both BMS and PES STENTYS from Italy reported a ST-rate of 1.8% at 23.6 

± 12.6 months19. A larger multicentre cohort reported ST-rates of 2.6% at 2.5 years in all-

comer patients, based on usage of BMS, PES and sirolimus STENTYS20. In the present study, 

we observed GM in 2% in the DES group and 5% in the BMS group (p= 0.46), and overall 

ST rate of 3.8% at 5-years follow-up. Considered the complexity of our cohort including 

both BMS and PES STENTYS these indicators for device performance are acceptable. The 

low angiographic success rates of 69% in the DES group and 68% in the BMS group is 

partly explained by the fact the we incorporated GM and measured the residual stenosis on 

off-line QCA. These success rates should interpreted with caution since QCA analyses might 

overestimate residual stenosis in aneurysmatic and ectatic lesions.

Comparison with contemporary balloon expandable stents

It is well known that complex target-lesion anatomy is associated with increased risk of 

adverse outcome21,22. Using the SYNTAX score, an angiographic scoring system quantifying 
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the complexity of coronary artery disease, it is possible to identify high risk patients based on 

angiographic characteristics23,24. Unprotected left main, multi-vessel disease, longer lesions, 

bi- or trifurcation lesions and large thrombus load are incorporated and considered more 

complex. A recent pooled analysis evaluating new-generation balloon expandable DES, in-

cluding everolimus, zotarolimus, and biodegradable polymer biolimus- and sirolimus eluting 

stents, demonstrated a definite ST-rate of 1.0% at 2-years in patients with higher coronary 

complexity (SYNTAX score > 11)25. The RESOLUTE All-comers trial comparing the Resolute 

zotarolimus-eluting stent with the Xience V everolimus-eluting stent revealed definite ST 

rates of 1.2% vs. 0.4% (p = 0.14) respectively in a pre-specified subgroup of complex pa-

tients at 1-year follow-up26. The same trial reported final definite ST-rates of 1.6% vs. 0.8% 

(p=0.08) respectively at 5-year follow-up in an all-comers population27. Our observations 

of much higher ST rates could partially be explained by the atypical complexities including 

aneurysms, ectasia and large tapering. Moreover, the patients were treated with the BMS 

or PES STENTYS delivered with the conventional delivery system. The Xposition delivery 

system with the Sirolimus eluting STENTYS, where precise stent delivery is made possible by 

a delivery balloon which is retracted after stent delivery, might improve clinical outcome in 

complex coronary anatomy28.

Study limitations

This study is limited by its observational design. It is a small, single-centre cohort study of 

complex lesions. A matched control group with such atypical anatomical high risk lesions 

treated with BE-stents was not available. The STENTYS use, including the choice for DES or 

BMS STENTYS was at the discretion of the operator. The angiograms were reviewed by a 

single expert only. No routine angiographic follow-up was performed in these patients. Fi-

nally, clinical outcomes were not adjudicated by an independent clinical endpoint committee.

CONCLuSION

This single-centre registry showed that operators tend to choose this stent technique in com-

plex lesions. Consider the high-risk lesion characteristics, ST-rates are reasonable at 5-year 

follow-up. The STENTYS platform seems safe and effective in patients with atypical anatomy. 

The enrolling SIZING registry will give us insights of the performance of this device in lesions 

with vessel diameter variance29.
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Online supplement
Table 1 Baseline clinical characteristics

Characteristic DES n = 101 BMS n = 19 p-value

Demographics

Age 65 ± 12 67 ± 13 0,56

Male gender 81 (80%) 13 (68%) 0,25

Risk factors for CAD

Diabetes 17 (17%) 3 (16%) 0,89

Hypertension 44 (44%) 13 (68%) 0,06

Hypercholesterolemia 29 (30%) 7 (37%) 0,53

Current smoker 31 (31%) 6 (32%) 0,98

Family history of CAD 49 (50%) 6 (32%) 0,14

Renal dysfunction 5 (5%) 4 (21%) 0,02

History

Previous MI 21 (21%) 4 (21%) 0,99

Previous PCI 25 (25%) 5 (26%) 0,9

Previous CABG 19 (19%) 4 (21%) 0,84

Stroke 10 (10%) 2 (11%) 0,94

Congestive heart failure 3 (3%) 0 (0%) 0,44

Clinical indications for PCI

Stable angina 46 (45%) 10 (53%) 0,57

Unstable angina 16 (16%) 5 (26%)) 0,27

Non STEMI 39 (39%) 4 (21%) 0,14

Values are n (%) or mean ± SD, CAD coronary artery disease, MI myocardial infarction, PCI percutaneous 
coronary intervention, CABG coronary artery bypass grafting, STEMI ST-segment elevation myocardial 
infarction
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Online supplement
Table 2 Lesion and procedural characteristics

Lesion and procedural characteristics dES BMS p-value

Study lesions treated with STENTYS (L = 104) (L = 20)

Location of study lesion

Left main 7 7% 0 0,59

LAD 27 26% 7 35% 0,41

RCx 19 18% 2 10% 0,52

RCA 35 34% 8 40% 0,59

SVG 16 15% 3 15% 1

ACC/AHA lesion classification

A 9 9% 0 0,35

B1 20 19% 5 25% 0,55

B2 53 51% 9 45% 0,63

C 22 21% 6 30% 0,39

Second stent placement at target lesion 18 17% 4 20% 0,75

Stent length (mm) 17mm 2 2% 0 0,53

22mm 46 44% 14 70% 0,04

27mm 56 54% 6 30% 0,05

Stent diameter size (mm) 2.5-3.0 3 3% 1 5% 0,51

3.0-3.5 36 35% 7 35% 0,97

3.5-4.5 65 63% 12 60% 0,83

Direct stenting 12 12% 5 25% 0,15

Post dilatation performed 95 92% 15 75% 0,04

Max pressure per lesion (atmosphere) 13,9 ± 4,1 14,8 ± 4,2 0,5

Use of distal embolization protection device 10 10% 2 10% 1

Postprocedure TIMI flow Grade 0 0 0  

Grade 1 0 0  

Grade 2 3 3% 1 5% 0,51

Grade 3 101 97% 19 95% 0,51

Angiographic success 70 69% 13 68% 0,94

Procedural success 70 69% 13 68% 0,94

QCA measurement

Pre-implantation Dmax (mm) 4,51 ± 0,99 4,63 ± 1,05 0,64

Pre-implantation Dmax ≥4.0 to ≤ 5.0 mm (%) 38 38% 7 37% 0,95

Pre-implantation Dmax ≥5.0 mm (%) 28 28% 7 37% 0,42

Residual stenosis >20% on QCA, n (%) 28 28% 5 26% 0,9

Longitudinal geographic mismatch, n (%) 2 2% 1 5% 0,46

Values are n (%) or mean ± SD, PCI: percutaneous coronary intervention, LAD: left anterior descending, 
RCx: ramus circumflexus, RCA: right coronary artery, SVG: saphenous vein graft, TIMI: thrombolysis in 
myocardial infarction, QCA: quantitative coronary angiography, Dmax: maximal luminal diameter
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Online supplement
Table 3 Quantitative coronary angiography results (QCA) Bifurcation table

Parameter

RVD (mm) DS (%) MLD (mm) Acute 
gain (mm)Pre Post Pre Post Pre Post

5 mm prox edge 3.48±0.99 3.82±0.98 6.37±6.55 13.66±5.72 3.25±0.98 3.28±0.80 0.03±0.48

PMB in-stent 3.36±1.10 4.05±1.14 28.73±22.43 13.96±9.52 1.60±1.18 2.82±0.62 1.21±0.89

DMB in-stent 2.80±0.75 2.99±0.65 65.24±10.05 15.10±6.68 0.96±0.40 2.48±0.62 1.52±0.52

5 mm distal edge 2.40±0.57 2.70±0.59 20.10±21.40 21.10±16.48 1.97±0.82 2.13±0.71 0.16±0.43

SB 2.10±0.54 2.28±0.68 39.11±19.84 23.79±11.71 1.31±0.72 1.77±0.73 0.45±0.68

All values are expressed as mean ±standard deviation. PMB; proximal main branch, DMB; distal main 
branch, SB; side branch, RVD; reference vessel diameter, DS; diameter stenosis, MLD; minimal lumen 
diameter.

Online supplement
Table 4 Characteristics of patients with stent thrombosis

Patient

Stent 
thrombosis 
type Stent type Days

Lesion 
location

DAT at 
time of 
event Outcome

Repeat 
revascularization

82-year-old male Definite DES 9 LAD/D1 Yes MI Yes, balloon 
angioplasty

44-year-old male Definite DES 1280 RCX Yes MI Yes, stent 
placement

67-year-old male Definite DES 56 RCX Yes no MI Yes, balloon 
angioplasty

80-year-old 
female

Definite DES 908 RCA Yes MI Yes, balloon 
angioplasty

77-year-old male Probable DES 1528 NA Unknown Unknown 
cause of 
death

NA

DAT dual antiplatelet therapy MI myocardial infarction NA not applicable
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Online supplement
Table 5 Clinical outcomes by angiographic indication

Outcomes by indication

Aneurysm Ectasia Tapering

Diameters 
4,0 - 5,0 

mm
Bifurcation 

lesion SVG

n = 37 n = 24 n = 33 n = 27 n = 10 n = 19

n.
event
rate n.

event
rate n.

event
rate n.

event
rate n.

event
rate n.

event
rate

Target Vessel Failure 6 20,9% 5 22,6% 9 29,7% 4 15,2% 2 22,9% 8 51,1%

Cardiac death 2 8,1% 1 4,3% 1 3,0% 2 7,6% 0 0,0% 2 10,5%

TV-MI 2 6,8% 1 5,3% 2 7,3% 0 0,0% 1 10,0% 0 0,0%

TVR 4 13,3% 4 18,9% 8 27,4% 2 8,1% 2 22,9% 6 45,0%

Other events

Clinically indicated TLR 4 13,3% 4 18,9% 6 20,7% 1 4,5% 2 22,9% 5 41,5%

Definite Stent thrombosis 2 6,8% 0 0,0% 2 7,3% 0 0,0% 0 0,0% 0 0,0%

Probable Stent thrombosis 1 5,6% 0 0,0% 0 0,0% 0 0,0% 0 0,0% 0 0,0%

Non-TVR 6 17,4% 3 13,3% 3 10,4% 4 14,8% 0 0,0% 4 24,8%

Values are n (number of patients) with event rates calculated using the KM-method. TV-MI Target Vessel 
Myocardial infarction TVR target vessel revascularization, TLR target lesion revascularization

Online supplement

Figure 1 IVUS post stenting showing apposition of the STENTYS stent in a tapered left main coronary 
artery
The proximal section of the stent, which was located in the left main coronary artery, has a larger diam-
eter (4.4mm) tapers to the distal section of the stent, located in the left ascending descending coronary 
artery, with a diameter of 2.6mm (right panel), with good overall stent apposition in both vessel seg-
ments.
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Suboptimal stent expansion, concerning stent eccentricity, symmetry, smaller minimal stent 

area and strut malapposition, is associated with impaired clinical outcomes1. With the cur-

rently available balloon-expandable (BE) stents adjunctive balloon post-dilatation is routinely 

performed in the majority of patients to avoid stent under expansion and increase final stent 

areas. For the self-apposing nitinol STENTYS stent, controversy remains on performing bal-

loon post-dilatation. The nitinol platform of the stent has the ability to enlarge further after 

implantation, which is demonstrated with increased stent areas and no stent recoil during 

follow-up of patients presenting with acute coronary syndrome2. Ijsselmuiden et al. recently 

published a randomized evaluation of the performance of the STENTYS bare metal stent 

(BMS) versus the STENTYS paclitaxel eluting stent (PES) in lesions located in saphenous vein 

grafts3. Major adverse event rates were comparable in both groups at 12 months follow-up 

(BMS 22.2% vs. PES 26.7%; p=0.70). Furthermore, it was reported that performing balloon 

post-dilatation was left at the discretion of the operator. Unfortunately, association with 

clinical outcome was not further investigated. It would have been interesting to analyse 

whether performing balloon post-dilatation or not has an effect on clinical outcomes. Avail-

able evidence regarding post-dilatation after the STENTYS stent implantation is limited. Is 

there a need for balloon post-dilatation with the use of the self-apposing stent?

We learned from the APPOSITION III registry (A Post-Market registry to assess the STENTYS 

self-exPanding COronary Stent In AcuTe MyocardIal InfarctiON), which evaluated the perfor-

mance of the STENTYS stent in patients presenting with ST-segment elevation myocardial 

infarction (STEMI), that the performance of balloon post-dilatation was associated with sig-

nificantly lower rates of stent thrombosis (ST) and target lesion revascularisation (TLR) at 30 

days follow up4. Beyond 30 days up to 2 years, there was no difference between the post-

dilatation group compared to the no post-dilatation group, suggesting that post-dilatation 

is necessary to prevent early procedural related problems. Moreover, optical coherence 

tomography (OCT) data from the SETUP study (Study to evaluate the safety and feasibility 

of the STENTYS Balloon Delivery System) revealed that performing balloon post-dilatation 

with mean pressures of 13.4±2.3 atmosphere resulted in significantly larger stent areas plus 

significantly lower incomplete strut apposition rates as compared with direct post-stenting 

OCT5. Percentage malapposed struts was 0.6% post procedure versus 2.4% directly post 

stent placement (p=0.013). Mean stent area increased significantly from 9.7±2.4 mm2 post 

stent placement to 10.5±2.5 mm2 post-procedure (p<0.001). Another OCT study evaluating 

the stents behaviour in STEMI patients demonstrated that after implantation of the STENTYS 

stent, stent area does not further increase between 4 and 9 months follow-up, implying that 

the stent area remains stable during long-term follow-up6. This supports the fact that balloon 

post-dilatation is associated with better short-term outcomes.
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However, the stent eccentricity and therewith the symmetry of the STENTYS stent seems 

optimal direct after stenting. The stent eccentricity index, defined as minimum stent diameter 

divided by maximum stent diameter, provides insight into the extent of asymmetric stent 

expansion. For metallic stents, an eccentricity index of >0.7 is considered favourable7. The 

OCT data from the SETUP study showed eccentricity ratios of 0.87 direct post-stenting versus 

0.86 after post dilatations (p=0.37), suggesting that balloon post-dilatation has no influence 

on the eccentricity of the STENTYS stent. Moreover, Geade et al. demonstrated in a multi-

center real-world cohort treated with the STENTYS stent that balloon post-dilatation was 

not associated with lower adverse event rates while they found a relatively high cumulative 

target lesion failure (TLF) rate of 18% at 2.5 year follow-up8. The proposed explanation was 

the fact that the majority of patients presented with stable coronary artery disease, where 

post-dilatation was probably of less influence when compared to the STEMI patients from 

the APPOSITION III registry.

The currently available data seems to be inconclusive regarding the benefits of post-

dilatation of the self-expanding stent in different clinical indications. Smaller stent area as 

well as stent strut malapposition are factors that are associated with the occurrence of ST. 

To optimize both strut apposition and post-procedural stent area, post-dilatation with the 

use of the STENTYS stent seems to be of value. Additional evidence is needed to confirm 

the true need of post-dilatation in all-comer patients who are suitable for the self-apposing 

STENTYS stent.
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ABSTRACT

Background: Lipid rich plaque (LRP) content has been shown to decrease after high-pressure 

balloon-expandable stent placement. LRPs are quantified by the lipid core burden index (LCBI) 

on near-infrared spectroscopy (NIRS). We aim to evaluate the changes in LRP content during 

sequential steps of non-urgent percutaneous coronary intervention (PCI) using low-pressures.

Methods: A total of 10 patients with a LCBI>200 on pre-stenting NIRS and successful PCI 

with the self-apposing stent were included. Quantitative coronary angiography was used to 

assess luminal diameters. IVUS-NIRS was performed pre-stenting after initial pre-dilatation, 

post-stenting and after post-dilatation to assess the LCBI and the plaque burden to evaluate 

plaque modification. IVUS-NIRS is analysed for all stented segments including proximal and 

distal stent edges using dedicated software.

Results: Mean balloon pressure was 11.4 ± 3.8 atm. Pre-stent reference vessel diameter 

(RVD) was 3.3±0.6mm, Dmax was 3.9±0.9mm. Mean LCBI of the stented segment was 

160±96 pre-stenting, 32±49 post-stenting and 21±35 after post-dilatation (p = 0.001). The 

plaque burden remained constant in the stented segment; 0.48±0.1 mm² pre-stenting vs 

0.51±0.1 mm² post-stenting vs. 0.48±0 mm² after final post-dilatation (p=0.14).

Conclusions: Serial IVUS-NIRS demonstrated a significant decrease of LCBI in the stented 

segment from pre-stenting to post-stenting and after post-dilatations, while plaque burden 

remained unaltered throughout PCI in relatively large RVDs. This discrepancy might be ex-

plained by the fact that NIRS might be not detecting the lipid in larger RVDs since it is only 

validated in small RVDs. Research including larger numbers of patients are warranted to 

confirm this concept.
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INTROduCTION

Atherosclerotic plaques containing a large lipid core, called lipid rich plaques (LRP), can be 

prone to imminent plaque rupture, and predictive for future cardiovascular events.1-5 Many 

of those LRP are treated with stenting. There is an increased risk of procedural related com-

plications during percutaneous coronary intervention (PCI) involving lesions containing large 

LRPs. These complications may include plaque shift and distal embolization of plaque debris, 

which could impair clinical outcomes.6 There is emerging evidence that the reduction of the 

lipid content of LRPs is associated with the occurrence of distal embolization.7-10

The combined intravascular ultrasound (IVUS) and near-infrared spectroscopy (NIRS) cath-

eter system has been validated to identify the chemical composition of the arterial wall and 

to perform a morphometric assessment, including modification of LRPs throughout PCI.11 

With the introduction of the STENTYS self-apposing nitinol coronary stent, which has the 

property to appose itself to the arterial wall and could theoretically be deployed with reduced 

procedural pressures, the risk of plaque shift during the procedure and distal embolization 

of plaque debris might be reduced. The nitinol stent platform of the STENTYS stent adjusts 

to the vessel anatomy without exerting a large outward radial force, which is seen with the 

implantation of balloon expandable stents.

We therefore performed an observational study to evaluate the changes in lipid content 

and plaque burden during PCI with the use of the self-apposing stent, using IVUS-NIRS 

pre-stenting, directly after stent implantation, and after final post-dilatations.

MATERIALS ANd METhOdS

Patient population

This study was a prospective single center observational study performed in the Academic 

Medical Center (AMC), University of Amsterdam, the Netherlands, a high-volume, tertiary PCI 

center. This study evaluated the differences of lipid content and plaque burden at sequential 

stages during PCI with a self-expanding STENTYS stent. Elective patients were eligible if 

they had a de novo coronary artery stenosis and a lesion that could be treated with a single 

stent. The indication for the STENTYS stent, as set by the local heart team, was based on 

the suitability of the lesion for the STENTYS stent. The study is approved by the local ethics 

committee. Written informed consent was obtained, before any study-related procedure 

took place.

Study device

The STENTYS stent is a self-expanding stent made of a nitinol platform, a biocompatible 

nickel and titanium alloy. It is deployed by withdrawing a retractable sheath, thus no balloon 
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is used to expand the stent with this conventional delivery system. Therefore, the stent is 

placed with a gentle outward force, although in most cases it is still necessary to post-

dilate the stent after placement to ensure optimal expansion. The STENTYS stent received 

Conformité Européene mark in 2010 and is used in our center both in daily clinical practice as 

in clinical trials. The available device diameter sizes were: small suitable for vessel diameters 

between 2.5 and 3.0 mm, medium for vessel diameters between 3.0 and 3.5 mm, and large 

for vessel diameters ranging from 3.5 to 4.5 mm. The large STENTYS is capable to expand up 

to 6.4 mm, which provides adequate apposition even in the cases of very large vessels. The 

available device lengths were 17 mm, 22 mm and 27 mm. The stent is available as BMS- and 

DES (Sirolimus-eluting). The novel balloon based delivery system was not yet available for 

commercial use during our study.

Study procedure

The procedure involving the STENTYS stent was performed in the setting of routine clinical 

care. Study procedures, including serial intracoronary IVUS-NIRS image acquisition, were 

performed during the PCI only within the target vessel. The combined grayscale IVUS and 

NIRS imaging system consists of a 3.2 French rapid exchange catheter (LipiScan, InfraReDx, 

Burlington, MA, USA) with pullback and rotation device for IVUS and NIRS co-registration 

and a motorized console. Serial motorised pullbacks were performed at a pullback speed of 

0.5mm/second. The imaging catheter was advanced at least 10 mm distally from the target 

lesion if possible.

Serial IVUS - NIRS pullbacks of the culprit lesion were performed at 3 moments during PCI:

1. Pre-stenting, after pre-dilatations before stent placement (pre-stent);

2. Post-stenting, directly after stent implantation (post-stent);

3. Final, after final post-dilatation (final); i.e. until residual stenosis is less than 20 percent, 

according to the instructions for use. If additional post-dilatations were needed, an ad-

ditional IVUS-NIRS pullback was obtained after the final post-dilatation.

Angiographic success was defined as a final residual stenosis of less than 20 percent by 

visual estimation and TIMI 3 flow on the final angiogram. Procedural success was defined as 

angiographic success without in-hospital major adverse cardiac events (composite of cardiac 

death, any myocardial infarction or target vessel revascularization).

Quantitative coronary angiography

Quantitative coronary angiography (QCA) analyses were performed pre-stenting, post-

stenting and after final balloon dilatation. Analyses were performed with dedicated software 

(QAngioXA version 7.3; Medis, Leiden, The Netherlands). A standardized QCA methodology 

was used. Matched angiographic views pre- and post-procedural were used to calculate the 
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reference vessel diameter (RVD), minimal luminal diameter (MLD) and the maximal luminal 

diameter (Dmax).

Intravascular ultrasound and Near-infrared spectroscopy analysis

IVUS-NIRS data were analysed using dedicated offline software (QIVUS version 3.0, Medis, 

Leiden, The Netherlands). Derived chemograms were analysed to assess the maximum lipid 

core burden index (LCBI) in the following segments; 1; the proximal 5 mm of the stent 

edge, 2; the stented segment and 3; the distal 5 mm of the stent edge (figure 1). Lumen 

and external elastic membrane (EEM) contours were drawn at each IVUS cross section from 

5mm proximal to the stent edge, at the proximal and distal stent edges, to 5mm distal to the 

stent edge, and at the first and last frame of each segment. An interval of 2 mm was taken 

in between contours. Target segments were matched using anatomical landmarks including 

side branches, veins and calcification spots. Plaque and media cross-sectional area (CSA) 

were defined as the difference of EEM CSA minus lumen CSA (in mm2). Plaque burden was 

defined as plaque and media CSA divided by the EEM CSA. Each analysed sub-segment had 

IVUS-derived plaque burden and NIRS-derived LCBI measured to evaluate the plaque modi-

fication and lesion remodelling during and after PCI. All IVUS-NIRS pullbacks were analysed 

by two independent assessors (H.L., R.T) and were validated by an expert assessor (H.G.).

Figure 1 Longitudinal NIRS imaging analyses
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Figure 1 Longitudinal NIRS imaging analyses 1 
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Figure 1. IVUS NIRS chemogram (1) pre-procedural chemogram, (2) post-stenting chemogram, (3) final chemogram; in panel A and B patients with 5 
stable angina and in panel C a patient with NSTEMI demonstatring the lipid shift within the stented vessel segment 6 

 7 

IVUS NIRS chemogram (1) pre-procedural chemogram, (2) post-stenting chemogram, (3) final chemo-
gram; in panel A and B patients with stable angina and in panel C a patient with NSTEMI demonstatring 
the lipid shift within the stented vessel segment

Statistical analysis

Continuous variables were presented as mean ± standard deviation (SD), categorical variables 

as frequencies (percentage). To compare groups, the paired Student T test or the one-way 

ANOVA test were used where appropriate. Correction for sphericity was performed with 

the Greenhouse-Geisser if necessary. All data were statistically analysed using SPSS software 

package (version 23, IBM, Chicago, IL, USA).
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RESuLTS

Patient and procedural characteristics

A total of 12 consecutive patients with a STENTYS indication who were eligible by the local 

heart team between May 2013 and July 2014 were included in this study. Two patients were 

excluded from the analyses, since they had a LCBI < 200 on the pre-stenting IVUS-NIRS 

pullback. Baseline patient characteristics are summarized in Table 1. Out of 10, nine patients 

underwent PCI in a native coronary artery and 1 patient in a saphenous vein graft (SVG). Pre- 

and post-dilatation was performed in all patients, with maximal pressures of 11.4±3.8atm 

(pre dilatation) and 11.1±2.5 atm (post dilatation). Pre-dilatation balloon diameters were 

2.9±0.2mm, post-dilation balloon diameters were 3.9±0.4mm. In 1 patient (10%) a Spider 

distal embolic protection device was used during the procedure. Pathologic analysis from the 

obtained material with this device revealed that the material was 3mm2 of dried thrombus, 

without any evidence of lipid. Angiographic and procedural success were both 100%. Proce-

dural characteristics are summarized in table 2.

Table 1 Baseline characteristics

Baseline characteristics

Patient characteristics n = 10

Age 64 ± 10

Male gender, n (%) 8

Diabetes, n (%) 0

Hypertension, n (%) 5

Hypercholestrerolemia, n (%) 2

Current smoker, n (%) 3

Positive family history, n (%) 9

Previous MI, n (%) 1

Previous PCI, n (%) 2

Previous CABG, n (%) 1

Previous Stroke, n (%) 2

Congestive heart failure, n (%) 0

Peripheral artery disease

Renal insuffiiency

Indication for PCI

Stable angina 5

Unstable angina 1

Non STEMI 4

Values are n (%) or mean ± SD. MI myocardial infarction, PCI percutaneous coronary intervention, CABG 
coronary artery bypass grafting, STEMI ST-segment elevation myocardial infarction
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Table 2 Procedural characteristics

Procedural characteristics

Location of study lesion L = 10

LAD 3

RCx 1

RCA 5

SVG 1

ACC/AHA lesion classification

A 1

B1 1

B2 8

C 0

Stent length (mm) 17mm 1

22mm 7

27mm 2

Stent diameter size (mm) 2.5-3.0mm 0

3.0-3.5mm 4

3.5-4.5mm 6

Pre-dilatation performed 10

Pre-dilatation max pressure (atm) 11.4 ± 3.8

Pre-dilatation diameter 2.9 ± 0.2

Post-dilatation performed 10

Post-dilatation max pressure (atm) 11.1 ± 2.5

Post-dilatation diameter 3.9 ± 0.4

Use of distal embolization protection device 1

Postprocedure TIMI flow Grade 0 0

Grade 1 0

Grade 2 0

Grade 3 10

Angiographic success 10

Procedural success 10

Values are n (%) or mean ± SD. TIMI grade flow Thrombolysis In Myocardial Infarction

Angiographic outcomes

Mean pre-stent RVD was 3.3 ± 0.6mm. Mean MLD was 0.9±0.4mm, 2.2±0.2mm post-

stenting and 3.0±0.4mm after post-dilatation (p <0.001). The pre-procedural maximal 

diameter (Dmax) was on average 3.9 ± 0.9mm with a maximum of 5.00 mm (table 3).



74 CHAPTER 5

Table 3 QCA and IVUS-NIRS outcomes

Pre-stent Post-stent Final P-value

QCA outcomes

MLD, mm 0.9±0.4 2.2±0.2 3.0±0.4 <0.001

RVD, mm 3.3±0.6 3.3±0.4 3.6±0.4 0.007

DS, % 70.5±15.2 33.3±8.4 15.2±7.6 0.000

D max, mm 3.9±0.9

IVUS-outcomes

MLA, mm² Proximal 5 mm 9.7 ± 3.6 9.9 ± 4.6 10.5 ± 3.8 0.59

Stented area 5.2 ± 1.2 4.7 ± 1.2 8.4 ± 2.4 <0.001

Distal 5 mm 10.5 ± 4.3 9.9 ± 4.6 10.2 ± 3.9 0.90

EEM CSA, mm² Proximal 5 mm 22.7 ± 5.8 23.2 ± 5.3 22.0 ± 4.7 0.31

Stented area 20.6 ± 4.6 21.1 ± 4.8 21.6 ± 4.5 0.23

Distal 5 mm 20.4 ± 5.4 19.9 ± 5.9 19.4 ± 5.7 0.23

Lumen CSA, mm² Proximal 5 mm 12.3 ± 3.6 13.6 ± 4.7 13.4 ± 3.6 0.17

Stented area 10.8 ± 2.8 10.5 ± 3.4 11.5 ± 3.0 0.04

Distal 5 mm 11.3 ± 3.4 11.8 ± 4.4 11.6 ± 3.7 0.75

P&M CSA, mm² Proximal 5 mm 10.6 ± 3.2 10.1 ± 3.3 9.5 ± 3.1 0.17

Stented area 10.2 ± 2.9 10.7 ± 2.5 10.5 ± 2.5 0.44

Distal 5 mm 9.9 ± 3.3 8.9 ± 3.6 8.7 ± 3.6 0.21

Plaque burden, % Proximal 5 mm 0.46 ± 0.1 0.42 ± 0.1 0.40 ± 0.1 0.18

Stented area 0.48 ± 0.1 0.51 ± 0.1 0.48 ± 0.0 0.14

Distal 5 mm 0.45 ± 0.0 0.41 ± 0.1 0.40 ± 0.0 0.23

NIRS outcomes

LCBI Proximal 5 mm 92.8 ± 131.9 80.0 ± 150.8 65.3 ± 119.5 0.08

Stented area 160.0 ± 95.6 31.8 ± 48.5 20.7 ± 34.9 0.001

Distal 5 mm 48.0 ± 53.7 35.1 ± 74.2 20.4 ± 40.2 0.49

QCA Quantitative coronary angiography; MLD minimal luminal diameter; RVD reference vessel diameter; 
DS diameter stenosis; Dmax maximal luminal diameter; IVUS intravascular ultrasound; MLA minimal lu-
men area; EEM external elastic membrane; CSA cross-sectional area; P&M plaque and media; NIRS near 
infrared spectroscopy LBCI lipid core burden index

IVuS – NIRS outcomes

The results of the IVUS – NIRS analyses are summarized in table 3. In the stented segment, the 

MLA was 5.2±1.2 mm² pre-stent, 4.7±1.2 mm² post-stent and 8.4±2.4 mm² final (p<0.001). 

LCBI within the stented segment was 160±96 pre-stent, 32±49 post-stent and 21±35 final 

(p=0.001). The LCBI within the proximal 5-mm edge segment remained similar from pre-

stent to post-stent (93±132 vs 80±151), and decreased after final post-dilatation (65±120).

The plaque and media CSA in the stented segment remained relatively constant in the 

stented area (10.2±2.9 mm² pre-stenting vs 10.7±2.5 mm² post-stenting vs. 10.5±2.5 mm² 
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Figure 2 LCBI and plaque volume change during PCI
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Figure 2 LCBI and plaque volume change during PCI  1 
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Figure 2. Boxplot of LCBI and plaque burden changes from pre-procedural, post-4 
stenting and final in the proximal stent edge (above); the stented area (middle) and 5 
the distal stent edge (below). In all three panels plaque burden (gray) remained 6 
constant while the LCBI (green) changes and decreases significantly in the stented 7 
area (middle).8 

Boxplot of LCBI and plaque burden changes from pre-procedural, post-stenting and final in the proxi-
mal stent edge (above); the stented area (middle) and the distal stent edge (below). In all three panels 
plaque burden (gray) remained constant while the LCBI (green) changes and decreases significantly in 
the stented area (middle).
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after final post-dilatation (p=0.44) (Figure 2). The plaque burden in the stented segment 

remained relatively constant in the stented area (0.48±0.1 pre-stenting vs 0.51±0.1 post-

stenting vs. 0.48±0.0 after final post-dilatation (p=0.14). In 1 patient we were unable to 

assess the proximal edge throughout the procedure due to the treatment of an ostial SVG 

lesion, in 1 patient the IVUS-NIRS of the proximal edge post-stenting failed due to technical 

error and in 1 patient the IVUS-NIRS of the distal edge pre-stenting failed due to an inability 

of the catheter to cross the lesion.

dISCuSSION

With performing serial IVUS-NIRS we demonstrated a significant decrease of LCBI in the 

stented segment from pre-stenting to post-stenting and after post-dilatations while the 

plaque burden remained relatively unaltered throughout the procedure with the self-

apposing stent.

The presence of large coronary LRPs in the target vessel segment could be a challenge 

during PCI, since it increases risk of peri-procedural complications. Modification of LRPs is 

stated to occur alongside coronary revascularization with the release of lipid contents and 

atherosclerotic debris. Plaque modification and shifting could lead to distal embolization of 

lipid rich particles potentially resulting in the obstruction of (small) side branches, microvas-

cular obstruction and peri-procedural myocardial infarction.12,13 A previous study using IVUS 

during PCI revealed that stent implantation not only causes plaque redistribution, plaque 

reduction or compression into the distal segments, but that the plaque shifts to the proximal 

reference segments as well.14 Decrease of lipid content during PCI quantified by the LCBI is 

previously investigated in patients presenting with acute coronary syndrome as well in stable 

patients. Moreover, Maini et al. found a correlation of LCBI decrease and post-procedural 

troponin raise, and on occasion shifting of the LRP to the proximal and distal zones.15 Our 

data demonstrates that, within the stented segment, the plaque burden remains relatively 

unchanged during the procedure (even after balloon post-dilatations) but that the LCBI 

decreases significantly. The LCBI decrease in the proximal 5-mm edge and in the stented 

area with the decrease in the distal 5-mm edge throughout the PCI without concomitant 

plaque burden decrease suggests that there is a shift of lipid alongside each step of coronary 

revascularization. Since the unaltered plaque burden suggests that the plaque content stays 

beyond the stent, which on its turn implies that the LCBI decrease during PCI might not 

necessarily be distal embolization of cholesterol or lipid particles. In one patient from our 

analyses, a distal protection device was used during PCI. Pathological specimen revealed only 

thrombus material, there was no lipid present in the distal protection device, supporting our 

hypothesis that the lipid content shifts. The discrepancy between plaque burden and lipid 

content changes can possibly be explained by significant decreased in NIRS signal (ability of 
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NIRS to detect lipid) as a function of increasing distance to the vessel wall in larger vessels as 

the lipid content shifts outwards where as a function of distance the ability of NIRS to detect 

lipid simply decreases.

The patients in our analyses had a mean RVD of 3.3±0.6 mm which implies relatively large 

coronary arteries. The studied reference vessel diameter in the previous NIRS studies was 

not consequently reported. Maini et al. did not report the vessels RVDs. One of the autopsy 

validation studies of the NIRS technique reported a mean lumen diameter of 2.4 mm.16 The 

in vivo validation study of the catheter based NIRS system in patients did not report any RVDs. 
17 This can be explained by the fact that the IVUS NIRS technique has not yet been validated 

in larger RVDs and that our observations suggest a potential artefact, due to the relatively 

large distance from the catheter to the vessel wall and the size of the coronary artery. Larger 

NIRS studies with large reference vessel diameters, catheter eccentricity, and the whole vessel 

segment analyses are warranted to gain more insights in the lipid content modification, as 

well as the reliability of NIRS, during PCI of large coronary vessels.

PCI using the self-apposing stent device

High balloon pressures during PCI, which are often needed to ensure optimal stent expan-

sion, may cause injuries to the arterial wall, lead to LRP shifts throughout the procedure or to 

lipid core penetration by stent struts. Iatrogenic injury of the internal elastic membrane can 

induce arterial inflammation which is associated with an increased neointimal growth and 

thus a larger risk of adverse events18,19. The use of the self-apposing stent could theoretically 

lead to reduced procedural pressures inserted to the coronary vessel wall, and therefore 

reduce the risk of potential injury. In the present study, all STENTYS stents were implanted 

with maximal balloon pressures of 11.4 ± 3.8 atm. The procedural LCBI shift we observed in 

the stented segments might be explained by the fact that procedural manoeuvre even with 

relatively low pressures could impact lipid content shift. It could also support the assumption 

of a possible miss-registration due to decreased signal and registration of the lipids by the 

NIRS catheter in relatively larger RVDs since the target vessel segments were relatively large 

in this study.

Study limitations

This prospective observational study is limited by its small, single-center study design with 

no control group. The number of patients was too small to have power, thus the results 

should be interpreted with caution and should be hypothesis generating. However the serial 

INUS-NIRS assessment could give us specific insight in the plaque and lipid shift throughout 

PCI. Larger cohorts are warranted to prove our assumption. Furthermore, distal protection 

devices were not routinely used.
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CONCLuSION

The current serial IVUS-NIRS findings demonstrated a significant decrease of LCBI in the 

stented segment from pre-stenting to post-stenting and after post-dilatations while plaque 

burden remained unaltered throughout the procedure of lesions located in large RVDs. This 

might be explained by a possible artefactual registration of NIRS in vessels with large RVDs. 

Additional research with larger numbers of IVUS-NIRS analyses is warranted to confirm this 

concept.
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ABSTRACT

Objectives: To investigate outcomes in patients with ST-segment elevation myocardial 

infarction (STEMI) after treatment with the STENTYS® Self-Apposing® stent for bifurcation 

culprit lesions.

Background: The nitinol, self-expanding STENTYS was initially developed as dedicated bi-

furcation stent. The stent facilitates the ‘provisional strategy’ by accommodating its diameter 

to both the proximal and distal reference diameters and the opportunity to ‘disconnect’ the 

interconnectors, opening the stent towards the side branch.

Methods: The APPOSITION III (A Post-Market registry to assess the STENTYS self-exPanding 

COronary Stent In AcuTe MyocardIal InfarctiON III) study was a prospective, multicenter, 

international, observational study including STEMI patients undergoing primary PCI with the 

STENTYS SAS. Clinical endpoints were evaluated and stratified by bifurcation versus non-

bifurcation culprit lesions.

Results: From 965 patients included, 123 (13%) were documented as having a bifurcation 

lesion. Target Vessel Revascularization (TVR) rates were higher in the bifurcation subgroup 

(16.4% vs 10.0%, p=0.035). Although not statistically significant, other endpoints were nu-

merically higher in the bifurcation subgroup: Major Adverse Cardiac Events (MACE) (12.7% 

vs 8.8%), myocardial infarction (MI) (3.4% vs 1.8%) and definite/probable stent thrombosis 

(ST) (5.8% vs 3.1%). However, when postdilatation was performed, clinical endpoints were 

similar between bifurcations and non-bifurcation lesions: MACE (8.7% vs 8.4%), MI (1.2% 

vs 0.7%) and definite/probable ST (3.7% vs 2.4%).

Conclusions: The use of the STENTYS SAS was safe and feasible for the treatment of bi-

furcation lesions in the setting of primary PCI for STEMI treatment with acceptable 1-year 

cardiovascular event rates which improved when postdilatation was performed.
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INTROduCTION

Percutaneous coronary intervention (PCI) of coronary bifurcation lesions is considered to 

be technical challenging1. The STENTYS® Self-Apposing® stent (SAS; manufactured by 

STENTYS S.A., Paris, France) is a self-expanding nitinol stent which was initially developed as 

a dedicated bifurcation stent 2-4. The stent facilitates the provisional strategy, which is the 

preferred strategy based on multiple randomized trials5-7, by accommodating to both the 

distal and the proximal reference diameters and the opportunity to ‘disconnect’ the intercon-

necting links between the crowns, opening the stent by flaring the stent into the side branch 

3. STENTYS implantation for the treatment of bifurcation lesions has been investigated in 

the OPEN I and OPEN II registry studies, including a total of 270 patients 2,3,8. Soon after 

its introduction as a bifurcation stent, STENTYS was also clinically investigated in patients 

presenting with ST-segment elevation myocardial infarction (STEMI)9-11. The potential 

benefit for STEMI patients is that the stent adapts itself to the vessel wall12 and expands 

further during the days following primary PCI, when vessel-wall relaxation occurs after the 

vasoconstriction of the acute phase. Previous randomized trials have shown superior apposi-

tion of the STETNTYS SAS compared with balloon-expandable stents post procedure, at 3 

days post procedure and at 4-month follow-up11,13.

APPOSITION III (A Post-Market registry to assess the STENTYS self-exPanding COronary 

Stent In AcuTe MyocardIal InfarctiON III), a multicenter, observational study included 1000 

STEMI patients to evaluate the safety and performance of the STENTYS SAS in the setting 

of primary PCI showing acceptable 1-year clinical outcomes10. The current study investigates 

clinical outcomes in STEMI patients included in the APPOSITION III study who were treated 

for a bifurcation culprit lesion.

METhOdS

The APPOSITION III study has been discussed in detail elsewhere10,14. In short, it was a prospec-

tive, multicenter (51 centers), international (14 countries), observational study. Patients with 

STEMI undergoing primary PCI caused by a de novo culprit lesion were eligible for inclusion.

STENTYS deployment is performed by withdrawing a retractable sheath using a thumb 

slider on the handle. The stent is positioned using two markers on the delivery system, 

indicating the proximal and distal end of the stent. There is a third marker on the distal end of 

the outer sheath so that its retraction can be visualized under fluoroscopy (see figure 1). The 

more recently developed STENTYS Xposition S delivery system was not used in this study14. 

Two types of STENTYS SAS were available: a bare-metal stent (BMS) version and a paclitaxel 

drug-eluting stent (DES) version. The use of the BMS or DES version was according to opera-

tor’s preference in the setting of routine clinical care performing primary PCI. Postdilatation 
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was initially left to operator’s discretion, but became strongly recommended after an interim 

analysis showed a higher event rate in patients in whom postdilation was not performed10. 

Disconnection of the interconnecting links, in case the SAS was placed over a side branch 

(see figure 2), was left to the operator’s preference. STENTYS SAS was CE-marked and avail-

able for routine clinical use in participating centers. Written informed consent was obtained 

from each patient before inclusion in the registry and the study protocol was approved by 

the local ethics committees.

The primary endpoint was defined as 1-year major adverse cardiac event (MACE; defined 

as the composite of cardiac death, recurrent target-vessel [TV] myocardial infarction [MI], and 

clinically-driven target lesion revascularization [TLR]). Secondary endpoints included all-cause 

death, cardiac death, TV-MI, any MI, clinically driven TLR, any target vessel revascularization 

(TVR), definite stent thrombosis (ST), probable ST, and the combined endpoint of definite/prob-

able ST. All events were independently adjudicated by a clinical event committee. Every culprit 

lesion was documented by the study sites as being a bifurcation (i.e. involving a side branch 

>2.25mm) or not by a ‘thick box’ in the electronic case report form (eCRF). Statistical analyses 

were performed using the SPSS software package (version 20.0, IBM, Chicago, IL, USA).

Figure 1 Delivery system of the STENTYS® Self Apposing® Stent. Panel A: the stent is deployed by with-
drawing a retractable sheath using the thumb slider on the handle (black arrow) in the direction as indicated 
by the red arrow, after removing the white thumb slider locking insert. Panel B shows that by withdrawing 
the retractable sheath, the STENTYS expands itself to its unconstrained diameter. The black arrow indicate 
the distal stent marker; the blue arrow indicate the marker on the distal end of the sheath. Panel C shows 
subsequent angiographic still frames during STENTYS deployment by retraction of the outer sheath in the 
direction as indicated by the red arrow. The white arrows indicate the proximal and distal stent markers.
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Figure 2 The use of STENTYS in bifurcation lesions. Panel A shows the stent struts with interconnec-
tions in-between (of which one is encircled), which may be disconnected, allowing the creation of an 
aperture towards the side branch ostium. Panel B shows scanning electron microscopy (SEM) of one such 
interconnection. Panel C shows SEM of a disconnected interconnection. Panel D shows an illustration of 
a disconnecting interconnecting strut. Panel E shows a STENTYS in a silicone bifurcation model after dis-
connection of interconnections, ‘flaring’ the stent into the side branch ostium. Panels F-H schematically 
show the side branch opening. F: A deployed STENTYS stent crossing a side branch. G: The side branch 
is rewired and a balloon is advanced over this side branch wire. H: after inflation of the side branch bal-
loon, the red interconnector disconnect after which the proximal part of the stent expands further and 
‘flares’ into the side branch ostium.
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RESuLTS

From the 965 patients included in the APPOSITION III registry, a total of 123 (13%) were 

documented by the study sites as being bifurcation culprit lesions. There were no differ-

ences between the bifurcation subgroup and the non-bifurcation subgroup in demographic 

characteristics and clinical history, except that more patients had diabetes in the bifurcation 

subgroup (table 1).

Table 1 Baseline characteristics

Bifurcation lesion No Bifurcation lesion

p-valuen=123 n=842

Demographics and clinical risk factors

Age, years 60.6±13.0 59.8±12.3 0.52

Male gender 97 (79%) 646 (77%) 0.60

Diabetes Mellitus 27 (22%) 113 (13%) 0.012

Hypertension 63 (51 %) 393 (47%) 0.35

Hypercholesterolemia 60 (49%) 344 (41%) 0.10

Current smoking 59 (48%) 480 (57%) 0.06

History

Previous MI 7 (6%) 39 (5%) 0.61

Previous PCI 6 (5%) 48 (6%) 0.71

Previous CABG 0 (-) 3 (0.4%) 0.51

Previous stroke 3 (3%) 22 (3%) 0.90

Values are presented as mean (±standard deviation) or frequency (percentage). CABG: coronary artery 
bypass grafting, PCI: percutaneous coronary intervention, MI myocardial infarction.

There were some differences in angiographic characteristics (all visual estimates). The 

culprit lesion was more often located in the left anterior descending (LAD) coronary artery 

and patients had Thrombolysis in Myocardial Infarction (TIMI) grade 2/3 flow more often in 

the bifurcation subgroup (table 2).

Procedural characteristics were quite different between both subgroups (table 2). Throm-

bus aspiration was performed less often, while predilation was performed more often, in the 

bifurcation subgroup. From the 123 patients treated for a bifurcation culprit, 81 (66%) were 

treated by placing the STENTYS SAS over a >2.25mm side branch (provisional single stent 

strategy). In 65% of these 81 patients, the side branch was treated by side branch dilatation/

stent strut disconnection.

There was a statistically significant difference in TVR rates between both groups (16.4% 

vs 10.0%, p=0.035). There were no statistically significant differences for the other clinical 

endpoints, although MACE (12.7% vs 8.8%), clinically-indicated TLR (10.3% vs 7.0%), MI 
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Table 2 Angiographic and procedural characteristics

Bifurcation lesion No Bifurcation lesion

p-valuen=123 n=842

Angiographic characteristics

Extent of CAD 0.16

Single vessel disease 55 (47%) 458 (56%)

Two vessel disease 38 (32%) 241 (29%)

Three vessel disease 24 (21%) 124 (15%)

Infarct-related artery <0.001

Left Anterior Descending 81 (66%) 280 (33%)

Left Circumflex 19 (15%) 117 (14%)

Right Coronary Artery 23 (19%) 445 (53%)

TIMI flow culprit vessel prior to procedure 0.012

0/1 75 (61%) 603 (72%)

2/3 48 (39%) 234 (28%)

RVD, mm (visual estimate) 3.3 (3.0-3.5) 3.5 (3.0-3.5) 0.77

Lesion length, mm (visual estimate) 18 (15-20) 18 (15-22) 0.18

Diameter stenosis, % (visual estimate) 99 (90-100) 99 (90-100) 0.10

Severe thrombus 52 (42%) 355 (42%) 0.98

Severe proximal tortuosity 3 (2%) 9 (1%) 0.20

Severe calcification of target lesion 4 (3%) 12 (1%) 0.14

Procedural characteristics

Thrombus aspiration performed 80 (65%) 633 (75%) 0.017

Pre-dilation performed 80 (65%) 438 (52%) 0.007

STENTYS length (mm) 0.99

22mm 69 (56%) 473 (56%)

27mm 54 (44%) 369 (44%)

STENTYS size 0.71

2.5-3.0mm 8 (7%) 46 (6%)

3.0-3.5mm 54 (44%) 347 (41%)

3.5-4.0mm 61 (50%) 449 (53%)

STENTYS type 0.36

Bare metal stent 81 (66%) 636 (76%)

Paclitaxel-eluting stent 42 (34%) 206 (24%)

STENTYS is implanted crossing a >2.25mm SB 81 (66%) 37 (4%) <0.001

If yes, SB treatment performed 53 (65%) 7 (19%) <0.001

Type of SB treatment

SB balloon dilatation / STENTYS Stent disconnection 49 (93%) 6 (86%) 0.54

Stent placement 6 (11%) 1 (14%) 0.82

Abrupt side branch closure during procedure 13 (11%) 8 (1%) <0.001

Postdilatation of STENTYS 86 (70%) 594 (71%) 0.89
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(3.4% vs 1.8%) and definite/probable ST (5.8% vs 3.1%) rates were numerically higher in 

the bifurcation group (table 3).

Table 2 Angiographic and procedural characteristics (continued)

Bifurcation lesion No Bifurcation lesion

p-valuen=123 n=842

TIMI flow culprit vessel prior to procedure 0.53

0/1 1 (1%) 13 (2%)

2/3 122 (99%) 827 (98%)

Values are presented as median [interquartile range] or frequency (percentage). CAD: coronary artery 
disease, TIMI: thrombolysis in myocardial infarction, RVD: reference vessel diameter, SB: side branch.

Table 3 Clinical outcomes

Bifurcation lesion No Bifurcation lesion

p-valuen=123 n=842

1-year clinical outcomes

MACE 15 (12.7%) 71 (8.8%) 0.15

Cardiac death 2 (1.7%) 17 (2.1%) 0.77

Recurrent target-vessel related MI 2 (1.6%) 10 (1.2%) 0.68

Clinically-indicated TLR 12 (10.3%) 56 (7.0%) 0.19

Death from any cause 5 (4.2%) 24 (2.9%) 0.46

Any MI 4 (3.4%) 15 (1.8%) 0.27

Any TVR 19 (16.4%) 80 (10%) 0.035

Definite/probable ST 7 (5.8%) 26 (3.1%) 0.13

Definite ST 6 (5.0%) 21 (2.5%) 0.13

Probable ST 1 (0.8%) 5 (0.6%) 0.76

1-year clinical outcomes in patients with postdilatation n=86 n=594

MACE 7 (8.7%) 48 (8.4%) 0.91

Cardiac death 2 (2.5%) 9 (1.6%) 0.55

Recurrent target-vessel related MI 1 (1.2%) 4 (0.7%) 0.61

Clinically-indicated TLR 4 (5.1%) 38 (6.7%) 0.58

Death from any cause 5 (6.0%) 13 (2.2%) 0.045

Any MI 3 (3.7%) 7 (1.2%) 0.086

Any TVR 9 (11.5%) 51 (9.0%) 0.48

Definite/probable ST 3 (3.7%) 14 (2.4%) 0.52

Definite ST 2 (2.5%) 11 (1.9%) 0.76

Probable ST 1 (1.2%) 3 (0.5%) 0.44

Values are presented as number of patients with event (event rate [Kaplan-Meier estimates]). MI myocar-
dial infarction, TLR: target lesion revascularization, TVR: target vessel revascularization, ST: stent throm-
bosis
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When only considering those patients in whom the recommended postdilation was per-

formed, we found similar rates between bifurcation and non-bifurcations for most endpoints: 

MACE (8.7% vs 8.4%), TV-MI (1.2% vs 0.7%), clinically-indicated TLR (5.1% vs 6.7%), and 

definite/probable ST (3.7% vs 2.4%), except for all-cause death (6.0% in bifurcations vs 

2.2% in non-bifurcations, p=0.04).

A
B

C

D

E

F G
Figure 3 A case example from a 86 year old woman who presented with an acute myocardial infarction 
with ST-segment elevations in electrocardiographic leads II, III, aVF, V5, V6 and ST-segment depressions 
in V2 and V3. The patient was transferred immediately to our catheterization laboratory for primary PCI. 
Coronary angiogram showed a left dominant system. The right coronary artery had no significant lesions 
(not shown). The left coronary artery showed a separate ostium of the left anterior descending (LAD) and 
the ramus circumflex (RCx) artery. The LAD had luminal irregularities, but no significant lesions. The RCx 
showed a occlusion of a large MO branch (A). This branch was wired and thrombus aspiration performed 
(panel B shows the result after thrombus aspiration). After predilatation with a 2.5x15m balloon at 12 
atm, a bare metal self-expanding nitinol Stentys stent (3.0->3.5x27mm) was positioned (panel C. Note 
the two stent markers and the third marker on the distal end of the retractable sheath). Then, the STEN-
TYS was deployed, crossing a side branch (panel D shows the result after STENTYS implantation). Then, 
the side branch was wired and dilated with a 2.5 X 15 mm balloon (to separate the interconnectors and 
to remove non-apposed side branch struts blocking the side branch ostium). Postdilatation of the main 
branch was performed with a 3.5x15mm balloon at 8atm (panel E). The procedure was finalized with 
final kissing balloon dilatation (main branch balloon: 3.5x15mm at 8atm, side branch balloon 2.5x15mm 
at 8atm; see panel F), leading to a good angiographic result (panel G).
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dISCuSSION

These data suggest that primary PCI of a bifurcation cul prit lesion using the Stentys SAS is 

feasible. If postdilation is performed, 1-year clinical outcomes were good and compa rable to 

non-bifurcation lesions, especially when taken into account that the majority of bifurcations 

(66%) were treated with the BMS version of the device and that this analysis was performed 

in a STEMI population.

Interestingly, the benefit of postdilation found in the AP POSITION III overall study popula-

tion seems to be more pronounced in the bifurcation subgroup than in the non-bi furcation 

subgroup. In the non-bifurcation subgroup, clinical outcomes of the postdilation group ap-

pear to be very similar to the total group (i.e., with and without postdilation). These findings 

suggest that postdilation is especially important in bifurcation lesions.

One-year MACE rates we found in our bifurcation subgroup analysis (12.7%) were compa-

rable with those found in the OPEN-II bifurcation study (13.0%), in which only stable patients 

were included and all were treated with the paclitaxel-eluting SAS8.

Study limitations

The main limitation of the current study was that angiographies were not systematically 

collected; therefore, we could not verify whether the culprit lesion was indeed a bifurcation 

lesion or not. In addition, if the lesion was a bifurcation, we could not verify the exact 

treatment measures. As a result, we cannot determine why the STENTYS did not cross a side 

branch >2.25mm in 42 patients of the bifurcation group. It is possible that the stent was 

positioned in one of the three bifurcation segments (i.e. proximal main branch, distal main 

branch or side branch), not crossing a side branch ostium, although this remains speculative. 

Randomized data are needed comparing contemporary DES with the newest (sirolimus-

eluting) DES version of STENTYS implanted with the new Xposition S delivery system for the 

treatment of bifurcation lesions.

CONCLuSION

The use of the STENTYS SAS was safe and feasible for the treatment of bifurcation lesions, 

even in the setting of primary PCI for STEMI, with acceptable cardiovascular event rates at 1 

year. Clinical outcomes in bifurcation lesions improved considerably when postdilation was 

performed and became comparable with non-bifurcation culprit lesions.
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ABSTRACT

Aims: The APPOSITION III registry evaluated the feasibility and performance of the STENTYS 

self-apposing stent in a ST-segment elevation myocardial infarction (STEMI) population. This 

novel self-apposing stent device lowers stent strut malapposition rates and therefore carries 

the potential to prevent stent undersizing during primary percutaneous coronary interven-

tion (PCI) in STEMI patients. To date, no long-term data are available using this device in the 

setting of STEMI. We aimed to evaluate the long-term clinical outcomes of the APPOSITION 

III registry.

Methods and Results: This was an international, prospective, multicentre post-marketing 

registry. The study population consisted of 965 STEMI patients. The primary endpoint, major 

adverse cardiac events (MACE), was defined as the composite of cardiac death, recurrent 

target vessel myocardial infarction (TV-MI), and clinically driven target lesion revascularisation 

(CD-TLR). At two years MACE occurred in 11.2%, cardiac death occurred in 2.3%, TV-MI oc-

curred in 2.3% and CD-TLR in 9.2% of patients. The two-year definite stent thrombosis (ST) 

rate was 3.3%. Incremental event rates between one- and two-year follow-up were 1.0% 

for TV-MI, 1.8% for CD-TLR, and 0.5% for definite ST. Post-dilation results in significantly 

reduced CD-TLR and ST rates at 30-day landmark analyses. Results were equivalent between 

the BMS and PES STENTYS subgroups.

Conclusions: This registry revealed low rates of adverse events at two-year follow-up, with an 

incremental ST rate as low as 0.5% in the second year, demonstrating that the self-apposing 

technique is feasible in STEMI patients on long-term follow-up while using post-dilatation.



Two-year insights of the APPOSITION III 101

INTROduCTION

In the treatment of patients presenting with an ST-segment elevation myocardial infarction 

(STEMI), primary percutaneous coronary intervention (PCI) with balloon dilatation and stent 

placement has become the standard treatment strategy in current clinical practice1. Multiple 

factors contribute to improved clinical results: one of them is optimal stent selection and 

stent deployment during PCI, which is often more challenging in STEMI patients. Many 

advances have been made to improve coronary stent designs, including stent platform tech-

nologies. With the introduction of the nitinol STENTYS Self Apposing stent (STENTYS S.A., 

Paris, France), several advantages are proposed which make this stent technology especially 

appealing for STEMI patients undergoing primary PCI. The nitinol platform has the ability to 

appose itself to the arterial wall in time, even after stent deployment. This accommodates 

vessel diameter changes due to the positive remodelling and vasodilatation of the vessel 

after the acute event. To evaluate this self-expanding stent technology in STEMI patients, the 

APPOSITION clinical trial program is being conducted. The expansive property of the stent 

platform was observed on intravascular ultrasound after stent deployment, in APPOSITION 

I2. Compared to a conventional balloon-expandable stent, the STENTYS stent has shown 

superiority in strut malapposition on optical coherence tomography (OCT) in APPOSITION II3. 

Three days after primary PCI, OCT images revealed tissue resorption and vasorelaxation in all 

STEMI patients. These biological factors were associated with new appearance of incomplete 

strut apposition (ISA). Less ISA and an increased stent area was seen in the STENTYS group, 

demonstrating that this stent is able to adjust to the dynamic changes of the arterial wall in 

the first days after the acute event. These observations were extended in a STEMI trial with 

longer OCT follow-up, demonstrating that the early stent apposition in the STENTYS group is 

maintained up to four and nine months4. However, it is unknown whether safety and efficacy 

concerns regarding this device may be present beyond one year.

We therefore present the two-year follow-up data of the international, multicentre AP-

POSITION III registry (A Post-Market registry to assess the STENTYS self-exPanding COronary 

Stent In AcuTe MyocardIal InfarctiON) to investigate whether the use of the self-apposing 

stent technology translates into long-term favorable outcome in STEMI patients.

METhOdS

Study design and patients

The APPOSITION III registry’s design, methods and one year results have been previously 

reported.5 Briefly, this was a prospective, multicentre, international post-market registry in 

STEMI patients. A total of 965 patients were enrolled, who all met the inclusion criteria and 

in whom a STENTYS stent had been placed successfully. After an interim analysis of the first 
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400 included patients, the Steering Committee recommended that stent post-dilatation was 

mandatory, due to the higher event rate in the group without post-dilatation. Patients were 

contacted at 30 days, one year and two year post procedure by telephone for follow-up.

Outcome definitions

The primary endpoint of the APPOSITION III study was the occurrence of major adverse 

cardiac events (MACE), which was defined as the composite of cardiac death, recurrent 

target vessel myocardial infarction (TV-MI), and clinically driven target lesion revascularisation 

(TLR). Secondary endpoints included death from any cause, any myocardial infarction (MI), 

any target vessel revascularisation (TVR), definite stent thrombosis (ST), probable ST, and the 

combined endpoints of cardiac death/ TV-MI, death from any cause/any MI, and definite/

probable ST. All endpoint definitions were according to the Academic Research Consortium 

(ARC) consensus6. All endpoints were adjudicated by an independent clinical events com-

mittee.

Statistical analysis

Continuous variables were presented as mean±standard deviation or median (interquartile 

range), where appropriate, and categorical variables as frequencies (percentage). Cumulative 

event rates were estimated using the Kaplan-Meier method and compared with the log-rank 

test in different subgroups. Follow-up was censored at two years or at last known date of 

follow-up, whichever came first. SPSS software package (version 23, IBM, Chicago, IL, USA) 

was used for all statistical analyses.

RESuLTS

Patient and procedural characteristics

Between April 2010 and January 2012, a total of 1,002 patients who underwent primary PCI 

were enrolled in this registry. Twenty-four patients did not meet the pre-specified criteria for 

inclusion in the registry, and in another 10 patients the STENTYS stent could not be placed, 

in seven patients it was unable to cross the lesion and in three patients the stent could not 

be deployed. Three patients were lost to follow-up. These patients were excluded from the 

analysis, resulting in a final study population consisting of 965 patients. The baseline clinical, 

angiographic and procedural characteristics are reported by Koch et al5.

Two-year clinical outcomes

The two-year clinical outcome are listed in table 1; follow-up was complete in 93% of pa-

tients. The primary endpoint of MACE occurred in 105 patients (11.2%) within the two-year 

follow-up period. Twenty-two patients died from a cardiac cause (2.3%). Recurrent TV-MI 
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occurred in 21 patients (2.3%) (Figure 1). Definite/probable ST occurred in 37 patients (3.9%). 

Of these ST, 31 (3.3%) were definite ST according to the ARC criteria. Landmark analyses at 

30 days and at one year showed that there was only a limited number of incremental events 

beyond one year.

Table 1 Two-year clinical outcomes

Event

30-days 1-year 2-year Incremental 
events from 1 
year to 2 yearn=965 n=965 n=965
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MACE 34 3.5% 87 9.0% 105 11.2% 18 2.2%

Cardiac death 11 1.2% 19 2.0% 22 2.3% 3 0.3%

Recurrent target-vessel related MI 11 1.1% 12 1.2% 21 2.2% 9 1.0%

Clinically-indicated TLR 24 2.5% 70 7.3% 85 9.2% 15 1.8%

Cardiac death/target-vessel related MI 21 2.2% 30 3.1% 40 4.3% 19 2.1%

Death from any cause 14 1.5% 30 3.1% 39 4.1% 9 1.0%

Any MI 15 1.6% 18 1.9% 32 3.5% 14 1.6%

Any TVR 32 3.3% 100 10.4% 117 12.7% 17 2.1%

Death from any cause/any MI 27 2.8% 46 4.8% 66 7.0% 20 2.3%

Definite/probable ST 30 3.1% 33 3.4% 37 3.9% 4 0.5%

Definite ST 24 2.5% 27 2.8% 31 3.3% 4 0.5%

Probable ST 6 0.6% 6 0.6% 6 0.6% 0 0.0%

*Kaplan-Meier estimates. MACE: major adverse cardiac events, defined as the composite of cardiac 
death, recurrent target-vessel related myocardial infarction, and clinically-driven target lesion revascular-
ization. MI: myocardial infarction, TLR: target lesion revascularization, ST: stent thrombosis.

Figure 1 Two year KM curves of 
MACE, TV-MI and cardiac death
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Clinical outcome by post-dilatation

In total, balloon post-dilatation was performed in 71% of patients. At two-year follow-up, 

both probable/definite ST rates (2.8% vs. 6.4%, p=0.009) as well as definite ST rates (2.2% 

vs. 5.7% respectively, p=0.006) were significantly lower in the post-dilatation group (Table 

2). Landmark analyses showed that MACE rates at 30-day follow-up were significantly lower 

in the post-dilatation group (2.7% vs. 5.6%, p=0.02) (Figure 2). Beyond 30 days follow-up, 

from one year to two years follow-up there was no difference between the groups. For 

CD-TLR and probable/definite ST the landmark analysis showed the same trend in the early 

significant reduction of events in the post-dilatation group, and no difference beyond 30 

days.

Clinical outcome by STENTYS type

A total of 248 patients (25.7%) were treated with a PES STENTYS and 717 patients (74.3%) 

with a BMS STENTYS. As previously reported5, the PES group was significantly more at risk as 

compared to the BMS group. Clinical event rates at two-year follow-up seemed equivalent 

when comparing the STENTYS PES and BMS subgroups (Table 2). Two year CD-TLR rates 

were 8.8% in the PES group and 7% in the BMS group (p=0.388) (Figure 3).

Table 2 Two-year clinical outcomes by post-dilatation and STENTYS type

Event

Post-
dilatation

No post-
dilatation
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Bare
metal

STENTYS
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MACE 69 10.4% 36 13.1% 0.209 30 12.6% 70 10.7% 0.447

Cardiac death 12 1.8% 10 3.6% 0.091 4 1.6% 18 2.6% 0.430

Recurrent target-vessel related MI 12 1.9% 9 3.3% 0.158 7 3.0% 14 2,0% 0.404

Clinically-indicated TLR 55 8.4% 30 11.0% 0.180 21 8.8% 49 7.0% 0.388

Cardiac death/target-vessel related MI 23 3.5% 17 6.1% 0.057 11 4.7% 29 4.1% 0.774

Definite/probable ST 19 2.8% 18 6.4% 0.009 12 5.0% 25 3.5% 0.340

Definite ST 15 2.2% 16 5.7% 0.006 11 4.6% 20 2.8% 0.204

*Kaplan-Meier estimates. MACE: major adverse cardac events, defined as the composite of cardiac 
death, recurrent target-vessel related myocardial infarction, and clinically-driven target lesion revascular-
ization. MI: myocardial infarction, TLR: target lesion revascularization, ST: stent thrombosis.
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Figure 2 Two year KM curves with 30 days and one year landmark analyses MACE, clinically driven TLR 
and ST.
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dISCuSSION

The principal findings of this study are the following. 1) The use of the STENTYS self-apposing 

stent technique is feasible in STEMI patients considering that long-term clinical event rates 

are low. 2) Post-dilatation gives a significant reduction of MACE rates in the first 30 days after 

primary PCI. 3) Beyond 30 days up to two-year clinical follow-up there was no significant 

difference in MACE rates between patients who received post-dilatation versus patients with 

no post-dilatation, suggesting that the benefit of post-dilatation was achieved early within 

the first 30 days after the procedure.

The STENTYS stent technique in the setting of STEMI

Although superiority has been found in stent strut apposition on intravascular imaging, 

clinical data are still lacking to prove that this self-apposing technique will lead to superior 

clinical results compared to contemporary DES. Theoretically, the significantly lower rates of 

strut malapposition seen on OCT should translate into a lower rate of ST, since malapposi-

tion is one of the major causes of early and late ST. If we compare our findings with trials 

investigating balloon-delivered stent systems, the HORIZONS-AMI trial reported a definite ST 

rate of 3.7% in the PES group at two-year follow-up7. Other contemporary trials evaluating 

newer-generation DES in STEMI revealed lower event rates. The biolimus-eluting stent with a 

biodegradable polymer, evaluated in the COMFORTABLE AMI trial, demonstrated a two-year 

definite ST rate of 1.4% 8. The everolimus-eluting stent, investigated in the EXAMINATION 

trial, even revealed a two-year definite ST rate of 1%9. Incremental ST rates between one 

and two years were 0.6% in the BMS group versus 1.1% in the PES group in HORIZONS-

AMI, and 0,6% in the biolimus-eluting stent group in the COMFORTABLE trial. We found a 

similar incremental definite ST rate between one- and two-year follow-up of 0.5%, which 

corroborates that most of the ST occurred in the first 30 days. However, the fact remains that 

Figure 3 Two-year clinically driven tar-
get lesion revascularisation (CD-TLR) 
rates for bare metal and paclitaxel-elut-
ing STENTYS stent subgroups.
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contemporary everolimus-eluting stents have proved to be the most safe and efficacious DES 

to date in STEMI10.

Post-dilatation of the self-expanding stent

Controversy remains with regard to the performance of a balloon post-dilatation in a 

self-expanding stent. With the landmark analyses on 30 days post procedure, we found a 

significant reduction of adverse events beyond 30 days in the patients who received balloon 

post-dilatation. Up to two-year follow-up, there were no differences between the group 

with and the group without post-dilatation. The definite and probable ST rate in the post-

dilatation group was 2.2% at 30 days and rose 0.6% from 30-days to two-year follow 

up. This demonstrates that post-dilatation is required with the use of this device in order 

to prevent early problems related to the PCI. It is proposed that the outward force of the 

nitinol platform of the STENTYS stent is not sufficient to obtain a well deployed stent in 

a stenotic coronary artery by itself5. We have learned from this registry that, despite the 

reduced ISA using this device, post-dilatation helps to prevent non-optimal stent deployment 

and underexpansion, both known factors for impaired clinical outcome11.

Study limitations

This study is limited by its observational, non-randomised design. The use of both PES and 

BMS challenges the interpretation of the clinical results. During the inclusion period of the 

study, the recommendations for post-dilatation changed after an interim analysis of the first 

400 patients included. However, post-dilatation did not become mandatory for the opera-

tors. This might have influenced the selection of patients.

IMPACT ON dAILY PRACTICE

In STEMI patients undergoing primary PCI, stent sizing could be more challenging than in 

elective PCI for treatment of stable coronary artery disease due to the differences in patho-

physiology. In STEMI, local thrombus formation, impaired microcirculation and vasoconstric-

tion could all contribute to an underestimation of the true vessel size and therefore stent 

size. The STENTYS self-apposing stent, which theoretically could solve the problem of stent 

undersizing, is feasible in STEMI patients and has favourable two-year outcomes considering 

the stent types used in this study. Future trials should include a limus version of the STENTYS 

stent in order to compare with contemporary DES outcomes. In the current study we have 

seen that, in a STEMI population, balloon post-dilatation should be performed to ensure 

adequate stent and vessel expansion, resulting in improved clinical outcomes. Furthermore, 

in those patients presenting in certain anatomic subsets with an increased risk of vessel and 

stent-size mismatch, such as ectatic target vessels, aneurysms in the target vessel segment or 
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a large difference between the proximal and distal vessel diameters, the STENTYS stent could 

optimise strut apposition and clinical outcome.

CONCLuSIONS

The current study provides insights into the long-term clinical results of the use of the STEN-

TYS self-apposing stent technique in STEMI patients. The self-apposing stent technique is 

feasible in STEMI patients if post-dilatation is performed. Concerning the good performance 

of present contemporary DES, we need to investigate whether the STENTYS stent could be 

more beneficial in a subgroup of patients.
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ABSTRACT

Background: Primary percutaneous coronary intervention (PCI) has considerably improved 

clinical outcomes in patients with ST-segment elevation myocardial infarction (STEMI) when 

compared with thrombolytic therapy. Prognosis after primary PCI might be further improved 

by decreasing stent-related complications such as stent thrombosis (ST). The STENTYS self-

apposing stent has been shown to be superior compared with balloon-expandable stents 

with regard to stent apposition. The current prospective randomized trial was designed 

to evaluate whether the superior stent apposition of the STENTYS stent results in clinical 

outcomes that are at least noninferior to a conventional balloon-expandable stent.

Methods: The APPOSITION V is a prospective, multicenter, international, single-blinded, 

randomized controlled trial in STEMI patients. Randomization will be performed in a 2:1 ratio 

between the self-apposing nitinol bare-metal STENTYS stent and the balloon-expandable 

bare-metal Multi-Link. The primary endpoint is defined as target vessel failure, which is a 

composite of cardiac death, target-vessel related recurrent myocardial infarction, or clinically 

driven target vessel revascularization, at 1-year follow-up. Baseline Intravascular Ultrasound 

(IVUS) and Optical Coherence Tomography (OCT) substudies will be performed in 212 and 

60 subjects respectively and a repeat angiography at 12 to 13 months will be performed in 

105 subjects, including IVUS and OCT (in the 60 OCT patients). This study is registered on 

ClinicalTrials.gov with number NCT01732341.

Conclusion: APPOSITION V will be the first randomized trial powered on clinical endpoints 

that directly compares the STENTYS self-apposing stent with a conventional balloon-expand-

able stent in patients presenting with STEMI undergoing primary PCI.
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Introduction

The preferred therapy to treat patients with ST-segment elevation myocardial infarction 

(STEMI) is primary percutaneous coronary intervention (PCI), based on randomized data con-

sistently showing superiority of this approach over thrombolytic therapy regarding cardiac 

and all-cause mortality rates1. However, prognosis after primary PCI is still worse when com-

pared with elective PCI2. This is partly explained by the natural course of acute myocardial 

infarction (MI), including necrosis, as well as fibrosis of this necrotic myocardial tissue, leading 

to impaired ventricular function and the occurrence of lethal arrhythmias. Prognosis after 

STEMI is also determined by complications related to the primary PCI itself, such as stent 

thrombosis (ST) and distal embolization of plaque debris and/or thrombotic material3,4.

One of the contributing factors for the occurrence of ST is incomplete stent apposition 

(ISA)5,6, which is assumed to be associated with ST due to delayed strut coverage of the 

incompletely apposed struts7. Several studies have found that ISA occurs more often in the 

setting of primary PCI compared to elective PCI when using conventional balloon-expandable 

stents8,9, although some studies did not find this relation10. Acute stent malapposition (ASM) 

is related to the presence of thrombus, hampering adequate estimation of the diameter by 

the operator, resulting in stent undersizing11. Acquired stent malapposition after primary PCI 

occurs in 8 to 30% of cases and is caused by vasoconstriction in the acute phase of STEMI 

which is followed by vessel wall relaxation during the days after the procedure, as well as 

dissolution of thrombus behind the stent struts9,12.

Although microcirculatory dysfunction after primary PCI is most likely multifactorial, it is 

widely accepted that distal embolization of plaque debris and/or thrombotic material, which 

detaches from the culprit lesion site after balloon expansion during stent placement, is one 

of the plausible explanations for an impaired microcirculation post primary PCI, resulting in 

poorer outcomes4.

Specific new stent designs, such as the STENTYS Self-Apposing® stent (STENTYS S.A., Paris, 

France), may partly address the problems of stent malapposition and distal embolization. Al-

though it is recommended to gently postdilate the STENTYS to ensure adequate stent expan-

sion, it does not require balloon expansion during deployment because of its self-apposing 

features, which theoretically might reduce the risk for distal embolization. Furthermore, a 

previous randomized trial demonstrated superior acute stent apposition on optical coherence 

tomography (OCT) of STENTYS compared with balloon-expandable stents, which was further 

improved at 3-day follow-up (see Figure 1)12.

However, large randomized trials, powered on clinical end points, are needed to evaluate 

whether superior apposition of STENTYS can be translated into clinical results, which are 

competitive with balloon-expandable stents. Therefore, the APPOSITION V randomized trial 

has been designed to demonstrate the STENTYS bare- metal stent (BMS) to be noninferior to 

the MULTI-LINK (Abbott Vascular, Temecula, CA) BMS with respect to the primary end point 
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of target vessel failure (TVF) at 12 months in patients presenting with STEMI and treated 

with primary PCI. Furthermore, the trial is designed to demonstrate superiority regarding the 

powered secondary end point of acute apposition, as assessed with intravascular ultrasound 

(IVUS).
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Figure 1: Optical Coherence Tomography of an STENTYS stent  1 
 2 
Post-procedure (frame A) and at 3 days follow-up (frame C). The white squares in frames A and C 3 
illustrating the areas magnified in frames B and D. As shown in frame B, there was some malaposition 4 
of the STENTYS stent which resolved three days later (frame D).  5 
 6 

 7 

  8 
Figure 1 Optical Coherence Tomography of an STENTYS stent
Post-procedure (frame A) and at 3 days follow-up (frame C). The white squares in frames A and C il-
lustrating the areas magnified in frames B and D. As shown in frame B, there was some malaposition of 
the STENTYS stent which resolved three days later (frame D).

METhOdS

Trial design

APPOSITION V is a prospective, multicenter, international, single-blinded, randomized (2:1), 

controlled trial to assess the safety and efficacy of the self-apposing STENTYS BMS in de 

novo, stenotic lesions in coronary arteries in subjects undergoing primary PCI due to STEMI 

as compared with the balloon-expandable MULTI-LINK BMS coronary stent platform. A total 

of 880 subjects will be included and randomized in up to 80 sites worldwide. Randomiza-

tion will be performed by sealed envelopes, provided by an independent clinical research 

organisation (CRO) (Harvard Clinical Research Institute), stratified per site, using random-

block sizes. The primary end point of the study is TVF, defined as the composite of cardiac 

death, recurrent target vessel MI (both Q wave and non–Q wave), and clinically driven target 
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vessel revascularization (TVR), either by percutaneous or by surgical methods, at 365 days 

postprocedure. The secondary end point of ASM will be assessed with postprocedural IVUS 

in the first 212 (141:71) consecutively enrolled subjects (IVUS cohort). Sixty consecutive 

subjects from the IVUS cohort at dedicated sites with availability of OCT will also undergo 

postprocedural OCT during the index procedure (OCT cohort). Late IVUS and angiographic 

end points in a subset of 105 subjects and OCT end points in the 60 patients of the OCT 

cohort will be assessed between 12 and 13 months, after the assessment of the primary end 

point has been made (see Figure 2). The APPOSITION V trial is registered with Clinical- Trials.

gov, number NCT01732341.

Investigational device: STENTYS BMS

The investigational device used in this trial is the Self-Apposing® STENTYS Coronary Stent 

System (STENTYS S.A., Paris, France). It is made from nitinol (a nickel-titanium alloy) with a 

nominal strut width of 68 μm (0.0027 in), compatible with a 6F guide catheter. The device is 

delivered using a rapid-exchange delivery system over a conventional 0.014 inch guide wire. 

STENTYS is positioned using 2 radiopaque markers on the delivery system indicating the 

distal and proximal stent edges. The stent is placed by retracting an outer sheath, which con-

strains the stent, using a thumb slider on the handle, after which the stent is able to expand 

automatically until it reaches the vessel wall (Figure 3). Because of a third radiopaque marker 

on the distal end of the outer sheath, the movement of the sheath can be visualized under 

fluoroscopy. In vitro foreshortening tests (n = 80) performed by STENTYS SA have shown 

that the maximal foreshortening observed was 6.2% (data on file). After stent deployment, 

postdilation is mandatory in the APPOSITION V trial. It is strongly recommended to postdilate 

with a normal-sized (i.e. balloon-to-vessel wall diameter ratio of 1:1) noncompliant balloon, 

starting at low pressure (i.e. 8 atm), to ensure adequate stent expansion. In the trial, 2 

lengths (22 and 27 mm) and 3 sizes are available: a small-size suitable for placement in ves-

sels with diameters ranging from 2.5 to 3.0 mm, a medium size for placement in vessels with 

diameters of 3.0 to 3.5 mm, and a large size for diameters of 3.5 to 4.0 mm. The bare-metal 

STENTYS stent will be used in the current trial. The STENTYS technology is not available for 

commercial use in the United States. Both a bare-metal and a paclitaxel-eluting version of 

the STENTYS stent are Conformité Européenne (CE) marked and available for commercial use 

in Europe outside the trial. A sirolimus-eluting STENTYS drug-eluting stent (DES) is currently 

under investigation and not yet available for commercial use.

Control device: MuLTI-LINK BMS

The device used in the control group is the balloon-expandable MULTI-LINK (Abbott Vascular, 

Temecula, USA) BMS platform. All stents with the MULTI-LINK design (i.e. MULTI-LINK Vision, 

MULTI-LINK mini Vision, MULTI-LINK 8, MULTI-LINK Ultra) are permitted. The MULTI-LINK 

BMS is laser-cut and made from L-605 Cobalt Chromium with a strut thickness of 81 μm 
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(0.0032 in). The rings are connected with three links which are arranged in an asymmetrical 

fashion. Stent positioning is done using two radiopaque markers on the delivery balloon 

APPOSITION V 
N = 880

STENTYS BMS
N=586

MULTI LINK BMS
N=294

2 : 1

30 days ± 2 weeks  
Clinical follow-up by outpatient visit

6 months ±1 month
Clinical follow-up by telephone contact

9 months ± 1 month
Clinical follow-up by telephone contact

12 months ± 1 month
Clinical follow-up by outpatient visit

Coronary angiography follow-up 
IVUS + OCT when assessed at BS

24 months ± 1 month 
Clinical follow-up by telephone contact

36 months ± 1 month
Clinical follow-up by telephone contact

IVUS cohort 
N = 141

24 months ± 1 month 
Clinical follow-up by telephone contact

36 months ± 1 month
Clinical follow-up by telephone contact

30 days ± 2 weeks  
Clinical follow-up by outpatient visit

6 months ±1 month
Clinical follow-up by telephone contact

9 months ± 1 month
Clinical follow-up by telephone contact

2 : 1 IVUS cohort 
N = 71

OCT cohort 
N = 141

2 : 1 OCT cohort 
N = 71

12 months ± 1 month
Clinical follow-up by outpatient visit

Coronary angiography follow-up 
IVUS + OCT when assessed at BS

Figure 2 Flowchart of the study design
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indicating the distal and proximal stent edges. Stent implantation is performed by inflating 

the delivery balloon on which the stent is mounted. Postdilation is performed in accordance 

with usual practice and the instructions for use. The MULTI-LINK stent platform is Conformité 

Européenne (CE) marked and currently the only BMS in the United States with a Food and 

Drug Administration label for treatment of patients presenting with acute MI. The MULTI-

LINK BMS is available for commercial use both in Europe and in the United States.
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Figure 3: The STENTYS self-apposing stent.  1 
 2 
 3 
Frame A shows the handle with the thumb slider which is used to retract the outer 4 
sheath. Frame B shows a deployed STENTYS stent in a tapered and aneurysmal 5 
silicone model. Note that the STENTYS has apposed itself until it has reached the 6 
vessel wall, adjusting to the anatomy of the coronary model. Frame C shows the 7 
balloon-expandable MULTI-LINK BMS in the same silicone model, after balloon-8 
deployment and the performance of the proximal optimization technique (POT). Note 9 
the malapposition due to the tapering and the inability of the stent to appose itself to 10 
the vessel wall in the aneurysm. Frame D shows how the outer sheath is retracted 11 
with the subsequent deployment of the STENTYS stent.  12 

  13 Figure 3 The STENTYS self-apposing stent.
Frame A shows the handle with the thumb slider which is used to retract the outer sheath. Frame B 
shows a deployed STENTYS stent in a tapered and aneurysmal silicone model. Note that the STENTYS has 
apposed itself until it has reached the vessel wall, adjusting to the anatomy of the coronary model. Frame 
C shows the balloon-expandable MULTI-LINK BMS in the same silicone model, after balloon-deployment 
and the performance of the proximal optimization technique (POT). Note the malapposition due to the 
tapering and the inability of the stent to appose itself to the vessel wall in the aneurysm. Frame D shows 
how the outer sheath is retracted with the subsequent deployment of the STENTYS stent.
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Rationale for BMS use

The recent American College of Cardiology Foundation/American Heart Association (ACCF/

AHA) guidelines on the treatment of STEMI recommend the use of a (BMS or DES) stent 

in the setting of primary PCI13. Although recent evidence has shown the superiority of the 

second generation, cobalt chromium, everolimus-eluting DES compared to BMS with regard 

to (cardiac) death or MI, repeat revascularizations and ST14, the guideline does not yet recom-

mend the use of any DES over BMS in the setting of primary PCI. Only in patients who have 

a high bleeding risk, who are unable to comply with 1-year dual antiplatelet therapy (DAPT), 

or who will undergo an invasive or surgical procedure within the next year, the use of BMS is 

strongly recommended13. BMS is still used in ~50% of primary PCI procedures, as shown by 

large contemporary registries on primary PCI15,16. Another argument to use BMS in the cur-

rent trial is to investigate how the self-apposing concept of the STENTYS technology would 

perform clinically compared to the balloon-expandable concept. If the drug-eluting STENTYS 

stent was to be compared with a contemporary balloon-expandable DES, interpretation of 

the trial results would be difficult due to the potential confounding factors such as the effect 

of the polymer and drug-elution.

Patient selection

Patients are eligible for initial study screening if they experience a STEMI. Prior to inclu-

sion in the study, informed consent should be obtained from all patients who satisfy the 

general clinical inclusion and exclusion criteria (see Table 1). Patients who provided writ-

ten informed consent are further evaluated for acceptable angiographic criteria. In some 

centers, an abridged form, or an initial oral-witnessed informed consent, has been approved 

by the ethical board due to the acute clinical setting of STEMI care. In these cases, a written 

informed consent should be obtained after PCI. Once angiography has been completed and 

the patient has been found to meet all angiographic criteria and has provided informed 

consent, the investigator declares the intention to randomize the patient in the trial. Only 

patients meeting all inclusion and exclusion criteria, including angiographic inclusion and 

exclusion criteria (see Table 1), are randomized and treated according to the assigned study 

group. The first patient was enrolled in the APPOSITION V trial in May 2013.

Pre-procedural care

All patients who are aspirin-naïve should receive 300 to 325 mg of aspirin, while patients on 

chronic aspirin therapy should receive 75 to 325 mg of aspirin. Furthermore, patients should 

also receive a P2Y12 inhibitor: either clopidogrel (loading dose of 300 to 600mg or 75mg if 

on clopidogrel >72 hours), prasugrel (loading dose of 60mg or 5 to 10mg if on prasugrel 

>72 hours), ticlopidine (loading dose of 500mg or 250mg twice daily if on ticlopidine for >72 

hours), or ticagrelor (loading dose 180mg).
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Table 1 Eligibility criteria

Inclusion criteria

General inclusion criteria

• Subject ≥18 years old.

•
Subject experiencing clinical symptoms consistent with acute myocardial infarction of >30 min. in 
duration.

•
ST-segment elevation ≥1 mm in ≥2 contiguous leads or new left bundle branch block, or true posterior 
myocardial infarction with ST depression of ≥1 mm in ≥2 contiguous anterior leads.

• Symptom duration is <12 hours prior to signing informed consent.

• Subject should be in catheterization laboratory and procedure started within 2 hours of consent.

• Patient provides written informed consent.

• Patient agrees to all required follow-up procedures and visits.

Angiographic inclusion criteria

• Based on coronary anatomy, PCI is indicated for the culprit lesion with anticipated use of stenting.

•
The vessel diameter is either known or expected to be 2.5-4.0mm, without excessive tortuosity or 
diffuse distal disease.

• Lesion length ≥12mm and ≤ 23mm

Exclusion criteria

General exclusion criteria

•
Currently enrolled in another investigational device or drug trial that has not completed the primary 
endpoint or that clinically interferes with the current study endpoints.

• A previous coronary interventional procedure of any kind within 30 days prior to the procedure.

• Female subjects of childbearing potential known to be pregnant.

• Subjects undergoing cardiopulmonary resuscitation.

•
Cardiogenic shock (SBP <80 mmHg for >30 minutes, or requiring IV pressors or emergency IABP for 
hypotension).

•
The subject requires multi-vessel PCI at time of index procedure or any staged procedure of the target 
vessel within 9 months or any non-target vessel within 30 days post-procedure.

•
The target lesion requires treatment with a device other than PTCA prior to stent placement (such 
as, but not limited to, directional coronary atherectomy, excimer laser, rotational atherectomy, etc.). 
Thrombus aspiration may be used per operator discretion.

• Attempted thrombolysis.

•
Co-morbid condition(s) that could limit the subject’s ability to participate in the trial or to comply with 
follow-up requirements, or impact the scientific integrity of the trial.

• Concurrent medical condition with a life expectancy of less than 12 months.

•
Known left ventricular ejection fraction (LVEF) < 25% at the most recent evaluation (prior to the index 
hospitalization).

• History of cerebrovascular accident or transient ischemic attack in the last 6 months.

• Active peptic ulcer or active gastrointestinal (GI) bleeding.

• History of bleeding diathesis or coagulopathy or inability to accept blood transfusions.

•
Known hypersensitivity or contraindication to aspirin, heparin or bivalirudin, clopidogrel or ticlopidine, 
cobalt, nickel, or sensitivity to contrast media, which cannot be adequately pre-medicated.
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Lead-in procedures

In sites where no previous experience with the STENTYS stent exists, lead-in cases are permit-

ted, with a maximum of two per site. If additional investigators at a site are included in the 

study, they will require proctoring by the experienced operator(s) at that site. Sites with no 

experience with self-expanding stent technology will need to either visit experienced sites or 

attend an animal lab in order to perform cases with the STENTYS stent.

General strategy during procedure

During the procedure, heparin or bivalirudin should be administered to maintain anticoagu-

lation throughout the procedure. In the case heparin is used (initial bolus 70 U/kg or per local 

protocol), activated clotting time will be monitored to keep the activated clotting time above 

the therapeutic level of ≥ 250 seconds (or 200 to 250 seconds if glycoprotein IIb/IIIa inhibitors 

are administered).

Thrombus aspiration, predilation, size of the balloon used for predilation, and glycoprotein 

IIb/IIIa inhibitor use are at the discretion of the operator. In the MULTI-LINK BMS group, stent 

selection is based on visual estimation of the reference vessel diameter (i.e. the stent-to-distal 

reference vessel ratio should be between 1:1 and 1.1:1.0). In the STENTYS group, the small 

STENTYS stent should be used for vessels with diameters ranging from 2.5 to 3.0 mm, the 

medium size should be used for vessels with diameters of 3.0 to 3.5 mm and the large size 

should be used for vessels with diameters of 3.5 to 4.0 mm.

The intention should be to cover the index lesion with one stent of adequate length. 

Bailout procedures and additional stenting should be avoided unless required for subject 

safety in case the full extent of the lesion is not adequately covered or when complications 

occur such as dissections or plaque shift. If it is deemed necessary to place an additional stent 

in such cases, the stent used for such a bailout indication should be the one that provides 

the most expeditious treatment and is of appropriate size and length. In most cases (desired 

lesion length <12 mm), it is anticipated that a balloon-expandable stent will be used. In such 

cases, the bailout stent should be placed to overlap with the study stent by 2 mm. If the 

desired length of the bailout stent exceeds 12 mm, placement of an overlapping STENTYS 

stent is recommended in case the subject is randomized to receive the STENTYS stent.

Table 1 Eligibility criteria (continued)

• Known serum creatinine level > 2.5 mg/dl, eGFR <30, or hemodialysis dependent.

Angiographic exclusion criteria

•
Unprotected left main coronary artery disease (obstruction greater than 60% in the left main coronary 
artery that is not protected by at least one non-obstructed bypass graft to the left anterior descending 
(LAD) or left circumflex (LCX) artery or a branch thereof).

• Multi-vessel intervention required during the index procedure.
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Postdilation of the MULTI-LINK should be performed in accordance with usual practice 

and the instructions for use (IFU). The study protocol mandates postdilation for the STENTYS 

stent. A noncompliant balloon with appropriate size and length should be used and inflated 

starting at low pressure (8 atm). If the deployed STENTYS stent still seems underexpanded at 

any point along the culprit lesion, the pressure should be slowly increased until the stenosis 

disappears.

Patients included in the IVUS and OCT cohorts will undergo intravascular coronary im-

aging after final stent deployment and postdilation. Before IVUS and OCT pull- backs are 

performed, nitrates are administered. Intravascular ultrasound imaging is obtained using an 

automatic pullback.

Postprocedural care

Postprocedure, patients should receive lifelong 75 to 325 mg aspirin once daily. Furthermore, 

a P2Y12 inhibitor should be prescribed for at least 12 months postprocedure, or longer as 

per operator’s preference: clopidogrel 75mg once daily, prasugrel 5 to 10mg once daily, 

ticlopidine 250mg twice daily, or ticagrelor 90mg twice daily.

Follow-up scheme

Subjects will be followed for a 3-year follow-up period post-index procedure. Follow-up will 

be performed at 30 days, 6 months, 9 months, 1 year, 2 years and 3 years postprocedure. 

The 30-day and the 12- month follow-ups are mandatory clinical site visits. The other visits 

may be performed either by telephone or by hospital visit. Furthermore, the first 105 patients 

in the IVUS cohort and the 60 patients in the OCT cohort will return for a repeat angiography 

between 12 and 13 months, after the 12-month clinical assessment is performed. Potential 

adverse events as well as relevant medication will be recorded during each (clinical or tele-

phone) visit.

Endpoints

Primary endpoint. The primary endpoint of the APPOSITION V trial is TVF, defined as 

the composite of cardiac death, target-vessel recurrent MI (Q-wave or non-Q-Wave), and 

clinically-driven TVR, either by percutaneous or surgical methods, at 365 days postprocedure. 

We hypothesize that the STENTYS BMS will be noninferior to the MULTI-LINK BMS platform 

regarding the primary endpoint.

Secondary endpoints. Acute stent malapposition (ASM), defined as the presence of 

blood speckling behind any of the stent struts, will be assessed in the IVUS cohort (212 

patients). We hypothesize that the STENTYS BMS will be superior regarding this secondary 

end point compared with the MULTI-LINK BMS.
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Other secondary end points including assessment of clinical safety and efficacy end points, 

as well as angiographic and intravascular imaging (IVUS and OCT) end points, are listed in 

Table 2.

Table 2

Study endpoints

Primary endpoint

The primary endpoint of the APPOSITION V trial is Target Vessel Failure (TVF), defined as the 
composite of cardiac death, target vessel recurrent myocardial infarction (MI; Q-wave or non-Q-wave), 
or clinically-driven target vessel revascularization (TVR) by percutaneous or surgical methods at 365 days 
post-procedure. We hypothesize that the STENTYS Coronary Stent System will be non-inferior to the 
MULTI-LINK BMS coronary stent platform.

Secondary endpoints

Powered secondary endpoint:

Acute stent malapposition (ASM): defined as the presence of blood speckle behind a stent strut. We 
hypothesize that the STENTYS Coronary Stent System will be superior regarding ASM compared to the 
MULTI-LINK BMS coronary stent platform.

Secondary endpoints:

Rate of final Thrombolysis In Myocardial Infarction (TIMI) grade 3 as determined by the 
angiographic core laboratory.

Rate of ST-segment resolution defined as percentage of subjects with >70% resolution of ST-elevation 
in the most affected ECG lead within 90 minutes of completion of the stent procedure.

Major Adverse Cardiac Events (MACE): defined as cardiac death, recurrent MI (Q-wave and non-
Q-wave), emergent coronary artery bypass graft surgery (CABG), or clinically-driven target-lesion 
revascularization (TLR) by percutaneous or surgical methods at 30 days, 6, 9, and 12 months, and 
annually through to 3-year follow-up.

Composite endpoint of cardiac death and recurrent MI at 30 days, 6, 9, and 12 months, and annually 
through to 3-year follow-up.

TVF at 30 days, 6, and 9 months and annually through to 3 year follow-up.

Target lesion failure (TLF) at 30 days, 6, 9, and 12 months, and annually through to 3 year follow-up.

Rates for each individual component of the TVF, TLF, and MACE composite endpoints (cardiac death, 
MI, CABG, and TLR) at 30 days, 6, 9, and 12 months post-procedure, and annually through to 3 year 
follow-up.

Acute Success Rates:
o  device Success: Attainment of <30% final residual stenosis of the target lesion using only the 

assigned stent.
o  Lesion Success: Attainment of < 30% final residual stenosis of the target lesion using any 

percutaneous method.
o  Procedure Success: TIMI grade 3 flow and no in-hospital MACE.

Bleeding or vascular complications at discharge.

Stent thrombosis (ST) at 30 days, 6, 9 and 12 months, and annually through to 3-year follow-up:
o  definite ST
o  Composite of definite/probable ST
o  All ST

Rate of procedural myocardial blush score of 3.
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Statistical considerations

The primary endpoint will be compared between the two treatment groups as assigned by 

randomization, irrespective of the actual treatment performed, according to the intention-

to-treat principle. All subjects enrolled into the study who have signed the written informed 

consent and who have been randomized will be used for the primary analysis.

Twelve-month Target Vessel Failure

The estimated TVF rate of the MULTI-LINK control group is based on clinical outcome data in 

the BMS arm of the Harmonizing Outcomes with Revascularization and Stents in Acute Myo-

cardial Infarction (HORIZONS-AMI) trial17. The composite endpoint of cardiac death or MI in 

the BMS group of the HORIZONS-AMI trial was 7.0% at 12-month follow-up. The 12-month 

TVR rate was 8.7%. The HORIZONS-AMI study did not report the TVF composite rate. To 

calculate the rate of TVF, we assumed that 30% of the TVR were associated with death or 

re-infarction and that 70% were unique events. Therefore, the TVF rate can be estimated as 

7.0%+(0.7*8.7%)=13.09%. The TVF rate of the STENTYS group was estimated using pre-

liminary study results from the APPOSITION III prospective, multicenter observational study 

evaluating the safety and feasibility of STENTYS use during primary PCI in 1,000 patients 

presenting with STEMI. Major adverse cardiac event (MACE), defined as the composite of 

cardiac death, target-vessel related MI, or clinically-driven TLR, was 3.5% at 30-day follow-

up18. This MACE rate corresponded to a rate ~2% less than observed in the HORIZONS-AMI 

trial17 and we believe an assumption of 1% lower TVF at 1 year for the STENTYS stent is 

Table 2 (continued)

Late Intravascular Ultrasound/Angiographic Endpoints

In-stent and in-segment (within the 5 mm margins proximal and distal to stent) percent diameter 
stenosis (%DS)

In-stent and in-segment late loss

In-stent and in-segment binary restenosis (stenosis of > 50% of the reference vessel diameter)

In-stent minimum lumen diameter (MLD)

Late stent malapposition by IVUS on a per-strut, per-cross sectional area, and per-stent basis

Tissue prolapse

Neointimal hyperplasia (NIh) area at minimal lumen area (MLA) site

Neointimal hyperplasia volume

Percent NIh volume obstruction

Follow-up Minimum Lumen Area by IVuS

Optical Coherence Tomography (OCT) Endpoints

Acute stent malapposition per-strut, per-cross sectional area and per-stent level

Late stent malapposition at 12-13 months

Strut disconnections
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rational and appropriately conservative. Therefore, we estimate that the 12 month TVF rate 

in the treatment group will be 12%.

The sample size calculation with regard to the primary endpoint of TVF at 12 months is 

based on the following assumptions: (1) a 12-month TVF rate of 13% in the MULTI-LINK 

group and 12% in the STENTYS group; (2) a noninferiority delta of 6.5%; (3) 2:1 randomiza-

tion; (4) Type I error (α) = 0.025 (one-sided); and (5) statistical power (1 – β) = 87.5%. The null 

hypothesis is that the proportion of subjects with TVF at 12 months in the STENTYS group 

(PSTENTYS) will be equal or higher than the proportion of subjects with TVF at 12 months in the 

MULTI-LINK group plus the non-inferiority delta of 6.5% (PMULTI-LINK + 0.065):

H0 = PSTENTYS ≥ PMULTI-LINK + 0.065

Using one-sided Farrington and Manning test for noninferiority of two proportions, an 

evaluable sample size of 792 (528:264) provides 87.5% power to reject the null hypothesis, 

signifying the STENTYS stent as noninferior to the MULTI-LINK BMS by accepting the alterna-

tive hypothesis:

HA = PSTENTYS < PMULTI-LINK + 0.065

To account for a loss of follow-up, which is conservatively estimated to be approximately 

10%, a total of 880 subjects will be enrolled.

Acute Stent Malapposition

The ASM rate of the MULTI-LINK group was estimated using data from the IVUS substudy of 

the HORIZONS-AMI trial, which showed a postintervention AMS rate of 40.3% in the BMS 

arm9. The ASM rate of the STENTYS stent was estimated using data from the randomized 

APPOSITION II study comparing stent apposition between the STENTYS BMS with balloon-

expandable stents using OCT. The study demonstrated that the balloon-expandable treated 

group had a three times higher percentage of malapposed struts immediately after the 

procedure. We estimated that the ASM rate with the STENTYS stent using IVUS criteria as in 

the HORIZONS-AMI trial would have been 18%.

The sample size calculation with regard to the powered secondary endpoint of ASM is 

based on the following assumptions: (1) ASM rate is 40% in the MULTI-LINK group and 18% 

in the STENTYS group; (2) 2:1 randomization; (3) Type I error (α) = 0.025 (one-sided); (4) 

statistical power (1 – β) = 90%; and (5) no loss to follow-up (endpoint assessed during index 

procedure). The null hypothesis is that the ASM rate in the STENTYS group (πSTENTYS) will be 

equal or higher compared to the MULTI-LINK group (πMULTI-LINK):

H0 = πSTENTYS ≥ πMULTI-LINK
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Rejection of the null hypothesis will signify that the STENTYS Coronary Stent System is 

superior to the MULTI-LINK Stent in achieving a lower ASM rate by accepting the alternative 

hypothesis:

HA = πSTENTYS < πMULTI-LINK

The two powered endpoints will be tested in a sequential manner. First the primary endpoint 

of TVF will be assessed, and only if the H0 hypothesis of the primary endpoint is rejected (sig-

nifying that the STENTYS Coronary Stent System is non-inferior to MULTI-LINK BMS Coronary 

Stent Platform), will the ASM hypothesis be tested.

Study funding and management

The APPOSITION V trial is funded by STENTYS S.A. A detailed description of the study man-

agement is given in online appendix B. An independent data and safety monitoring board 

(DSMB) reviews study data at pre-specified enrollment milestones to assure patient safety 

during the course of the study and may, among other things, recommend to prematurely end 

the study if the data demonstrates an unacceptable risk for the included subjects. Relevant 

events potentially meeting study endpoint criteria are adjudicated by an independent Clinical 

Events Committee (CEC), blinded to the treatment group. Data monitoring is performed by 

genae Associates (Antwerp, Belgium) and the data coordinating center is the Harvard Clinical 

Research Institute (Boston, MA, USA). The Cardiovascular Research Foundation (CRF) has 

been appointed as the angiographic core laboratory. The IVUS/OCT core laboratory is the 

Cardiovascular Core Analysis Lab (Stanford School of Medicine, Stanford, CA, USA).

dISCuSSION

Previous and ongoing STEMI studies on the STENTYS stent

STENTYS use in the setting of primary PCI for the treatment of STEMI is being evaluated in 

the ongoing ‘APPOSITION’ clinical trial program. The multicenter, prospective, nonrandom-

ized, single-arm APPOSITION I study included 25 patients with angiographic follow-up at 3 

days and 6 months19. Paired IVUS analyses (n = 16) showed an increase in mean lumen area 

(from 7.57±1.91 mm2 to 8.88±2.18 mm2; p<0.001) and mean stent area (from 7.62±1.92 

mm2 to 9.01±2.27 mm2; p=0.001) at 3 days follow-up. OCT analysis in a small subgroup 

(n=5) showed a decrease in malapposed struts from 2.27% to 0.11%. These findings sug-

gest that the stent dynamically adapted to changes in the coronary anatomy during the days 

after the acute index event. The APPOSITION II trial, including 80 patients, was a randomized, 

international, multicenter, open-label clinical study comparing the STENTYS BMS with the 

MULTI-LINK Vision or Driver BMS with OCT endpoints at baseline and 3-day follow-up12. 

The postprocedural percentage of malapposed struts was lower in the self-expanding group 
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than in the balloon-expandable group (2.20±3.92% vs. 5.99±7.28%; p<0.001), and this 

difference was even more pronounced at 3-day follow-up (0.58±0.70% vs 5.46±6.98%; 

p<0.001). These data proved the superiority regarding acute stent apposition of the STENTYS 

stent over conventional balloon-expandable stents.

The prospective, multicenter, international, observational APPOSITION III study, includ-

ing 965 patients, evaluated clinical outcomes after primary PCI using the STENTYS BMS 

or paclitaxel-eluting DES stents20,21. This study showed acceptable clinical results at 1 year, 

comparing well with historical data, which improved when postdilatation was performed.

The APPOSITION IV prospective, multicenter, international trial randomized 150 patients 

between the sirolimus-eluting STENTYS stent (not yet approved for commercial use in Europe 

or the US) and the zotarolimus-eluting balloon-expandable Resolute™ stent (Medtronic, 

Santa Rosa, CA, USA) in a 3:2 fashion, with a second randomization to determine the timing 

of the angiographic follow-up with OCT (4 vs 9 months)22. Although STENTYS showed better 

apposition than the balloon-expandable DES in the 4-month follow-up cohort (malapposed 

strut rates: 0.07±0.26% in STENTYS vs. 1.16±1.59% in control group; p=0.001), this benefit 

was not observed in the 9-month follow-up cohort (0.28±0.99% in STENTYS vs. 0.43±0.76 

% in control group; p=0.55). Interestingly, the stent area and the lumen area were signifi-

cantly larger in the STENTYS group, both in the 4- and 9-month follow-up groups, with a 

nonsignificant lower late lumen loss (0.08±0.48 vs 0.18±0.88; p=0.65 at 4 months; and 

0.04±0.43 vs 0.17±0.43; p=0.23 at 9 months).

What the current trial will add to our knowledge on STEMI treatment

The APPOSITION V trial is the first trial in the APPOSITION program that will be powered 

on clinical end points. This trial will give us insights whether superior (early) stent apposi-

tion of the STENTYS stent, as shown with the APPOSITION II and IV randomized trials, will 

result in comparable clinical results as the balloon-expandable stents. If the trial will meet its 

noninferiority endpoint, it might add the self-apposing technology, along with the traditional 

balloon-expandable stents, to the daily armamentarium of the interventionalists, which might 

in particular be beneficial in complex lesion subsets where stent apposition is challenging23.

CONCLuSION

The APPOSITION V trial is the next trial of the APPOSITION program and is the first trial 

powered on clinical end points investigating non-inferiority of the self-apposing STENTYS 

BMS compared with the MULTI-LINK BMS balloon-expandable stent. Furthermore, OCT and 

IVUS data gathered in the APPOSITION V trial will provide insights into the self-apposing 

STENTYS concept and its potential benefits on clinical outcome compared with conventional 

balloon-expandable stents.
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ABSTRACT

Aims: A novel balloon delivery system (BDS) for the self-apposing STENTYS® Sirolimus 

eluting stent (SES) has been developed for highly precise longitudinal stent positioning and 

deployment. We present quantitative coronary analysis (QCA) angiography and optical 

coherence tomography (OCT) results, as well as the 30-day clinical outcomes of the STENTYS 

Xposition S in a first-in-man study.

Methods and results: We included 25 patients (mean age 66.1±10.7years) with stable 

coronary artery disease (24%) or acute coronary syndrome (including STEMI in 40%). The 

device was successfully placed at the intended site in all cases (100%), without procedural 

complications. Longitudinal geographic miss (entire lesion length [on QCA] not completely 

covered by stent) was not observed. Pre-procedural MLD on QCA was 1.30±0.74mm and 

post-procedural MLD was 2.74±0.44mm,p<0.001 (acute gain 1.44±0.70mm). Percentage 

malapposed stent-struts on OCT was low post-stent placement (2.4%), which further de-

creased after post-dilatation (0.6%,p=0.013), while mean stent area increased (from 9.7mm2 

to10.5mm2 p<0.001). At 30-days clinical follow-up, 1 (4%) major adverse cardiac event 

(MACE) was observed. One acute stent thrombosis (ST) occurred direct post-procedural in a 

STEMI patient related to inadequate medication therapy. One other non-fatal MI occurred in 

a non-target vessel.

Conclusions: This first-in-man study demonstrated that the use of the novel STENTYS® 

Xposition S is feasible with high technical success-rate without longitudinal geographical 

miss. Stent strut malapposition directly after STENTYS placement was low and improved 

further after post-dilation.
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INTROduCTION

The concept of self-expanding stents in interventional cardiology was initially abandoned 

after the first-in-human Wallstent due to the chronic vessel wall injury caused by a relatively 

high chronic outward force1. However, newer generations self-expanding stents made of 

nitinol, including the self-apposing STENTYS® stent (STENTYS SA, Paris, France), with a more 

gentle chronic outward force might overcome this limitation and proved to be useful in 

anatomies in which proper stent apposition is challenging, such as ST-segment elevation 

myocardial infarction (STEMI)2,3 or (left main) bifurcations in which there is a large difference 

in proximal and distal diameter4,5. However, optimal position ing might be challenging due 

to shortening of the stent as deploy ment is performed by retracting an outer sheath which 

releases the stent from the distal edge. A novel balloon delivery system (BDS) for the STEN-

TYS sirolimus-eluting stent (SES), the STENTYS® Xposition S (STENTYS S.A.), was therefore 

developed to improve accurate stent positioning. We performed a first-in-man study of this 

new system assessing acute results, using post-procedural quantitative coronary angiography 

(QCA) and optical coherence tomography (OCT), and performing a 30-day clinical follow-up.

METhOdS

The SETUP study (Study to evaluate the safety and feasibility of the STENTYS Balloon Delivery 

System) was a prospective, single-arm first-in-man study performed in two Dutch centres 

(Academic Medical Center, Amsterdam, The Netherlands, and Albert Schweitzer Hospital, 

Dordrecht, The Netherlands) to evalu ate the feasibility of the STENTYS Xposition S in de 

novo coro nary lesions. Patients planned to undergo PCI of native coronary arteries with a 

reference vessel diameter between 2.5 and 6.0 mm and a lesion length <25 mm were eligible 

for enrolment. There were minimal exclusion criteria (Online Appendix). All patients provided 

written informed consent prior to the procedure and the study was approved by the local 

ethics committee. Patients were clinically evaluated at 30 days post procedure. QCA analysis 

was performed pre- and post-procedure (Online Appendix). OCT pull backs were performed 

directly after STENTYS placement and after final post-dilatations using the C7-XR™ OCT 

intravascular imaging system (St. Jude Medical, St. Paul, MN, USA) with the C7 Dragonfly™ 

OCT catheter (St. Jude Medical), pullback speed 20 mm/s; 100 frames/s (Online Appendix). 

QCA and OCT analy ses were conducted at the Academic Medical Center, Amsterdam, The 

Netherlands.

device description and procedure

The self-apposing STENTYS® Xposition S is pre-mounted on a novel balloon delivery system, 

which was not CE-marked at the time of the study (STENTYS SES is CE-marked and com-
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mercially available). The stent is made of nitinol (nickel/titanium alloy) and is available in 

three lengths (17, 22 and 27 mm) and three sizes suitable for reference vessel diameters 

of 2.5-3.0 mm (small), 3.0-3.5 mm (medium) and 3.5-4.5 mm (large), compati ble with a 

maximum vessel diameter of 6 mm. Strut thickness is 103 microns (small size) or 133 microns 

(medium and large sizes). The novel delivery system, which is 6 Fr compatible, consists of the 

stent folded on a delivery balloon, which is covered with a dis tal “splittable” 0.0032” thick 

sheath assembly. The nominal diam eter of the delivery balloon is the same as the smallest 

diameter for which the stent is suitable. When the semi-compliant deliv ery balloon is inflated 

within the sheath using low pressures start ing at 8 atmospheres (atm), it causes the sheath 

assembly to split, allowing the STENTYS stent to deploy in the coronary artery at the desired 

location (Figure 1). The sheath is then withdrawn with the balloon. Lesion preparation, 

including thrombus aspiration and predilatation, is at the discretion of the operator. Balloon 

post-dil atation after STENTYS placement is strongly recommended and was done with OCT 

guidance2.

Figure 1 The novel delivery system for the STENTYS Self-apposing stent
The stent is mounted on a semi-compliant balloon and is restrained by a splittable sheath (A). Balloon 
inflation splits the sheath and releases the stent (B). The balloon is then deflated leaving the sheath 
between the stent and the vessel wall (C). The balloon and sheath are withdrawn leaving the stent well 
apposed to the vessel wall (D).
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Outcome definitions

Technical success was defined as the ability to cross and deploy the stent at the intended site. 

Angiographic success was defined as residual stenosis <30% and post-PCI Thrombolysis In 

Myocardial Infarction (TIMI) 3 flow on visual estimation. Longitudinal geo graphic miss (GM) 

was defined as the entire length of the sten otic segment (as defined by QCA) not completely 

covered by the stent (Figure 2). Procedural success was defined as angiographic success with-

out in-hospital major adverse cardiac events (MACE). MACE was defined as the composite 

of cardiac death, recurrent tar get vessel myocardial infarction (TV-MI), and clinically driven 

tar get lesion revascularisation (CD-TLR). Other endpoints included: death from any cause, 

cardiac death, any MI, any target vessel revascularisation (TVR), definite ST and probable ST 

according to the Academic Research Consortium (ARC) definitions6.

Statistical Methods

Continuous variables were presented as mean ± standard deviation (SD), categorical variables 

as frequencies (percentage). Comparison of OCT data post-stenting with data post-dilatation 

was evaluated with the Wilcoxon test. IBM SPSS Statistics for Windows software package, 

Version 21 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses.

RESuLTS

Baseline clinical characteristics (online table 1)

A total of 25 patients were included (age 66.1±10.7 years, 80% male). Indication for PCI was 

STEMI in 40%, NSTEMI in 36%, and stable angina in 24%.

Figure 2 Longitudinal GM measurement using QCA analyses
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Procedural outcome (online table 2)

Operators reported the handling characteristics of the device to be favourable. However, 

retraction of the sheath from behind the stent struts after deployment requires a gentle pull, 

taking care not to let the tip of the guiding catheter be advanced into the ostium of the 

vessel. Predilatation was performed in 23 cases (92%). Mean stent deployment pressure was 

10.7±1.9 atm, and post dilatation was 13.4±2.3 atm. No post-procedure dissections were 

observed. Technical success was achieved in all patients (100%).

Thirty-day clinical outcome

MACE occurred in one patient (4%). There was one recurrent non-fatal MI which was an 

acute stent thrombosis (ST) directly post-procedural, treated with thrombus aspiration during 

repeat PCI. This patient initially received an inadequate dose of heparin peri-procedural of 

5000 units 5 mg. There was one other major event not fulfilling the MACE definition: one 

patient experienced a non-fatal MI which was related to a non-target vessel treated with PCI. 

There were no other adverse events at 30 days follow up.

QCA and OCT results (tables 1 and 2)

Pre-procedural MLD was 1.30±0.74mm, and 2.74±0.44mm after post-dilatation (acute gain 

1.44±0.70mm). Longitudinal GM was not observed (0%). Percentage malapposed struts on 

OCT was significantly lower post procedure (0.6%) than directly post stent placement (2.4%, 

p=0.013). Mean stent area increased significantly from 9.7±2.4 mm2 post stent placement to 

10.5±2.5 mm2 post-procedure (<0.001).

dISCuSSION

This prospective, multicentre, first-in-man study evaluat ing the novel BDS for the STENTYS® 

SES, the STENTYS® Xposition S, showed that: 1) procedural success was 100% with real-

world lesion complexities, including ostial lesions, highly calcified lesions and lesions with 

high thrombus bur den; 2) there was no longitudinal GM as assessed with QCA; and 3) OCT 

data showed a high rate of acute stent strut appo sition directly after stent deployment which 

improved further after post-dilatation.

Stent mis-sizing (resulting in axial GM) and mispositioning (resulting in longitudinal GM) 

during PCI are underappreciated, and found in more than 60% of cases7. Previous studies 

have shown that longitudinal and axial GM results in endothelial flow disturbances, increased 

intramural wall stress and increased wall shear stress, causing unfavourable healing with 

more pronounced intimal hyperplasia formation8. The STENTYS self-apposing stent platform 

offers a solution to the problem of axial GM by the self-apposing properties of the nitinol 

platform, as shown in STEMI patients in whom there is an increased risk of axial mis match 
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due to the presence of thrombus and vasoconstriction in the acute phase3,9. To overcome the 

risk of longitudinal GM, the novel STENTYS® Xposition S was developed for the self-appos-

ing STENTYS SES. Indeed, we did not observe any longitudinal GM, although this needs to 

be confirmed in a larger sample size and by randomised comparison.

Study limitations

This study has several limitations. It was a small, non-randomised study with short-term 

clinical follow-up. The small number of patients does not allow any definite conclusions to 

be drawn con cerning clinical outcomes. QCA and OCT analyses were not per formed in the 

core lab of a clinical research organisation. However, we performed our QCA and OCT at an 

academic centre accord ing to standardised methods using standardised standard operat ing 

procedures (SOPs). Larger sample sizes and randomised trials are warranted to evaluate the 

clinical outcome of this novel deliv ery device.

Table 1 Pre- and post-procedural QCA parameters

Parameter Pre-procedure Post-procedure

Mean RVD (mm) 3.17 ± 0.57 3.13 ± 0.58

Minimal lumen diameter (mm) 1.30 ± 0.74 2.74 ± 0.44

Diameter stenosis (%) 59 ± 21 16 ± 7

Acute gain (mm) 1.44 ± 0.70

Geographical miss (n) 0 (0%)

QCA: quantitative coronary analysis, RVD: reference vessel diameter. Values are mean ± SD.

Table 2 Optical Coherence Tomography (n=18)

Post stent 
placement

Postprocedure P-value

Maximum stent area (mm²) 12.6 ± 3.8 13.0 ± 3.3 0.058

Minimum stent area (mm²) 7.6 ± 2.3 8.6 ± 2.4 0.002

Mean stent area (mm²) 9.7 ± 2.4 10.5 ± 2.5 <0.001

Analysed frames per patient (n) 22 ± 6 22 ± 6 0.927

Analysed struts per patient (n) 314 ± 87 323 ± 118 0.647

Complete strut apposition (%) 96.0 98.0 0.036

Incomplete strut appositionside-branch struts (%) 1.8 1.3 0.328

Incomplete strut apposition notrelated to side 
branch (%)

2.4 0.6
0.013

Minimum lumen diameter (mm) 2.8 ± 0.5 2.9 ± 0.5 0.112

Minimum lumen area (mm²) 6.3 ± 2.2 6.6 ± 2.4 0.112

Mean lumen area (mm²) 9.4 ± 2.5 9.5 ± 2.3 0.055

Minimal eccentricity (ratio) 0.77 0.78 0.122

Mean eccentricity (ratio) 0.87 0.86 0.372
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CONCLuSION

This first-in-man study demonstrated that the use of the novel delivery system for the 

STENTYS SES, the STENTYS® Xposition S, is feasible with a high technical and angiographic 

success rate without longitudinal geographic miss on QCA. Stent strut malapposition directly 

after STENTYS placement (as assessed with OCT) was low and was further improved by 

balloon post-dilatation.
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Online table 1 Baseline clinical characteristics

Variable n = 25

demographics

Age (years) 66.1 ± 10.7

Sex (male) 20 (80%)

Hypertension 11 (44%)

Diabetes mellitus 2 (8%)

Dyslipidaemia 6 (24%)

Current smoker 9 (36%)

Family history of CAD 7 (28%)

Previous MI 9 (36%)

Previous PCI 11 (44%)

Previous CABG 1 (4%)

Previous Stroke 2 (8%)

Congestive heart failure 0 (0%)

Clinical indications for PCI

ST elevation MI 10 (40%)

NSTEMI 9 (36%)

Stable angina 6 (24%)

CAD: coronary artery disease PCI: percutaneous coronary intervention; CABG: coronary artery bypass 
grafting; STEMI: ST-segment elevation myocardial infarction; NSTEMI: non ST-Segment Elevation Myo-
cardial Infarction
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Online table 2 Lesion and procedural characteristics

Characteristics
Study lesions
n = 25

Study vessel

LMCA 1 (4%)

LAD 4 (16%)

LCX 6 (24%)

RCA 14 (56%)

ACC/AHA lesion type A/B1/B2/C 0/8/15/2

Mean lesion length on QCA (mm) 12.21 ± 6.27

Pre-dilatation, n (%) 23 (92%)

Number of stents per patient 1.2 ± 0.41

Number of stents per study lesion 1

Stentys stent size S/M/L (n) 4/16/5

Mean stent length 17/22/27 (mm) 10/11/4

Mean stent deployment pressure (atm) 10.7 ± 1.9

Post dilatation, n (%) 24 (96%)

Mean post-dilatation balloon size (mm) 3.6 ± 0.5

Mean post-dilatation pressure (atm) 13.4 ± 2.3

Dissection on angiography 0 (0%)

Technical success, n (%) 25 (100%)

LMCA: left main coronary artery, LAD: left anterior descending artery,
LCX: left circumflex artery, RCA: right coronary artery
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ONLINE APPENdIx

In- and exclusion criteria SET-uP

Inclusion criteria

1. Age between 18 years and 80 years.

2. Patients with an indication to receive a STENTYS-SES according to the IFU.*

3. Signed Informed Consent.

4. Reference Vessel Diameter >2.5mm and <6.0mm by visual assessment.

5. Target lesion ≤25mm in length by visual estimate.

Exclusion criteria

Clinical:

1. Pregnant or breastfeeding woman or woman in fertile period not taking adequate con-

traceptives.

2. Currently enrolled in another investigational device or drug study that has not completed 

the primary endpoint or that clinically interferes with the current study endpoints.

3. Patients on anticoagulation therapy (Coumadin).

4. Known intolerance to aspirin, clopidogrel, heparin, stainless steel, sirolimus, contrast 

material.

5. Known thrombocytopenia (PLT<100,000/mm3).

6. Active bleeding or coagulopathy.

7. Cardiogenic shock.

8. Major planned surgery that requires discontinuation of dual antiplatelet therapy.

9. Co-morbid condition(s) that could limit the subject’s ability to participate in the study or 

to comply with follow-up requirements, or impact the scientific integrity of the study.

Angiographic:

10. Severe tortuous, calcified or angulated coronary anatomy of the study vessel.

11. Myocardial infarction due to stent thrombosis, or infarct lesion at a previously stented 

coronary artery.

12. Unprotected left main coronary artery stenosis >30% by visual assessment.

13. Staged procedure is planned within 30 days**.

14. Target lesion is a chronic total occlusion.

15. Perforated vessels evidenced by extravagation of contrast media.

*Inclusion of STEMI patients allowed if sufficient time available for demanding written 

informed consent before stent placement

**Treatment of other lesions during the same procedure in target- and non-target vessel is 

allowed
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QCA analysis

Off-line QCA measurements were performed using an end-diastolic frame in the same view 

selected by the interventional cardiologist pre- and post-stenting using validated software 

(QAngionXA, version 7.3; Medis Medical Imaging BV, Leiden, The Netherlands) were per-

formed in-stent as well as in-segment (including the 5mm proximal and distal to the stent). 

Longitudinal GM as assessed with QCA was defined as the entire length of the stenotic seg-

ment (as defined by the QCA software) not being completely covered by the stent. The MLD 

is automatically defined by the software. An interpolated reference diameter is automatically 

defined by the software. Diameter stenosis is calculated by subtracting the MLD from the 

interpolated RVD (at the MLD site) dividing by that same interpolated RVD value. QCA was 

performed in two projections, matched pre- and post-PCI, and the average of the analyses 

was taken.

OCT analysis

OCT measurements were obtained using validated software with a semi-automated contour-

and strut detection system (QIVUS, version 7.3; Medis Medical Imaging BV, Leiden, The 

Netherlands). All cross-sectional images (frames) were initially screened and excluded from 

analysis if any portion of the image was out of the screen or the image had poor quality 

caused by residual blood or sew-up artefact10. Side branches occupying >45° of the cross-

section were excluded from the analysis. Strut-level analysis was performed considering every 

ten frames (1 mm interval) along the entire target segment. Lumen and stent areas and 

volumes were calculated. Strut malapposition was determined when the distance from the 

endoluminal strut surface to the vessel wall was higher than the strut thickness plus 20 µm 

to correct for the blooming effect. The following OCT variables were collected: percentage of 

stent struts uncovered/malapposed, stent volumes, and lumen volumes. malapposed struts 

were further subdivided in non-apposed side branch (NASB) struts and malapposed struts 

without side branch involvement.
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ABSTRACT

Background: With optical coherence tomography (OCT), details of arterial injuries during 

percutaneous coronary intervention can be assessed accurately. There might be an increased 

risk of stent edge dissections with the novel delivery system for the STENTYS stent. We 

evaluated the prevalence of stent edge dissections using the novel Xposition delivery device 

as compared with the conventional delivery device.

Methods: A total of 38 patients who were treated with the self-apposing STENTYS stent 

and with OCT assessment at our center were retrospectively analysed. Twenty patients were 

treated using the Xposition- and 18 using the conventional delivery device. OCT was per-

formed according to study protocol. Frames with poor quality were excluded.

Results: A total of 12 (18%) dissections were detected, 7 (20%) in the Xposition delivery 

device group, and 5 (15%) in the conventional group (p=1). Using the Xposition delivery 

device 4 (33%) dissections were found proximally, using the conventional delivery device 3 

(25%) (p=ns). Mean longitudinal dissection length was 2.07±1.80mm, 8 (67%) appeared as 

flaps, 4 (33%) as cavities. Morphometric parameters were comparable in both groups.

Conclusions: Detailed OCT assessment of stent edge dissections was possible, which 

revealed no large differences using the Xposition delivery device as compared with conven-

tional delivery device, however large studies are warranted.
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Introduction

Stent implantation can damage the arterial wall, resulting in dissections at the stent edges. 

On angiography, only the most severe cases with large dissections could be detected. How-

ever, with the introduction of optical coherence tomography (OCT), a direct high resolution 

intracoronary imaging technology, interventionalists have the ability to obtain a detailed as-

sessment of the vessel wall during percutaneous coronary intervention (PCI). The use of OCT 

assessment is increasing in routine clinical practice to optimize stent sizing and delivery and 

to visualize arterial wall injuries. Stent edge dissections has been observed in 25%-34% of 

treated lesions on OCT 1. Recent OCT studies have given us more insights in the discrimination 

of those dissections that are prone for worse clinical outcome, such as large stent edge dis-

sections which are associated with an increased risk for stent thrombosis and edge restenosis. 

Moreover, stent edge dissections with a flap thickness more than 0.31mm are associated with 

an adverse clinical impact on long-term follow up2. Deeper injuries are more likely to increase 

the induction of thrombogenic stimuli exposure and provoking repair responses which could 

result in edge restenosis. Residual dissections with a smaller effective lumen area are found to 

be a risk factor for target lesion revascularization at 1-year follow-up3.

Arterial wall injury during percutaneous coronary intervention (PCI) is not only influenced 

by lesion characteristics, procedural techniques and the operators performance often have 

important impact as well. With the introduction of new stent designs, such as the nitinol 

STENTYS Self-Apposing® stent (STENTYS S.A., Paris, France), stent delivery could be chal-

lenging due to the novel delivery system, resulting in arterial wall damage. The stent itself 

ought to be beneficial in lesions with a diameter mismatch or in acute coronary syndrome 

(ACS) patients due to its superior acute stent apposition as compared to balloon expandable 

stents4. The novel delivery device for the STENTYS stent is recently introduced to improve 

precise stent delivery since with the conventional delivery system a jumping unlock phenom-

enon could occur. This is when the nitinol stent is released from the delivery sheath, it may 

jump forward due to the elastic memory of the nitinol platform which unfolds and jumps 

forward resulting in longitudinal geographic miss of the stent. However, stent deployment 

using the novel delivery system ought to be less gentle as compared with the conventional 

delivery system. The novel delivery sheath, which covers the stent and the delivery balloon, 

splits open during stent deployment by inflating the nominal sized delivery balloon improving 

precise stent delivery. After stent deployment, the jailed delivery sheath needs to be retracted, 

which might increase the risk of endothelial damage proximally of the stent resulting in stent 

edge dissections. OCT imaging, providing detailed characterisation of vessel wall, visualizes 

trauma at the stent edges directly after stent delivery. We sought to (1) evaluate the preva-

lence of stent edge dissections and (2) to perform a detailed morphometric assessment of 

the stent edge dissection directly after stent delivery using the novel Xposition delivery device 

as compared with the use of the conventional delivery device for the self-apposing stent.
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METhOdS

Study design and population

For the present study we retrospectively analyzed post-procedural OCT images obtained 

from patients who were enrolled in OCT studies using the novel delivery device and the 

conventional delivery device in the Academic Medical Center in Amsterdam. The OCT data of 

patients who were treated with the Xposition delivery device was collected from the SETUP 

(Study to evaluate the safety and feasibility of the STENTYS Balloon Delivery System) study. 

This was a prospective, single arm study which evaluated the safety and feasibility of the 

novel Xposition delivery device in de novo coronary artery lesions5. Patients who underwent 

PCI of native coronary arteries with a reference vessel diameter between 2.5 and 6.0 mm 

and a lesion length <25 mm were enrolled. OCT pullbacks were performed directly after 

STENTYS placement according to study protocol. The OCT data of patients who were treated 

with the conventional delivery device was collected from the international APPOSITION V 

trial (A Post-Market registry to assess the STENTYS self-exPanding COronary Stent In AcuTe 

MyocardIal InfarctiON) 6. The OCT data was collected from the patients who were enrolled in 

the STENTYS arm at our center. The aim of the APPOSITION V trial was to evaluate the safety 

and performance of the STENTYS Self-Apposing stent during primary PCI for the treatment 

of patients presenting with ST-segment elevation myocardial infarction (STEMI). Both trials 

were conducted in full conformity with the Declaration of Helsinki, and approved by the 

local medical ethics committees. Written informed consent was obtained from all patients. 

OCT pullbacks were performed directly after stent placement according to study protocol. 

We included all available patients with OCT pullbacks. Patients included in our final analyses 

were patients with successful OCT pullback directly after STENTYS placement.

Study devices and procedures

The STENTYS stent is considered to be a new generation self-expanding stent. It is made 

of nitinol, a nickel/titanium alloy. The conventional STENTYS delivery device, which is also 

6 Fr-compatible, consists of a rapid-exchange delivery system over a conventional 0.014” 

guidewire. The stent is deployed by gently withdrawing the covering delivery sheath (i.e. 

there is no balloon to expand the stent) (figure 1). The STENTYS® Xposition S is the novel 

delivery system and is pre-mounted on a balloon based delivery system. The Xposition deliv-

ery device is 6 Fr compatible. The stent is folded on a nominal sized delivery balloon which 

is covered with a splittable 0.0032” thick sheath assembly. When the semi-compliant deliv-

ery balloon is inflated using low pressures start ing at 8 atmospheres (atm), it causes the 

sheath to split from distal to proximal, allowing the STENTYS stent to deploy in the coronary 

artery. The delivery sheath is then withdrawn with the delivery balloon (figure 2). This device 

is developed to reduce geographic miss and improve precise stent deployment with low 

procedural pressures. The STENTYS stent is available in three lengths (17 mm, 22 mm and 
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27 mm), and in three diameter sizes: small; 2.5 - 3.0 mm, medium; 3.0 - 3.5 mm, and large; 

3.5 - 4.5 mm. The latter can expand to over 6.6 mm, which potentially provides adequate 

apposition in absolute vessel diameters. The STENTYS stent is CE-marked and commercially 

available in Europe. Lesion preparation, including thrombus aspiration and pre-dilatation, is 

at the discretion of the operator. Balloon post-dil atation after STENTYS placement is strongly 

recommended7.

A 
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C
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B

C 

Figure 1 The conventional delivery system for the STENTYS stent
The conventional delivery system for the STENTYS Self- Apposing stent. The stent is folded into a delivery 
sheath. Straighten out the guide catheter and delivery system (A). Open the valve and with your hand 
on the handle. pull back te system until the stent reaches its desired position and keep the system steady 
to maintain tension (B). Slowly retract the trigger under fluroscopy guidance to deploy the stent across 
the lesion (C). The stent is deployed from distal to proximal by retracting the outer sheath (D). When the 
trigger is completely retracted. remove the delivery system from the guidewire.
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OCT acquisition and analysis

OCT pullbacks were performed directly after STENTYS placement according to study protocol 

using the C7-XR™ OCT intravascular imaging system with the C7 Dragonfl y™ OCT cath eter 

(both St. Jude Medical, St. Paul, Minnesota, USA). After intracoronary administration of 100-

200 µg of nitroglycerin and continuous fl ush of iodine contrast medium through the guiding 

catheter (3-4ml/s at 300psi) to trigger image acquisition, automated pullback was done with 

a pullback speed of 20 mm/s; 100 frames/s. All OCT pullbacks were screened for quality 

and analyzed off-line using validated software with a semi-automated contour-and strut 

detection system (QIVUS version 7.3; Medis Medical Imaging BV, Leiden, The Netherlands). 

All cross-sectional frames were screened and excluded from analysis if any portion of the 

image was out of the screen or the image had poor quality (e.g. caused by residual blood or 

sew-up artefact). The region of interest included the stented vessel segment, 5 mm proximal 

and 5 mm distal of the stent, which was quantitative analysed at 1 mm intervals according to 

standard operating procedure of quantitative OCT analysis of the Academic Medical Center 

Figure 2 The novel Xposition delivery device for the STENTYS stent
The novel delivery technique for the STENTYS Self- Apposing stent. The stent is mounted on a semi-
compliant balloon and is restrained by a splittable sheath (A). Balloon infl ation splits the sheath and 
releases the stent (B). The balloon is then defl ated leaving the sheath between the stent and the vessel 
wall (C). The balloon and sheath are withdrawn leaving the stent well apposed to the vessel wall (D).
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core laboratory. Stent edges were defined as the 5 mm proximal and distal adjacent to the 

last frame where stent struts were visualized in all 4 quadrants. Frames within the stent edges 

with poor quality or involving artefacts or incomplete edges due to the ostial location of the 

lesion were excluded. Edge dissections on OCT were defined as a disruption of the luminal 

surface or the presence of a linear rim of tissue with a maximal width of ≥200 μm and a clear 

separation from the vessel wall within 5 mm to a stent edge. Stent edge dissections were 

classified into three different categories: 1) flaps, 2) cavities and 3) double-lumen dissections 

or fissures 8. To quantify the morphometric dimensions of a flap, the following dimensions 

were measured: 1) the flap thickness, which was measured at the root from the joint point 

with the vessel wall to the luminal surface along a line projected through the gravitational 

center of the lumen; 2) the flap length, which was measured from the tip of the flap to the 

joint point with the vessel wall; 3) the flap area, which was assessed as the area bounded by 

the luminal contours of the flap and the flap root thickness (Figure 3 panel A). To quantify the 

morphometric dimensions of a cavity, the following dimensions were measured: 1) the cavity 

width, which was measured along a virtual line along the luminal vessel contour between 

both sides of the cavity at its widest point; 2) the cavity depth, which was measured from 

the deepest point in the cavity along a line projected through the gravitational center of the 

lumen to the virtual line of the cavity width; 3) the cavity area, which was assessed as the 

area bounded by the luminal contour of the cavity and the virtual line extrapolated between 

the luminal vessel contour on each side of the cavity (Figure 3 panel B).

For all dissections we measured the longitudinal extension of the dissection along the 

vessel wall measured on the longitudinal view. The circumferential extension of the dissec-

tions were indicated as the number of quadrants involved on the axial view. Furthermore, 

the severity of the dissection was assessed by the depth of the vessel wall injury described as 

intimal involvement, medial involvement or adventitial involvement.

Clinical follow-up and outcomes

Patients were contacted 1 month post procedure by telephone to obtain follow-up data. If 

a patient could not be reached, general practitioners and referring hospitals were contacted 

to complete follow-up. When a potential clinical event was reported, hospital records and 

coronary angiograms were reviewed to complete information. Reported clinical outcomes in-

cluded major adverse cardiac events (MACE) which was the composite of cardiac death, any 

myocardial infarction (MI) and target vessel revascularization (TVR). Other individual events 

were all cause death, clinically indicated target lesion revascularization (TLR), non-target ves-

sel revascularization (non-TVR), and definite/probable stent thrombosis (ST). Clinical events 

are defined according to the Academic Research Consortium (ARC) definition9.
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Statistical analysis

Continuous variables are presented as mean ± standard deviation. Categorical variables are 

expressed as count and proportions (%). Comparisons between groups were performed with 

χ2, Student t, Fisher exact and the Mann-Whitney U test as appropriate. Multiple logistic 

regression models were used to detect predictors of stent edge dissection. Univariate analysis 

was first performed. Event rates were assessed by Kaplan-Meier estimates and compared 

with the log-rank test. SPSS software package (version 24, IBM, Chicago, IL, USA) was used 

for all statistical analyses.

Figure 3 Morphometric analyses of stent edge dissections
The morphometric analyses of stent edge dissections; panel (A) left: dissection flap. (A) right: flap mor-
phometric parameters; 1. the flap depth. 2. the flap opening 3. the length of the dissection flap. 4. the 
flap area. Panel (B) left: dissection cavity. (B) right: cavity morphometric parameters 1. cavity opening 2. 
the cavity depth. from the deepest point in the cavity to the cavity opening 3 the cavity area.
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RESuLTS

Baseline patient and procedural characteristics

A total of 38 patients from the SETUP study and the APPOSITION V study in the AMC in 

whom OCT was performed successfully after PCI with the STENTYS stent were enrolled in 

this analysis. Twenty patients were treated with the STENTYS Xposition and 18 patients with 

the conventional delivery device. Baseline clinical characteristics are listed in table 1. Mean 

age was 67±10 years in the Xposition delivery device group, 58±10 years in the conventional 

delivery device group (p=0.01). The majority were male, 75% patients in the Xposition deliv-

ery device group, 89% in the conventional delivery device group (p=0.27). In the Xposition 

delivery device group 90% of patients presented with an acute coronary syndrome (ACS), 

in the conventional delivery device group all patients were ACS patients. Angiographic and 

procedural characteristics are summarized in table 2. Lesions in the conventional delivery 

device group seemed significantly more complex; all patients had a pre-procedural TIMI flow 

of 0 (100%) (p<0.001), lesion length was significantly longer, 20 ± 4 mm (p=0.04); and 

percentage diameter stenosis was significantly higher 94 ± 10 % (p<0.01). In the majority 

Table 1 Baseline clinical characteristics

Variables

Xposition Conventional

p-valuen=20 n=18

Demographics

Age 67 ± 10 58 ± 10 0,01

Male gender 15 (75) 16 (89) 0,27

Diabetes 2 (10) 0 0,17

Hypertension 9 (45) 1 (6) 0,01

Hypercholestrerolemia 5 (25) 0 0,02

Current smoker 7 (35) 8 (44) 0,34

Family history of CAD 6 (30) 11 (61) 0,14

Renal dysfunction 2 (10) 0 0,08

History

Previous MI 8 (40) 0 <0,01

Previous PCI 10 (50) 0 <0,01

Previous CABG 1 (5) 0 0,34

Stroke 2 (10) 0 0,17

Congestive heart failure 0 0  

Clinical indication 0,01

Stable angina 2 (10) 0

ACS 18 (90) 18 (100)

Values are mean ± SD or n (%). CAD coronary artery disease. MI myocardial infarction. PCI percutaneous 
coronary intervention. CABG coronary artery bypass grafting. ACS acute coronary syndrome
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Table 2 Angiographic and Procedural characteristics

Variable Xposition Conventional p-value

Angiographic characteristics n=20 n=18

Location of study lesion, n (%)

Left Main Coronary artery 1 (5) 0

0.05
Left Anterior Descending 4 (20) 11 (61)

Left Circumflex 5 (25) 1 (6)

Right Coronary Artery 10 (50) 6 (33)

TIMI flow prior to procedure, n (%)

0/1 4 (20) 18 (100)

<0.012 2 (10) 0

3 1 (5) 0

RVD (mm) 3.4±0.5 3.4±0.4 0.68

Lesion length (mm) 17±4 20±4 0.04

Diameter stenosis on QCA (%) 54±16 94±10 <0.01

Lesion classification (ACC/AHA), n (%)

type B1 7 (35) 7 (39)

0.95type B2 11 (55) 9 (50)

type C 2 (10) 2 (11)

Procedural characteristics

Number of treated lesions 1.2±0.4 1±0 0.05

Pre-dilation performed 15 (83) 19 (95) 0.24

Mean pre-dil balloon size (mm) 2.9±0.4 2.9±0.4 0.93

Mean pre-dil pressure (atm) 10±3 9±2 0.2

STENTYS length (17/22/27), n 8/9/3 0/8/10 <0.01

STENTYS size, n (%)

2.5-3.0mm 4 (20) 2 (11)

0.383.0-3.5mm 13 (65) 10 (56)

3.5-4.0mm 3 (15) 6 (33)

Mean stent deployment pressure (atm) 10.5±2.1   

Post-dilation performed, n (%) 17 (94) 19 (95) 0.94

Mean post-dil balloon size (mm) 3.6±0.5 3.6±0.4 0.97

Mean post-dil pressure (atm) 14±2 12±3 0.05

TIMI III flow post procedure, n (%) 20 (100) 18 (100) 1

Dissection on angiography 0 1

Second stent to cover dissection 0 1

Procedural success

Analysed stent edges on OCT 35 33 0.808

Dissection on OCT 7 (20) 5 (15) 0.564

Values presented as number (percentage) or median (standard deviation), where appropriate. CAD: 
coronary artery disease, TIMI: thrombolysis in myocardial infarction, RVD Reference Vessel Diameter, 
ACC/AHA: American College of Cardiology/American Heart Association, QCA: quantitative coronary 
angiography



SED using the Xposition S 157

of patients pre-dilatation was performed, 83% in the Xposition delivery device group, and 

95% in the conventional delivery device group (p=0.24) at 10±3 atm and 9±2 atm (p=0.2) 

respectively. Post-dilation was performed in 94% of Xposition delivery device patients, and 

95% in the conventional delivery device patients (p=0.94) with 14±2 atm and 12±3atm (p= 

0.05) respectively. All patients had TIMI 3 flow on their final angiogram. A total of 7 stent 

edge dissections was found in the Xposition delivery device group, and 5 in the conventional 

delivery device group (p=0.564). One of the 5 stent edge dissections in the conventional 

group needed additional treatment with a stent placement due to a significant large dis-

section flap. Univariate logistic regression analysis of predictors of stent edge dis-sections is 

available in table 3. Type of delivery device and other procedural characteristics showed no 

significant correlation with the presence of stent edge dissection.

OCT measurements and morphometric analysis of stent edge dissections

OCT results of the post-procedural pullbacks are shown in table 4. Maximum stent area 

was 12.9 ± 3.3 mm² in the Xposition delivery device group, and 11.6 ± 3.1 mm² in the con-

ventional delivery device group (p=0.203). Minimum lumen area was 6.6 ± 2.4 mm² in the 

Xposition delivery device group, and 5.9 ± 1.9 mm² in the conventional delivery device group 

(p=0.356). Overall, longitudinal dissection length along the vessel measured was 2.07 ± 1.80 

mm (Table 5). Overall flap length was 0.84 ± 0.67 mm. Of the 12 dissections, 8 dissections 

appeared as flaps (66.7%). In most dissections, the depth of vascular injury was within the 

intimal layer (66.7%). One patient had an adventitial injury. Intramural hematoma was not 

observed. Although statistical significance was not reached, the stent edge dissections were 

numerically larger in the conventional delivery device than in the Xposition delivery device 

group. With the Xposition delivery device, flap length was 0.29 ± 0.06 mm in proximal stent 

edge dissections and 0.58 ± 0.24 mm in distal stent edge dissections. With the conventional 

Table 3 Univariate analysis of predictors of stent edge dissections

Angiographic and procedural characteristics Odds Ratio 95% CI p-value

Xposition Delivery device 0.88 0.18-4.17 0.87

Location of study lesion 0.41 0.16-1.05 0.06

TIMI flow prior to procedure 0.53 0.24-1.15 0.11

RVD 0.14 0.02-1.23 0.08

Lesion length 0.97 0.79-1.18 0.76

Diameter stenosis on QCA 1.01 0.97-1.04 0.68

Lesion classification (ACC/AHA) 0.70 0.20-2.47 0.58

Pre-dilation performed 0.78 0.07-8.67 0.84

Mean pre-dil pressure 0.95 0.65-1.40 0.80

TIMI: thrombolysis in myocardial infarction. RVD Reference Vessel Diameter. QCA: Quantitative Coronary 
Analysis. ACC/AHA: American College of Cardiology/American Heart Association.
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Table 4 Post-procedural OCT parameters

xposition Conventional

P-valuen=19 n=18

Maximum stent area (mm²) 12.9 ± 3.3 11.6 ± 3.1 0.203

Minimum stent area (mm²) 8.6 ± 2.3 7.5 ± 2.0 0.129

Mean stent area (mm²) 10.5 ± 2.5 9.4 ± 2.3 0.184

Analysed frames per patient (n) 27 ± 6 25 ± 4 0.005

Analysed struts per patient (n) 323 ± 118 235 ± 68 0.010

Strut apposition (%) 98 99 0.045

Incomplete strut apposition side branch struts (%) 1.3 0.6 0.083

Incomplete strut apposition not related to side branch (%) 0.6 0.4 0.360

Minimum lumen diameter (mm) 2.9 ± 0.5 2.7 ± 0.4 0.393

Minimum lumen area (mm²) 6.6 ± 2.4 5.9 ± 1.9 0.356

Mean lumen area (mm²) 9.5 ± 2.3 8.9 ± 2.1 0.498

Values presented as number (percentage) or median (standard deviation), where appropriate.

Table 5 OCT Qualitative and Morphometric Analyses of Dissected Edges

Total stent edge dissections

Over-all xposition Conventional p-value

12 (18%)

7 (20%) 5 (15%)

0.93
Proximal

edge
Distal
edge

Proximal
edge

Distal
edge

Dissection appearance on OCT 12 4 3 3 2 0.71

Flap 8 2 2 2 2 0.85

Cavity 4 2 1 1 0 0.71

Dissection longitudial length, mm 2.07 ± 1.80 1.08 ± 0.86 1.40 ± 0.61 2.32 ± 0.67 4.70 ± 3.54 0.08

Maximun flap thickness, mm 0.36 ± 0.36 0.24 ± 0.02 0.17 ± 0.06 0.37 ± 0.21 0.68 ± 0.74 0.42

Maximun flap length, mm 0.84 ± 0.67 0.29 ± 0.06 0.58 ± 0.24 1.14 ± 0.66 1.35 ± 1.10 0.21

Maximum flap area, mm² 0.21 ± 0.25 0.06 ± 0.04 0.08 ± 0.02 0.28 ± 0.22 0.41 ± 0.47 0.34

Maximun cavity width, mm 0.32 ± 0.14 0.36 ± 0.09 0.12 0.42  0.26

Maximun cavity depth, mm 0.38 ± 0.18 0.39 ± 0.09 0.58 0.15  0.26

Maximum cavity area, mm² 0.15 ± 0.11 0.15 ± 0.13 0.26 0.04  0.26

Depth of vessel injury

Intimal 8 3 2 2 1 0.95

Medial 3 1 1 0 1

Adventitial 1 0 0 1 0

Values are mean ± SD or n (%).OCT = Optical coherence tomography. P value is for comparison between 
all stent edge dissections in the Xposition group and the Conventional group.
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delivery device, flap length appeared to be larger than with the Xposition delivery device, 

1.14 ± 0.66 mm in the proximal stent edge dissections and 1.35 ± 1.10 mm in distal stent 

edge dissections. With the Xposition delivery device flap area was 0.06 ± 0.04 and 0.08 

± 0.02 respectively, with the conventional delivery device flap area was 0.28 ± 0.22 mm² 

and 0.41 ± 0.47 mm² respectively. There was no difference in proximally located stent edge 

dissections as compared to distally located stent edge dissections.

Clinical outcomes

Clinical follow-up could be obtained for all patients with a follow-up of 30 ± 6 days. MACE 

was observed in 2 (5.3%) patients, shown in table 6. A total of 2 (5,3%) patients suffered 

from a MI, both in the Xposition delivery device group (p=0.17). There were no significant 

differences in the occurring of clinical events between the 2 groups. In the total cohort, 

definite ST occurred in 1 case (2,6%) in the Xposition delivery device group versus 0 cases in 

the Conventional delivery device group (p=0,34). This patient presented with a ST-segment 

elevation myocardial infarction. Unfortunately, the patient mistakenly did not receive the 

loading dose of anti-thrombotic medication in the ambulance, which was not well commu-

nicated to the cathlab. During repeat revascularisation OCT revealed good strut apposition 

and no dissections.

Table 6 Patient event rates at 30-days follow-up

Clinical event

Total xposition Conventional

p-value

(n = 38) n=20 n=18

n.
event 
rate n.

event 
rate n.

event 
rate

Major Adverse Cardiac Events

Cardiac death. any MI and TVR 2 5.3% 2 10.3% 0 0.0% 0.17

Cardiac death 0 0.0% 0 0.0% 0 0.0%  

All cause death 0 0.0% 0 0.0% 0 0.0%  

Any Myocardial infarction 2 5.3% 2 10.3% 0 0.0% 0.17

Target lesion revascularization 1 2.6% 1 5.0% 0 0.0% 0.34

Target vessel revascularization 1 2.6% 1 5.0% 0 0.0% 0.34

Stent thrombosis

Definite 1 2.6% 1 5.0% 0 0.0% 0.34

Probable 0 0.0% 0 0.0% 0 0.0%  

Non-TVR 4 12.5% 4 26.3% 0 0.0% 0.03

Values are n (number of patients) with event rates calculated using the KM-method. MI Myocardial 
infarction. TVR target vessel revascularization.
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dISCuSSION

The principal findings of this study are that (1) the delivery of the STENTYS self-apposing 

stent using the conventional delivery device and the Xposition delivery device both results 

in comparable numbers of OCT-detected stent edge dissection, suggesting that the novel 

delivery device does not result in an increased risk of endothelial damage; (2) regarding 

morphological features, dissection flap sizes are relatively larger in the Conventional delivery 

device group; and (3) there seemed to be no difference between proximally located stent 

edge dissections as compared to distally located stent edge dissections with the use of both 

delivery devices. The prevalence of OCT-detected stent edge dissections following STENTYS 

stent implantation was 18%, which is in line with previous OCT-studies8.

Influence of procedural techniques

Since the introduction of intracoronary interventions starting with balloon angioplasty, vascu-

lar injuries including intimal disruptions have been described. stent edge dissection is found 

to be related with multiple factors. Previous described lesion related features, that were 

important predictors for stent edge dissections, are complex and calcified lesions, longer 

lesion length, residual plaque eccentricity, and calcified or lipid rich plaques at the edge 

of the stent. To minimize the risk of vessel wall injury after stent implantation, it has been 

suggested to carefully select landing zones in order to avoid calcified and attenuated plaques 

at the stent edges 3,10-12. Procedural and device related features that increase the risk of stent 

edge dissections are less well described. Previous research found that mechanically dilation 

of the artery by balloon inflation or stent implantation is associated with plaque fracture, 

intimal splitting, and localized medial dissection. Greater balloon-to-artery ratio and greater 

number of balloon inflations with high focal barotrauma may lead to both endothelial and 

medial disruption of the vascular layers. Moreover, different procedural techniques have an 

important impact on the risk of endothelial wall damaging as well. For complex lesions, 

the ‘jailed wire technique’, e.g. used in provisional bifurcation stenting to protect the side 

branch, could result in entrapment of the wire. When the jailed wire is then pulled back with 

strong pulling force, a deep intubation of the guiding catheter can increase the risk of intimal 

injury or even stent deformation13,14. Using the novel delivery system, stent placement ought 

to be less gentle as compared with the conventional delivery system since it is completed 

by retrieving a jailed covering delivery sheath which comprises the stent. This could result 

in an increased number of proximally located stent edge dissections when the jailed sheath 

is entrapped and has to be pulled back with strong forces. We found comparable numbers 

of stent edge dissections with the use of the novel as with the conventional delivery device 

for the self-apposing stent, and no difference in proximally or distally located dissections. 

Moreover, the type of delivery device was not correlated with the presence of stent edge 

dissections, nor other procedural characteristics e.g. percentage diameter stenosis or lesion 
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length. This might be explained by some of the features of the conventional delivery device. 

With the use of conventional delivery device, a jumping unlock phenomenon may occur 

when the stent is released due to the elastic properties of the nitinol 15. The nitinol platform 

which has elastic memory, unfolds and jumps forward at the moment when the stent is 

released from the delivery sheath. Moreover, the conventional delivery device is more bulky 

and has a high crossing profile. These features of the conventional delivery system could 

influence the procedural performance leading to vessel wall damage.

Morphological features of stent edge dissections

Most stent edge dissections that appear on angiography are dissections involving large 

flaps and are often covered with an additional stent. In cases where stenting is mechanically 

complicated by a flow limiting edge dissection, immediate additional stenting is warranted 

to cover the dissection flap. Using OCT, an increased prevalence of stent edge dissections is 

found, since smaller vessel wall interruptions are seen with direct coronary imaging. Bouki 

et al. were the first to report that OCT-detected stent edge dissections with a flap thick-

ness more than 0.31 mm, representing deep vessel wall injury, are associated with adverse 

clinical impact on long-term clinical outcome. Deeper vessel wall injuries tend to induce 

thrombogenic stimuli, especially when the injury is located near or on a lipid containing 

plaque. Furthermore, deeper vessel wall injuries are expected to provoke more vigorous 

repair responses, particularly fibrous tissue, advancing edge restenosis. The longitudinal 

extension or the flap length of the dissection was not found to affect clinical outcome. We 

found slightly larger maximal flap thickness in the conventional delivery device group. The 

overall dissection thickness was 0.36 ± 0.36 mm. Within the conventional delivery device 

group, dissection thickness was 0.37 ± 0.21 mm in the proximally located dissections, and 

0.68 ± 0.74 mm in the distally located dissections. Moreover, in the conventional delivery 

device group, one patient was immediately treated with an additional stent in the proximal 

left anterior descending coronary artery since the flap was significantly large on angiography. 

Flap thickness, representing the vessel wall injury depth, seems to be larger using the conven-

tional delivery device, suggesting that stent delivery might be less gentle as compared with 

the Xposition delivery device. This could be explained by the aforementioned jumping unlock 

phenomenon when the nitinol stent is released from the delivery sheath of the conventional 

delivery device. With the novel delivery device, the numbers of stent edge dissections are 

comparable, but the vessel wall injury might even be less deep and severe.

Clinical implications

We found during short-term clinical follow-up that 2 myocardial infarctions whereof 1 stent 

thrombosis occurred in the Xposition delivery device group, however not significant different 

as compared with the use conventional delivery device group. Since the case of stent throm-

bosis was caused by not receiving adequately antithrombotic therapy, and the procedural 
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OCT showed no dissections or mal-apposed struts, we can conclude that this case of stent 

thrombosis is not related to the use of the Xposition delivery device. Considered the small 

size of the stent edge dissections and low event rates we found in both groups, the use of 

both types of delivery devices is safe and feasible.

Limitations

This study is limited by its retrospective design and its small sample size. The use of STENTYS 

was in the setting of previous conducted trials, thus a selection bias did occur. In both groups 

the majority suffered from ACS, the incidence of stent edge dissections in stable patients 

receiving this device might be lower. The study is not powered for clinical outcome thus 

the results should be interpreted with caution. Follow-up OCT was not available to evaluate 

arterial healing in patients with a stent edge dissection. Larger trials with long-term clinical 

follow-up are needed to investigate the impact of the stents delivery device on damaging 

the endothelial wall and their association with clinical outcome in an all comers population.

CONCLuSION

In conclusion, the current study provided insights in the occurrence of stent edge dissections 

after STENTYS placement using two different delivery devices. Detailed post-stent OCT as-

sessment revealed that the frequency of stent edge dissections using both delivery devices 

are comparable. These observations suggest that using the novel Xposition delivery device 

for the self-apposing stents does not increase the risk of endothelial wall injuries. However, 

larger OCT studies are warranted to confirm this.
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ABSTRACT

Coronary stent designs have been through extensive developments in the past few decades. 

Since the first introduction of the self-apposing STENTYS stent several theoretical advantages 

of its nitinol platform have been clinically evaluated. This paper reviews the current status, 

the ongoing work and future directions of this device.
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INTROduCTION

Coronary stent designs have substantially evolved since their first reported use for the treat-

ment of coronary artery disease. To date, percutaneous coronary intervention (PCI) involving 

stent placement is one of the most common procedures in daily practice. Numerous stents 

with different platforms, carriers and pharmacological agents are competing in the clinical 

arena to enhance patient outcomes. The introduction of the self-apposing STENTYS stent 

(STENTYS SA, Paris, France) was in early 2010, concurrently with the release of the first third 

generation drug-eluting stents (DES) with thinner struts and biodegradable polymers for lim-

ited drug delivery. In the past decennia, intravascular imaging became a common technique 

to evaluate the stents performance in vivo directly after implantation and during follow-up. 

We know from previous stent studies using optical coherence tomography, that incomplete 

stent apposition delays strut coverage and is associated with impaired clinical outcome1,2. In 

cases where angiographic and/or anatomic characteristics could increase in the risk of stent 

mis-sizing and therefore strut malapposition, the STENTYS stent (STENTYS S.A., Paris, France) 

could prove to be beneficial. The self-apposing nitinol platform of the STENTYS stent could 

theoretically overcome some issues that stiff tubular stents face. We aimed to review the 

clinical experience with the STENTYS stent, possible difficulties and future directions.

dEVICE dESCRIPTION

The STENTYS coronary stent system is a new generation self-expanding device. The nitinol 

platform, a biocompatible nickel and titanium alloy, has the ability to provide full apposition 

in variable vessel diameters due to its unique super elastic and shape memory properties. 

The stent can achieve its unconstrained diameter upon deployment, the struts position 

themselves against the vessel wall with a low, chronic outward force to the radial resistive 

force of the vessel wall. It is a widely used material for the manufacture of self-expanding 

stents, including peripheral vascular and non-vascular indications3. The STENTYS stent is flex-

ible, fine meshed and has a Z-shaped architecture with easily disrupted interconnectors by 

inflating a balloon towards the side branch (SB) in cases where the lesion is located close to 

a bifurcation, allowing either provisional stenting with final kissing balloons or double stent 

implantation techniques. The stent has two radio-opaque markers fixed on the stent, one 

on the proximal end and one on the distal end, in order to assist in fluoroscopic visualization 

during the procedure and during follow-up.

The STENTYS stent is available in 4 lengths (17, 22, 27 and 37 mm), and in 3 diameter 

sizes: small (2.5 - 3.0 mm), medium (3.0 - 3.5 mm), and large (3.5 - 4.5 mm). The large 

STENTYS can expand up to 6.0mm. The treated lesion length should be less than the stent 

nominal length. The strut thickness is 102 micron (small-size) or 133 micron (medium- and 
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large-sizes). The STENTYS stent is pre-mounted into a 6 French guiding catheter compatible, 

balloon delivery system and delivered over a single guidewire up to 0.014 inch. The stent 

was initially delivered with a bulky delivery system using a retractable sheath, which has been 

replaced with the novel Xposition S delivery device launched in May 2015, aiming to improve 

deliverability and precise stent delivery. The Xposition delivery system consists of a balloon 

catheter with a nominal sized delivery balloon, covered with a distal splittable 0.0032-inch-

thick sheath assembly that keeps the stent in a compressed condition. As infl ation pressure is 

applied to the delivery balloon inside the stent and the sheath, the expansion of the balloon 

causes the sheath to split, allowing stent deployment. The jailed sheath with the delivery 

balloon is retracted after stent deployment (fi gure 1).

The STENTYS stent is coated with a drug with a durable polymer formulation including 

Sirolimus (Rapamicyn) and a polymer blend carrier (composed of Polysulfone (PSU) and 

soluble Poly-vinyl-pyrrolidone (PVP) as excipient). The stent is loaded with 1.4μg of Sirolimus 

per mm² of STENTYS stent.

Figure 1 The Xposition S delivery system
The novel delivery technique for the STENTYS Self-Apposing stent. The stent is mounted on a semi-
compliant balloon and is restrained by a splittable sheath (A). Balloon infl ation splits the sheath and 
releases the stent (B). The balloon is then defl ated leaving the sheath between the stent and the vessel 
wall whereafter this deliverys system is retracted (C).
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RATIONALE FOR A SELF-APPOSING STENT

Tapered vessel segments

The rationale for the self-apposing nitinol platform is to optimise stent strut apposition in 

vessel segments with varying lumen diameters, e.g. large proximal main branch and small 

distal side branches. There is a natural degree of longitudinal tapering of coronary arteries. 

According to Murray’s law, the human coronary artery tree is an object of fractional geom-

etry, in which per definition, the main vessel bears larger diameters than the distal branches4. 

Angiographic data revealed that 23% of coronary arteries taper ≥ 1 mm, from the proximal 

segment to the distal segment of the stenosis5. Proper sizing using balloon-expandable (BE) 

stents in lesions with a large taper can be more challenging, since BE-stents are tubular by 

nature and limited to a maximum expansion diameter6. Tubular stiff stents dominate over 

the arterial taper, resulting in a nearly constant final diameter, and high vessel wall stress 

at the distal edge7. Several techniques have been advanced to optimize the treatment of 

tapered vessel segments. The proximal optimisation technique (POT), a method of expanding 

the proximal section of the stent using a short oversized balloon, could be used to ensure 

adequate stent apposition. However, overexpansion of the proximal part of the stent could 

not only cause trauma to the vessel wall, leading to an increased risk of restenosis. Aggres-

sively over-dilating could also enlarge the stent cells between the stent struts, which may 

affect the scaffolding properties and the drug delivery of the stent8. With the use of the 

STENTYS stent, which follows the tapered contour of the artery, POT with high pressure 

balloon post-dilatations can be avoided preventing the risk of additional complications of 

stent-implantation.

Acute coronary syndrome

Another proposed advantage of the nitinol platform is the ability to appose itself to the 

arterial wall in time, even after stent implantation. This feature could accommodate vessel 

diameter changes due to positive remodelling and vasodilatation of the vessel after the acute 

event of myocardial infarction. Moreover, lesions located in saphenous vein grafts often 

contain soft plaques with the presence of thrombotic material. Adequate sizing and stent 

selection remains problematic in cases where the lumen appears more narrow due to the 

presence of plaques or thrombotic material and in cases of acute myocardial infarction often 

the occurrence of vasoconstriction. These lesion related factors could contribute to the im-

plantation of undersized stents. Undersizing occurs in 20% to 30% of patients undergoing 

PCI and is an independent predictor for the occurrence of ST9. Whereas stent implantation 

using oversized stents or balloons in a thrombotic vessel increases the risk of no-reflow 

phenomenon. High-pressure stenting to reach optimal stent expansion could result in distal 

embolization or plaque or thrombus disruption, or even stent edge dissections. However, 

avoiding high-pressure inflations stent expansion could be suboptimal, resulting in incom-
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plete apposed struts when the thrombus material dissolves. Incompletely apposed struts 

could delay tissue coverage, and therefore predispose for the occurrence of stent thrombosis 

(ST)1,10. This dilemma during primary PCI could be solved by the use of the self-apposing 

STENTYS stent due to the properties of the nitinol platform. The ability of nitinol to expand 

further in the first hours to days after implantation allows a more gentle stent deployment 

and thus less trauma to the diseased vessel wall.

Ectasia and aneurysmatic vessels

The incidence of coronary artery ectasia, varies between 1.5% to 5% during coronary an-

giography in large registries11,12. There is an overlap of this condition with coronary artery 

aneurysms in the literature, which is more focal in nature. Coronary aneurysm is generally 

defined as localised or segmental dilatation which exceeds the diameter of normal adjacent 

segments by 1.5 times13. The mechanism of the development of coronary ectasia or aneurysm 

is not yet fully understood. A potential cause of coronary artery ectasia is outward remodelling 

due to atherosclerosis, which is found in more than 50% of cases. Other contributing factors 

are connective tissue disease, Kawasaki disease, inflammatory arterial diseases, infectious 

causes, congenital coronary artery disease, idiopathic or secondary to PCI procedures14,15. 

Isolated coronary ectasia or aneurysms are associated with a long-term mortality rates that 

vary from 15% to 29% at 1 year and 5 years respectively16. Data on patient outcome after 

PCI of stenotic lesions involving coronary artery ectasia or aneurysm is limited to case reports. 

Patients could benefit from the nitinol platform, which is able to appose to the aneurysmatic 

coronary artery wall as demonstrated in a model as well in vitro using stent boost (figure 2).

Figure 2 Stent apposition in a tapered aneurysmatic vessel
A tapered aneurysmatic tube which illustrates the stent apposition of the WALLSTENT (A), a balloon-
expandable stent (B) the STENTYS Self-Apposing stent (C) and stent boost of the STENTYS stent in an 
aneurysmatic vessel in vivo (D).
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Absolute vessel diameters

Absolute vessel diameters often exceed the expansion capacity of currently available BE-

stents 8. The large STENTYS stent can expand up to 6.0mm which results in adequate apposi-

tion even in absolute vessel diameters. The majority of the currently available coronary DES 

are limited to reference vessel diameters of 4.5 mm as maximum. Very large coronary vessel 

diameters, with diameters of 4.5 mm and larger, could exceed the size and expansion limits 

of current available BE stents. The large-sized STENTYS is indicated for target vessels with a 

reference diameter of 3.5mm to 4.5 mm. However, it can expand further after placement 

up to 6.0 mm when it is not counterbalanced by the mechanical resistance of the vessel 

wall. When using conventional BE stents, overexpansion beyond the stents’ nominal size 

is relatively common in procedures with large vessel diameters to ensure adequate stent 

deployment and apposition. Although bench test studies have shown that 4.5mm stent 

expansion is theoretically possible with certain DES BE-stent platforms17, long-term follow-up 

data is lacking how stent overexpansion will influence clinical outcomes. As previously noted, 

aggressive over-dilating tubular DES causes significant deformations with large changes in 

terms of cell opening and crowns expansion. Depending on the stents’ design and structure, 

these extensive deformations may alter the functional ability of an individual stent to scaffold 

a lesion and prevent restenosis8.

CLINICAL EVALuATION

Bifurcation studies

The STENTYS stent was initially designed for bifurcation lesions where the disconnectable 

struts with the nitinol platform could offer covering of the carina when using the provisional 

approach or opening for cross over when using the two-stent T-stenting technique. The 

first-in-man experience in bifurcation lesions was with the OPEN I trial (STENTYS Coronary 

Bifurcation Stent System fOr the PErcutaNeous treatment of de novo lesions in native bifur-

cated coronary arteries), a multicentre, prospective, single arm study in de novo coronary 

bifurcation lesions18,19. The OPEN I included 63 patients, in whom a total of 60 stents (33 

BMS, 27 DES) were implanted. Strut disconnection post-stenting was performed in 90% of 

cases. Procedural success, which was defined as technical and angiographic success in the 

absence of major adverse cardiac events (MACE) was 95.2%. In 3 cases stent failure occurred 

due to vessel tortuosity and calcification which limited the progression of the delivery device 

in the vessel, one patient had a dissection in the left main coronary artery and underwent 

emergency bypass surgery. At six months clinical follow-up, cumulative MACE rate for the 

DES version of the stent was 3.7%, which was driven by a target lesion revascularization 

(TLR) rate of 3.7%. Both MACE and TLR rates were significantly higher for the BMS STENTYS. 

At six months, angiographic follow-up was performed in 95% of patients. Late lumen loss 
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(LLL) in DES was 0.42±0.45 mm and 0.16±0.45 mm in the target main vessel and side 

branch, respectively. LLL in BMS was 0.83±0.65 mm and 0.54±0.51mm, respectively. LLL 

was both in DES and BMS competitively low in the main branch and in the side branch at 

six months follow-up. Matched intravascular ultrasound (IVUS) analysis demonstrated an 

increase in mean stent area observed at baseline and at six months follow-up, for DES from 

7.52±1.86 mm² to 12.32±2.90 mm² (p <0.001), for BMS from 7.95±1.40 to 11.56±2.22 (p 

<0.001).

The OPEN II, a multicentre observational study only using the paclitaxel version of the 

STENTYS, prospectively enrolled a total of 207 patients. MACE rate, defined as the compos-

ite of cardiac death, myocardial infarction (MI), TLR or emergent bypass surgery was 10.1% 

at 6 months follow-up. Final MACE rate was 13% at 12 months follow-up, which was 

mainly driven by TLR. The OPEN II reported definite ST rates of 1% at 6 months and 0% at 

12 months follow-up in bifurcation lesions20. Strut disconnection was performed in 56.0% of 

cases where the operator considered SB opening clinically relevant. Final kissing balloon infla-

tion (FKBI) was performed in 21.7% of cases. No significant differences in MACE rates were 

observed at 6 and 12-month follow-up between patients who received FKBI and no FKBI.

APPOSITION trials

The APPOSITION program focused on patients presenting with ST-segment elevation myocar-

dial infarction (STEMI). The APPOSITION I (Assessment of the Safety and Performance of the 

STENTYS self-expanding Coronary Stent in Acute Myocardial Infarction) was the first feasibil-

ity study of the stents use in the setting of STEMI with IVUS or optical coherence tomography 

(OCT) evaluation directly post-procedural, at three days and at 6 months follow-up21. It 

was a prospective, multicenter, non-randomized study that enrolled 25 STEMI patients. 

Primary safety endpoints were defined as MACE, a composite of mortality, reinfarction, ST 

and stroke at discharge and 6 months. Primary feasibility endpoints were technical, device 

and procedural success, with stent apposition as assessed with intravascular imaging during 

follow-up. The study showed no adverse events at discharge or at six months. Technical and 

procedural success were 100% and 96%, respectively. In one patient distal embolization 

occurred resulting in TIMI 2 flow. Device success was 96% as one patient had a residual 

stenosis of 52% due to severe calcification. Angiographic follow-up at 6 months demon-

strated an in-stent LLL of 0.71±0.71mm and an in-segment LLL of 0.58±0.61mm. Paired 

IVUS results from post-procedural with 3 days follow-up demonstrated a significant increase 

of mean stent area and minimum lumen area of 18% and 19% respectively. One patient had 

incomplete stent apposition (ISA) on post-procedural IVUS. At 6 months follow-up, none of 

the patients had ISA. Paired OCT showed a significant increase of minimal lumen area and 

a decrease in percentage malapposed stent struts at three days follow-up as compared with 

the post procedural OCT. These results suggest that the stent follows the luminal growth 

after vasoconstriction and the dissolving of thrombus.
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The APPOSITION II trial was the first randomized trial comparing the BMS STENTYS 

self-apposing stent with a BMS balloon-expanded (BE) stent using OCT to evaluate stent 

malapposition at 3 days after implantation in patients presenting with STEMI22. Eighty STEMI 

patients undergoing primary PCI were randomized to the STENTYS stent (n=43) or a BE stent, 

(n=37) which was the VISION stent (Abbott Vascular, Santa Clare, California) or the Driver 

(Medtronic, Minneapolis, Minnesota). Percentage of stent strut malapposition at 3 days after 

implantation as assessed with OCT was the primary endpoint. Secondary endpoints included 

MACE which was defined as a composite of cardiac death, recurrent MI, emergent bypass 

surgery, or clinically driven TRL. OCT at 3 days after the primary PCI showed a lower rate of 

malapposed struts in the STENTYS group as compared with the BE-group (0.58% vs. 5.46%, 

p= 0.001). On a per-patient basis, none of the patients in the STENTYS group vs. 28% 

patients from the BE-group had more than 5% malapposed struts (p=0.001). At 6 months, 

MACE rate was 2.3% vs. 0% respectively in the STENTYS and BE-groups (p=NS). This study 

was not powered for clinical events. The most important observation of the APPOSITION II 

was the significant lower strut malapposition rate on OCT 3 days after implantation of the 

STENTYS stent when compared to a BE-stent.

In the OCT substudy, a total of 228 corresponding segments were analyzed from the post 

procedural OCT and the follow-up OCT at 3 days23. Changes of incomplete stent apposition 

(ISA) including persistent ISA (11.5% in the STENTYS group vs. 33.9% in the BE-group, 

p<0.01) and newly acquired ISA (2.7% in the STENTYS group vs. 14.8% in the BE-group, 

p<0.01) were both less frequently observed in the STENTYS group as compared with the BE-

group. Moreover, detailed OCT data revealed that new acquired ISA after PCI in the setting 

of STEMI was caused by tissue resorption, vasorelaxation and early recoil in the BE-group, 

and only tissue resorption in the STENTYS group.

The impact of these promising OCT observations on clinical outcome was further evalu-

ated in the APPOSITION III registry. The APPOSITION III (A Post-Market registry to assess the 

STENTYS self-exPanding COronary Stent In AcuTe MyocardIal InfarctiON) was a prospective, 

multicenter post-market registry in STEMI patients24. A total of 965 patients were enrolled. 

Both BMS and paclitaxel eluting STENTYS (PES) were included. After the enrolment of the first 

400 patients, a safety interim analysis showed that performing balloon post-dilation resulted 

in significantly lower MACE rates, and balloon post-dilatation became highly recommended 

for the remaining cohort. Final 2 year results showed MACE rates of 11.2% in the total 

cohort, with a total definite ST-rate of 3.3%25. The landmark analyses at 30-day revealed 

that post-dilation resulted in significantly reduced TLR and ST rates, however beyond the 

first 30 days up to 2-year follow-up there were no differences between performing and 

not performing balloon post-dilatation. This implies that performing balloon post-dilatation 

would prevent early problems related to the PCI. Despite reduced ISA rates on 3-days post 

procedural OCT in the APPOSITION II, post-dilatation is needed to reach optimal stent de-

ployment and expansion in a stenotic artery.
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Another OCT study, the APPOSITION IV (Randomised comparison between the STENTYS 

Self-Apposing Sirolimus-eluting coronary stent and a balloon-expandable stent in acute myo-

cardial infarction) followed with the introduction of the sirolimus version of the stent. This 

was a prospective, randomized multicenter trial, in which a total of 152 STEMI patients were 

randomized (3:2) to the sirolimus STENTYS or the Medtronic Resolute zotarolimus-eluting 

BE-stent26. Angiographic follow-up including OCT was performed at 4 or at 9 months. A 

significant lower percentage of malapposed struts and significant more covered struts was 

observed in the STENTYS group at 4 months. However, at 9 months, the percentage malap-

posed struts and coverage was similar in both groups. Percentage completely apposed struts 

was also similar at 9 months in both groups. Late stent strut apposition and coverage at 9 

months was equivalent with the use of the STENTYS stent as with a conventional BE-stent. 

The zotarolimus eluting BE-stent overtook the gap with the STENTYS stent which was evident 

at 4 months. The APPOSITION IV demonstrated similar late strut apposition and coverage in 

both the STENTYS arm and the BE-stent arm on OCT at 9-months follow-up.

The APPOSITION V was to evaluate whether the use of the STENTYS stent can improve 

clinical outcome in STEMI patients when compared to BE-stents27. It was designed as a 

prospective multicenter single-blinded randomized trial between the BMS STENTYS and the 

balloon expanded MULTILINK VISION BMS (Abbott Vascular, Santa Clara, CA) in a 2:1 ratio 

and powered on clinical endpoints. The primary endpoint was target vessel failure (TVF) at 

12 months. Due to slow enrolment of BMS in both arms, the trial was stopped prematurely. 

The trial initially planned to include a total of 880 patients. The first patient was enrolled 

in May 2013. The trial was stopped by the sponsor in July 2014 after including a total of 

303 randomized patients28. Data from the enrolled patients, which was presented at the 

Society for Cardiovascular Angiography and Interventions Scientific Sessions (May 4-7, 2016; 

Orlando, Fla.), revealed that lesion length was longer in the STENTYS group (p = 0.02) and 

pre-dilatation was used more often (p = 0.04). The STENTYS group also had more thrombus 

after the procedure (p = 0.02). At 12 months follow-up, TVF rate was higher in the STENTYS 

group, and the non-inferiority standard was not met (12% vs. 7.1%; p for non-inferiority = 

0.33). More importantly, ST rates were significantly higher in the STENTYS group than in the 

controls (6.2% vs. 1%, p= 0.04). This was driven by early ST, since the majority of ST in the 

STENTYS group was within the first 24 hours after the procedure. This was in line with the 

landmark analyses set at 30 days which revealed that after the first 30 days, there was no 

difference of TVF and ST rates between groups. The angiographic data demonstrated that in 

cases of ST there was presence of uncovered lesion, and moderate to severe under-expansion 

of the stent, which explains the high early ST rates.

The novel xposition delivery device

To improve the devices deliverability, including more accurate longitudinal stent positioning 

and implantation, a novel delivery system was developed. The difference with the conven-
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tional delivery device is the additional delivery balloon. The stent is folded on a nominal 

sized delivery balloon which splits the covering delivery sheath longitudinally and deploys the 

stent at the desired location. The jailed sheath with the delivery balloon is then retracted. 

The novel STENTYS Xposition S delivery system was evaluated in the SETUP study (Study 

to evaluate the safety and feasibility of the STENTYS Balloon Delivery System), a prospec-

tive, single-arm first-in-man study which enrolled 25 all-comer patients29. Primary outcome 

was procedural success and longitudinal geographic miss (GM) on direct post procedural 

quantitative coronary analysis (QCA) which was 100% and 0%, respectively. ISA direct post 

procedural was 2.4% and after balloon post-dilatations 0.6% (p=0.013). MACE rate was 

4% at 30-days follow-up due to ST in a single STEMI patient which was related to inadequate 

antithrombotic therapy. The novel delivery device aimed to improve deliverability and this 

study demonstrated no longitudinal GM on QCA directly after stent delivery. All currently 

sponsor initiated completed clinical trials are summarized in Table 1.

Other indications

Lesions located in saphenous vein grafts (SVG) could benefit from the STENTYS stent since 

SVGs often have large lumen diameters including calibre changes, especially at the anastomo-

sis site. The comparison between the STENTYS self-apposing bare metal and paclitaxel-eluting 

coronary stents for the treatment of saphenous vein grafts (ADEPT) trial, was a prospective, 

randomized, multicenter trial, which evaluated the safety and performance of the STENTYS 

BMS vs. the STENTYS paclitaxel-eluting stent (PES) using the conventional delivery device30. 

A total of 57 patients were enrolled (BMS = 27 vs. PES = 30). The primary endpoint was late 

lumen loss at 6 months. Secondary endpoints included procedural success and MACE at 

12 months. LLL at 6 months was similar in both groups (p = 0.86). Procedural success was 

89.5%. MACE rate at 12 months was comparable in BMS (22.2%) vs. PES (26.7%, p = 0.70). 

These results seem consistent with similar studies including SVGs.

The often large vessel diameters with significant tapering from the left main coronary 

artery (LMCA) to the left anterior descending (LAD) artery, circumflex and potentially inter-

mediate vessels makes this segment appealing for the use of the STENTYS device. Briguori 

et al. evaluated the performance of the STENTYS PES in 75 patients with unprotected LMCA 

lesions that had a tapering of >1mm from the proximal segment to the distal segment31. 

QCA and IVUS data was matched with a control group of 75 patients treated with a bal-

loon expanded second-generation DES in the same period. Interestingly, the final balloon 

diameters were significantly larger in the control group (4.51± 0.51 vs. 3.62 ± 0.49 mm; p< 

0.001), but the IVUS data revealed a significantly larger final minimal lumen area in the STEN-

TYS group in the LMCA and in the left anterior descending (LAD) artery. MACE rates were 

similar in both groups at 12 months follow-up. Another smaller single centre registry from 

Smolka et al. enrolled 24 patients with mid and distal LMCA disease who were treated with 

the STENTYS PES32. Primary endpoints were device success, acute procedural success and 
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in-hospital and 30-day MACE. Device success and acute procedural success were achieved 

in 95.8% of cases. In one patient, the proximal end of the stent protruded into the aorta. 

There were no adverse events during hospitalization and 30-days follow-up. Kumar et al. 

evaluated the performance of the STENTYS Xposition S in 20 patients with LMCA disease33. 

Technical success which was defined as the ability to cross and successful deployment of the 

stent was achieved in 95% of cases. Angiographic success rate which was defined as <20% 

of residual stenosis visually estimated, with thrombolysis in myocardial infarction 3 flow was 

80%. There was no incidence of geographical miss and no early stent related complications 

up to 30-days follow-up. The low angiographic success rate is explained by the complex 

nature of the patient population who were not suitable for surgery and having complex and 

calcified disease. In 4 patients, final residual stenosis of 20-36% was accepted considering 

the severity of the calcifications.

All-comer patients

Data on the performance of the STENTYS stent in all-comer patients is limited to registry 

data. Gaede et al. evaluated the clinical outcome of the STENTYS stent retrospectively in 

314 all-comer patients 34. Treatment with a total of 351 stents was attempted, including 

the BMS, PES and sirolimus version of the STENTYS, technical success was achieved in 94%. 

Clinical follow-up was available in 90% of a total of 298 patients where STENTYS placement 

was successful, median follow-up period was 2.5 years (interquartile range: 1.4–3.3). Target 

lesion failure (TLF), a composite of cardiac death, recurrent target vessel myocardial infarction 

(TV-MI), acute ST and clinically driven TLR, occurred in 18%. Acute ST rate was 0.7% (from 

24 hours to 30 days). Overall ST rate within the follow-up period was 2.6% which was 

considerably high. Balloon post-dilatation was not associated with improved TLF rates. The 

authors proposed that post-dilatation in a cohort which mainly consisted of patients with 

stable coronary artery disease might be of less influence on the final stent apposition.

A smaller real world, single centre experience with the STENTYS stent from Italy enrolled 

a total of 109 patients35. Both BMS and PES STENTYS were included. A total of 54.1% 

presented with STEMI, 29.4% with non-STEMI/unstable angina. Mean follow-up was 

23.6±12.6months. MACE which was a composite of cardiac death, MI, TVR, and stroke, 

occurred in 5.5%. Definite ST rate was 1.8%. The authors noted that there is a learning 

curve while using this device to avoid complications, geographical miss and to achieve good 

procedural results. A small Italian real-world registry including 40 patients revealed that in-

terventionalists chose the STENTYS device in a selection of angiographic situations, including 

bifurcation lesions, acute coronary syndrome and ectatic coronaries. All patients were treated 

with the STENTYS BMS, acute ST-rate was 2.5%, MACE rate was 15% at 21 ± 13 months 

follow-up36. Comparable high event rates were found in a small Polish real-world registry of 

40 patients treated with either BMS or the PES STENTYS, with TLR rate of 7.8% at 12 months 

follow-up. ST rate was 0% at 12 months follow-up.



178 CHAPTER 11

ONGOING STudIES

The TRUNC study (Multicenter Prospective Clinical Study of the STENTYS Xposition S for 

Treatment of Unprotected Left Main Coronary Artery Disease) evaluates the safety and ef-

ficacy of the STENTYS Xposition S in the treatment of unprotected LMCA disease in routine 

clinical practice (Clinicaltrials.gov identifier: NCT02800837). TRUNC is a prospective, single-

arm multi-centre registry and completed patient enrolment of 200 patients in June 2017. 

The primary endpoints are angiographic success and TLF (defined as cardiac death, MI not 

attributable to a non-target vessel, and clinically driven TLR) at 12 months. The study is to be 

expected before the end of 2018.

The SIZING registry is a worldwide registry aiming to provide real world clinical data of the 

performance of the STENTYS stent. Patients who are eligible according to the investigators 

are enrolled. There are no exclusion criteria except requirement for the patient to provide 

informed consent. A total of 3000 patients are expected to be enrolled. STENTYS BMS, 

PES and SES are eligible. Primary endpoint is procedural success and MACE at discharge 

and at 12-months. Interim analyses of 588 patients who received the Xposition sirolimus 

eluting STENTYS demonstrated a MACE rate of 5.1% at 12 months in a cohort including 

challenging lesions. Cardiac death occurred in 1,6% of patients, target vessel MI in 2,1%, 

and clinically indicated TLR in 3,1%37. Definite/probable ST rate was 0,75% at 12-months. 

This interim analysis of the SIZING registry confirms the interest of the Xposition S stent in 

these challenging anatomies where vessel diameter varies. Patient enrolment is still ongoing.

The WIN study (Worldwide registry to assess the STENTYS Xposition S for revascularization 

of coronary arteries In routine cliNical practice) aims to assess the long-term safety and efficacy 

of the STENTYS stent using the novel Xposition S delivery device in routine clinical practice. 

Patients from all-comer registries have an increased risk profile and adverse prognosis as 

compared with patients enrolled in randomized controlled trials. The WIN study will provide 

additional data of the stents performance in a large and diverse population of patients in 

a real-world setting. It is a prospective, non-randomized, multi-centre observational study. 

Patient enrolment is still ongoing.

ExPERT COMMENTARY

Despite numerous theoretical advantages of the nitinol platform, registries and international 

multi-centre trials evaluating several clinical and angiographical indications, superiority of the 

STENTYS self-apposing stent over currently available DES has not yet been proven. Although 

its efficacy and safety has been established with high procedural success and acceptable ST 

rates, and OCT data demonstrated significantly lower acute and mid-term stent strut malap-
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position rates as compared with BE-stents, unanswered questions remain to be addressed 

regarding the unsatisfactory outcomes.

Some interventionalists encountered technical problems with the stents delivery system. 

With the conventional delivery system, still used during the APPOSITION V trial, a ‘jumping 

forward’ phenomenon has been described resulting in longitudinal geographic miss35,38. If 

during stent deployment the delivery sheath is retracted too quickly, an unlocking jumping 

forward phenomenon might occur due to the elastic shape memory of the stents platform, 

increasing the risk of imprecise stent delivery. This could subsequently result in uncovered 

lesion, unintended second stent implantation, unintended covering of side branches and an 

increased risk of impaired clinical outcome. With the introduction of the novel Xposition S 

delivery device, precise stent placement is improved by the splittable delivery sheath. How-

ever, retraction of the ‘jailed’ delivery sheath with the delivery balloon can be rough in some 

cases, resulting in interaction of the guide catheter with the proximal edge of the stent33. 

This can result in deformation of the proximal stent struts, proximal stent edge dissection, 

and unintended second stent implantation. These technical difficulties and its complications 

during stent delivery might be under-reported and influencing trial outcome. It is well known 

that with the introduction of new medical devices, specific training is required, often accom-

panied by a learning curve that in its turn affects clinical outcome during the early use39,40. It 

could be argued that one must quantify the learning curve effect from previously conducted 

studies, in order to consider its possible impact on the interpretation of the final results. 

For future trials the lead-in phase should be obligated for sites with no experience with this 

delivery device to provide insights of the learning curve effect41.

Furthermore, balloon postdilation, which remains controversial in a self-expanding stent, 

is associated with improved clinical outcome24,25. For bifurcation lesions treated with the 

STENTYS stent, postdilation is proven to be more beneficial than no bifurcation lesions42. 

Moreover, OCT data demonstrated better stent strut malapposition rates after balloon post-

dilation29. These data support the fact that there is a need for postdilation with the STENTYS 

stent to prevent early procedure related problems. A possible explanation for this is that 

the chronic outward force from the nitinol platform itself is not sufficient enough to obtain 

adequate expansion to treat a stenotic, often calcified lesion. The stent deploys itself against 

the vessel wall with a low, chronic outward force to the radial resistive force of the vessel 

wall. Without postdilation, the stent might not be fully expanded at the lesion site, resulting 

in less well apposed struts and smaller stent areas which is associated with the occurrence 

ST43. Gentle postdilation is required with the use of the STENTYS stent to optimize strut 

apposition and stent areas.
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CONCLuSION

The self-apposing STENTYS stent has demonstrated its feasibility and efficacy for several 

clinical and angiographical indications. Intravascular imaging data has shown promising low 

rates of early stent strut malapposition. The novel Xposition delivery device has improved 

the deliverability of the stent. However, regarding to the implantation technique, a learning 

curve effect needs to be considered using this device. Ongoing studies will provide data on 

its feasibility in a subset of lesions with an increased risk of stent strut malapposition.
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SuMMARY

The nitinol self-apposing STENTYS stent has unique features that could overcome some limi-

tations of stiff tubular balloon-expanded stents. Previous studies using intracoronary imaging 

revealed that the direct and short-term strut apposition is better with the use of the STENTYS 

stent as compared with a balloon expanded stent in patients presenting with ST-segment 

elevation myocardial infarction (STEMI)1,2. More studies followed to evaluate whether the 

theoretical advantages of this self-expanding device translate into improved clinical outcome. 

This thesis focus on the clinical performance of the STENTYS stent, the novel delivery device 

and possible difficulties or complications using this device.

Chapter 1 is the general introduction and outline of this thesis. The history and emergence 

of self-expanding stents is reviewed in chapter 2. The first part of this thesis reports on 

studies evaluating the properties of the STENTYS self-apposing stent.

PART I Properties of the nitinol STENTYS stent

The nitinol platform of the STENTYS stent has the ability to appose itself to variable vessel 

diameters. In chapter 3, the indications in which the interventionalist chooses the STENTYS 

stent are evaluated. Angiographic indications for STENTYS use were target vessel segments 

involving aneurysm, ectasia, tapering, bifurcation- , and saphenous vein graft lesions and 

absolute vessel diameters. During a mean clinical follow-up of 5 years, up target vessel failure 

rate (composite of cardiac death, target vessel myocardial infarction (TV-MI) and target vessel 

revascularization (TVR) was 24.1% and stent thrombosis (ST) occurred in 3.8% of cases. 

These relatively high event rates may be explained by the fact that this is a high-risk, complex 

cohort including both bare metal and drug eluting STENTYS.

Since the platform is able to appose itself to the resistance of the arterial wall, even after 

implantation, performing balloon post-dilatation with the use of the nitinol STENTYS stent 

remains controversial. The available evidence for the impact of performing balloon post-

dilatation in a self-expanding stent is discussed in chapter 4. In a large STEMI cohort balloon 

post-dilatation clearly enhanced clinical outcome, and optical coherence tomography (OCT) 

demonstrated large stent areas and lower rates of strut malapposition after post-dilatation. 

However, post dilatation had no impact on the stents eccentricity and also did not resulted in 

improved outcomes in an all-comer cohort.

Another feature of the nitinol STENTYS is that the stent is deployed from distal to proximal 

with low balloon pressures. In chapter 5 we evaluate the impact of the STENTYS implantation 

on the vessel wall with the use of a combined intravascular ultrasound and near-infrared 

spectroscopy (IVUS-NIRS) imaging technique. Serial IVUS-NIRS demonstrated a significant 

decrease of lipid content in the stented segment, quantified with the lipid core burden index 

(LCBI). Plaque burden remained unaltered throughout the procedure, though in relatively 

large vessel diameters. This discrepancy might be explained by the fact that NIRS might not 
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detect the lipid in larger vessel diameters since it is only validated in small reference vessel 

diameters.

Part II Clinical evaluation in the setting of STEMI patients

Optimal stent selection and stent deployment during percutaneous coronary intervention 

(PCI) is often more challenging in STEMI patients due to the thrombus load combined with 

catecholamine induced vasoconstriction. The APPOSITION III (A Post-Market registry to as-

sess the STENTYS self-exPanding COronary Stent In AcuTe MyocardIal InfarctiON III) study 

was a prospective registry which included 965 STEMI patients treated with the STENTYS 

stent. TVR rates at 1 year follow-up were significantly higher in the bifurcation subgroup 

(16.4% vs 10.0%, p=0.035) as demonstrated in chapter 6. When balloon post-dilatation 

was performed, event rates were similar between bifurcations and non-bifurcation lesions: 

major adverse cardiac events (MACE) (8.7% vs 8.4%), myocardial infarction (1.2% vs 0.7%) 

and definite/probable ST (3.7% vs 2.4%).

The 2 year clinical follow-up of the APPOSITION III registry was evaluated in chapter 7. 

At two years MACE occurred in 11.2%, cardiac death occurred in 2.3%, TV-MI occurred 

in 2.3% and clinically driven target lesion revascularization (CD-TLR) in 9.2% of patients. 

Definite ST rate was 3.3% at 2 years. Post-dilation results in significantly reduced CD-TLR 

and ST rates at 30-day landmark analyses. Beyond 30-days, there was no difference between 

post-dilatation and no post-dilatation. Results were similar between the BMS and PES STEN-

TYS subgroups. This demonstrated that performing balloon post-dilatation prevents early 

procedure related problems.

The APPOSITION V trial was designed in order to compare the performance of the STENTYS 

stent with a balloon-expanded stent in a randomized controlled trial. Chapter 8 reported the 

design and rationale of the APPOSITION V trial.

Part III The novel delivery device

A novel delivery device was developed when the conventional delivery device appeared to be 

bulky and technically difficult to use by some. The novel Xposition S delivery device consisted 

of a nominal sized delivery balloon and aimed to improve deliverability and lower the risk of 

longitudinal geographic miss. Chapter 9 reported the first-in-man experience with the Xposi-

tion S delivery device. A total of 25 patients were included and longitudinal geographic miss 

was evaluated using quantitative coronary analysis (QCA). Optical coherence tomography 

(OCT) was assessed directly after stent placement and after post-dilatation. The device was 

successfully placed at the intended site in all cases, without procedural complications. Longi-

tudinal geographic miss (entire lesion length[on QCA] not completely covered by stent) was 

not observed. OCT data demonstrated that stent strut malapposition directly after STENTYS 

placement was low and improved further after post-dilation.
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With the use of the Xposition delivery device, the stent deploys after inflating the delivery 

balloon which also splits a covering delivery sheath. This jailed delivery sheath together with 

the delivery balloon needs to be retracted after the stent is deployed. There is a risk that the 

sheath interacts with the guiding catheter and causing damage proximally of the stent. In 

chapter 10 the possible damage is evaluated with the Xposition as compared with the con-

ventional delivery device of the STENTYS using OCT. A total of 38 patients who were treated 

with the STENTYS stent where OCT assessment was done were retrospectively analyzed. A 

total of 12(18%) dissections were detected, 7(20%) in the Xposition delivery device group, 

and 5(15%) in the conventional group (p=ns). Using the Xposition delivery device 4(33%) 

dissections were found proximally, using the conventional delivery device 3(25%) (p=ns). 

Detailed OCT assessment of stent edge dissections revealed no differences between the 

Xposition delivery device and the conventional delivery device.

Chapter 11 provides an up to date overview of the clinical experience of the STENTYS stent 

including the results from the prematurely ended APPOSITION V trial. The APPOSITION V was 

the first clinically powered randomised controlled trial comparing the STENTYS stent with a 

balloon-expanded stent. Unfortunately, the trial was hampered by slow inclusions, possibly 

due to the use of bare metal stents. Furthermore the ongoing clinical trials and possible 

technical problems with the conventional and the Xposition delivery device were discussed.

CONCLudING REMARKS ANd FuTuRE PERSPECTIVES

The STENTYS self-apposing stent technique has several theoretical advantages over stiff tu-

bular balloon-expanded stents. In this thesis we studied the properties of the nitinol platform 

with a clinical evaluation. Interventionalists tend to use this stent in a complex subset of 

patients. The STENTYS stent is feasible and clinical outcome seems favorable in this highly 

complex patient subset. It was difficult to compare these results with currently available 

literature considered the atypical complexities included in our cohort.

The STENTYS stent is feasible and safe to use in patients presenting with STEMI. Balloon 

post-dilatation has demonstrated to be necessary to prevent early problems in STEMI pa-

tients. The superiority over conventional balloon-expanded stents is not proven yet. Trials in 

the future must consider an obligated roll-inn period since there is a learning curve with the 

STENTYS delivery device. The novel delivery device which was developed to optimize deliver-

ability and precise stent delivery is feasible in all-comer patients. QCA data demonstrated 

that there was no longitudinal geographic miss. OCT data demonstrated that retracting this 

delivery system does not result in an increased the risk of endothelial damage.

The performance of this device in other indications, where there is an increased risk of 

stent mis-sizing and strut malapposition, is further studied in ongoing studies. Left main 

coronary arteries (LMCA) for instance, often hold large vessel diameters combined with 
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significant vessel tapering and could therefore benefit from the STENTYS stent. The TRUNC 

study (Multicenter Prospective Clinical Study of the STENTYS Xposition S for Treatment of 

Unprotected Left Main Coronary Artery Disease) will provide insight in the performance of 

the STENTYS stent in lesions located in unprotected LMCA.

Still inferior to balloon-expanded stents?

The STENTYS has established its efficacy and safety with high procedural success and accept-

able ST rates. Furthermore, OCT data demonstrated significantly better stent strut malap-

position in favour of the STENTYS stent. Nevertheless, unanswered questions remain to be 

addressed regarding the unsatisfactory outcomes. One can propose that there was a learning 

curve with the bulky conventional delivery device, which may have a negative influence on 

the historical trials3. Technical adjustments resulted in the novel Xposition S delivery device, 

which improved the deliverability significantly. When compared to the currently available 

mainstream stent delivery devices, the Xposition S might still be a less straight forward device.

Furthermore, previous research with the STENTYS stent mainly involved the bare metal 

stent (BMS) or the paclitaxel eluting version, which are known to be less effective than 

currently available coatings. Ongoing and future studies with solely the sirolimus version of 

the STENTYS could optimize clinical outcome. Future adjustments could involve a sirolimus-

eluting biodegradable polymer to further enhance clinical outcome.

Moreover, we demonstrated that balloon post-dilatation with the STENTYS stent resulted 

in significantly lower event rates in patients presenting with STEMI4,5. It is still unclear if 

performing post-dilatation would enhance outcomes in all-comer population. Despite the 

advantage of the nitinol platform to appose itself to the vessel wall, its gentle chronic radial 

force might not be sufficient to treat the stenosis. We have learned that stent under ex-

pansion and incomplete apposed stent struts are the proven predictors of long-term stent 

patency and clinical outcome6,7. Even after adequate lesion preparation and adjunctive post-

dilatation suboptimal stent expansion could be seen with balloon-expanded stents8,9. Hence, 

post-dilatation seems to be necessary with the STENTYS stent to optimize stent results, but 

additional evidence is warranted to confirm this.

The never ending tournament

Continuously advances are made to achieve the best results for the individual patient, includ-

ing the best antithrombotic treatment regimens10 and specialized dedicated stents11. It is 

possible that large mainstream players will be of less importance. Future developments in in-

terventional cardiology might shift toward tailored stents for the individual patient. Depend-

ing on the patients’ medical history, underlying disease, anatomic and lesion characteristics, 

and his or her ability to comply with medication, a niche stent will be selected. Niche players 

could be of more influence due to its specialized properties.
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NEdERLANdSE SAMENVATTING

De nitinol zelf-aanliggende STENTYS-stent heeft unieke eigenschappen die de beperkingen 

van stijve buisvormige ballon-geëxpandeerde stents kan overwinnen. Eerdere studies die 

intra coronaire beeldvorming gebruikten onthulden dat de directe en korte-termijn strut 

aanligging beter is met het gebruik van de STENTYS-stent in vergelijking met een ballon-

geëxpandeerde stent bij patiënten met ST-segment elevatie myocardinfarct (STEMI)1,2. Meer 

studies volgden om te evalueren of de theoretische voordelen van deze zelf-expanderende 

stent zich laat vertalen in betere klinische uitkomsten. Dit proefschrift richt zich op de kli-

nische prestaties van de STENTYS-stent, het nieuwe plaatsingsinstrument, en de mogelijke 

problemen of complicaties bij het gebruik van deze stent.

Hoofdstuk 1 is de algemene inleiding en toont een overzicht van het proefschrift. De 

geschiedenis en de opkomst van zelf-expanderende stents wordt besproken in hoofdstuk 2. 

Vervolgens zal het eerste deel van dit proefschrift studies beschrijven die de eigenschappen 

van de STENTYS zelf-expanderende stent evalueren.

deel I Eigenschappen van de nitinol STENTYS-stent

Het nitinolplatform van de STENTYS-stent heeft het vermogen om zich aan te passen aan 

variabele vaatdiameters. In hoofdstuk 3 worden de indicaties waarbij de interventionalist 

kiest voor de STENTYS-stent geëvalueerd. Angiografische indicaties voor het gebruik van 

de STENTYS-stent waren aneurysma, ectasie, taps toelopende vaten, bifurcatie lesies, en 

lesies in veneuze grafts en absolute vaatdiameters. Bij een klinische follow-up van 5 jaar, 

was het aantal target vessel failure 24.1% en stent trombose (ST) trad op in 3.8% van de 

gevallen. Target vessel failure is een vaak gebruikt eindpunt in studies en bestaat uit cardiale 

mortaliteit, myocardinfarct en revascularisatie van het gestente vat. Deze relatief hoge mate 

van voorkomen kan worden verklaard door het feit dat dit een risicovol, complex cohort is 

dat zowel bare-metal stents als drug-eluting STENTYS stents bevat.

Omdat het nitinolplatform in staat is om zelf aan te liggen tegen de slagaderwand, blijft het 

uitvoeren van ballon post-dilatatie bij het gebruik van de nitinol STENTYS-stent controversi-

eel. Het beschikbare bewijs voor de impact van het uitvoeren van ballon-post-dilatatie in een 

zelf-expanderende stent wordt besproken in hoofdstuk 4. Ballon-post-dilatatie verbeterde 

de klinische uitkomsten in een groot STEMI-cohort. Daarnaast toonde optische coherentie-

tomografie (OCT) grotere stent oppervlakten en minder voorkomen van strutmalappositie 

na post-dilatatie Post-dilatatie had echter geen invloed op de excentriciteit van de stents en 

resulteerde ook niet in verbeterde uitkomsten in een all-comer cohort.

Een ander kenmerk van de nitinol STENTYS-stent is dat het wordt ontplooit van distaal 

naar proximaal met lage ballondrukken. In hoofdstuk 5 evalueerden we de impact van de 

STENTYS stent op de vaatwand met behulp van een gecombineerde intravasculaire echogra-

fie en near-infrarood spectroscopie (IVUS-NIRS) beeldvormingstechniek. Seriële IVUS-NIRS 
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vertoonden een significante afname van het lipidengehalte in het gestente segment. Dit 

werd gekwantificeerd met de lipide core burden index (LCBI). Het plaque-volume bleef 

gedurende de hele procedure ongewijzigd. Dit was in relatief grote vaatdiameters. Deze 

discrepantie kan mogelijk worden verklaard door het feit dat NIRS het lipide misschien niet 

in grotere vaatdiameters detecteert, omdat het alleen gevalideerd is in vaten met een kleine 

referentie diameter.

deel II Klinische evaluatie in de setting van STEMI-patiënten

Optimale selectie van stents en de plaatsing van stents tijdens percutane coronaire interventie 

(PCI) is vaak een grotere uitdaging bij STEMI-patiënten als gevolg van de trombusbelasting 

in combinatie met de door catecholamine geïnduceerde vasoconstrictie. De APPOSITION 

III-studie (een post-marktregister voor het beoordelen van de zelf-expanderende coronaire 

stent in acute myocard infarcten III) was een prospectieve registratie die 965 STEMI-patiënten 

includeerde die werden behandeld met de STENTYS-stent. De TVR-verhouding na 1-jaar 

follow-up waren significant hoger in de bifurcatiesubgroep (16,4 tegen 10,0%, p=0,035), 

zoals aangetoond in hoofdstuk 6. Wanneer ballon-post-dilatatie werd uitgevoerd was de 

incidentie vergelijkbaar tussen bifurcatie- en niet-bifurcatielaesies: voor major adverse cardiac 

events (MACE) 8,7% tegen 8,4%; voor myocard infarct 1,2% tegen 0.7%; en voor defini-

tieve/ waarschijnlijke ST 3,7% tegen 2,4%.

In hoofdstuk 7 werden de resultaten van de 2-jaar follow-up van de APPOSITION III-

registratie geëvalueerd. Na twee jaar tijd trad MACE op in 11,2%, cardiale sterfte in 2,3%, 

en klinisch gedreven revascularisatie van het gestente vat (CD-TLR) in 9,2% van de patiënten. 

De incidentie van definitieve ST was 3,3% na twee jaar. Post-dilatatie resulteert in aanzienlijk 

verminderde CD-TLR en ST-incidentie bij 30-daagse landmarkanalyses. Na 30 dagen was er 

geen verschil tussen post-dilatatie en geen post-dilatatie. De resultaten waren vergelijkbaar 

tussen de BMS- en PES STENTYS-subgroepen. Dit toonde aan dat het uitvoeren van ballon-

post-dilatatie vroege problemen voorkomt die procedure gerelateerd zijn.

Om de prestaties van de STENTYS-stent te vergelijken met een ballon-geëxpandeerde-stent 

in een gerandomiseerde gecontroleerde studie, werd de APPOSITION V-trial ontworpen. 

Hoofdstuk 8 toont het ontwerp en de beweegredenen van de APPOSITION V-trial.

deel III het nieuwe plaatsingsinstrument

Een nieuw plaatsingsinstrument werd ontwikkeld toen het conventionele plaatsingsinstru-

ment technisch door sommigen moeilijk te gebruiken bleek te zijn. De nieuwe Xposition S 

delivery device bestond uit een plaatsingsballon van nominale diameters en was bedoeld 

om precieze plaatsing te verbeteren en het risico op longitudinale geografische mis te ver-

minderen. Hoofdstuk 9 rapporteerde de first-in-man ervaring met het Xposition S delivery 

device. Een totaal van 25 patiënten werd geïncludeerd. Longitudinale geografische mis werd 

geëvalueerd met behulp van kwantitatieve coronaire analyse (QCA). Optische coherentieto-



Summary and conclusions 193

mografie (OCT) werd direct na plaatsing van de stent en na post-dilatatie beoordeeld. De 

stent werd in alle gevallen met succes op de beoogde locatie geplaatst, zonder procedurele 

complicaties. Longitudinale geografische mis, waarbij de gehele laesielengte (op QCA) niet 

volledig door de stent werd bedekt, werden niet waargenomen. OCT-gegevens toonden aan 

dat de stent-strut malappositie direct na plaatsing van de STENTYS-stent laag was en verder 

verbeterde na post-dilatatie.

Bij het gebruik van de Xposition delivery device wordt de stent ingebracht na het opblazen 

van de plaatsingsballon die ook een afdekkende sheath heeft. Deze ingeklemde sheath 

moet samen met de plaatsingsballon worden teruggetrokken nadat de stent is geplaatst. 

Daarbij bestaat een risico dat de sheath interfereert met de guiding katheder en schade 

veroorzaakt proximaal van de stent. In hoofdstuk 10 wordt de mogelijke schade met de 

Xposition geëvalueerd in vergelijking met het conventionele plaatsingsinstrument door mid-

del van OCT. Een totaal van 38 patiënten die werden behandeld met de STENTYS-stent 

waar de OCT-beoordeling werd uitgevoerd, werden retrospectief geanalyseerd. In totaal 

werden 12 (18%) dissecties gedetecteerd, 7 (20%) in de Xposition delivery device groep en 

5 (15%) in de conventionele groep (p=ns). In de Xposition-groep werden 4 (33%) dissecties 

proximaal gevonden tegenover 3 (25%) in de conventionele groep (p=ns). Gedetailleerde 

OCT-beoordelingen van stent edge-dissecties vertoonden geen verschillen tussen het Xposi-

tion plaatsingsinstrument en het conventionele plaatsingsinstrument.

Hoofdstk 11 biedt een actueel overzicht van de klinische ervaring van de STENTYS-stent, 

inclusief de resultaten van de voortijdig beëindigde APPOSITION V-studie. De APPOSITION 

V was de eerste klinisch gepowerde gerandomiseerde gecontroleerde studie waarin de 

STENTYS-stent werd vergeleken met een ballon-geëxpandeerde stent. Helaas werd de trial 

belemmerd door trage inclusies, mogelijk vanwege het gebruik van bare metal stents. Daar-

naast werd in hoofdstuk 11 de lopende klinische proeven en mogelijke technische problemen 

met het conventionele en de Xposition plaatsingsinstrument besproken.

SLOTOPMERKINGEN EN TOEKOMSTPERSPECTIEVEN

De STENTYS zelf-aanliggende-stent techniek heeft verschillende theoretische voordelen ten 

opzichte van stijve buisvormige ballon-geëxpandeerde stents. In dit proefschrift hebben we 

de eigenschappen van het nitinol platform bestudeerd met een klinische evaluatie. Inter-

ventie cardiologen hebben de neiging om deze stent te gebruiken in een complexe subset 

van patiënten. De STENTYS-stent is bruikbaar en de uitkomst lijkt gunstig in deze uiterst 

complexe patiënten subset. Het was moeilijk om de resultaten van dit cohort met atypische 

complexiteiten te vergelijken uit de huidige literatuur.

De STENTYS-stent is bruikbaar en veilig bij STEMI-patiënten. Ballon-post-dilatatie is nodig 

gebleken om vroege problemen bij STEMI-patiënten te voorkomen. De superioriteit ten 
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opzichte van conventionele ballon-geëxpandeerde stents is nog niet bewezen. Trials in de 

toekomst zouden een verplichte roll-in periode in overweging moeten nemen, aangezien 

er een leercurve is met het STENTYS plaatsingsinstrument. Het nieuwe plaatsingsinstrument 

wat ontwikkeld is om de plaatsing te optimaliseren is bruikbaar in all-comer patiënten. QCA-

data toonden aan dat er geen longitudinale geografische mis is. OCT data toonden verder 

aan dat bij het terug trekken van het plaatsingsinstrument niet resulteert in een verhoogd 

risico op endotheliale schade.

De prestaties van deze stent bij andere indicaties, waar er een verhoogd risico op stent 

mis-sizing en strut malapposition is, wordt verder bestudeerd in lopende onderzoeken. 

Bijvoorbeeld hoofdstam laesies (LMCA), deze hebben vaak grote vaatdiameters met aanzien-

lijke tapering van het vat en kunnen daarom profiteren van de STENTYS-stent. De TRUNC-

studie is een multicenter, prospcectieve, klinische studie van de STENTYS Xposition S voor de 

behandeling van onbeschermde hoofdstam laesies. Deze studie zal inzicht verschaffen in de 

prestaties van de STENTYS-stent in laesies die zich bevinden in onbeschermde LMCA.

Nog steeds minderwaardig aan ballon-geëxpandeerde stents?

De STENTYS-stent heeft zijn werkzaamheid en veiligheid vastgesteld door een hoog procedu-

reel succes gecombineerd met acceptabele ST aantallen. Bovendien toonden OCT-gegevens 

significant betere stent-strut-malappositie ten gunste van de STENTYS-stent. Niettemin 

blijven er vragen onbeantwoord met betrekking tot de onbevredigende resultaten.

Men kan voorstellen dat er een leercurve is met het omvangrijke conventionele plaat-

singsinstrument, wat een negatieve invloed kan hebben op de historische trials3. Technishce 

aanpassingen resulteerden in het nieuwe Xposition S delivery device dat de plaatsbaarheid 

aanzienlijk verbeterde. In vergelijking met de momenteel beschikbare mainstream stent 

plaatsingsinstrumenten, lijkt de Xposition S nog steeds een minder eenvoudig instrument 

zijn.

Bovendien was eerder onderzoek met de STENTYS-stent voornamelijk van toepassing op 

de bare metal-stent (BMS) of de paclitaxel elutingversie, waarvan bekend is dat ze minder 

effectief zijn dan de huidige beschikbare coatings. Lopende en toekomstige studies met 

uitsluitend de sirolimus-versie van de STENTYS-stent kunnen de klinische uitkomsten opti-

maliseren. Toekomstige aanpassingen kunnen een sirolimus-eluting biologisch afbreekbaar 

polymeer inhouden om de klinische uitkomst verder te verbeteren.

Daarnaast heben we aangetoond dat ballon-post-dilatatie met de STENTYS-stent resul-

teerde in significant lagere event rates bij STEMI-patiënten4,5. Het is nog steeds onduidelijk 

of het uitvoeren van post-dilatatie de uitkomsten zou verbeteren in all-comer populaties. 

Ondanks het voordeel van het nitinolplatform om zichzelf tegen de vatwand aan te leg-

gen, is zijn chronische radiale kracht mogelijk niet voldoende om de stenose te behandelen. 

We hebben geleerd dat een geëxpandeerde stent en onvolledige aanliggende stent struts 

bewezen voorspellers zijn voor langdurige stent doorgankelijkheid en klinische uitkomst6,7. 
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Zelfs na een adequate voorbereiding van de laesie en aanvullende post-dilatatie kon een 

suboptimale stent expansie worden waargenomen met ballon-geëxpandeerde stents8,9. 

Vandaar dat post-dilatatie noodzakelijk lijkt te zijn met de STENTYS-stent om stentresultaten 

te optimaliseren, maar aanvullend bewijsmateriaal is nodig om dit te bevestigen.

het eindeloze toernooi

Er worden continu verbeteringen gemaakt om de beste resultaten voor de individuele patiënt 

te bereiken, inclusief de beste antitrombotische behandelingsregimes10 en gespecialiseerde 

stents11. Het is mogelijk dat grote mainstream spelers minder belangrijk gaan worden. Toe-

komstige ontwikkelingen in interventie cardiologie kunnen verschuiven naar op maat ge-

maakte stents voor de individuele patiënt. Afhankelijk van de medische voorgeschiedenis van 

de patiënt, de onderliggende ziekte, anatomische en laesie-eigenschappen en zijn of haar 

vermogen om medicatie te blijven nemen, zal een niche-stent worden geselecteerd. Niche-

spelers kunnen daarom van meer invloed zijn vanwege zijn gespecialiseerde eigenschappen.
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