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Background: Scaffold thromboses (ST) and adverse events and have been associated with bioresorbable vascular
scaffolds (BVS) at long-term, but their mechanism remains unclear. We sought to evaluate patient and lesion
characteristics associated with mid- to long-term outcomes in patients treated with BVS.

Methods: This is an observational single-center, single-arm, retrospective study evaluating the performance of
BVS in an all-comer population, including complex lesions (chronic total occlusions, long lesions), small vessels,
and acute coronary syndromes (ACS).

Results: From May 2013 to June 2015, we included 482 patients (580 lesions) that were treated with BVS implan-
tation including 71.2% treated for ACS in the present analysis. Mean follow-up period was 816.2 4+ 242.6 days.
The primary endpoint was device oriented cardiac events (DOCE), defined as a composite of target-lesion revas-
cularization (TLR), ST, target vessel myocardial infarction (TVMI) and cardiac death. Using Kaplan-Meier
methods, the DOCE and ST rates at 36 months were 9.4% and 2.3%, respectively. No ST occurred between 2 and
3 years and ST occurred after 3 years, in one patient. Using multivariate analysis, ACS was the only significant
predictor of lower rates of DOCE (p = 0.04, HR: 0.47, 95% CI: 0.23-0.96).

Conclusions: In this large all-comers real-world cohort, lesions treated with BVS had non-negligible rates of DOCE
and ST, in line with previous published randomized trials. The occurrence of very late event was very low after

24 months. ACS patients had lower rates of DOCE.

© 2018 Published by Elsevier Inc.

1. Introduction

Despite the fact that latest-generation drug-eluting metal stents
(DES) are considered to be the gold standard in percutaneous coronary
interventions (PCI) [1], permanent stent implantation may have some
drawbacks such as endothelial dysfunction, a reduction in the potential

Abbreviations: ACS, acute coronary syndrome; BMS, bare-metal stent; BVS, bioresorb-
able vascular scaffolds; DES, drug-eluting stent; DOCE, device oriented composite end-
point; IVUS, intravascular ultrasound; KM, Kaplan-Meier; MI, myocardial infarction;
OCT, optical coherence tomography; PCI, percutaneous coronary intervention; POCE,
patient oriented composite endpoint; RVD, reference vessel diameter; ST, scaffold/stent
thrombosis; TLR, target lesion revascularization; TVMI, target vessel myocardial infarction.
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for vessel remodeling, interference with the normal arterial healing
process, the risk of occlusion of covered side branches by neointima
hyperplasia, hypersensitivity reactions, late stent thrombosis, as well
as preclusion of future surgical revascularization [2, 3]. Bioresorbable
vascular scaffolds (BVS) were developed to allow the restoration of
anatomical and vascular function and to reduce the long-term risk of
stent-related complications, including very late (>1 year) stent throm-
bosis (ST) and neoatherosclerosis that is associated with the presence
of permanent metallic stents [3]. Despite these potentials advantages,
BVS have faced recent drawbacks, where randomized controlled trials
suggested that the risk of target lesion failure, including ST was in-
creased with BVS, as compared with latest generation DES [4-6].

These worrisome outcomes could be related to suboptimal device
expansion and insufficient intracoronary imaging guidance, as well as
patients and lesions subsets [7]. Nevertheless, the underlying mecha-
nism for increased target lesion failure after BVS implantation remains
unclear and data is scarce on lesion patterns that could lead to worse
long-term outcomes.
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In the present study, we report mid to long-term follow-up of
consecutive patients treated with BVS and sought to evaluate the clini-
cal outcomes after BVS implantation in a more complex real-world
population.

2. Methods
2.1. Study design and population

This was an observational, single-center, single arm, retrospective
study of consecutive patients treated with the Absorb™ BVS (Abbott
Vascular, Santa Clara, California) in an all-comer population between
May 2013 and June 2015 that was conducted at the Montreal Heart
Institute, an academic quaternary center. In this analysis, all consecutive
patients presenting with stable angina, silent ischemia or acute coro-
nary syndrome (ACS) caused by a stenotic lesion with BVS implantation
during the study period were included. The study was conducted
according to the Declaration of Helsinki. As this was a retrospective
analysis conducted per institutional guidelines for data security and
privacy, a waiver of consent was granted. Data were anonymized by
authors prior to analysis.

2.2. Procedural details

During this period, the decision to treat the lesion with an Absorb™
BVS rather than a new generation DES or a bare-metal stent (BMS) was
left to the operator's discretion, but conditioned by the presence of
suitable anatomy (absence of tortuosity or severe calcification proximal
to the target lesion), the lesion (reference vessel diameter (RVD)
visually assessed at the target lesion site >2.5 mm and <4 mm) and
the clinical characteristics (absence of severe comorbid conditions, con-
traindications to drug-eluting stents). Available BVS lengths during the
study period were 12, 18, and 28 mm. BVS were implanted to cover 2 to
5 mm of non-diseased endothelium on either side of the target lesion.
Pre-dilation, post-dilation and the use of optical coherence tomography
(OCT) or intravascular ultrasound (IVUS), the BVS overlap strategy
(marker-to-marker vs marker over marker) and arterial access (radial
vs femoral) were left at the operator's discretion.

2.3. Medical therapy

The use of peri-procedural antithrombotics (i.e., glycoprotein IIb/Illa
inhibitors and heparin or bivalirudin) and the use of a second anti-
platelet agent before PCI was left at the operator's discretion. All
patients received a daily dose of 81 mg of aspirin daily in association
with either clopidogrel (75 mg daily), ticagrelor (90 mg twice a day)
or prasugrel (10 mg daily) for a minimum of 12 months after PCI. Statins
use was encouraged.

2.4. Data collection and follow-up

Baseline demographics, medical history, cardiac catheterization data
and cardiac outcomes were abstracted from medical charts and by
reviewing the coronary angiography by three independent interven-
tionists that did not participate in the procedure. Additional follow-up
and outcome data was collected via systematic telephone calls or
clinical visits. Routine angiographic follow-up was not scheduled but
performed only in case of symptom recurrence or non-invasive demon-
stration of inducible myocardial ischemia.

2.5. Clinical endpoints and definitions

The primary endpoints were two composite endpoints, one that
was device-oriented (DOCE) and one patient-oriented (POCE) defined
according to the Academic Research Consortium definition for trials
involving stents [8]. The DOCE includes cardiac death, myocardial

infarction (MI) attributed to the target vessel, ST and target lesion revas-
cularization (TLR). The POCE includes all-cause mortality (cardiovascular
and non-cardiovascular deaths), any MI (target-vessel or non-target-
vessel MI or ST) or any revascularization (target-vessel or non-target-
vessel revascularization). As a secondary outcome, we also defined the
rate of stent thrombosis yearly, during the first three years. Procedural
success was defined as a final residual stenosis at the stenotic site <30%
without in-hospital event. ACS was defined as unstable angina, NSTEMI
or STEML. In a same patient, two non-overlapping BVS implantations
during the same procedure were considered as two distinct lesions in
the analysis.

2.6. Statistics

Continuous variables were described using means + standard devi-
ation (SD) or medians & interquartile range as appropriate. Categorical
variables were presented as number (percentages). Proportions were
compared using the Chi-square-test. Statistical significance was deter-
mined at the two-sided o = 0.05 level. Survival curves for our two
primary outcomes (POCE and DOCE) and for ST were obtained using
Kaplan-Meier estimates. Univariate cox proportional-hazards models
were developed to assess the association between the occurrences of
POCE, DOCE and scaffold thrombosis with pre-specified patient, lesion
and procedural variables. Candidate covariates that showed marginal

Table 1
Baseline clinical characteristics.
N =482
Age,y 60.9 (£10.5)
Sex
Male 367 (76.1%)
Female 115 (23.9%)

Risk factor
Current or former smoking
Hypertension

159 (33.0%)
271 (56.2%)

Dyslipidemia 322 (66.8%)
Diabetes mellitus 110 (22.8%)
Family history of CAD 205 (42.5%)
Obesity 159 (33.0%)
Previous MI 98 (20.3%)
Previous PCI 130 (27.0%)
Previous CABG 30 (6.2%)
Previous stroke/TIA 15 (3.1%)
Peripheral artery disease 28 (5.8%)
COPD 28 (5.8%)
Renal insufficiency 32 (6.6%)
Creatinine, mmol/L 86.6 (£31.1)
Anticoagulation for arrhythmia 6 (1.2%)
Multivessel disease 190 (39.4%)

LVEF 54.1 (£11.5)
Indications for PCI

Stable angina 109 (22.6%)
Unstable angina 121 (25.1%)
STEMI 86 (17.8%)
NSTEMI 136 (28.2%)
Silent ischemia 30 (6.2%)
Aspirin pre PCI 482 (100%)
DAPT before PCI 430 (89.2%)
Clopidogrel 222 (46.1%)
Prasugrel 53 (11.0%)
Ticagrelor 155 (32.2%)
Discharge DAPT post PCI
Clopidogrel 179 (37.1%)
Prasugrel 105 (21.8%)
Ticagrelor 198 (41.1%)

Values are n (%) or mean (SD).

Abbreviations: SD: Standard deviation; y: years; CAD: Coronary artery disease;
MI: Myocardial Infarction; PCI: Percutaneous coronary intervention; CABG:
Coronary-artery bypass graft; TIA: Transient ischemic attack; COPD: Chronic
obstructive pulmonary disease; LVEF: Left ventricular ejection fraction; STEMI:
ST-segment elevation MI; NSTEMI: Non-ST segment elevation MI; DAPT: dual
antiplatelet therapy



230 F. Picard et al. / Cardiovascular Revascularization Medicine 20 (2019) 228-234

associations to outcome on univariate testing (p < 0.20), up to a maxi-
mum of a tenth of the number of POCE and DOCE, in order to prevent
overfitting, were included in our multivariate analysis. Proportional
hazards assumptions were assessed graphically with the use of methods
of Grambsch and Therneau, and covariates were adjusted with the
use of a cubic regression spline where this assumption was not met.
No imputation of data was made for missing variables. Data analyses
were performed with the SPSS software package (version 24.0) and R
Studio software package (version 1.0.136).

3. Results
3.1. Population baseline characteristics

From May 2013 to June 2015, a total of 482 patients (580 lesions)
underwent BVS implantation and were included in the present analysis.
Baseline clinical and demographic characteristics of the population are
reported in Table 1. Briefly, the mean age was 60.9+10.5 years, 76.1%
of the patients were male, 22.8% had diabetes, and 27.0% had prior
PCI. 22.6% presented with stable angina, 25.1% with unstable angina,
28.2% for non-ST elevation myocardial infarction, 17.8% for ST-
segment elevation myocardial infarction and 6.2% for silent ischemia.
At discharge, all patients were treated with aspirin and 37.1% had
additional clopidogrel, 21.8% prasugrel and 41.1% ticagrelor.

3.2. Angiographic and procedural details

Angiographic and procedural characteristics of the lesions are
shown in Tables 2 and 3. A third of lesions (29.3%) were American
College of Cardiology/American Heart Association classification type
B2/C lesions and 3.8% were chronic total occlusion lesions. Predilatation
was performed in 95.2% of the lesions. A mean of 1.26 + 0.59 scaffolds

Table 3
Procedural characteristics.
N = 580 lesions
Treated lesions per procedure 1.13 (£0.36)
Aspiration thrombectomy 88 (15.2%)
Intracoronary imaging 32 (5.5%)
IVUS 13 (2.2%)
OCT 19 (3.3%)
Pre-dilation 552 (95.2%)
Reference vessel diameter, mm 3.05 (£0.44)
Max pre-dilation diameter, mm 2.74 (£1.05)
Numbers of scaffolds/lesion 1.26 (£0.59)

Number of scaffolds 1/2/3/4/5 466(80.3%)/83(14.3%)/

26(4.5%)/4(0.7%)/1(0.2%)

Scaffold diameter, mm 3.01 (+£0.39)
Scaffold length implanted, mm 26.3 (£14.9)
Overlapping stents 116 (20.0%)
Scaffold implantation pressure, atm 11.6 (£2.8)
Post-dilation 490 (84.5%)
Maximum post-dilation balloon, mm 3.15 (£0.58)
Maximum post-dilation inflation pressure, atm 17.8 (£3.5)
Post-dilation balloon over scaffold diameter ratio 1.06 (40.07)
Pharmacotherapy

Use of GPIIB/INIA antagonists 62 (10.7%)

Heparin 576 (99.3%)

Bivalirudin 4(0.7%)
Procedural complications

Dissection 20 (3.4%)

Slow flow 7 (1.2%)

No reflow 2 (0.3%)

SB occlusion 11 (1.9%)

Distal embolization 9 (1.6%)

Perforation 1(0.2%)
In-hospital outcomes

Cardiac death 2 (0.4%)

ST 1(0.2%)

TVMI 1(0.2%)

TLR 2 (0.4%)

Table 2
Vessel characteristics.

N = 580 lesions

Target vessel
LAD/diagonal branch
LCx/marginal branch
RCA/PDA/PLB
SVG

Lesion AHA A1/B1/B2/C

CTo
Bifurcation lesion
Long lesion (>32 mm)
Small vessel diameter (<2.75 mm)
Presence of in-stent restenosis, during index
procedure
Multivessel disease
Multivessel PCI
Ostial lesion
Device type
BVS only
BVS + DES
BVS + BMS
TIMI grade flow pre-procedure
0
1
2
3
TIMI grade flow post-procedure
0

1
2
3

294 (50.7%)

118 (20.3%)

155 (26.7%)

13 (2.2%)
198(34.1%)/212(36.6%)/
100(17.2%)/70(12.1%)
22 (3.8%)

99 (17.1%)

93 (16.0%)

125 (21.6%)

42 (7.2%)

190 (32.8)
152 (26.2)
16 (2.8)

551 (95%)
28 (4.8%)
1(0.2%)

79 (13.6%)
25 (4.3%)
35 (6%)
441 (76.0%)

2(0.3%)
1(0.2%)
0(0)

577 (98.5%)

Values are n (%) or mean (SD).

Abbreviations: LAD: Left anterior descending artery; LCx: Left circumflex artery; RCA: Right
coronary artery; PDA: posterior descending artery; PLB: postero-lateral branch; SVG:
Saphenous vein graft; CTO: Chronic total occlusion; BVS: Bioresorbable scaffold; DES:
Drug-eluding stent; BMS: Bare-metal stent; TIMI: Thrombolysis In Myocardial Infarction.

Values are n (%) or mean (SD).
Abbreviations: IVUS: Intra-vascular ultrasound; OCT: Optical coherence tomography; SB:
Side branch; ST: Scaffold thrombosis; TVMI: Target vessel myocardial infarction; TLR:
Target lesion revascularization.

per lesion were implanted with a mean diameter of 3.01 4 0.39 mm
and a mean length of 26.3 4+ 14.9 mm. Mean deployment pressure
was 11.6 £ 2.8 atm. Post-dilatation was performed in 84.5% of lesions
and the mean post-dilatation pressure was 17.8 4+ 3.5 atm. Post-
dilation balloon over scaffold diameter ratio was 1.06 + 0.07. Image
guidance with IVUS or OCT was used in only 32 lesions (5.5%).

Table 4
Major adverse cardiac events.

Follow-up time, days 816.2 (£242.6)

POCE 63 (13.1%)
All-cause death 9 (1.9%)
Myocardial ischemia 25 (5.2%)
Any revascularization 54 (11.2%)

DOCE 36 (6.2%)
Cardiac death 1(0.2%)
TLR 31 (5.3%)
Target vessel MI 21 (3.6%)
Stent/scaffold thrombosis 11 (1.9%)

Early (<30 days) 3(0.5%)
Late (30 days-1 year) 2 (0.3%)
Very late (>1 year) 6 (1.0%)

Other endpoints
Non-target vessel MI 6(1.2%)
Non-target vessel revascularization 25 (5.2%)
Non-cardiac death 8 (1.7%)

Values are n (%) or mean (SD).

Abbreviations: POCE: Patient-oriented composite endpoint; DOCE: Device-oriented
composite endpoint; TLR: Target-lesion revascularization; MI: Myocardial infarction;
TVR: Target-vessel revascularization.
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3.3. Periprocedural outcomes

Periprocedural and in-hospital outcomes are shown in Table 3.
Briefly, dissection occurred in 3.4% of the cases, side-branch occlusion
occurred in 1.9% of the cases and distal embolization occurred in 1.6%
of the cases. In-hospital cardiac death occurred in 2 patients (0.4%)
and definite ST leading to TVMI occurred in 1 patient (0.2%).

3.4. Long-term outcomes

The long-term outcomes are summarized in Table 4. Follow-up was
available for 87.2% patients. Mean follow-up period was 816.2 +
242.6 days. The composite endpoint of POCE occurred in 63 patients
(13.7%) where 9 patients experienced all-cause death (1 cardiovascular
death; 4 unknown cause of death and 4 non-cardiovascular deaths),
25 patients experienced myocardial ischemia (5.2%) and 54 (11.2%)
patients required subsequent revascularization. The composite end-
point of DOCE occurred in 34 patients (9.4%), where 1 patient experi-
enced cardiovascular death (0.2%), 21 patients experienced target
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Fig. 1. Cumulative Kaplan-Meier estimates of survival for DOCE, POCE, and definite/
probable ST up to 3 years. POCE: Patient-oriented composite endpoint; DOCE: Device-
oriented composite endpoint; ST: Scaffold thrombosis.

vessel MI (3.6%), 31 patients experienced target lesion revascularization
(5.3%), and 11 patients experienced ST (2.3%). Regarding the timing
of scaffold thrombosis, 5 (1.1%) occurred before 1 year (3 were early
scaffold thrombosis within 30 days and 2 occurred between 1 month
and 1 year), 5 (1.2%) occurred between year 1 and year 2, none (0%)
occurred between year 2 and year 3. Only 1 ST occurred after 3 years.
Using KM estimates at 36-months, the POCE, DOCE and ST rates were
17.0%, 9.4% and 2.3% respectively. Rates of ST at 12, 24 and 36 months
were 1.1%, 2.3% and 2.3%, respectively (Fig. 1 and Supplemental
Table 1). The rate of POCE & ST diminished over time and was lower
between year 2 and 3, than at 1 year or than during year 1 and 2
(Supplemental Table 1). The rate of DOCE remained stable over time
(Supplemental Table 1).

3.5. Outcomes predictors

Univariate and multivariate cox proportional-hazards models were
used to identify predictors of the occurrence of POCE, DOCE and ST,
and are shown in Table 4 and Supplemental Tables 2 and 3. For POCE
multivessel disease, age, ticagrelor or prasugrel use, scaffold diameter
and males were found to have a marginal association with POCE and
were subsequently included in our multivariate analysis (Supplemental
Table 2). After multivariate adjustment, only the presence of multivessel
disease (p = 0.01, HR: 1.99, 95% CI: 1.16-3.39) was found to be increase
the risk of POCE. For DOCE, the presence of in-stent restenosis in the BVS
treated lesion as the reason of revascularization at index procedure, ACS
at presentation, diabetes, multivessel disease, long lesions (>32 mm),
males, age, scaffold diameter, post-dilation, small vessel diameter
(<2.75 mm) and number of BVS implantation were univariate predic-
tors that have shown marginal association with the occurrence of
DOCE. (Table 5). After multivariate analysis, only ACS remained a pre-
dictor of fewer DOCE (p = 0.04, HR:0.47, 95% CI: 0.23-0.96). The use
of post-dilation was not associated with better DOCE using univariate
or multivariate analysis. The use of a more powerful anti-platelet
agent such as Prasugrel or Ticagrelor was also not associated with a pro-
tective effect on the occurrence of DOCE. Regarding ST, and due to lack

Table 5
Cox proportional-hazards regression model for the predictors of DOCE.
X2 Hazard 95%Cl p-value R
ratio
Univariate predictors
Presence of in-stent restenosis® 8.03 3.32 1.45-7.61 0.01 1.2
ACS? 512 045 0.22-0.90 0.02 —0.81
Diabetes® 4.01 2.02 1.02-4.00 0.05 0.70
Multivessel disease® 324 1.89 0.95-3.78 0.07 0.64
Long lesion (>32 mm)? 3.17 1.99 0.93-4.25 0.08 0.69
Males® 294 250 0.88-7.05 0.09 0.91
Age?® 2.72 1.03 1.00-1.06  0.10 0.03
Scaffold diameter® 225 0.52 0.22-1.22 0.13 —0.65
Post-dilatation® 2.07 240 0.73-792 0.15 0.88
Small vessel diameter (<2.75 mm)? 1.90 1.68 0.80-3.5 0.17 0.52
Number of BVS implanted?® 1.88 1.38 0.87-2.20 0.17 0.32
Ostial lesion 0.77 0.03 0.00-65.72 0.38 —-3.39
Ticagrelor or Prasugrel use post PCI 0.18 1.16 0.58-2.35 0.67 0.15
(vs Clopidogrel)
Use of imaging 0.17 0.73 0.17-3.24 0.68 —0.31
Pre-PCI DAPT use 0.08 0.86 0.30-2.46 0.78 —0.15
Implantation inflation pressure 0.06 0.99 0.88-1.11 0.8 —0.02
Bifurcation 0.01 1.04 0.43-2.51 093 0.04
Multivariate predictors
ACS 441 047 0.23-096 0.04 —0.75
Mutivessel disease 238 1.76 0.86-3.62 0.12 0.57
In-stent restenosis 1.93 2.00 0.75-530 0.17 0.69
Diabetes 156 1.56 0.73-334 0.25 0.45

Abbreviations: ACS: Acute coronary syndrome; BVS: Biovascular scaffolds; PCI: Percutane-
ous coronary intervention.

2 These variables had an association with the occurrence of DOCE and were included in
our multivariate analysis.
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Fig. 2. Rate of DOCE and Definite/Probable ST, Divided by Subgroups. DOCE: Device-oriented composite endpoint; ST: Scaffold thrombosis; ACS: acute coronary syndrome; MI: myocardial

infarction; TLR: Target-lesion revascularization.

of power, none of the factors was a significant predictor (Supplemental
Table 3). In Fig. 2 we present DOCE, its components, and definite/
probable ST rates in various subgroups. Patients treated for previous
metallic stent restenosis had a 2-fold increased number of DOCE and
scaffold thrombosis. Interestingly, when comparing patients presenting
with ACS compared to the non-ACS population, there was a significant
reduction in the rate of DOCE (5.7% vs 12.5%, p = 0.03). This was driven
by a lower rate of TLR (4.0% in ACS vs 11.7% in non-ACS), TVMI (1.7% in
ACS vs 5.8% in non-ACS) and ST (1.7% in ACS vs 4.2% in non-ACS) in the
ACS population. Moreover, there was a numerical decrease of POCE
(13.0% vs 18.5%, p = 0.24) and ST without reaching statistical signifi-
cance (1.7% vs 4.2%, p = 0.15) (Fig. 3).

4. Discussion

This retrospective study of 482 patients (580 lesions) reports
extended follow-up beyond 2 years, with a mean follow-up duration

0.2
22 (18.50%)

0.18
0.16
0.14 39 (13.00%)
0.12

0.1
0.08
0.06

0.04

0.02

POCE (p = 0.24)

17 (5.70%)

DOCE (p = 0.03)

of 816.2 £ 242.6 days. The main findings of our study are that rate of
POCE, DOCE and definite/probable ST is higher when compared to a
historical second-generation DES cohort [9], as well as metallic stents
[10]. Additionally, the rate of POCE, DOCE and ST decreases over time
and patients presenting with ACS have a reduced risk of DOCE.
Supporting these findings, we found that the rate of scaffold thrombosis
declines over time with only one scaffold thrombosis after 2 years.

To the best of our knowledge, our study is one of the largest real-
world study that reports long follow-up in an all-comer population.
Our study depicts the medium to long-term outcomes in a population
including complex lesions such as long lesions, small vessels, chronic
total occlusion, saphenous vein grafts, in-stent restenosis, American Col-
lege of Cardiology/American Heart Association type B2/C and patients
with ACS (either unstable angina, non-ST elevation myocardial infarc-
tion or ST elevation myocardial infarction), which reflects daily practice.

Taking in account the complexity of treated lesions and the inclusion
of ACS population, the DOCE rate of 5.9% and the ST rate of 2.3% at two-

15 (12.50%)

5 (4.20%)

5 (1.70%)

ST (p = 0.15)

HACS ENo ACS

Fig. 3. Rate of DOCE and Definite/Probable ST, according to ACS vs non-ACS patients. DOCE: Device-oriented composite endpoint; ST: Scaffold thrombosis; ACS: acute coronary syndrome.



F. Picard et al. / Cardiovascular Revascularization Medicine 20 (2019) 228-234 233

years observed in the current study are in line with reported data in
relatively more simple lesions [4, 11]. Additionally, we found lower
rates of DOCE [5.9% vs 8.7% respectively] and ST [2.3% vs 3.5%] at
2-years than the AIDA trial [4]. This is an all-comers trial that included
an equal proportion of ACS patients (46% STEMI/NSTEMI in AIDA vs
46% STEMI/NSTEMI in our cohort), however these patients had also
more complex lesions treated (55% ACC-AHA type B2/C lesions in
AIDA vs 29.3% in our cohort) [4].

Recently, some concerns were raised regarding a potentially
increased rate of ST after BVS implantation at long-term follow-up
[5,6,9, 10, 12, 13]. Patient selection, lesion preparation, pre- and post-
dilation, and the consideration of invasive imaging for optimal device
deployment have been emphasized, and dual antiplatelet therapy con-
tinuation for at least 1 year and use of more potent antiplatelet therapy
has been suggested [3, 7, 14]. Nevertheless, in our study, the high rate
of pre (95.2%) and post-dilation (84.5%) was not predictive of better
outcomes. Conversely, there was a trend for higher DOCE rates, even
though non-significant, when post-dilation was performed. This may
reflect the high percentage of post-dilatation in our cohort. Further-
more, the patients that did not have post-dilatation might have suffered
a selection bias, where they had less resistant or calcified lesions which
led to a reduction in the occurrence of DOCE and subsequently might
have hidden the protective effect of post-dilatation. Furthermore,
because of the low rate of intracoronary imaging performed (5.5%),
we cannot ensure perfect scaffold apposition was obtained. However,
the post-dilatation rate at 17.6 ATM using a balloon to artery ratio of
1.06 should have led to appropriate expansion [14].

Interestingly, ACS patients had half the DOCE rate, including less ST,
compared to our non-ACS patients. Whether this is due to anti-platelet
therapy regimen or the potential of vessel remodeling warrants further
investigations. The fact that ACS patients have more often soft, with a
relatively small plaque burden might be one of the potential explana-
tion, in regard of the careful lesion preparation that is now advised
for BVS [15]. In addition, among ACS, the vulnerable plaque of a STEMI
lesion is often characterized by a large necrotic core covered by a thin
fibrous cap. This could be an ideal scenario for the BVS implantation
[16]. Indeed, large necrotic cores may interfere with vascular healing
after metallic stent implantation, leading to potential coronary invagi-
nation or late-acquired malapposition that can trigger ST [15].

Our study included a large proportion of patients discharged with a
12-month prescription of new P2Y12 inhibitors (37.1% were under
clopidogrel whereas 21.9% were under prasugrel and 41% under
ticagrelor) but the most potent P2Y12 were not protective against
POCE, DOCE or ST. A potential explanation for such early DOCE and
POCE rates could be the increased thickness of the BVS struts, poten-
tially triggering platelet deposition and subsequent thrombosis, espe-
cially in settings with suboptimal flow conditions [17]. For this reason,
BVS with thinner struts are currently being developed.

Interestingly, the rate of scaffold thrombosis decreased over time
with only one scaffold thrombosis after three years and none between
2 and 3 years. This could be potentially explained by the fact that
some BVS have been reabsorbed by that time [18]. Nevertheless, the
fact that one ST occurred after 3 years warrants further investigations
and could be due to different reabsorption durations among patients.

The present study has several limitations. First, our manuscript pro-
vides real world data; however the fact that BRS are no longer currently
commercially available could be a limitation. Despite this, our findings
will come of value as new generation BRS-devices will undergo devel-
opment and clinical testing [19]. Despite this, our findings will come
of value as new generation BRS-devices will undergo development
and clinical testing [20]. Additionally, due to observational nature of
the study, unknown confounders may have influenced event rates.
However, by including all consecutive patients, we have minimized
the risk of selection bias and our findings are similar to the numerous
published registries available [10]. Despite this, we cannot exclude
that there was a selection bias when the operator decided to implant a

BVS instead of a conventional stent. Furthermore, some data was not
collected as part of our follow-up, such as presence of extended DAPT
(>1 year), which could've provided further insight into the event rates
observed. Moreover, comparisons to other registries are difficult, given
the differences in patient and lesion characteristics, implantation proce-
dure, and follow-up duration. Third, while the follow-up was achieved
in a high percentage of patients, uncertainty remains with the long-
term results in the 13% of patients that we were not able to reach.
Nevertheless, the majority of our study population is followed at our
institution, which increases the probability of detecting outcomes.
Forth, while the angiograms were analyzed by independent interven-
tionists, we cannot present quantitative measurements because quanti-
tative coronary angiography (QCA) use was not systemically used.

5. Conclusion

In a large real-world cohort treated with BVS, the rate of POCE, DOCE
and ST was in line with previous published randomized trials and regis-
tries. ST rates declined over time and only one scaffold thrombosis
occurred after 2-year follow-up. Moreover, ACS patients had twice as
low DOCE as compared with non-ACS patients and could represent an
indication for optimal BVS implantation. However, our findings should
be confirmed in a larger, randomized controlled study and presently,
are only hypothesis generating.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.carrev.2018.06.022.
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