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Abstract

Aims: We sought to evaluate the impact of stent size on angiographic and clinical outcomes after implanta-
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« angiographic tion of everolimus-eluting bioresorbable stents (BRS) in routine clinical practice.

surveillance
¢ bioresorbable
scaffold
¢ bioresorbable stent
¢ restenosis
e stent thrombosis

Methods and results: All consecutive patients undergoing BRS implantation at two centres in Munich,
Germany, were included prospectively. The patient population was divided according to the diameter of the
implanted BRS. Angiographic surveillance was scheduled at six to eight months after stent implantation and
films were analysed in a core laboratory. A BRS with 2.5 mm diameter was implanted in 101 patients and
BRS >2.5 mm diameter in 318. Baseline patient characteristics were similar in both groups. Reference ves-
sel diameter was 2.36+0.22 mm in patients with an implanted 2.5 mm BRS and 3.03+0.40 mm in the other

e vessel size

group (p<0.001). At angiographic follow-up, in-stent late luminal loss (0.28+0.47 mm vs. 0.25+0.52 mm,
p=0.74) was similar in both groups, though binary angiographic restenosis was numerically higher in
patients treated with a 2.5 mm BRS (12.5% vs. 6.1%, p=0.05). After 12 months, the rate of the composite
of death, myocardial infarction or target lesion revascularisation was 15.7% vs. 12.3% (p=0.49). Definite
stent thrombosis was detected in 1.0% vs. 3.1% (p=0.31).

Conclusions: In patients treated with BRS in routine clinical practice, angiographic and clinical outcomes
were comparable in patients treated with a 2.5 mm stent as compared with those treated with a larger stent

size.

*Corresponding author: Deutsches Herzzentrum Miinchen, Lazarettstrasse, 36, 80636 Munich, Germany.

)
©
—
o
~
N
~
IS
ES
=
fa
~<
—
o
=
(@)
‘(.J'I
o
w

E-mail: byrne@dhm.mhn.de

© Europa Digital & Publishing 2016. All rights reserved. SUBMITTED ON 29/04/2016 - REVISION RECEIVED ON 10/05/2016 - ACCEPTED ON 10/05/2016




m
=
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
o
=
(@]
—
N
o
—_
w
N
o
—_
H
w

Abbreviations

BRS bioresorbable stent

DES drug-eluting stent

QCA quantitative coronary angiography
RVD reference vessel diameter

TLR target lesion revascularisation

Introduction

Bioresorbable stents (BRS) are an emerging technology for the
treatment of coronary artery stenosis, designed to improve late
outcomes, in comparison to standard metallic drug-eluting stents
(DES), by reducing the risk of late stent thrombosis caused, at
least in part, by a chronic inflammatory reaction to permanent
stent implants'?. Additional potential benefits of BRS include
late luminal enlargement after stent resorption, restoration of
vasomotor function and opportunities for non-invasive imaging
surveillance®”.

Initial randomised controlled trials demonstrated comparable
results between BRS and conventional metallic DES*’. However,
further trials and data from large-scale clinical registries sug-
gested higher rates of stent thrombosis with BRS as compared
with standard DES®S. The higher rate of events, particularly in
the first 30 days after implantation, suggests that mechanical
issues such as stent strut thickness and radial strength, as well
as procedure-related factors and inappropriate lesion selection,
may have increased the event rates. In a subgroup analysis of the
ABSORB III trial, concerns regarding the implantation of BRS in
small coronary vessels were raised, since patients with a median
reference vessel diameter (RVD) of <2.63 mm showed a higher
rate of target lesion failure (9.8% vs. 5.7%) and patients with an
RVD of <2.25 mm had a higher risk for target lesion revasculari-
sation (TLR) (6.6% vs. 2.2%) than those with a larger RVD*!’.

The aim of the present analysis was to determine the impact of
BRS size on angiographic and clinical outcomes in patients under-
going stent implantation in daily practice.

Methods

PATIENT POPULATION

Between September 2012 and June 2014, all consecutive patients
treated with at least one everolimus-cluting BRS (Absorb BVS;
Abbott Vascular, Santa Clara, CA, USA) for single-vessel or mul-
tivessel percutaneous coronary intervention (PCI) of de novo
lesions at two high-volume centres in Munich, Germany, were
included. Further details have been published previously®. To ana-
lyse the impact of BRS diameter on the outcome, the total patient
cohort was divided into two groups according to the diameter of
the implanted BRS: one group comprised patients with at least
one BRS with a diameter of 2.5 mm and the other group included
patients who underwent implantation of a 3.0 or 3.5 mm BRS.

STUDY DEVICE AND IMPLANTATION
The investigated BRS consists of a poly-L-lactic acid backbone of
circumferential hoops, which are linked by bridges. The 150 pm

struts are coated with a mixture of poly-D-L-lactic acid and anti-
inflammatory everolimus in a 1:1 ratio. The ultimate products of
its dissolution are water and carbon dioxide, and the complete
degradation process takes approximately 24-36 months!!.

After thorough predilatation, BRS implantation was performed
respecting the rated burst pressure of the delivery balloon. Post-
dilatation and use of intravascular imaging guidance by optical
coherence tomography or intravascular ultrasound were left to
the operator’s discretion. Periprocedural unfractionated heparin
or bivalirudin was administered for anticoagulation. All patients
received 500 mg of aspirin loading followed by aspirin 100 mg
indefinitely and an additional ADP receptor antagonist (clopi-
dogrel, prasugrel or ticagrelor), including an initial loading dose
for at least 12 months according to the clinical presentation and

existing guidelines'?.

ANGIOGRAPHIC ASSESSMENT AND CLINICAL ENDPOINTS
Assessment of the baseline, post-implantation and follow-up coro-
nary angiography was performed off-line with an automated edge-
detection software (CMS version 7.1; Medis medical imaging
systems bv, Leiden, The Netherlands) at the quantitative angio-
graphic (QCA) core laboratory (ISAResearch Center, Munich,
Germany). Nitroglycerine was administered intracoronarily before
recording cineangiograms. All measurements were performed as
anin-stent as well as an in-segment (in-stent area and 5 mm proxi-
mal and distal to the stent) analysis in the same single worst view
projection, and the contrast-filled non-tapered catheter tip was
used for calibration. Standard criteria were used for morphologi-
cal lesion characterisation'.

Angiographic success was defined as final TIMI 3 flow and
a residual diameter stenosis of less than 30% as assessed by QCA.
Angiographic follow-up was scheduled six to eight months after
the index procedure and results were evaluated off-line at the
QCA core laboratory. Parameters of interest comprised percent-
age diameter stenosis, in-segment binary restenosis, and in-stent
late luminal loss, which was defined as the difference between the
minimal lumen diameter after implantation and the minimal lumen
diameter at the follow-up angiography.

Clinical follow-up was conducted via telephone or office vis-
its. Clinical endpoints of interest were a composite of death, myo-
cardial infarction and ischaemia-driven percutaneous or surgical
TLR, components of the composite endpoint and the occurrence of
stent thrombosis according to the Academic Research Consortium
criteria'®. All clinical endpoints were assessed after 12 months.

STATISTICAL ANALYSIS

Categorical variables are shown as counts and percentages and
compared by chi-square or Fisher’s exact test, whereas continuous
variables are shown as mean with standard deviation or median
with interquartile range, which were compared by t-test. Event
rates are presented as Kaplan-Meier estimates, and for comparison
of both groups the Cox proportional hazards model was applied.
A p-value of <0.05 was considered as statistically significant.



Statistical analysis was performed with S-PLUS 4.5 (S-PLUS;
Insightful Corp, Seattle, WA, USA).

Results

BASELINE CHARACTERISTICS AND PROCEDURAL FINDINGS
A total of 419 patients were treated with an everolimus-eluting
BRS, 101 patients with a 2.5 mm BRS and 318 patients with
a BRS larger than 2.5 mm.

Baseline patient characteristics were similar in both groups and
are presented in Table 1. In both groups, most of the patients had
multivessel coronary artery disease (80.2% vs. 74.8%; p=0.27).
The rates of non-ST-elevation myocardial infarction (18.8% vs.
19.2%) and ST-elevation myocardial infarction (5.0% vs. 9.4%)
were comparable in both groups (p=0.62).

An overview of lesion and procedural characteristics is pre-
sented in Table 2. Of 133 lesions treated with a 2.5 mm BRS,
48.7% were classified as complex lesion morphology, whereas
49.1% of a total of 440 lesions treated with larger BRS sizes were
considered to be complex (type B2/C lesions according to the
ACC/AHA classification) (p=0.94). Bifurcation lesions (15.9% vs.
13.2%; p=0.45) as well as chronic total occlusions (0.9% vs. 1.6%;

Table 1. Baseline characteristics.

Bioresorbable | Bioresorbahle

stent diameter | stent diameter | p-value

=2.5 mm >2.5 mm
Patients 101 318
Age (years) 69.4 67.7 0.40
(62.5-73.8) (568.7-74.6)
Male sex 79.2 (80/101) |75.8 (241/318)| 0.48
Diabetes 32.7 (33/101) | 31.1(99/318) | 0.77
Diabetes

12.9 (13/101) | 9.4 (30/318) | 0.32

(insulin-treated)

Stable coronary artery
disease

36.6 (37/101)

23.9 (76/318)

Silent ischaemia

25.7 (26/101)

36.8(117/318)

Unstable angina

13.9 (14/101)

10.7 (34/318)

Non-ST-elevation
myocardial infarction

18.8 (19/101)

19.2 (61/318)

ST-elevation myocardial
infarction

5.0 (5/101)

9.4 (30/318)

Hypertension 89.1 (90/101) |85.2(271/318)| 0.32
Hypercholesterolaemia | 62.4 (63/101) | 68.6 (218/318)| 0.25
Current smoker 14.9 (15/101) | 23.6 (75/318) | 0.06
Family history 29.7 (30/101) |34.9(111/318)| 0.34
Body mass index (kg/m?) 28.5+5.4 27.6x4.6 0.13
Welenvee 29.7 (30/101) | 24.8 (79/318) | 0.33
infarction

E'y';taosrg ;’Sé‘é@”aw 2.0(2/101) | 5.0(16/318) | 0.19
Multivessel disease 80.2 (81/101) |74.8 (238/318)| 0.27

Clinical presentation

0.62

(number).

Data shown as mean+SD or median (interquartile range) or percentage

Impact of stent size on BRS outcome

Table 2. Lesion and procedural characteristics.

Bioresorbable | Bioresorbable
stent diameter | stent diameter |p-value
=2.5 mm >2.5 mm

lemos = w0 |

Target vessel
Left anterior descending| 46.0 (52/133) |44.3 (195/440)| 0.12

27.4 (31/133) | 19.3 (85/440)
26.5 (30/133) | 35.2 (155/440)
0.0 (0/133) 1.1 (5/440)

Left circumflex

Right coronary artery

Venous bypass graft

Lesion type

Complex lesion

morphology 48.7 (55/113) |49.1 (216/440)| 0.94

15.9 (18/133)
0.9 (1/113)
Lesion characteristics before intervention

13.2 (58/440) | 0.45
1.6 (7/440) 1.0

Bifurcation lesion

Chronic occlusion

Reference vessel

] e - 2.36+0.22 3.03+0.40 |<0.001
il W) 0.68:0.35 | 0.98+0.49 |<0.001
diameter (mm)

Diameter stenosis (%) 70.8+14.8 67.6+15.4 0.046
Lesion length (mm) 13.4+5.8 16.5+10.0 |<0.001

Procedural characteristics

Predilation 98.2 (111/113)| 97.7 (430/440)| 0.74
el bl ke 2.60:0.19 | 3.400.35 |<0.001
(mm)

Maximal balloon

i 13.843.0 15.4+4.1  |<0.001
Post-dilation 62.8 (71/113) | 73.6 (324/440)| 0.023

93.8 (106/113) | 97.3 (428/440) | 0.07
Lesion characteristics post intervention

Angiographic success

Minimal lumen

. 2.13+0.21 2.72+0.36  |<0.001
diameter (mm)
Diameter stenosis (%) 13.77+7.0 13.73+6.4 0.96
Acute gain (mm) 1.45+0.39 1.74+0.51 |<0.001

Data shown as mean+SD or percentage (number).

p=1.0) were treated in a comparable proportion in both groups.
The mean reference vessel diameter by QCA was 2.36+0.22 mm
and 3.03+0.40 mm, respectively (p<0.01). The mean lesion length
was shorter in the patient group treated with a 2.5 mm BRS
(13.445.8 mm vs. 16.5£10.0 mm; p<0.001).

Almost all lesions in both groups were predilated (98.2% vs.
97.7%; p=0.74). Post-dilatation was more often applied in lesions
treated with BRS >2.5 mm (62.8% vs. 73.6%; p=0.023). The max-
imum balloon size measured by QCA was 2.60+0.19 mm versus
3.40+0.35 mm (p<0.001), and the maximum balloon pressure was
lower in patients treated with a 2.5 mm stent (13.8+3.0 atm vs.
15.4+4.1 atm; p<0.001). Acute gain was lower in patients treated
with a 2.5 mm stent (1.45+0.39 mm vs. 1.74+0.51 mm, p<0.001),
though relative acute gain (as a percentage of baseline refer-
ence vessel diameter) was higher (61.5% vs. 57.4%, p=0.020).
Angiographic success at the end of the procedure was high in both
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groups (93.8% vs. 97.3%; p=0.07). The mean number of stents per
lesion was 1.02+0.13 versus 1.18+0.47, respectively (p<0.001).

ANGIOGRAPHIC FOLLOW-UP DATA

Angiographic surveillance was performed in 73.3% (74/101) of the
patients treated with a 2.5 mm BRS and in 66.7% (212/318) of the
patients with a larger BRS size (p=0.21). In terms of mean in-stent
late lumen loss (0.2840.47 mm vs. 0.25+0.52 mm; p=0.74) and in-
segment diameter stenosis (28.8+17.1% vs. 27.1+15.8%; p=0.43),
there was no statistically significant difference between both groups.
In addition, a trend towards a higher rate of binary restenosis was
observed in patients treated with a 2.5 mm BRS, which was of bor-
derline statistical significance (12.5% vs. 6.1%; p=0.05).

A total of 33 (32.7%) patients treated with a 2.5 mm BRS also
had lesions treated with a larger stent. Sensitivity analysis with
exclusion of these patients did not substantially alter the angio-
graphic results (mean in-stent late lumen loss 0.294+0.43 mm vs.
0.25+0.53 mm, p=0.57; binary restenosis 11.8% vs. 6.0%, p=0.14).
Details of QCA analysis at follow-up are presented in Table 3 and
Figure 1.

CLINICAL OUTCOME DATA

The median follow-up duration was 360 (268-360) days. The inci-
dence of the composite of death, myocardial infarction and TLR
was 15.7% in the group treated with 2.5 mm BRS and 12.3% for
patients with a larger size BRS implanted (p=0.49) (Figure 2).
The rate of TLR was also comparable in both groups (11.7% wvs.
8.3%; p=0.42). Definite stent thrombosis was observed in 1.0%
of patients treated with a 2.5 mm BRS versus 3.1% of patients
treated with a larger stent (p=0.27) (Figure 3). The composite
safety endpoint of death and myocardial infarction did not differ

Table 3. Results of follow-up angiography at 6-8 months.

Bioresorbabhle | Bioresorbable

stent diameter | stent diameter |p-value

=2.5 mm >2.5 mm
Lesions 80 280

Reference vessel
T ey 2.41+0.21 3.10+0.39 |<0.001

Angiographic characteristics (in-stent)

Minimal lumen

CHavieer i 1.86+0.51 2.47+0.59 |<0.001
Diameter stenosis (%) 23.0+20.1 20.5+16.5 0.30
Late lumen loss (mm) 0.28+0.47 0.25+0.52 0.74

Angiographic characteristics (in-segment)

Minimal lumen

I 1.72+0.43 2.27+0.58 |<0.001
Diameter stenosis (%) 28.8x17.1 27.1x15.8 0.43
Late lumen loss (mm) 0.19+0.43 0.21+0.52 0.76

Binary restenosis rate
(%)

Data shown as mean+SD or percentage (number).

12.5(10/80) | 6.1(17/280) | 0.05

Late lumen loss:
0.68 0.28 vs. 0.25 mm,
p=0.74

MLD pre PCI ' Nominal balloon ' MLD post PCI ' MLD follow-up
size

-9- 2.5mm BRS -~ >2.5mmBRS

=== RVD2.5mmBRS --=- RVD>2.5mm BRS
Figure 1. Comparison of angiographic findings at time of
implantation and follow-up according to implanted stent size.

between both groups (5.3% vs. 6.4%; p=0.68). Details of clinical
outcome can be found in Tahle 4.

SUBGROUP ANALYSIS OF PATIENTS WITH VERY SMALL
VESSEL SIZE

We further divided patients treated with a 2.5 mm stent into tertiles
based on measured RVD. The lowest tertile comprised patients
with a measured RVD of 2.27 mm or less. Of these patients, dur-
ing follow-up one patient underwent TLR and no patient suffered
stent thrombosis.

Discussion

In our study of consecutive patients treated with everolimus-elut-

ing BRS in routine practice, we evaluated the impact of implanted

stent size on clinical and angiographic outcomes. The major find-

ings of the present analysis are:

1. The baseline characteristics of patients treated with a 2.5 mm
versus a larger stent were similar.

Survival free of death, MI, TLR

95

90} 81.1%

851 - L=

84.3%
801

75

Survival free of death, MI, TLR (%)

— 2.5 mm BRS
—>2.5 mm BRS

70 T T T T T 1
2 4 6 8 10 12

Months after procedure

Figure 2. Freedom from the composite of death, myocardial
infarction or target lesion revascularisation at 12 months.



Stent thrombosis rate

— 2.5 mm BRS
—>2.5 mm BRS

i p=031

ST rate (%)

1=

0 T T T T T 1
2 4 6 8 10 12

Months after procedure

Figure 3. Definite stent thrombosis at 12 months.

2. The angiographic success rates were broadly comparable
between both groups, implying that BRS implantation in small
vessels appears technically feasible.

3. In selected patients undergoing angiographic surveillance after
six to eight months, the angiographic antirestenotic efficacy
was high in patients treated with a 2.5 mm BRS, as well as
those treated with a larger BRS.

4. No significant differences were detected regarding overall
clinical outcome and rates of stent thrombosis after one year,
in relation to the size of the implanted stent.

In general, the treatment of lesions in small vessels is more
challenging'>'°. Firstly, due to smaller reference vessel size, the
likelihood of restenosis is higher, since the same proportion of
neotinimal tissue growth in comparison to vessels with a larger
diameter is more likely to lead to a clinically relevant restenosis.
Secondly, patients with small-vessel disease more often suffer

Table 4. Clinical follow-up at 1 year.

Bioresorbable | Bioresorbahle
stent diameter | stent diameter | p-value

Patients

Death 4.3 3.9 0.84
Myocardial infarction 1.0 3.3 0.27
Death or myocardial

infarction 55 6.4 0.68
Definite stent thrombosis 1.0 3.1 0.31
Definite or probable stent

thrombosis Lu 3.7 0.23
Target lesion

revascularisation 11.7 8.3 0.42
Composite of death,

myocardial infarction, 15.7 123 0.49
target lesion ’ ’ ’
revascularisation

Data shown as percentage from Kaplan-Meier estimate.

Impact of stent size on BRS outcome

from diabetes mellitus and tend to have longer and more com-
plex lesion morphology'®. The results of early randomised trials
comparing balloon angioplasty and bare metal stent implantation
in small vessels suggested superiority of stenting. However, some
studies suggested that this was attributable to the higher frequency
of suboptimal angiographic results after balloon angioplasty in
small vessels and that results were otherwise comparable'’. In
later studies, the benefit of DES over bare metal stents was clearly
demonstrated and thus DES were considered to be the optimal
treatment strategy for small vessels'®.

The experience with BRS implantation in patients with stenosis
in small vessels is limited. The best evidence comes from sub-
group analyses of the ABSORB III randomised trial®. In that trial,
although there was no statistically significant interaction between
vessel size and treatment effect in pre-specified subgroub analy-
sis, a trend towards a higher rate of adverse events was seen in
BRS-treated patients with QCA-measured vessel size <2.63 mm
- target lesion failure (9.8% vs. 5.7%), stent thrombosis (2.3% vs.
0.8%) - though this trend was also seen in patients treated with
conventional metallic DES’. However, despite the fact that vessel
size <2.5 mm diameter was an exclusion criterion, approximately
19% of the patients treated with BRS had a measured RVD of
<2.25 mm. Indeed, in a post hoc analysis, these patients had a sig-
nificantly higher risk for TLR (6.6% vs. 2.2%) and stent throm-
bosis (4.6% vs. 0.9%) when compared with patients with a larger
vessel diameter'®. Against this, in a subgroup analysis of the
ABSORB Cohort B trial, all patients treated with a 3.0 mm BRS
were evaluated according to the RVD of <2.5 mm or >2.5 mm".
This study demonstrated no relevant differences between groups
regarding the clinical outcome and angiographic results after
two years. Moreover, a significant increase in lumen area from
5.71£0.98 mm? to 6.20+1.27 mm? (p=0.0155) over follow-up was
observed in the small-vessel group'. Indeed, in terms of angio-
graphic outcomes, in that study the 12-month in-stent late lumi-
nal loss was remarkably similar to that seen in our small-vessel
group (0.27+0.32 mm in ABSORB Cohort B vs. 0.28+0.47 mm in
the present report) supporting an overall high antirestenotic effi-
cacy of BRS in small vessels. However, some substantial differ-
ences were found regarding the clinical outcome after 12 months,
since the incidence of TLR was 2.4% in ABSORB Cohort B and
11.7% in our study. This may be due to the treatment of a more
complex patient population in our investigation: though the ref-
erence vessel sizes in both small-vessel groups were compara-
ble (2.29+0.14 mm vs. 2.36+0.22 mm), B2/C lesions, bifurcation
lesions and patients with acute coronary syndrome were excluded
from ABSORB Cohort B. Nevertheless, the rate of stent throm-
bosis in small vessels treated with BRS was low in both reports
(0.0% vs. 1.0%).

Overall, a numerically higher rate of TLR (11.7% vs. 8.3%;
p=0.42) and the composite of death, myocardial infarction and
TLR (15.7% vs. 12.3%; p=0.49) was observed in patients treated
with a 2.5 mm BRS. A possible explanation may be that post-
dilatation was less often performed (62.8% vs. 73.6%; p=0.023)
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and the maximum balloon pressure was significantly lower (13.8
vs. 15.4 atm; p<0.001) in patients treated with a 2.5 mm BRS.
Indeed, recent studies suggest that more liberal use of post-
dilatation in patients treated with BRS may be associated with
improvement in clinical outcomes?*?!.

Limitations

Some limitations of the data have to be acknowledged. Firstly,
the definition of small vessels is not consistent across the avail-
able studies. In our analysis, we categorised patients based on the
nominal diameter of the implanted BRS in order to reflect bet-
ter the perspective of the physician in routine practice. However,
QCA-measured reference vessel data from a core laboratory were
available for all patients. Secondly, only two centres participated in
this study, and the number of patients is relatively small compared
to other large-scale randomised trials or registries. Moreover, the
study was not powered to detect differences between the two treat-
ment groups, especially with regard to infrequently occurring end-
points such as stent thrombosis. Thirdly, not all patients underwent
angiographic follow-up; this must be considered when interpreting
the angiographic results. Fourthly, patients treated very early in the
experience with BRS were also included and the impact of changes
in implantation strategy must be considered®*?'. Fifthly, analysis
based on stent footprint following deployment was not carried out.
However, the clinical importance of this parameter remains to be
established. Finally, follow-up was available only up to one year
and further long-term follow-up at a time point when the BRS is
expected to be fully absorbed would provide a more comprehen-
sive assessment of the clinical performance of the device.

Conclusion

In patients treated with BRS in routine clinical practice, angio-
graphic and clinical outcomes were comparable in patients treated
with a 2.5 mm stent as compared with those treated with a larger
stent size. Further data from long-term follow-up of large-scale
randomised clinical trials will define better the comparative effi-
cacy of these devices versus conventional metallic DES.

Impact on daily practice

Concerns have been raised regarding the safety of bioresorbable
stent implantation in patients with lesions in small vessels. We
compared angiographic and clinical results of patients with an
implanted 2.5 mm bioresorbable stent and patients treated with
a larger stent size. Overall, we found comparable results in patients
treated with a 2.5 mm stent as compared with those treated with
a larger stent size, suggesting that vessel size may not be a key
determinant of outcomes in patients treated with these stents.

Conflict of interest statement
A. Kastrati reports submission of patent applications in relation to
drug-eluting stent technology. R. Byrne reports receiving lecture fees

from B. Braun Melsungen AG, Biotronik and Boston Scientific, and
institutional research grants from Boston Scientific and HeartFlow.
The other authors have no conflicts of interest to declare.

References

1. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E,
Kutys R, Skorija K, Gold HK, Virmani R. Pathology of drug-elut-
ing stents in humans: delayed healing and late thrombotic risk. J Am
Coll Cardiol. 2006;48:193-202.

2. Serruys PW, Garcia-Garcia HM, Onuma Y. From metallic
cages to transient bioresorbable scaffolds: change in paradigm of
coronary revascularization in the upcoming decade? Eur Heart J.
2012;33:16-25b.

3. Wiebe J, Nef HM, Hamm CW. Current status of bioresorba-
ble scaffolds in the treatment of coronary artery disease. J Am Coll
Cardiol. 2014;64:2541-51.

4. Puricel S, Arroyo D, Corpataux N, Baeriswyl G, Lehmann S,
Kallinikou Z, Muller O, Allard L, Stauffer JC, Togni M, Goy JJ,
Cook S. Comparison of everolimus- and biolimus-eluting coronary
stents with everolimus-eluting bioresorbable vascular scaffolds.
J Am Coll Cardiol. 2015;65:791-801.

5. Serruys PW, Chevalier B, Dudek D, Cequier A, Carrie D,
Iniguez A, Dominici M, van der Schaaf RJ, Haude M, Wasungu L,
Veldhof S, Peng L, Stachr P, Grundeken MJ, Ishibashi Y, Garcia-
Garcia HM, Onuma Y. A bioresorbable everolimus-eluting scaffold
versus a metallic everolimus-eluting stent for ischaemic heart disease
caused by de-novo native coronary artery lesions (ABSORB II): an
interim 1-year analysis of clinical and procedural secondary out-
comes from a randomised controlled trial. Lancet. 2015;385:43-54.

6. Capodanno D, Gori T, Nef H, Latib A, Mehilli J, Lesiak M,
Caramanno G, Naber C, Di Mario C, Colombo A, Capranzano P,
Wiebe J, Araszkiewicz A, Geraci S, Pyxaras S, Mattesini A,
Naganuma T, Munzel T, Tamburino C. Percutaneous coronary
intervention with everolimus-eluting bioresorbable vascular scaf-
folds in routine clinical practice: early and midterm outcomes from
the European multicentre GHOST-EU registry. Eurolntervention.
2015;10:1144-53.

7. Cassese S, Byrne RA, Ndrepepa G, Kufner S, Wiebe J,
Repp J, Schunkert H, Fusaro M, Kimura T, Kastrati A. Everolimus-
eluting bioresorbable vascular scaffolds versus everolimus-eluting
metallic stents: a meta-analysis of randomised controlled trials.
Lancet. 2016;387:537-44.

8. Hoppmann P, Kufner S, Cassese S, Wiebe J, Schneider S,
Pinieck S, Scheler L, Bernlochner I, Joner M, Schunkert H,
Laugwitz KL, Kastrati A, Byrne RA. Angiographic and clinical
outcomes of patients treated with everolimus-eluting bioresorbable
stents in routine clinical practice: Results of the ISAR-ABSORB
registry. Catheter Cardiovasc Interv. 2016;87:822-9.

9. Ellis SG, Kereiakes DJ, Metzger DC, Caputo RP, Rizik DG,
Teirstein PS, Litt MR, Kini A, Kabour A, Marx SO, Popma JJ,
McGreevy R, Zhang Z, Simonton C, Stone GW; ABSORB III
Investigators. Everolimus-Eluting Bioresorbable Scaffolds for
Coronary Artery Disease. N Engl J Med. 2015;373:1905-15.



10. Kereiakes DJ, Ellis SG, Metzger DC, Caputo RP, Rizik DG,
Teirstein PS, Litt MR, Kini A, Kabour A, Marx SO, Popma JJ,
McGreevy R, Zhang Z, Simonton C, Stone GW, Investigators Al.
Everolimus-eluting Bioresorbable Vascular Scaffolds in Patients
with Coronary Artery Disease: The ABSORB III trial. In. Tran-
scatheter Cardiovascular Therapeutics. San Francicso, CA, USA;
2015.

11. Onuma Y, Serruys PW, Perkins LE, Okamura T, Gonzalo N,
Garcia-Garcia HM, Regar E, Kamberi M, Powers JC, Rapoza R,
van Beusekom H, van der Giessen W, Virmani R. Intracoronary
optical coherence tomography and histology at 1 month and 2, 3,
and 4 years after implantation of everolimus-eluting bioresorbable
vascular scaffolds in a porcine coronary artery model: an attempt to
decipher the human optical coherence tomography images in the
ABSORRB trial. Circulation. 2010;122:2288-300.

12. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V,
Filippatos G, Hamm C, Head SJ, Jini P, Kappetein AP, Kastrati A,
Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ,
Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca L,
Valgimigli M, Wijns W, Witkowski A. 2014 ESC/EACTS guide-
lines on myocardial revascularization. Eurolntervention. 2015;10:
1024-94.

13. Ellis SG, Vandormael MG, Cowley MIJ, DiSciascio G,
Deligonul U, Topol EJ, Bulle TM. Coronary morphologic and clini-
cal determinants of procedural outcome with angioplasty for multi-
vessel coronary disease. Implications for patient selection.
Multivessel Angioplasty Prognosis Study Group. Circulation.
1990;82:1193-202.

14. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van
Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E,
Lansky A, Hamon M, Krucoff MW, Serruys PW; Academic
Research Consortium. Clinical end points in coronary stent trials:
a case for standardized definitions. Circulation. 2007;115:2344-51.

15. Elezi S, Kastrati A, Neumann FJ, Hadamitzky M,
Dirschinger J, Schomig A. Vessel size and long-term outcome after
coronary stent placement. Circulation. 1998;98:1875-80.

Impact of stent size on BRS outcome

16. Cassese S, Byrne RA, Tada T, Pinieck S, Joner M, Ibrahim T,
King LA, Fusaro M, Laugwitz KL, Kastrati A. Incidence and pre-
dictors of restenosis after coronary stenting in 10 004 patients with
surveillance angiography. Heart. 2014;100:153-9.

17. Agostoni P, Biondi-Zoccai GG, Gasparini GL, Anselmi M,
Morando G, Turri M, Abbate A, McFadden EP, Vassanelli C,
Zardini P, Colombo A, Serruys PW. Is bare-metal stenting superior
to balloon angioplasty for small vessel coronary artery disease?
Evidence from a meta-analysis of randomized trials. Eur Heart J.
2005;26:881-9.

18. Cortese B, Bertoletti A, De Matteis S, Danzi GB, Kastrati A.
Drug-eluting stents perform better than bare metal stents in small
coronary vessels: a meta-analysis of randomised and observational
clinical studies with mid-term follow up. Int J Cardiol. 2012,
161:73-82.

19. Diletti R, Farooq V, Girasis C, Bourantas C, Onuma Y,
Heo JH, Gogas BD, van Geuns RJ, Regar E, de Bruyne B, Dudek D,
Thuesen L, Chevalier B, McClean D, Windecker S, Whitbourn RJ,
Smits P, Koolen J, Meredith I, Li X, Miquel-Hebert K, Veldhof S,
Garcia-Garcia HM, Ormiston JA, Serruys PW. Clinical and intra-
vascular imaging outcomes at 1 and 2 years after implantation of
absorb everolimus eluting bioresorbable vascular scaffolds in small
vessels. Late lumen enlargement: does bioresorption matter with
small vessel size? Insight from the ABSORB cohort B trial. Heart.
2013;99:98-105.

20. Wiebe J, Liebetrau C, Dorr O, Wilkens E, Bauer T, Elsasser A,
Achenbach S, Mollmann H, Hamm CW, Nef HM. Impact of the
learning curve on procedural results and acute outcome after percu-
taneous coronary interventions with everolimus-eluting bioresorb-
able scaffolds in an all-comers population. Cardiovasc Revasc Med.
2015;16:455-60.

21. Puricel S, Cuculi F, Weissner M, Schmermund A, Jamshidi P,
Nyffenegger T, Binder H, Eggebrecht H, Munzel T, Cook S,
Gori T. Bioresorbable Coronary Scaffold Thrombosis: Multicenter
Comprehensive Analysis of Clinical Presentation, Mechanisms,
and Predictors. J Am Coll Cardiol. 2016;67:921-31.

m
=
=
=
=
-
(1]
=
<
(1]
=
=
o
=
N
o
=
(&)
—
N
o
—_
w
N
o
-
S
w




