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Abstract

Background: Ultrathin‐strut biodegradable polymer sirolimus‐eluting stents (BP‐SES)

are superior to thin‐strut durable polymer everolimus‐eluting stents (DP‐EES) with

respect to target lesion failure (TLF) at 2 years among patients with ST‐segment

elevation myocardial infarction (STEMI). We sought to determine the impact of

primary percutaneous coronary intervention (pPCI) complexity on long‐term clinical

outcomes with BP‐SES versus DP‐EES in STEMI patients.

Methods: We performed a post hoc subgroup analysis from the BIOSTEMI

(NCT02579031) randomized trial, which included individual data from 407 STEMI

patients enrolled in the BIOSCIENCE trial (NCT01443104). STEMI patients were

randomly assigned to treatment with ultrathin‐strut BP‐SES or thin‐strut DP‐EES,

and further categorized into those undergoing complex versus noncomplex pPCI.

Complex pPCI was defined by the presence of ≥1 of the following criteria: 3 vessel

treatment, ≥3 stents implanted, ≥3 lesions treated, bifurcation lesion with ≥2 stents

implanted, total stent length ≥60mm, and/or chronic total occlusion treatment. The

primary endpoint was TLF, a composite of cardiac death, target‐vessel myocardial

reinfarction, or clinically indicated target lesion revascularization, within 2 years.

Results: Among a total of 1707 STEMI patients, 421 (24.7%) underwent complex

pPCI. Baseline characteristics were similar between groups. At 2 years, TLF occurred

in 14 patients (7.1%) treated with BP‐SES and 25 patients (11.6%) treated with
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DP‐EES (hazard ratio [HR]: 0.62; 95% confidence interval [CI]: 0.32–1.19; p = 0.15) in

the complex pPCI group, and in 28 patients (4.4%) treated with BP‐SES and 49

patients (8.2%) treated with DP‐EES (HR: 0.54; 95% CI: 0.34–0.86; p = 0.008; p for

interaction = 0.74) in the noncomplex pPCI group. Individual TLF components and

stent thrombosis rates did not significantly differ between groups.

Conclusion: In a post hoc subgroup analysis from the BIOSTEMI randomized trial,

ultrathin‐strut BP‐SES were superior to thin‐strut DP‐EES with respect to TLF at

2 years among STEMI patients undergoing both complex and noncomplex pPCI.

K E YWORD S

biodegradable polymer, complex percutaneous coronary intervention, drug‐eluting stent,
ST‐segment elevation myocardial infarction, ultrathin‐strut

1 | INTRODUCTION

The advent of newer‐generation drug‐eluting stent (DES) designs that

combine highly deliverable thin‐strut stent platforms, biodegradable,

or biocompatible permanent polymers and reduced sirolimus analo-

gues concentrations with controlled drug release has rapidly shifted

the boundaries of percutaneous coronary intervention (PCI) toward

the treatment of more extensive and increasingly complex coronary

lesions.1,2 Patients undergoing complex PCI in the newer‐generation

DES era remain however at increased long‐term risk for myocardial

infarction, stent thrombosis, and repeat revascularization compared

with those treated for noncomplex coronary lesions, irrespective of

baseline clinical presentation.3 Direct comparisons between contem-

porary DESs among patients undergoing complex PCI are limited and

systematically failed to demonstrate differences in clinical outcomes

between newer‐generation DESs designs with different stent strut

thickness and polymer coatings.4–6 In addition, there is paucity of data

concerning the impact of procedural complexity on the long‐term

clinical performance of newest‐generation DESs among highest‐risk

patients with acute coronary syndrome undergoing PCI.

Patients with ST‐segment elevation myocardial infarction (STEMI)

are at increased risk for stent‐related adverse outcomes after primary

PCI7 owing to an enhanced prothrombotic and inflammatory environ-

ment that may interfere with vascular healing.8 Ultrathin‐strut

biodegradable polymer sirolimus‐eluting stents (BP‐SES) were recently

found superior to thin‐strut durable polymer everolimus‐eluting stents

(DP‐EES) with respect to target lesion failure (TLF) at up to 2 years of

follow‐up among patients with STEMI undergoing primary PCI,9,10 a

difference mainly driven by a lower risk of ischemia‐driven target

lesion revascularization (TLR). However, the long‐term impact of

procedural complexity on patient‐ and stent‐related adverse events

following primary PCI with ultrathin‐strut BP‐SES versus thin‐strut DP‐

EES in patients with STEMI remains uncertain. We, therefore, sought

to investigate the effects of primary PCI complexity on long‐term

clinical outcomes after ultrathin‐strut BP‐SES versus thin‐strut DP‐EES

implantation in patients with STEMI.

2 | METHODS

2.1 | Study design and study population

BIOSTEMI was an investigator‐initiated, prospective, multicentre,

single‐blind, open‐label, randomized superiority trial that compared

ultrathin‐strut BP‐SES versus thin‐strut DP‐EES among patients

undergoing primary PCI for STEMI. The study rationale and design

have been previously described.11 To summarize, STEMI patients

undergoing primary PCI within 24 h after symptom onset, and with at

least one infarct‐related coronary lesion in one or more native target

coronary arteries suitable for DES implantation, were randomly

allocated in a 1:1 ratio to treatment with ultrathin‐strut BP‐SES or

thin‐strut DP‐EES. For the present analysis, we further categorized

STEMI patients treated with ultrathin‐strut BP‐SES or thin‐strut

DP‐EES into those undergoing complex versus noncomplex primary

PCI during the index procedure. The study protocol complied with

the Declaration of Helsinki and was approved by the institutional

ethics committees at participating centers. All patients provided

written informed consent for participation. The trial was registered

with ClinicalTrials.gov number, NCT02579031. The primary outcome

results of the BIOSTEMI trial at 1 and 2 years of follow‐up were

previously reported.9,10

2.2 | Study procedures

The investigational BP‐SES (Orsiro; Biotronik AG) combines an

ultrathin‐ (60 μm for stent diameters ≤3.0mm) or thin‐strut (80 μm

for stent diameters >3.0 mm) cobalt‐chromium metallic stent

platform covered by an amorphous silicon‐carbide layer, and an

asymmetric biodegradable poly‐L‐lactic acid polymer coating that

releases sirolimus at a dose of 1.4 μg/mm2 stent surface over a period

of 12–14 weeks and degrades within 24 months.12 The comparator

DP‐EES (Xience Xpedition/Alpine; Abbott Vascular) consists of a

thin‐strut (81 μm) cobalt‐chromium stent platform covered by a
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permanent poly‐n‐butyl‐methacrylate, and vinylidene fluoride and

hexafluoropropylene co‐polymer releasing everolimus.

Web‐based randomization was performed using a computer‐

generated allocation sequence in random blocks of 2, 4, and 6, which

was stratified according to center, presence or absence of diabetes,

and multivessel coronary artery disease. Primary PCI was performed

at the operator's discretion according to current recommendations

and techniques at the time of enrollment. Dual antiplatelet therapy

(DAPT), consisting in acetylsalicylic acid (loading and maintenance

doses, 250–500 and 100mg daily, respectively) combined with

prasugrel (loading and maintenance doses, 60 and 10mg daily,

respectively) or ticagrelor (loading and maintenance doses, 180 and

90mg twice daily, respectively), alternatively with clopidogrel

(loading and maintenance doses, 600 and 75mg daily, respectively),

was initiated before, or at the time of, primary PCI and prescribed for

a recommended duration of 12 months.

2.3 | Study definitions

Patients with STEMI who were randomly allocated to treatment with

ultrathin‐strut BP‐SES or thin‐strut DP‐EES were further categorized

into complex and noncomplex primary PCI subgroups according to

the index procedure complexity. There is currently no universal

definition of complex PCI.2 For the present analysis, we defined

complex primary PCI based on a previous study13 by the presence of

at least one of the following criteria during the index procedure: 3

vessel treatment, ≥3 stents implanted, ≥3 lesions treated, bifurcation

lesion with ≥2 stents implanted, total stent length ≥60mm, and/or

chronic total occlusion (CTO) treatment.

2.4 | Study endpoints

The primary endpoint of the present analysis was TLF, defined as the

composite of cardiac death, target vessel myocardial reinfarction, or

clinically indicated TLR, within 2 years of the index procedure.

Primary and secondary endpoint definitions, data collection and

monitoring have been previously described.11 The patient‐oriented

composite endpoint (POCE) was defined as the composite of all‐

cause death, any myocardial reinfarction, or any revascularization.

Target vessel failure (TVF) was defined as the composite of cardiac

death, any myocardial reinfarction, or any target vessel

revascularization (TVR). All study endpoints were adjudicated using

standard definitions by an independent clinical events committee

blinded to treatment assignment.

2.5 | Statistical analysis

We performed a post hoc, nonprespecified, subgroup analysis from the

BIOSTEMI trial comparing clinical outcomes according to randomized

stent type (BP‐SES vs. DP‐EES) and primary PCI complexity (complex

vs. noncomplex primary PCI) based on a previous study definition.13

For the present analysis, we included individual patient data from

STEMI patients enrolled into the BIOSCIENCE trial14 (NCT02579031),

as with the primary endpoint analysis of the BIOSTEMI trial.9 All

analyses were performed according to the intention‐to‐treat principle.

The results are presented as count (%) for categorical variables and as

mean ± standard deviation for continuous variables. p Values were

obtained from χ2 tests, Fisher's exact tests, generalized linear models,

or mixed‐effect models (for lesion‐level analysis), as appropriate.

Mantel‐Cox heterogeneity tests were used to calculate hazard ratios

(HR) and their associated 95% confidence intervals (CI), p values for

main effects, and interaction between stent type (BP‐EES vs. DP‐SES)

and patient subgroup (complex vs. noncomplex primary PCI). We used

time to first event for each endpoint and reported numbers of patients

and Kaplan–Meier estimates of cumulative incidence. A p ≤ 0.05 was

considered statistically significant. Analyses were performed with

STATA 15 (Stata Statistical Software: Release 15; StataCorp. 2017).

3 | RESULTS

A total of 1707 STEMI patients (1300 and 407 patients from

BIOSTEMI and BIOSCIENCE trials, respectively) were included, of

which 421 (24.7%) underwent complex primary PCI (200 patients

treated with ultrathin‐strut BP‐SES, 221 patients treated with thin‐

strut DP‐EES) (Figure 1). Follow‐up information at 2 years was

available for 405 out of 421 (96.2%) patients in the complex primary

PCI group, and 1204 out of 1279 (94.1%) patients in the noncomplex

primary PCI group (Figure 1). Baseline clinical, angiographic, and

procedural characteristics did not differ between groups (Tables 1

and 2). The most frequent complex primary PCI features were ≥3

stents implanted (72.2%), long lesion treatment with a total stent

length ≥60mm (42.8%), bifurcation lesion treatment with ≥2 stents

implanted (31.1%), and ≥3 lesions treated (20%) (Table 3, Figure 2).

Among complex primary PCI patients, complex PCI criteria did not

significantly differ among those treated with ultrathin‐strut BP‐SES

or DP‐EES, except for total stent length ≥60mm which was

significantly more prevalent in the DP‐EES group (49.8% vs. 35%;

p = 0.002) (Table 3). At 2 years of follow‐up, 371 (12%) patients were

on DAPT (Supporting Information: Table 1). The adherence rates to

DAPT at 2 years were similar among patients treated with BP‐SES

and DP‐EES in the complex (10.2% vs. 8.8%; p = 0.73) and

noncomplex (6.6% vs. 8.8%; p = 0.18) primary PCI groups, respec-

tively (Supporting Information: Table 1).

At 2 years of follow‐up, the rates of TLF were significantly higher

among STEMI patients undergoing complex, as compared with those

who underwent noncomplex, primary PCI (9.5% vs. 6.3%; HR: 1.54;

95% CI: 1.05–2.27; p = 0.03). The difference was driven by a

significantly higher risk for clinically indicated TLR (5.8% vs. 3.4%;

HR: 1.75; 95% CI: 1.05–2.93; p = 0.03) in the complex primary PCI

group (Table 4). STEMI patients undergoing complex primary PCI had a

significantly increased risk for repeat revascularization (10.3% vs.

7.0%; HR: 1.50; 95% CI: 1.03–2.17; p = 0.03), and definite/probable
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stent thrombosis (3.9% vs. 2.0%; HR: 1.95; 95% CI: 1.04–3.65;

p = 0.03) at 2 years of follow‐up compared with those undergoing

noncomplex primary PCI (Table 4). The increased risk for repeat

revascularization resulted in higher rates of POCE at 2 years among

STEMI patients undergoing complex, as compared to noncomplex,

primary PCI (15.7% vs. 11.0%; HR: 1.48; 95% CI: 1.10–1.99; p = 0.009)

(Table 4). In addition, the rates of TVF at 2 years were significantly

higher among STEMI patients undergoing complex versus noncomplex

primary PCI (11.7% vs. 7.3%; HR: 1.63; 95% CI: 1.15–2.32; p = 0.006),

a difference driven by a significantly lower risk for TVR (8.3% vs. 4.4%;

HR: 1.91; 95% CI: 1.23–2.95; p = 0.003) (Table 4).

At 2 years, the rates of TLF were numerically lower among

STEMI patients treated with ultrathin‐strut BP‐SES compared with

thin‐strut DP‐EES in the complex primary PCI group (7.1% vs. 11.6%;

HR: 0.62; 95% CI: 0.32–1.19; p = 0.15) (Table 5, Figure 3). There were

no significant differences in the rates of individual TLF components at

2 years between treatment groups, but the risk for target vessel

myocardial reinfarction (1.0% vs. 4.3%; HR: 0.24; 95% CI: 0.05–1.13;

p = 0.051) was numerically lower among complex primary PCI

patients treated with ultrathin‐strut BP‐SES compared with thin‐

strut DP‐EES (Table 5, Figure 3). STEMI patients undergoing complex

primary PCI with ultrathin‐strut BP‐SES had a significantly lower risk

for repeat revascularization (5.9% vs. 14.3%; HR: 0.39; 95% CI:

0.20–0.79; p = 0.006), and clinically indicated TVR (4.8% vs. 11.0%;

HR: 0.43; 95% CI: 0.20–0.92; p = 0.03) at 2 years compared with

those treated with thin‐strut DP‐EES (Table 5). Similarly, the rates of

TVF were significantly lower among complex primary PCI patients

treated with ultrathin‐strut BP‐SES compared with thin‐strut DP‐EES

(8.2% vs. 14.8%; HR: 0.54; 95% CI: 0.30–0.99; p = 0.043), a

difference driven by a significantly lower risk for TVR (4.8% vs.

11.5%; HR: 0.41; 95% CI: 0.19–0.88; p = 0.02) (Table 5). In addition,

compared with those treated with thin‐strut DP‐EES, STEMI patients

undergoing complex primary PCI with ultrathin‐strut BP‐SES had

numerically lower rates of myocardial reinfarction (2.7% vs. 6.2%; HR:

0.42; 95% CI: 0.15–1.19; p = 0.09), TLR (3.7% vs. 8.2%; HR: 0.45;

95% CI: 0.19–1.10; p = 0.07), and definite/probable stent thrombosis

(2.0% vs. 5.5%; HR: 0.37; 95% CI: 0.12–1.14; p = 0.07) (Table 5).

However, 2‐year rates of POCE did not significantly differ between

F IGURE 1 Patient flowchart according to the CONSORT statement. BMS, bare metal stent; BP‐SES, biodegradable polymer sirolimus‐
eluting stent; CABG, coronary artery bypass grafting; DES, drug‐eluting stent; DP‐EES, durable polymer everolimus‐eluting stent; PCI,
percutaneous coronary intervention; STEMI, ST‐segment elevation myocardial infarction.
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TABLE 1 Baseline clinical characteristics.

Complex primary PCI Noncomplex primary PCI

BP‐SES DP‐EES BP‐SES DP‐EES

Patients—n n = 200 n = 221 n = 653 n = 626

Age—years (SD) 63.4 ± 11.7 64.4 ± 12.0 61.5 ± 12.0 62.3 ± 12.0

Male gender—n (%) 161 (80.5%) 164 (74.2%) 515 (78.9%) 464 (74.1%)

Body mass index—kg/m2 27.1 ± 4.7 27.3 ± 4.1 26.9 ± 4.2 26.7 ± 4.3

Diabetes mellitus, n (%) 31 (15.6%) 26 (11.8%) 71 (10.9%) 83 (13.3%)

Orally treated 21 (10.6%) 17 (7.7%) 46 (7.0%) 60 (9.6%)

Insulin‐treated 11 (5.5%) 7 (3.2%) 19 (2.9%) 18 (2.9%)

Hypertension—n (%) 97 (49.0%) 114 (51.8%) 281 (43.2%) 281 (45.0%)

Hypercholesterolemia—n (%) 109 (55.3%) 111 (50.5%) 304 (46.8%) 292 (47.1%)

Current smoker—n (%) 86 (44.1%) 81 (37.9%) 299 (46.6%) 246 (39.9%)

Family history of CAD—n (%) 38 (19.1%) 44 (19.9%) 126 (19.4%) 162 (25.9%)

Previous MI—n (%) 5 (2.5%) 8 (3.6%) 30 (4.6%) 25 (4.0%)

Previous PCI—n (%) 7 (3.5%) 9 (4.1%) 32 (4.9%) 33 (5.3%)

Previous CABG—n (%) 3 (1.5%) 1 (0.5%) 4 (0.6%) 8 (1.3%)

Atrial fibrillation—n (%) 8 (4.0%) 6 (2.7%) 10 (1.5%) 17 (2.7%)

Previous stroke or TIA—n (%) 4 (2.0%) 4 (1.8%) 14 (2.1%) 18 (2.9%)

Peripheral vascular disease—n (%) 7 (3.5%) 6 (2.7%) 12 (1.8%) 13 (2.1%)

Renal failure (eGFR < 60mL/min)—n (%) 26 (13.5%) 32 (15.2%) 64 (10.2%)a 63 (10.5%)b

Left ventricular ejection fraction—% 47.6 ± 11.3c 46.9 ± 11.0d 49.6 ± 10.8e 49.0 ± 11.2f

Multivessel disease—n (%) 93 (63.3%)g 101 (63.1%)h 225 (45.4%)i 213 (43.4%)j

Medication at baseline—n (%)

Aspirin 21 (11.5%)d 28 (13.7%)k 95 (15.1%)l 86 (14.4%)m

Clopidogrel 0 (0.0%)d 1 (0.5%)k 7 (1.1%)l 8 (1.3%)m

Prasugrel 0 (0.0%)d 1 (0.5%)k 2 (0.3%)l 4 (0.7%)m

Ticagrelor 1 (0.5%)d 2 (1.0%)k 9 (1.4%)l 3 (0.5%)m

Any dual antiplatelet therapy 1 (0.5%)d 3 (1.5%)k 14 (2.2%)l 10 (1.7%)m

Vitamin K oral anticoagulant 4 (2.2%)d 5 (2.4%)k 5 (0.8%)l 7 (1.2%)m

Nonvitamin K oral anticoagulant 4 (2.2%)d 2 (1.0%)k 6 (1.0%)l 5 (0.8%)m

Any anticoagulant therapy 8 (4.3%)d 7 (3.4%)k 11 (1.8%)l 12 (2.0%)m

Statins 29 (15.9%)d 25 (12.3%)k 89 (14.2%)l 97 (16.2%)m

ACE inhibitors 14 (7.8%)d 20 (9.9%)k 63 (10.1%)l 65 (10.9%)m

ARB 24 (13.3%)d 36 (17.7%)k 86 (13.7%)l 92 (15.4%)m

β‐Blockers 28 (15.6%)d 27 (13.3%)k 88 (14.1%)l 89 (14.9%)m

Note: Data are expressed as sample sizes (n) with means (±standard deviations) or counts (%).

Abbreviations: ACE, angiotensin‐converting enzyme; ARB, angiotensin receptor blocker; BP‐SES, biodegradable polymer sirolimus‐eluting stent; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; DP‐EES, durable polymer everolimus‐eluting stent; eGFR, estimated glomerular filtration
rate; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
an = 631.
bn = 599.
cn = 155.
dn = 180.
en = 403.
fn = 381.
gn = 147.
hn = 160.
in = 496.
jn = 491.
kn = 203.
ln = 626.
mn = 596.
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STEMI patients undergoing complex primary PCI with BP‐SES or DP‐

EES (12.7% vs. 18.3%; HR: 0.67; 95% CI: 0.41–1.11; p = 0.12)

(Table 5).

Among STEMI patients undergoing noncomplex primary PCI,

2‐year TLF rates were significantly lower with ultrathin‐strut BP‐SES

as compared with thin‐strut DP‐EES (4.4% vs. 8.2%; HR: 0.54; 95% CI:

0.34–0.86; p= 0.008), a difference driven by a lower risk of ischemia

driven TLR (2.4% vs. 4.3%; HR: 0.57; 95% CI: 0.30–1.07; p= 0.08)

(Table 5, Figure 3). Overall, there was however no significant interaction

between treatment effect and primary PCI complexity (p for interac-

tion = 0.74) with respect to the primary endpoint of TLF at 2 years

(Table 5). In patients with STEMI undergoing noncomplex primary PCI,

the risk of TVF at 2 years was significantly lower among those treated

with ultrathin‐strut BP‐SES compared with thin‐strut DP‐EES (5.7% vs.

9.0%; HR: 0.63; 95% CI: 0.41–0.96; p= 0.03) (Table 5).

In a sensitivity analysis comparing clinical outcomes among

patients undergoing complex versus noncomplex primary PCI and

stratified according to each individual complex primary PCI criteria,

there was no significant treatment interaction between ultrathin‐strut

BP‐SES and thin‐strut DP‐EES with respect to TLF at 2 years for any

individual complex PCI features (Supporting Information: Figure 1).

4 | DISCUSSION

The salient findings of the present post hoc subgroup analysis from

the BIOSTEMI randomized trial can be summarized as follows1: a

significant proportion (25%) of all‐comer patients with STEMI require

complex primary PCI owing to complex anatomical and procedural

features, such as multivessel PCI, ≥3 stents implanted, ≥3 lesions

treated, bifurcation lesion with ≥2 stents implanted, and/or total

stent length ≥60mm2; despite recent innovations in DES designs,

STEMI patients undergoing complex primary PCI with newest‐

generation DESs remain at increased risk for stent‐ and patient‐

related adverse outcomes as compared with those who underwent

noncomplex primary PCI; and3 the superiority of ultrathin‐strut BP‐

TABLE 3 Individual complex primary
percutaneous coronary intervention
criteria.

Complex primary PCI criteria
All patients BP‐SES DP‐EES

p Valuen = 421 n = 200 n = 221

3 vessel treatment 10 (2.4%) 7 (3.5%) 3 (1.4%) 0.20

≥3 stents implanted 304 (72.2%) 149 (74.5%) 155 (70.1%) 0.33

≥3 lesions treated 84 (20.0%) 44 (22.0%) 40 (18.1%) 0.33

Bifurcation treatment with ≥2 stents 131 (31.1%) 62 (31.0%) 69 (31.2%) 1.00

Total stent length ≥ 60mm 180 (42.8%) 70 (35.0%) 110 (49.8%) 0.002

Chronic total occlusion 12 (2.9%) 6 (3.0%) 6 (2.7%) 1.00

Abbreviations: BP‐SES, biodegradable polymer sirolimus‐eluting stents; DP‐EES, durable polymer
everolimus‐eluting stents; PCI, percutaneous coronary intervention.

F IGURE 2 Primary percutaneous coronary intervention complexity characteristics in the overall patient population.
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SES over thin‐strut DP‐EES with regard to stent‐related adverse

outcomes at 2 years among patients with STEMI is consistent

regardless of primary PCI complexity.

With iterative developments in DES technology and refinements

in procedural techniques, PCI is currently performed in an increasing

proportion of patients with high‐risk clinical and anatomical

features.1 Previous studies have reported that up to one‐third of

all‐comer patients treated with PCI have serious comorbidities

or complex coronary anatomies2 that require more complex

revascularization procedures. PCI complexity has been traditionally

associated with an increased risk for adverse ischemic events,

particularly stent‐related adverse outcomes.13,15,16 There is however

limited data on the prevalence and clinical outcomes following

primary PCI with newer‐generation DESs in STEMI patients with

TABLE 4 Clinical outcomes at 2 years in patients undergoing complex versus noncomplex primary percutaneous coronary intervention.

Complex primary PCI Noncomplex primary PCI
HR (95% CI) p ValuePatients—n n = 421 n = 1279

Target lesion failurea 39 (9.5) 77 (6.3) 1.54 (1.05–2.27) 0.03

All‐cause death 22 (5.3) 48 (3.9) 1.39 (0.84–2.30) 0.20

Cardiac death 16 (3.8) 36 (2.9) 1.35 (0.75–2.43) 0.32

Myocardial reinfarction 18 (4.5) 40 (3.3) 1.37 (0.78–2.39) 0.27

Q‐wave myocardial reinfarction 4 (1.0) 10 (0.8) 1.21 (0.38–3.87) 0.74

Non Q‐wave myocardial reinfarction 15 (3.8) 30 (2.5) 1.51 (0.81–2.81) 0.19

Target vessel myocardial reinfarction 11 (2.7) 20 (1.7) 1.67 (0.80–3.49) 0.17

Target vessel Q‐wave myocardial reinfarction 3 (0.7) 9 (0.7) 1.01 (0.27–3.73) 0.99

Target vessel non Q‐wave myocardial reinfarction 9 (2.3) 11 (0.9) 2.48 (1.03–5.99) 0.04

Cardiac death or any myocardial reinfarction 33 (8.0) 74 (6.0) 1.36 (0.90–2.04) 0.15

Revascularization (any) 41 (10.3) 84 (7.0) 1.50 (1.03–2.17) 0.03

Target lesion revascularization (any) 24 (6.1) 43 (3.6) 1.70 (1.03–2.80) 0.04

Clinically indicated target lesion revascularization 23 (5.8) 40 (3.4) 1.75 (1.05–2.93) 0.03

PCI 20 (5.1) 39 (3.3) 1.56 (0.91–2.67) 0.11

CABG 3 (0.8) 2 (0.2) 4.54 (0.76–27.17) 0.07

Target vessel revascularization (any) 33 (8.3) 53 (4.4) 1.91 (1.23–2.95) 0.003

Clinically indicated target vessel revascularization 32 (8.1) 50 (4.2) 1.96 (1.26–3.06) 0.002

PCI 29 (7.3) 49 (4.1) 1.81 (1.14–2.86) 0.01

CABG 3 (0.8) 2 (0.2) 4.54 (0.76–27.17) 0.07

Target vessel failureb 48 (11.7) 90 (7.3) 1.63 (1.15–2.32) 0.006

POCEc 65 (15.7) 135 (11.0) 1.48 (1.10–1.99) 0.009

Cerebrovascular event (any) 7 (1.7) 18 (1.5) 1.18 (0.49–2.83) 0.71

Stroke (any) 4 (1.0) 14 (1.2) 0.87 (0.28–2.63) 0.80

TIA 3 (0.7) 4 (0.3) 2.27 (0.51–10.17) 0.27

Definite stent thrombosis 8 (2.0) 16 (1.3) 1.52 (0.65–3.55) 0.33

Definite or probable stent thrombosis 16 (3.9) 25 (2.0) 1.95 (1.04–3.65) 0.03

Note: Data expressed as number of first events (% cumulative incidence from Kaplan–Meier estimate). Hazard ratios (95% confidence intervals) and log‐
rank p values are derived from Mantel‐Cox regressions.

Abbreviations: BP‐SES, biodegradable polymer sirolimus‐eluting stent; CABG, coronary artery bypass grafting; CI, confidence interval; DP‐EES, durable
polymer everolimus‐eluting stent; HR, hazard ratio; PCI, percutaneous coronary intervention; POCE, patient‐oriented composite endpoint; TIA, transient
ischemic attack.
aComposite of cardiac death, target vessel myocardial reinfarction (Q‐wave and non‐Q‐wave), and clinically indicated target lesion revascularization
(primary endpoint).
bComposite of cardiac death, any myocardial reinfarction, or any target vessel revascularization.
cComposite of all cause death, any myocardial reinfarction, or any revascularization.

IGLESIAS ET AL. | 695

 1522726x, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccd.30600 by B

cu L
ausanne, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E

5
C
lin

ic
al

o
ut
co

m
es

at
2
ye

ar
s
in

p
at
ie
nt
s
un

d
er
go

in
g
co

m
p
le
x
ve

rs
us

no
nc

o
m
p
le
x
p
ri
m
ar
y
p
er
cu

ta
ne

o
us

co
ro
na

ry
in
te
rv
en

ti
o
n
ac
co

rd
in
g
to

ra
nd

o
m
iz
ed

d
ru
g‐
el
ut
in
g
st
en

t.

C
o
m
p
le
x
p
ri
m
ar
y
P
C
I

N
o
nc

o
m
p
le
x
p
ri
m
ar
y
P
C
I

p
V
al
ue

fo
r
in
te
ra
ct
io
n

B
P
‐S
E
S

D
P
‐E
E
S

H
R
(9
5
%

C
I)

p
V
al
ue

B
P
‐S
E
S

D
P
‐E
E
S

H
R
(9
5
%

C
I)

p
V
al
ue

P
at
ie
nt
s—

n
n
=
2
0
0

n
=
2
2
1

n
=
6
5
3

n
=
6
2
6

T
ar
ge

t
le
si
o
n
fa
ilu

re
a

1
4
(7
.1
)

2
5
(1
1
.6
)

0
.6
2
(0
.3
2
–1

.1
9
)

0
.1
5

2
8
(4
.4
)

4
9
(8
.2
)

0
.5
4
(0
.3
4
–
0
.8
6
)

0
.0
0
8

0
.7
4

A
ll‐
ca
us
e
d
ea

th
1
3
(6
.6
)

9
(4
.1
)

1
.6
0
(0
.6
8
–3

.7
5
)

0
.2
7

2
2
(3
.5
)

2
6
(4
.3
)

0
.8
1
(0
.4
6
–
1
.4
2
)

0
.4
5

0
.1
8

C
ar
d
ia
c
d
ea

th
8
(4
.0
)

8
(3
.6
)

1
.1
1
(0
.4
1
–2

.9
5
)

0
.8
4

1
4
(2
.2
)

2
2
(3
.6
)

0
.6
1
(0
.3
1
–
1
.1
9
)

0
.1
4

0
.3
2

M
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

5
(2
.7
)

1
3
(6
.2
)

0
.4
2
(0
.1
5
–1

.1
9
)

0
.0
9

2
3
(3
.7
)

1
7
(2
.9
)

1
.2
9
(0
.6
9
–
2
.4
2
)

0
.4
3

0
.0
6

Q
‐w

av
e
m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

0
(0
.0
)

4
(1
.9
)

0
.1
2
(0
.0
1
–2

.2
1
)

0
.1
3

6
(1
.0
)

4
(0
.7
)

1
.4
2
(0
.4
0
–
5
.0
6
)

0
.5
8

0
.0
5

N
o
n
Q
‐w

av
e
m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

5
(2
.7
)

1
0
(4
.8
)

0
.5
6
(0
.1
9
–1

.6
3
)

0
.2
8

1
7
(2
.8
)

1
3
(2
.2
)

1
.2
5
(0
.6
1
–
2
.5
7
)

0
.5
5

0
.2
2

T
ar
ge

t
ve

ss
el

m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

2
(1
.0
)

9
(4
.3
)

0
.2
4
(0
.0
5
–1

.1
3
)

0
.0
5
1

1
0
(1
.6
)

1
0
(1
.7
)

0
.9
5
(0
.3
9
–
2
.2
8
)

0
.9
0

0
.1
2

T
ar
ge

t
ve

ss
el

Q
‐w

av
e
m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

0
(0
.0
)

3
(1
.4
)

0
.1
6
(0
.0
1
–3

.0
8
)

0
.2
5

5
(0
.8
)

4
(0
.7
)

1
.1
9
(0
.3
2
–
4
.4
3
)

0
.8
0

0
.1
1

T
ar
ge

t
ve

ss
el

no
n
Q
‐w

av
e
m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

2
(1
.0
)

7
(3
.4
)

0
.3
2
(0
.0
7
–1

.5
3
)

0
.1
3

5
(0
.8
)

6
(1
.0
)

0
.7
9
(0
.2
4
–
2
.5
9
)

0
.7
0

0
.3
6

C
ar
d
ia
c
d
ea

th
o
r
an

y
m
yo

ca
rd
ia
l
re
in
fa
rc
ti
o
n

1
2
(6
.2
)

2
1
(9
.6
)

0
.6
3
(0
.3
1
–1

.2
8
)

0
.2
0

3
6
(5
.7
)

3
8
(6
.3
)

0
.9
0
(0
.5
7
–
1
.4
3
)

0
.6
6

0
.4
0

R
ev

as
cu

la
ri
za
ti
o
n
(a
ny

)
1
1
(5
.9
)

3
0
(1
4
.3
)

0
.3
9
(0
.2
0
–0

.7
9
)

0
.0
0
6

4
0
(6
.5
)

4
4
(7
.5
)

0
.8
6
(0
.5
6
–
1
.3
2
)

0
.5
0

0
.0
5
6

T
ar
ge

t
le
si
o
n
re
va

sc
ul
ar
iz
at
io
n
(a
ny

)
7
(3
.7
)

1
7
(8
.2
)

0
.4
5
(0
.1
9
–1

.1
0
)

0
.0
7

1
7
(2
.8
)

2
6
(4
.5
)

0
.6
2
(0
.3
3
–
1
.1
4
)

0
.1
2

0
.5
8

C
lin

ic
al
ly

in
d
ic
at
ed

ta
rg
et

le
si
o
n
re
va

sc
ul
ar
iz
at
io
n

7
(3
.7
)

1
6
(7
.7
)

0
.4
8
(0
.2
0
–1

.1
8
)

0
.1
0

1
5
(2
.4
)

2
5
(4
.3
)

0
.5
7
(0
.3
0
–
1
.0
7
)

0
.0
8

0
.7
8

P
C
I

5
(2
.6
)

1
5
(7
.2
)

0
.3
7
(0
.1
3
–1

.0
1
)

0
.0
4
4

1
4
(2
.3
)

2
5
(4
.3
)

0
.5
3
(0
.2
7
–
1
.0
1
)

0
.0
5
1

0
.5
6

C
A
B
G

2
(1
.1
)

1
(0
.5
)

2
.2
2
(0
.2
0
–2

4
.3
3
)

0
.5
0

1
(0
.2
)

1
(0
.2
)

0
.9
5
(0
.0
6
–
1
5
.1
6
)

0
.9
7

0
.6
5

T
ar
ge

t
ve

ss
el

re
va

sc
ul
ar
iz
at
io
n
(a
ny

)
9
(4
.8
)

2
4
(1
1
.5
)

0
.4
1
(0
.1
9
–0

.8
8
)

0
.0
2

2
3
(3
.7
)

3
0
(5
.2
)

0
.7
2
(0
.4
2
–
1
.2
5
)

0
.2
4

0
.2
3

C
lin

ic
al
ly

in
d
ic
at
ed

ta
rg
et

ve
ss
el

re
va

sc
ul
ar
iz
at
io
n

9
(4
.8
)

2
3
(1
1
.0
)

0
.4
3
(0
.2
0
–0

.9
2
)

0
.0
3

2
1
(3
.4
)

2
9
(5
.0
)

0
.6
8
(0
.3
9
–
1
.2
0
)

0
.1
8

0
.3
3

P
C
I

7
(3
.7
)

2
2
(1
0
.5
)

0
.3
5
(0
.1
5
–0

.8
1
)

0
.0
1

2
0
(3
.3
)

2
9
(5
.0
)

0
.6
5
(0
.3
7
–
1
.1
5
)

0
.1
4

0
.2
3

C
A
B
G

2
(1
.1
)

1
(0
.5
)

2
.2
2
(0
.2
0
–2

4
.3
3
)

0
.5
0

1
(0
.2
)

1
(0
.2
)

0
.9
5
(0
.0
6
–
1
5
.1
6
)

0
.9
7

0
.6
5

T
ar
ge

t
ve

ss
el

fa
ilu

re
b

1
6
(8
.2
)

3
2
(1
4
.8
)

0
.5
4
(0
.3
0
–0

.9
9
)

0
.0
4
3

3
6
(5
.7
)

5
4
(9
.0
)

0
.6
3
(0
.4
1
–
0
.9
6
)

0
.0
3

0
.7
0

P
O
C
E
c

2
5
(1
2
.7
)

4
0
(1
8
.3
)

0
.6
7
(0
.4
1
–1

.1
1
)

0
.1
2

6
4
(1
0
.1
)

7
2
(1
1
.8
)

0
.8
6
(0
.6
1
–
1
.2
0
)

0
.3
6

0
.4
4

C
er
eb

ro
va

sc
ul
ar

ev
en

t
(a
ny

)
2
(1
.1
)

5
(2
.3
)

0
.4
4
(0
.0
9
–2

.2
8
)

0
.3
2

8
(1
.3
)

1
0
(1
.7
)

0
.7
6
(0
.3
0
–
1
.9
3
)

0
.5
6

0
.5
7

St
ro
ke

(a
ny

)
0
(0
.0
)

4
(1
.9
)

0
.1
2
(0
.0
1
–2

.2
1
)

0
.1
3

8
(1
.3
)

6
(1
.0
)

1
.2
7
(0
.4
4
–
3
.6
7
)

0
.6
6

0
.0
5
6

T
IA

2
(1
.1
)

1
(0
.5
)

2
.2
3
(0
.2
0
–2

4
.3
8
)

0
.5
0

0
(0
.0
)

4
(0
.7
)

0
.1
1
(0
.0
1
–
2
.0
4
)

0
.0
5
7

0
.0
4
2

696 | IGLESIAS ET AL.

 1522726x, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccd.30600 by B

cu L
ausanne, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



complex coronary anatomy. In our all‐comer study, we found that a

quarter of STEMI patients undergoing primary PCI in contemporary

practice have complex anatomical features that require complex

primary PCI. Our findings suggest that despite improvements in DES

designs and the routine use of potent P2Y12 receptor inhibitors,

patients with STEMI undergoing complex primary PCI have an

increased risk of stent‐ and patient‐related adverse outcomes

compared with those who underwent noncomplex primary PCI, thus

confirming the combined need for future improvements in DES

technology and pharmacological strategies to further improve clinical

outcomes in this high‐risk patient subgroup. We found that complex

primary PCI with latest‐generation DESs in STEMI patients was

associated with a 50% increased risk for repeat revascularization,

including a 75% greater risk for ischemia‐driven TLR, and a two fold

increased risk for definite or probable stent thrombosis at 2 years of

follow‐up compared with noncomplex primary PCI. These differences

translated into a significantly greater risk for both device‐ and

patient‐oriented clinical outcomes at 2 years among patients under-

going complex, as compared with those undergoing noncomplex,

primary PCI in the contemporary newer‐generation DES era. Our

findings are consistent with a recent patient‐level pooled analysis

from randomized trials investigating the same newer‐generation

DESs as used in our study that demonstrated a nearly two fold

increase in TLF and target vessel myocardial infarction rates, and a

three fold increased risk for stent thrombosis among all‐comer

patients undergoing complex PCI.6

Randomized evidence on the differential clinical performances of

newest‐generation DESs among patients undergoing complex versus

noncomplex PCI is limited to large‐scale retrospective contemporary

registries4,5,17,18 and small‐sized post hoc subgroup2 or pooled

analyses6 from randomized controlled trials that predominately

included all‐comer PCI patients. These studies yielded conflicting

results with respect to the ability of newer‐generation DESs to

prevent repeat revascularization in patients with complex, compared

with noncomplex, coronary lesions.2,4,5,17,18 The interpretation of

these findings is however hampered by important between‐studies

differences in complex PCI definitions owing to the absence of

available consensus documents,2 and the inclusion of all‐comer

patients that precludes the extrapolation of the study conclusions to

highest‐risk patient subsets, such as patients with STEMI who are

commonly underrepresented in those trials.

There is currently no universal definition of complex PCI.2 For

the present analysis, we used the definition of complex PCI from a

previous large‐scale pooled patient‐level meta‐analysis of six ran-

domized controlled trials that included 9577 all‐comer patients

who underwent PCI with predominantly newer‐generation DESs,

of whom 1680 (17.5%) underwent complex PCI.13 Complex PCI

was defined as having at least one of the following features: 3

vessels treated, ≥3 stents implanted, ≥3 lesions treated, bifurca-

tion with 2 stents implanted, total stent length >60 mm, and/or

CTO. As compared with those who underwent noncomplex

procedures, patients undergoing complex PCI were found to have

a significantly higher risk for cardiac death, myocardial infarction,T
A
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or stent thrombosis at a median follow‐up of 392 days.13 However,

only one out of five patients who underwent complex PCI

presented with high‐risk acute coronary syndrome, thus under-

scoring the clinical importance of our study findings in an exclusive

STEMI population.

STEMI is associated with a heightened prothrombotic and inflamma-

tory milieu, that further increases the risk for stent‐related adverse

outcomes compared with chronic or non‐ST elevation acute coronary

syndromes. Our study is the first to report on the impact of PCI

complexity on the clinical performance of newest‐generation DESs

among patients with STEMI undergoing percutaneous coronary

revascularization. We found a consistent treatment effect between

ultrathin‐strut BP‐SES and thin‐strut DP‐EES with respect to the primary

endpoint of TLF at 2 years among STEMI patients undergoing complex or

noncomplex primary PCI. Since there was no significant treatment

interaction between ultrathin‐strut BP‐SES and thin‐strut DP‐EES

according to primary PCI complexity, the main treatment effect

previously observed in the overall patient population included in the

BIOSTEMI trial applies.9,10 Therefore, our results indicate that ultrathin‐

strut BP‐SES are superior to thin‐strut DP‐EES with respect to TLF at 2

years among STEMI patients undergoing both complex and noncomplex

primary PCI. However, treatment with ultrathin‐strut BP‐SES might be

associated with a lower risk of TLF at 2 years compared with thin‐strut

DP‐EES among STEMI patients undergoing noncomplex primary PCI, a

difference caused by a reduced risk for clinically indicated TLR, whereas

no significant difference was found among those undergoing complex

primary PCI. Among STEMI patients undergoing complex primary PCI, we

observed significant reductions in the risks for repeat revascularization,

TVR, and TVF at 2 years with ultrathin‐strut BP‐SES compared with thin‐

strut DP‐EES. In addition, there was a signal toward a lower 2‐year risk

for target vessel myocardial reinfarction, TLR, and definite/probable stent

thrombosis with ultrathin‐strut BP‐SES compared with thin‐strut DP‐EES.

(A) (B)

(C) (D)

F IGURE 3 Time‐to‐event curves for the primary composite endpoint target lesion failure and individual components of the primary endpoint
at 2 years of follow‐up. (A) Target lesion failure; (B) cardiac death; (C) target vessel (TV) myocardial reinfarction; (D) clinically indicated target
lesion revascularization (TLR). Dark blue lines indicate biodegradable polymer sirolimus‐eluting stent (BP‐SES), complex primary percutaneous
coronary intervention (PCI) group; light blue lines indicate BP‐SES, noncomplex primary PCI group; red lines indicate durable polymer
everolimus‐eluting stent (DP‐EES), complex primary PCI group; orange lines indicate DP‐EES, noncomplex primary PCI group.
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Nevertheless, these differences did not translate into improved POCE at

2 years of follow‐up with ultrathin‐strut BP‐SES among STEMI under-

going complex primary PCI. Notably, the 2‐year rates of stent thrombosis

were low and did not significantly differ between complex primary PCI

patients treated with ultrathin‐strut BP‐SES or thin‐strut DP‐EES, thus

confirming the overall safety of newest‐generation DESs among highest‐

risk STEMI patients undergoing complex primary PCI. These potential

differential effects between DESs need however to be considered with

caution and warrant confirmation from dedicated randomized clinical

trials.

In our study, three out of four STEMI patients undergoing complex

primary PCI had ≥3 stents implanted, >40% had long diffuse coronary

lesions requiring a total stent length ≥60mm, and one out of three

patients underwent bifurcation PCI with multiple stents, whereas only a

minority of patients underwent multivessel or CTO PCI during the index

procedure. However, in a sensitivity analysis comparing clinical outcomes

among patients who underwent complex versus noncomplex primary PCI

and were categorized according to each individual complex primary PCI

criteria, there was no significant treatment interaction between ultrathin‐

strut BP‐SES and thin‐strut DP‐EES with respect to TLF at 2 years for any

individual complex primary PCI criteria.

The present analysis has several limitations, which need to be

addressed. First, as a post hoc analysis from a randomized trial, the study

results should be considered hypothesis‐generating rather than conclu-

sive. In the BIOSTEMI trial, patients were not randomized according to

primary PCI complexity and unmeasured confounders cannot, therefore,

be formally excluded. Second, while the random allocation to study

stent platforms may allow for direct comparisons between ultrathin‐

strut BP‐SES and thin‐strut DP‐EES according to primary PCI

complexity, the modest number of patients in the complex primary

PCI group prevents from reaching significant data on treatment

interaction between study stents and primary PCI complexity with

respect to long‐term clinical outcomes. Third, there is currently no

standardized definition of complex PCI,2 and existing definitions13 may

not be applicable for STEMI patients. We defined complex primary PCI

based on a previous study definition that has been associated with

differential stent‐related outcomes among all‐comer patients under-

going complex versus noncomplex PCI.13 We did not integrate into our

complex PCI definition additional clinical criteria, such as significant

patient comorbidities or lesions subsets, including left main disease, that

may potentially impact on long‐term stent‐related outcomes following

PCI. Nonetheless, we found consistent treatment effects between

ultrathin‐strut BP‐SES and thin‐strut DP‐EES with respect to 2‐year TLF

rates among complex primary PCI patients irrespective of the inclusion

or exclusion of left main PCI in the complex primary PCI definition used

(Supporting Information: Figure 2).

5 | CONCLUSION

In a post hoc subgroup analysis from the BIOSTEMI randomized trial,

we found consistent treatment effects between ultrathin‐strut

BP‐SES and thin‐strut DP‐EES with respect to TLF at 2 years of

follow‐up among STEMI patients undergoing complex or noncomplex

primary PCI. These results indicate that ultrathin‐strut BP‐SES are

superior to thin‐strut DP‐EES with respect to TLF at 2 years among

STEMI patients, irrespective of primary PCI complexity.
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