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Objectives and uses of AAMI  standards and 
recommended practices 
 
 
It is most important that the objectives and potential uses of an 

AAMI product standard or recommended practice are clearly 

understood.  The objectives of AAMI's technical development 

program derive from AAMI's overall mission:  the advancement of 

medical instrumentation.  Essential to such advancement are (1 ) a 

continued increase in the safe and effective application of current 

technologies to patient care,  and (2) the encouragement of new 

technologies.  It is  AAMI's view that standards and recommended 

practices can contribute significantly to the advancement of 

medical instrumentation,  provided that they are drafted with 

attention to these objectives and provided that arbitrary and 

restrictive uses are avoided.  

A voluntary standard for a medical device  recommends to the 

manufacturer the information that should be provided with or on 

the product,  basic safety and performance criteria that should be 

considered in qualifying the device for clinical use,  and the 

measurement techniques that can be used to determine whether the 

device conforms with the safety and performance criteria and/or to 

compare the performance characteristics of different products.  

Some standards emphasize the information that should be provided 

with the device,  including performance characteristics,  instructions 

for use,  warnings and precautions,  and other data considered 

important in ensuring the safe and effective use of the device in the 

clinical environment.  Recommending the disclosure of 

performance characteristics often necessitates the development of 

specialized test methods to facilitate uniformity in reporting;  

reaching consensus on these tests can represent a considerable part 

of committee work.  When a drafting committee determines that 

clinical concerns warrant the establishment of minimum  safety and 

performance criteria,  referee tests must be provided and the reasons 

for establishing the criteria must be documented in the rationale.   

A recommended practice  provides guidelines for the use,  care,  

and/or processing of a medical device or system.  A recommended 

practice does not address device performance per se,  but rather 

procedures and practices that will help ensure that a device is used 

safely and effectively and that its performance will be maintained.  

Although a device standard is primarily directed to the 

manufacturer,  it may also be of value to the potential purchaser or 

user of the device as a frame of reference for device evaluation.  

Similarly,  even though a recommended practice is usually oriented 

towards healthcare professionals,  it may be useful to the 

manufacturer in better understanding the environment in which a 

medical device will be used.  Also,  some recommended practices,  

while not addressing device performance criteria,  provide 

guidelines to industrial personnel on such subjects as sterilization 

processing,  methods of collecting data to establish safety and 

efficacy,  human engineering,  and other processing or evaluation 

techniques;  such guidelines may be useful to health care 

professionals in understanding industrial practices.  

In determining whether an AAMI standard or recommended 

practice is relevant to the specific needs of a potential user of the 

document,  several important concepts must be recognized:  

All AAMI standards and recommended practices are voluntary  

(unless,  of course,  they are adopted by government regulatory or 

procurement authorities).  The application of a standard or 

recommended practice is solely within the discretion and 

professional judgment of the user of the document.  

Each AAMI standard or recommended practice reflects the 

collective expertise of a committee of health care professionals and 

industrial representatives,  whose work has been reviewed 

nationally (and sometimes internationally).  As such,  the consensus 

recommendations embodied in a standard or recommended practice 

are intended to respond to clinical needs and,  ultimately,  to help 

ensure patient safety.  A standard or recommended practice is 

limited,  however,  in the sense that it responds generally to 

perceived risks and conditions that may not always be relevant to 

specific situations.  A standard or recommended practice is an 

important reference  in responsible decision-making,  but it should 

never replace  responsible decision-making.  

Despite periodic review and revision (at least once every five 

years),  a standard or recommended practice is necessarily a static 

document applied to a dynamic technology.  Therefore,  a standards 

user must carefully review the reasons why the document was 

initially developed and the specific rationale for each of its  

provisions.  This review will reveal whether the document remains 

relevant to the specific needs of the user.  

Particular care should be taken in applying a product standard 

to existing devices and equipment,  and in applying a recommended 

practice to current procedures and practices.  While observed or 

potential risks with existing equipment typically form the basis for 

the safety and performance criteria defined in a standard,  

professional judgment must be used in applying these criteria to 

existing equipment.  No single source of information will serve to 

identify a particular product as "unsafe".  A voluntary standard can 

be used as one resource,  but the ultimate decision as to product 

safety and efficacy must take into account the specifics of its 

utilization and,  of course,  cost-benefit considerations.  Similarly,  a 

recommended practice should be analyzed in the context of the 

specific needs and resources of the individual institution or firm.  

Again,  the rationale accompanying each AAMI standard and 

recommended practice is an excellent guide to the reasoning and 

data underlying its provision.  

In summary,  a standard or recommended practice is truly 

useful only when it is  used in conjunction with other sources of 

information and policy guidance and in the context of professional 

experience and judgment.  

 

INTERPRETATIONS OF AAMI  STANDARDS 
AND RECOMMENDED PRACTICES 
 

Requests for interpretations of AAMI standards and recommended 

practices must be made in writing,  to the AAMI Vice President,  

Standards Policy and Programs.  An official interpretation must be 

approved by letter ballot of the originating committee and 

subsequently reviewed and approved by the AAMI Standards 

Board.  The interpretation will become official and representation of 

the Association only upon exhaustion of any appeals and upon 

publication of notice of interpretation in the "Standards Monitor"  

section of the AAMI News.  The Association for the Advancement 

of Medical Instrumentation disclaims responsibility for any 

characterization or explanation of a standard or recommended 

practice which has not been developed and communicated in 

accordance with this procedure and which is  not published,  by 

appropriate notice,  as an official interpretation  in the AAMI News.  
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Abstract:   Specifies  requirements for vascular stents,  based upon current medical  knowledge.  Gives 
requirements for intended performance,  design  attributes,  materials,  design  evaluation,  
manufacturing,  steri l ization  packaging  and information  suppl ied  by the manufacturer.  Includes 
vascular stents used to treat vascular lesions or stenosis,  or other vascular abnormali ties.  These 
devices may or may not incorporate surface modifications of the stent such  as drug  and/or other 
coatings.   
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AAMI Standard 

This Association for the Advancement of Medical  Instrumentation (AAMI)  standard impl ies a consensus of those 
substantially concerned with  i ts scope and provisions.  The existence of an  AAMI  standard does not in  any respect 
preclude anyone,  whether they have approved the standard or not,  from manufacturing,  marketing,  purchasing,  or 
using  products,  processes,  or procedures not conforming to the standard.  AAMI  standards are subject to periodic 
review,  and users are cautioned to obtain  the latest editions.  

CAUTION NOTICE:  This AAMI  standard may be revised or withdrawn at any time.  AAMI  procedures require that 
action  be taken to reaffirm,  revise,  or withdraw this standard no later than 5 years from the date of publ ication.  
Interested parties may obtain  current information  on  al l  AAMI  standards by call ing  or wri ting  AAMI,  or by visi ting  the 
AAMI  website at www.aami.org.  

Al l  AAMI  standards,  recommended practices,  technical  information  reports,  and other types of technical  documents 
developed by AAMI  are voluntary,  and their appl ication  is  solely within  the discretion  and professional  judgment of the 
user of the document.  Occasionally,  voluntary technical  documents are adopted by government regulatory agencies 
or procurement authorities,  in  which  case the adopting  agency is responsible for enforcement of i ts ru les and 
regulations.  
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Glossary of equivalent standards 

International  Standards adopted in  the United States may include normative references to other International  
Standards.  AAMI  maintains a current l ist of each  International  Standard that has been  adopted by AAMI  (and ANSI) .  
Avai lable on  the AAMI  website at the address below,  this l ist g ives the corresponding  U.S.  designation and level  of 
equivalency to the International  Standard.   

www.aami.org/standards/glossary.pdf  
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Background of ANSI/AAMI  adoption of ISO 25539-2:201 2 

As indicated in  the foreword to the main  body of th is document (page vi i i ),  the International  Organization  for 
Standardization  (ISO)  is  a worldwide federation  of national  standards bodies.  The United States is one of the ISO 
members that took an  active role in  the development of this standard,  which  was developed by ISO Technical  
Committee (TC)  1 50 Subcommittee (SC)  2,  Cardiovascular implants and extracorporeal  systems,  to fi l l  a need for 
basic requirements for endovascular prostheses and the methods of test which  wi l l  enable evaluation of these 
devices to the standard.  

U.S.  participation in  this ISO SC is organized through the U.S.  Technical  Advisory Group for ISO/TC 1 50/SC 2,  
administered by the Association  for the Advancement of Medical  Instrumentation  (AAMI).  

AAMI  encourages its  committees to harmonize their work with  international  standards as much as possible.  The U.S.  
adoption  of ISO 25539-2:201 2 was approved by ANSI  on  4 December 201 2.  The AAMI  Vascular Prostheses 
Committee (U.S.  Sub-TAG for ISO/TC 1 50/SC 2/WG 3,  Vascular prostheses)  ini tiated the U.S.  adoption.  
ANSI/AAMI/ISO 25539-2:201 2,  a Minor Revision  of ANSI/AAMI/ISO 25539-2:2008,  updates the normative references 
and provides minor editorial  changes to Clause 8 and Annex D for clarification.  

AAMI  (and ANSI)  have adopted other ISO standards.  See the Glossary of Equivalent Standards for a l ist of ISO 
standards adopted by AAMI  which  gives the corresponding  U.S.  designation  and the level  of equivalency with  the 
ISO standard.  

As used within  the context of th is document,  “shal l” indicates requirements strictly to be fol lowed to conform to the 
standard.  “Should” indicates that among several  possibil i ties,  one is recommended as particularly suitable,  without 
mentioning  or excluding  others,  or that a certain  course of action  is preferred but not necessari ly required,  or that (in  
the negative form)  a certain  possibi l i ty or course of action  should  be avoided but is  not prohibited.  “May” is used to 
indicate that a course of action  is  permissible within  the l imits of the standard.  “Can” is used as a statement of 
possibi l i ty and capabil i ty.  Final ly,  “must” is  used only to describe “unavoidable” si tuations,  including  those mandated 
by government regulation.   

The concepts incorporated in  th is document should  not be considered inflexible or static.  This standard,  l ike any other,  
must be reviewed and updated periodical ly to assimi late progressive technological  developments.  To remain  relevant,  
i t must be modified  as technological  advances are made and as new data come to l ight.  

Suggestions for improving  this document are invited.  Comments and suggested revisions should  be sent to 
Standards  Department,  AAMI,  4301  N.  Fairfax Drive,  Suite 301 ,  Arl ington,  VA 22203-1 633.  

NOTE—Beginning with  the ISO foreword on page vi i i ,  this American National  Standard is identical  to ISO 25539-2:201 2.  
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Foreword 

ISO (the International  Organization  for Standardization)  is  a worldwide federation of national  standards 
bodies (ISO member bodies).  The work of preparing International  Standards is normally carried out 
through ISO technical  committees.  Each  member body interested in  a subject for which  a technical  
committee has been  established has the right to  be represented  on  that committee.  International  
organizations,  governmental  and non-governmental,  in  l iaison with  ISO,  also take part in  the work.  ISO 
collaborates closely with  the International  Electrotechnical  Commission (IEC)  on al l  matters of 
electrotechnical  standardization.  

International  Standards are drafted in  accordance with  the ru les g iven in  the ISO/IEC Directives,  Part 2.  

The main  task of technical  committees is to prepare International  Standards.  Draft International  
Standards adopted by the technical  committees are circulated to the member bodies for voting.  
Publication  as an International  Standard requires approval  by at least 75 % of the member bodies casting  
a vote.  

Attention  is drawn to the possibi l i ty that some of the elements of this document may be the subject of 
patent rights.  ISO shall  not be held  responsible for identifying  any or al l  such  patent rights.  

ISO 25539-2 was prepared by Technical  Committee ISO/TC 1 50,  Implants for surgery,  Subcommittee 
SC 2,  Cardiovascular implants and extracorporeal systems.  

This second edition  cancels and replaces the first edi tion  (ISO 25539-2:2008),  of which  i t constitutes a 
minor revision.  This minor revision  updates the normative references and  provides minor editorial  
changes to Clause 8 and Annex D for clarification.  

ISO 25539 consists of the fol lowing  parts,  under the general  ti tle  Cardiovascular implants — 

Endovascular devices:  

— Part 1: Endovascular prostheses 

— Part 2: Vascular stents 

— Part 3: Vena cava filters 
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Introduction 

This part of ISO 25539 has been prepared in  order to provide minimum requirements for endovascular 
devices and  the methods of test that wi l l  enable their evaluation.  I t is  the second part of a three-part 
standard.  ISO 25539-1  addresses endovascular prostheses and ISO 25539-3 addresses vena cava fi l ters.  
ISO/TS 1 5539,  from  which  this part of ISO 25539 is derived,  serves as a rationale for the requirements of 
this part of ISO 25539.  The Technical  Specification ISO/TS 1 5539 was developed by first identifying  the 
design  requirements for these devices and l isting  the potential  device and  cl inical  fai lure modes.  Tests 
were then  identified to address each  of the fai lure modes.  The requirements provided in  th is part of 
ISO 25539 are based on  that assessment.  
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American National  Standard ANSI/AAMI/ISO 25539-2:201 2 

Cardiovascular implants — Endovascular devices — Part 2:  
Vascular stents 

1  Scope 

1 .1  This part of ISO 25539 specifies requirements for vascular stents,  based upon current medical  
knowledge.  With  regard to safety,  i t g ives requirements for intended performance,  design  attributes,  
materials,  design  evaluation,  manufacturing,  steri l ization,  packaging  and information supplied by the 
manufacturer.  I t should  be considered as a supplement to ISO 1 4630,  which specifies general  
requirements for the performance of non-active surgical  implants.  

NOTE Due to the variations in  the design of implants covered by this part of ISO 25539 and in  some cases due 
to the relatively recent development of some of these implants (e.g.  bioabsorbable stents,  polymeric stents),  
acceptable standardized in vitro tests and cl in ical  results are not always avai lable.  As further scienti fic and cl inical  
data become avai lable,  appropriate revision  of this part of ISO 25539 wi l l  be necessary.  

1 .2  The scope of this part of ISO 25539 includes vascular stents used to treat vascular lesions or 
stenosis,  or other vascular abnormalities.  These devices might or might not incorporate surface 
modifications of the stent such  as drug and/or other coatings.  Stents covered with  materials that 
significantly modify the permeabil ity of the uncovered stent are within  the scope of ISO 25539-1 .  The 
stent design  might dictate the need to address functional  requirements identified in  both  ISO 25539-1  and  
this part of ISO 25539.  

1 .3  Del ivery systems are included in  this part of ISO 25539 if they comprise an  integral  component of the 
deployment of the vascular stent.  

1 .4  Procedures and devices used prior to  the introduction of the vascular stent,  such  as balloon 
angioplasty devices,  are excluded from  the scope of th is part of ISO 25539.  

1 .5  Some pharmacological  aspects of drug-eluting stents are addressed in  this part of ISO 25539,  but 
this part of ISO 25539 is not comprehensive with  respect to the pharmacological  evaluation  of drug-
eluting  stents.  

1 .6  Degradation  and other time-dependent aspects of bioabsorbable and  polymeric stents and  coatings 
are not addressed by this part of ISO 25539.  

1 .7  With  the exception  of steri l ization,  this part of ISO 25539 does not address requirements for the 
evaluation  of animal  tissue products.  

2 Normative references 

The fol lowing  referenced documents are indispensable for the application of this document.  For dated 
references,  only the edition  cited applies.  For undated references,  the latest edition of the referenced 
document (including  any amendments)  applies.  
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ISO 1 0993-1  Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk 

management process 

ISO 1 1 1 35-1 ,  Sterilization of health care products — Ethylene oxide — Part 1: Requirements for 

development,  validation and routine control of a sterilization process for medical devices 

ISO 1 1 1 37-1 ,  Sterilization of health care products — Radiation — Part 1: Requirements for development,  

validation and routine control of a sterilization process for medical devices 

ISO 1 1 607-1 ,  Packaging for terminally sterilized medical devices — Part 1: Requirements for materials,  

sterile barrier systems and packaging systems 

ISO 1 1 607-2,  Packaging for terminally sterilized medical devices — Part 2: Validation requirements for 

forming,  sealing and assembly processes  

ISO 1 41 55,  Clinical investigation of medical devices for human subjects — Good clinical practice 

ISO 1 41 60,  Sterilization of health care products — Liquid chemical sterilizing agents for single-use 

medical devices utilizing animal tissues and their derivatives — Requirements for characterization,  

development,  validation and routine control of a sterilization process for medical devices 

ISO 1 4630:201 2,  Non-active surgical implants — General requirements 

ISO 1 4937,  Sterilization of health care products — General requirements for characterization of a sterilizing 

agent and the development,  validation and routine control of a sterilization process for medical devices 

ISO 1 4971 :2007,  Medical devices — Application of risk management to medical devices 

ISO 1 7665-1 ,  Sterilization of health care products — Moist heat — Part 1: Requirements for the 

development,  validation and routine control of a sterilization process for medical devices 

3 Terms and definitions 

For the purposes of this document,  the terms and definitions in  ISO 1 4630 and the fol lowing apply.  

NOTE Bench  and analytical  tests are described in  Annex B.  Reportable cl in ical  events are defined in  Annex C.  

3.1  

balloon-assisted deployment 
use of a balloon  to faci l i tate the complete deployment (or expansion)  of a self-expanding stent 

3.2 

balloon winging 
cross-sectional  shape of the balloon when deflated  which  can cause problems during  withdrawal  

NOTE Examples include stent migration,  damage to host vessel  or bal loon,  and inabi l i ty to remove the balloon.  

3.3 

delivery system 
system  or mechanism  used to del iver the stent to the targeted position  and to deploy the stent 

NOTE The del ivery system is  removed after stent placement.  Examples of del ivery systems include bal loon 
catheters or mechanical ly activated systems.  
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3.4 

determine 
to quantitatively appraise or analyze 

NOTE Also see evaluate (3.8).  

3.5 

dogboning 
dumbbell-shaped bal loon observed during stent deployment when the unconstrained ends of the bal loon 
expand beyond the di lated stent outer diameter 

3.6 

coating  
organic or inorganic material,  other than  l iving cel ls,  intentional ly appl ied by a manufacturer to a substrate 

NOTE This coating  can  be intended to be permanent or temporary,  and can  be appl ied  to the external  and/or 
internal  surface.  

3.7 

drug content 
amount of drug present on  the surface(s)  of a coating,  as part of a coating  or with in  the stent 

3.8 

evaluate 
to qual itatively appraise or analyze 

NOTE Also see determine (3.4).  

3.9 

lumen reduction 
reduction  of d iameter or cross sectional  area as observed by imaging  

3.1 0 

reportable clinical  events 
complications,  fai lures or device-related  observations,  including  al l  adverse events and adverse device 
effects,  that might be observed with  cl inical  use of the stent system  

NOTE Examples are l isted in  Annex C.  These events might not have cl inical  significance and might not be 
attributable to the device.  

3.1 1  

stent configuration  
stent shape (e.g.  cyl indrical ,  tapered,  flared,  coi led,  segmented,  bifurcated)  

3.1 2 

stent outer surface area 
contact area between the stent and the vessel  

3.1 3 

stent-free surface area 
percentage of surface area of cyl inder formed by the implant frame,  which  is not covered by implant 
material  
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3.1 4 

stent system 
vascular stent and i ts del ivery system  or a vascular stent mounted on  the delivery balloon as specified in  
the instructions for use (IFU)  

3.1 5 

vascular stent 

stent 

implant 
transluminal ly placed balloon-expandable or self-expanding implant,  which  is  used to treat vascular 
lesions by providing a mechanical  support after deployment to maintain  or restore vessel  integrity 

NOTE 1  Stents can  or cannot incorporate surface modifications of the stent such  as drug  and/or other coatings.  

NOTE 2  The fol lowing  stent types are within  the scope of this part of ISO 25539.  

3.1 5.1  

articulated stent 
stent constructed of segments with  distinct connections 

3.1 5.2 

bare stent 
stent without a coating  or covering  

NOTE Bare stents can be constructed of single or multiple materials.  

3.1 5.3 

bioabsorbable stent 
stent that is  designed to be a temporary structure without requiring  explantation  

3.1 5.4 

balloon-expandable stent 
stent where the diameter is  increased from  its pre-deployed size to i ts post-deployed size with  the aid  of a 
bal loon catheter 

3.1 5.5 

coated stent 
stent with  a surface layer of an  additional  material(s)  that does not provide significant (e.g.  more than 
5 %)  structural  support or appreciably reduce the permeabil ity or stent-free surface area of the bare stent 

3.1 5.6 

composite stent 
stent consisting of more than one material  or material  compound that provides significant (e.g.  more than  
5 %)  overall  structural  support upon deployment 

3.1 5.7 

covered stent 
stent covered with  an  additional  material(s)  that appreciably reduces the permeabi l ity and/or el iminates 
the stent-free surface area of the bare stent 

NOTE Covered stents are within  the scope of ISO 25539-1 .  The stent design  might dictate the need to address 
functional  requirements identi fied  in  both  ISO 25539-1  and this part of ISO 25539.  
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3.1 5.8 

drug-eluting  stent 

DES 
stent that del ivers a drug(s)  over time 

3.1 5.9 

self-expanding stent 
stent where the diameter increases from  its pre-deployed size to  i ts post-deployed size when released 
from  the del ivery mechanism  in  absence of balloon inflation  or other mechanical  assistance 

NOTE Self-expanding  stents are within  the scope of ISO 25539-1 .  The stent design  might dictate the need to 
address functional  requirements identi fied  in  both  ISO 25539-1  and this part of ISO 25539.  

4 General  requirements 

4.1  Classification 

A stent shal l  be designated  by i ts configuration (see 3. 1 1 ) ,  type (see 3.1 5) ,  materials of construction,  and  
any surface modifications,  coatings,  and/or drugs.  

4.2 Size 

The size of a stent shal l  be designated by the fol lowing  characteristics:  

a)  external  d iameter;  

1 )  self-expanding:  

i )  unconstrained external  diameter of the device,  expressed in  m il l imeters;  

i i )  intended vessel  lumen diameter range,  expressed in  m il l imeters;  

2)  bal loon expandable:  range of intended expanded internal  diameters;  

b)  m inimum and maximum usable length,  expressed in  mil l imeters or centimeters.  

4.3 Intended clinical  use designation 

The intended cl inical  use shal l  be designated by one or more of the fol lowing:  

a)  abdominal  aorta;  

b)  arterio-venous shunt for vascular access;  

c)  carotid;  

d)  coronary;  

e)  femoral;  

f)  i l iac;  
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g)  popliteal;  

h)  renal;  

i )  thoracic aorta;  

j )  thoraco-abdominal  aorta;  

k)  tibial ;  

l )  other arterial  vessels to be specified;  

m)  other venous vessels to be specified.  

5 Intended performance 

The requirements for intended performance specified in  ISO 1 4630:201 2,  Clause 4,  shall  apply.  

6 Design attributes 

6.1  General  

The requirements for design  attributes of ISO 1 4630:201 2,  Clause 5,  apply.  In  addition,  the fol lowing shall  
be taken into account:  

a)  oxidation-potential ,  the possibi l i ty of crevice corrosion,  passivation over the relevant parts;  

b)  fretting,  galvanic and pitting  corrosion;  

c)  interface between implant and body:  

1 )  fixation  hooks,  i f present;  

2)  relative movement between  stent and tissue;  

3)  forces exerted by the stent on  the surrounding tissue;  

4)  forces required to deform  the stent i f the deformation is  permanent;  

d)  expected ingrowth,  penetration,  perforation,  ti l ting  and migration;  introduction  and del ivery systems.  

NOTE These additional  i tems are adapted from Clause 5 of EN 1 2006-3:1 998[1 4].  

The design  attributes for vascular stents (with  or without delivery system)  are l isted in  Table A.2 with  
reference to the test sections for the evaluation  of the design (Clause 8) .  I t is  recognized that not al l  tests 
identified in  a category wi l l  be necessary or practical  for any g iven stent and/or delivery system.  The tests 
considered and the rationale for selection and/or waiving  of tests shall  be recorded.  
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6.2 Delivery system and stent system 

The design  attributes to meet the intended performance of the delivery system  shall  additional ly take into 
account at least the fol lowing:  

a)  the abi l i ty of the system  to permit consistent,  accurate and safe access to the intended location;  

b)  the abi l i ty of the system  to permit consistent,  accurate and safe deployment of the stent;  

c)  the abi l i ty of the system  to permit consistent and safe withdrawal  of the delivery system; 

d)  the compliance of the system  with  the requirements of ISO 1 0993-1  and appropriate other parts of 
the ISO 1 0993 series of International  Standards (biocompatibi l i ty);  

e)  the abi l i ty of the system  to minimize blood loss (hemostasis);  

f)  the visibi l i ty of the system under fluoroscopy or other technologies.  

6.3 Implant 

6.3.1  Stent 

The design  attributes to meet the intended performance of the stent shall  additionally take into account at 
least the fol lowing:  

a)  the abi l i ty of the stent to be consistently,  accurately and safely deployed;  

b)  the abil i ty of the stent to ensure effective fixation and  apposition  in  the intended location with in  the 
vasculature;  

c)  the abi l i ty of the stent to maintain  adequate integrity;  

d)  the consistency of the stent dimensions and i ts design  for compatibi l i ty for use in  specified vessel  
diameters;  

e)  the abi l i ty of the stent to maintain  adequate blood flow through the lumen (patency) ;  

f)  the compatibi l i ty of the stent with  exposure to magnetic resonance imaging  (MRI)  fields;  

g)  the compliance of the stent wi th  the requirements of ISO 1 0993-1  and appropriate other parts of the 
ISO 1 0993 series of International  Standards (biocompatibi l i ty) ;  

h)  the visibi l i ty of the stent under fluoroscopy or other technologies.  

6.3.2 Coating  

The design  attributes to  meet the intended performance of the coating  shall  additionally take into account 
at least the fol lowing:  

a)  the abil i ty of the coating to  maintain  adequate integrity over time according  to design  specifications 
(e.g.  freedom from  significant delamination,  flaps and bare spots);  
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b)  the appropriate interaction between the coating  and the stent (e.g.  coating  influenced corrosion  of the 
substrate);  

c)  the abi l i ty of the coating  to maintain  adequate resistance to unintended particulate generation;  

d)  the conformance of the coating  dimensions and  other coating  parameters (e.g.  porosity,  density,  
distribution)  to the design  requirements;  

e)  the effect of MRI  on  the coating  of a coated stent (e.g.  heating) .  

6.3.3 Drug 

The design  attributes to meet the intended performance of the stent i f the coating  is a drug or i f a drug  is  
incorporated into the stent or coating  shal l  additionally take into account at least the fol lowing:  

a)  the abi l i ty to reproducibly apply the desired  drug type and amount to the stent;  

b)  the abi l i ty to release the desired amount of drug  over the specified amount of time;  

c)  the conformance of the residual  drug quantity to design  specifications;  

d)  the freedom of the drug(s)  from  deleterious impurity and degradant levels at manufacture and with  
storage;  

e)  the appropriate interaction  between the drug and the coating  and/or the stent to which  the drug  is  
applied;  

f)  the effect of MRI  on  the drug of a drug-eluting  stent (e.g.  heating) .  

7 Materials 

The requirements for materials of ISO 1 4630:201 2,  Clause 6,  apply.  Additional  testing  specific to certain  
materials (e.g.  metals,  polymers,  drugs)  shal l  be performed to determine the appropriateness of the 
material  for use in  the design.  For example,  Nitinol  materials dependent on  shape memory properties 
shall  be subjected to testing  in  order to assess transformation properties.  In  addition,  for drug-eluting  
stents drug identity testing  shal l  be performed,  including  the identification  of impurities and degradants.  
Electro-chemical  potentials of differing  metals (stents,  guidewires,  other accessory devices)  m ight require 
additional  types of testing.  

8 Design evaluation 

8.1  General  

The requirements for design  evaluation  of ISO 1 4630:201 2,  Clause 7,  apply.  A risk assessment shal l  be 
carried out and the requirements of ISO 1 4971 :2007,  Clauses 4,  5,  6 and 7,  shal l  apply.  

Justification  shal l  be provided for the properties not measured.  

NOTE 1  Al l  testing  might not be appropriate for al l  stent system designs.  
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I t is  impossible to  take into consideration  al l  future and emerging  technologies.  The stent systems based 
on  these new technologies wi l l  need to be evaluated fol lowing the basic requirements of this part of 
ISO 25539.  Testing  beyond the scope of this part of ISO 25539 might also be necessary in  order to  
characterize these stent systems.  Consideration  shall  be g iven to the fai lure modes of the stent systems 
and their effects on  the performance of the implant in  identifying  the appropriate testing.  

Whenever changes are made in  materials,  construction,  configuration,  application  or processing  methods,  
an  appropriate analysis of the potential  impact of the change on  the fai lure modes and performance of the 
stent system  shall  be performed.  Appropriate testing  shall  be conducted as deemed necessary.  

The use of a control  device for comparison should  be considered in  the evaluation  of certain  design  
attributes.  

I f overlapping of stents can be anticipated in  cl inical  use (e.g.  superficial  femoral  artery,  coronary) ,  
integrity of the stent under study in  overlapping configurations should  be evaluated,  unless justification  
can be provided for testing  of individual  stents.  I f overlapping with  a different device is  specifically 
indicated,  testing  should  include evaluation  with  the indicated device.  

Testing to establish  the labeled shelf-l i fe shal l  be conducted by repeating  appropriate tests.  Justification 
for the selection  of tests shall  be provided.  For drug-eluting  stents,  real  time and accelerated testing  
conditions should  be used to define drug attributes for product shelf l i fe.  

NOTE 2 Additional  guidance for stabi l ity testing  of drug products can be found in  ICH 1  Q1 A[34]  (R2),  ICH Q1 B[35],  
and ICH Q1 D [36].  

8.2 Sampling 

A sampling  plan shall  be uti l ized which  wi l l  ensure that adequate representation of the data has been 
obtained for each parameter measured.  The design  characteristics of the stent (including  any drugs 
and/or coatings),  delivery system  and stent system  shall  be verified to be representative of the devices to 
be released for distribution,  including  al l  sizes,  configurations and components.  

The sampling  shall  ful ly represent the range of device designs and  might not necessari ly require the 
testing  of each size.  The stent sizes selected for testing  shal l  represent the worst case combination(s)  of 
diameter and  length  for each test.  A rationale shal l  be provided for sample selection.  I t m ight be 
necessary to conduct an  assessment to identify the size(s)  of the device with  the greatest potential  for 
fai lure.  

Sampling  shal l  ensure adequate representation  of the expected variabil i ty in  the manufacture of devices.  

For those tests with  specified confidence and rel iabil i ty parameters,  the sample size shal l  have a 
statistical  basis.  For al l  tests,  the number of samples shal l  be justified.  

8.3 Conditioning of test samples 

All  samples shal l  be subjected to steri l ization,  including  multiple steri l izations,  i f appropriate,  unless 
justification  is provided for use of non-steri l ized products.  

Samples shall  be subjected  to conditions that are normally encountered which might affect the test results.  
Conditioning  might include loading the stent on  or inside the del ivery catheter,  preconditioning  of the stent 

                                                      
1  International  Conference on Harmonization  guidel ines.  
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system  as recommended in  the instructions for use (IFU),  single or multiple passes through  an  anatomical  
model,  and deployment of the stent.  

A simulated physiological  environment (e.g.  a temperature-controlled water bath)  shall  be used when  
appropriate.  

8.4 Reporting 

For the purposes of th is part of ISO 25539,  reporting  relates to requests from  a national  regulatory 
authority or from  a body responsible for assessing conformity.  

The test report for the preclin ical  in vitro testing  shall  include an  executive summary of al l  testing.  This  
summary should include identification of tests,  with  the rationale for the omission  of any tests identified in  
Annex B or the selection  of alternative tests.  The information provided  in  each test report should  be based 
upon  a prospectively defined test protocol.  

A summary of results,  with  acceptance criteria and  any potential  cl inical  significance of the results,  should  
be included and  can  be in  tabular form.  Consideration shall  be given  to the anatomical,  physiological ,  and  
morphological  conditions of the intended use in  establishing  the acceptance criteria.  Justification and 
cl in ical  applicabi l ity of acceptance criteria for each test shal l  be provided.  A table of contents should  be 
provided and pages should  be numbered sequential ly.  

Individual  test reports should  include the fol lowing information:  

a)  purpose:  state the purpose of the test as i t corresponds to th is part of ISO 25539;  

b)  materials:  l ist al l  materials  (e.g.  test articles with  lot/serial  numbers or other appropriate means of 
traceabi l ity,  equipment)  used in  performing the test,  using  figures and diagrams as appropriate;  

c)  sampling:  state the sampling  plan,  including  the basis for and the number of samples tested;  
selection  of test articles shall  be justified (e.g.  sizes,  conditioning);  

d)  acceptance cri teria:  state the acceptance criteria for the test results;  

e)  test method:  describe in  detai l  the method used to perform  the test,  including  any prospectively 
defined  inspection procedures,  and provide a justification  for critical  test parameters;  

f)  protocol  deviations:  describe any deviations and their potential  significance on  the interpretation  of 
the results;  

g)  expression of results:  describe testing  results expressed in  units as indicated in  the test method;  

h)  conclusion:  state conclusions,  based on  comparing  results  to  acceptance cri teria,  including  any 
potential  cl in ical  significance of these results.  

8.5 Delivery system and stent system 

8.5.1  Abil ity to access 

8.5.1 .1  General  

This covers the abil i ty of the system  to permit safe,  consistent and accurate access to the intended 
location.  
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For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  guidewire not crossing  the lesion;  

b)  introducer and del ivery system  not matching the access site (i .e.  size mismatch);  

c)  del ivery system  not advancing to target si te;  

d)  embolism  and air embolization;  

e)  stent dislodgement.  

These hazards might result in  reportable cl inical  events,  including  but not l im ited to the fol lowing:  

—  access fai lure;  

—  vascular trauma;  

—  neurological  deficit;  

—  ischemia;  

—  spinal  neurological  deficit;  

—  embolization;  

—  procedural  bleeding.  

Testing shall  include the fol lowing i tems l isted  in  8.5. 1 .2 to  8.5.1 . 1 3,  as appropriate to the design  of the 
stent system.  

8.5.1 .2 Bond strength  

Determine the longitudinal  bond strength  between parts of the delivery system.  All  bonds shall  remain  
intact under recommended conditions of use.  The results shall  be evaluated  in  relation  to the force(s)  
necessary to  access the intended location.  

8.5.1 .3 Component dimension compatibility 

Evaluate the dimensions of the stent system  for compatibi l i ty with  the dimensions of recommended 
accessories.  Al l  components shall  be dimensionally compatible.  The need for contrast to be able to pass 
through the lumen of the guide catheter or introducer with  the stent system  in  place should be considered.  

8.5.1 .4 Dimensional  verification 

Determine the appropriate dimensions for conformance with  design  specifications.  

8.5.1 .5 Dislodgement force (pre-mounted balloon expandable stents)  

Determine the force required to dislodge the premounted  stent from  the crimped position  on  the non-
expanded bal loon and to completely separate the stent from  the non-expanded bal loon during  cl inical  use.  
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8.5.1 .6 Flex/kink 

Evaluate the abi l i ty of the stent system  to bend in  order to  accommodate the predetermined cl inical ly 
relevant radius or angle i t wi l l  be required to negotiate during  access and  del ivery.  

8.5.1 .7 Profile/diameter test 

Determine the maximum diameter along  sections of the stent system.  

8.5.1 .8 Pushability 

Evaluate the abi l i ty of the stent system  to be pushed or positioned by an  operator without undesirable 
bending or buckling.  

8.5.1 .9 Simulated use 

Evaluate the performance of the stent system using a model(s)  that simulate(s)  the intended use conditions.  

8.5.1 .1 0 Torquability 

Evaluate the abi l i ty of the stent system  to provide sufficient rotation  to the distal  (leading)  end to del iver 
the stent with in  the anatomy,  i f appropriate for the intended cl inical  use.  

8.5.1 .1 1  Torsional  bond strength  

Determine the torque/rotation required to break joints and/or materials in  the appropriate del ivery system 
components,  i f  appropriate for the intended cl inical  use.  The results shall  be evaluated in  relation  to the 
torque necessary to access the system.  

8.5.1 .1 2 Trackability 

Evaluate the abi l i ty of the stent system  to advance through the vessel  to the target si te using  the 
recommended accessories.  Evaluate the potential  for displacement of the guidewire from  its intended 
position during the advancement of the stent system,  as appropriate for the intended use of the stent (e.g.  
loss of side-branch  access during  stenting) .  

8.5.1 .1 3 Visibil ity 

Evaluate the abil i ty to visualize the del ivery system  and/ or stent system  during access using  fluoroscopy.  
The use of other technologies for visualization  shall  be justified.  

8.5.2 Abil ity to deploy 

8.5.2.1  General  

This covers the abi l i ty of the system  to permit safe,  consistent and  accurate deployment of the stent.  

For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  inabi l ity to ful ly and properly deploy the stent;  

b)  stent dislodgement;  
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c)  bal loon fai lure (if appl icable) ;  

d)  stent or del ivery system  damage;  

e)  inadequate visualization;  

f)  embolism  and air embolization.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  del ivery system fai lure;  

—  deployment fai lure;  

—  spinal  neurological  deficit;  

—  neurological  deficit;  

—  vascular trauma;  

—  ischemia;  

—  embolization;  

—  damage to stent;  

—  procedural  bleeding.  

Testing shall  include the fol lowing i tems l isted  in  8.5.2.2 to  8.5.2. 1 3,  as appropriate to the design  of the 
stent system.  

8.5.2.2 Bond strength  

Determine the longitudinal  bond strength  between parts of the delivery system.  All  bonds shall  remain  
intact under recommended conditions of use.  The results shall  be evaluated  in  relation  to the force(s)  
necessary to  deploy the stent.  

8.5.2.3 Balloon inflation time (balloon expandable or balloon assisted stents)  

Determine the time required to expand the bal loon to the maximum recommended inflation  pressure,  
volume or diameter.  The stent system  should be used  for this test i f the stent is intended to be mounted 
on  the bal loon during  inflation.  

8.5.2.4 Balloon deflation time (balloon expandable or balloon assisted stents)  

Determine the time required to deflate the bal loon and  evaluate the abi l i ty to remove the deflated  balloon  
from  with in  the stent.  

8.5.2.5 Balloon rated burst pressure (RBP) (balloon expandable or balloon assisted stents) 

Determine the burst pressure with  an  appropriate safety margin.  The stent system should  be used for this  
test i f the stent is intended to be mounted on  the balloon during  inflation.  

Designate the maximum recommended inflation  pressure.  This pressure should  not exceed the RBP.  
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8.5.2.6 Balloon rated fatigue (balloon expandable stents)  

Evaluate the abi l i ty of the bal loon to withstand a cl in ically justified number of repeated inflation  cycles to  
the RBP.  The stent system  should be used for th is test i f the stent is intended to be mounted  on  the 
bal loon during  inflation.  

Designate the maximum recommended number of inflation cycles.  

8.5.2.7 Component dimension compatibility 

Evaluate the dimensions of the stent delivery system  for compatibi l i ty with  the dimensions of 
recommended accessories.  Al l  components shal l  be dimensionally compatible.  The need for contrast to 
be able to pass through the lumen of the guide catheter with  the stent system in  place should  be 
considered.  

8.5.2.8 Dimensional  verification 

Determine the appropriate dimensions for conformance with  design  specifications.  

8.5.2.9 Dislodgement force (pre-mounted balloon expandable stents)  

Determine the force required to dislodge the premounted  stent from  the crimped position  on  the non-
expanded bal loon and to completely separate the stent from  the non-expanded bal loon during  cl inical  use.  

8.5.2.1 0 Dogboning  (balloon expandable stents)  

Determine the diameter(s)  of the balloon extending beyond the ends of the stent that are greater than the 
stent outer diameter(s)  at the maximum recommended inflation pressure.  

8.5.2.1 1  Force to deploy (self-expanding stents)  

Determine the force required to deploy the stent from  the del ivery system.  

8.5.2.1 2 Simulated use 

Evaluate the performance of the stent-system  using  a model  that simulates the intended use conditions.  

8.5.2.1 3 Visibil ity 

Evaluate the abil i ty to visualize the stent and del ivery system  during  placement and deployment using  
fluoroscopy.  The use of other technologies for visualization shall  be justified.  

8.5.3 Abil ity to withdraw 

8.5.3.1  General  

This covers the abi l i ty of the system to permit safe and consistent withdrawal  of the del ivery system.  

For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  improper bal loon deflation (bal loon expandable);  

b)  bal loon winging  (balloon expandable);  
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c)  lack of structural  integrity;  

d)  embolism; 

e)  diameter mismatch;  

f)  stent dislodgement;  

g)  stent or del ivery system  damage;  

h)  del ivery system snags on,  or adheres to the stent;  

i )  inadequate visualization.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  del ivery system fai lure;  

—  deployment fai lure;  

—  neurological  deficit;  

—  vascular trauma;  

—  ischemia;  

—  spinal  neurological  deficit;  

—  embolization;  

—  damage to stent;  

—  procedural  bleeding.  

Testing shal l  include the fol lowing i tems in  8.5.3.2 to 8.5.3.9,  as appropriate to the design of the stent 
system.  

8.5.3.2 Bond strength  

Determine the longitudinal  bond strength  between parts of the delivery system.  All  bonds shall  remain  
intact under recommended conditions of use.  The results shall  be evaluated  in  relation  to the force(s)  
necessary to  withdraw the system.  

8.5.3.3 Component dimension compatibility 

Evaluate the dimensions of the stent delivery system  for compatibi l i ty with  the dimensions of 
recommended accessories.  Al l  components shal l  be dimensionally compatible.  The need for contrast to 
be able to pass through the lumen of the guide catheter with  the stent system  in  place should be 
considered.  

8.5.3.4 Dimensional  verification 

Determine the appropriate dimensions for conformance with  design  specifications.  
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8.5.3.5 Flex/kink 

Evaluate the abi l i ty of the stent system  to bend in  order to  accommodate the predetermined cl inical ly 
relevant radius or angle i t wi l l  be required to negotiate during  access and  del ivery.  

8.5.3.6 Simulated use 

Evaluate the performance of the del ivery system  using  a model  that simulates the intended use 
conditions.  

8.5.3.7 Torsional  bond strength  

Determine the torque/rotation required to break joints and/or materials in  the appropriate del ivery system 
components,  i f  appropriate for the intended cl inical  use.  The results shall  be evaluated in  relation  to the 
torque necessary to withdraw the system.  

8.5.3.8 Tubing tensile strength  

Determine the strength  of the tubing  used in  the del ivery system  as appropriate to  the material.  

8.5.3.9 Visibil ity 

Evaluate the abi l i ty to visualize the delivery system  during  withdrawal  using fluoroscopy.  The use of other 
technologies for visualization  shal l  be justified.  

8.5.4 Biocompatibility 

Biocompatibi l i ty shal l  be tested in  accordance with  ISO 1 0993-1  and appropriate other parts of the 
ISO 1 0993 series of International  Standards.  For extraction tests,  the stent should be tested separately 
from  the del ivery system.  

8.5.5 Hemostasis 

8.5.5.1  General  

This covers the abi l i ty of the system  to minimize blood  loss.  

For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  component dimensional  incompatibi l i ty (size mismatch);  

b)  seal  incompetence;  

c)  other leakage.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  procedural  bleeding;  

—  hematoma.  

Testing  shal l  include the fol lowing i tems l isted in  8.5.5.2 to 8.5.5.4,  as appropriate to the design  of the 
stent system.  
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8.5.5.2 Component dimension compatibility 

Evaluate the dimensions of the stent delivery system  for compatibi l i ty with  the dimensions of 
recommended accessories.  Al l  components shall  be dimensionally compatible.  

8.5.5.3 Dimensional  verification 

Determine the appropriate dimensions for conformance with  design  specifications.  

8.5.5.4 Assessment of hemostasis 

Evaluate the abi l i ty of any seal  or valves in  the delivery system  to maintain  an  adequate hemostatic seal  
when used with  appropriate accessory devices.  

8.6 Stent 

8.6.1  Abil ity to accurately deploy 

8.6.1 .1  General  

This covers the abi l i ty to permit safe,  consistent and  accurate deployment of the stent at the intended 
lesion  location.  

For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  inaccurate positioning  or orientation;  

b)  improper deployment configuration;  

c)  incomplete deployment;  

d)  inadequate visualization.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  branch vessel  occlusion;  

—  del ivery system  fai lure;  

—  deployment fai lure;  

—  stent m igration;  

—  intraprocedural  vessel  occlusion;  

—  ischemia;  

—  vascular trauma.  

Testing shal l  include the fol lowing i tems l isted in  8.6.1 .2 to 8.6.1 .5,  as appropriate to the design  of the 
stent.  
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8.6.1 .2 Stent length-to-diameter relationship 

Determine the relationship between stent length  and  expanded stent diameter.  

8.6.1 .3 Profile effect/flaring  (balloon expandable stents)  

Determine the change in  distance between the external  d iameter of the stent and  the external  diameter of 
the bal loon after tracking through a tortuous path.  

8.6.1 .4 Simulated use 

Evaluate the performance of the stent using  a model  that simulates the intended use conditions.  

8.6.1 .5 Visibil ity 

Evaluate the abi l i ty to visualize the stent during  deployment and after wi thdrawal  of the del ivery system 
using  fluoroscopy.  The use of other technologies for visual ization  shal l  be justified.  

8.6.2 Fixation effectiveness 

8.6.2.1  General  

This covers the abi l i ty of the stent to remain  in  i ts deployed position.  

For estimating  risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  

a)  incomplete apposition  to vessel  wal l;  

b)  excessive or inadequate radial  outward  force.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  stent m igration;  

—  intraprocedural  vessel  occlusion;  

—  vascular trauma;  

—  trauma to adjacent structures;  

—  branch vessel  occlusion.  

Testing  shal l  include the fol lowing i tems in  8.6.2.2 to 8.6.2.8,  as appropriate to the design  of the stent.  

NOTE Four tests are l isted below,  which  determine forces related to the deformation  of the stent.  Although 
simi lar,  crush  resistance with  a radial ly appl ied load,  crush  resistance using  parallel  plates,  local  compression and 
radial  force tests measure di fferent attributes of the stent,  as fol lows:  

—  the crush  resistance test with  a radially appl ied load measures the abi l i ty of a balloon-expandable stent to resist 
permanent deformation when  subjected to a circumferentially uniform radial  load; 

—  the crush  resistance test using  paral lel  plates measures the abi l i ty of a stent to resist permanent deformation 
along the entire length  of the device when  subjected to a load uniformly appl ied over the length  of the device; 

Copyright Association  for the Advancement of Medical  Instrumentation  

Full document details: ANSI AAMI ISO 25539-2-2012

http://www.avadocuments.com/doc/ansi-aami-iso-25539-2-2012
http://www.avadocuments.com/doc/ansi-aami-iso-25539-2-2012


© 201 3 Association  for the Advancement of Medical  Instrumentation  ■  ANSI/AAMI/ISO 25539-2:201 2  1 9  

—  the local  compression  test measures the abil i ty of a stent to resist permanent deformation  under a localized 
(e.g.  point)  load;  

—  the radial  force test measures the force exerted by a self-expanding  stent on  the vessel  in  the deployed state 
during expansion  and compression.  

8.6.2.2 Conformability to vessel  wall  

Evaluate the abil i ty of the stent to adequately contact the vessel  wal l  upon  deployment.  

8.6.2.3 Crush resistance with  a radially applied load (balloon expandable stents)  

Determine the load/deformation characteristics of the stent whi le a circumferential ly uniform  radial  load is  
applied.  

8.6.2.4 Crush resistance with  parallel  plates 

Determine the load required to  cause cl inically relevant buckling  or a deflection  reduction  of at least 50 % 
of the original  distance between the plates and the load required to permanently deform  or ful ly col lapse 
the stent.  This test is  required for stents that can experience direct compression  in  a cl inical  setting (e.g.  
bal loon-expandable peripheral  stents) .  

8.6.2.5 Local  compression  

Determine the load/deformation  characteristics of the stent in  response to a local ized compressive force,  
perpendicularly applied to  the longitudinal  axis of the device,  and i ts abil i ty to recover to i ts orig inal  
geometry.  The plate deflection  should  be reduced by at least 50 % at the point of contact.  This test is 
required for stents of a design  with  the potential  for a different response to local  compression  as 
compared to a radial  or flat plate compressive force and for which  this test is  cl inically relevant.  

8.6.2.6 Radial  force 

Determine the force (expansion  and compression)  exerted by a self-expanding  stent as a function of the 
stent outer diameter.  

8.6.2.7 Recoil  (bal loon expandable stents)  

Determine the percent change of the stent outer diameter from  the maximum outer diameter obtained 
with  balloon  inflation,  to  the final  outer diameter after balloon  removal.  The sizing scheme recommended 
for the stent in  the IFU should  take into consideration this recoi l .  

8.6.2.8 Simulated use 

Evaluate the performance of the stent using  a model  that simulates the intended use conditions.  

8.6.3 Stent integrity 

8.6.3.1  General  

This covers the abi l i ty of the stent to resist structural  fai lure.  

For estimating risks,  the hazards to  be considered include,  but are not l im ited to,  the fol lowing:  
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a)  structural  fai lure of the stent,  including  the coating,  i f  appl icable;  

b)  loss of complete apposition  to vessel  wal l;  

c)  excessive,  unintended stent expansion  non-uniformity.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  

—  stent fracture;  

—  residual  stenosis;  

—  in-segment restenosis;  

—  in-stent restenosis;  

—  restenosis;  

—  vessel  occlusion,  intraprocedural;  

—  vessel  occlusion,  periprocedural;  

—  vessel  occlusion,  late;  

—  stent m igration;  

—  vascular trauma;  

—  ischemia due to emboli  or in-stent thrombosis;  

—  trauma to adjacent structures.  

Testing  shal l  include the fol lowing i tems l isted in  8.6.3.2 to 8.6.3.6,  as appropriate to the design  of the 
stent.  

8.6.3.2 Acute coating  integrity 

Evaluate any damage to the coating due to loading,  tracking,  deployment and del ivery system  withdrawal.  

8.6.3.3 Coating  dimensions and other coating parameters (e.g.  porosity,  density distribution,  
mass)  

Determine the appropriate dimension or other parameters (e.g.  mass)  of the stent coating.  

8.6.3.4 Corrosion  

Evaluate the susceptibi l i ty of the stent to corrosion  in  an  actual  or simulated environment.  These 
corrosion mechanisms can include pitting,  fretting,  crevice and galvanic corrosion.  Each corrosion  
mechanism  should be evaluated for specific stent designs,  as appropriate.  For example,  fretting  corrosion  
should  be evaluated for stents that may be used in  an  overlapped condition.  

Coating  artifacts and coating  manufacturing  processes might affect the corrosion  potential  of the final  
product and should  be considered.  
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8.6.3.5 Durability 

8.6.3.5.1  General  

The evaluation of long-term durabil ity under anticipated physiological  conditions shal l  be performed.  I f not 
al l  stent sizes and configurations are evaluated,  the size(s)  and configurations to be evaluated shall  be 
selected  to  represent the greatest potential  for fatigue fai lure,  so that conclusions regarding  the 
acceptable durabi l ity can be reasonably applied to other sizes and configurations not tested.  Results from 
the testing and the analyses to evaluate the durabi l i ty of the stent are complementary and should  be 
interpreted  both  independently and in  combination.  

The fol lowing i tems shall  be considered in  evaluating  stent durabi l ity:  

—  overlapping stents,  as appropriate;  

—  potential  fai lure modes,  such  as strut or bridge fracture,  wear,  permanent deformation,  loss of coating 
integrity (e.g.  delamination,  particle shedding or dehiscence) ;  

—  in vivo loads,  as appropriate to the specific intended site of implantation  (e.g.  bending,  radial,  axial,  
torsion,  crush);  

—  l im itations of the test and associated potential  artifacts.  

Testing has not yet been  standardized  for the evaluation  of the effects of physiological  loads beyond 
radial  loading.  Testing  and/or analyses in  addition  to those l isted below might be necessary to ful ly 
evaluate al l  physiologic loading  and  potential  fai lure modes.  Anatomic variabi l i ty and post-implant 
morphologic changes should  be considered in  establishing  appropriate boundary conditions for test 
and/or analysis.  

8.6.3.5.2 Stress/strain analyses 

Determine the critical  stresses and/or strains in  the stent due to manufacturing,  catheter loading,  del ivery,  
deployment and  in vivo loading,  using  appropriate tools such  as fini te element analysis (FEA).  The 
material  properties shal l  be selected as those appropriate to the specific stage of manufacturing  and 
deployment being  analyzed.  The results  of th is stress/strain  analysis can  be used to determine 
appropriate design  safety margins and can  be used to establ ish  the appropriate test conditions and to  
select the appropriate test articles (e.g.  stent sizes)  for durabil i ty testing.  

8.6.3.5.3 Fatigue safety factor determination  

Conduct an  appropriate fatigue analysis.  Evaluation  of the stent fatigue safety factor requires an  
engineering  approach such  as stress-l i fe,  and/or strain-l i fe.  In  general,  al l  sizes and configurations shall  
be analyzed unless i t  can be reasonably demonstrated that a worst-case exists.  Stress-l ife or strain-l ife 
fatigue safety analysis requires that the mean and cycl ic stresses or strains be determined by 
stress/strain  analysis,  and compared to the appropriate material  properties (e.g.  u ltimate and endurance 
strength  or strain) .  Safety factors can be expressed based on  stress,  strain  or fatigue l i fe.  

8.6.3.5.4 Fatigue durability testing  

Evaluate the long-term  structural  integrity of the stent when subjected to simulated worst-case physiologic 
loads.  Durabi l ity shal l  be evaluated for al l  relevant fatigue loading modes,  which shall  be justified based 
on  the intended cl inical  use (implant location)  and conditions (e.g.  oversizing,  overlap) .  Fatigue testing of 
the stent shall  include in vitro testing  unti l  ten-year equivalent cycles have been appl ied  to each stent 
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under test.  I f the intended stent l i fe is less than ten  years,  shorter duration  fatigue testing  might be 
appropriate and shal l  be justified.  The frequency of the test shal l  be such  that the deformation of the stent 
under test is  no less than the deformation of the stent under the determined physiological  conditions.  The 
testing  shal l  be conducted in  an  appropriate test solution,  such  as phosphate buffered saline,  unless 
testing  in  a different environment,  such as disti l led water,  can be justified.  The testing shal l  be conducted 
at physiological  temperature,  unless otherwise justified.  

Test conditions shal l  be documented and justified,  and shal l  include the number of samples,  stent sizes 
tested,  test frequency,  and other parameters used in  simulating  the physiological  conditions.  
Loading/deformation  modes and  magnitudes and the requisite number of test cycles shall  be justified  by 
appropriate physiological  models and analyses.  The stent size(s)  and configurations to be tested shal l  be 
selected  to  represent the greatest potential  for fatigue fai lure,  so that conclusions regarding the 
acceptable durabil ity can be reasonably applied to other sizes and configurations not tested.  

Testing to  fracture shall  be considered,  but is  not a requirement.  While test methods have not yet been  
standardized,  durabil ity testing  to  fracture has several  potential  advantages,  including  identification  of 
fai lure modes,  verification  of device fatigue analysis and appropriateness of factor of safety.  

8.6.3.5.5 Coating  durability 

Evaluate the abi l i ty of the coating  to  resist delamination  (e.g.  flaps,  bare spots)  when subjected to  
simulated worst-case physiologic loads in  a manner consistent with  8.6.3.5.4.  

Examination  of the coating  under appropriate magnification shal l  be conducted.  Inspection  results shall  
be compared to basel ine characteristics to determine the effective l i fe of the coating.  Results shal l  be 
analyzed with  respect to available preclinical  in vivo and cl inical  performance.  

Examinations at pre-specified intervals should  be considered.  

8.6.3.5.6 Coating  particulate generation  

Determine the size and amount of particles generated from  the coating when subjected to simulated in 
vivo conditions.  

8.6.3.6 Visual  inspection 

The stent shal l  conform  to the manufacturer’s specifications with  respect to surface defects and  
contamination.  The stent shal l  be free of defects that would render the stent unsuitable for i ts intended 
use.  

8.6.4 Sizing 

8.6.4.1  General  

This covers the abil i ty of the stent to remain  in  i ts placed position  within  the vasculature,  by appropriate 
sizing.  

For estimating risks,  the hazards to be considered include,  but are not l im ited to,  the fol lowing:  

a)  inappropriate sizing.  

These hazards might result in  reportable cl inical  events,  including,  but not l im ited to,  the fol lowing:  
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—  stent m igration;  

—  stent thrombosis;  

—  branch vessel  occlusion;  

—  vascular trauma;  

—  trauma to adjacent structures;  

—  residual  stenosis;  

—  in-segment restenosis;  

—  in-stent restenosis;  

—  restenosis;  

—  vessel  occlusion,  intraprocedural;  

—  vessel  occlusion,  periprocedural;  

—  vessel  occlusion,  late;  

—  ischemia.  

Testing  shal l  include the fol lowing i tems l isted in  8.6.4.2 to 8.6.4.6,  as appropriate to the design  of the 
stent.  

8.6.4.2 Dimensional  verification 

Determine the appropriate dimensions for conformance with  design  specifications.  

8.6.4.3 Stent diameter to balloon inflation pressure (balloon expandable stents)  

Determine the relationship between  the stent diameter and the bal loon inflation  pressure for bal loon 
expandable stents.  

8.6.4.4 Recoil  (bal loon expandable stents)  

Determine the percent change of the stent outer diameter from  the maximum outer diameter obtained 
with  balloon inflation  to the final  outer diameter after bal loon removal.  The sizing  scheme recommended 
for the stent in  the IFU should  take into consideration  this recoi l .  

8.6.4.5 Simulated use 

Evaluate the performance of the stent using  a model  that simulates the intended use conditions.  

8.6.4.6 Stent length  to diameter relationship 

Determine the relationship between stent length  and  i ts expanded diameter.  
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