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Flaring: Alining and Keeping the
fenestration in front of the target-vessel. 
Stable connection Fenestration and BSG.
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FEVAR since 1999
Bridging stentgrafts
(BSG) are required
for the incorporated 
target-vessels.

Over many years we had no dedicated/
approved BSG on the market. 

Background:

FEVAR

Bench test of different BSG in a flat FEVAR model
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Stat ist ical Analysis

Due to the relatively small sample size, the

data were assumed to be non-normally

distributed; consequently, summary statist ics

are presented as the median and the inter-

quartile range in parentheses. Analysis of

variance was used to investigate possible

differences between all 3 stents; the Mann-

Whitney test was used post-hoc to investigate

differences between pairs of stents. Statistical

analyses were perform ed using SPSS soft-

ware (version 15; SPSS, Chicago, IL, USA).

RESULTS

The median force required to cause a 50%

reduction in cross-sectional area of identical

bilateral ‘‘renal artery’’ stents securing fenes-

trations (Table) was 25.1 N (8.1) for a Jostent,

9.3 N (0.9) for an Advanta V12 stent, and 7.5 N

(0.7) for a Palmaz Genesis stent. The force

required to crush the stents increased linearly

(Fig. 3). There was a significant difference in

the force required to crush each type of stent

(p, 0.01).

DISCUSSION

Over a thousand fenestrated endografts have

been implanted worldwide, so feasibility of

this endografting method is no longer an

issue. However, very few centers have accu-

mulated great experience with this technique,

and informat ion about outcomes, particularly

in the longer term, remain very limited.1–7

There are legitimate concerns, therefore,

about the durability of the procedure and

particularly about the fate of the target

vessels.

Figure 3¤ Plot of median force against displace-

ment. The vertical lines indicate the absolute range

of force.

Figure 2¤ Calculation of area stenosis based on

the area of overlap of 2 identical circles. The area of

interest is the shaded area of overlap seen on the

left. If we consider the shaded area in the circle on

the right (which is half the area in the left diagram),

the area of overlap can be determined as: 2 3 [area

of sector OBPA – area of triangle OAB]. For a given

displacement d of the endograft with radius of

fenestration r, OM 5 d/2 and h ~ cos{ 1 OM

r
. The

sector angle BOA 5 2h, the area of sector OAPB 5

2hpr2/360, and the area of the triangle OAB 5 K AB

3 OM 5 r 3 OM(sinh). Hence, % Stenosis 5 [12

(area of overlap/area of circle)] 3 100%.

¤ ¤
Table

Force Required to Cause Stenosis of Identical Bilateral ‘‘Renal Artery’’ Stents in the Model of a

Fenestrated Endograft

25% Stenosis, N 50% Stenosis, N 75% Stenosis, N

Jostent 16.2 (3.1) 25.1 (8.1) 34.6 (4.4)

Advanta V12 6.5 (1.9) 9.3 (0.9) 13.2 (1.6)

Palmaz Genesis 5.3 (1.3) 7.5 (0.7) 10.0 (1.0)

¤ ¤
Data are given as the median (interquartile range).

P, 0.01 between stents for each category of percent area stenosis.

346 STENTS FOR ENDOGRAFT FENESTRATIONS
Scurr et al.

J ENDOVASC THER
2008;15:344–348

GenesisTM JostentTM
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Critical issues of BSG after FEVAR:

Disconnection Crushing

Shearing Shearing

Bench test of different BSG in a flat FEVAR model
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Our FEVAR-model:

Flat fenestated graft model
(polyester) with 10 reinforced
fenestrations. (COOKTM)

5 x with 6mm-fenestartions.
5 x with 8mm-fenestrations.

Frame of plastic adjustable.

  
 

M.Müller, M.Sc. 19.11.2019 10 

Mounting of sheets in the test machine 

Step 1: Mount sheet in frame and connect silicon tubes to 
peripheric base plate 

 
Step 2: Clamp sheet and adjust and increase sheet tension 
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4 FEVAR-models 
with 6 mm Fens:

10 6x38 Advanta
10  6x38 BeGraft
10  6x38 BeGraft+
10  6x39 VBX

All flared with a 10x20 ballon.

10 8x38 Advanta
10  8x37 BeGraft
10  8x37 BeGraft+
10  8x39 VBX

4 FEVAR-models 
with 8 mm Fens:

Study: 1. Fabric (1.1 Permeability VBX) all
2. Stentstructure all
3. Pull out force (5 of each BSG)
4. Shear stability (5 of each BSG)

Studydesign:

Bench test of different BSG in a flat FEVAR model
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Advanta V12 6x38 BeGraft 6x38 BeGraft+ 6x38 VBX 6x39

Bench test of different BSG in a flat FEVAR model
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Advanta V12 6x38 BeGraft 6x38 BeGraft+ 6x38 VBX 6x39
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Pull out force

 
 

A.Frank, M.Sc. 
M.Müller, M.Sc. 16.02.2018 6 

 

Sheet - Setup: 

 

Experimental Setup 

Sheet 1 complete (bottom/aortic side) 

 
Sheet 1 complete (top/peripheric side) 
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Sheet - Setup: 

 

Experimental Setup 

Sheet 1 complete (bottom/aortic side) 

 
Sheet 1 complete (top/peripheric side) 
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Experimental Setup 

Stent in sheet 1 (bottom/aortic side) 

 
Stent in sheet 1 (top/peripheric side) 

 
 

 

 

 
 

A.Frank, M.Sc. 
M.Müller, M.Sc. 16.02.2018 7 

 

Experimental Setup 

Stent in sheet 1 (bottom/aortic side) 

 
Stent in sheet 1 (top/peripheric side) 
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Advanta V12 6x38 BeGraft 6x38 BeGraft+ 6x38 VBX 6x39

Pull out force

Bench test of different BSG in a flat FEVAR model
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Pull out force 6 mm BSG:

N/mm first part

Max force

0

5
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25

30

Advanta
6x39

BeGraft
6x38

BeGraft+
6x38

VBX 6x39
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Shear strength

 
 

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) 
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Advanta
V12 6x38 

VBX 
6x39 

BeGraft
6x38 

BeGraft
+  6x38 
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Shear strength 6 mm BSG:

N/mm 100-150%

Force at 6 mm…

Max force

0

5

10

15

20

25

30

Advanta
6x39

BeGraft
6x38

BeGraft+
6x38

VBX 6x39

2,4
1,3 2,1 2,2

7,2 6,7

9,6 8,7

29,6

18,9

28,8

20,4

N/mm 100-150% Force at 6 mm Displacement Max force

Bench test of different BSG in a flat FEVAR model
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Conclusion:

None of the tested covered stents shows a damage
of the fabric or the stentstruts after flaring.

Pull out forces and shear stability were different and
can help to choose the ideal BSG for different 
targetvessels together with the other features.

Fatigue-testings of these BSG-Fenestration-connections 
are necessary in order to unterstand better, what
happens to these materials over time and in vivo.

Bench test of different BSG in a flat FEVAR model
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Fatigue study

Bench test of different BSG in a flat FEVAR model
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Sheet 2 following stent implantation and flaring
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Step 1: Mount sheet in frame and connect silicon tubes to peripheric base plate

Bench test of different BSG in a flat FEVAR model
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Step 2: Clamp sheet and adjust and increase sheet tension

Bench test of different BSG in a flat FEVAR model
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Step 3: Add fenestration restrictions to reduce wobbling movement of sheets 
(mimic in-vivo situation)

Bench test of different BSG in a flat FEVAR model
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Experimental Setup Fatigue study

Bench test of different BSG in a flat FEVAR model
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Pre After 100 Mio

Advanta V12 
6x38

BeGraft 6x38

BeGraft+ 6x38

VBX 6x39

Fatigue-Test:

Bench test of different BSG in a flat FEVAR model
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Pre After 10 Mio

Advanta V12 
6x38

BeGraft 6x38

BeGraft+ 6x38

VBX 6x39

Fatigue-Test:
After 25 Mio After 100 Mio

Bench test of different BSG in a flat FEVAR model
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Advanta V12 
6x38

BeGraft 6x38 BeGraft+ 6x38 VBX 
6x39

No stent fractures after 75 Mio cycles:

Bench test of different BSG in a flat FEVAR model
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Results: Initial changes (IC)

Advanta V12

VBX

BeGraft

BeGraft plus
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Results: Rust (Initial rust IR) 

Bench test of different BSG in a flat FEVAR model
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Results: PTFE-Perforation (point of break PB)
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Results: Advanta after 100 Mio Cycles
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Results: BeGraft after 100 Mio Cycles
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Results: BeGraft plus after 100 Mio Cycles
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Results: VBX after 100 Mio Cycles

Bench test of different BSG in a flat FEVAR model
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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

Bench test of different BSG in a flat FEVAR model
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Conclusion:

Stentfractures rarely seen after 100 Mio cycles.

PTFE on the outside of the stentstruts wears out inside
a fenestration.

PTFE insight the stentstruts seems to be durable.

Secondary EL`s after FEVAR should be repaired by
relining.

We have to follow our FEVAR patients for life.

Bench test of different BSG in a flat FEVAR model
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Thank you !
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