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Abstract
Aims: The aim of this study was to assess the acute performance of the 95 µm ArterioSorb oriented poly 
L-lactic acid (PLLA) scaffold in comparison with the XIENCE metallic drug-eluting stent (DES) in porcine 
coronary arteries.

Methods and results: In 15 non-atherosclerotic Yucatan mini pigs, the ArterioSorb (3.0/14 mm) and 
XIENCE (3.0/15 mm) were implanted in 25 and 15 vessels, respectively. Acute performance was evaluated 
by using quantitative coronary angiography (QCA) and optical coherence tomography (OCT). Following 
three-dimensional reconstruction of the coronary arteries, endothelial shear stress (ESS) was quantified 
using non-Newtonian steady-flow simulation. Acute recoil measured by QCA was comparable in the two 
arms. Post-procedural flow and scaffold/stent area by OCT did not differ between the two devices. ESS 
post procedure was comparable between ArterioSorb and XIENCE (2.21±1.97 vs 2.25±1.71 Pa, p=0.314).

Conclusions: Acute recoil, luminal dimensions and ESS in the ArterioSorb oriented PLLA scaffold with 
thin struts of 95 µm were comparable to those in the XIENCE metallic DES.
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Abbreviations
BRS bioresorbable scaffold
CFD computational fluid dynamics
DES drug-eluting stent
ESS endothelial shear stress
OCT optical coherence tomography
PDLLA poly (D, L-lactic acid)
PLLA poly L-lactic acid
QCA quantitative coronary angiography
SB side branch
ST scaffold thrombosis

Introduction
Bioresorbable scaffolds (BRS) were developed with the hope that 
they would overcome the long-term complications observed with 
metallic drug-eluting stents (DES) including delayed vessel heal-
ing, hypersensitivity reactions, restenosis, and neoatherosclero-
sis with the risk of repeat intervention and stent thrombosis (ST). 
However, the Absorb™ (Abbott Vascular, Santa Clara, CA, USA), 
the most investigated BRS, was shown to have an increased risk 
of target lesion failure in comparison with a contemporary everoli-
mus-eluting metallic DES (XIENCE; Abbott Vascular)1.

The ArterioSorb™ scaffold (Arterius Ltd, Leeds, United Kingdom) 
was developed as a second-generation BRS using a patented die-
drawing processing technique of poly L-lactic acid (PLLA) that 
results in improved radial strength, allowing reduced strut thick-
ness. This results in a low crossing profile and is likely to reduce 
the occurrence of in-device thrombosis caused by bulky struts dis-
rupting the arterial blood flow (i.e., endothelial shear stress [ESS]).

The aim of this study was in vivo assessment of angiographic 
and optical coherence tomography (OCT) results, and ESS distri-
bution following ArterioSorb PLLA scaffold and XIENCE metal-
lic DES implantation in the coronary arteries of Yucatan mini pigs.

Methods
STUDY DEVICES
The ArterioSorb scaffold comprises an oriented PLLA back-
bone with a strut thickness of 95 μm, coated with a layer of poly 
(D, L-lactic acid) (PDLLA) eluting rapamycin (1.45 μg/mm2) 
(Supplementary Figure 1). The ArterioSorb is manufactured using 
melt processing (extrusion) and die-drawing (solid-phase orienta-
tion) techniques. The strut width of the ArterioSorb is 170 µm.

The control everolimus-eluting durable polymer XIENCE stent 
is a cobalt-chromium alloy device with a strut thickness of 89 μm. 
The strut width of the XIENCE stent is 81.3 µm.

The in vitro study demonstrated that the mechanical properties of 
the ArterioSorb were equivalent to the metallic DES (Supplementary 
Appendix 12, Supplementary Figure 2, Supplementary Figure 3).

STUDY DESIGN
Fifteen non-atherosclerotic Yucatan mini pigs were included. The 
ArterioSorb (3.0 mm diameter × 14 mm length) and the XIENCE 
(3.0 mm diameter × 15 mm length) were used. When possible, 

an ArterioSorb or XIENCE was implanted in the three coronary 
arteries (right coronary artery, left anterior descending artery, and 
left circumflex artery), depending on the suitability of the vessel 
diameter measured by preprocedural angiography and OCT. The 
types of device implanted were balanced among the three coronary 
arteries. A maximum of four devices per animal were implanted. 
Y. Onuma attended the experiments. The protocol was reviewed and 
approved by the Institutional Animal Care and Use Committee of 
the testing facility (AccelLAB Inc., Boisbriand, Quebec, Canada). 
The review ensured compliance with Canadian Council on Animal 
Care regulations. The testing facility is accredited by the Association 
for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC) and the Canadian Council on Animal Care (CCAC).

PROCEDURE DETAILS
A scaffold/stent was deployed in a segment of coronary artery 
free from side branches, whenever possible. Post-dilatation using 
a non-compliant balloon catheter was performed to achieve a tar-
geted balloon-to-artery ratio of 1.1:1 and to ensure good apposition 
and embedment of the scaffold/stent struts under OCT guidance.

DATA ACQUISITION AND QCA/OCT ANALYSIS
The specific details of the data acquisition and quantitative coro-
nary angiography (QCA) and OCT analyses are provided in 
Supplementary Appendix 23-5.

SHEAR STRESS ANALYSIS
The detailed methods of three-dimensional reconstruction of the 
coronary artery and subsequent computational fluid dynamics 
(CFD) analysis are included in Supplementary Appendix 36-13.

STATISTICAL ANALYSIS
The statistical analysis methods are described in Supplementary 
Appendix 413.

Results
PROCEDURAL CHARACTERISTICS
Procedural characteristics are shown in Supplementary Table 1. 
Maximal pressure during device implantation or post-dilatation was 
not statistically different between the ArterioSorb and XIENCE 
devices. Post-dilatation was performed in all scaffolds in the 
ArterioSorb arm, whereas in the XIENCE arm 80% of stents were 
post-dilated (p=0.046).

ACUTE PERFORMANCE
Periprocedural QCA measurements are shown in Supplementary 
Table 2. Device balloon-artery ratio as well as post-dilatation bal-
loon-artery ratio were comparable between the two arms. Post-
procedural mean or minimum lumen diameter was similar in the 
two arms. Figure 1 shows serial changes in mean lumen and bal-
loon diameter during the procedure. Absolute recoil after device 
deployment and the one after post-dilatation were comparable 
between ArterioSorb and XIENCE.



EuroIntervention 2
0

2
0

;16
:e

141-e
14

6

e143

Acute-phase preclinical evaluation of ArterioSorb

Table 1 shows that quantitative OCT results post procedure did 
not differ significantly between ArterioSorb and XIENCE.

SHEAR STRESS COMPARISON BETWEEN ARTERIOSORB 
AND XIENCE
Supplementary Figure 4 shows a study flow chart for the CFD 
analysis. There were 10 scaffolds and five metallic stents excluded 
from the shear stress analysis due to technical reasons (i.e., absence 
of landmarks) in ArterioSorb and XIENCE, respectively. Finally, 
134,856 five-degree sectors in 15 ArterioSorb scaffolds and 
104,328 sectors in 10 XIENCE stents were included in the sta-
tistical analysis. Figure 2 shows cumulative frequency curves of 
ESS in five-degree sectors in cross-sections. ESS post procedure 
was comparable between ArterioSorb and XIENCE (2.21±1.97 vs 
2.25±1.71 Pa, p=0.314). In contrast, relative area exposed to low 
ESS (<1 Pa) was larger in ArterioSorb than in XIENCE, although 
this did not reach statistical significance (Table 2).

STRUT PROTRUSION AND SHEAR STRESS
Mean strut protrusion was higher in ArterioSorb than in XIENCE 
(72.6±10.2 vs 42.6±13.7 µm, difference 29.9 µm [95% con-
fidence interval: 27.1 to 32.8], p<0.001). The relationship 
between strut protrusion and ESS is shown in Figure 3. A signi-
ficant linear relationship was observed between strut protrusion 
and relative area with shear stress <1 Pa (plotted per cross-sec-
tion) in ArterioSorb but not in XIENCE. An exponential curve 
[thick grey line, y=(5.3e-3)*exp(4.2e-2*x) + 0.19, R2=0.130] was 
fitted for the overall population, suggesting that strut protrusion of 
less than 60 µm does not affect shear stress.

Discussion
The main findings of this study are the following. 1) QCA analy-
sis demonstrated similar mean and minimal lumen diameters 
post procedure in ArterioSorb and XIENCE. Recoil profiles in 
ArterioSorb after device implantation and after post-dilatation 
matched those of XIENCE. 2) Post-procedural OCT confirmed 
similar post-procedural luminal and device dimensions in the two 
groups. 3) CFD analysis demonstrated comparative ESS between 
the two devices.

This oriented polylactide polymer rendered the manufacture 
of thinner struts possible without loss of radial force and without 
increase in recoil. Acute recoil analysis by QCA in comparison 
with XIENCE using the same animal indicates that the recoil post 
implantation or post-dilatation is comparable.

Table 1. Results of optical coherence tomography post procedure.

ArterioSorb 
(n=25)

XIENCE 
(n=15)

p-value

Reference lumen area, 
mm2 7.13±1.00 7.17±1.69 0.929

Mean flow area, mm2 7.93±0.85 7.91±0.94 0.953

Minimal flow area, mm2 6.94±0.80 6.75±0.77 0.446

Mean abluminal 
scaffold/stent area, mm2 8.87±0.92 9.01±1.00 0.655

Mean endoluminal 
scaffold/stent area, mm2 8.07±0.88 8.11±0.95 0.880

Minimal abluminal 
scaffold/stent area, mm2 7.83±0.87 7.81±0.81 0.929

Minimal endoluminal 
scaffold/stent area, mm2 7.07±0.83 6.97±0.76 0.712

Data are mean±standard deviation.

Table 2. Relative area exposed to shear stress <1 or >7.

ArterioSorb (n=15) 
median (IQR)

XIENCE (n=10) 
median (IQR)

p-value

ESS <1 Pa 26.5% (23.5, 42.8) 24.3% (17.4, 26.9) 0.080

ESS >7 Pa 3.4% (0.2, 4.3) 1.3% (0.5, 2.9) 0.285

Values are expressed as percent lumen area exposed to low (<1) or high 
ESS (>7)16. ESS: endothelial shear stress; IQR: interquartile range
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Previous studies showed that thick BRS struts result in low ESS 
of the device segment13. Thin struts protrude less in the lumen 
and create fewer low ESS regions that are known to trigger and 
promote neointimal hyperplasia and neoatherosclerosis7,14. In 
the present study, ArterioSorb, with its reduced strut thickness 

of 95 µm, close to that of the XIENCE (89 µm), demonstrated 
comparative ESS to the XIENCE device. While there was a non-
significant increase in the relative area exposed to low ESS (<1 Pa) 
in ArterioSorb as compared to XIENCE in the present analysis, 
a previous in vitro experiment suggested there is no significant 
difference in thrombogenicity between the 95 µm ArterioSorb 
and the XIENCE, whereas thrombogenicity in 150 µm BRS was 
significantly higher than in these two devices15.

Our analysis showed that strut protrusion below a threshold of 
60 µm does not affect shear stress (Figure 3). If the thickness of 
a strut came close to 60 µm, there would be no significant differ-
ences in the shear stress distribution amongst devices.

Following the present study showing comparative mechanical 
performance and CFD results of the ArterioSorb BRS as compared 
to the XIENCE DES, planning of a first-in-man trial is underway.

Study limitations
This is an acute phase study demonstrating the acute performance 
of a novel bioresorbable scaffold. Follow-up evaluation by QCA, 
OCT and histology will unravel the device behaviour over time. 
Further preclinical evaluation will be required to assess mechani-
cal behaviour and resorption profile. The study was performed in 
a non-atherosclerotic porcine model; therefore, the effect of ath-
erosclerosis on the performance of the device cannot be assessed.

ArterioSorb (134,856 sectors in 15 scaffolds) XIENCE (104,328 sectors in 10 stents)

Cumulative frequency per device group

ArterioSorb (134,856 sectors in 15 scaffolds) XIENCE (104,328 sectors in 10 stents)
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Conclusions
Using oriented PLLA, radial strength is considerably increased 
and thin struts of 95 µm are made possible. In a porcine model, 
ArterioSorb scaffolds demonstrated comparable luminal dimen-
sions and shear stress post procedure in comparison with XIENCE 
best-in-class DES.

Impact on daily practice
A thin-strut bioresorbable scaffold with oriented PLLA is 
expected to have better mechanical properties than conventional 
PLLA scaffolds, and equivalent ones to metallic DES. Using ori-
ented PLLA, the radial strength of the 95 µm ArterioSorb BRS 
was considerably increased and equal to the XIENCE DES, 
resulting in comparable QCA and OCT results as well as similar 
endothelial shear stress.
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Supplementary Appendix 1. In vitro radial strength testing 

Radial force of the expanded ArterioSorb scaffolds was assessed using the RX550 (Machine 

Solutions Inc., Flagstaff, AZ, USA) by imposing a circumferentially uniform radial load 

reducing the scaffold diameter by 50%. The ArterioSorb scaffolds were 3.0 or 3.5 x 14 mm 

while a control sample of XIENCE 3.0 x 18 mm was measured in the same way. The 

temperature of RX550 was set to 37±2°C. The radial force and the diameter were recorded 

while decreasing the scaffold diameter. The measured forces were normalised for stent length 

to allow direct comparison. 

 

For each sample group, three scaffolds were tested, except for the XIENCE control, where 

only one sample was available. The radial strength test provided a curve of diameter versus 

force (Supplementary Figure 2). Each curve consisted of a linear increase in constrictive 

force with reduction in diameter, followed by an inflexion point where permanent 

deformation of the scaffold/stent occurred (radial force at inflexion point). Afterwards, the 

force required to compress the scaffold/stent increased until 50% diameter compression was 

reached (maximum radial force). This resulted in a destructive test with sudden collapse of 

the device that was outside of the normal operating range of the scaffolds. The linear region 

of force versus diameter was used to calculate the stiffness until inflexion point, which was 

the radial stiffness until the buckling point. After this, the scaffolds lost stiffness as they were 

not able to resist the compressive forces [2]. 

 

The results of the radial force assessments are shown in Supplementary Figure 3. The 

maximum radial forces of ArterioSorb scaffolds were marginally higher than XIENCE. The 

ArterioSorb scaffolds had significantly higher radial force at inflexion point as well as 

stiffness until inflexion point than the XIENCE.  

 

Supplementary Appendix 2. Angiogram acquisition and QCA analysis 

After administering nitroglycerine, coronary angiography was performed. When there were 

multiple projections at a single time point, the fluoroscopic image with the minimal 

foreshortening was selected. 

 



 

 

Quantitative coronary angiography (QCA) measurements were performed using CAAS 

5.11.2 (Pie Medical Imaging B.V., Maastricht, the Netherlands). The mean and minimal 

lumen diameters were measured before the procedure, after device implantation, and post 

procedure. Additionally, mean and minimal diameters of the inflated balloon at maximum 

pressure were measured during scaffold/stent implantation and during post-dilation. Balloon 

to artery ratios were based on mean balloon and preprocedural lumen diameter. 

 

Acute recoil was evaluated using mean lumen diameter after device implantation or at the 

end of procedure and related to the mean balloon diameter at the previous sequence [3]. 

Global recoil was defined as the difference in lumen diameter between at device implantation 

and at the end of the procedure.  

 

OCT acquisition and analysis 

Optical coherence tomography (OCT) was performed pre- and post-procedure using the 

ILUMIEN™ Optis™ imaging system (Abbott Vascular, Santa Clara, CA, USA). 

Nitroglycerine was delivered to achieve vasodilatation prior to performing the OCT pullback. 

 

The OCT recordings were analysed using QCU-CMS software, version 4.7 (Medis, Leiden, 

the Netherlands). Taking into account the difference in the optical properties of polylactide 

and CoCr, OCT analysis was performed using comparative methods previously described by 

our core lab [4]. Strut protrusion and embedment were quantified using a validated method 

[5]. Quantitative assessment of OCT was performed at 1 mm intervals. 

 

Both QCA and OCT analyses were performed by an independent core laboratory (Cardialysis 

BV, Rotterdam, the Netherlands). 

 

Supplementary Appendix 3. Shear stress analysis 

Three-dimensional reconstruction of the coronary artery  

Three-dimensional (3D) model reconstruction of the coronary artery was based on a 3D 

centreline derived from 3D QCA of the vessel implanted with the device and co-registration 

of the flow area contour of OCT onto the 3D centreline [6].  

 

Three-dimensional QCA was performed using QAngioXA 3D, version 1.3 (Medis, Leiden, 

the Netherlands). Two post-procedural end-diastolic angiographic images with at least 25º-



 

 

angle difference with minimal foreshortening were selected and analysed. The luminal 

centreline derived from 3D QCA was extracted. 

 

OCT images were analysed throughout the entire pullback. Flow area segmentation was 

performed at 100 µm intervals in the device segment and 400 µm intervals in the native 

vessel segments [7]. The flow area was traced and defined in the native segments by the 

luminal border and in the device segments by the endoluminal side of the struts and by the 

vessel luminal surface borders between the struts.  

 

The borders of flow area identified on OCT images were placed perpendicularly onto the 3D 

centreline using anatomical landmarks (i.e., side branches) and the radiopaque markers or 

stent edges identified both on angiography and OCT (3D IVUS/OCT registration; Medis, 

Leiden, the Netherlands) [6]. OCT cross-sections were placed as long as possible, in order to 

adjust for the effect of proximal swirling flow induced by vessel curvature [8] as much as 

possible.  

 

The proximal side branch (SB) (>1.0 mm in diameter) closest to the device was modelled in 

3D QCA and included in the 3D model, regardless of the distance from the proximal edge of 

the device to the SB in order to account for the effect of flow division and the effect of any 

flow disturbance caused by the carina zone of the SB. SB (>1.0 mm in diameter) within the 

device segment was also included in the model. 

 

Computational fluid dynamics analysis 

The reconstructed 3D coronary artery models were meshed with small tetrahedral cells for 

computational fluid dynamics (CFD), using ANSYS ICEM CFD 17.1 (ANSYS, Inc., 

Canonsburg, PA, USA). Three prism layers at the wall were added. In order to incorporate its 

shear-thinning behaviour, blood was modelled as a non-Newtonian fluid by applying the 

Quemada equation [9]. The Quemada equation depends on both shear rate and haematocrit 

(Hct) 

𝜇 = (√𝜇∞ +
√𝜏0

√𝜆 + √�̇�
)  ² 

and its coefficients were assumed as 45% Hct and a constant blood density of 1,060 kg·m-3
, 

𝜏0=7.16×10-3 Pa, μ∞= 4.204×10-3 Pa·s, and  𝜆=4.367×10-3 s-1 [10]. The vessel wall was 



 

 

modelled as rigid and a no-slip condition was imposed at the wall. For the outflow conditions 

in the main vessel and side branches, flow rates were estimated based on the vessel 

diameters, following the relationship derived from in vivo observations (scaling approach) 

[11]. Coronary blood flow at the inlet was estimated by frame count and travel distance of the 

contrast agent in the X-ray angiogram [12]. A finite volume solver was used to perform 

steady-state blood flow simulations using standard numerical techniques (ANSYS Fluent 

v17.1; ANSYS, Inc. Canonsburg, PA, USA).  

 

In post-processing of the CFD result, the ESS was extracted at the location of each OCT 

frame along the lumen centreline using an in-house program in MATLAB (MathWorks, 

Natick, MA, USA). ESS in each five-degree sector along the circumference at every OCT 

frame was measured for statistical analysis [13]. 

 

Supplementary Appendix 4. Statistical analysis 

Binary variables were presented as counts and percentages and compared using Pearson’s 

chi-squared test or Fisher’s exact test, as appropriate. Continuous variables were presented as 

mean and standard deviation or median with interquartile range (IQR) and compared using 

the Student’s t-test or Mann-Whitney U test, as appropriate. ESS in five-degree sectors in 

cross-section were compared between devices using a linear mixed model to take into 

account the clustering nature of the sectors within cross-section within device. The 

relationship between strut protrusion and ESS was explored using linear regression and 

Pearson’s correlation coefficient [13]. A p-value <0.05 was considered statistically 

significant. All statistical analyses were performed using SPSS, Version 24.0.0.2 (IBM Corp., 

Armonk, NY, USA).  

  



 

 

 

 

 

Supplementary Figure 1. ArterioSorb scaffold utilising oriented PLLA technology. 

Semi-crystalline polymer is processed and drawn into a highly oriented form (A). The heated 

die helps polymer to become plastic and stretched and the mandrel forces the polymeric tubes 

for extrusion. At the end of extrusion, semi-crystalline polymer is created by stretching 

and/or drawing the fibres. Oriented PLLA provides much higher tensile strength compared to 

the extruded PLLA (B). The design of the spiral connectors provides high radial strength and 

appropriate flexibility for ease of implantation (C). The finite element method provides 

mechanical analysis of the stent/scaffolds; the contour maps of von Mises stress in the 

ArterioSorb demonstrated not so severe stress concentrations at the peaks of the strut rings 

which potentially denotes lower risk of fracture during deployment (D).



 

 

 

 

Supplementary Figure 2. Radial strength test providing a “diameter vs force” curve. 

A) The equipment used for radial force testing (RX550; Machine Solutions Inc., Flagstaff, AZ, USA).  

B) Diameter vs radial force curves of the ArterioSorb (left) and the XIENCE (right). A curve consisted of a linear increase in constrictive force 

with reduction in diameter, followed by an inflexion point where permanent deformation of the scaffold/stent occurred (radial force at inflexion 

point). Afterwards, the force required to compress the scaffold/stent increased until 50% diameter compression was reached (maximum radial 

force). The linear region of force versus diameter was used to calculate the stiffness until inflexion point, which was the radial stiffness until the 

buckling point. 

  



 

 

 

 

 

 

Supplementary Figure 3. Radial strength testing of the ArterioSorb. 

Left panel: maximum radial force; middle panel: radial force at inflexion point; right panel: stiffness until inflexion point. P-values are against 

the XIENCE. 

 



 

 

 

 

Supplementary Figure 4. Flow chart showing feasibility of shear stress analysis. 

CFD: computational fluid dynamics  

 



 

 

Supplementary Table 1. Procedural characteristics in preclinical porcine study. 

 ArterioSorb XIENCE 
p-value 

  (n=25) (n=15) 

Vessel   0.159 

  Right coronary artery 15 (60.0) 6 (40.0)  

  Left anterior descending artery 6 (24.0) 8 (53.3)  

  Left circumflex artery 4 (16.0) 1 (6.7)  

Nominal diameter of device, mm 3.0 3.0 NA 

Nominal length of device, mm 14 15 NA 

Maximal pressure during device implantation, atm 14.04±3.01 12.40±3.74 0.136 

Post-dilatation performed 25 (100.0) 12 (80.0) 0.046 

Nominal diameter of post-dilatation balloon, mm 3.16±0.12 3.10±0.13 0.210 

Maximal pressure during post-dilatation, atm 19.24±4.80 18.42±4.56 0.623 

 

Data are count (percentage) or mean±standard deviation.  



 

 

Supplementary Table 2. Results of quantitative coronary angiography. 

 ArterioSorb XIENCE 
p-value 

  (n=25) (n=15) 

Pre-procedure    

Mean lumen diameter, mm 2.79±0.28 2.72±0.30 0.450 

Minimum lumen diameter, mm 2.55±0.31 2.49±0.28 0.507 

Device balloon    

Mean diameter, mm 3.01±0.27 3.02±0.19 0.932 

Minimum lumen diameter, mm 2.83±0.28 2.81±0.23 0.824 

Device balloon-artery ratio 1.09±0.11 1.12±0.11 0.335 

Immediately after device deployment    

Mean lumen diameter, mm 2.87±0.30 2.94±0.17 0.458 

Minimum lumen diameter, mm 2.59±0.31 2.65±0.25 0.551 

Absolute recoil after device deployment, mm 0.14±0.22 0.09±0.15 0.388 

Relative recoil after device deployment, % 4.69±7.38 2.70±4.52 0.367 

Post-dilatation balloon (segment in device)    

Mean diameter, mm 3.07±0.20 3.10±0.14 0.689 

Minimum lumen diameter, mm 2.92±0.23 2.94±0.14 0.766 

Post-dilatation balloon-artery ratio 1.11±0.09 1.14±0.10 0.385 

Post-procedure    

Mean lumen diameter, mm 2.98±0.19 3.01±0.16 0.564 

Minimum lumen diameter, mm 2.79±0.21 2.76±0.18 0.634 

Absolute recoil from post-dilatation to post-procedure, 

mm 
0.09±0.17 0.10±0.16 0.931 

Relative recoil from post-dilatation to post-procedure, 

% 
2.81±5.52 3.03±5.21 0.907 

Global recoil from device implantation to post-procedure (only device with post-

dilatation) 

Absolute global recoil, mm 0.03±0.27 -0.01±0.18 0.636 

Relative global recoil, % 0.55±8.27 -0.46±5.64 0.705 

 

Data are mean±standard deviation. 

 




