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Abstract

Aims: This study aimed to compare the acute expansion behaviour of a polymer-based bioresorbable scaf-
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vascular scaffold
(BVS)

¢ conformation

¢ post-dilatation

mechanical data with conventional methods have so far shown little difference between metallic stents and
currently available polymer-based bioresorbable scaffolds (BRS). Nevertheless, differences in acute results
have been observed in clinical studies comparing BRS directly with metallic DES platforms.

Methods and results: We examined the expansion behaviour of the bioresorbable vascular scaffold
(3.0x18 mm Absorb BVS; Abbott Vascular, Santa Clara, CA, USA) and a metallic DES (3.0x18 mm
XIENCE Prime; Abbott Vascular) after expansion at 37°C using identical coronary artery stenosis models
(in total 12 experiments were performed). Device expansion was compared during balloon inflation and
after deflation using microscopy to allow assessment of plaque recoil. Minimal lumen diameter (MLD)
and minimal lumen area (MLA) and stent eccentricity were quantified from optical coherence tomography
(OCT) imaging at nominal diameter and after post-dilation at 18 atm. The MLA in the models with BVS
deployed was 4.92+0.17 mm? while in the metallic DES it was 5.4040.13 mm? (p=0.02) at nominal pressure
(NP), and 5.41+0.20 and 6.07+0.25 mm? (p=0.02), respectively, after expansion at 18 atm. Stent eccentric-
ity index at the MLA was 0.71£0.02 in BVS compared to 0.8140.02 in the metal stent at NP (p=0.004), and
0.73£0.03 compared to 0.75+0.02 at 18 atm (p=0.39).

Conclusions: Results obtained in this in vitro lesion model were comparable to the results in randomised
clinical trials comparing BVS and XIENCE stents in vivo. Such models may be useful in future BRS devel-

opments to predict their acute response in vivo in eccentric lesions.
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Singapore, 169609, Singapore. E-mail: nicolas.foin(@gmail.com
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Introduction

Differences in the acute gain and recoil between the bioresorb-
able vascular scaffold (BVS) and conventional metallic stents
have been observed in clinical studies investigating the effi-
cacy of BVS technology'™, including in a recent randomised
controlled trial comparing both technologies in a large number
of patients*’. Despite extensive differences in material proper-
ties, experimental mechanical characterisation with conventional
in vitro methods has shown little difference in radial support
between metallic stents and the currently available polymer-
based BVS®® (Tahle 1, Table 2). To understand the difference
in acute expansion results between BVS and a second-generation
metallic platform observed in vivo in recent randomised studies,
we used an in vitro compliant model of an asymmetric coronary
artery stenosis to compare directly the expansion behaviour of
the same commercially available BVS platform and a second-
generation metallic platform.

Methods

EXPANSION PROTOCOL

We tested the expansion behaviour of the everolimus-eluting
bioresorbable vascular scaffold (3.0x18 mm Absorb BVS; Abbott
Vascular, Santa Clara, CA, USA) and an everolimus-eluting metal-
lic DES (3.0x18 mm XIENCE Prime; Abbott Vascular) in an
identical coronary artery lesion model. The lesion models were
made from silicone (MED-4735 with 35 Shore hardness; NuSil
Technology LLC, Carpinteria, CA, USA) with a 0.45 mm wall

BVS vs. XIENCE expansion model

thickness, a reference diameter of 2.75 mm and a minimal lumen
diameter of 1.6 mm, representative of a 40% diameter stenosis
lesion (material properties: isotropic-elastic; density 1,110 kg/m?;
Young’s modulus 1.2 MPa; Poisson’s ratio 0.48). The devices
were advanced in the model to cross the lesion and then deployed
at their nominal pressure (NP): 7 atm for the BVS (with slow
inflation at 1 atm/2 s) and 10 atm for the XIENCE metallic DES.
After microscopy and optical coherence tomographic evaluation,
the devices were further dilated to 18 atm using their delivery bal-
loon. Three samples in each arm were tested for the two infla-
tion pressures and all experiments were performed in a 37°C water
bath. Twelve experiments were performed in total.

MICROSCOPE AND OCT ASSESSMENT
Devices expanded at NP and 18 atm were inspected and meas-
ured under microscopy using a stereomicroscope (Leica MZ16A
fluorescence stercomicroscope; Leica Microsystems, Wetzlar,
Germany). Microscope measurements were taken both during bal-
loon inflation and after removal of the balloon to assess device
recoil using the minimal lumen diameter (MLD) at the lesion site.
Microscopic measurement of recoil was based on the model defor-
mation as the inner and outer stent strut contours could not be
clearly identified under microscopy (estimated approximation of
0.05 mm).

Percentage recoil was defined as: (MLD during balloon infla-
tion — MLD after balloon deflation)/MLD during balloon inflation
*100 (Figure 1).

Table 1. Design characteristics and radial force of a 3.0 mm XIENCE and Absorb BVS.

A XIENCE stent BVS scaffold
. Stent radial force (3.0 mm stent)
Material CoCr (L-605) PLLA o 12—
(=]
Strut thickness, total pm 97 157 3 104
Drug Everolimus Everolimus =
T 08
Polymer coating Fluorinated durable polymer PLLA €
£
Stent to artery ratio (%) 13.3 27 > %67
No. of crowns 6 6 g 04
No. of connectors 3 3 E 02
N
Coating thickness, pm 7.8 3 &
0.0
Resorption (months) NA 18-36 BVS XIENCE
A) Stent design characteristics for XIENCE DES stent and Absorb BVS scaffold (based on 3.0 mm diameter device) (Table 2). B) Conventional iris radial
compression test on 3.0 mm BVS and XIENCE sample shows similar radial strength between the BVS and XIENCE platforms (test performed on
3.0x18 mm BVS and XIENCE sample).

Table 2. Material properties for cobalt-chromium metallic alloy and PLLA hiodegradable polymers.

Material

Density
(g/cmd)

Young'’s modulus
of elasticity (GPa)

Tensile strength
(MPa)

Elongation at
break (%)

Biodegradabhility

Cobalt-chromium (L-605) 9.1 243 >1,000 >50 =
PLLA 1.2-1.4 2.7-4.0% 40-65 6* 18-36
Oriented PLLA 1.2-1.4 2.7-4.0 80-250 >60 18-36

manufacturing process’®.

*Note some of the mechanical properties are only indicative of raw material. Metal and polymer mechanical properties can be modified by
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Figure 1. Representative microscope images of the deployment and difference in post-deployment results between polymer BVS and a metallic

XIENCE stent. Both devices were implanted.in identical compliant silicone lesion models at nominal pressure (NP=7 atm for BVS and 10 atm

Jfor XIENCE) and at 18 atm inflation pressure. Lesion recoil (comparison of stent minimal diameter during and after balloon inflation) is

based on the microscope measurements of the MLD (average of 3 experiments).

The deployed stents/scaffolds were also studied by intralu-
minal optical coherence tomography (OCT) imaging (C7 with
Dragonfly™ OCT catheter; St. Jude Medical, St. Paul, MN,
USA). Reference stent diameter (mean diameter at the proximal
and distal stent edges), reference stent area, minimal lumen area
(MLA: lumen area inside the deployed stent at the frame with
the lowest lumen area) and the minimum lumen diameter (MLD)
were recorded (ILUMIEN™ OCT software; St. Jude Medical).
Eccentricity was calculated as the ratio of the MLD to the max-
imal diameter (long axis) measured at the MLA. In-stent resid-
ual obstruction was calculated as: (reference stent area—MLA)/
reference stent area * 100. Percentage of strut malapposition was
quantified from the OCT pullbacks at the shoulders of the lesion
to assess stent conformation and maximal cross-sectional rate of
malapposed struts (Figure 2, Figure 3).

COMPUTATIONAL FLUID DYNAMICS SIMULATION
Idealised two-dimensional (2D) models were created based on 2D
midsections representative of the average in vitro MLD results

after BVS and metallic stent implantation at nominal pressure.
The 2D models were constructed and meshed using ANSYS
Workbench (ANSYS, Inc., Canonsburg, PA, USA). Meshes were
generated with quadrilateral elements and subsequently imported
to a commercial computational fluid dynamics (CFD) software,
Fluent 15.0 (ANSYS, Inc.), for flow analysis. Blood was assumed
to be an incompressible Newtonian fluid and blood material prop-
erties were defined as density=1,060 kg/m® and dynamic viscos-
ity=0.0035 Pa‘s. Flow was also assumed to be laminar. A fully
developed steady parabolic velocity profile with peak velocity
0.5 m/s (representative of the flow velocity in the human coronary
circulation) was imposed as the inlet boundary condition.

Flow patterns and shear rates were analysed to study relations
between expansion behaviour and flow characteristics in lesion
models implanted with BVS vs. metallic DES.

FINITE ELEMENT ANALYSIS
We used finite element analysis (FEA) to estimate the change in wall
stress after implantation of the BVS and XIENCE at NP and 18 atm.
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Figure 2. MLA after 3.0 mm BVS and metallic stent (XIENCE) implantation. A) MLA at NP and 18 atm pressure (repeat of 3 experiments
each). B) Representative OCT cross-section at the MLA. NP: nominal pressure; 18 atm: expansion at 18 atm with delivery balloon.

A 2D model of the midsection of the artery lesion silicone phan- 1,110 kg/m?; Young’s modulus 1.2 MPa; Poisson’s ratio 0.48)
tom geometry was recreated virtually on computer. The material  in the FEA software. Boundary conditions and a loading condi-
properties for the silicone MED-4735 were imported (density  tion were imposed, where pressure was exerted normally against

A Longitudinal B Proximal Lesion edge Lesion MLA

Figure 3. Model with BVS and metallic stent (XIENCE) implantation at NP and 18 atm pressure. A) Representative longitudinal OCT section.
B) Representative OCT cross-sections in proximal stent reference, lesion edge and lesion MLA.
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the inner wall of the 2D model. The model was then meshed into
CPS6M elements, six-node modified quadratic plane stress trian-
gles, and submitted for FEA. Simulations were carried out using
the commercial FEA software Abaqus 6.13 (Dassault Systémes,
Waltham, MA, USA). Using the method stated above, the load
applied in the FEA model was adjusted to match the MLA from
the in vitro results using an algorithm so that wall stress for par-
ticular MLAs could be compared.

STATISTICAL ANALYSIS

OCT measurements were averaged between experiments. The
results of the experiments are provided as mean with standard
deviation (£SD). Comparisons between measurements were tested
by unpaired t-test and Tukey multiple comparisons test (GraphPad
Prism; GraphPad Software Inc., La Jolla, CA, USA). A p-value
<0.05 was considered as statistically significant.

Results
EXPANSION BEHAVIOUR IN BVS AND METALLIC STENT
OCT measurements before device implantation demonstrated an
MLA of 3.75 mm?. After BVS and metallic DES implantation at
NP, MLA increased to 4.92+0.17 mm? and 5.40+0.13 mm?, respec-
tively (difference XIENCE-BVS=0.48 mm?, p=0.02). The average
MLD was 2.07+0.03 mm in the BVS and 2.33+0.05 mm in the
XIENCE metal stent at NP, respectively, (p=0.002). Stent eccen-
tricity index after deployment at NP was on average 0.71+0.02 in
the BVS group and 0.81+0.02 in the metal stent group (p=0.004).
The reference stent areas measured at NP were similar for
BVS and metal stents (on average 6.71+0.22 mm?* for BVS and
6.78+0.06 mm? for the metal stent). Because of the difference in

MLA, in-stent percentage residual obstruction was 26.7+0.3%
for BVS and 20.4+1.7% in the XIENCE metallic stent at NP
(p=0.003) (Table 3, Figure 2, Figure 4).

PLAQUE RECOIL
Percentage recoil at the stenosis site (comparison of stent MLD
during and after balloon inflation) was 25.44+8.6% for BVS and
18.5+2.4% for metal stents for nominal deployment (p=0.18) and
37.245.6% vs. 23.6+1.6% at 18 atm (p=0.005).

Percentage recoil outside of the lesion was similar in the BVS
and metal stent (4.2+1.3% vs. 6.6+2.0% at NP, p=0.13, and
2.340.5% vs. 3.3+0.8% at 18 atm, p=0.12) (Table 4).

IMPACT OF DEPLOYMENT PRESSURE

An increase in deployment pressure from NP to 18 atm resulted
in a larger MLA in both BVS and metal stents (average MLA
was 5.41 mm? and 6.07 mm?, respectively, A=0.66 mm?, p=0.02),
resulting in a gain of +0.49 mm? for the BVS and +0.67 mm?’
for the metallic stents. In-stent area residual obstruction was
29.8+1.1% in BVS and 15.2+3.6% in metal stents at 18 atm
(p=0.003). In-stent area residual obstruction remained unchanged
in the BVS (from 26.7% to 29.8%), mainly because of the increase
in the scaffold reference area from 6.71+0.22 to 7.70+0.17 mm? at
18 atm. Area residual obstruction relative to the vessel reference
area was 17.4% in BVS and 9.2% in metal stents at NP (p=0.03)
and 9.1% and -2.0% at 18 atm (p=0.04).

The average MLD at 18 atm was 2.23+£0.07 mm in the BVS
and 2.37+0.06 mm in metal stents, respectively (p=0.06), while
the respective gain was 0.58 mm and 0.72 mm compared to the
MLD before stent deployment. Interestingly, the eccentricity of

Table 3. Recoil differences hetween polymer BVS and metallic stent (XIENCE) implanted in identical compliant silicone lesion models.

Ref. stent diameter (mm) 2.92+0.05 2.94+0.01 0.53 3.13+0.03 3.02+0.02 0.006
MLD (mm) 2.07+0.03 2.33+0.05 0.002 2.23+0.07 2.37+0.06 0.06
MLD strut to strut (mm) 1.73+0.05 2.18+0.04 <0.001 1.87+0.04 2.29+0.05 <0.001
Lumen diameter gain (mm) 0.42+0.05 0.68+0.04 0.002 0.58+0.04 0.72+0.05 0.02
% Diameter stenosis ref. vessel 24.7+1.3 15.3+2.4 0.004 19.0+£3.3 13.8+2.9 0.11
Eccentricity index 0.71+0.02 0.81+0.02 0.004 0.73+0.03 0.75+0.02 0.39
Ref. stent area (mm?) 6.71+0.22 6.78+0.06 0.62 7.70+£0.17 7.16+0.09 0.008
MLA (mm?) 4.92+0.17 5.40+0.13 0.02 5.41+0.20 6.07+0.25 0.02
Lumen area gain (mm) 1.57+0.13 2.05+0.17 0.02 2.06+0.25 2.72+0.20 0.02
% In-stent area residual obstruction 26.7+0.3 20.4+1.7 0.003 29.8+1.1 15.2+3.6 0.003
% Area residual stenosis ref. vessel 17.4+3.4 9.2+2.8 0.03 9.1+4.0 —2.0+5.0 0.04
Max. % strut malapposition at the lesion edge 20.9+4.0 29.1+9.3 0.23 6.3+5.6 6.2+5.4 0.98
% Stent to artery ratio (reference) 33.3+2.2 14.8+2.0 <0.001 27.6x1.9 13.0+0.7 <0.001
% Stent to artery ratio (at lesion) 40.9+1.6 19.8+1.6 <0.001 35.3+0.6 17.2+0.3 <0.001
Twelve different experiments were performed in total and each OCT measurement is provided as an average of three samples+SD.

MLA: minimal lumen area; MLD: minimal lumen diameter




BVS vs. XIENCE expansion model

Table 4. Differences between polymer BVS and metallic stent (XIENCE) implanted in identical compliant silicone lesion models.

NP 18 atm
BVS XIENCE p-value BVS XIENCE p-value
% Recoil after balloon deflation (reference) 4.2+1.3 6.6+2.0 0.13 2.3+0.5 3.3+0.8 0.12
% Recoil after balloon deflation (lesion) 25.4+8.6 18.5+2.4 0.18 37.2£5.6 23.6+1.6 0.005

measurement is provided as an average of three samples+SD.

Microscope measurements of recoil (difference during/after balloon inflation). Twelve different experiments were performed in total and each

BVS measured at 18 atm was slightly closer to that of metal stents
(0.73+0.03 compared to 0.75+0.02) (Tahle 3, Figure 2, Figure 4).

STRUT CONFORMATION

The maximal cross-sectional rate of malapposed struts measured
from OCT at the lesion shoulder was 20.9% in BVS and 29.1%
in metal stents at NP (p=0.23). Strut malapposition was observed
only at the proximal and distal shoulder of the lesion after nom-
inal pressure deployment. This was largely corrected after post-
dilation with re-inflation of the balloon to 18 atm. The rate of strut
malapposition at the lesion edge was reduced to 6.3% and 6.2%,
respectively, following inflation of the balloon at 18 atm (p=0.98)
(Table 3, Figure 4).

MLD (mm)

0.5+

=
=)
]

18 at
B XIENCE MBVS am

(]
=
&
=

]

p=0.23

40.0 [ —
35.0

30.0

25.0
20.0

15.0

% strut malapposition at lesion edge

NP 18 atm

B XIENCE MBVS

Maximal strut to wall malapposition distance observed
was similar in both devices: 0.09+0.03 mm in the BVS and
0.11+£0.07 mm in the metal stents at NP, reduced to 0.03+0.03 mm
and 0.04+£0.04 mm at 18 atm.

STENT TO ARTERY RATIO

The parameter was calculated for the devices expanded at the
respective pressures in the reference and lesion segments. At the
reference, the ratio was 33.3+2.2% for BVS and 14.8+2.0% for
XIENCE at nominal pressure and 27.6+1.9% and 13.0+0.7%,
respectively, at 18 atm. At the lesion, the ratio was 40.9+1.6%
for BVS and 19.8+1.6% for XIENCE at nominal pressure and
35.3+0.6% and 17.24+0.3%, respectively, at 18 atm (Tahle 3).
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Figure 4. OCT measurements in the lesion models after 3.0 mm BVS and XIENCE metal stent deployment. A) MLD (miminal lumen
diameter). B) Eccentricity index. C) Percentage strut malapposition at the lesion shoulder. D) Percentage area residual stenosis (relative to
the reference vessel area). Each result is displayed as mean of three experiments and SD. NP: nominal pressure; 18 atm: expansion at 18 atm
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COMPUTATIONAL FLUID DYNAMICS

In both models, the highest shear rate values were confined to the
edges of the strut. Regions of high shear rate were also observed
around the struts, especially in the stenosed region in both models.
The higher shear rates observed in the BVS model in the stenosed
region are the result of the high velocity stream. In addition, both
models exhibited areas of recirculation after the lesion, with the
BVS model exhibiting a greater area of recirculation and negative
flow velocity. This may be attributed to the smaller strut to strut
MLD obtained in the BVS model (Figure 5).

FINITE ELEMENT ANALYSIS

The FEA results show the stress-strain distribution in the lesion
model after the implantation of the two different devices, BVS
and XIENCE. The results showed that the MLA obtained from
the in vitro experiments at both pressures translated into different
stresses within the vessel wall after BVS compared to XIENCE
implantation (Figure 6).

Discussion

SUMMARY

The main insights from this in vitro study are the following:
There were noticeable differences in the expansion behaviour of

BVS and metal stents in this lesion model:

1. The MLA was smaller in BVS compared to that in metal stents
at NP implantation (4.92 and 5.40 mm?, respectively, p=0.02)
and after post-dilation at 18 atm (5.41 and 6.07 mm?, respec-
tively, p=0.02) (Table 3, Figure 2).

2. Stent eccentricity was more marked in the BVS (lower eccen-
tricity index) as compared with the metallic stent group
(Table 3, Figure 4).

3. Although there was no significant difference in recoil between
the BVS and metallic stent at the proximal and distal reference
segment, there was more plaque recoil at the lesion with the
BVS compared to the metallic XIENCE platform, at both NP
and 18 atm pressure.

4. Higher inflation pressure (18 atm) led to an increase in meas-
ured MLA and MLD and improved strut apposition at the lesion
shoulders for both designs (Table 3, Figure 2, Figure 4).
Comparison of the in vitro lesion model results showed that

such models may predict in vivo device behaviour more closely

than conventional approaches.

COMPARISON WITH IN VIVO RESULTS: ACUTE GAIN

The Absorb BVS was the first bioresorbable polymer scaffold
to be evaluated directly against a second-generation metal-
lic drug-eluting stent in a randomised controlled trial (RCT)*.
The ABSORB I trial included 501 patients and initial results
showed comparable results at one year in terms of safety and
efficacy endpoints*. The average nominal size of the devices
used in this trial was 3.02 mm and the average reference ves-
sel diameter 2.60 mm, similar to those in this in vitro experi-
ment. Angiographic results in ABSORB II showed a small but
significant difference in acute gain between devices, despite sim-
ilar lesion characteristics in both groups. Post-procedural MLD
in the BVS group was lower than in the metal XIENCE group,

XIENCE

Shear rate [s*-1]

Figure 5. Computational flow simulations. Flow profiles corresponding to the in vitro results (Figure 3) at nominal pressure after BVS (left

panels) and metallic XIENCE stent (right panels) implantation. A) Velocity magnitude. B) Shear rate. C) Streamline plots and recirculation.
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XIENCE

Figure 6. Wall stress distribution. Contour map of stress distribution in the wall and lesion derived from FEA. Results were calculated to
match the MLA from the lesion model experiments of the BVS and XIENCE stent, at the two different pressures (NP and 18 atm).
The comparison is indicative of the change in stress-strain values in the artery wall after BVS and metallic stent, respectively.

(2.22 mm and 2.50 mm on average, respectively, p<0.001)*. An
earlier pooled patient analysis of the ABSORB cohort B and the
SPIRIT II trial demonstrated a similar smaller post-procedural
in-stent MLD in the BVS group compared to the XIENCE group
(2.27+£0.27 mm vs. 2.44+0.26 mm, p=0.02)>. Other RCT studies
comparing BVS and XIENCE have also recently shown a differ-
ence in acute gain between devices: in ABSORB 111, post-proce-
dural MLD was 2.37 mm in the BVS group and 2.49 mm in the
DES arm (p<0.001)

In our model, the difference in the results observed in terms
of final MLD between the devices was remarkably similar to the
findings of these in vivo studies (MLD: 2.07 mm in the BVS and
2.33 mm in XIENCE at NP and 2.23 mm and 2.37 mm at 18 atm,
respectively) (Table 3, Figure 4).

While post-procedural in-device MLD measured by QCA
was significantly different in several RCTs comparing BVS and
XIENCE, including ABSORB 1I, ABSORB Japan, ABSORB
China and ABSORB III***!! the difference between the two
devices was relatively limited (0.16 mm on average), and results
were not significantly different in the EVERBIO II trial®. One
should note that post-procedural QCA measurements with BVS
are affected by the large strut thickness of the device excluding
contrast from flowing near the true lumen borders, which may
underestimate lumen diameter in the device.

There were similar differences in the intraluminal imaging data
reported in our study (MLA: 4.92 mm? in BVS and 5.40 mm? in
XIENCE stent at NP; A=0.48 mm?, p=0.02) (Table 3, Figure 2)
and in the ABSORB II trial imaging data, where the post-proce-
dure MLA was 4.89+1.38 mm? and 5.73+1.51 mm? for the Absorb
BVS and XIENCE stent, respectively (A=0.84 mm?, p<0.001)*

COMPARISON WITH IN VIVO RESULTS: RECOIL

We used microscopy to evaluate device recoil during and after bal-
loon deflation in vitro. We found no difference in device recoil
between the BVS and XIENCE stent at the proximal and distal
reference segment (4.2% vs. 6.6% at NP, p=0.13, and 2.3% vs.
3.3% at 18 atm, p=0.12) (Table 4). Quantitative coronary angio-
graphy (QCA) assessment of device recoil was comparable'?. In
the ABSORB II trial, device overall recoil measured by angiogra-
phy was 0.19 mm (equivalent to 5.8% for both devices)* .

Plaque recoil (recoil after balloon deflation estimated by micro-
scopy at the stent MLD) was, in our experiment, 25.4% for BVS
and 18.5% for metal stents at NP (A=6.9%) and 37.2% vs. 23.6%
at 18 atm (A=13.6%) (Table 4, Figure 2). Based on the post-pro-
cedure in-stent MLD measured and the expected maximal diam-
eter of the balloon reported in ABSORB 11, acute plaque recoil at
the MLD in vivo was estimated to be 32.5% with the Absorb BVS
and 25.4% in the XIENCE stent (A=7.1%)* .
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COMPARISON WITH IN VIVO RESULTS: ECCENTRICITY AND
CONFORMATION

Here, the eccentricity index was estimated at the MLA site and
was lower in the BVS group than in the XIENCE group at NP
(p=0.004). We only calculated the eccentricity index at the
MLA as there was only a single asymmetric lesion. This differ-
ence was less marked when we post-dilated the two devices at
18 atm (0.73+0.03 for BVS compared to 0.75+0.02 for XIENCE)
(Table 3, Figure 4). In the IVUS analysis of Brugaletta et al, the
BVS had a significantly lower eccentricity index as compared to
the XIENCE V (0.85+0.08 vs. 0.90+0.06; p<0.01)". Importantly,
clinical studies often calculate the eccentricity index as an average
along the length of the device.

In our analysis, the malapposition rate (at the lesion shoulder)
was numerically higher in the metallic platform at NP and we did
not observe any differences between the two platforms at 18 atm.
Recently, Mattesini et al used OCT to assess acute geometrical
differences in the Absorb BVS and the XIENCE DES in com-
plex coronary artery lesions'®. No difference in eccentricity was
observed with aggressive lesion preparation and post-dilatation in
the BVS group using an NC balloon at high pressure.

POLYMER VERSUS METALLIC STENT MECHANICAL
PROPERTIES

There are major differences in design and material response between
metallic stents and BRS”3%. Biodegradable polymer materials have
inherent limitations in their strength and, while manufacturing pro-
cesses can improve mechanical properties, achieving a radial force
comparable to that of a metallic stent is still a challenge and requires
a denser structure with larger strut dimensions (at least 150 um)>”%,
Bench studies have demonstrated that the BVS has comparable total
radial strength and similar recoil to metallic platforms when meas-
ured using standard methods®'¢ (Table 1).

However, differences have been observed in terms of acute
procedural results in the ABSORB 1I trial and other clinical stud-
ies*>* 1113 Radial strength for stents is normally assessed in vitro
using a compressive force applied uniformly around the device.
Such standardised testing methods (see international standards
ISO 25539 and ASTM F2081 for cardiovascular devices) pro-
vide a high level of reproducibility and accuracy which enables
comparison to acceptable performance levels across the industry.
However, they may not fully represent the deformation and stress
occurring in the presence of an eccentric lesion in vivo. The model
here allows comparison of expansion in a setting which represents
more closely a clinical scenario with a device implanted across an

asymmetric lesion.

CLINICAL RELEVANCE AND INSIGHTS FOR GUIDANCE OF
BVS IMPLANTATION

Randomised clinical evaluation of metallic DES vs. biodegradable
Absorb BVS have shown that both devices produce comparable
results at one year in terms of safety and efficacy endpoints*. It
is still premature to assess whether the differences in expansion

behaviour observed in BVS and metallic devices post procedure
may have any long-term clinical impact. Evidence from RCTs sug-
gests that this does not affect clinical outcome significantly, which is
reassuring. The model presented here is representative of a fibrotic
lesion, which would not respond to predilatation. BVS are increas-
ingly used for the treatment of complex coronary lesions, includ-
ing rigid fibrous and calcified plaques'*'”!¥, and results underline
the importance of lesion preparation to achieve an optimal/maxi-
mal expansion of the BVS. Optimal lesion preparation is already
highly recommended in practice to optimise implantation of BVS,
particularly in the presence of calcified/stiff fibrous lesions. Here,
we observed a larger stent to artery ratio with BVS compared with
the metallic stent, reaching >35% of the lumen surface at the MLA
for the BVS (Tahle 3). A recent analysis by Kawamoto et al com-
paring BVS with the CYPHER® Sirolimus-eluting Coronary Stent
(Cordis, Johnson & Johnson, Warren, NJ, USA) (similar strut
thickness, but approximately half the stent-to-artery ratio of BVS)
suggested that a higher footprint may contribute to an increase in
the rates of periprocedural myocardial infarction'.

The importance of post-dilatation to optimise stent expansion
has been evidenced in the metallic stent era, and post-procedural
MLA has been shown to be a predictor of both restenosis and
stent thrombosis?*?. Several reports have recently warned about
the clinical implications of device underexpansion and the risk of
incomplete stent apposition (ISA) in BVS.

Here we observed a significant improvement in MLA, eccen-
tricity and strut apposition after dilation to 18 atm. Furthermore,
by staying within the recommendation of dilatation <0.5 mm
above scaffold size, we did not observe any scaffold discontinui-
ties at 18 atm in the BVS samples. Initially, post-dilatation was
less frequently performed in BVS because of concern over the risk
of strut discontinuity. However, post-dilatation was later shown to
be safe up to 0.5 mm above scaffold size. A recent meta-analysis
of the four recent ABSORB trials in 3,389 randomised patients'!
showed that post-dilatation was actually performed more often in
the BVS group compared with the CoCr EES group (66.2% vs.
55.3%, p<0.0001).

Optimisation of BVS is possibly even more important than it
is in metal stents because of the higher strut thickness which can
affect the local haemodynamics, creating recirculation zones and
flow disturbances that increase the risk for thrombosis®. Post-
dilatation of BVS, within a 0.5 mm limit above scaffold size, is
generally recommended nowadays to maximise expansion, mini-

mise ISA and improve BVS strut embedding'#'62526,

Study limitations
The results from this study must be interpreted with caution as in
vitro experiments in models only provide an approximate repre-
sentation of the real expansion behaviour of the devices in a dis-
eased coronary artery vessel in vivo.

The aim of this study was to present an in vitro model that can
be used as a complement to conventional preclinical bench test-
ing methods such as radial force iris testing in the development



of future stent/scaffold platforms. Our analysis was limited to
the case of a fibrotic elastic lesion and we did not investigate the
effect of further lesion preparation with a cutting balloon or rota-
blator, as these would have damaged the models.

Conclusion

The aim of this study was to present an in vitro model that can be
used as a complement to conventional mechanical testing meth-
ods to evaluate the difference in expansion response in BRS and
metallic stent platforms. Experiment results provide insights to
identify attributes that impact on BRS deployment results. Such in
vitro models may be needed in future developments to understand
the expected mechanical response of future BRS platforms com-

pared to metallic stents in vivo.

Impact on daily practice

Differences in acute expansion can be observed in clinical
studies comparing bioresorbable scaffolds (BRS) directly to
metallic DES platforms. This study aimed to compare experi-
mentally the acute expansion behaviour of a polymer-based
BRS and a second-generation metallic DES platform in a cor-
onary lesion in vitro model. Results provide insights to under-
stand the differences in acute deployment behaviour between
metallic DES and BRS in vivo, particularly in case of a sub-
optimally prepared lesion. Such in vitro experimental results
model the expected mechanical response of the BRS platform
in vivo, and may help us to understand and prevent foresee-
able BRS underexpansion.
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