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Abstract

Aims: We sought to investigate two-year clinical and serial optical coherence tomography (OCT) outcomes

KEYWORDS

after implantation of a fully bioresorbable vascular scaffold (BVS) or a cobalt-chromium everolimus-elut-

¢ everolimus-eluting
ing stent (CoCr-EES).
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Methods and results: In the ABSORB Japan trial, 400 patients were randomised in a 2:1 ratio to BVS
(N=266) or CoCr-EES (N=134). A pre-specified OCT subgroup (N=125, OCT-1 group) underwent angio-
graphy and OCT post procedure and at two years. Overall, the two-year TLF rates were 7.3% and 3.8%
in the BVS and CoCr-EES arms (p=0.18), respectively. Very late scaffold thrombosis (VLST) beyond one
year was observed in 1.6% (four cases: all in non-OCT-1 subgroups) of the BVS arm, while there was no
VLST in the CoCr-EES arm. In three cases, OCT at the time of or shortly after VLST demonstrated strut
discontinuities, malapposition and/or uncovered struts. However, the vessel healing by two-year OCT was
nearly complete in both BVS and CoCr-EES arms with almost fully covered struts, and minimal malapposi-
tion. The flow area by two-year OCT was smaller in the BVS arm than in the CoCr-EES arm, mainly due to
tissue growth inside the device. However, there were no differences between the BVS and CoCr-EES with

regard to the quality of homogenous tissues growing inside the devices.

Conclusions: The rate of TLF was numerically higher in the BVS arm than in the CoCr-EES arm, although
this difference was not statistically significant. VLST was observed only in the BVS arm at a rate of 1.6%
between one and two years. Further studies are mandatory to investigate the risk of BVS relative to metal-
lic stents for VLST, and the underlying mechanisms of BVS VLST.
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Introduction

The fully bioresorbable coronary scaffold is a new device treatment
for coronary artery stenosis which provides temporary mechani-
cal support with drug elution, potentially without the limitations of
permanent metallic implants'. The potential of this technology to
induce late lumen enlargement and plaque reduction has been dem-
onstrated in a few seminal observations up to five-year follow-up
using multiple imaging modalities®. The longitudinal imaging obser-
vations were, however, made in the absence of a comparator.

Arecent meta-analysis of the four randomised trials (ABSORB I,
111, Japan and China)*> comparing an everolimus-eluting polylac-
tide bioresorbable vascular scaffold (BVS) and a cobalt-chromium
everolimus-eluting metallic stent (CoCr-EES) demonstrated non-
inferiority of BVS to CoCr-EES in terms of target lesion failure
at one year®. To date, however, there is little evidence for very
late events beyond one year in the context of randomised trials’.
Actually, despite the theoretical long-term advantage of the tech-
nology, anecdotal case reports demonstrated a rare occurrence
of very late stent/scaffold thrombosis (VLST) with late scaffold
discontinuities on optical coherence tomography (OCT)3. These
observations warrant a report of long-term outcomes from a ran-
domised trial to compare the rate of VLST between BVS and
metallic drug-eluting stents (DES). Furthermore, a serial imag-
ing investigation at baseline and at follow-up (with and without
VLST) would provide important information to explore the mech-
anisms of VLST after BVS implantation.

Therefore, we conducted a randomised clinical trial comparing
BVS with CoCr-EES with serial imaging substudies by OCT and
intravascular ultrasound (IVUS). In the current manuscript, we
report the two-year clinical outcomes in the entire study popula-
tion and the serial OCT findings at post-procedure and two-year
follow-up in an imaging subgroup from the ABSORB Japan trial.

Editorial, see page 1077

Methods
STUDY DESIGN AND POPULATION
ABSORB Japan was a prospective, multicentre, randomised, sin-
gle-blind, active-controlled clinical trial randomising 400 patients
in a 2:1 ratio to treatment with the Absorb BVS (Abbott Vascular,
Santa Clara, CA, USA: N=266) or CoCr-EES (XIENCE PRIME/
Xpedition; Abbott Vascular: N=134). The details of the trials
have been published elsewhere®. All patients were maintained on
a thienopyridine for at least 12 months, and aspirin indefinitely. As
an imaging substudy, 125 patients were also allocated randomly to
the OCT-1 group to undergo serial OCT follow-up at post-proce-
dure and at two- and three-year follow-up.

The ethics committees approved the protocol at the participating
institutions. All patients provided written informed consent and were
blinded to their treatment assignment up to five-year follow-up.

ENDPOINTS AND DEFINITIONS
A complete list of endpoints is provided elsewhere®. Definitions of
clinical endpoints, including stent/scaffold thrombosis (ST), were
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based on the Academic Research Consortium criteria. Target lesion
failure (TLF), the primary endpoint, was defined as a composite of
cardiac death, target vessel myocardial infarction (MI), or ischae-
mia-driven target lesion revascularisation (ID-TLR). Independent
study monitors performed on-site verification of 100% of the case
report form data. Death, MI, TLR/target vessel revascularisation
(TVR), and ST were adjudicated by an independent blinded clini-
cal events committee (Harvard Clinical Research Institute, Boston,
MA, USA). A data safety monitoring board monitored patient safety.

The major imaging endpoints for the present analysis included
a nitrate-induced vasoreactivity test at two years on angiography
and changes in average lumen (flow) area from post procedure to
two years on OCT.

STENTING PROCEDURE AND TWO-YEAR IMAGING
FOLLOW-UP
The details of implantation technique were previously published®.
In the patients sub-randomised to the OCT-1 group, post-procedural
OCT was performed using a frequency domain imaging system (C7/
C8 system; LightLab Imaging, Westford, MA, USA or Lunawave
system; Terumo Corporation, Tokyo, Japan). When significant
incomplete strut apposition was observed on OCT, the performance
of additional post-dilatation was allowed. Whenever additional post-
dilatation was performed, angiography and OCT were repeated. At
two years, coronary angiography was repeated in the same projec-
tions as at post procedure. OCT was performed in the target lesion,
including 5 mm distal and 5 mm proximal to the stent/scaffold.
The imaging data were analysed in the independent core lab-
oratories (quantitative coronary angiography [QCA]: Beth
Israel Deaconess Medical Center, Boston, MA, USA, and OCT:
Cardialysis, Rotterdam, The Netherlands).

OCT ANALYSIS

The final OCT recordings were analysed off-line using QIVUS
software, version 3.0 (Medis, Leiden, The Netherlands). We were
unable to blind the analysts to the device type because of the spe-
cific appearance of BVS and CoCr-EES struts by OCT. Taking into
account the difference in optical properties of CoCr and polylac-
tide, OCT analysis was performed using comparative methods'*!!.
The details of OCT methods are described in Online Appendix 1.
Definitions of OCT imaging endpoints were reported previously”.
For the OCT endpoint analysis, stent area and derived measures
are based on the abluminal stent contour®. Quantitative assessment
of OCT was performed at 1 mm intervals, while the qualitative
assessment of acute disruption and/or late discontinuities was per-
formed frame by frame.

Statistical analysis

Two-year events were counted up to 758 days, the end of the fol-
low-up window. The clinical endpoint was evaluated in the intent-
to-treat population whereas the imaging endpoint was evaluated in
the final analysis set population, excluding patients who did not
receive the assigned treatment.
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For binary variables, counts, percentages, and 95% confi-
dence intervals (CI) were calculated. Pearson’s chi-squared test or
Fisher’s exact test was performed when appropriate. Continuous
variables were presented as mean and standard deviation or medi-
ans and interquartile ranges whenever appropriate. For time-
to-event variables, survival curves were constructed using
Kaplan-Meier estimates, and were compared by the log-rank test.
All statistical analyses were performed using SAS, versions 9.2
and 9.3 (SAS Institute Inc., Cary, NC, USA).

ROLE OF THE FUNDING SOURCE
The sponsor was involved in study design, data collection,
data analysis, data interpretation, and the writing of this report.

The corresponding author had full access to the analysed data in
the study and accepts full responsibility for the integrity of the
study and the decision to submit the manuscript for publication.

Results

CLINICAL OUTCOMES IN THE ENTIRE STUDY POPULATION
The baseline characteristics and the study flow chart of two-year
follow-up are presented in Online Table 1 and Figure 1. At two
years, 391 patients (98%) had clinical follow-up. Almost half of
the patients were on a dual antiplatelet regimen (BVS: 52.3%,
CoCr-EES: 50.7%, p=0.78). The two-year TLF rate was not sig-
nificantly different between the BVS and CoCr-EES arms. The
numerically higher rate of TLF in the BVS arm was mainly driven

A ABSORB Japan clinical trial
N=400 (400)
I
[ 1
| BZVBSGa(rng . ‘ ‘ CoCr-EES arm
Death 2 = N=134 (134)
Withdrawal: 1 Withdrawal: 1
Withdrawal after TLF event: 1 *
12-month follow-up 12-month follow-up
N=262 (265) N=133 (133)
Death: 2* :
Withdrawal- 4 Withdrawal: 3
2-year follow-up 2-year follow-up
N=258 (261) N=130 (130)
B 0CT-1 group
N=126, =131
i } Crossover N=1, L=1
Full analysis set OCT-1 group
N=125, =130
[
I I
BVS arm CoCr-EES arm
N=82, L=86 N=43, L=44
Post Post OCT: N=81, L=85 Post OCT: N=43, L=44
procedure 4 not analysable (insufficient blood clearance, n=4) 1 not analysable (recording error, n=1)
Analysable OCT: N=77, L=81 Analysable OCT: N=42 , L=43
DTR (N=3, 1=3) ——  IDTIR(N=LL=1) |
*Subacute thrombosis (N=2, L=2) —{ Non-ID-TLR (N=1, L=1) \
| Death (N=1, L=1) —
| Withdrawal (N=1,1=1)  ——] ——  Withdrawal (N=1, L=1) |
No OCT performed at 2 years || NoOCT performed at 2 years
=1 = (N=3,=3)
BVS arm XIENCE
2 years 2years OCT: N=73, L=77 2years OCT: N=37, L=38

\ 2 ID-TLR post 2 years angio

\ 1ID-TLR post 2 years angio

Figure 1. Study flow charts at two years. Clinical follow-up in the entire study population (4) and imaging follow-up in the OCT-1 subgroup
(B). The actual number of patients analysed is indicated in brackets including subjects (*) who died or withdrew from the study after known
myocardial infarction or revascularisation. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting stent;

ID: ischaemia-driven; OCT: optical coherence tomography,; TLR: target lesion revascularisation



by ID-TLR as well as target vessel MI. However, the rate of all
TLR was similar in both arms. The definite/probable ST rates
were 3.1% and 1.5% (p=0.51), respectively (Table 1, Figure 2).

From one to two years, there were four MI cases (1.6%, two
non-Q-wave MI and two Q-wave MI) in the BVS arm related to
VLST occurring from 494 to 679 days after the index procedure
(Table 1).

CHARACTERISTICS OF PATIENTS WITH VLST AND OCT
FINDINGS AT THE TIME OF VLST

The clinical, angiographic, and procedural characteristics, OCT
findings at the time of VLST, and narratives of these four VLST
cases with OCT images are presented in Figure 3 and Online
Appendix 2. Of note, all four VLST cases did not belong to the
OCT-1 subgroup, and therefore did not undergo OCT imaging
at post procedure. These four VLST cases had a relatively large
angiographic reference vessel diameter, and the scaffolds were
widely patent at one-year follow-up angiography in all cases. One
case was not on any antiplatelet therapy at the time of VLST. On
post-VLST OCT performed in three cases, malapposition and late
strut discontinuities were observed in all cases (Figure 3, Online
Table 2).

Two-year follow-up of ABSORB Japan trial

SERIAL OCT AND ANGIOGRAPHIC FINDINGS IN THE OCT-1
SUBGROUP

The baseline characteristics and the patient flow in the OCT-1 sub-
group are presented in Online Table 1 and Figure 1. Two patients
in the OCT-1 subgroup experienced subacute ST. In one case,
post-procedure OCT revealed severe underexpansion of the scaf-
fold and a dense cluster of strut footprints, while in the other case
OCT showed acceptable scaffold expansion with a small malap-
position (Figure 3, Online Appendix 3).

Quantitative measurements of device and flow area at post pro-
cedure were comparable between the BVS and CoCr-EES arms
(Table 2). The BVS scaffold area was more eccentric than the
CoCr-EES. Malapposed struts were less frequently seen with BVS
than with CoCr-EES, although the incomplete stent apposition
(ISA) area was small and not different in both arms. The BVS
struts were less embedded than the CoCr-EES struts. In qualitative
analysis, there was no acute disruption of polymeric struts.

OCT at two years demonstrated a uniform tissue coverage in
most of the lesions in both the BVS and CoCr-EES arms (Figure 4).
The dimensions of stent and scaffold were stable over two years
after implantation (Figure 5), while there was a trend towards
greater neointimal growth with BVS than with CoCr-EES (Table 3).

Table 1. Clinical outcomes — composite and non-hierarchical events (intention-to-treat).

Composite endpoints

Relative risk
[95% Cl]

Between 1 and 2 years*
BVS Relative risk
N=257 [95% ClI]
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TLF 19(7.3%) 5(3.8%) 1.890.72, 4.96] 0.18 8(3.1%) 1(0.8%) 4.05[0.51,32.01] | 0.28
TVF 29 (11.1%) 9 (6.9%) 1.60[0.78, 3.29] 0.19 15 (5.8%) 4(3.1%) 1.90 [0.64, 5.60] 0.24
POCE 52 (19.9%) | 16(12.3%) 1.6210.96, 2.72] 0.06 30 (11.7%) 10(7.7%) 1.5210.77, 3.01] 0.22
Cardiac death or Ml 15 (5.7%) 4(3.1%) 1.871[0.63, 5.51] 0.25 6 (2.3%) 1(0.8%) 3.04[0.37,24.95] | 043
All-cause death 4(1.5%) 0(0.0%) = 0.31 2(0.8%) 0(0.0%) = 0.55
Cardiac death 1(0.4%) 0(0.0%) = 1 1(0.4%) 0(0.0%) = 1
All MI 14 (5.4%) 4(3.1%) 1.7410.59, 5.19] 0.31 5(1.9%) 1(0.8%) 2.53[0.30,21.42] | 0.67
Target vessel MI 13 (5.0%) 4(3.1%) 1.62[0.54, 4.87] 0.38 4(1.6%) 1(0.8%) 2.02[0.23,17.92] | 0.67
Target vessel QMI 6(2.3%) 0(0.0%) — 0.18 3(1.2%) 0(0.0%) - 0.55
Target vessel NQMI 1(2.7%) 4(3.1%) 0.87[0.26, 2.92] 1 1(0.4%) 1(0.8%) 0.51[0.03, 8.02] 1
All coronary revascularisation 45(17.2%) | 15(11.5%) 1.4910.87, 2.58] 0.14 28 (10.9%) 10(7.7%) 1.4210.71, 2.83] 0.32
AIlTVR 25(9.6%) 10 (7.7%) 1.25[0.62, 2.51] 0.54 14 (5.4%) 6 (4.6%) 1.18[0.46, 3.00] 0.73
ID-TVR 24.(9.2%) 7 (5.4%) 1.710.76, 3.86] 0.19 13 (5.1%) 4(3.1%) 1.64[0.55, 4.94] 0.37
AIITLR 15 (5.7%) 7 (5.4%) 1.07 [0.45, 2.55] 0.88 8(3.1%) 4(3.1%) 1.01[0.31, 3.30] 1
ID-TLR 14 (5.4%) 3(2.3%) 2.3210.68,7.94] 0.16 7(2.7%) 1(0.8%) 3.5410.44,28.47] | 0.28
Definite 8(3.1%)" 1(0.8%) 0.28 4 (1.6%)M 0(0.0%) 0.31
Definite/probable 8(3.1%)7 2(1.5%) 0.51 4(16%)™ | 0(0.0%) 031

N=257; 1N=256. * Patients with second or third event are also counted. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting stent; ID: ischaemia-driven;
MI: myocardial infarction; NQMI: non-Q-wave MI; POCE: patient-oriented composite endpoint; QMI: Q-wave MI; TLF: target lesion failure; TLR: target lesion revascularisation; TVF: target vessel
failure; TVR: target vessel revascularisation
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A 21 __ BVS --—-CoCr-EES

164 HR[95% CI]=1.93[0.72, 5.17]
p=0.18 (log-rank test)

TLF (%)

8 1.3%

6 ’_'_,_r'"_'r
3.8%

=

0 9I0 12;0 Z;O 3%0 4I50 51I10 650 750 8I10
Number of patients at risk Time post index procedure (days)

B 21 _ BVS -—--CoCr-EES

16 HR[35% Cl1=2.37[0.68, 8.26]
1 p=0.16 (log-rank test)

ID-TLR (%)
T

6 5.4%
2.3%

2 ———=

T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810
Number of patients at risk Time post index procedure (days)

BVS 266 251 239 BVS 266 255 243
CoCr-EES 134 128 124 CoCr-EES 134 130 126
C 2 _ BVS ----CoCr-EES

5] HRI95% CI1=2.02[0.43, 9.52]
p=0.36 (log-rank test)

Stent/Scaffold thrombosis (%)

4 3.1%

21 — " 1.5%

0 — T T T T T T T T 1
0 9 180 270 360 450 540 630 720 810

Number of patients at risk Time post index procedure (days)

BVS 6!
CoCr-EES 134

257 248
131 127

Figure 2. Kaplan-Meier estimates for TLF (4), ID-TLR (B) and definite or probable ST (C). BVS.: bioresorbable vascular scaffold,
CoCr-EES: cobalt-chromium everolimus-eluting stent; HR: hazard ratio; ID: ischaemia-driven; TLF: target lesion failure; TLR: target lesion

revascularisation; ST: scaffold/stent thrombosis

As a result, the mean and minimum flow area was smaller in the
BVS arm than in the CoCr-EES arm, which was consistent with
the smaller in-device minimum lumen diameter by QCA (Online
Table 3). Paired OCT data demonstrated a larger reduction of
mean flow area in the BVS arm than in the CoCr-EES arm (BVS:
—1.49£1.13 mm? vs. CoCr-EES: —0.80+0.74 mm?, p=0.001).

The vessel healing on OCT was complete and similar in both the
BVS and CoCr-EES arms. The tissue characteristics at the site of
minimal scaffold/stent area were similar in both arms, with most of
the characterised tissues being homogeneous (Table 3). Coverage
of the struts was nearly complete in both arms, while ISA areas
were minimal, resulting in minimal healing scores in both arms.

The serial OCT of the scaffold segment allowed the assess-
ment of strut discontinuities, whether they were persistent or late
acquired. Overhanging or stacked struts were found at two years in
approximately one quarter of the BVS arm, although there was no
acute strut disruption at post-procedure OCT. However, the major-
ity of such struts were well covered and apposed (Table 3). In only
three cases, such struts were uncovered and malapposed (Figure 3).
There were no adverse events associated with these findings.

An angiographic vasomotion test before and after nitrate admin-
istration demonstrated no significant differences between the two
arms in vasodilatation (0.06+0.14 mm vs. 0.07+0.17 mm, p=0.89).

Discussion

The present two-year follow-up of the ABSORB Japan trial dem-
onstrated the following: (1) the rate of TLF was numerically
higher in the BVS arm than in the CoCr-EES arm, although this
difference was not statistically significant; (2) VLST after one
year was observed in 1.6% of the BVS arm, while there was no
VLST in the CoCr-EES arm; (3) in three cases, OCT at the time
of or shortly after VLST demonstrated strut discontinuities, malap-
position and/or uncovered struts; (4) in the imaging subgroup with
serial OCT, the vessel healing on two-year OCT was complete in
both the BVS and CoCr-EES arms with almost full strut coverage,
minimal ISA, and homogenous in-device tissue growth.

The current study showed statistically non-different two-year
TLF rates between the BVS and CoCr-EES arms. The TLF rate in
the BVS arm was in parallel with the rates reported in the ABSORB
cohort B and ABSORB 1I trials, although the event rates were
numerically higher in the BVS than in the CoCr-EES arm?®. The
numerical differences in TLF rates between BVS and CoCr-EES
might be derived from the low event rate in the CoCr-EES arm
(3.8%), which is currently regarded as the best-in-class DES'>!3,

Four patients (1.6%) in the BVS arm had VLST between one
and two years. There is a scarcity of data on VLST stemming from
randomised trials, except for the ABSORB II trial that showed
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Figure 3. Representative angiographic and OCT images. Case 1. A case of subacute ST (A-F): a patient received a 2.5 mm BVS in a left
circumflex coronary artery without post-dilatation (4). Post-procedural optical frequency domain imaging (C-F) showed severe
underexpansion of the proximal part of the scaffold with a minimum lumen area of 2.48 mm? and mean scaffold area of 3.47 mm’ with a high
density of polymeric struts (D & E). On day 4, the patient developed subacute ST (B). The full description of the two subacute ST cases is
provided in Online Appendix 3. Case 2. OCT images at the time of VLST on day 494 (G-K): OCT after thrombus aspiration demonstrated
overhanging struts and uncovered malapposed struts (G & H). The middle and distal parts of the scaffold showed no remarkable findings (I &
J). The full description of the four VLST cases is provided in Online Appendix 2. Case 3. A case of late strut discontinuities without any clinical
sequel (L-S): OCT at two years demonstrated covered and overhanging struts (arrowheads in L & M) and malapposed and overhanging struts
with back tissue bridge (arrowheads in O), indicating late discontinuities. In the corresponding 3-dimensional OCT reconstructions with (Q)
or without tissue enhancement (P), two rings were overlapping with tissue coverage. One ring was protruding into the lumen from the vessel
wall (R), but this was integrated in the vessel wall by tissue extending behind struts (S).
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Table 2. Baseline OCT findings in the OCT-1 subgroup.

Table 3. Two-year follow-up OCT findings in the OCT-1 subgroup.

BVS CoCr-EES | p-value BVS CoCr-EES | p-value
Number of lesions evaluated N=81 N=43 Number of lesions evaluated N=77 N=38
Mean flow area (mm?) 6.84+1.98 7.29+2.41 0.26 Mean flow area (mm?) 5.55+1.98 6.60+2.41 0.01
Minimum flow area (mm2) 560+181 5.95+2.23 0.35 Minimum flow area (mm?) 4.10+1.79 5.05+1.97 0.01
zwn?fnr;)abluminal scaffold/stent area 7784210 8.05+2 49 046 z\lrlr?[e:]f:)abluminal S BT e 7.91+2.24 8.40+2.61 0.31
e ; Minimum abluminal scaffold/stent
aMrlégn(\r%;;blummal scaffold/stent 6.55+1.99 6.9042.44 0.40 area (mn) 6.31£2.05 7.11+2.42 0.07
Mean scaffold/stent eccentricity 0.86£0.04 0.88+0.03 <0.001 Neointimal area (mm*) (on top of/ 2.08+0.66 1.82+0.67 0.051
in-between struts)
Minimum scaffold/stent eccentricity | 0.79+0.08 0.84+0.06 <0.001 . 7
Neointimal area (mm?) (on top of 1.1040.52 1.0340.59 0.52
Asymmetry index of scaffold/stent 0.28+0.09 0.23+0.07 0.006 struts) T R ’
Mean lumen diameter (mm) 3.03£0.42 3.02+0.52 0.94 Qualitative analysis of neointima 0.3
% Malapposed struts 2.00 (0.68,6.37) |6.35 (3.61, 14.94)|  0.005 Homogeneous 73195] 34190]
Mean ISA area, overall (mm?) 0.03 (0.00, 0.09) | 0.06 (0.01,0.12) | 0.34 Heterogeneous 1[13] 0101
Lesion with >1 malapposed struts 67[82.7] 40193.0] 0.17 Layered 313.9] 4110.5]
Lesion with acute disruption 0% - ?g%alﬂr;icrf:{)‘"d’“e”t el 087£0.05 | 092:0.03 | <0.001
Median embedment depth per lesion — —
(um) 50 (42, 59) 84 (67, 98) <0.001 Mlnlmu_m scaffold/stent eccentricity 0.7540.09 0.8440.05 <0001
Strut level analysis ;
Asymmgtry index of scaffold/stent 0.34:0.09 0.24:40.08 <0001
Number of struts analysed N=14,633 N=9,048 (abluminal)
Malapposed struts 715[4.9] 849(9.4] <0.001 Late strut discontinuities 19[25] -
Data area expressed as mean+SD, median (interquartile range), or number [percentage]. Covered and apposed 13[68]
BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting Covered and malapposed 115]
stent; ISA: incomplete strut apposition; OCT: optical coherence tomography
Uncovered and apposed 2[11]
Uncovered and malapposed 3[16]
Healing score 0.00 (0.00, 1.35) | 0.00 (0.00, 1.04) 0.66
two-year definite VLST rates of 0.6% 11'{ th-e BVS a@ and 0% in o4 Struts with ISA 0.10+0.45 0.2420.65 0.19
the CoCr-EES arm. Among the BVS registries reporting outcomes  Fye e overall (mmd) 0.00 (0.00, 0.00) | 0.00 (0.00, 0.00)| 024
beyond one‘year,‘ the repo.rted VITST rates ranged from 0.6 to Lesion with ISA 61781 6115.8] 019
0.8%%', which might be slightly higher than those for CoCr-EES — :

. Lesion with persistent ISA 3[3.9]" 4710.5] 0.17
(approximately 0.2%)'>!¢. The results from future pooled analyses Losion with lat —— A o o
of randomised trials would provide further insights into the risk of esion Wi . KRR : : -
BVS relative to metallic DES for VLST. Covlered .struts(A) 100.0 (99.4, 100) | 100 (99.7, 100) 0.44

In the four VLST cases, the scaffolds were widely patent at Lt it = Wittt i 26 [33.8] 102631 b
one-year angiographic follow-up, suggesting that the occurrence h?jl'gm dzsltrclft\éered e 61[7.8] 6[15.8] 0.19
of VLST could relate to structural abnormalities undetectable on —

. . . . ] Lesion with >1 uncovered and 1[13] 0[0] 0.48
angiography. Due to the bioresorption, radial mechanical support malapposed struts : :
of BVS decreases at ~6 months and is minimal at 12 months. Strut level analysis
After o'ne year, the méchan.lcal suPport of BVS is almost absent. Number of struts analysed N=13,469 N=8.264
Increasing Plaque prohf-eratlon, which could t?e mduced. by Pncon- R S 1710.12] 16[0.19] 022
trolled cardlovascular' I:lSkS, and the progressive redl.lcltlon in ves- Uncovered struts 77 106] 3[04] 0.03
sel support could facilitate such structural abnormalities. In three

. Covered and malapposed struts 16 [0.1] 16[0.2] 0.16
VLST cases, OCT at the time of or shortly after VLST demon-
. L. . Uncovered and malapposed struts 1[0.007] 0[0.0] 0.43
strated strut discontinuities, malapposition and/or uncovered struts.
. L. . . TN=76. Data are expressed as mean+SD, median (interquartile range), or number
These findings are in line with the previous reports by Karanasos [percentage]. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium
et al and Riber et al, demonstrating that incomplete lesion cover- everolimus-eluting stent; ISA: incomplete strut apposition; OCT: optical coherence
tomography

age, malapposition, strut discontinuities and underexpansion of the
scaffold were frequently observed by OCT in patients presenting
with definite BVS VLST. The causal relationship of such OCT
abnormalities and VLST, however, still remains undetermined.
Firstly, after the mechanical integrity of the scaffold disappears at

six months after implantation, the scaffold structure becomes mal-
leable so that wiring, thrombus aspiration, ballooning, or imaging
procedure at late follow-up could induce strut discontinuities or
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Figure 4. Bypical two-year OCT images of BVS (A-F).and CoCr-EES
(G-L). Case 1. A patient received a BVS in the mid left anterior
descending coronary artery. On two-year OCT imaging (longitudinal
view: B and cross-sections: C-E), the polymeric struts were
completely covered and apposed, resulting in a healing score (HS)

of 0. The foldout representation of OCT (F) illustrates graphically
the distribution of neointimal thickness per strut throughout the
scaffold. The extent of the thickness in microns is categorised and
colour-coded at the bottom of the Figure. Case 2. A patient received
a CoCr-EES in the left circumflex coronary artery. OCT at two years
showed minimal neointimal hyperplasia (angiography: G,
longitudinal and cross-sectional OCT: H & I-K, foldout view: L)

with excellent neointimal coverage (HS=0).

malapposition'’. Secondly, single OCT imaging only at the time
of the event could not differentiate the persistent acute disruption/
malapposition and late acquired discontinuities. In general, late
discontinuities occur frequently as part of the programmed process
of bioresorption'’. The question remains whether the late disconti-
nuities are bystander findings or the cause of the late event and, if
so, what the trigger is to induce VLST.

At baseline, malapposed struts were less frequently observed
in the BVS arm than in the CoCr-EES arm (strut-level, BVS:

Two-year follow-up of ABSORB Japan trial

4.9% vs. CoCr-EES: 9.4%), while at two years there was a low
frequency of malapposition in both arms (0.12% vs. 0.19%).
On OCT, malapposition is judged taking into account the thick-
ness of the struts. As long as the same endoluminal expansion
is achieved, thicker struts would have better apposition. The
observed difference in malapposition rate post procedure may
therefore be due to the thicker struts of BVS than those of
XIENCE. Recently, Mangiameli et al reported a case of OCT-
defined neoatherosclerosis observed in the BVS scaffold'.
However, the vessel healing in the OCT-1 subgroup was almost
complete in both the BVS and CoCr-EES arms with almost com-
plete strut coverage, minimal ISA, and homogenous in-device
tissue growth, suggesting that it would be unlikely for VLST
to be causally related to ubiquitously seen adverse vascular
responses to BVS. Of note, VLST did not occur in the OCT-1
subgroup where post-implantation OCT was performed. The role
of post-procedure OCT in preventing VLST should be evaluated
in future investigations. Approximately one half of patients still
received DAPT at two years. The protocol mandated 12 months
of dual antiplatelet therapy (DAPT), while DAPT after 12 months
was at the discretion of investigators. The observed high rate of
DAPT at two years is in line with other Japanese all-comer stent
trials and may reflect Japanese clinical practice. For example, in
the RESET trial (Randomized Evaluation of Sirolimus-Eluting
Versus Everolimus-Eluting Stent Trial), 73% of patients were
still on DAPT at two years.

The larger reduction of mean flow area and similar vasoreac-
tivity of BVS compared to CoCr-EES were demonstrated in the
present study as major imaging endpoints. The larger reduction
of mean flow area could be explained by the greater neointimal
growth in-between the struts related to the higher strut thick-
ness of BVS (157 um) than CoCr-EES (89 pm) (p=0.051). The
neointimal area on top of the struts was comparable between both
devices; the next-generation BV'S with thinner strut thickness may
overcome the issue of flow area reduction. Regarding the vasomo-
tion, BVS demonstrated a larger vasoreactivity of 0.06+0.14 mm
than that observed in the ABSORB first-in-man trial at two years
(0.034+0.09 mm)®. Based on the literature®, the metallic stent is
not supposed to exhibit a change in dimensions after intracoro-
nary injection of nitrate. However, CoCr-EES also showed some
vasomotion, which resulted in the comparable levels of vasoreac-
tivity between BVS and CoCr-EES. The methodological approach
computing the change in lumen diameter prior to and following
the intracoronary administration of nitrate with different X-ray
gantry positions could have introduced confounding factors in the
calibration process and blurred the difference in vasomotoricity
between BVS and CoCr-EES.

Limitations

Several limitations have to be acknowledged. First, the study
is severely underpowered to detect differences in clinical out-
comes between BVS and CoCr-EES at two years, especially in
low-frequency events. Second, the included patients mainly had

m
ot
=
=
=
=3
@D
=
<
(1]
=
=
o
=
N
(@)
=
o
—
N
-
o
©
o
-
-
o
=




1011-0601:21°910¢ uonuaaiaujoiny MW

1098

A Distribution of embhedment depth of
BVS and CoCr-EES
& Less embedded More embedded >
16 p<0.001 . CoCr-EES
. BVS
| BVS CoCr-EES

Median: 50 pm| | Median: 84 pm
| [1GR:42,59] || [I0R: 67, 98]

Percentage

50 100
Embedment depth (um)

c Serial changes of minimum flow area
in BVS and CoCr-EES

= Post-procedure p=0.35
= BVS 5.60+1.81 mm? (n=81)
£03 CoCr-EES 5.95+2.23 mm? (n=43)
=

=y 2-year p=0.01

BVS 4.10+1.79 mm? (n=77)
CoCr-EES  5.05+1.98 mm? (n=38)

Pl
200 400 600 800 1000 1200
Minimum flow area (mm?)

E Healing score on OCT at 2-year follow-up
1.0 e o L] L]
0.9 ';-' **
2 0.84
=
S 074
2065° Healing score
=y CoCr-EES  0.99+2.26
= 04 p=0.66
£03
<02 e BVS
0.1 e CoCr-EES
0. T v - 3
%.00 5.00 10.00 15.00 20.00

« Betterhealing  Healing score at 2-year follow-up ~ Worse healing >

*75% area stenosis of 2.5 mm device
175% area stenosis of 2.5 mm device

B Mean scaffold/stent area (abluminal) post-procedure

and at 2 years
17 o © .
0.91 3
0.8 E
0.7 & f
0.61 2.

e

BVS scaffold area
Post: 7.74+2.10 mm?
2-year: 1.91x2.24 mm?

Cumulative frequency

0.5 :
0.44 f
0.34 /

.’ CoCr-EES stent area:
0.9 .{ Post: 8.05+2.49 mm?
0.4 7
0 e T T .
0 510 15 20
Mean abluminal scaffold/stent area (mm?)
D Minimum lumen area vs.
% area stenosis at 2-year follow-up
100 @ 3.0/3.5 mm CoCrEES, N=28
5% 801 -1t O 2.5 mm CoCrEES, N=10
(~DS >50%) — @ 3.0/3.5 mm BVS, N=61
601 °Flo%e o ©@25mmBysN=16
2 b 'o °
. '.
g 401 IR (% &..03 e, ..' .
2 b o ...d (1 ’: L
230 o o0 .
:?’ go .& : =¢ ®
o\c L ]
01 . .
o L]
o
20744 |ip °
0 2 4 6 8 10

Minimum lumen area (mm?)

F Angiographic late lumen loss at 2-year follow-up
1 A : ,-e & .
. &

0.9 K3
084 if

07, ¥
0.6 f
0.5 ® BVS

044 * CoCr-EES

031 BVS 0.27:£0.38 mm (N=T7)

021 CoCr-EES 0.12+0.32 mm (N=40)

0.1 p=0.04

0+ ; : : :
1 0.5 1 15 2

Late lumen loss (mm) 2:1 randomisation

Figure 5. Quantitative OCT and angiographic analysis. A) Distribution of embedment depth of BVS and CoCr-EES on post-procedural OCT.
B) Cumulative distribution function curves (CDFC) of scaffold area and stent area as assessed on OCT post procedure and at two years.

C) CDFC of minimal flow area at post procedure and two years comparing BVS with CoCr-EES. D) Scatter plot of minimum lumen area and
% area stenosis as assessed by OCT at two years. E) OCT healing scores at two years comparing BVS with CoCr-EES. F) CDFC of
angiographic in-device late lumen loss at two years comparing BVS with CoCr-EES. BVS: bioresorbable vascular scaffold;

CoCr-EES: cobalt-chromium everolimus-eluting stent

stable CAD and non-complex lesions, precluding the generalis-
ability of the study findings to patients with complex lesions.
A recent meta-analysis suggested that an ethnicity difference
might confound the results of strut coverage®'. Therefore, careful
interpretation is needed when extrapolating the current results to
a Western population?. The strut coverage of the current trial is,
however, consistent with the ABSORB cohort B trial analysed
in the same core lab. Third, the absence of VLST in the OCT-1

subgroup did not allow us to identify any OCT imaging corre-
lates at post procedure associated with subsequent VLST.

Conclusions

In conclusion, at two years after implantation, the rate of TLF
was numerically higher in the BVS arm than in the CoCr-EES
arm, although this difference was not statistically significant.
VLST was observed at a rate of 1.6% between one and two years



only in the BVS arm. Further studies are mandatory to investi-
gate the risk of BVS relative to metallic stents for VLST, and the
underlying mechanisms of BVS VLST.

Impact on daily practice

Scarce data are available on midterm (>1 year) outcomes after
implantation of a fully bioresorbable everolimus-eluting vas-
cular scaffold (BVS) in comparison with a cobalt-chromium
everolimus-eluting stent (CoCr-EES). In the ABSORB Japan
randomised trial comparing BVS and CoCr-EES, vessel heal-
ing as assessed by optical coherence tomography at two years
was almost complete in both arms, with complete strut cov-
erage and minimal strut malapposition. The two-year target
lesion failure rate was not statistically different but numerically
higher in the BVS arm than in the CoCr-EES arm. VLST after
one year was observed in 1.6% of the BVS arm, which war-
rants further investigation.
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Supplementary data

Online Appendix 1. OCT analysis methods
Quantitative assessment of the stented/scaffolded coronary seg-
ment of the final OCT pullback was performed in an inde-
pendent core laboratory (Cardialysis BV, Rotterdam, The
Netherlands) using QIvus software, version 3.0 (Medis, Leiden,
The Netherlands). Taking into account the difference in optical
properties of cobalt-chromium and polylactide, OCT analysis was
performed using comparative methods''. OCT imaging endpoints
included the mean and minimal scaffold/stent and diameter, area
and volume, the frequency of incomplete strut apposition includ-
ing area and volume, the percentage of uncovered struts, the per-
centage of malapposed struts, the mean neointima thickness and
neointimal hyperplasia area on top of the strut and inter-strut, and
volume, the mean flow area and volume, the malapposition area
and volume, and intraluminal defect area and volume®.

The malapposition distance was assessed as the distance between
the interpolated lumen contour and the midpoint of the backside of
the malapposed polymeric or metallic struts (abluminal reflective
frame in polymeric struts or virtual backside of the metallic struts
based on the strut thickness [XIENCE: 89 pm])''. A malapposition
distance greater than zero was the criterion of malapposition. Struts

Two-year follow-up of ABSORB Japan trial

were classified as uncovered if any part of the strut was visibly
exposed to the lumen or as covered if a layer of tissue was vis-
ible over all the reflecting surfaces?. Regarding polymeric struts,
the threshold for coverage at follow-up was defined as 30 microns,
which corresponds to the average interobserver measurement (dif-
ference in 300 struts analysed two times, 35+6 pm) of the endo-
luminal light backscattering frame of the strut*. Eccentricity
index (EI) was calculated per cross-section as the ratio of the pro-
jected minimal and maximal lumen or scaffold/stent diameter®2.
Asymmetry index (Al) was calculated per lesion as (1 —projected
minimum lumen or scaffold/stent diameter/projected maximal
lumen or scaffold/stent diameter throughout an entire pullback)?.

Additionally, the following analyses were performed. Frequency
of acute disruption and late discontinuities were assessed accord-
ing to the previously published methods®. Qualitative assessment
of the pattern of coverage was assessed at the site of the maxi-
mal in-stent/in-scaffold area obstruction in each lesion”. To quan-
tify the degree of vascular healing status, the healing score (%HS)
was calculated using published methods'®*. The degree of strut
embedment was quantified using QCU-CMS (LKEB, Leiden,
The Netherlands)®.
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Online Table 1. Baseline characteristics.

Patients

Entire study population

OCT-1 subgroup

CoCr-EES

Age (years) 67.149.4 67.3£9.6 65.8+9.8 67.6+11.2
Male gender 210 (78.9%) 99 (73.9%) 65 (79.3%) 31 (72.1%)
Body mass index (kg/m?) 24.0+£3.0 24.3+£3.0 24.3+£3.2 24.0+2.7

Current smoker 53 (19.9%) 29 (21.6%) 17 (20.7%) 8 (18.6%)

Hypertension 208 (78.2%) 107 (79.9%) 65 (79.3%) 37 (86.0%)
Dyslipidaemia 218 (82.0%) 110 (82.1%) 68 (82.9%) 35 (81.4%)
Diabetes 96 (36.1%) 48 (35.8%) 31 (37.8%) 18 (41.9%)
Treated with insulin 24 (9.0%) 11 (8.2%) 6 (7.3%) 2 (4.7%)
HbAlc (%) 6.2+1.1 6.2+0.8 6.1+0.8 6.2+0.6
Prior intervention to target vessel 9 (3.4%) 7 (5.2%) 2 (2.4%) 1(2.3%)
Previous myocardial infarction 42/262 (16.0%) 32 (23.9%) 13 (16.3%) 8 (18.6%)
qurent Stable angina 170 (63.9%) 88 (65.7%) 57 (69.5%) 29 (67.4%)
les"c'ﬂggrfﬁ af’f Unstable angina 26 (9.8%) 22 (16.4%) 5 (6.1%) 7 (16.3%)
Silent ischaemia 70 (26.3%) 24 (17.9%) 20 (24.4%) 7 (16.3%)
Number of One 257 (96.6%) 131 (97.8%) 78 (95.1%) 42 (97.7%)
target lesions g 9 (3.4%) 3(2.2%) 4 (4.9%) 1(2.3%)
Non-study lesions treated 20 (7.5%) 10 (7.5%) 4 (4.9%) 4 (9.3%)

Target lesions

Left anterior descending

127 (46.2%)

58 (42.3%)

45 (52.3%)

20 (45.5%)

Left circumflex/ramus

63 (22.9%)

36 (26.3%)

16 (18.6%)

14 (31.8%)

Right coronary artery

85 (30.9%)

43 (31.4%)

25 (29.1%)

10 (22.7%)

Calcification (moderate/severe)

76/274 (27.7%)

45 (32.8%)

19 (22.4%)

15 (34.1%)

Calcification (severe) 19/274 (6.9%) 15 (10.9%) 8(9.3%) 6 (13.6%)
Tortuosity (moderate/severe) 23/274 (8.5%) 11 (8.0%) 6 (7.1%) 4 (9.1%)
Eccentric lesion 223/273 (81.7%) 113 (82.5%) 77 (90.6%) 35 (79.5%)
ACC/AHA A 11 (4.0%) 5 (3.6%) 3(3.5%) 1(2.3%)
'C"]Z'S"s?ﬂcation Bl 55 (20.0%) 28 (20.4%) 14 (16.3%) 7 (15.9%)
B2 154 (56.0%) 68 (49.6%) 51 (59.3%) 23 (52.3%)
C 55 (20.0%) 36 (26.3%) 18 (20.9%) 13 (29.5%)

ACC/AHA: American College of Cardiology/American Heart Association; BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-

eluting stents; OCT: optical coherence tomography




Online Table 2. Summary of VLST cases.

Two-year follow-up of ABSORB Japan trial

Case 1 2 3 4
Clinical characteristics
Age 79 years 44 years 72 years 59 years
Gender Male Male Male Male
Diabetes WIES WIES NES NES
ACS at the index procedure NO: CCS class | | NO: CCS class | NO: CCS class Il NO: CCS class Il
Type of P2Y,, inhibitor prescribed Clopidogrel Clopidogrel Clopidogrel Clopidogrel

Angiographic and procedural characteristics

|

Pre-procedural QCA

Treated lesion location Proximal LAD Mid RCA Distal RCA Distal RCA
AHA/ACC lesion type B2 © B2 B1
Bifurcation YES: 1,0,0 YES: 0,1,1 NO NO

Procedural details

Minimum lumen diameter 1.64 mm 0.51 mm 0.54 mm 1.14 mm
Reference vessel diameter 3.16 mm 3.37 mm 2.94 mm 3.14 mm
Lesion angulation 0° 37° 20° 15°

Post-procedural QCA

Post-procedural OCT NO NO NO NO
Post-procedural IVUS NO YES NO NO
Predilatation YES YES YES YES
Size of predilatation balloon 3.0x15 mm 3.5%x12 mm 2.75x10 mm 3.0x12 mm
Maximum inflation pressure 12 atm 14 atm 20 atm 10 atm
Non-compliant balloon use NO NO MBS NO
Expected balloon diameter 3.07 mm 3.7 mm 2.89 mm 3.01 mm
Device implantation | Size of implanted BVS 3.5%x28 mm 3.5x18 mm 3.0x18 mm 3.5x18 mm
Number of BVS implanted 1 1 1 1
Implantation pressure 10 atm 15 atm 8 atm 14 atm
Expected balloon diameter 3.78 mm 3.98 mm 3.08 mm 3.94 mm
Post-dilatation YES NO YES NO
Size of post-dilatation balloon 3.5x15 mm 3.25%10 mm
Maximum inflation pressure 18 atm 16 atm
Non-compliant balloon use YES YES
Expected balloon diameter 3.63 mm 3.37 mm

1-year QCA

In-segment percent diameter stenosis 18.1% 16.2% 20.5% 7.6%
In-segment minimum lumen diameter 2.57 mm 2.79 mm 2.19 mm 3.12 mm
In-device percent diameter stenosis 18.1% 16.2% 11.1% 4.5%
In-device minimum lumen diameter 2.57 mm 2.79 mm 2.45 mm 3.23 mm

Information at time of VLST

In-segment percent diameter stenosis 22.6% 11.0% 22.4% 20.1%
In-segment minimum lumen diameter 2.24 mm 2.79 mm 2.61 mm 2.18 mm
In-device percent diameter stenosis 13.0% 2.2% 22.4% 8.4%
In-device minimum lumen diameter 2.52 mm 3.06 mm 2.61 mm 2.50 mm

Time interval from the index procedure to VLST 494 days 536 days 595 days 679 days

Antithrombotic Aspirin NO (for 7 days) YES YES YES

medications P2Y,, inhibitor NO NO YES NO (for 10 days)
Oral anticoagulant NO NO NO NO

OCT at or after the event YES NO (IVUS) | YES (5 days after VLST)

Incomplete lesion coverage NO - NO NO
Malapposition YES - YES YES
Restenosis due to neointimal growth NO - NO NO
Strut discontinuity (stacked or overhanging struts) YES - YES YES
Underexpansion (minimum scaffold area/reference area <0.7) NO - NO NO

ACS: acute coronary syndrome; AHA/ACC: American Heart Association/American College of Cardiology; BVS: bioresorbable vascular scaffold;
CCS: Canadian Cardiovascular Society; IVUS: intravascular ultrasound; LAD: left anterior descending coronary artery; OCT: optical coherence
tomography; QCA: quantitative coronary angiography; RCA: right coronary artery; VLST: very late stent/scaffold thrombosis
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Online Table 3. Quantitative coronary angiographic results of OCT-1 subgroup (full analysis set).

BVS CoCr-EES p-value
Baseline
Number of lesions 85 44
Lesion length (mm) 13.9+5.5 13.4+5.0 0.65
Reference vessel diameter (mm) 2.69+0.44 2.76+0.50 0.43
MLD (mm) 0.95+0.36 0.98+0.34 0.58
DS (%) 64.6+12.5 64.4+9.9 0.91
Number of lesions 86 44
Reference vessel diameter (mm) 2.74+0.42 2.83+0.45 0.27
In-segment MLD (mm) 2.20+0.40 2.23+0.51 0.78
In-device MLD (mm) 2.42+0.39 2.58+0.43 0.031
In-segment DS (%) 19.6+7.0 21.6+10.2 0.24
In-device DS (%) 11.7+7.1 8.56+7.0 0.015
In-segment acute gain (mm) 1.26+0.42* 1.25+0.50 0.9
In-device acute gain (mm) 1.47+0.44* 1.60+0.42 0.085

Follow-up at 13 months

Follow-up at 24 months

Number of lesions 83 41

Reference vessel diameter (mm) 2.68+0.41 2.79+0.50 0.21
In-segment MLD (mm) 2.04+0.43 2.16+0.61 0.27
In-device MLD (mm) 2.20+0.44 2.46+0.60 0.017
In-segment DS (%) 23.8+10.2 23.3+13.6 0.84
In-device DS (%) 17.8+9.9 12.2+13.3 0.021
In-segment binary restenosis 1(1.2%) 2 (4.9%) 0.25
In-device binary restenosis 1(1.2%) 1(2.4%) 1
In-segment late lumen loss (mm) 0.17+0.29 0.06+0.33 0.072
In-device late lumen loss (mm) 0.22+0.26 0.12+0.35 0.09

Number of lesions 77 40

Reference vessel diameter (mm) 2.68+0.43 2.77+0.50 0.35
In-segment MLD (mm) 1.95+0.49 2.10+0.51 0.14
In-device MLD (mm) 2.08+0.56 2.37+0.58 0.01
In-segment DS (%) 27.712.2 24.7+10.2 0.16
In-device DS (%) 23.3+13.0 14.8+11.9 0.0006
In-segment binary restenosis 6 (7.8%) 1 (2.5%) 0.42
In-device binary restenosis 4 (5.2%) 1 (2.5%) 0.66
In-segment late lumen loss (mm) 0.27+0.38 0.12+0.32 0.029
In-device late lumen loss (mm) 0.36+0.38 0.21+0.38 0.04

* N=8b. Data are expressed as meanzstandard deviation, or number (percentage). BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-
chromium everolimus-eluting stent; DS: diameter stenosis; MLD: minimal lumen diameter




Online Appendix 2. Detailed description of VLST
cases (non-OCT subgroup)
VLST CASE 1 (DAY 494)
The subject is a 79-year-old male, former smoker with a history of
dyslipidaemia and hypertension, both requiring medication, type
2 diabetes mellitus treated with oral hypoglycaemics, Canadian
Cardiovascular Society (CCS) class I stable angina. The core lab
assessed a moderately calcified 17.86 mm lesion in the proximal
left anterior descending artery (LAD) involving a side branch,
with reference vessel diameter (RVD) of 3.65 mm proximal and
2.76 mm distal (Online Figure 1A). On 18 December 2013, the
subject was enrolled in the trial and received one 3.5%x28 mm
bioresorbable vascular scaffold (BVS) at 10 atm in the proximal
LAD followed by post-dilation using a 3.5%x15 mm non-compli-
ant balloon at 18 atm. Final in-scaffold minimal lumen diameter
(MLD) was 2.57 mm with 18% diameter stenosis (%DS) without
angiographic complications (Online Figure 1B). Protocol-required
13-month coronary angiography showed no restenosis at the tar-
get lesion (13.0% in-scaffold %DS, and 22.6% in-segment %DS).
On day 494, the subject returned to the hospital due to acute
Q-wave myocardial infarction. Coronary angiography showed
occlusion of the LAD at the proximal edge of the scaffold (Online
Figure 1C). After successful manual thrombus aspiration (Online
Figure 1D), OCT showed overhanging struts and uncovered malap-
posed struts with a disruption of circularity at the proximal part of
the scaffold (Online Figure 1E, Online Figure 1F). The middle and
distal parts of the scaffold showed no remarkable findings (Online
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Online Figure 1. VLST case 1 (day 494).
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Figure 1G, Online Figure 1H, Online Figure 11). A metallic stent
was implanted without complications. Clopidogrel and cilostazol
had already been discontinued after one-year follow-up, whereas
aspirin was discontinued one week prior to the event but no rea-

son was indicated.

VLST CASE 2 (DAY 536)

The subject is a 44-year-old male, with a history of hypertension and
dyslipidaemia, both requiring medication, type 2 diabetes mellitus
treated with oral hypoglycaemics, CCS class I stable angina. Core
lab assessed a moderately calcified 6.93 mm lesion in the mid right
coronary artery (RCA) involving a small ventricular branch, with
RVD of 3.15 mm proximal and 3.58 mm distal (Online Figure 2A).
On 27 June 2013, the subject received a 3.5x18 mm BVS at 15 atm
in the mid RCA without post-dilatation. Final in-segment MLD was
2.79 mm with a %DS of 16.2% without angiographic complica-
tions (Online Figure 2B). The patient was sub-randomised to the
intravascular ultrasound (IVUS) subgroup and therefore post-pro-
cedural IVUS was performed. On IVUS, no apparent malapposi-
tion was observed and minimal lumen area was 7.95 mm? (Online
Figure 2C-Online Figure 2E). Protocol-required 13-month coronary
angiography showed no restenosis (22% in-scaffold %DS).

On day 536, the subject presented with an ST-segment eleva-
tion myocardial infarction (STEMI) without abnormal Q-waves.
Coronary angiography revealed occlusion of the RCA at the prox-
imal edge of the scaffold (Online Figure 2F). After successful
manual thrombus aspiration (Online Figure 2G), IVUS revealed

e 314mm 4/26/2015 2:53:
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Online Figure 2. VLST case 2 (day 536).

protruding tissues with attenuation in the scaffolded segment
without apparent strut malapposition (Online Figure 2H-Online
Figure 2J). A bare metal stent was implanted. Clopidogrel had
been discontinued at one year, whereas aspirin was ongoing after
interruption in days 433-461 due to planned surgery.

VLST CASE 3 (DAY 595)

The subject is a 72-year-old male, former smoker with a history
of type 2 diabetes mellitus treated with oral hypoglycaemics,
CCS class III stable angina. Core lab assessed a mildly calcified
6.91 mm lesion in the distal RCA with an RVD of 3.07 mm proxi-
mal and 2.81 mm distal (Online Figure 3A). The patient received
a 3.0x18 mm BVS at 8 atm in the distal RCA followed by post-
dilatation with a 3.25x10 mm non-compliant balloon at 16 atm.
Final in-segment MLD was 2.19 mm with a %DS of 20.5%
(Online Figure 3B). Protocol-required 13-month coronary angio-
graphy demonstrated in-scaffold %DS of 8.4%.

On day 595, the patient presented with an acute myocardial
infarction (Online Figure 3C). Coronary angiography revealed an
occlusive thrombus at the distal edge of the scaffold. Manual throm-
bus aspiration was performed, which improved the Thrombolysis In
Myocardial Infarction (TIMI) flow up to 2 with a distal embolisa-
tion of the atrioventricular branch. Five days after VLST, the patient
came back to the catheterisation laboratory (Online Figure 3D),
which revealed restoration of flow (TIMI 3). OCT demonstrated
malapposed struts in the distal part of the scaffold (arrowhead,
Online Figure 3F) and covered overhanging struts (asterisk, Online
Figure 3G). One half of the distal ring was not discernible (+ in
Online Figure 3H) by three-dimensional OCT reconstruction, and
it is speculated that the ring was dislocated by wire and thrombus

aspiration. Distal to the scaffold, OCT revealed a calcified and light-
attenuating plaque without significant stenosis.

VLST CASE 4 (DAY 679)

The subject is a 59-year-old male, smoker with a history of dys-
lipidaemia requiring medication, type 2 diabetes mellitus treated
with oral hypoglycaemics, CCS class II stable angina. Core lab
assessed a moderately calcified 10.84 mm lesion in the distal RCA
(Online Figure 4A), with RVD of 3.08 mm proximal and 3.20 mm
distal. The subject received a 3.5x18 mm BVS at 14 atm in the
distal RCA without post-dilatation (Online Figure 4B). Final in-
segment MLD was 3.12 mm with in-scaffold %DS of 7.6% and
no dissection was observed. Protocol-required 13-month coronary
angiography demonstrated no significant stenosis at the target
lesion (2.2% in-scaffold %DS and 11% in-segment %DS).

On day 679, the subject returned to the hospital due to STEMI.
Coronary angiography showed occlusion of the RCA at the distal
edge of the scaffold (Online Figure 4C, Online Figure 4D). OCT
after manual thrombus aspiration (Online Figure 4E-Online Figure
41) revealed overhanging struts (Online Figure 4l and arrowhead
in Online Figure 4H) with coverage by the light-attenuating tissue
(* in Online Figure 4H and Online Figure 4l) or overhanging struts
without coverage (+ in Online Figure 4F), demonstrating the pres-
ence of strut discontinuities. The procedure was completed after
ballooning without implanting a metallic scaffold. Clopidogrel
was discontinued at day 669 and aspirin was continued. The
patient came back to the catheterisation laboratory 24 days later
due to recurrent angina. OCT revealed overhanging struts without
coverage remaining in the distal part of the scaffold. A metallic
drug-eluting stent was implanted.
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Online Figure 4. VLST case 4 (day 679).
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Online Appendix 3. Detailed description of
subacute ST cases in the OCT-1 subgroup
SUBACUTE ST CASE 1

A 64-year-old male smoker with a history of dyslipidaemia and
hypertension, type 2 diabetes mellitus treated with oral hypoglycae-
mics, and CCS class I stable angina was treated with a 2.5%18 mm
BVS implantation in the mid RCA with post-dilatation by a 2.75 mm
balloon. Post-procedural OCT (Online Figure 5A-Online Figure 5C)
showed a good expansion of the scaffold (minimal LA: 5.55 mm?)
with a small malapposition in the middle part of the scaffold. On day
four, the patient presented with non-Q-wave myocardial infarction,
with angiographic occlusion in the proximal edge of the scaffold. Post-
thrombectomy OCT (Online Figure 5A’-Online Figure 5C’) showed
an attachment of tissue in the proximal part with resolution of malap-

position in the middle part. Aspirin and clopidogrel were ongoing.

>Post-dilatation
2.75 mm (18 atm)

A

4

ASA+Clopidogrel: ongoing

Online Figure 5. Subacute ST case 1.

SUBACUTE ST CASE 2

A 64-year-old male with a history of dyslipidaemia requiring
medication, hypertension, previous drug-eluting stent implantation
in a non-target vessel, former tobacco use presented with a CCS
class II stable angina. The patient received a 2.5x18 mm BVS scaf-
fold in a relatively small left circumflex coronary artery without
post-dilatation. Post-procedural OCT showed an underexpansion
of the 2.5 mm device with a minimum lumen area of 2.48 mm?
and mean scaffold area of 3.47 mm? with a high density of poly-
meric struts (Online Figure 6A-0Online Figure 6C). Post-procedural
angiographic residual stenosis was 20%. The patient developed
STEMI on day four, and coronary angiography showed in-scaffold
occlusion at the proximal edge of the scaffold. The subacute scaf-
fold thrombosis was treated by implantation of a metallic stent.

Aspirin and clopidogrel were ongoing.

Scaffold

Post procedure 0CT
Minimum LA 5.55 mm?
“Mean Sc Ecc index 0.867
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Post procedure 0CT
_ Mean LA 3.33 mm’

——  Minimum LA 2.48 mm?
Mean ScA 3.47 mm?
Residual %AS 18.1%
Deployment index 0.38

m
ot
=
g,
=
—
(1]
=
<
(1]
=
=
o
=
N
o
=
@
—
N

bkt

Strut footprint 38%

Day 4 . Post Metallic stent was
thrombectomy deployed
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P> Residual %DS 20% 4

Status of antiplatelet therapy
. . ASA: ongoing
No POSt'dllatatm!l Clopidogrel: ongoing

Online Figure 6. Subacute ST case 2.




