Goal

A common understanding of current pre-clinical testing and a list of physiologic, morphologic, and other parameters not adequately considered in the individual test methods.
Table 4

The following table lists the preclinical tests identified in the ISO/TS 15539:2000 - Cardiovascular implants - Endovascular prostheses that are applicable to the implanted component of an endovascular graft system.  For each test, participants were asked to identify the failure mode(s) listed in Table 3, by number, that should be evaluated by the test method.  The intent of this exercise was to identify the test(s) that should give the most information regarding the failure modes.  Finally, participants were asked to identify the information that could enable improvement of each test, using Table 1 and Table 2, as appropriate.  Due to time constraints, each test was not discussed during the workshop.  Preceding Table 4 is a list of salient points from the workshop discussion applicable to this section.
Workshop comments:


· The focus of this exercise was to consider what should be kept in mind either in designing the test or interpreting the results in an attempt to optimize the test.  

· Tests may be designed to capture the failure mode or the failure mode that may be observed clinically if there is an inadequacy in the attribute being evaluated by the test.

· The majority of the workshop discussion was on fatigue and durability.  

· Salient points that could be considered from a review of the discussions of Tables 1-3 and the durability and stress strain tests are as follows:

· Compliance: 

· Does compliance go away at the point of fixation?

· Is the compliance in the test system important to establish/measure/monitor?

· What is the compliance of the untreated vessel and the treated vessel/endovascular graft?

· Wireform/attachment system/stent breaks suggest compliance underestimates in designing tests.

· Simulating peripheral resistance should be considered.

· Failure at the point of attachment versus failure at transition zones should be considered (i.e., need to address other forms of failure).  

· The potential for late fractures at the level of the noncompliant neck needs to be addressed.

· Need to duplicate the excursions seen in vivo.

· Testing should screen out poor designs; it may not be completely physiologically accurate.

· It is possible to use actual patient images to get ranges of anatomical values to make testing more realistic.

· Longitudinal/axial and torsional loading may need to be considered.

· Curvature/tortuosity/angulation should be considered.

· Separate tests for different attributes (i.e., either different components and their interactions, or looking at different forces) may be necessary. 

· Is there a need for one common test, for comparison purposes?

· The most stringent test condition is with an empty aneurysm.

· Handling/loading on catheter/condition of samples should all be considered and addressed when developing test methods.

· Is it necessary to test outside of the limits of the labeling?

· The potential effects, such as device integrity, of secondary procedures (e.g., ballooning) should be evaluated.

· There was disagreement as to the importance of forces due to flow, in relation to forces due to pressure.

· Changes to neck angle, shape and length were considered most important with respect to the clinical performance of endovascular grafts. 

· Need improved clinical measurement methods.

· There would be some tests common to all devices, others will need to be designed specifically to evaluate a particular failure mode or design characteristic for an individual device.

Table 4 Preclinical Tests 

	Tests
	Description of Test and Requirements
	Failure Mode(s) 
	Information Needed to Optimize Test 

(bold most critical)



	
	Table 3
	Table 1
	Table 2

	1

Burst/Circumferential Strength


	Determine the burst strength and/or the circumferential strength of the appropriate components of the implant.  


	3-3
xxxxxxx

3-12
xxxx

3-13
xxxx
3-14
xx
	1-11
xxxx
1-12
xxxxxxxxx

1-15
xx

· balloon characteristics

· deployment forces (effects of delivery on the implant)
· reintervention deployment forces
	

	2

Conformability to Vessel Wall 

Comment: Anchor or seal?


	Evaluate the ability of the device to conform to the vessel wall.

Comment: Conformity assumed to mean seal
	3-1
xxxxxxxxxx
3-5
xxxxx 

3-7
xx

3-8
xxxxxxxxxx
3-10
xxxxxx

3-12 
x

3-15
x
	1-2
xxxx

1-4
x

1-6
xxxxx

1-7
xxxxxxxxxx
1-8
xxxxxx

1-9
xxxxxxxxxx
1-12
x

1-13
xx

1-14
xxxxxxx
1-15
xxxxxx

1-16
xxxxxxx

1-17
xxxxxx
Irregular lumen profile 
x
	2-1
xxxx

2-5
xx

2-6
x

2-7
x

2-9
xxxxxx

2-11
xxxxxxxx

2-12
xxxxxxxx

2-13
xxxxxxxx

2-14
xxxxxxxx

2-16
x

2-20
xxxxxx

2-21
x

	3

Corrosion or Environmental Degradation


	Evaluate the susceptibility of the material(s) to corrosion in an actual or simulated environment.
	3-1
xxxx

3-3
xxx

3-4
x

3-5
xx

3-6
xx

3-7
xx

3-8
xxx

3-9
xxxxxxxxxx

3-10
xxxx

3-11
xxx

3-12
xxx


3-13
x
3-14
x

3-15
x

3-16
x
	1-10
x

1-11
x

1-13
xxxx
1-15 & envir
x

1-17
x

pH, electrolyte
x

Passivation status & galvanic data
x 

N/A or none
xx
	2-6
x

2-7
x

2-8
x

2-9
x

2-10
x

2-11
x

2-12
x

2-13
x

2-14
x

2-16
x
2-17
xxxxx
2-19
x

2-20
x

Passivation status & galvanic data
x

	4

Crush Resistance


	Determine the minimum force at which permanent deformation or full collapse occurs. 

Comment:  not much external crush load on implant
	3-1
xx

3-3
xx

3-6
x

3-7
xxxxxxxxxx 

3-8
xxxxxx

3-9
xxxx

3-10
xxxx

3-11
xx

3-14
x

3-15
xx


	1-2
x

1-3
x

1-4
xxx

1-5
xxx

1-6
xxxxxxx
1-7
xxxx
1-8
xx

1-9
xx

1-12
x

1-14
x

1-15
xx

1-16
xxxx

1-17
xx

Neck size 
x
	2-5
xxxx

2-6
x

2-7
xxx

2-8
xx

2-9
xxxxxx

2-11
xxxxx

2-12
xxx

2-13
xxx

2-14
xxx

2-18
xx

2-19
x

2-20
xxx

	5

Device Diameter to Balloon Inflation Pressure


	For balloon expandable devices determine the relationship between the device diameter and the balloon inflation pressure.
	3-1
xxxxxx

3-3
xxxx

3-6
x

3-8
xxxxxxx

3-9
xxx

3-10
xxxxxxx

3-11
xxxx

3-12
xx

3-13
xxxx

3-14
xx

N/A
x
	1-2
x

1-4
x

1-6
x

1-7
xx

1-8
xx

1-9
xxxxx
1-12
x

1-14
xx

1-15
xxx

1-16
xx
1-17
x

N/A
xx
	2-1
x

2-4
x

2-5
x

2-7
x

2-8
x

2-9
xx

2-11
xxxx

2-12
xxx

2-13
xxxxx

2-14
xx

2-20
xx

N/A
xx

	6

Device Length to Diameter Relationship


	For balloon expandable and self-expanding devices determine the relationship between device length and expanded device diameter. 
	3-1
xxxx 

3-3
x

3-5
x

3-7
x

3-8
xxx

3-10
xxx

3-11
xxx

3-12
x

Renal obstruction 
x

Deployment accuracy 
x

N/A
x
	1-2
xx

1-3
x

1-4
xx

1-5
x

1-6
xxx

1-7
xxxx

1-8
xxxx

1-9
xxx

1-10
x

1-15
xxx

1-16
x

1-17
x

N/A
xxx
	2-3
x

2-4
x

2-5
xxx

2-7
xxx

2-8
xx

2-9
xxx

2-11
xxxx

2-12
xx

2-13
x

2-14
x

2-15
x

2-20
xxx

N/A
xx

	7

Dimensional Verification


	Determine the appropriate dimensions for conformance with design specifications.
	3-1
xxxxxxxxx 

3-3
xxxxx

3-5
x

3-7
xxxx

3-8
xxxxxxxx

3-9
xx

3-10
xxxxxxxx

3-11
xxxxxxxx

3-12
xx

3-14
x

3-15
x

Renal obstruction 
x
	[1-1]
x

1-2
x

1-4
xxx

1-5
xxxxx

1-6
xxxx

1-7
xxxx

1-8
xxxxx

1-9
xxxx

1-9a
x

[1-11]
x

1-15
xx

1-16
x

N/A or none
xx
	2-1
xxx

2-3
xx

2-5
xx

2-6
xx

2-7
xxx

2-8
xxx

2-9
xxx

2-11
xx

2-12


2-13
xxxx

2-14
xxx

2-20
x

N/A or none
xx

	8

Factory Anastomotic Strength 


	Determine the tensile strength of any factory anastomosis.
	3-1
xx

3-3
xxxx

3-4
xx

3-5
x

3-8
xx

3-9
x

3-10
xxx

3-11
x

3-12
xxxxx
3-13
xxxxxx
3-14
xx

3-15
x

Criterion must recognize load concentration, cyclic fatigue effects. 
x


	1-2
x

1-6
xxx
1-7
xx
1-10
xx

1-11
xx

1-12
xxxxx
1-13
xx

1-15
xx

N/A
x
	2-3
xx

2-4
x

2-5
xx
2-7
xx

2-8
x

2-9
xx
2-11
x
2-15
x

2-16
xxxx

2-17
x

2-18
xxx

2-19
xx

2-20
xx

Cyclic loads arising from pulse pressure 
x

N/A
x


	Fatigue and Durability
	

	9

Durability Testing

Workshop comments:

· Compliance: does it go away at the point of fixation?

· Wireform fractures suggest compliance underestimate during test design.

· Simulating peripheral resistance may be important.

· Failure at the point of attachment versus at transition zones (show other forms of failure) should be considered.

· Late fractures at the level of the noncompliant neck are of concern.

· Need to duplicate the excursions seen in vivo.


	Evaluate the long-term dimensional and structural integrity of the device.

Workshop comments, continued:

· Testing should screen out poor designs; may not be completely physiologically accurate.
· Can use actual patient images to get ranges of anatomical values to make testing more realistic.
· Strain control; does it equal the strain of tube or strain of the stent?

· Longitudinal loading is not addressed in this testing.

· Should curved tubes be used?

· There may be a need for separate tests for different attributes (either different components and their interactions, or looking at different forces).

· Is there a need for one common test, for comparison purposes?
	Test designed to capture these:

3-8
xxxxxx

3-9
xxxxxxxxxxx

3-10
xxxxxxx

3-11
xxxxxxx

3-12
xxxxxxx

3-13
xxxxxxxx
3-14
xxxxxx

May see these failures clinically:

3-1
xxxxxx

3-3
xxxx

3-4
x

3-5
xx

3-6
xxxxxxxx

Radial creep, longitudinal creep and graft material degradation need to be considered in other durability testing


	1-2
xxx

· length and diam need to be considered

· 1-4 through 1-9 need to be considered in other durability testing

1-12
xxxxxx
1-13
xxx
1-15
xxxxxx

	2-5, 2-7, 2-8, 2-9, 2-11 through 14 – needs to be considered in other durability testing

2-17
xxxx

consider fluid in tester (saline vs non-corrosive fluid)
2-21
xx
Cyclic loads arising from pulse pressure 
x



	10

Finite Element Analysis

“Stress Analysis”


	Evaluate the stress/strain characteristics of the implant device when subjected to a worst case physiological load using appropriate tools, such as Finite Element Analysis (FEA)
Workshop comments:

· Assumptions are key to FEA results, e.g., thrombus, regional differences in aortic wall.

· Much can be learned even from simple models.

· FEA can be used as a design tool to determine the effect of ranges of inputs (i.e., sensitivity of design).

· FEA results can help design further tests (i.e., by identifying high stress locations).

· Can model deployment sequence and results and let you know how close you are to the margin.

· In the future, FEA would be used for tolerance testing.

· Standardize the environment!

· Need to capture contact mechanics between wall of artery and graft
	3-1
xxxxx 

3-3
xxxx

3-5
xx

3-6
xx
3-7
xx
3-8
xxxxx
3-9
xxxxxxxxxx

3-10
xxxxx

3-11
xxxxx

3-12
xxx

3-13
xx

3-14
x

3-15
x

All
x
	1-1
x

1-2
x

1-3
xx

1-4
xxx

1-5
xxx

1-6
xxx
1-7
xxxxx
1-8
xxxxx
1-9
xxxxx
1-10
x

1-11
xxx

1-12
xxxx
1-13
xx
1-14
x

1-15
xxxxx
1-16
xxx
1-17
xx

Irregular lumen profile 
x

Neck size 
x
All
xx
	2-1
x

2-3
x

2-5
xxxx
2-6
xxxx

2-7
xxxxx

2-8
xxxxx

2-9
xxxxxx
2-10
xx
2-11
xxxxxx

2-12
xxxxxxx

2-13
xxxxxx

2-14
xxxxx

2-15
xx

2-16
xxxx

2-17
xxxx
2-18
xxx

2-19
xxx

2-20
xxxxx

2-21
xx

Cyclic loads arising from pulse pressure 
x

	Workshop comments, continued:

To be considered in conducting an FEA:

1.0 Material properties (specific to processing): 

· Linear & non-linear behavior
            Tensile elongation and modulus, etc.

Dynamic properties of materials

· Materials effects from manufacturing process conditions

2.0 In-use boundary conditions (estimated)

· Angulation, tortuosity, diameters, shape 

· Range of indicated use (e.g., oversizing)
· Wire excursions resulting from the above
3.0 Loading conditions: 

· Process of manufacturing (including temp changes), 

· Catheter loading, 

· Delivery, 

· Fatigue, 

· Device-specific conditions

· Repeat above compensating for dimensional tolerances

4.0 Tissue response?????? Possibly delete … 

(How well will AAA neck tissue withstand device-imposed stresses/strains?)

	11

Flex/Kink

Comment: Angle, diameter and length of access vessels needed.


	Evaluate the ability of the device and delivery system to bend in order to accommodate the minimum radius or angle it will be required to negotiate during access and delivery.  

Also, determine minimum radius of curvature that the device can accommodate without kinking. 

Col. 3 comment:  may also need to consider axial compressive load induced buckling
	3-1
xxx

3-3
xxx

3-6
x

3-7
xxxxxxxxx

(see comment)

3-8
xxxxxx

3-9
xx

3-11
xx

3-12
x

3-15
xxxxx

Deployment accuracy 
x


	1-2
xx

1-3
x

1-4
xxxxx

1-5
xxxx

1-6
xxxxxxx
1-7
xxxxxxx

1-8
xxx

1-9
xxxxxx

1-10
xx

1-11
xxx

1-12
xxx

1-13
xx

1-14
xx

1-15
xxx
1-16
xxx

1-17
xxx

Neck size 
x
Iliac tortuosity 
x
	2-5
xxxx
2-6
xx

2-7
xxxx

2-8
xxxx

2-9 
xxxxxxx

2-10
xx

2-11
xxxxxx

2-12
xxxx

2-13
xxxx

2-14
xxx

2-15
x

2-16
xxx

2-17
xx

2-18
xxx

2-19
xx

2-20
xxx

Cyclic loads arising from pulse pressure 
x

	12

Integral water permeability


	The volume of clean, filtered liquid (with a viscosity approximating that of water) which passed through the wall of a prosthesis in a specified time under a specific pressure, in accordance with ISO 7198:1998, 8.2.3. 
	3-3
xx

3-4
xxxxxxxxx

3-5
x
	1-4
x

1-5
x

1-6
x

1-7
x

1-8
x

1-9
x

1-10
x


1-11
x

1-12
xxxxx

(Mean BP)

1-13
xx

1-14
x

1-17
x

N/A
x
	2-3
x

2-4
xxx

2-5
x

2-6
xx

2-7
x

2-8
x

2-9
x

2-10
x

2-16
xx

2-20
xx

N/A or none
xx



	13

Local Compression  
	Determine the elastic deformation of the device in response to localized compressive force.
	3-1
xxxxx

3-3
x

3-5
x

3-7
xxxxxx

3-8
xxxxxxx

3-9
xxxx

3-10
xx

3-11
xx

3-12
xxx

None
x
	1-4 
xx

1-5
x

1-6
xxxxx

1-7 
xxxxxx

1-8
x

1-9 
xxxx

1-11
x

1-14
xxx

1-15
xxxx

1-16
xxxx

1-17
xxxx 

None
x
	2-5
x

2-6
xxx

2-7
xx

2-8
xx

2-9
xxxxxxx

2-11
xxxxx

2-12
xx

2-13
xxx

2-14
xx

2-15
x

2-16
x

2-17
x

2-18
xx

2-19
xx

2-20
xx

	14

Longitudinal Tensile Strength
	Determine the longitudinal tensile strength of the prosthesis. 

Comment:  Angulation may produce local (asymmetric) loads which should be evaluated.
	3-1
xxx

3-3
xxxxx 

3-7
xx 

3-8
xx

3-9
xxx
3-10
xxxx

3-11
xxxxxxx
3-12
xxxx

3-13
xx

3-14
xx 

3-16
x
	1-2
x

1-4
x

1-6
xxx
1-7
xxx
1-8
x

1-10
x

1-11
xxxx

1-12
xxxxx
1-13
x 

1-19
x
Mural thrombus in aneurysm sac 
x

N/A
x
	2-5
xxx
2-6
x

2-7
x

2-9
xxx

2-11
xx

2-12
x

2-15
x

2-16
xxx

2-17
x

2-18
xxx

2-19
xx

2-20
xxx

N/A
x

	15

Migration Resistance
	Evaluate ability of device to remain stationary under simulated use.
	3-1
xxxxxxxx

3-3
xxxxx

3-5
x

3-7
xx

3-8
xxxxxx

3-10
xxxxxxxxxx

3-11
xxx

3-12
x
	1-2
x
1-4
xxx 

1-5
x

1-6
xxxx
1-7
xxxxxxx
1-8
xxxxxxxx
1-9
xxxxxxx
1-10
xx

1-11
xxxxxx

1-12
xxxxxxx
1-13
xx

1-14
xxxxx
1-15
xxx

1-16
xxxxx
1-17
xxxxx

Mural thrombus in aneurysm sac 
x

Neck size 
x

Irregular lumen profile 
x
	2-1
xxx

2-3
xx

2-5
xx
2-6
xx 

2-7
x

2-8
xx

2-9
xxxx
2-11
xxxx

2-12
xxxxx

2-13
xxxxx

2-14 (change) 
xxxxx

2-15
xxx

2-16
xxxxxx

2-17
xx

2-18
xxxx

2-19
xxxx

2-20
xxxxx

2-21
xx
Cyclic loads arising from pulse pressure 
x

	16

MRI Compatibility
	Evaluate MRI safety and compatibility. 
	3-1
xxxx

3-3
xx

3-5
x

3-8
xxx
3-10
xxx
3-11
xxxx
N/A or none
xxx


	1-8
x

1-9
x

1-11
x

1-12
x

1-14
x

1-16
x

1-17
x

Magnetic data on alloy 

N/A or none
xxx
	2-12
x

2-13
x

2-14
x

2-16
x

2-20
x

Magnetic data on alloy

N/A or none
xx



	17

Porosity

Comment: linked with permeability
	Determine the porosity of the device material by estimating the ratio of the void within a material to the total volume occupied by the material including the voids. 

Col. 3 comment: may camouflage
	3-2
x

3-3
xxx
3-4
xxxxxxx
3-5
x 

(see comment)

3-6
xx

None
x
	1-4
x

1-5
x 

1-6
x 

1-7
x 

1-8
x 

1-9
x 

1-10
x 

1-11
x 

1-12
xxxxxx 

(mean BP)

1-13
xx 

1-14
x 

1-15
x 

1-16
x


1-17
x

None
xx


	2-4
xx

2-5
x

2-6
x

2-7
x

2-8
x

2-9
x

2-10
.x

2-15
x

2-16
x

2-20
xx

None
xx

	18

Pre-clinical in vivo (animal) studies
	Evaluate the capacity of the prosthesis to maintain physiological function and to determine the response of both the host and the prosthesis in an animal model.

Comment: All are important, however, matching to tables 1, 2 & 3 may not be relevant for this exercise.
	3-1
xxxx

3-2
x

3-3
xx

3-4
xx

3-6
x
3-7
xxx
3-8
xxxxx

3-9
xxxxx

3-10
xxxxx
3-11
xxx

3-12
xx

3-13
xxx
3-14
xx

3-15
x

3-17
xxx

3-18
x

[3-19]
x
Designed to test all topics but unsuccessful 
x

All
x
	1-6
x

1-7
xxx

1-8
xx

1-9
xx

1-10
x

1-11
xx

1-12
xx

1-14
xx

1-15
xx

1-16
xx

1-17
x

N/A or none
xx

All (in the animal model) 
xx
	2-2
x

2-6
x

2-11 
x

2-12
x

2-13 
x

2-14
x

2-15 
x

2-16
xx

2-17
x

2-20
x

N/A or none
x

All (in the animal model)
xx

	19

Pull Test For Modular Components
	Determine the force required to disengage modular components under simulated use conditions.
	3-1
xx 

3-3
xxxxxx

3-10
xxxx

3-11
xxxxxxxxxxx
3-12
x
	1-2
xx
1-4
x

1-5
x
1-6
xxxxxxx

1-7
xxxx
1-8
x

1-9
x

1-10
xxx

1-11
xxxx

1-12
xxxxxxx
1-13
x

1-15
xx

1-17a
x

Neck size 
x

Iliac tortuosity 
x

All
x
	2-3
xx

2-5
xx

2-7
x

2-8
x

2-9
xxxxxx

2-11
xxx
2-12
x

2-13
x

2-14
x
2-15
xx 

2-16
xxxxx

2-17
x

2-18
xx

2-19
xx

2-20
xxx

Cyclic loads arising from pulse pressure 
x



	20

Radial Outward Force (Hoop Strength)  
	Determine the force exerted by a self-expanding implant as a function of the implant diameter.
	3-1
xxxxxxxx

3-3
xxxxxxx

3-5
xx

3-6
x

3-7
xxxx

3-8
xxxxxxx
3-9
x
3-10
xxxxxxxx
3-11
xxxxxxx
3-12
x
3-15
x

N/A
x
	1-2
x

1-4
xx

1-5
x

1-6
xx

1-7
xxxx
1-8
xxx
1-9
xxxx
1-10
x

1-11
x
1-12
xx
1-13
x

1-14
xx

1-15
xxxxx
1-16
xxx

1-17
xx

1-18
x

Irregular lumen profile 
x
Neck size 
x

N/A or none
xx


	2-1
xx

2-3
x

2-5
xx

2-6
xx

1-7 
x

1-8
xx

1-9
xx

2-11
xxxxx
2-12
xxxxxx
2-13
xxxxx
2-14
xxxx

2-20
xxx

Cyclic loads arising from pulse pressure 
x
N/A or none
xx


	21

Recoil
	Determine the amount of elastic recoil after the deployment of the device.  Correlate this recoil to recommended sizing.  
	3-1
xxxxxxxxx

3-3
xxxxxx

3-5
x

3-8
xxxxxxxx

3-9
x

3-10
xxxxxxxx

3-11
xxxx
	1-4 
xx

1-5
x

1-6 
xx

1-7
xxxx

1-8 
xxx

1-9 
xxxx

1-10
x

1-11
x

1-12
x

1-14
xxxx

1-15
xxxxxx 

1-16
xxxxx

1-17
xxx

1-18
x

Neck size 
x

None
x
	2-1
x

2-5
x

2-6 
xx

2-7
xx

2-8 
xxx

2-9
xx

2-10
x

2-11
xxx

2-12
xxx

2-13
xxxx

2-14 
xxxx

2-19
x 

2-20
xxxxx2-12
x

None
x

	22

Simulated Use Model(s)
	Evaluate the performance of the device using a model that simulates the intended use conditions. (design dependent)

Comment: not applicable because may be too general.
	3-1
xxxx
3-3
xxx
3-5
xx
3-6
x

3-7
xxxx
3-8
xxxxx
3-9
x
3-10
xxxxxx
3-11
xxxxxx
3-12
xxx
3-13
xx

3-14
x
3-15
xxxx
All
xx
	1-2
xx
1-5
x

1-6
xxx
1-7
xx

1-8
xxx

1-9
x
1-11
x

1-12
xx
1-13
xx

1-15
x

Irregular lumen profile 
x

Iliac tortuosity 
x

All
x
	2-1
x

2-3
x

2-5
xxx
2-8
x

2-9
xx

2-11
x
2-12
xx
2-13
x

2-14
xx

(change) 

2-16
x

2-21
x

Cyclic loads arising from pulse pressure 
x
All
xxx

	23

Stent Free Surface Area

Comment: only valid for stents with free surface area (not stent grafts)
	Determine the percentage change in free or open area as a function of stent diameter. 

Col. 3 comment:  If suprarenal stent, renal artery occlusion.
	3-7
x

3-8
x

3-9
x

(Comment)

3-17
x

N/A or none
xx
	1-7
x

1-9
x

N/A or none
xxxx


	2-11
x

2-13
x

2-14
x

N/A or none
xxxx

	24

Strength of stent attachment system to graft bond
	Determine the strength of the connection between the graft and the stent.

Comments: will also depend on type of connection

Not physiologically or morphologically dependant
	3-1
x

3-3
xxx

3-5
xx

3-6
xxxx

3-8
x
3-9
xxxx
3-10
xxx

3-11
xx

3-12
xxxxxxxx

3-13
x

3-14
xxxxx

3-17
x
	1-2
x
1-6
xxxx
1-7
xxx
1-8
x
1-9
xx
1-10
xx

1-11
xxx

1-12
xxxxx
1-13
x

1-14
x

1-15
xxx

1-16
x

Mural thrombus in aneurysm sac 
x

Irregular lumen profile 
x
	2-3
x

2-5
xx

2-6
x

2-9
xxx

2-11
xx
2-12
x

2-13
x

2-15
x

2-16
xxxx

2-17
xx
2-18
xxx

2-19
xxx

2-20
xxx

Cyclic loads arising from pulse pressure 
x

	25

Stress / Strain Analysis

Trick question.  Should be the same as FEA.  Often not and included here only if not the same as above.
	Determine the stress / strain characteristics of the implanted device when subjected to a worst case physiological load using appropriate tools such as Finite Element Analysis (FEA).

Col. 4 comment: all parameters: most implants include neck and aneurysm morphology, hemodynamic and stent design.
	3-3
x

3-9
xxxx

None
x
	1-4
x

1-5
x

1-6
x

1-7
x

1-9
x

1-14
x

1-16
x

None
x

All
xx


	2-6
x

2-7
x

2-8
x

2-9
x

2-11
x

2-12
x

2-13
x

2-14
x

2-20 
x

None
x

All
xx



	26

Visibility
	Evaluate the ability to visualize the device under simulated use.

Comment: not physiologically or morphologically dependant
	3-1
xxxxxxx

3-3
xxxx

3-5
x

3-7
xx

3-8
x

3-9
xx

3-10
xxxxx

3-11
xxxxxx

3-12
x

3-15
xxxxx

3-17
x

Deployment
x

None
x
	1-2
x

1-5
x

1-6
x

1-7
x

1-8
xx

1-9
x

1-16
x

Design

Characteristics
x

Metal Markers Evaluation
x

Radiopacity
x 

N/A or none
x
	2-5 
x

2-8
x

2-9 
x

2-12
x

2-14
x

Radiopacity
x

N/A or none
x



	27

Visual Inspection
	Evaluate that the prosthesis shows no defects that would render the prosthesis unsuitable for its intended use. 

Comment: possibly an in-process inspection criteria during manufacture of the device

Can evaluate graft holes from manufacturing, not wear
	3-1
xx

3-3
xxxx

(graft holes)

3-4
x

3-5
xx

3-6
xxxx

3-9
xxxx

3-10
xx

3-11
x

3-12
xxx

3-13
xxxx

3-14
xxxxx

N/A
x

All
x
	1-2 
x

1-5
x

1-6 
x

1-8
x

N/A or none
xxxx

All 
x
	2-5
x

2-8
x

2-9 
x

2-12
x

2-14
x

N/A or none
xxxx

All 
x

	28

Water entry pressure
	Determine the pressure at which water passes from the inner wall to the outer wall of a vascular prosthesis, in accordance with ISO 7198:1998, 8.2.4. 

Comment: same as porosity; only for PTFE
	3-3
x

3-4
xxxxxxx
3-5
x

3-13


3-15
xx

None
x
	1-4
x

1-5
x

1-6
x

1-7
x

1-8
x

1-9
x

1-10
xx

1-11
xx

1-12
xxxxxx
(mean BP)
1-13
xx
1-17
x

None
x


	2-4
x

2-6
x

2-7
x

2-8
x

2-9
x

2-10
x

2-15
xx

2-16
xx

2-18
x

2-20
x

Blood pressure 
x

None
xx

	29

Water Permeability
	Determine the amount of fluid flow through the material of appropriate components of the implant. 

Comment: see also porosity


	3-3
xx

3-4
xxxxxx

3-5
xx

None
x
	1-4
x 

1-5
x

1-6
x 

1-7
x 

1-8
x 

1-9
x 

1-10
xx

1-11
xx

1-12
xxxxxx
(mean BP)

1-13
xx
1-17
x

None
x
	2-3
x

2-4
xx

2-6
xx

2-7
x

2-8
x

2-9
x

2-10
x

2-15
xx

2-16
xx

2-17
x

2-20
x

Blood pressure
x

Same as above
x

None
xx
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