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Abstract

The Absorb bioresorbable vascular scaffold (BVS) promised to avoid some of the disadvantages of its metal predecessors.
Even though it has been taken off the market, limited data is available about its use in coronary chronic total occlusion
(CTO) and its performance in overlap segments, which would be of special research interest due to its large thickness. This
data is still pertinent since the platform of bioresorbable devices has not been abandoned, with several companies working
on it. We aimed to compare healing and performance between overlap (OL) and non-overlap regions (NOL) of CTO lesions
treated with BVS, using optical coherence tomography (OCT). Fourteen patients with overlapping BVS were included from
the GHOST-CTO registry, resulting in 25 OL and 38 NOL regions. OCT based parameters were compared between OL
and NOL groups at baseline (post-implantation) and 12-month follow-up. The mean age was 61.7 +7.2 years and 12 (86%)
were males. Twelve (86%) patients underwent PCI for stable coronary artery disease and 2 (14%) had unstable angina. At
12-month follow-up, mean lumen area decreased in both NOL and OL regions, but the decrease was significantly larger in
the OL region (NOL —0.7+1.33 vs. OL — 2.4+ 1.54 mm?; p=0.002). Mean scaffold area increased in both regions, but
increased significantly more in NOL (4 1.1+ 1.54 vs.+ 0.4+ 1.16 mm?, p=0.016). The percent of uncovered struts was
lower in the OL group (5.0+6.6% vs. 3.75+8.7%, p=0.043), whereas the percentage of malapposed struts was similar
(0.3+0.5% vs. 0.7 +£2.3%, p=0.441). Neointimal hyperplasia (NIH) was more pronounced in the OL region (0.13+0.04 vs.
0.24 +0.10 mm?, p=0.001). The OL and NOL segments showed comparable healing in terms of coverage and malapposi-
tion. However, NIH was more prominent in OL region. The long-term clinical implications of these findings needs further
evaluation. The present study provides important insights for future development of BVS technology.
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Introduction

Percutaneous coronary intervention (PCI) involving
chronic total occlusion (CTO) frequently requires the
implantation of long and multiple stents, ultimately lead-
ing to several overlapping segments. While metallic
drug-eluting stents (DES) are commonly used for CTO
PCI [1, 2], they have certain inherent disadvantages origi-
nating from the permanent nature of metal stents [3].
Some researchers studied the procedural feasibility and
outcomes of using everolimus-eluting bioresorbable vas-
cular scaffolds (BVS, Absorb®, Abbott Vascular, Santa
Clara, California, USA) in CTO [4-6], given the promise
of BVS to potentially overcome some of the disadvantages
of metallic stents by restoring vasomotion, enabling posi-
tive remodeling, freeing jailed side branches and causing
less interference with future surgical revascularization and
non-invasive coronary imaging [7, 8]. However, compared
to leading DES, clinical trials [9, 10] failed to demon-
strate the translation of theoretical advantages of BVS into
clinical benefit; believed, in part, due to the thicker struts
[11, 12]. Even though BVS has been taken off the market
due to safety concerns related mostly to stent thrombosis,
limited data is available about its use in coronary chronic
total occlusion (CTO) and its performance in overlap
regions, which would be of special research interest due
to its thickness. In addition to that, the platform of resorb-
able scaffolds was not abandoned, with several companies
still offering such kinds of products or working on the
development of new platforms. When comparing CTO
lesions to non-CTO lesions, several authors have found
significant differences in the healing pattern, with CTO
having a higher restenosis rate, believed to be due to the
increased vessel injury during PCI procedure [13-18]. To
the best of our knowledge, no studies have investigated in
detail the vascular response of BVS in overlap versus non-
overlap segments in CTO lesions, therefore we utilized
optical coherence tomography (OCT) [19, 20], to compare
vascular reactions to BVS implantation in overlap (OL)
and non-overlap regions (NOL) in CTO lesions.

Material and methods
Population

This is a sub-study from the GHOST-CTO registry, which
was a prospective, single center study conducted at the
Ferrarotto Hospital, Catania, Italy. Detailed inclusion
and exclusion criteria of the GHOST-CTO registry were
previously published [4]. An informed, written consent
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was obtained from all patients. In summary, all patients
undergoing PCI of a CTO, between May 2013 and May
2014, were evaluated for BVS implantation after recanal-
ization. For the purpose of this sub-study, patients that
had overlapping BVS implantation and had OCT pull-
backs available for both baseline (post-PCI) and follow-
up (12 month) time-points were included. The following
exclusion criteria were applied: (1) reference vessel diame-
ter (RVD) <2.25 or > 3.8 mm; and (2) target lesion located
in a true bifurcation involving a side branch >2 mm.

PCl procedure

Trans-femoral and trans-radial approaches were used in
addition to a variety of techniques (anterograde and retro-
grade) at the operator’s discretion and expertise. After reca-
nalization, pre-dilation was performed using semi-compli-
ant, non-compliant, scoring or cutting balloons as deemed
necessary. Post-dilation, when necessary, was achieved using
an appropriately sized balloon, not exceeding 0.5 mm of
oversizing. The use of intravascular ultrasound (IVUS) guid-
ance was allowed at the discretion of the operator. The BVS
scaffolds were overlapped utilizing the marker-to-marker
technique, with the intention to minimize the overlap length
while not having a gap between scaffolds.

OCT acquisition protocol

Frequency-domain OCT (FD-OCT, Abbott Vascular, Santa
Clara, CA, USA) acquisition was performed post BVS
implantation and at 12-months with the non-occlusive tech-
nique by automatic contrast injection at a flow of 4—-6 ml/s.
The pullback started distally to the treated segment and
continued either until the probe entered into the guiding
catheter or the maximum pullback length was reached. If
required, additional pullbacks were performed to enable full
visualization of the treated segment. Before image acquisi-
tion, routine calibration was accomplished by adjusting the
Z-offset, either automatically or manually and intracoronary
nitrates were administered (100-300 pg according to aortic
pressure).

OCT quantitative analysis

OCT analysis was performed using the OPTIS™ Off-line
Review Workstation (Version E.4; St. Jude Medical) by
2 independent analysts blinded to patient characteristics
and then reviewed by 2 other analysts. All analysts were
trained in the Harrington Cardiovascular Imaging Core
Laboratory and certified against a gold standard by sta-
tistical analysis. All cross-sectional images of the pull-
backs were initially screened for quality assessment and
excluded if: (1) part of the image was out-of-screen; (2)
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a side branch occupied more than 45°; or (3) the quality
of the images was poor due to residual blood or artifacts.
All the pullbacks had the Z-offset calibration checked and
corrected before the analysis. Quantitative analysis was
performed every 0.6 mm in the NOL segments [21], and
every 0.2 mm in the OL segments. The BVS was analyzed
using both adluminal and abluminal interpolated contours,
however, for the purpose of this substudy, only abluminal
parameters are reported. Malapposition was considered
when there was no contact, at any point, between the scaf-
fold and vessel [22]. The quantitative analysis included
common measures like minimum, mean and maximum
areas of scaffold and lumen. In overlapping regions, the
outer scaffold was used for tracing, while all scaffolds
struts were analyzed (inner and outer scaffold) for cover-
age and malapposition.

Clinical outcomes and definitions

Acute technical success was defined as successful scaffold
delivery and deployment at the target lesion, after CTO
recanalization, with attainment of a final residual steno-
sis < 30% within the treated segment and restoration of
TIMI 3 antegrade flow in the target vessel. Procedural suc-
cess was defined as technical success in the absence of major
adverse cardiac events (MACE) during hospital stay. MACE
were assessed at 1 year and defined as a composite of death,
myocardial infarction (MI) and target lesion revasculariza-
tion (TLR). Death was considered of cardiac nature if any
other obvious causes were not recognized, in keeping with
the Academic Research Consortium [23].

Statistical analysis

Categorical variables are presented as numbers and per-
centages. Continuous variables are presented as means and
standard deviations or medians and interquartile ranges,
when appropriate. All analyses were performed in SPSS ver-
sion 20 using the Wilcoxon Signed Rank test. OCT-based
variables were compared between OL and NOL regions at
both baseline and follow-up, and where applicable, delta
changes are compared. A p-value <0.05 was considered to
indicate statistical significance.

Results

A total of 14 patients from the GHOST-CTO registry that
fulfilled the inclusion criteria were included in the present
study.

Table 1 Demographic, clinical, lesion and procedural characteristics

Variable n=14

Age, years, mean (SD) 61.7 (7.2)

Male, n (%) 12 (85.71)

Risk factors
Hypertension, n (%) 11 (78.57)
Dyslipidemia, n (%) 10 (71.42)
Smoker, n (%) 5(35.71)
Previous smoker, n (%) 6 (42.86)
Diabetes, n (%) 5(35.71)
Family history, n (%) 5(35.71)
BMI, kg/m?, mean (SD) 27.90 (4.31)
BMI > 30 kg/m?, n (%) 6 (42.86)

Medical history
Previous PCL, n (%) 9 (64.29)
Previous CABG, n (%) 0
Previous stroke/TIA, n (%) 1(7.14)
LVEF, %, mean (SD) 51.50 (8.77)
Basal GFR, mean (SD) 112.78 (37.96)

Clinical presentation
Stable angina, n (%) 12 (85.71)
Unstable angina, n (%) 2 (14.29)
Myocardial infarction, n (%) 0
Asymptomatic, n (%) 0

Target CTO lesion
LMCA, n (%) 0
LAD, n (%) 4 (28.57)
LCx, n (%) 4 (28.57)
RCA, n (%) 6 (42.86)
SYNTAX score, mean (SD) 14.20 (7.75)

Lesion information and preparation
Pre-dilation, n (%) 14 (100)
Calcium score, mean (SD) 1.43 (0.94)
Noncompliant balloon, n (%) 6(33.3)
Scoring/cutting balloon, n (%) 3(21.43)
Rotational atherectomy, n (%) 0
Post-dilatation, n (%) 14 (100)
Max post-dilation pressure, atm, mean (SD) 17.57 (3.61)
Post-dilation balloon diameter, mm, mean (SD) 3.5(0.33)
Post-dilations performed per case, mean (SD) 2.57 (1.16)
Post-dilation of overlapping segment, n (%) 14 (100)
Post-dilation of non-overlapping segment, n (%) 14 (100)
Scaffolds per case, mean (SD) 329 (1.2)
Scaffold length, mm, mean (SD) 23.78 (5.78)
Scaffold diameter, mm, mean (SD) 3.18 (0.36)
Technical success, n (%) 13 (92.86)
Procedural success, n (%) 13 (92.86)

BMI body mass index, PCI percutaneous coronary intervention,
CABG coronary artery by-pass, TIA transient ischemic attack, LVEF
left ventricle ejection fraction, GFR glomerular filtration rate, LMCA
left main coronary artery, LAD left anterior descending artery, LCx
Left circumflex artery, RCA right coronary artery
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Patient population, lesion characteristics
and procedural parameters

Demographic, clinical, lesion and procedural characteristics
are summarized in Table 1. Mean age was 61.7 +7.2 years
and 12 (85.71%) patients were male. Twelve (85.71%)
patients had stable angina at the time of the index proce-
dure and 2 (14.29%) presented with unstable angina. The
most common cardiovascular risk factor was hypertension
11 (78.57%) followed by dyslipidemia 10 (71.42%), obesity
6 (42.86%), diabetes mellitus 5 (35.71%), active tobacco use
5 (35.71%) and family history 5 (35.71%). Mean LVEF was
51.5% +8.8%.

In terms of CTO target vessel distribution, the right cor-
onary artery 6 (42.86%) was the most common, followed
equally by left anterior descending and left circumflex arter-
ies 4 (28.6% each). Mean SYNTAX-1 score was 14.2+7.8.
Most lesions had mild calcification, with one lesion having
a calcium score of 3 and none with a calcium score of 4,
as assessed by OCT, with a mean score of 1.43 [24]. Post-
dilatation was performed in all patients (100%) with mean
maximum post dilation pressure of 17.6 +3.6 atm. When
comparing post dilation by segments, all of the 14 patients
(100%) had post dilation performed at both the overlapping
and non-overlapping segments. The average post dilation
balloon diameter was 3.5+ 0.33 mm and the average post
dilation inflation number per patient was 2.57 + 1.16. Tech-
nical success was obtained in 13 (92.86%) patients. One
patient had technical failure because of residual stenosis
above 30%. There were no MACE during the hospital stay,
corresponding to a procedural success of 13 (92.86%).

OCT results

There were 38 NOL regions and 25 OL regions that were
analyzed and compared. At baseline (post-PCI), a total of
1297 frames (11,219 struts) were analyzed in the NOL
segments and 323 frames (2820 struts) in the OL regions.
At 12-month follow-up time-point, the number of frames
(struts) analyzed in the NOL and OL segments was 1371
(11,304) and 315 (2789) respectively.

Comparison of OCT outcomes between OL and NOL
regions at baseline and follow-up are shown in Table 2 and
the deltas between FU to BL in the Graphic 1. The mean
lumen area was smaller in the NOL region at baseline
(8.11+1.83 vs. 8.69+1.91 mm?; p=0.023) and it decreased
in both regions at 12-month follow-up. However, compared
to the NOL, there was a larger decrease in the OL region
(NOL —0.71+1.33 vs. OL —2.38 + 1.54 mm?; p=0.002),
resulting in larger lumen area in NOL region at follow-up.
The minimum lumen area was significantly smaller in the
NOL compared to OL both at baseline (5.45+1.99 vs.
7.48 +£2.04 mm?; p=0.001) and at follow-up (3.66 + 1.49
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Table 2 Optical coherence tomography findings at baseline and fol-
low-up

Variable NOL (n=14) OL (n=14) p Value
Minimum lumen area

BL, mm? (SD) 5.45 (1.99) 748 (2.04) 0.013

FU, mm? (SD) 3.66 (1.49) 5.38 (1.76)  0.010
Maximum lumen area

BL, mm? (SD) 11.22 (2.18) 9.67 (2.04) 0.062

FU, mm? (SD) 13.08 (4.01) 7.90 (2.25)  0.000
Mean lumen area

BL, mm? (SD) 8.11 (1.83) 8.69 (1.91) 0419

FU, mm? (SD) 7.40 (1.79) 6.31(1.72) 0.113
Mean lumen diameter

BL, mm (SD) 3.16 (0.38) 3.29(0.37) 0.382

FU, mm (SD) 2.99 (0.38) 2.79 (0.40) 0.184
Minimum scaffold ablumi-

nal area

BL, mm? (SD) 578 2.11)  7.93(1.96) 0.010

FU, mm? (SD) 5.65 (1.54) 8.47(1.93) 0.000
Maximum scaffold ablumi-

nal area

BL, mm? (SD) 11.62 (2.12) 10.52(1.97) 0.164

FU, mm? (SD) 16.28 (4.84) 11.18(2.93) 0.003
Mean scaffold abluminal

area

BL, mm? (SD) 8.65 (1.89) 9.39 (1.81) 0.298

FU, mm? (SD) 9.77 (2.13)  9.77(2.16)  0.993
Mean scaffold abluminal

diameter

BL, mm (SD) 3.27 (0.38) 343(0.33) 0.267

FU, mm (SD) 3.46 (0.39) 3.49 (0.40) 0.845
Embedded struts (BL)

% (SD) 9.52 (10.15) 14.35(17.78) 0.387
Covered struts (FU)

% (SD) 95.00 (6.58) 96.25(8.73) 0.674
Malapposed struts

BL, % (SD) 4.62 (4.99) 5.79 (4.87) 0.536

FU, % (SD) 0.29 (0.46) 0.69 (2.32) 0.538
Mean malapposition area

BL, mm? (SD) 0.26 (0.20) 0.25(0.19) 0.831

FU, mm? (SD) 0.07 (0.07) 0.02 (0.03)  0.022
Mean plaque protruding area

(BL)

mm? (SD) 0.08 (0.07) 0.14 (0.16) 0.183
Neointimal hyperplasia (FU)

mm? (SD) 0.13 (0.04) 0.24 (0.1) 0.007

Bold numbers indicate p-value < 0.05, to demonstrate statisticaly sig-
nificance

vs. 5.38 +1.76 mm?; p=0.001). In both groups, it decreased
at the follow up and the delta was not different (—1.79 + 131
vs. —2.10+ 1.62 mm?; p=0.272). The maximum lumen
area was significantly larger in the NOL region at baseline



The International Journal of Cardiovascular Imaging (2019) 35:1767-1776

45
35
25
15
0.5
I
-0.5
-1.5

-2.5
Minimum lumen Maximum lumen Mean lumen area,
area, mm? area, mm? mm?
mm

EmNOL

Mean lumen
diameter,

*
|
Minimum scaffold Maximum scaffold Mean Mean
abluminal area,  abluminal area, scaffold abluminal scaffold abluminal

mm? mm? area, mm? diameter, mm

oL

Graphic 1 Delta of optical coherence tomography measurements from follow-up to baseline comparing NOL and OL regions. NOL: Non-over-
lap regions; OL: Overlap regions; Asterisk (¥): indicates statistical significance

(11.22 +£2.18 vs. 9.67 +2.04 mm?; p=0.005). At follow-up,
it increased (+ 1.86+3.17 mm?) in the NOL segments and
decreased (— 1.77 + 1.63 mm?) in the OL regions, with a
significant difference in the delta (p=0.001).

The mean (abluminal) scaffold area was smaller in NOL
segments at baseline (8.65+1.89 vs. 9.39 + 1.81 mm?;
p=0.004). At follow-up, it increased in both regions and
were similar in comparison (9.77 +2.13 vs. 9.77+2.16
mm?; p=0.950), although the delta was larger in the NOL
group (4 1.12+1.54 vs.+0.37+ 1.16 mm?; p=0.016). As
is seen in terms of the minimum lumen area, the minimum
scaffold area was also significantly smaller in the NOL
compared to OL both at baseline and at follow-up. From
baseline to follow-up, a decrease was observed in the NOL
(=0.13 + 1.40 mm?) contrasting with an increase in the OL
segments (+0.54 +1.47 mm?) with similar deltas, however
(p=0.158). In terms of maximum scaffold area, it was larger
in the NOL group at baseline (11.62+2.12 vs. 10.52+1.97
mm?; p=0.022). It increased in both groups, but the increase
was significantly larger in the NOL region (+4.66 +4.00
vs.40.67 + 1.65 mm?; p=0.004).

After scaffold placement, the percentage of embedded
struts and malapposed struts as well as the mean plaque
protrusion area showed no difference between NOL and
OL regions (Table 2). In terms of healing at follow-up,
the percentage of covered struts was higher in OL regions
(NOL 95.0+6.58 vs. OL 96.25 +8.73%, p=0.043), but the

percentage of malapposed struts was similar between the
groups (0.29+0.76 vs. 0.69 +£2.32%, p=0.441). Of note,
malapposition (in terms of percentage of malapposed struts)
decreased in both groups and the difference in delta per-
cent was not significant (—4.33 £5.05% vs. —5.10+4.44%;
p=0.433). However, neointimal hyperplasia (NIH) was
more pronounced in the OL region (NOL 0.13 +0.04 mm?
vs. OL 0.24 +0.10 mm?, p=0.001).

Clinical outcomes

The mean follow-up duration was 385.25+36.10 days.
There were no MACE (death, myocardial infarction or target
vessel revascularization) noted during the follow-up period.

Discussion

When comparing OL to NOL segments in CTO lesions
treated with overlapping BVS at 12 months, we observed
that (1) despite a similar mean scaffold area, the lumen area
was smaller in OL group, resulting from a significantly
larger lumen loss in OL group from baseline to follow up,
(2) percentage of uncovered struts was low in both groups
but interestingly lower in the OL group, (3) percentage of
malapposed struts was comparable and very low in both the
NOL and OL segments, suggesting an acceptable healing
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Area 6.16mm-’>
?=2.80mm

[ |
30 40

Fig. 1 Representative OCT cross section with lumen profile compar-
ison between NOL and OL regions follow-up: OCT cross sectional
images and lumen profile view at follow-up comparing OL and NOL
regions. a and ¢ represent distal and proximal images adjacent to

pattern, and (4) NIH area was significantly larger in OL
segments.

The larger lumen loss in OL regions is explained by the
more pronounced NIH area (as represented by Fig. 1) and
restriction of positive remodeling in OL segment by two
layers of struts. Our finding of larger NIH in overlap seg-
ments is consistent with a previous study by Sato et al. that
examined neointimal coverage of overlapping bioresorb-
able scaffolds [25]. Studies on DES have also shown exag-
gerated and heterogenous neointimal reactions in overlap
regions [26, 27]. A deeper examination of the phenomenon
of thicker NIH in OL region in our study revealed that the
inner scaffold acted as a bridge for the neo-intimal growth as
represented by Fig. 2. This idea is supported by the Porcine
Coronary Artery Model [28], with a similar conclusion: the
thicker NIH in OL regions is mostly driven by the stacked
struts. In keeping with the protocol set forth in consensus
guidelines [29, 30], we measured the NIH from the outer
scaffold to the lumen in the OL segments. Perhaps, it can be
appreciated by visual evaluation of Figs. 1 and 2, that the
neointimal growth over the inner scaffold struts in the OL
segments is similar to the NIH in the NOL region (Fig. 3).

It is also noteworthy that even though the mean scaf-
fold areas were similar at follow-up between NOL and OL
regions, the scaffold area increased in both groups compared
to the baseline. This finding is consistent with the phenom-
enon of positive remodeling as described previously [7, 8].
However, we observed that the increase in scaffold area
from post-implantation to follow-up was more pronounced

@ Springer
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50

the overlapping segment (b). Image d shows measurements in these
regions, indicating a smaller lumen on the OL region, when compar-
ing to the NOL segments, as represented in yellow. NOL: non-over-
lap, OCT: optical coherence tomography, OL: overlap

Fig.2 OCT cross section with overlapping scaffolds: White arrows
indicate regions where the inner scaffold acts as a bridge for the NIH
growth. NIH: neointima hyperplasia, OCT: optical coherence tomog-
raphy

in the NOL segments, reflecting that positive remodeling
and vasomotion are possibly restricted by the two layers of
scaffold [31] and increased material burden at the OL site.
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Area 7.69mm?
?=3.13mm

Fig.3 Representative OCT cross section with lumen profile compari-
son between NOL and OL regions at baseline: OCT cross sectional
images and lumen profile view at baseline, comparing OL and NOL
regions. a and ¢ represent distal and proximal images adjacent to the

At baseline, we saw larger mean lumen and scaffold areas
(Fig. 2) in the OL compared to NOL region as well as a trend
towards larger mean plaque protruding area and percentage
of embedded struts. These findings may be explained by a
more thorough implantation of overlapping scaffolds and
more aggressive post dilation in the OL regions resulting in
better expansion. We did not have specific data/procedural
details to examine and confirm this concept.

Our data shows that the minimum lumen and scaffold
areas in the OL segments were larger than the NOL seg-
ments but the maximum lumen and scaffold areas were
smaller in the OL segments compared to the NOL. These
findings may be explained by the fact that the NOL segments
represent the whole length of the target CTO lesion includ-
ing the smaller distal and larger proximal segments than the
OL regions that lied in between.

The impact of endothelial shear stress (EES) on neoin-
timal proliferation following BMS and DES implantation
has been explored, and more recently, a serial OCT study of
BVS implantation has shown an inverse association between
ESS and neointimal thickness [32—-35]. Additionally, stent
design has shown to impact flow characteristics; importantly
showing stent strut size-dependent decreases in downstream
ESS [36]. Moreover, the relative configuration of stent struts
(congruent vs. non-congruent) has shown to further impact
downstream ESS, with congruent (stacked) struts result-
ing in lower near-wall velocities and decreased ESS [37].
Given the principle of our study, we would expect both
the larger nature of BVS struts and the interplay between
overlapping stents to impact neointimal development in the

Area 8.17mm?
@=3.22mm
p Y >

—3omm _

Area 7.56mm?
?=3.10mm

overlapping segment (b). Image d shows the measurements in those
regions, indicating a bigger lumen on the OL regions, when compar-
ing to the NOL segments, as represented by the area in red. NOL:
non-overlap, OCT: optical coherence tomography, OL: overlap

microenvironment and should be the focus of a future study
using computational fluid dynamics and OCT strut-level
analysis. We can hypothesize that similar to DES, the BVS
strut’s congruent and non-congruent configurations would
result in flow disturbances with congruent struts resulting
in greater decrease in downstream ESS, but studies must
be conducted.

This study utilizing OCT further supports the results from
other groups that evaluated the safety, feasibility [38], clini-
cal [6, 39—41] and intravascular imaging outcomes [25, 28,
38] of overlapping BVS, showing that despite having some
key differences to non-overlap segments, it was not associ-
ated with cardiac death, target lesion revascularization and
stent thrombosis despite a higher incidence of peri-proce-
dural MI found in ABSORB EXTEND [39].

Although ABSORB BVS has been removed from the
market due to safety concerns [42], we believe that our study,
by providing important insight into BVS performance in a
specific use related to overlap in CTO lesions, can help in
future development of BVS technology and can be extrapo-
lated to other stents. The acceptable healing pattern observed
suggests that this technology may be further developed and
tested in future platforms, even in high-complexity angio-
graphic scenarios.

Limitations
The analysis presented in this study was performed from a

nonrandomized, single center study having the possibility
of selection and procedure bias, and the study also applies
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to a CTO population with intermediate to high complexity.
Secondly, the sample size was small, however, we analyzed
multiple OL and NOL segments and a very high number
of frames and struts to strengthen the data. In addition the
study observation time is short and underpowered for low-
frequency events like stent failure, and also for any conclu-
sions about clinical outcomes. Nonetheless, it is the first
study to evaluate overlapping BVS on CTO lesions using
clinical and imaging endpoints, shedding light for future
studies and observations in the CTO field.

Conclusion

The overlap and non-overlap segments showed comparable
healing pattern in terms of high coverage and low malap-
position at 12-month follow-up OCT imaging. However,
NIH was more prominent in OL region; resulting in larger
lumen loss compared to NOL region. The long-term clinical
implications of these findings need further study. The study
provides important insight for future development of BVS
technology.
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