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Background: In patients with peripheral arterial disease (PADs), who underwent percutaneous coronary 
intervention (PCI), little is known about the potential impact of using different new-generation drug-eluting 
stents (DES) on outcome. In PCI all-comers, the results of most between-stent comparisons—stratified by 
strut thickness—suggested some advantage of coronary stents with ultrathin-struts. The current post-hoc 
analysis aimed to assess outcomes of PCI with ultrathin-strut biodegradable polymer sirolimus-eluting stents 
(BP-SES) vs. thin-strut durable polymer zotarolimus-eluting stents (DP-ZES) in patients with PADs.
Methods: We pooled 3-year patient-level data from two large-scale randomized all-comer trials to compare 
Orsiro ultrathin-strut BP-SES vs. Resolute-type thin-strut DP-ZES in trial participants with concomitant 
PADs. BIO-RESORT (December 2012 to August 2015) and BIONYX (October 2015 to December 2016) 
included all-comer patients who were aged 18 years or older, capable of providing informed consent, and 
required a PCI. The trials had web-based randomization, with block sizes of 4 and 8, performed in a 1:1:1 
or 1:1 fashion. Assessors, research staff, and patients were blinded to the type of stent used. We assessed the 
composite main clinical endpoint target vessel failure [TVF: cardiac death, target vessel related myocardial 
infarction (MI), or clinically indicated target vessel revascularization (TVR)], its components, and stent 
thrombosis. 
Results: Of 4,830 trial participants, 360 had PADs: 177 (49.2%) were treated with BP-SES and 183 (50.8%) 
with DP-ZES. Baseline characteristics were similar. For BP-SES, the 3-year TVF rate was 11.0% and for 
DP-ZES 17.9% [hazard ratio (HR): 0.59, 95% CI: 0.33–1.04; P=0.07]. For BP-SES, the TVR rate was lower 
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Introduction

Over the years, percutaneous coronary intervention (PCI) 
with drug-eluting stents (DES) has undergone a process 
of refinement. New-generation DES have thinner struts, 
and they are coated with durable polymers that are more 

biocompatible than the early-generation devices or devices 
with non-permanent polymers that are biodegradable (1). 
Iterations of DES aimed at a reduction of both vascular 
injury and inflammation, while promoting fast and complete 
re-endothelialization in order to avoid excessive in-stent 
neointimal proliferation and stent thrombosis (2). Over 
the years, improved clinical long-term safety and efficacy 
have been shown for different DES (3). Yet, even in new-
generation DES, restenosis does occur and often requires 
a repeated target lesion revascularization (TLR) (3). The 
BIO-RESORT (Comparison of Biodegradable Polymer and 
Durable Polymer Drug-Eluting Stents in an All Comers 
Population) and BIONYX (Bioresorbable Polymer-
coated Orsiro Versus Durable Polymer-coated Resolute 
Onyx Stents) randomized trials assessed new-generation 
coronary DES in all-comers patients. Both trials compared 
ultrathin-strut biodegradable polymer-coated sirolimus-
eluting stents (BP-SES) and thin-strut durable polymer-
coated zotarolimus-eluting stents (DP-ZES) in all-comers, 
showing similar results for both DES groups (4-6). 

A significant proportion of all patients (about 5–19%) 
who undergo PCI also have obstructive atherosclerotic 
lesions in arterial vessels other than the coronary arteries 
(7-9). In PCI patients with concomitant peripheral 
arterial disease (PADs) the overall atherosclerotic plaque 
burden is increased, and these patients have an increased 
cardiovascular event risk (and a higher cardiovascular 
mortality) as compared to PCI patients without PADs (10).  
Furthermore, studies that assessed PCI with early-
generation DES found a worse clinical outcome in these 

Highlight box

Key findings
•	 Patients with obstructive coronary artery disease and concomitant 

peripheral arterial disease, who underwent percutaneous 
coronary intervention with ultrathin-strut biodegradable polymer 
sirolimus-eluting stents, showed numerically lower target vessel 
revascularization rates than patients treated with thin-strut durable 
polymer zotarolimus-eluting stents. This was mainly driven by 
lower rates of repeated revascularization in patients treated with 
the sirolimus-eluting stent in vessels smaller than 2.75 mm, while 
in larger vessels no between-stent difference was seen.

What is known and what is new?
•	 Following coronary stenting, a higher repeated revascularization 

risk was observed in patients with concomitant peripheral arterial 
disease. Yet, little is known about the potential impact of different 
new-generation drug-eluting stents on clinical outcome after 
percutaneous coronary intervention.

What is the implication, and what should change now?
•	 Use of the ultrathin-strut stent instead of coronary stents with 

a thicker strut might be a good choice in PCI patients with 
concomitant peripheral arterial disease. It makes particular 
sense that cardiologists consider using ultrathin-strut stents with 
probably a lower risk for repeated revascularization if these patients 
have target lesions in small coronary vessels.

than for DP-ZES (4.1% vs. 11.0%; HR: 0.36, 95% CI: 0.15–0.86; P=0.016), but this did not translate into 
between-group differences in cardiac death or MI. In small vessels (<2.75 mm), the TVR rate was also lower 
in BP-SES (5.6% vs. 13.9%; HR: 0.32, 95% CI: 0.11–0.91; P=0.024). Definite-or-probable stent thrombosis 
rates were 1.2% and 2.3% (P=0.43). 
Conclusions: In PCI patients with PADs, the 3-year TVF incidence was numerically lower in the 
ultrathin-strut BP-SES vs. the thin-strut DP-ZES group. Furthermore, TVR risk was significantly lower in 
ultrathin-strut BP-SES, mainly driven by a lower TVR rate in small vessels. 
Trial Registration: BIO-RESORT trial: clinicaltrials.gov (NCT01674803); BIONYX trial: clinicaltrials.gov 
(NCT02508714).

Keywords: Coronary artery disease; peripheral arterial disease (PADs); percutaneous coronary intervention (PCI); 

drug-eluting stent; randomized trial

Submitted Dec 12, 2022. Accepted for publication Jun 14, 2023. Published online Jul 24, 2023.

doi: 10.21037/cdt-22-584

View this article at: https://dx.doi.org/10.21037/cdt-22-584



Cardiovascular Diagnosis and Therapy, Vol 13, No 4 August 2023 675

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(4):673-685 | https://dx.doi.org/10.21037/cdt-22-584

patients (9). 
So far, no study assessed the clinical outcome of different 

contemporary new-generation DES in PCI patients with 
concomitant PADs. We hypothesized that in PCI patients 
with PADs clinical outcome may be better after treatment 
with ultrathin-strut DES. Therefore, in the present 
patient-level pooled analysis of data from BIO-RESORT 
and BIONYX, we assessed differences in outcome after 
PCI with ultrathin-strut BP-SES vs. thin-strut DP-
ZES among all-comers who had PADs. We present this 
article in accordance with the CONSORT reporting 
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-22-584/rc).

Methods

Study design

We assessed PCI patients with PADs, who were treated with 
ultrathin-strut biodegradable polymer-coated sirolimus-
eluting stent (BP-SES) or thin-strut durable polymer-
coated zotarolimus-eluting stents (DP-ZES) in the BIO-
RESORT (TWENTE III, NCT01674803) and BIONYX 
(TWENTE IV, NCT02508714) trials. Details and designs 
of these randomized clinical trials have been previously 
published (11-14). In brief, both trials assessed all-comers, 
and all coronary syndromes were permitted. Patients 
were eligible for participation in the randomized trials 
if they were aged 18 years or older, capable of providing 
informed consent, and required a PCI. The patients were 
enrolled in 7 tertiary or secondary PCI centers in the 
Netherlands (Medisch Spectrum Twente, Enschede; Haga 
Hospital, The Hague; Rijnstate Hospital, Arnhem; Scheper 
Hospital, Emmen), Belgium (Jessa Hospital, Hasselt; 
Centre Hospitalier Universitaire de Charleroi, Charleroi), 
and Israel (Hillel Yaffe Medical Center, Haifa). All centers 
have a high, or at least moderate, annual volume of PCI 
procedures, and 5 centers have a cardiothoracic surgery 
department. Web-based randomization, with block size 
of 4 and 8, was performed in a 1:1:1 fashion in the BIO-
RESORT and in a 1:1 fashion in the BIONYX. The BIO-
RESORT stratified for diabetes while BIONYX stratified 
for diabetes and sex. Assessors, research staff, and patients 
were blinded to the type of stent used, while the treating 
clinical physicians were not. In the overall trial populations, 
non-inferiority of ultrathin-strut BP-SES and thin-strut 
DP-ZES was demonstrated regarding a composite primary 
clinical endpoint. The study was conducted in accordance 

with the Declaration of Helsinki (as revised in 2013). 
The original trials were approved by the Medical Ethics 
Committee Twente and the Institutional Review Boards of 
all participating centers (BIO-RESORT NL41558.044.12; 
BIONYX NL54076.044.15) and individual consent was 
taken from all individual participants.

In the present pooled post-hoc analysis, we examined 
3-year clinical outcome data of patients with comorbid 
PADs, treated with BP-SES or DP-ZES in one of these 
trials. The BIO-RESORT and BIONYX trial recorded the 
presence of PADs at baseline. As the original randomized 
trials, our present analysis was based on a principle of 
intention-to-treat. Patients were classified as having PADs 
if they—by anamnesis or medical record—had a history 
of: symptomatic atherosclerotic lesion in the lower or 
upper extremities; atherosclerotic lesion in the aorta 
causing symptoms or requiring treatment; atherosclerotic 
lesion in the carotid or vertebral arteries related to a non-
embolic ischemic cerebrovascular event; or symptomatic 
atherosclerotic lesion in a mesenteric artery. Whenever 
possible, the self-reported diagnosis was checked in medical 
records or by contacting the patients’ general practitioners. 
Of these PADs patients, we pooled from both trials the 
demographics, clinical and angiographic characteristics, 
and outcome data. In addition, a small coronary vessel was 
defined as a vessel with a reference diameter <2.75 mm, 
as measured by quantitative coronary angiography in the 
angiographic core lab. 

Study devices

In the BIO-RESORT and BIONYX randomized trials, 
new-generation ultrathin-strut biodegradable polymer SES 
(Orsiro; Biotronik, Bülach, Switzerland) were compared 
with thin-strut durable polymer ZES (Resolute Integrity 
and Resolute Onyx, respectively; Medtronic, Santa Rosa, 
California, USA). The ultrathin-strut BP-SES releases 
the drug during slightly more than 3 months. Its poly(L-
lactide) acid (PLLA) coating, which is resorbed during 
approximately 2 years, is more than twice as thick on the 
abluminal strut side (7.4 µm, compared to 3.5 µm luminal). 
Its metallic backbone is made from 60 µm cobalt-chromium 
struts in stents with a nominal diameter of less than 3.5 mm;  
in larger stents, strut thickness is 80 µm. DP-ZES release 
zotarolimus during a period of 6 months from a conformal 
(thickness 5.6 µm) durable polymer layer—the BioLinx 
polymer system. The Resolute Integrity ZES has round 
struts made from cobalt-chromium and the Resolute Onyx 
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ZES has roundish (ellipsoid) struts made from cobalt-
chromium with a platinum-iridium core. Both DP-ZES 
have thin-struts with a strut thickness of 81 µm in Resolute 
Onyx ZES <3.0 mm and 91 µm in larger Resolute Onyx 
ZES and in all Resolute Integrity ZES. Further technical 
details of the DES are presented in Table S1. 

Study procedures, follow-up, monitoring, and event 
adjudication

Coronary interventional procedures were performed 
according to standard techniques. A choice of concomitant 
medication and antiplatelet therapy was made based on 
routine clinical practice, current international guidelines, 
and operator’s judgment. Blinded (for the used stent type) 
analysts of an angiographic core laboratory performed 
angiographic analyses and offline quantitative coronary 
angiographic measurements with dedicated software 
(Qangio XA version 7.3, Medis, Leiden, the Netherlands), 
according to current standards. Patient visits to outpatient 
clinics, questionnaires, and telephone follow-up were 
used to obtain clinical follow-up. Cardiovascular Research 
and Education Enschede (Enschede, the Netherlands) 
performed trial and data management. Data monitoring was 
executed by an independent clinical research organization 
(Diagram, Zwolle, the Netherlands). Independent, blinded 
clinical event committees adjudicated adverse clinical 
events: Diagram (Zwolle, the Netherlands) for BIO-
RESORT, and a committee of experienced interventional 
cardiologists of the University of Amsterdam (Amsterdam, 
the Netherlands) for BIONYX.

Definitions of clinical endpoints

The main composite endpoint assessed in this study was 
target vessel failure (TVF), a composite of cardiac death, 
target vessel related myocardial infarction (MI) or clinically 
indicated target vessel revascularization (TVR). Secondary 
endpoints included the individual components of the 
main composite endpoint, supplemented by target lesion 
failure (cardiac death, target vessel related MI or clinically 
indicated TLR) and major adverse cardiac events (MACEs; 
all-cause death, any MI, emergent coronary artery bypass 
surgery or clinically indicated TLR). All clinical endpoints 
were defined according to the Academic Research 
Consortium (15,16). 

Statistical analysis

Categorical variables were reported as frequencies with 
percentages and differences between groups were assessed 
by the Chi-squared test, whereas continues variables were 
reported as mean and standard deviation and differences 
assessed with the Student’s t-test or Wilcoxon Rank Sum 
test whichever was appropriate. Kaplan-Meier methods 
were used to assess the time to composite and secondary 
endpoints, and the log-rank test was used for between-group 
comparisons. Cox regression was performed to test for 
interaction between used DES and PADs for the endpoints 
TVF, TVR, and TLR (interaction term PADs*type DES) 
as well as for the interaction between small vessel target 
lesion and type of DES for the endpoints TVF, TVR, 
and TLR (interaction term small vessel*type DES). Cox 
proportional hazards analysis was assessed to compute two-
sided hazard ratios (HRs). Potential confounders were 
identified, if in univariate analysis a P value of less than 
0.15 was found. These variables were: previous coronary 
artery bypass surgery; treatment of left anterior descending 
artery; treatment of a bypass graft; and small vessel disease. 
Further adjustments were made for the included trial. The 
potential confounders were entered into a multivariable 
Cox regression model, using stepwise backward selection. 
As this approach did not determine any confounder. A P 
value of less than 0.05 was considered significant. Statistical 
analyses were performed with SPSS software (version 28, 
IBM, Armonk, NY, USA). 

Results

Study population

From December 2012 to December 2016, a total of 4,830 
trial participants underwent PCI with BP-SES or DP-ZES, 
of whom 360 (7.5%) had comorbid PADs. These patients 
represent the study population of the current analysis: 177 
(49.2%) patients were treated with BP-SES and 183 (50.8%) 
with DP-ZES (Figure 1). During 3-year follow-up, 3 (0.8%) 
of all 360 patients were lost to follow-up and 8 (2.2%) 
withdrawal consent. Data prior to withdrawal were included 
in this analysis, as patients agreed upon the use of data that 
had been collected before the withdrawal. The treatment 
groups did not differ in age (68.3±9.4 vs. 67.8±9.9 years), 
sex (32.8% vs. 29.0% women), and various other baseline 
patient characteristics. There were also no differences in 

https://cdn.amegroups.cn/static/public/CDT-22-584-Supplementary.pdf
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procedural characteristics, such as multivessel treatment 
and target lesion complexity. Yet, BP-SES treated patients 
underwent more often PCI in (small) vessels with diameters 
<2.75 mm, and DP-ZES treated patients were more often 
treated in bypass grafts (Table 1). 

Clinical outcome in different DES groups

Table 2 presents the 3-year clinical outcome of both 
treatment groups. The main endpoint TVF occurred 
in 19/177 (11.0%) patients assigned to BP-SES and in 
32/183 (17.9%) assigned to DP-ZES (HR: 0.59, 95% CI: 
0.33–1.04, P=0.07). Figure 2 displays the 3-year Kaplan-
Meier event curves for TVF and its components. At 1- and 
2-year follow-up, the proportions of patients experiencing 
TVF were numerically higher (statistically not significant) 
in patients treated with DP-ZES (Table 2). P values for 
interaction between PADs and type of DES were 0.11 
(TVF), 0.041 (TVR), and 0.034 (TLR). 

In patients treated with BP-SES the 3-year rates of TVR 
and TLR were significantly lower compared to DP-ZES 
(HR: 0.36, 95% CI: 0.15–0.86, P=0.016 and HR: 0.28, 95% 
CI: 0.09–0.86, P=0.018). At 1- and 2-year follow-up, TVR 
also occurred significantly less often in BP-SES (HR: 0.11, 
95% CI: 0.01–0.88, P=0.012; and HR: 0.40, 95% CI: 0.15–
1.02, P=0.046). Other secondary endpoints such as cardiac 
death (HR: 0.80, 95% CI: 0.30–2.13, P=0.65), target vessel 
related MI (HR: 0.60, 95% CI: 0.23–1.51, P=0.27), definite-
or-probable stent thrombosis (HR: 0.51, 95% CI: 0.09–2.78, 
P=0.43), and MACE (HR: 0.75, 95% CI: 0.46–1.23, P=0.26) 
showed no significant between-group difference at 3-year 
follow-up. 

Clinical outcome in different DES groups after treating 
small vs. larger vessels

Among BP-SES and DP-ZES treated patients (i.e., within-
stent groups), there was no statistically significant difference 

2,342 patients
BIO-RESORT participants 
treated with SES or ZES

2,488 patients
BIONYX participants 

treated with SES or ZES

4,830 patients

4,817 patients 
with known information 

regarding peripheral 
arterial disease

360 patients* 
with peripheral arterial 

disease

4,457 patients 
without peripheral arterial 

disease

13 patients 
with unknown information 

regarding peripheral arterial 
disease

177 patients 
treated with ultrathin-strut 

biodegradable polymer SES

183 patients 
treated with thin-strut 
durable polymer ZES

Figure 1 Flowchart of patient selection for analysis. The number of patients treated with drug-eluting stents in the different trials and 
distributed to peripheral arterial disease and type DES. *, during 3-year follow-up, 3 (0.8%) of all 360 patients were lost to follow-up and 
8 (2.2%) withdrew consent. Data prior to withdrawal were included in this analysis, as patients agreed upon the use of data that had been 
collected before the withdrawal. SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent; DES, drug-eluting stent.
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Table 1 Baseline patient and procedural characteristics of DES groups in PADs patients

Characteristics BP-SES (n=177) DP-ZES (n=183) P value

Baseline characteristics

Age (years) 68.3±9.4 67.8±9.9 0.63

Premature CAD† 5 (2.8) 14 (7.7) 0.041*

Woman 58 (32.8) 53 (29.0) 0.43

Body mass index (kg/m2) 27.4±4.2 27.3±4.2 0.74

Smoker 56/173 (32.4) 58/178 (32.6) 0.97

Diabetes mellitus 45 (25.4) 58 (31.7) 0.19

Renal failure‡ 28 (15.8) 22 (12.0) 0.30

Hypertension 105 (59.3) 118 (64.5) 0.31

Hypercholesterolemia 95/174 (54.6) 99/180 (55.0) 0.94

Previous stroke 25 (14.1) 31 (16.9) 0.46

LVEF <30% 9/175 (5.1) 8/183 (4.4) 0.73

Family history of coronary artery disease 85/168 (50.6) 87/174 (50.0) 0.91

Previous MI 46 (26.0) 54 (29.5) 0.46

Previous PCI 58 (32.8) 53 (29.0) 0.43

Previous coronary bypass surgery 17 (9.6) 31 (16.9) 0.041*

Clinical syndrome at presentation 0.19

Stable angina pectoris 66 (37.3) 67 (36.6)

Unstable angina pectoris 33 (18.6) 50 (27.3)

Non-STEMI 47 (26.6) 43 (23.5)

STEMI 31 (17.5) 23 (12.6)

Procedural characteristics

Multivessel treatment 40 (22.6) 39 (21.3) 0.77

Target vessels

Left main stem 7 (4.0) 9 (4.9) 0.66

Right coronary artery 74 (41.8) 76 (41.5) 0.96

Left anterior descending artery 89 (50.3) 74 (40.4) 0.06

Left circumflex artery 49 (27.7) 58 (31.7) 0.41

Bypass graft 2 (1.1) 10 (5.5) 0.022*

Total stent length (mm) 43.2±29.4 41.8±30.8 0.66

Post-dilation 128 (72.3) 131 (71.6) 0.88

Pre-dilatation 77/79 (97.5) 69/81 (85.2) 0.006*

Thrombus aspiration 10 (5.6) 9 (4.9) 0.76

Rotational atherectomy 5 (2.8) 5 (2.7) 0.96

Complex lesion treatment 142 (80.2) 140 (76.5) 0.39

Table 1 (continued)
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Table 1 (continued)

Characteristics BP-SES (n=177) DP-ZES (n=183) P value

Ostial lesion treatment 16 (9.0) 16 (8.7) 0.92

Bifurcation treatment§ 70 (39.5) 59 (32.2) 0.15

Chronic total occlusion treatment 7 (4.0) 5 (2.7) 0.52

Total target lesion length >27 mm 55 (31.1) 41 (22.4) 0.06

Small vessel treatment¶ 110 (62.1) 90 (49.2) 0.013*

Values are mean ± SD, n (%) or n/N (%). Procedures present patient-level data. †, defined as CAD in men <50 and women <55 years; ‡, defined 
as previous renal failure, creatinine ≥130 μmol/L, or the need for dialysis; §, lesion classified as bifurcated if side branch ≥1.5 mm, according 
to criteria of Syntax Score; ¶, vessel classified as small if vessel diameter <2.75 mm; *, statistically significant. DES, drug-eluting stent; PADs, 
peripheral arterial disease; BP-SES, biodegradable polymer sirolimus-eluting stents; DP-ZES, durable polymer zotarolimus-eluting stents; CAD, 
coronary artery disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; non-STEMI, 
non-ST-segment-elevation myocardial infarction; STEMI, ST-segment-elevation myocardial infarction; SD, standard deviation.

Table 2 Clinical outcome of ultrathin-strut BP-SES versus thin-strut DP-ZES in PADs patients

Outcome BP-SES (n=177) DP-ZES (n=183) HR (95% CI) Plog-rank

1-year follow-up

TVF† 9 (5.1) 18 (9.9) 0.51 (0.23–1.13) 0.09

Cardiac death 3 (1.7) 5 (2.8) 0.62 (0.15–2.58) 0.50

Target vessel related MI 5 (2.8) 8 (4.4) 0.65 (0.21–1.97) 0.44

TVR 1 (0.6) 9 (5.0) 0.11 (0.01–0.88) 0.012*

TLR 1 (0.6) 8 (4.4) 0.13 (0.02–1.01) 0.020*°

Target lesion failure‡ 9 (5.1) 17 (9.4) 0.54 (0.24–1.21) 0.13

Probable or definite stent thrombosis 1 (0.6) 1 (0.6) 1.03 (0.07–16.49) 0.98

Bleeding 1 (0.6) 1 (0.6) 1.03 (0.07–16.49) 0.98

MACE§ 10 (5.6) 20 (11.0) 0.51 (0.24–1.09) 0.08

All-cause death 4 (2.3) 9 (5.0) 0.46 (0.14–1.48) 0.18

MI 6 (3.4) 8 (4.4) 0.77 (0.27–2.23) 0.63

2-year follow-up

TVF† 17 (9.8) 28 (15.6) 0.61 (0.33–1.10) 0.10

Cardiac death 6 (3.5) 9 (5.0) 0.68 (0.24–1.92) 0.47

Target vessel related MI 6 (3.5) 10 (5.6) 0.61 (0.22–1.69) 0.34

TVR 6 (3.5) 15 (8.5) 0.40 (0.15–1.02) 0.046*°

TLR 4 (2.3) 12 (6.8) 0.33 (0.11–1.03) 0.044*°

Target lesion failure‡ 15 (8.6) 25 (13.9) 0.60 (0.32–1.15) 0.12

Probable or definite stent thrombosis 2 (1.2) 3 (1.7) 0.68 (0.11–4.07) 0.67

Bleeding 2 (1.2) 4 (2.2) 0.51 (0.09–2.80) 0.43

MACE§ 24 (13.6) 30 (16.5) 0.80 (0.47–1.37) 0.42

All-cause death 15 (8.6) 15 (8.5) 1.02 (0.50–2.09) 0.96

MI 7 (4.0) 11 (6.2) 0.65 (0.25–1.68) 0.37

Table 2 (continued)
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in TVF or secondary clinical outcomes between patients 
treated in small vessels (<2.75 mm) or in larger vessels. 
Details are presented in Table S2. 

Clinical outcome after small vessel treatment with different 
DES

In between-stent group comparisons, BP-SES showed in 
patients with at least one small target vessel (<2.75 mm) 
lower rates of TVR and TLR than DP-ZES (HR: 0.32, 
95% CI: 0.11–0.91, P=0.024 and HR: 0.17, 95% CI: 
0.04–0.80, P=0.011). P values for interaction between small 
vessel target lesion and type of DES were statistically not 
significant (Table S3). 

Clinical outcome after larger vessel treatment with 
different DES

In patients with target vessels of a larger size, no between-

stent difference was seen (Table S4). 

Discussion

Main findings

At 3-year follow-up of PCI patients with comorbid PADs, 
those who were treated with BP-SES had a numerically 
lower TVF rate than patients treated with DP-ZES (11.0% 
vs. 17.8%, P=0.07). Furthermore, both TVR and TLR were 
about two thirds lower in BP-SES treated patients than in 
patients treated with DP-ZES (TVR: 4.1% vs. 11.0%; TLR: 
2.3% vs. 8.0%). Likewise, at 1- and 2-year follow-up, these 
repeat revascularization rates were lower in BP-SES treated 
patients. In addition, among patients who were treated in 
at least one small vessel, repeat revascularization rates were 
significantly lower after PCI with BP-SES (P<0.03). Yet, no 
between-stent difference in clinical outcome was found in 
vessels greater than 2.75 mm. 

Table 2 (continued)

Outcome BP-SES (n=177) DP-ZES (n=183) HR (95% CI) Plog-rank

3-year follow-up

TVF† 19 (11.0) 32 (17.9) 0.59 (0.33–1.04) 0.07

Cardiac death 7 (4.1) 9 (5.0) 0.80 (0.30–2.13) 0.65

Target vessel related MI 7 (4.1) 12 (6.8) 0.60 (0.23–1.51) 0.27

TVR 7 (4.1) 19 (11.0) 0.36 (0.15–0.86) 0.016*

TLR 4 (2.3) 14 (8.0) 0.28 (0.09–0.86) 0.018*

Target lesion failure‡ 17 (9.8) 27 (15.1) 0.63 (0.34–1.16) 0.13

Definite-or-probable stent thrombosis 2 (1.2) 4 (2.3) 0.51 (0.09–2.78) 0.43

Bleeding 12 (6.9) 17 (9.6) 0.72 (0.34–1.51) 0.38

MACE§ 28 (15.9) 37 (20.5) 0.75 (0.46–1.23) 0.26

All-cause death 17 (9.7) 18 (10.0) 0.96 (0.50–1.87) 0.91

MI 9 (5.3) 14 (8.0) 0.67 (0.28–1.52) 0.32

Data are n (%), unless otherwise indicated. †, the composite endpoint of target vessel failure is a composite of cardiac death, target vessel 
related myocardial infarction, and clinically indicated target vessel revascularization; ‡, target lesion failure is a composite of cardiac death, 
target vessel related myocardial infarction, and clinically indicated target lesion revascularization; §, major adverse cardiac events is a 
composite of all-cause death, any myocardial infarction, emergent coronary artery bypass surgery, and clinically indicated target lesion 
revascularization; *, statistically significant; °, because the log-rank P value is based on χ2, it does not correspond with the 95% CI because 
of the very low event rate in the Biodegradable group (P value based on Wald test: 0.051, 0.055, 0.056). BP-SES, biodegradable polymer 
sirolimus-eluting stents; DP-ZES, durable polymer zotarolimus-eluting stents; PADs, peripheral arterial disease; TVF, target vessel failure; 
MI, myocardial infarction; TVR, target vessel revascularization; TLR, target lesion revascularization; MACE, major adverse cardiac event; 
MI, myocardial infarction; HR, hazard ratio; CI, confidence interval.

https://cdn.amegroups.cn/static/public/CDT-22-584-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-22-584-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-22-584-Supplementary.pdf
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Figure 2 Kaplan-Meier cumulative event curves for composite endpoint and components. Kaplan-Meier cumulative incidence curves for: 
target vessel failure (A), a composite of cardiac death (B), target vessel related myocardial infarction (C), or clinically driven target vessel 
revascularization (D). Patients with peripheral arterial disease with a thin-strut durable polymer ZES (red) or ultrathin-strut biodegradable 
polymer SES (blue). DP-ZES, durable polymer zotarolimus-eluting stents; BP-SES, biodegradable polymer sirolimus-eluting stents; HR, 
hazard ratio; CI, confidence interval; MI, myocardial infarction.
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Previous studies

Most previous studies that compared PCI patients with 
and without concomitant PADs were performed with 
bare metal stents or early-generation DES. These studies 
showed in patients with PADs inferior clinical outcomes 
including all-cause mortality, TVR, or MACE compared 
to patients without this comorbidity (7,8,17,18). In PCI 
patients with PADs, treatment with early-generation DES 
showed an improved clinical outcome as compared to bare 
metal stents (7,19). Unfortunately, DES types were not 
specified but are likely new-generation DES. These studies 
found higher event rates for outcomes such as all-cause 
mortality, MI, TLR, bleeding, and major adverse cardiac 
and cerebrovascular events patients with PADs compared to 

patients without PADs (20-22). The present analysis is the 
first to compare the treatment results of PCI with different 
new-generation DES in patients with PADs.

Characteristics of DES and clinical outcome

The lower risk of repeat revascularization procedures after 
PCI with BP-DES in patients with PADs might be related 
to the strut thickness, the nature of the polymer coating, the 
geometry and flexibility of the metallic backbone, the drug 
and its release kinetics, or a combination thereof. Recent 
pathological assessment of the early biological responses 
after implantation of new-generation DP-DES and BP-
DES has shown that BP-DES displays faster vessel healing 
and greater strut coverage than DP-DES (23). While BP-
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coatings could have some advantage, most trials and meta-
analyses found overall no difference in clinical outcome 
between BP-DES- and DP-DES-treated patients (24-27). 
Two meta-analyses of sixteen and nine randomized trials, 
respectively, showed no medium- and long-term difference 
in safety and efficacy between BP-DES and second-
generation DP-DES (24,28). Furthermore, one randomized 
trial compared DES with different coatings (BP-DES and 
DP-DES) but the same strut thickness and revealed no 
difference in outcome up to 5 years (27,29).

Yet, there are some signals that the ultrathin-strut 
thickness might represent a certain advantage for clinical 
outcome. A meta-analysis that compared the outcome of 
three ultrathin-strut DES (60–65 µm) with DES that had 
substantially thicker struts (81–120 µm), found a reduction 
in target lesion failure in patients treated with ultrathin-
strut DES, resulting from a lower risk of MI (2). In 
contrast, the SORT OUT VII (Scandinavian Organization 
for Randomized Trials With Clinical Outcome) trial 
comparing the Orsiro ultrathin-strut BP-SES (60–80 µm) 
vs. a thick strut BP-DES (120 µm), showed no statistical 
significant difference in 2-year clinical outcome (30). 
Furthermore, in the BIOFLOW-II (Biotronik-Safety and 
Clinical Performance of the Drug Eluting Orsiro Stent in 
the Treatment of Subjects With Single De Novo Coronary 
Artery Lesions) study no statistically significant difference 
in optical coherence tomography-determined neointimal 
thickness was found between ultrathin-strut BP-DES  
(60 µm) and thin-strut DP-DES (81 µm) (31). In contrast, 
the BIOSTEMI (A Comparison of an Ultrathin Strut 
Biodegradable Polymer Sirolimus-Eluting Stent With a 
Durable Polymer Everolimus-Eluting Stent for Patients 
With Acute ST-Segment Elevation Myocardial Infarction 
Undergoing Primary Percutaneous Coronary Intervention) 
trial compared treatment with 60 µm strut BP-SES with a 
81-µm strut DP-EES in patients with ST-segment elevation 
MI and found lower 2-year rates of TVF, clinically indicated 
TLR and TVR after treatment with the ultrathin-strut  
stent (32). While our findings in PCI patients with 
comorbid PADs (e.g., mortality and MI) are in accordance 
with most studies that found no statistical significant 
difference (28,30,31), we did observe lower TVR and 
TLR rates in patients treated with ultrathin-strut BP-SES. 
Notably, in our study, about 55% of all patients with PADs 
were treated in at least one small vessel (<2.75 mm).

After PCI in small vessels, DES with an ultrathin-
struts stent have been suggested to show better clinical 
outcomes as a result of less relative lumen obstruction (33).  

The advantage of DES with ultrathin-struts, as seen in 
the present study, corroborates the findings of a meta-
analysis by Bangalore and coworkers (2). In addition, in the 
BIO-RESORT trial, patients treated in coronary arteries 
with a lumen diameter of less than 2.5 mm experienced 
fewer repeated revascularizations if treated with ultrathin-
strut BP-SES as compared to thin-strut DP-ZES (33). 
Furthermore, a subgroup analysis of patients enrolled in 
the RAIN study, who were treated with PCI in vessels 
with lumen diameters of 2.5 mm or less, found lower rates 
of target lesion failure, MI, and stent thrombosis after 
PCI with DES that had thinner struts (74 vs. 81 µm) (34).  
Finally,  the small  vessel  subgroup analysis  of the 
CENTURY-II (Clinical Evaluation of New TerUmo drug-
elUting coRonary stent system in the treatment of patients 
with coro-narY artery disease) trial, which compared thin-
strut DES with similar strut thickness (80 and 81 µm) 
but different coatings (BP and DP-coating), showed no 
between-stent difference in revascularization rate (35). 

Strengths and limitations

To the best of our knowledge, this is the first analysis 
that assessed the impact of treatment with different new-
generation DES, performed in patients who had a PCI 
and comorbid PADs. Therefore, the current study pooled 
patient-level data from two randomized controlled stent 
trials and assessed the outcome after PCI with BP-SES 
or DP-ZES in all-comer patients who had comorbid 
PADs. For both trials, the same in- and exclusion criteria, 
definitions and clinical endpoints were used. Clinical events 
were independently adjudicated by external clinical event 
committees. Nevertheless, this study has some limitations. 
The results of this analysis should be considered hypothesis 
generating due to the sample size and formal lack of 
power. The current study assessed patients who at the 
time of enrollment or previously had symptomatic PADs 
or clinically relevant aortic pathologies; therefore, patients 
with undiagnosed and asymptomatic disease will have been 
missed. No ankle-brachial index was performed and the 
definition of PADs was determined by the local site.

Conclusions

In PCI patients with PADs, the 3-year incidence of TVF 
was numerically lower in the ultrathin-strut BP-SES vs. 
the thin-strut DP-ZES group. Furthermore, TVR risk was 
significantly lower in ultrathin-strut BP-SES, mainly driven 
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by a lower TVR rate in small vessels. 
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Supplementary

Table S1 DES and their characteristics

Characteristics Orsiro* Resolute integrityº Resolute onyxº

Drug eluted Sirolimus Zotarolimus Zotarolimus

Durability of polymer coating Biodegradable Durable Durable

Distribution of polymer 
coating

Circumferential, asymmetrical Circumferential, 
symmetrical

Circumferential, symmetrical

Platform material Cobalt chromium Cobalt chromium Cobalt chromium with platinum-indium core

Polymer coating Poly(L-lactide) acid (PLLA) BioLinx polymer system BioLinx polymer system

Polymer thickness 7.4 µm (abluminal) 3.5 µm (luminal) 5.6 µm (circumferential) 5.6 µm (circumferential)

Strut thickness <3.5 mm stent: 60 µm; ≥3.5 mm 
stent: 80 µm

all stents: 91 µm <4.0 mm stent: 81 µm; ≥4.5 mm  
stent: 91 µm

*, Biotronik, Bülach, Switzerland; º, Medtronic, Santa, California, USA. DES, drug-eluting stent.

Table S2 Subgroup-analysis assessing effect of different vessel sizes on 3-year outcome of ultrathin-strut BP-SES and thin-strut DP-ZES

Outcome

BP-SES (n=177) DP-ZES (n=183)

Vessel  
<2.75 mm 

(n=110)

Vessel  
≥2.75 mm 

(n=67)
HR (95% CI) Plog-rank

Vessel  
<2.75 mm  

(n=90)

Vessel  
≥2.75 mm  

(n=93)
HR (95% CI) Plog-rank

TVF† 15 (14.0) 4 (6.0) 2.37 (0.79–7.15) 0.11 19 (21.4) 13 (14.4) 1.60 (0.79–3.24) 0.19

Cardiac death 5 (4.8) 2 (3.2) 1.52 (0.29–7.81) 0.62 4 (4.6) 5 (5.7) 0.83 (0.22–3.07) 0.77

Target vessel related MI 6 (5.6) 1 (1.6) 3.71 (0.45–30.84) 0.19 9 (10.3) 3 (3.5) 3.17 (0.86–11.72) 0.07

TVR 5 (4.8) 2 (3.2) 1.52 (0.29–7.81) 0.62 12 (13.9) 7 (8.2) 1.84 (0.72–4.66) 0.19

TLR 2 (1.9) 2 (3.2) 0.60 (0.09–4.28) 0.61 9 (10.3) 5 (5.7) 1.91 (0.64–5.69) 0.24

Target lesion failure‡ 13 (12.1) 4 (6.0) 2.04 (0.67–6.26) 0.20 16 (18.0) 11 (12.2) 1.58 (0.73–3.39) 0.24

Probable or definite stent 
thrombosis

1 (1.0) 1 (1.6) 0.61 (0.04–9.79) 0.90 3 (3.5) 1 (1.1) 3.06 (0.32–29.44) 0.31

MACE§ 21 (19.1) 7 (10.5) 1.88 (0.80–4.43) 0.14 22 (24.6) 15 (16.4) 1.59 (0.83–3.07) 0.16

All-cause death 12 (10.9) 5 (7.5) 1.44 (0.51–4.10) 0.49 10 (11.4) 8 (8.8) 1.27 (0.51–3.24) 0.60

MI 8 (7.5) 1 (1.6) 5.00 (0.63–40.04) 0.09 10 (11.4) 4 (4.6) 2.65 (0.83–8.45) 0.09

Data are n (%), unless otherwise indicated. †, the composite endpoint of target vessel failure is a composite of cardiac death, target vessel 
related myocardial infarction, and clinically indicated target vessel revascularization; ‡, target lesion failure is a composite of cardiac death, 
target vessel related myocardial infarction, and clinically indicated target lesion revascularization; §, major adverse cardiac events is a 
composite of all-cause death, any myocardial infarction, emergent coronary artery bypass surgery, and clinically indicated target lesion 
revascularization. BP-SES, biodegradable polymer sirolimus-eluting stents; DP-ZES, durable polymer zotarolimus-eluting stents; TVF, 
target vessel failure; TVR, target vessel revascularization; TLR, target lesion revascularization; MACE, major adverse cardiac events; MI, 
myocardial infarction; HR, hazard ratio; CI, confidence interval.
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Table S4 Subgroup-analysis in small vessel disease assessing effect of ultrathin-strut BP-SES versus thin-strut DP-ZES on 3-year outcome

Outcome

Vessel <2.75 mm (n=200) Vessel ≥2.75 mm (n=160)

BP-SES 
(n=110)

DP-ZES 
(n=90)

HR (95% CI) Plog-rank

BP-SES 
(n=67)

DP-ZES 
(n=93)

HR (95% CI) Plog-rank

TVF† 15 (14.0) 19 (21.5) 0.62 (0.31-1.21) 0.16 4 (6.0) 13 (14.4) 0.41 (0.13-1.27) 0.11

Cardiac death 5 (4.7) 4 (4.6) 1.00 (0.27-3.74) 1.00 2 (3.2) 5 (5.7) 0.55 (0.11-2.84) 0.47

Target vessel related MI 6 (5.6) 9 (10.3) 0.54 (0.19-1.52) 0.23 1 (1.6) 3 (3.5) 0.45 (0.05-4.36) 0.48

TVR 6 (5.6) 12 (13.9) 0.32 (0.11-0.91) 0.024* 2 (3.2) 7 (8.2) 0.39 (0.08-1.85) 0.22

TLR 2 (1.9) 9 (10.3) 0.17 (0.04-0.80) 0.011* 2 (3.2) 5 (5.7) 0.55 (0.11-2.82) 0.46

Target lesion failure‡ 13 (12.1) 16 (18.0) 0.64 (0.31-1.33) 0.23 4 (6.0) 11 (12.2) 0.49 (0.16-1.55) 0.22

Probable or definite stent 
thrombosis

1 (1.0) 3 (3.5) 0.27 (0.03-2.58) 0.22 1 (1.6) 1 (1.1) 1.38 (0.09-22.02) 0.82

MACE§ 21 (19.1) 22 (24.6) 0.74 (0.41-1.35) 0.33 7 (10.5) 15 (16.4) 0.63 (0.26-1.55) 0.31

All-cause death 12 (10.9) 10 (11.4) 0.96 (0.42-2.23) 0.93 5 (7.5) 8 (8.8) 0.86 (0.28-2.64) 0.80

MI 8 (7.5) 10 (11.4) 0.65 (0.26-1.65) 0.36 1 (1.6) 4 (4.6) 0.34 (0.04-3.06) 0.31

Data are n (%), unless otherwise indicated. †, the composite endpoint of target vessel failure is a composite of cardiac death, target vessel 
related myocardial infarction, and clinically indicated target vessel revascularization; ‡, target lesion failure is a composite of cardiac death, 
target vessel related myocardial infarction, and clinically indicated target lesion revascularization; §, major adverse cardiac events is a 
composite of all-cause death, any myocardial infarction, emergent coronary artery bypass surgery, and clinically indicated target lesion 
revascularization; *, statistically significant. BP-SES, biodegradable polymer sirolimus-eluting stents; DP-ZES, durable polymer zotarolimus-
eluting stents; TVF, target vessel failure; TVR, target vessel revascularization; TLR, target lesion revascularization; MACE, major adverse 
cardiac events; MI, myocardial infarction; HR, hazard ratio; CI, confidence interval.

Table S3 P values for interaction between small vessel target lesion 
and type of DES

Variables P value

TVF† 0.56

TVR 0.84

TLR 0.31
†, the composite endpoint of target vessel failure is a composite 
of cardiac death, target vessel related myocardial infarction, 
and clinically indicated target vessel revascularization. DES, 
drug-eluting stent; TVF, target vessel failure; TVR, target vessel 
revascularization; TLR, target lesion revascularization.


