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ABSTRACT

Background: The risk of device thrombosis and device-oriented clinical outcomes with 
bioresorbable vascular scaffold (BVS) was reported to be significantly higher than with 
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contemporary drug-eluting stents (DESs). However, optimal device implantation may 
improve clinical outcomes in patients receiving BVS. The current study evaluated mid-term 
safety and efficacy of Absorb BVS with meticulous device optimization under intravascular 
imaging guidance.
Methods: The SMART-REWARD and PERSPECTIVE-PCI registries in Korea prospectively 
enrolled 390 patients with BVS and 675 patients with DES, respectively. The primary endpoint 
was target vessel failure (TVF) at 2 years and the secondary major endpoint was patient-
oriented composite outcome (POCO) at 2 years.
Results: Patient-level pooled analysis evaluated 1,003 patients (377 patients with BVS and 
626 patients with DES). Mean scaffold diameter per lesion was 3.24 ± 0.30 mm in BVS group. 
Most BVSs were implanted with pre-dilatation (90.9%), intravascular imaging guidance 
(74.9%), and post-dilatation (73.1%) at proximal to mid segment (81.9%) in target vessel. 
Patients treated with BVS showed comparable risks of 2-year TVF (2.9% vs. 3.7%, adjusted 
hazard ratio [HR], 1.283, 95% confidence interval [CI], 0.487–3.378, P = 0.615) and 2-year 
POCO (4.5% vs. 5.9%, adjusted HR, 1.413, 95% CI, 0.663–3.012, P = 0.370) than those with 
DES. The rate of 2-year definite or probable device thrombosis (0.3% vs. 0.5%, P = 0.424) was 
also similar. The sensitivity analyses consistently showed comparable risk of TVF and POCO 
between the 2 groups.
Conclusion: With meticulous device optimization under imaging guidance and avoidance 
of implantation in small vessels, BVS showed comparable risks of 2-year TVF and device 
thrombosis with DES.

Trial Registration:  ClinicalTrials.gov Identifier: NCT02601404, NCT04265443

Keywords: Bioresorbable Vascular Scaffold (BVS); Drug-Eluting Stent (DES); Safety; Efficacy

INTRODUCTION

Bioresorbable vascular scaffold (BVS) was developed as an alternative to metallic drug-
eluting stent (DES) with the aim of providing transient vessel support combined with drug 
delivery capacity but without the long-term limitations of metallic DES.1 Although DES has 
been a predominant device for coronary revascularization, previous studies consistently 
reported that DES is related with annual 2–3% of late stent-related events up to 15 years with 
no plateau.2 Initial reports using everolimus-eluting BVS (AbsorbTM, Abbott Vascular, Santa 
Clara, CA, USA) showed favorable clinical event rates up to 5 years of follow-up3,4 and those 
studies showed BVS could be completely resorbed within 3 years after implantation.5

In contrast, previous randomized trials and meta-analyses showed significantly higher risk of 
device thrombosis and device-oriented composite outcomes, especially target vessel myocardial 
infarction (TVMI) in patients treated with BVS than with DES at mid-term follow-up.6-9 
Furthermore, BVS failed to show superior vasomotor reactivity and had significantly higher 
late luminal loss than DES.6 Based on these safety concerns of Absorb BVS, the manufacturer 
withdrew BVS from the market. Subsequent analysis revealed that both earlier (≤ 1 year) and 
late (> 1 year) adverse events of BVS were mainly associated with suboptimal procedural results 
including scaffold under-sizing, malapposition and inappropriate selection of target lesion with 
small reference diameter (< 2.25–2.75 mm).10-13 However, whether technical refinement such 
as pre-dilation, sizing and post-dilation technique or use of intravascular imaging can improve 
clinical outcomes in patients receiving BVS remains uncertain.
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In this regard, the current study sought to evaluate safety and efficacy of BVS implanted by 
meticulous device optimization with a low threshold for intravascular imaging compared 
with 2nd generation DES in a broad spectrum of patients.

METHODS

Study design and patient-pooled population
The current study is patient-level pooled analysis of 2 independent registries. First, the REal 
World Advanced Experience of BioResorbable ScaffolD by SMart Angioplasty Research 
Team (SMART-REWARD) registry is a multicenter, prospective registry that was designed to 
evaluate the efficacy and safety of BVS with minimal exclusion criteria. From October 2015 
through December 2017, a total of 390 patients treated with Absorb and Absorb GT1 (Abbott 
Vascular) for coronary artery disease were enrolled from 19 centers in Korea. Exclusion 
criteria included cardiogenic shock, cardiopulmonary resuscitation, and patients with a life 
expectancy < 2 years. Although SMART-REWARD intended to enroll 1,000 patients, subject 
enrollment was discontinued after withdrawal of BVS from the market. Among the enrolled 
population, 13 patients lost to follow up were excluded from the analysis.

Second, the Prognostic Perspective of Invasive Hyperemic and Non-Hyperemic Physiologic 
Indices Measured After Percutaneous Coronary Intervention (PERSPECTIVE-PCI) registry is 
a multicenter, prospective registry that was designed to evaluate the prognostic implications 
of post-PCI physiologic indexes.14,15 From May 2013 through December 2019, a total of 675 
patients were enrolled from 5 centers in Korea. Exclusion criteria included post-PCI thrombosis 
in myocardial infarction flow grade < 3, left ventricular ejection fraction < 30%, culprit lesions 
for acute coronary syndrome, graft vessels, collateral flow feeder, in-stent restenosis as target 
lesion, primary myocardial or valvular heart disease, cardiogenic shock, cardiopulmonary 
resuscitation, and patients with a life expectancy < 2 years. Forty-nine patients were excluded 
from the analysis due to overlapped patients with SMART-REWARD registry (n = 12), patients 
treated by drug-coated balloon (n = 26), or plain-old balloon angioplasty (n = 11).

Therefore, the current study analyzed a total of 1,003 patients, with 377 patients implanted 
with BVS and 626 patients implanted with 2nd generation DES implanted (Fig. 1).

Procedures of BVS
All interventions were performed using standard techniques.16 A loading dose of aspirin 300 
mg was given 24 hours before PCI, unless patients were already on aspirin therapy for at least 
7 days. A loading dose of clopidogrel 300–600 mg, prasugrel 60 mg, or ticagrelor 180 mg was 
given 24 hours before PCI according to clinical presentation, unless patients were already 
on P2Y12 inhibitor therapy for at least 7 days.17 Unfractionated heparin or low-molecular 
weight heparin was used for procedural anticoagulation according to standard protocol. After 
the index procedure, all patients were recommended to take aspirin (at least 100 mg/day) 
indefinitely and a P2Y12 inhibitor at least 12 months from the index procedure.

Implantation procedures were conducted according to up-to-date manufacturer’s 
recommendations. Listed below are the detailed prespecified techniques recommended for 
BVS implantation: 1) Target lesion was pre-dilatated with adequate size of balloon comparable 
with reference target vessel diameter; 2) After delivery, scaffold was expanded slowly to nominal 
diameter by increase of 2 atmospheres (atm) every 5 seconds; 3) Post-dilatation using non-

https://doi.org/10.3346/jkms.2023.38.e34
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compliant (NC) balloon was left to operator discretion and the use of oversized NC balloon 
whose diameter exceeded scaffold diameter by 0.5 mm should be avoided; 4) The use of 
intravascular ultrasound or optical coherence tomography (OCT) was strongly recommended 
before and after scaffold implantation; 5) When kissing balloon inflation was needed in 
bifurcation lesions, mini-kissing balloon technique was applied; 6) In long lesions requiring 2 
or more scaffolds implantation, scaffolds were overlapped with no-overlap-no-gap technique; 
and 7) Concurrent implantation of DES was allowed per operator discretion.

Coronary physiologic assessment and procedures of DES arm
In DES arm, detailed description of the PERSPECTIVE-PCI registry was published in previous 
studies.14,15 Briefly, PERSPECTIVE-PCI registry mandated pre-PCI fractional flow reserve 
(FFR) ≤ 0.80 as a prerequisite for performing PCI. Coronary intervention was performed 
using current standard techniques with 2nd generation DES. Type of DES, stenting 
techniques, and need for post-stent balloon inflation were left to operator discretion. The 
use of intracoronary imaging devices was strongly recommended before and after DES 
implantation. After angiographically successful PCI, post-PCI FFR was measured under 
maximal hyperemia using intracoronary administration of nicorandil (2 mg), continuous 
infusion of intravenous adenosine (140 ug/kg/min), or intracoronary adenosine. Further 
evaluation by intracoronary imaging devices and optimization of stented segment in 
case of suboptimal post-PCI FFR value were left to operator discretion. In case of further 
optimization was performed, final post-PCI FFR was measured and reported.14,15

https://doi.org/10.3346/jkms.2023.38.e34
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12 Patients with BVS implantation

SMART-REWARD Registry
Multicenter prospective registry of

patients with BVS implantation
2015.10–2017.12

377 Patients with BVS implanted

Comparison of clinical outcomes at 2 years from index procedure

390 Patients with BVS implanted

PERSPECTIVE-PCI Registry
Multicenter prospective registry of

patients with 2nd generation DES and post-PCI FFR/NHPRs
2013.05–2019.12

675 Patients underwent PCI 

26 Patients with DCB angioplasty

11 Patients with POBA

13 Patients lost to follow-up

626 Patients with 2nd generation DES implanted

Major secondary analysis endpoint Patient-oriented composite events (any death, any MI, any revascularization)

Primary analysis endpoint Target vessel failure (cardiac death, target-vessel MI, target-vessel revascularization)

Fig. 1. Study flow. Study flow is presented. Two independent registries were used in current study. Among the population of the SMART-REWARD registry (390 
patients), patients with unavailable follow-up data were excluded, leaving 377 patients with BVS implantation. Among the population of the PERSPECTIVE-PCI 
registry (675 patients), overlapped patients with SMART-REWARD registry and patients with DCB angioplasty and POBA were excluded, leaving 626 patients with 
2nd generation DES implantation. A total 1,003 patients with clinical outcomes of 2 years of follow-up were pooled for analysis. 
BVS = bioresorbable vascular scaffold, DCB = drug coated balloon, DES = drug-eluting stent, FFR = fractional flow reserve, MI = myocardial infarction, NHPR = 
non-hyperemic pressure ratio, PCI = percutaneous coronary intervention, POBA = plain old balloon angioplasty.
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Data collection, follow-up, and study endpoints
Demographic data, cardiovascular risk factors, and comorbidities were recorded at the time 
of index procedure. Coronary angiograms were reviewed and analyzed by an independent 
core laboratory at Samsung Medical Center. Patient follow-ups were performed at 6, 12, and 
24 months by outpatient visits or telephone contacts. The median follow-up duration of the 
pooled analysis population was 720.0 (interquartile range: 643.0–720.0) days.

The primary analysis endpoint was target vessel failure (TVF), a composite of cardiac death, 
TVMI, and clinically driven target vessel revascularization during 2 years of follow-up. The 
key secondary analysis endpoint, the patient-oriented composite outcome (POCO), included 
all-cause death, any MI (including nontarget vessel territory), and any revascularization. All 
clinical events were defined in Academic Research Consortium (ARC) report. All death were 
considered cardiac unless an undisputed noncardiac cause was present. Periprocedural MI 
was not accounted as a clinical event. Revascularization was considered clinically indicated in 
the presence of diameter stenosis ≥ 50% and if one of the following occurred: 1) recurrence 
of angina symptoms; 2) positive non-invasive test; 3) positive invasive physiologic test; or 4) 
presence of diameter stenosis ≥ 70%, even in the absence of other criteria. Other secondary 
endpoints included individual component of TVF and POCO, and device thrombosis, defined 
as definite or probable according to the ARC definitions.18

Statistical analysis
All data of pooled analysis population were analyzed on per-patient basis. Vessels with the 
most severe stenosis was selected as the representative vessel in patients with multivessel PCI 
at the time of index procedure. Additional lesion-level analysis of target lesion and procedural 
characteristics in patients treated with BVS was performed to compare the results of current 
study and previous landmark clinical trials of BVS. All discrete and categorical variables 
were presented as numbers and relative frequencies (percentages). Continuous variables 
were expressed as mean ± standard deviation or median (interquartile range) according to 
their distribution, checked by Kolmogorov-Smirnov test and visual inspection of Q-Q plot. 
The cumulative incidence of clinical events was presented as Kaplan-Meier estimate and 
compared using a log-rank test. Multivariable Cox proportional hazards regression was used 
to calculate adjusted hazard ratio (HR) and 95% confidence interval (CI) to compare the 
risk of clinical events between groups. The assumption of proportionality was assessed by 
the Schoenfeld residuals and graphically by the log-log plot. The adjusted covariables were 
age, hypertension, diabetes mellitus, chronic kidney disease, previous MI, acute coronary 
syndrome, multivessel disease, left main (LM) disease, target vessel location, ACC/AHA 
lesion class B2 and C, multivessel PCI. Multivariable Cox proportional hazard model was also 
used to identify independent predictors for TVF.

To adjust for uneven distribution of baseline characteristics according to implanted devices, 
an inverse probability weighted (IPW) Cox proportional hazard regression model and 
propensity score matching with a stratified Cox proportional hazard regression model 
were used for comparison of clinical outcomes in pooled analysis population. In addition, 
Bayesian modeling with internal validation data was conducted as an additional sensitivity 
analysis to assess the effect of unmeasured confounders. All probability values were two-
sided, and P values < 0.05 were considered statistically significant. Statistical analyses were 
performed using SPSS 20.0 for Windows (SPSS-PC, Chicago, IL, USA) and R version 4.1.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

https://doi.org/10.3346/jkms.2023.38.e34
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Ethics statement
Registries protocols were approved by the Institutional Review Board of Samsung Medical 
Center (approval No. 2015-07-163 for the SMART-REWARD registry; approval No. 2017-10-
088 for the PERSPECTIVE-PCI registry), and written informed consent was obtained from all 
participants. The registry protocols were in accordance with the Declaration of Helsinki. The 
SMART-REWARD and PERSPECTIVE-PCI are registered at Clinicaltrials.gov (NCT02601404 
and NCT04265443).

RESULTS

Baseline characteristics of patients
Table 1 presents comparison of baseline patient characteristics between BVS and DES 
groups. Among the 1,003 pooled population, 377 patients (37.6%) were treated with BVS, and 
626 patients (62.4%) were treated with DES. Compared with the DES group, BVS patients 
had younger age, lower proportion of hypertension, diabetes mellitus, and chronic kidney 
disease. Conversely, proportion of patients with acute MI was higher in the BVS group 
than the DES group. Regarding angiographic disease severity, patients with BVS had lower 
proportions of multivessel disease and LM disease than those with DES.

Table 2 shows target vessel and procedural characteristics. Among the target vessels, 69.4% 
had type B2/C lesion, which was slightly higher in the DES group. The rate of intravascular 
imaging device use was comparable between the 2 groups (74.0% and 70.1%, respectively for 
BVS and DES groups). Compared with DES patients, the diameter of implanted devices was 
larger and the length of implanted devices was shorter in patients with BVS.
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Table 1. Comparison of baseline characteristics according to implanted devices
Characteristics Total BVS DES P value
No. of patients 1,003 377 (37.6) 626 (62.4)
Demographics

Age, yr 60.8 ± 10.8 56.7 ± 10.3 63.3 ± 10.3 < 0.001
Male 816 (81.4) 312 (82.8) 504 (80.5) 0.423
LVEF, % 61.2 ± 9.9 61.9 ± 9.3 60.7 ± 10.3 0.103

Cardiovascular risk factors
Hypertension 553 (55.2) 169 (44.9) 384 (61.3) < 0.001
Diabetes mellitus 383 (38.3) 100 (26.7) 283 (45.2) < 0.001
Hyperlipidemia 515 (51.5) 186 (49.5) 329 (52.7) 0.351
Current smoker 290 (29.0) 112 (29.8) 178 (28.5) 0.712
Chronic kidney disease 46 (4.6) 3 (0.8) 43 (6.9) < 0.001
Previous myocardial infarction 56 (5.6) 15 (4.0) 41 (6.6) 0.114

Clinical presentation < 0.001
Stable ischemic heart disease 457 (45.6) 147 (39.0) 310 (49.5)
Unstable angina 281 (28.0) 87 (23.1) 194 (31.0)
Acute myocardial infarction 265 (26.4) 143 (37.9) 122 (19.5)
Acute coronary syndrome 546 (54.4) 230 (61.0) 316 (50.5) 0.001

Angiographic findings
Extent of disease < 0.001

1 Vessel disease 458 (45.7) 245 (65.0) 213 (34.0)
2 Vessel disease 335 (33.4) 95 (25.2) 240 (38.3)
3 Vessel disease 210 (20.9) 37 (9.8) 173 (27.6)

Multi-vessel disease 608 (60.6) 195 (51.7) 413 (66.0) < 0.001
Left main disease 117 (11.7) 3 (0.8) 114 (18.2) < 0.001

Data are expressed as number (%) or mean ± standard deviation.
BVS = bioresorbable vascular scaffold, DES = drug-eluting stent, LVEF = left ventricular ejection fraction.

http://clinicaltrials.gov/ct2/show/NCT02601404
http://clinicaltrials.gov/ct2/show/NCT04265443
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Procedural characteristics in BVS group
Table 3 and Supplementary Table 1 summarize detailed characteristics of target lesions and 
procedural characteristics in BVS group. A total of 439 target lesions were treated with 497 
BVSs. Most target lesions (81.9%) were located at proximal to mid segment in target vessel. 
Pre-dilatation and post-dilatation were performed in 399/439 (90.9%) and 321/439 (73.1%) of 
lesions, respectively. Intravascular imaging devices were used in 329/439 (74.9%) of lesions 
for optimal scaffold implantation. Mean scaffold diameter per lesion was 3.24 ± 0.30 mm 
and total length of scaffolds per lesion was 24.6 ± 11.3 mm. Implanted scaffolds with mean 
diameter < 2.75 mm were identified in only 24 (5.5%) lesions. Supplementary Table 2 shows 
profiles of medical treatment in the BVS group. Dual antiplatelet therapy was prescribed 
at discharge for all patients with BVS and 56.3% continued DAPT at 2 years of follow-up. 
Clopidogrel, prasugrel and ticagrelor were prescribed in 55.7%, 8.0% and 36.3% of patients 
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Table 2. Comparison of target vessel characteristics according to implanted devices
Characteristics Total (n = 1,003) BVS (n = 377) DES (n = 626) P value
Representative target vessel characteristics

Target vessel location < 0.001
LAD 692 (69.0) 226 (59.9) 466 (74.4)
LCX 113 (11.3) 60 (15.9) 53 (8.5)
RCA 198 (19.7) 91 (24.1) 107 (17.1)

ACC/AHA lesion class < 0.001
A 61 (6.1) 29 (7.7) 32 (5.1)
B1 245 (24.5) 117 (31.2) 128 (20.4)
B2 186 (18.6) 95 (25.3) 91 (14.5)
C 509 (50.8) 134 (35.7) 375 (59.9)
B2 and C 695 (69.4) 229 (61.1) 466 (74.4) < 0.001

Procedural characteristics
Multi-vessel PCI 215 (21.4) 59 (15.6) 156 (24.9) 0.001
Use of intra-vascular imaging 718 (71.6) 279 (74.0) 439 (70.1) 0.213
No. of devices in target vessel 1.21 ± 0.44 1.17 ± 0.42 1.23 ± 0.45 0.021
Maximal device diameter, mm 3.22 ± 0.43 3.28 ± 0.28 3.19 ± 0.49 < 0.001
Total length of implanted devices 30.5 ± 14.6 25.2 ± 11.6 33.7 ± 15.3 < 0.001

Data are expressed as number (%) or mean ± standard deviation.
BVS = bioresorbable vascular scaffold, DES = drug-eluting stent, LAD = left anterior descending artery, LCX = 
left circumflex artery, RCA = right coronary artery, ACC/AHA = American College of Cardiology/American Heart 
Association, PCI = percutaneous coronary intervention.

Table 3. Procedural characteristics for target lesions according to implanted devices

Characteristics BVS DES P value
Target lesion characteristics

No. of target lesion 439 626
Mean No. of target lesion (per patient) 1.2 ± 0.4 1.0 ± 0.0 < 0.001
Target lesion location in vessel < 0.001

Proximal to mid 357 (81.9) 466 (74.4)
Distal 61 (14.0) 53 (8.5)
Side branch 18 (4.1) 107 (17.1)

Procedural characteristics
Multi-vessel PCI (per patient) 59 (15.6) 156 (24.9) 0.001
Use of intra-vascular imaging 329 (74.9) 439 (70.1) 0.098
No. of implanted devices 1.4 ± 0.9 1.2 ± 0.5 < 0.001
Total No. of scaffolds or DESs 497 770
Mean scaffolds or DESs per lesion 1.1 ± 0.4 1.2 ± 0.5 < 0.001
Total lengths of scaffolds or DESs per lesion, mm 24.6 ± 11.3 33.7 ± 15.3 < 0.001
Maximum scaffolds or DESs diameter per lesion, mm 3.26 ± 0.30 3.25 ± 0.49 0.805
Mean scaffolds or DESs diameter per lesion, mm 3.24 ± 0.30 3.17 ± 0.47 0.003
Minimum scaffolds or DESs diameter per lesion, mm 3.22 ± 0.32 3.10 ± 0.48 < 0.001
Implanted mean scaffolds or DESs diameter < 2.75 mm 24 (5.5) 67 (11.1) 0.002

Data are expressed as number (%) or mean ± standard deviation.
BVS = bioresorbable vascular scaffold, DES = drug-eluting stent, PCI = percutaneous coronary intervention.
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at discharge, respectively. At 2 years of follow-up, prescription of prasugrel and ticagrelor 
were documented in only 2.0% and 3.1% patients, respectively.

Clinical outcomes according to implanted devices
Table 4 presents comparison of clinical outcomes between the BVS and DES groups. The 
cumulative incidence of TVF at 2 years of follow-up was comparable between the BVS and 
DES groups (2.9% vs. 3.7%, adjusted HR, 1.283, 95% CI, 0.487–3.378, P = 0.615). There was 
also no significant difference in POCO between the 2 groups (4.5% vs. 5.9%, adjusted HR, 
1.412, 95% CI, 0.663–3.012, P = 0.370) (Fig. 2). All individual components of TVF and POCO 
did not show any difference according to implanted devices (Supplementary Figs. 1 and 2). 
The cumulative incidence of definite or probable device thrombosis was also comparable 
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Table 4. Clinical outcomes at 2 years of follow-up according to implanted devices
Clinical outcomes BVS DES Univariable HR (95% CI) Multivariable HRa (95% CI) P value
Target vessel failure 11 (2.9) 20 (3.7) 0.782 (0.374–1.637) 1.283 (0.487–3.378) 0.615
Patient-oriented composite outcome 17 (4.5) 32 (5.9) 0.749 (0.415–1.351) 1.413 (0.663–3.012) 0.370
All-cause death 4 (1.1) 14 (2.6) 0.399 (0.131–1.217) 1.278 (0.332–4.916) 0.721
Cardiac death 2 (0.5) 7 (1.3) 0.393 (0.081–1.902) 1.936 (0.257–14.608) 0.522
Any myocardial infarction 3 (0.8) 4 (0.6) 1.169 (0.261–5.242) 2.264 (0.295–17.349) 0.432
Target vessel myocardial infarction 3 (0.8) 3 (0.5) 1.545 (0.311–7.688) 2.710 (0.301–24.354) 0.374
Any vessel revascularization 14 (3.7) 18 (3.4) 1.090 (0.541–2.197) 1.767 (0.694–4.500) 0.233
Target vessel revascularization 10 (2.7) 13 (2.4) 1.096 (0.479–2.507) 1.249 (0.418–3.734) 0.659
Target lesion revascularization 9 (2.4) 8 (1.5) 1.586 (0.610–4.125) 2.875 (0.731–11.314) 0.131
Definite or probable device thrombosis 1 (0.3) 3 (0.5) 0.550 (0.057–5.285) 2.515 (0.262–24.184) 0.424
Data are expressed as number (%).
BVS = bioresorbable vascular scaffold, CI = confidence interval, DES = drug-eluting stent, HR = hazard ratio.
aAdjusted covariables were age, hypertension, diabetes mellitus, chronic kidney disease, previous myocardial infarction, acute coronary syndrome, multi-vessel 
disease, left main disease, target vessel location, American College of Cardiology/American Heart Association lesion class B2 and C, multi-vessel percutaneous 
coronary intervention.
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Fig. 2. Comparison of primary and major secondary outcomes between BVS and DES. Kaplan-Meier curve is presented for 2-year cumulative incidence of (A) TVF 
and (B) POCO between BVS group and DES group. Multivariable Cox proportional hazard regression was used to calculate adjusted HR and 95% CI. The adjusted 
covariables were age, hypertension, diabetes mellitus, chronic kidney disease, previous MI, acute coronary syndrome, multivessel disease, left main disease, 
target vessel location, ACC/AHA lesion class B2 and C, multivessel PCI. 
BVS = bioresorbable vascular scaffold, CI = confidence interval, DES = drug-eluting stent, HR = hazard ratio, MI = myocardial infarction, PCI = percutaneous 
coronary intervention, POCO = patient-oriented composite outcome, TVF = target vessel failure, ACC/AHA = American College of Cardiology/American Heart 
Association.
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between the BVS and DES groups (0.3% vs. 0.5%, adjusted HR, 2.515, 95% CI, 0.262–24.184, 
P = 0.424) (Table 4).

Sensitivity analysis regarding clinical outcomes
Table 5 shows the results of sensitivity analyses to adjust potential confounding effects 
between the 2 groups. Various sensitivity analyses consistently showed the comparable risk of 
clinical events between the BVS and DES groups. In addition, cumulative incidence of 2-year 
TVF and POCO in propensity score-matched population were also comparable between the 
2 groups (log rank P = 0.686 and 0.708, respectively) (Supplementary Fig. 3). The results of 
the Bayesian analysis were also similar with the results from IPW adjustment and propensity 
score matched analysis. In addition, comparable risk of TVF between the BVS and DES group 
was consistently observed across various subgroups without significant interaction (Fig. 3).

In multivariable analysis in original pooled population, the independent predictors for 
TVF were diabetes mellitus and LM disease, but not BVS implantation (HR, 1.653, 95% CI, 
0.572–4.774, P = 0.353) (Table 6).

DISCUSSION

The current study evaluated the safety and efficacy of BVS in all-comers patients from 
multicenter prospective registry. Key findings are as follows. First, compared with previous 
studies, BVS procedure in the current study was performed mostly in proximal to mid 
segment of vessel using ≥ 2.75 mm BVS with adequate scaffold optimization protocols guided 
by intravascular imaging. Second, regarding clinical outcomes after BVS implantation, there 
was no significant difference in mid-term risks of TVF or POCO between the BVS and DES 
groups. Third, the risk of device thrombosis was very low in BVS group without significant 
difference compared with DES group. Fourth, various sensitivity analyses showed consistent 
results supporting the comparable risk of clinical events between the BVS and DES groups.

Since initial approval of Absorb BVS at 2011 in Europe, randomized clinical trials (RCTs) 
reported comparable early and mid-term clinical outcome between BVS and 2nd generation 
DES.8,19-22 Among these RCTs, ABSORB III and AIDA trials evaluated the largest number of 
patients with reference vessel size of 2.50 to 3.75 mm and showed that BVS was non-inferior 
with DES in terms of device-oriented composite outcomes at 1 and 2 years of follow-up, 
respectively.19,23 Similarly, initial reports of ABSORB II, ABSORB Japan, and ABSORB China 
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Table 5. Sensitivity analysis regarding clinical outcomes according to implanted devices
Clinical outcomes Unadjusted HR (95% CI) IPW adjusted HR (95% CI) PSa matched HR (95% CI) Bayesian OR (95% CrI)
No. of patients 1,003 952 620 1,003
Target vessel failureb 0.782 (0.374–1.637) 1.479 (0.636–3.443) 0.857 (0.288–2.461) 0.891 (0.402–1.885)
Patient-oriented composite outcomec 0.749 (0.415–1.315) 1.273 (0.641–2.527) 1.000 (0.434–2.307) 0.866 (0.463–1.587)
Cardiac death 0.393 (0.081–1.902) 1.229 (0.253–5.967) 1.615 (0.005–97.90) 0.390 (0.055–1.830)
Target vessel myocardial infarction 1.545 (0.311–7.688) 2.569 (0.483–13.66) 1.000 (0.141–7.099) 1.646 (0.283–8.944)
Target vessel revascularization 1.096 (0.479–2.507) 1.997 (0.762–5.238) 0.714 (0.227–2.251) 1.262 (0.520–2.930)
CI = confidence interval, CrI = credible interval, HR = hazard ratio, IPW = inverse probability weighting, OR = odds ratio, PS = propensity score.
aPS was calculated based on multiple logistic regression model after adjusting for age, sex, hypertension, diabetes mellitus, hyperlipidemia, current smoker, 
chronic kidney disease, previous myocardial infarction, clinical presentation, extent of disease, multivessel disease, left main disease, target vessel location, 
American College of Cardiology/American Heart Association lesion class, multi-vessel percutaneous coronary intervention.
bTarget vessel failure defined as a composite of cardiac death, myocardial infarction (not clearly attributed to a nontarget vessel), or clinically indicated target 
vessel revascularization by percutaneous or surgical methods at 2 years.
cPatient-oriented composite outcomes included all-cause mortality, any myocardial infarction (includes nontarget vessel territory), any revascularization 
(includes all target and nontarget vessel, regardless of percutaneous or surgical methods).



10/16https://jkms.org

also supported non-inferior efficacy of BVS compared with DES.20-22 However, 3 years follow-
up reports of ABSORB II trial showed significantly higher risk of target lesion failure (TLF) 
following BVS implantation than DES (10% vs. 5%, HR, 2.17, 95% CI, 1.01–4.69, P = 0.043), 
mainly driven by higher incidence of TVMI and definite or probable device thrombosis in the 
BVS group.6 It should be noted that ABSORB II trial included reference vessel size between 
2.25 mm and 3.8 mm, and mean reference vessel diameter was much lower than other trials 
(Supplementary Table 3).

Furthermore, 3 years follow-up reports from ABSORB III trial showed significantly higher risk 
of device thrombosis in the BVS group than the DES group (2.3% vs. 0.7%, P = 0.01).7 Similar 
results were also observed in the AIDA trial (3.5% vs. 0.9%, P < 0.001).8 Device thrombosis 
in BVS consistently occurred on subacute, late and very late phases of follow-up period 
(Supplementary Table 4). Due to these safety concerns, BVS was withdrawn from the market 
in September 2017 and currently, no BVSs are available for clinical use. However, 5 years of 
follow-up data from the ABSORB III trial revealed that excess risk of BVS than DES ended 
after 3 years from index procedure, suggesting the possibility of favorable long-term clinical 
outcome after BVS implantation.24 The 5 years of follow-up data from the AIDA and ABSORB 
Japan trials also showed that the risk of device thrombosis in BVS group started to decrease 
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BVS
N = 377

DES
N = 626

HR (95% CI) P value
Interaction 

P value

4/78 (5.2%) 11/297 (4.7%) 1.130 (0.358–3.566) 0.835
0.646

Age < 65 years 7/297 (2.4%) 8/323 (2.6%) 0.851 (0.308–2.352) 0.756

Male 10/312 (3.2%) 15/504 (3.4%) 0.911 (0.408–2.033) 0.820
0.366

Female 1/65 (1.5%) 5/122 (4.6%) 0.344 (0.040–2.955) 0.331

Current smoking 2/112 (1.8%) 9/178 (5.9%) 0.291 (0.062–1.353) 0.115
0.123

Previous or never smoking 9/264 (3.4%) 11/447 (2.8%) 1.204 (0.498–2.912) 0.681

Chronic kidney disease 1/3 (33.3%) 4/43 (11.4%) 2.562 (0.283–23.208) 0.403
0.300

Non-chronic kidney disease 10/374 (2.7%) 16/576 (3.2%) 0.835 (0.378–1.844) 0.655

Previous MI 1/15 (6.7%) 1/41 (2.4%) 2.489 (0.155–39.915) 0.519
0.413

No history of MI 10/362 (2.8%) 19/584 (3.7%) 0.724 (0.336–1.561) 0.410

Multi-vessel disease 7/195 (3.6%) 15/413 (4.1%) 0.863 (0.351–2.123) 0.748
0.977

Single-vessel disease 4/182 (2.2%) 5/213 (2.8%) 0.780 (0.208–2.915) 0.711

Stable IHD 5/147 (3.4%) 12/310 (4.7%) 0.707 (0.248–2.015) 0.516
0.798

ACS 6/230 (2.6%) 8/316 (2.7%) 0.938  (0.325–2.710) 0.906

Multi-vessel PCI 1/59 (1.7%) 10/156 (6.9%) 0.237 (0.030–1.851) 0.170
0.127

Single-vessel PCI 10/318 (3.2%) 10/470 (2.5%) 1.236 (0.513–2.981) 0.637

LAD 7/223 (3.1%) 15/466 (3.7%) 0.849 (0.345–2.088) 0.722
0.844

Non-LAD 4/154 (2.6%) 5/160 (3.6%) 0.688 (0.184–2.576) 0.579

Maximal device diameter < 2.75 mm

Maximal device diameter ≥ 2.75 mm

1/13 (7.7%) 3/62 (5.1%) 1.437 (0.149–13.827) 0.754
0.645

10/364 (2.8%) 16/538 (3.4%) 0.786 (0.355–1.737) 0.551

3/128 (2.3%) 13/393 (3.8%) 0.613 (0.174–2.157) 0.446
0.589

Total device length < 28 mm 8/249 (3.2%) 7/233 (3.4%) 0.916 (0.331–2.535) 0.866

0.01 0.1 1 10 100
Favors DES

Age ≥ 65 years

Total device length ≥ 28 mm

Favors BVS

Fig. 3. Comparison of 2-year risk of target vessel failure between BVS and DES according to subgroups. Cumulative incidence of target vessel failure at 2 years is 
compared between BVS group and DES group according to subgroup. The interaction P value represents the likelihood of interaction between the variable and 
the relative treatment effect. 
ACS = acute coronary syndrome, BVS = bioresorbable vascular scaffold, CI = confidence interval, DES = drug-eluting stent, HR = hazard ratio, IHD = ischemic 
heart disease, MI = myocardial infarction, PCI = percutaneous coronary intervention.
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after 3 years from index procedure, and the incident rate of device thrombosis was even lower 
than DES group during time periods of 3 to 5 years.24-26 These data imply that more evidence 
is still needed to clarify the safety and efficacy of BVS in routine clinical practice and further 
study would be an important touchstone for future development of newer generation BVS.

Several possible mechanisms of device thrombosis of BVS were suggested in retrospective 
case analysis explored with OCT. In both the acute and subacute phases, malapposition, 
geographic mismatch and underexpansion of scaffold were revealed as major mechanical 
causes of device thrombosis.11 In addition to malapposition and underexpansion of scaffold, 
scaffold discontinuity and uncovered strut were investigated as main etiologies of late or very 
late device thrombosis.11,27,28 Although the exact mechanism of scaffold discontinuity had 
not been clarified, it could be device-related inherent late resorption process or procedure-
related scaffold fractures.29,30 Uncovered strut was strongly affected by strut thickness, 
and endothelization of strut was influenced by flow dynamics and shear stress.31 More 
importantly, previous studies showed that BVS implantation in small reference vessels (< 
2.25–2.75 mm) were significantly associated with smaller BVS expansion32 and increased risk 
of device thrombosis and TLF.7

In contrast with previous RCTs, the 2-year rate of definite or probable device thrombosis was 
only 0.3% in SMART-REWARD registry. Considering the possible mechanisms of BVS failure 
in previous studies, some important differences in procedural factors should be noted. In the 
current registry, meticulous prespecified implantation techniques were used and resulted 
in higher proportion of intravascular imaging guidance (74.9%), pre-dilatation (90.9%) 
and post-dilatation (73.1%) with high inflation pressure. Proportion of patients undergoing 
intravascular imaging guided-PCI in the SMART-REWARD registry was much higher than 
that in the majority of previous RCTs (ABSORB III, 11.2%; AIDA, not reported; and ABSORB 
China, 0.4%, respectively). In addition, 81.9% of target lesions were in proximal to mid 
segment of target vessel and only 5.5% of target lesions were treated with BVS size of less 
than 2.75 mm. These lesion characteristics led to relatively larger mean or maximal scaffold 
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Table 6. Independent predictors for target vessel failure
Variables Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value
BVS implantation 0.782 (0.374–1.637) 0.515 1.653 (0.572–4.774) 0.353
Age 1.030 (0.995–1.065) 0.091 1.022 (0.981–1.066) 0.300
Male 0.947 (0.389–2.309) 0.905 0.790 (0.293–2.126) 0.640
Hypertension 0.969 (0.473–1.986) 0.932 0.583 (0.250–1.361) 0.212
Diabetes mellitus 2.102 (1.036–4.266) 0.040 2.335 (1.104–4.940) 0.027
Hyperlipidemia 1.471 (0.708–3.054) 0.301 1.388 (0.620–3.106) 0.425
Current smoker 1.348 (0.646–2.812) 0.427 1.396 (0.581–3.351) 0.455
Chronic kidney disease 4.624 (1.773–12.060) 0.002 2.629 (0.803–8.609) 0.110
Previous myocardial infarction 1.167 (0.279–4.891) 0.833 1.285 (0.284–5.814) 0.745
Clinical presentation (ACS) 0.662 (0.326–1.343) 0.253 0.770 (0.349–1.699) 0.517
Multivessel disease 1.660 (0.764–3.606) 0.200 1.550 (0.546–4.394) 0.410
Left main disease 2.742 (1.227–6.131) 0.014 3.174 (1.397–7.209) 0.006
Target vessel location on LAD 1.144 (0.527–2.484) 0.735 1.407 (0.586–3.381) 0.445
ACC/AHA B2 and C 0.934 (0.440–1.984) 0.860 0.861 (0.365–2.034) 0.733
Multivessel PCI 2.063 (0.988–4.306) 0.054 2.053 (0.859–4.911) 0.106
Use of intra-vascular imaging 1.356 (0.584–3.148) 0.478 1.016 (0.413–2.499) 0.972
No. of implanted devices in target vessel 1.461 (0.745–2.865) 0.270 1.485 (0.602–3.665) 0.391
Maximal device diameter in target vessel ≤ 2.75 mm 1.917 (0.669–5.493) 0.226 2.375 (0.749–7.533) 0.142
Total length of implanted devices ≥ 28 mm 1.043 (0.516–2.111) 0.906 0.858 (0.333–2.208) 0.751
ACS = acute coronary syndrome, CI = confidence interval, HR = hazard ratio, LAD = left anterior descending artery, PCI = percutaneous coronary intervention, 
ACC/AHA = American College of Cardiology/American Heart Association.
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diameter (3.24 ± 0.30 mm or 3.26 ± 0.30 mm) compared with previous RCTs (Supplementary 
Table 2). All these scaffold optimization techniques with larger size of implanted BVS could 
explain the relatively lower incidence of device-oriented composite outcomes, including 
device thrombosis in the current registry.

The DES group of PERSPECTIVE-PCI registry was composed of patients treated under 
meticulous procedural optimization techniques guided by post-PCI FFR and intravascular 
imaging.14,15 Those efforts of procedural optimization translated into relatively lower risk 
of TVF and POCO in the PERSPECTIVE-PCI registry. Although various types of DES were 
used in this registry, contemporary evidence supports comparable clinical outcomes across 
various types of 2nd generation DES.33 Even with this DES group serving as comparator 
group, BVS showed comparable risk of 2-year TVF, POCO and individual components of 
TVF and POCO. Although there were significant differences in baseline patient and lesion 
characteristics between the 2 groups, comparable risk of TVF was consistently observed 
in multiple sensitivity analyses with adjustment of measured or unmeasured confounders. 
In addition, clinical outcomes were not different between the 2 groups across various 
subgroups, and BVS implantation was not an independent predictor for 2-year TVF in 
multivariable analysis. All these sensitivity analyses support the comparable efficacy between 
BVS and DES in the current analysis. In this study, not only everolimus-eluting stent but 
also various 2nd generation DESs were used as comparator against BVS. However, because 
performance of 2nd generation DESs were not significantly different, it might have little 
effect on our study result.34,35

It should be noted that the cumulative incidence of 2-year TVF and TVMI in the BVS group 
was relatively lower in the current study (2.9% and 0.8%, respectively) than AIDA (11.7% and 
5.5%, respectively) or ABSORB Japan trial (11.1% and 5.0%, respectively).8,36 Although direct 
comparison among the studies would be limited, these differences might be explained by more 
frequent use of scaffold optimization techniques including intravascular imaging guidance and 
use of relatively larger size of scaffold which was mostly implanted at proximal to mid segments 
in ≥ 2.75 mm reference vessels. These results imply that appropriate selection of target lesion 
and meticulous procedural optimization are essential factors to prevent BVS-related adverse 
clinical events. In this regard, future research for safety and efficacy of next-generation BVS with 
thinner struts should commence with appropriate target lesion selection, using relatively larger 
size of BVS, and strict adherence to implantation techniques.

Some limitations of the study should be acknowledged. First, since this was non-randomized 
observational study, inherent limitation of selection bias should be considered. Second, 
neither patient nor physician could be blinded for the implanted devices. Third, current 
study evaluated 2 years of follow-up data, therefore, longer term safety and efficacy of BVS 
were not evaluated. Fourth, both BVS and DES groups were treated by high adoption rates of 
intravascular image-guided PCI, which may limit the generalizability of the results to other 
countries with limited adoption rates of intravascular imaging devices. Fifth, net clinical 
outcomes could not be evaluated, because, bleeding events had not been investigated as an 
individual endpoint in the PERSPECTIVE-PCI registry.

In all-comers patient population, BVS showed comparable risks of 2-year TVF and POCO 
with 2nd generation DES. BVS showed minimal risk of device thrombosis at 2-year follow 
up which was comparable with that of DES. The current study supports mid-term safety 
and efficacy of BVS in real-world practice. Use of meticulous device optimization technique 
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utilizing intravascular imaging guidance and avoidance of BVS implantation in small vessels 
are suggested as possible procedural methods to reduce device thrombosis and adverse 
clinical events in patients receiving BVS implantation.
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