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Background: Fenestrated and branched EVAR since 2 decades
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Background: Fenestrated and branched EVAR since 2 decades

FEVAR

The ideal bridging stentgraft in FEVAR:

- High radial force
- High shear strength
- Flareable
- Some flexibility in the

distal part

4

St. Franziskus Hospital Münster
Hohenzollernring 70

48145 Münster

Clinic for Vascular Surgery and Phlebology
Institute for Vascular Research
Director: PD Dr. M. J. Austermann

Background: Fenestrated and branched EVAR since 2 decades

The ideal bridging stentgraft in BEVAR:

- High radial force in the proximal part.
- High flexibility in the distal part.
- Kinkresistance.
- Flareable in the proximal part
- Long enough, about 8 cm
- Compression recovery

BEVAR
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Background: Ballon expandable covered stents (BECS)

6



11/20/25

2

20.11.25 martin.austermann@sfh-muenster.de 7

GORE® VIABAHN® Endoprothesis
with bioaktive PROPATEN surface
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Features:
Selfexpandable
Flexibility
Conformability
Compression recovery

Background: Self expandable covered stents (SECS)
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Which BSG works best in FEVAR and BEVAR?
Advanta V12/i cast
GetingeTM

Covera
BDTM

VBX and Viabahn
W.L.GoreTM

Beflared and BeGraft plus
BentleyTM
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Bench test in a flat FEVAR model

 
 

A.Frank, M.Sc. 
M.Müller, M.Sc. 25.05.2018 3 

 

General experimental/machine setup: 

Mounting and fixation of stents  

 
Sheet mounted at 90° (left/peripheric side) 

 
 

1. Fabric 2. Stent struts 3. Pull out force 4. Shear strength
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FEVAR - Fatigue-Test:
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Benchtest:

Add fenestration restrictions to 
reduce wobbling movement of 
sheets (mimic in-vivo situation)

100 million cycles
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Results:

VBX

BeGraft
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Initial changes (IC) Initial rust (IR) 

Advanta/i Cast

Advanta/i Cast

PTFE-Perforation 
(point of break PB)

BeGraft

Advanta/i Cast

FEVAR - Fatigue-Test:Benchtest:
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Results:

VBX 1-6 1-7 1-8 1-9 1-10
Freedom from MW STABW
IC (initial PTFE changes) 1.000.000 2.000.000 5.000.000 4.000.000 5.000.000 3.000.000 1.816.590
IR (inital rust) 30.000.000 40.000.000 100.000.000 100.000.000 100.000.000 67.500.000 35.777.088
PB (point of break) 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 0

Adavanta 2-6 2-7 2-8 2-9 2-10
Freedom from PTFE penetration PTFE penetration MW STABW
IC (initial PTFE changes) 2.000.000 1.000.000 1.000.000 8.000.000 2.000.000 2.000.000 1.000.000 2.800.000 2.949.576
IR (inital rust) 50.000.000 5.000.000 100.000.000 25.000.000 15.000.000 39.000.000 37.980.258
PB (point of break) 100.000.000 6.000.000 100.000.000 5.000.000 100.000.000 62.200.000 51.760.989

BeGraft plus 1-1 1-2 1-3 1-4 1-5
Freedom from MW STABW
IC (initial PTFE changes) 3.000.000 6.000.000 5.000.000 8.000.000 7.000.000 5.500.000 1.923.538
IR (inital rust) 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 0
PB (point of break) 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 0

BeGraft 2-1 2-2 2-3 2-4 2-5
Freedom from MW STABW
IC (initial PTFE changes) 3.000.000 3.000.000 2.000.000 6.000.000 4.000.000 3.500.000 1.516.575
IR (inital rust) 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 100.000.000 0
PB (point of break) 6.000.000 8.000.000 7.000.000 8.000.000 8.000.000 7.250.000 894.427

St. Franziskus Hospital Münster
Hohenzollernring 70

48145 Münster

Clinic for Vascular Surgery and Phlebology
Institute for Vascular Research
Director: PD Dr. M. J. Austermann

FEVAR - Fatigue-Test: Simulation of about 13 years of breathingBenchtest:
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VBX: EXPAND Registry – 3-year outcomes

13

Target vessel technical successa,b

bEVAR 100%

fEVAR 100%

Primary patencya,b,c

bEVAR 93.6%

fEVAR 94.7%

Freedom from target vessel 
instabilitya,b,c

bEVAR 94.5%

fEVAR 94.9%

a. W. L. Gore & Associates. Post-Market Registry of the GORE® VIABAHN® VBX Balloon ExpandableEndoprosthesis Implanted in Peripheral Vessels (EXPAND). VBX 17-04. Published 
December 18, 2018. Updated February 16, 2024. Accessed July 31, 2025. https://clinicaltrials.gov/study/NCT03720704

b. W. L. Gore & Associates. Real-World Data Collection of the GORE® VIABAHN® VBX Balloon Expandable Endoprosthesis When Used as a Bridging Stent with Branched and Fenestrated 
Endografts in theTreatment of Aortic Aneurysms Involving the Renal-Mesenteric Arteries (EMBRACE). VBX 21-04. PublishedMarch 23, 2022. Updated January 1, 2025. Accessed July 31, 
2025. https://clinicaltrials.gov/study/NCT05143138

c. Usai MV, Gargiulo M, Haulon S, et al. A three-year experience with the balloon expandable GORE VIABAHN VBX in the treatment of thoraco-abdominal aortic aneurysms within the 
EXPAND trial. Journal of Vascular Surgery 2025;81(2):319–323.
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Evidence:
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BEVAR:

„Achilles Heel Renal arteriy Branches“
N= 449pt
BEVAR pt =235 (5 centers-)
FEVAR pt =214 (1 center-Lille)

BEVAR FEVAR
Renal occlusions 9,6% vs 2,3% 
p=0,01
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Total 
Enrollment

Visceral 
Perfusion 

BEVAR
Number of Subjects 
Enrolled

274 141 73

Gender 73

Male 200(73.0%) 115(81.6%) 57(78.1%)

Female 74(27.0%) 26(18.4%) 16(21.9%)

Age (years) 274 141 73

Mean (SD) 71(9.5) 73(7.4) 73(8.1)

Median 72 75 75

Min-Max 22-89 42-89 42-89

BEVAR and VBXTM: EXPAND Registry (3 Y  data): 

KM  estim ates BEVAR Celiac SM A
Renal 

arteries
Prim ary Patency
3 yr. 94,2% 97,0% 93,9% 93,1%

Secondary Patency
3 yr. 97.5% 100% 100% 95.2%
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1. Era: Advanta/i-cast + SES  
2010 - 2014

Renal artery–BSG in BEVAR 2010 -2022: 255 pt, 414 target vessels

N=118 target vessels

2. Era: Advanta/i-cast + 
Viabahn selfexpandable

2015 – 2017

N=142 target vessels

3. Era: VBX
2017–today

N=154 target vessels
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Learning curve VBX as BSG: Münster Experience (2017-2019)
CUMULATIVE freedom BSG instability

Significant correlation between 
early procedural experience 
with VBX and target vessel 

instability between the first and 
second half of the patient 

population

No type Ic in 
the last 70 

cases!

SUMMARY
• Learning curve – reduction of BSG complications and reinterventions

– 6 Type Ic EL 1st 42pts ------ 0 in last 70
– Careful estimation of length, diameter and oversizing

• 112 pts – 355 target vessels with VBX

• Mean FU 18m
– 30d mortality: 4.5% (n=5)

BSG 
instability
13

Ic EL – 6 (1.7%)

TV Stenosis – 2 (0.6%)

TV occlusion – 5 (1.4%)

Endpoints

Branch related technical success 100%

Freedom from target vessel instability 96.3%
JET April 2021
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Learning curve VBX as BSG: Münster Experience (2017-2019)
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Renal artery–BSG in BEVAR 2010 -2022: 255 pt, 414 target vessels
Three Year Data on the Performance of Three Renal Artery Bridging Stent
Grafts in Branched Endovascular Repair of Thoraco-Abdominal Pathologies

Rebecca Kolet a, Marco Virgilio Usai a, Yousef Shehada a, Bärbel Berekhoven a, Veronika Weyer-Elberich b, Martin Austermann a,*

a Clinic for Vascular Surgery and Phlebology, St Franziskus Hospital, Münster, Germany
b Institut für Biometrie und klinische Forschung, University of Münster, Münster, Germany

WHAT THIS PAPER ADDS
This study shows that the combination of Advanta and self expanding Viabahn fulfils the requirements for
adequate patency in the renal arteries, even more than Advanta alone. This has prompted the authors to set a
more liberal indication to additionally seal a proximal balloon expandable stent distally with a self expanding
stent graft in the renal arteries during branched endovascular aneurysm repair due to its clinical performance. In
addition, the results have shown that the Viabahn balloon expandable stent is as safe as the Advanta alone
regarding patency, target vessel instability, re-intervention, and clinical outcome including kidney function,
dialysis, and death.

Objective: Previous studies have shown that branched endovascular aneurysm repair (B-EVAR) carries a
significant risk of adverse renal events. The purpose of this study was to evaluate the performance of the
balloon expandable covered stentgraft (BECS) Advanta/iCast V12, the Viabahn balloon expandable stent (VBX),
and the BECS Advanta stent combined with a distally deployed self expanding covered stentgraft (SECS)
Viabahn (VSX) as bridging stent grafts (BSGs) in renal arteries.
Methods: A retrospective analysis of prospectively collected data was conducted at a single centre. Patients
undergoing B-EVAR who had at least one Advanta, Advanta þ VSX, or VBX as renal artery BSGs were
included. Endpoints were patency, endoleaks, target vessel instability (TVI), re-interventions, as well as clinical
outcomes including kidney function, new dialysis needs, and death. Data were analysed using KaplaneMeier
estimates and multivariable Cox regression.
Results: The study included 255 patients with 431 renal artery BSGs treated by complex aortic repair between
2010 and 2019. Advanta was used predominantly in 2010 e 2014, Advanta þ VSX in 2015 e 2017, and VBX in
2018 e 2019. Overall, 125 Advanta, 146 Advanta þ VSX, and 160 VBX stents were implanted. The median follow
up was 19.3 months. At three years, estimated primary patencies were 82.7 " 4.6% for renal arteries treated
with Advanta, 96.8 " 1.8% for Advanta þ VSX, and 89.0 " 3.2% for VBX. Estimated freedom from TVI at
three years was 82.4 " 4.7% for renal arteries treated with Advanta, 94.1 " 2.4% for Advanta þ VSX, and
85.4 " 3.5% for VBX. Freedom from re-intervention estimations at three years were 86.3 " 3.4% in the
Advanta cohort, 95.1 " 2.0% in the Advanta þ VSX cohort, and 91.6 " 2.4% in the VBX cohort.
Conclusion: The combination of BECS and SECS seems to be superior in terms of primary patency compared with
BECS alone.

Keywords: Balloon expandable stents, B-EVAR, Bridging stents, Renal arteries, Self expandable stents
Article history: Received 12 July 2024, Accepted 18 February 2025, Available online XXX
! 2025 European Society for Vascular Surgery. Published by Elsevier B.V. All rights are reserved, including those for text and data mining, AI training,
and similar technologies.

INTRODUCTION

Thoraco-abdominal aortic pathologies such as aneurysms or
dissections are life threatening conditions, the treatment of
which imposes a continuous challenge to vascular surgeons
owing to potential complications.1 Studies show that

branched endovascular aneurysm repair (B-EVAR) is safe and
effective with regard to peri-operative mortality and short
term morbidity.2 Connecting target vessels and branches of
the main aortic graft is possible with both self expanding and
balloon expandable bridging stent grafts (BSGs).3

* Corresponding author. St Franziskus Hospital Münster, Hohenzollernring 70, 48145 Münster, Germany.
E-mail address: martin.austermann@sfh-muenster.de (Martin Austermann).
1078-5884/! 2025 European Society for Vascular Surgery. Published by Elsevier B.V. All rights are reserved, including those for text and data mining, AI training,

and similar technologies.
https://doi.org/10.1016/j.ejvs.2025.02.034
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deviation if distributed normally; otherwise, they are pre-
sented as the median and interquartile range (IQR). To
compare continuous variables between the three study
groups, analysis of variance (ANOVA) tests were applied for
normally distributed continuous variables and Kruskale
Wallis tests for ordinate or non-normally distributed
continuous variables. Categorial variables were expressed as
frequency and percentage. To compare these variables be-
tween the study groups, a c2 test was used. KaplaneMeier
curves were used to estimate the survival functions and to
show the time to event for each study group. Time to event
intervals for the study groups were compared with the log
rank test. To test for differences between the groups, the
significance (log rank test) as well as the position and shape
of the KaplaneMeier curves were used to interpret these
differences. A subanalysis to determine whether there were
differences in primary patency and TVI across the sexes was
performed. A multivariable Cox proportional hazards model
was used to evaluate independent predictors of primary
patency and TVI after prior selection of important indepen-
dent variables based on clinical relevance derived from the
literature.9,17e22

Variables regarding primary and secondary patency as
well as type Ic endoleak, TVI, and re-interventions were
analysed per target vessel. Variables describing the patients’
clinical outcome were analysed per patient.

The primary hypothesis was tested to a statistical signif-
icance level of 5%, meaning that if the p value of the pri-
mary hypothesis was < .05, then it was considered
statistically significant.

All secondary hypotheses were tested exploratively. Here,
no significance level was set, but p < .05 was considered to
be statistically significant.

RESULTS

This study included 255 patients (mean age 71 ! 7 years;
27% female) treated by complex aortic repair under general
anaesthesia using a branched endovascular approach. An
American Society of Anesthesiologists (ASA) score of III was
recorded for 35 patients and an ASA score of IV for 220 pa-
tients. The main body devices comprised 110 (43.1%) off the
shelf branched and 145 (56.9%) custom made branched.
Seven patients with t-Branch needed emergency treatment
due to (impending) aneurysm rupture. In total, 431 BSGs
were implanted in renal arteries: 125 Advanta, 146
Advanta þ VSX, and 160 VBX. The decision on which BSG to
use depended primarily on the year in which the patients
were operated on: in 2010 e 2014 Advanta, in 2015 e 2017
Advantaþ VSX, and in 2018e 2019 VBXwere predominantly
implanted. The yearly distribution is shown in Figure 1.

The patient population was divided into three cohorts:
Advanta only (n ¼ 63), Advanta þ VSX (n ¼ 77), and VBX
only (n ¼ 89). Patients who were treated with different BSG
combinations in their right and left renal artery could not
been assigned to one study group. Subsequently, they were
excluded from analysis per patient (e.g., kidney function,
dialysis, and death) due to small patient populations
(n ¼ 26) and increased variables.

Demographics and cardiovascular risk factors were
similar across all three cohorts (Table 1).

Using pairwise comparison, analysis of the cohorts iden-
tified that pre-operative anatomical characteristics did not
differ significantly regarding renal artery angulation (Table 2).
However, patients with the VBX stent were significantly older
than patients with Advanta þ VSX (p ¼ .015).

The median follow up was 19.3 months (2.4, 36.2) for
clinical and radiological examinations. The median follow up
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Figure 1. Yearly distribution of branched endovascular aneurysm repairs performed between 2010 and 2019
according to different stent type. VBX ¼ Viabahn balloon expandable endoprothesis.
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relevant difference regarding type Ic endoleak in the left
renal artery (p ¼ .035): four type Ic endoleaks occurred in
the left renal artery when VBX was used and none when
Advanta alone or in combination with VSX was implanted.

No type III endoleaks or stent fractures occurred during
the observation period.

Target vessel instability

Estimated freedom from TVI at three years was 82.4 " 4.7%
for renal arteries treated with Advanta, 94.1 " 2.4% for
Advanta þ VSX, and 85.4 " 3.5% for VBX. The KaplaneMeier
curves (p ¼ .050) (Fig. 4) showed that Advanta þ VSX
(p ¼ .034) and VBX (p ¼ .75) were not inferior to Advanta
regarding TVI overall. Furthermore, Advantaþ VSX performed
relevantly better than Advanta (p¼ .034) and VBX (p¼ .030).
A subanalysis showed this especially being the case in female
patients (p ¼ .019) (Supplementary Figs. S4 and S5).

Independent predictors of TVI analysedwith amultivariable
Cox proportional hazards model are presented in Table 3.

Re-intervention

Estimated freedom from re-intervention at three years was
86.3 " 3.4% in the Advanta cohort, 95.1 " 2.0% in the
Advanta þ VSX cohort, and 91.6 " 2.4% in the VBX cohort.
Freedom from re-intervention was relevantly longer when
Advanta þ VSX was used compared with Advanta alone
(p ¼ .025). Furthermore, VBX was not inferior to Advanta
(p ¼ .33) or Advanta þ VSX (p ¼ .19) regarding the need for
re-interventions (Fig. 5).

Clinical outcome

The following endpoints were analysed per patient (Table 4).
The three patient cohorts did not differ relevantly regarding

Table 3. Predictors by multivariable Cox proportional
hazards model for primary patency and target vessel
instability of renal arteries.

HR (95% CI) p value

Primary patency
Advanta þ VSX* 0.182 (0.050e0.665) .010
VBX* 0.674 (0.268e1.692) .40
RA diameter 0.962 (0.775e1.194) .12
RA angle 0.999 (0.981e1.017) .92
Duration of procedure 0.994 (0.986e1.002) .15
Age 0.974 (0.922e1.02) .34
Sex 0.625 (0.245e1.59) .32

Target vessel instability
Advanta þ VSX* 0.297 (0.103e0.856) .025
VBX* 1.109 (0.489e2.515) .80
RA diameter 1.074 (0.914e1.262) .39
RA angle 0.997 (0.981e1.013) .72
Duration of procedure 0.996 (0.990e1.003) .29
Age 0.967 (0.921e1.014) .17
Sex 0.806 (0.370e1.756) .59

HR¼ hazard ratio; CI ¼ confidence interval; RA ¼ renal artery; VSX ¼
Viabahn endoprothesis with heparin bioactive surface.
* Advanta as reference category.
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Figure 3. Cumulative KaplaneMeier estimate of freedom from type
Ic endoleak of the bridging stent grafts used for branched endo-
vascular aneurysm repair (B-EVAR) of the renal artery in the three
study groups over 36 months including log rank test (p ¼ .17).
VSX ¼ Viabahn endoprothesis with heparin bioactive surface.
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Figure 2. Cumulative KaplaneMeier estimate of primary patency
of the bridging stent grafts used for branched endovascular
aneurysm repair (B-EVAR) of the renal artery in the three study
groups over 36 months including log rank test (p ¼ .030). VBX ¼
Viabahn balloon expandable endoprothesis; VSX ¼ Viabahn
endoprothesis with heparin bioactive surface.
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Bridging Stentgrafts in renal arteries in BEVAR – Münster Experiences (n = 255pt)
Renal artery – BSG in BEVAR – Est. Primary Patency at 3 Years

Month after procedure

Advanta/ i cast 82,7%

Advanta/Viabahn 96,8%

VBX 89,0%

Mean FU 22 month

P=0,06

P=0,01
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Bridging Stentgrafts in renal arteries in BEVAR – Münster Experiences (n = 255pt)
Renal artery – BSG in BEVAR – Freedom from Reintervention at 3 Years

Month after procedure

Advanta/ i cast 86,3%

Advanta/Viabahn 95,1%

VBX 91,6%

Mean FU 22 month

P=0,06

Ns P=0,15
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Key takeaways:
Choosing the right stent for each situation with the spechial needed features is crucial.

Key is to avoid stress to the material and to the anatomie.

BeGraft plus and VBX were the most durable BSG in our FEVAR model.

VBX is the most flexible BSG.

BeGraft plus delivers the highest radial force and kinkresistance. 

The selfexpandable Viabahn as an extension of a BECS shows the best
performance in renal arteries in BEVAR

Cave: Learning curve to avoid type 1c EL and edge stenoses.
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