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Workshop Goals

1. Understand how to navigate through V&V40

2. Obtain theoretical and hands-on knowledge of the key concepts of 
context of use, risk, and credibility

3. See the application of various aspects of the risk and credibility 
assessment on real medical device examples

<<< Be better prepared to leverage V&V40 to assist in solving challenges 
related to medical devices with computational modeling >>>
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AGENDA
0:00 – 0:20 Welcome and ASME Standards Development Introduction – Marc Horner & Angel 

Guzman Rodriguez

0:20 – 0:40 Virtual walk-through of V&V40 – Jeff Bischoff

0:40 – 1:00 Introduction of Key Concepts: COU, Risk, Credibility – Payman Afshari

1:00 – 1:20 Introduction of Key Concepts: Credibility Factors – Marc Horner

1:20 – 1:35 Break

1:35 – 2:05 Explore ?OI/COU/risk – Payman Afshari

2:05 – 2:35 Explore verification – Marc Horner

2:35 – 3:05 Explore validation / applicability – Philippe Favre

3:05 – 3:25 Perspectives from a regulator – Pras Pathmanathan

3:25 – 3:40 Closing thoughts / ongoing VVUQ40 activities – Jeff Bischoff

3:40 – 3:45 Wrap-up and adjourn – Marc Horner and Angel Guzman Rodriguez



5

Workshop

Disclaimer

All opinions expressed here are those of the individual presenters*, and are 
not intended to represent the position of either ASME or the speaker’s 

employer.

*Presenters are long-standing members of ASME VVUQ40, and have actively contributed to the 
development, publication, and continuing improvement of V&V40
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II. INTRODUCTION TO ASME STANDARDS 
DEVELOPMENT, ASME VVUQ COMMITTEE AND 

HISTORY

Angel Luis Guzman Rodriguez

S&C Project Engineering Advisor

ASME

September 2022
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INTRODUCTION

• Angel L. Guzman Rodriguez, S&C Project Engineering Advisor

• BS in Industrial Engineering, Minors in Mathematics & Management 
o Hofstra University

o Hempstead, LI 2004

• ASME Standards & Certification Engineer

• S&C Standardization and Testing



8

Workshop

ASME
▪ Helping global engineering community develop solutions to benefit lives and livelihoods

▪ Leading international developer of standards

• Founded in 1880

• Not-for-Profit

• Approximately 600 standards

• Accepted for use in more than 100 countries

• 70 Consensus Committees

• 700 Total Committees

• 5 Supervisory Boards

• Close to 6,000 Volunteers (800 International and growing) 

• Administer Over 40 U.S. Technical Advisory Groups (TAG) to International Organization for 
Standardization (ISO)

• ~12 Conformity Assessment Programs



9

Workshop

ASME VISION AND MISSION
Vision

▪ To be the world leader in mechanical and multidisciplinary 
engineering codes, standards, conformity assessment programs, 
and related products and services. 

Mission

▪ Develop the best, most applicable codes, standards, conformity 
assessment programs, and related products and services in the 
world for the benefit of humanity.  Involve the best and brightest 
people from all around the world to develop, maintain, and promote 
the use of these ASME products and services. 
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ASME ADVANTAGE
Maturity of our Standards

▪ Over 100 yrs. of consensus developed content that advances with technology and 
ensures high quality products and a commitment to overall public safety 

Globally recognized and accepted

▪ Codes, Standards, and Conformity Assessment requirements that aid manufacturers in 
the development and implementation of the Standard through a Quality System in the 
manufacturing of boilers, pressure vessels, and pressure piping, etc.

Conformity Assessment Program

▪ ASME Conformity assessment allows the recognition of a company’s or individual’s 
capability to fulfill the requirements of an ASME standard in order to advance public 
safety and facilitate international commerce.
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STANDARDS USEFULNESS
▪ Uniformity/Consistency

▪ Standards ensure that various goods and systems are the same everywhere

▪ Bolt and Screw Sizes, threading

▪ Material composition

▪ Plumbing fittings

▪ Efficiency

▪ Use of standards reduces the time in developing proven technology

▪ Standards provide a common language for all stakeholders

▪ Business Interactions

▪ Standards play a large role in trade

▪ (Ideally) one universal standard, one universal test

▪ Safety
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ASME STANDARDS ACCREDITED BY ANSI
• Accredited by ANSI

• ANSI’s Essential Requirements establish due process for 

standards development via:

• Openness

• Lack of dominance/Balance of interest

• Coordination and harmonization

• Consensus

• Consideration of views and objections

• Notification

• Written procedures

• Appeals
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ASME STANDARDS DEVELOPMENT PROCESS

▪ Written by committee volunteers

▪ Approved by a consensus process

▪ Standards are a “living document” that are constantly 
being developed and revised 

▪ Most ASME procedures are accredited by the 
American National Standards Institute (ANSI)
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ASME S&C CONSENSUS PROCESS
▪ Decisions are reached through consensus among those affected, which includes 

▪ Substantial agreement by affected interest categories

▪ Consideration of views, attempted resolution is part of the process

▪ Unanimity not required

▪ The Standards Committee is responsible for establishing consensus on proposed 
standards actions

▪ Participation is open to all affected interests; no membership fees or requirement to 
be an ASME society member

▪ Balance is maintained among diverse interest categories

▪ E.g. Owner, Manufacturer, Laboratory, Utility, Construction, Designer, and 
General Interest

▪ The process is transparent; information on the process and progress is directly 
available
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ASME S&C DUE PROCESS
▪ Due process assures that all views will be considered and is 

embedded into the Standards Development Process and Conformity 
Assessment Program.

▪ The Appeals Process follows a detailed set of procedures to ensure 
all technical aspects are adequately considered and meets the needs 
of different technologies, product sectors and various conformity 
assessment programs.

▪ The process is timely; purely administrative matters do not slow down 
the work.

▪ Standards activities are coherent, avoiding overlap or conflict.
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ASME STANDARDS APPROVAL PROCESS

Submission

• Submission of proposal
• Proposal evaluation (staff, subtier committee)

Technical
Approval

• Proposal voted on by committee
• Disapprovals addressed/recirculated (iterative)

Review

• ANSI Public Review
• Public Review comments addressed

Procedural

Approval

• ASME supervisory board procedural review/approval
• ANSI procedural approval

Publication

• Editing, composition, review of proof pages
• Publication

1

6
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ASME S&C PROPRIETARY ISSUES
▪ ASME does not ‘approve’, ‘rate’ or ‘endorse’ any item, construction, 

proprietary device, or activity.

▪ Proprietary devices may only be incorporated in a generic manner.

▪ The ASME Single Certification Mark aka “The Mark” can only be used 
by those who have an active Certificate of Authorization.
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ASME S&C PRODUCTS: CODES & STANDARDS
▪ Standards 

• A set of technical definitions and guidelines, “how to” instructions for designers, manufacturers, and users.

• Standards promote safety, reliability, productivity, and efficiency in almost every industry that relies on engineering 
components or equipment.

• Are considered voluntary because they serve as guidelines, but do not of themselves have the force of law.

• Standards become mandatory when they have been incorporated into a business contract or incorporated into 
regulations.

▪ Codes

• A “Standard” is all inclusive (Codes are included in the definition) and that by custom or tradition some of the products 
have the word “Codes” in title, while others may not, regardless of whether the Standard is adopted through 
regulations.

▪ Cases

• Clarifies the intent or provides an alternative to existing Code or Standard requirements.

• Intended to be incorporated into a future edition of the standard.
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ASME S&C PRODUCTS: CODES & STANDARDS
▪ Interpretations

▪ A formal committee response to clarify the meaning of an existing requirement.

▪ Guides/Technical Reports

▪ A suggested practice, process or method that is not mandatory and may be 
used as a whole or in part.

▪ Draft Standard for Trial Use

▪ Distribution of a draft standard for comment is specified up to three years from 
the date of publication based on the schedule for each specific project. It is 
expected that following this time period, the draft standard is revised as 
necessary with the intent that it will be published as an American National 
Standard.
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ASME S&C PRODUCTS: CONFORMITY ASSESSMENT PROGRAMS

▪ Product Certification

▪ Boilers (High Pressure & Low Pressure), Pressure Vessels,  Heat Exchangers, some piping (i.e., BPVC Sections I, IV, & VIII).

▪ Nuclear Components – Vessels, Pumps, Valves, Pressurizers, Supports (i.e., BPVC Section III).

▪ Reinforced Thermoset Plastics (RTP) & Fiber Reinforced Plastics (FRP) (i.e., RTP-1).

▪ Bioprocessing Equipment (i.e., BPE).

▪ Quality Program Certification

▪ Quality Assurance Requirements for Nuclear Facility Applications (i.e., NQA-1).

▪ Nuclear Materials Organization (QSC Holders) (i.e., BPVC III).

▪ Accreditations

▪ Authorized Inspections Agency (AIA) (i.e., QAI-1).

▪ Pressure Relief Devices Testing Laboratory (PRD).

▪ Personnel Certification

▪ Geometric Dimension and Tolerancing Principals (GDTP).

▪ Qualification of Resource Recovery Facility (QRO).

▪ Non-Destructive Examination Personnel & Quality Control Technicians (ANDE).

▪ Qualification of High Capacity Fossil Fuel Fired Plant Operators (QFO).
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Energy and Environmental 

Standards Advisory Board

Board on 

Hearing and 

Appeals

Board on Council 

Operations

ASME COUNCIL ON S&C

A112 Plumbing Materials and Equipment

B1 Screw Threads

B107 Hand Tools and Accessories

B18 Bolts, Nuts, Rivets, Screws, Washers,

and Similar Fasteners

B29 Chains, Attachments, and Sprockets for Power Transmission 

and Conveying

B32 Metal and Metal Alloy Wrought Mill Product Nominal Sizes

B40 Pressure and Temperature Instruments and Accessories

B46 Classification and Designation of Surface Qualities

B47 Gage Blanks

B5 Machine Tools 

B73 Chemical Standard Pumps

B89 Dimensional Metrology

EA Industrial System Energy Assessment

HST Hoists – Overhead

MAM Manufacturing and Advanced Manufacturing

MBE Model Based Enterprise 

MFC Measurement of Fluid Flow in Closed Conduits

Performance Test Codes

RAP Power Plant Reliability, Availability, and Performance

H213 on Harmonization of Dimensional and Geometrical Product 

Specifications and Verification

STS Steel Stacks

VVUQ Verification, Validation and Uncertainty Quantification in 

Computational Modeling and Simulation

Y14 Engineering Drawing and Related Documentation Practices

Board on Nuclear Codes and 

Standards

BPV Construction of Nuclear Facility 

Components

BPV Nuclear Inservice Inspection

Operation and Maintenance of Nuclear 

Power Plants

Cranes for Nuclear Facilities

Nuclear Air and Gas Treatment Equipment

Nuclear Quality Assurance

Nuclear Risk Management

Qualification of Mechanical Equipment 

Used in Nuclear Facilities

Board on Safety Codes and 

Standards

A120 Powered Platforms for Building 

Maintenance

A13 Identification of Piping Systems

A17 Elevators and Escalators

A18 Platform Lifts and Stairway 

Chairlifts

A90 Manlifts

B20 Conveyors and Related 

Equipment

B30 Cableways, Cranes, Derricks, 

Hoists, Hooks, Jacks, and Slings

BTH Design of Below-the-Hook Lifting 

Devices

CSDAFB Controls and Safety Devices 

for Automatically Fired Boilers

Portable Automotive Lifting Devices 

Rail Transit Vehicle

P30 Planning for Use of Cranes et al

Slewing Ring Bearings Standards 

Committee 

TES Safety Standards Committee for 

Thermal Energy Storage Systems 

Board on Pressure Technology

Codes and Standards

ASME/API Joint Fitness for Service

B16 Valves, Flanges, Fittings, and Gaskets

B31 Pressure Piping

Bioprocessing Equipment

BPV Fiber-Reinforced Plastic Pressure Vessels

BPV Heating Boilers

BPV Materials

BPV Nondestructive Examination

BPV Overpressure Protection

BPV Power Boilers

BPV Pressure Vessels

BPV Pressure Relief Devices

BPV Transport Tanks

BPV Welding, Brazing & Fusing

Nonmetallic Pressure Piping Systems

Turbine Water Damage Prevention

Pressure Technology Post Construction

Pressure Vessels for Human Occupancy

Reinforced Thermoset Plastic Corrosion Resistant 

Equipment

Structures for Bulk Solids

Board on Standardization and 

Testing

Board on Conformity Assessment

Certification of Non-Destructive Examination Personnel & Quality 

Control Technicians

Qualification of Resource Recovery Facility Operators

Reinforced Thermoset Plastics Certification

Hearing and Appeals

Qualifications for Authorized Inspection

Boiler & Pressure Vessel Conformity Assessment 

Conduct of Conformity Assessment Activities

Nuclear Certification 

Conformity Assessment Requirements

Bioprocessing Equipment

Committee on Designees

Board on 

Strategic 

Initiatives
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VVUQ 
STANDARD 
COMMITTEE 
CHARTER

Coordinate, promote, and foster the development of standards that provide procedures for assessing 
and quantifying the accuracy and credibility of computational models and simulations. 

VVUQ 10 Computational Solid Mechanics 2001

VVUQ 20 Computational Fluid Dynamics and Heat Transfer 2004

VVUQ 30
Computational Simulation of Nuclear System 

Thermal Fluids Behavior
2010

VVUQ 40 Computational Modeling of Medical Devices 2011

VVUQ 50
Computational Modeling for 

Advanced Manufacturing
2016

VVUQ 60 Computational Modeling for Energy Systems 2017

VVUQ 70
Machine Learning Applied to Mechanistic & 

Process Modeling
2019
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ASME VVUQ COMMITTEE UPDATES
▪ VVUQ Standards Committee

• VVUQ 1-2022, Verification, Validation, and Uncertainty Quantification Terminology in Computational Modeling and 
Simulation, (new standard) was ANSI approved on August 8, 2022 and is undergoing the publication process.

▪ VVUQ Subcommittee 10 – Computational Solid Mechanics

• Published standards:

o V&V 10-2019, Standard for Verification and Validation in Computational Solid Mechanics – Recent revision

o V&V 10.1-2012 An Illustration of the Concepts of Verification and Validation in Computational Solid 
Mechanics 

o VVUQ 10.2-2021, The Role of Uncertainty Quantification in Verification and Validation of Computational Solid 
Mechanics Models (new standard) 

• Documents under development:

o VVUQ 10.1, An Illustration of the Concepts of Verification, Validation, and Uncertainty Quantification in 
Computational Solid Mechanics (revision of V&V 10.1-2012)

o VVUQ 10.3, The Role of Validation Metrics in Computational Solid Mechanics Models (proposed new 
standard)
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ASME VVUQ COMMITTEE UPDATES
▪ VVUQ Subcommittee 20 – Computational Fluid Dynamics and Heat Transfer

• Published standards:

o V&V 20-2009 (Reaffirmed 2016), Standard for Verification and Validation in Computational Fluid Dynamics and Heat Transfer 

• Documents under development:
o VVUQ 20.1-20XX (new document), Multivariate Metric for Validation 

o VVUQ 20.2-20XX (new document), Regression of Validation Results

o VVUQ 20.3-20XX (new document), Solution Verification of Unsteady Flow Calculations

o V&V 20-2009 (revision)

• Journal publications:

o On the Interpretation and Scope of the V&V 20 Standard for Verification and Validation in Computational Fluid Dynamics and Heat 
Transfer (JVVUQ, March 24, 2022, paper VVUQ-20-1051)

o Comparison of the V&V10.1 and V&V20 Validation Procedures for the V&V10.1 Example (JVVUQ, March 15, 2022, paper VVUQ-22-
1003)

▪ VVUQ Subcommittee 30 – Nuclear Systems Thermal Fluids Behavior

• Documents under development:

o VVUQ 30.1, Guide for Scaling Methodologies for Nuclear Power Systems Responses (new ASME guide/technical report)

• Challenge problem

o Single-Jet Computational Fluid Dynamics (CFD) Numeric Model Validation Benchmark Problems
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ASME VVUQ COMMITTEE UPDATES
▪ VVUQ Subcommittee 50 – Computational Modeling for Advanced Manufacturing

• Documents under development:

o VVUQ through the Model Lifecycle (led by the Model Lifecycle Task Group): Reviewed internally by the subcommittee, being revised for 
Committee-wide circulation and ballot

o VVUQ Terminology for Advanced Manufacturing (led by the Terminology Task Group): Revised following first ballot and being made 
consistent with the VVUQ 1 document.

▪ VVUQ Subcommittee 60 – Computational Modeling in Energy Systems

• Documents under development:

o ASME VVUQ 60 Guideline for VVUQ of Modeling of Energy Systems

o ASME VVUQ 60 Guideline for Simulation Software Selection 

▪ VVUQ Subcommittee 70 – Machine Learning

• Documents under development:

o Verification, Validation, and Uncertainty Quantification Terminology for Machine Learning Applied to Computational Modeling and 
Simulation

o Longer-term – Guideline for Assessing Credibility for Machine Learned Models Applied to Computational Modeling and Simulation
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ASME VVUQ COMMITTEE UPDATES
▪ VVUQ Subcommittee 40 - Computational Modeling of Medical Devices

• Publications:

o ASME V&V 40 – 2018 Assessing Credibility of Computational Modeling Through Verification and Validation: 
Application to Medical Devices (standard).

o WG 01: “Use of real-world data for model credibility: Applications to medical device development”, Journal of Medical 
Devices 16, 031001-1-9, September 2022.

• Documents under Development:

▪ Intended technical reports: 

o WG 02: Assessing computational model credibility using the ASME VV40 risk-based framework: Tibial tray 
component worst-case size identification for fatigue testing – Comments from first ballot received.

o WG 03: Credibility assessment of patient-specific models following ASME V&V40 – Targeted for Q3 ‘22 ballot.

▪ Journal Publications:

o WG 04: “Two calculation verification metrics used in the medical device industry: Revisiting the limitations of 
fractional change” – submitted to Journal of Verification, Validation, and Uncertainty Quantification.

o WG 03: “A critical comparison of comparators used for credibility evaluation of physics-based numerical spine 
models” – submitted to Annals of Biomedical Engineering (WG3).

▪ Training Workshops/Seminars
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ASME V&V 40 STANDARD 
HISTORY

2008-2011
• ASME V&V committee 

members traveled to 

conferences (e.g., 

NIH-NSF-FDA 

Workshops) to recruit 

members 

• Signed Charter

2011-2013
• Intensive V&V 

literature review –

what’s missing for 

medical devices?

• Developed new 

concepts: RAM/CAM

• FDA Public Meeting 

on formational ideas

2013-2016
• Revamped RAM/CAM 

based on important 

feedback from public 

meeting
• Many companies 

tested framework and 

offered critical 

feedback 

2016-2017
• Prepared 6 device-

specific examples

• Five internal ballots 

(thousands of 

comments from 43 

voting members)

• Public Comment in 

November 2017
o 26 persons 

requested copies

o 36 comments

2018
• V&V 40 Industry Day

• V&V 40 is Published!

• 1st V&V 40 

Introductory Training –

more to come

• Established 5 new 

work items for 

standards 

subcommittee

ASME V&V 40 Charter, Signed January 2011

Provide procedures to standardize verification and validation for computational modeling of medical devices
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ASME VVUQ COMMITTEE FUTURE
• ASME goal is for the ASME V&V 40 Standard, and for that matter the 

ASME V&V Series of Standards, to be the go-to Standards in their field.

• ASME is partnering with several international organizations/national 
bodies in a joint effort to find a way to have the ASME V&V 40 Standard 
adopted or reference, which will avoid unnecessary duplication.

• Some of those organizations/national bodies are: International 
Organization for Standardization (ISO), British Standards Institution 
(BSI), German Institute for Standards (DIN), International 
Electrotechnical Commission (IEC), etc.
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ASME VVUQ COMMITTEE FUTURE
• Further, as it relates to the VVUQ-1 Standard on Verification, Validation, and 
Uncertainty Quantification Terminology in Computational Modeling and 
Simulation. There are about 29 definitions that have been developed. It is 
ASME hope that the Standard will be internationally recognized and used
o Scope: This Standard provides a harmonized set of definitions for verification, validation, 

and uncertainty quantification (VVUQ) concepts.  

• The purpose of the VVUQ 1 Standard is to give a summary of key definitions 
and concepts for VVUQ and describe the themes that connect across the 
VVUQ community and the ASME VVUQ standards. 
• The V&V 10, V&V 10.1, V&V 20, V&V 40 standards were used as references 
when developing VVUQ 1.
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S&C COMMITTEE MEMBERSHIP
• Volunteer Participation is the key to 

committee operation and performance

• ASME Codes & Standards relies on 
industry/academia supporting participation by 
knowledgeable experts

• Involve the best and brightest people from all 
around the world to develop, maintain, and 
promote the use of the ASME Standards
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BENEFITS OF VOLUNTEERING

▪ Greater understanding of the 
requirements in the standard

▪ Advanced knowledge of new and 
revised standards

▪ Opportunity to help shape revisions

▪ Network with internationally 
recognized experts
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About ASME Standards and Certification

• go.asme.org/standards

Join ASME Committee

• go.asme.org/joinSC

C&S Connect

• Cstools.asme.org

S&C Training Modules

• https://www.asme.org/about-asme/standards/standards-certification-member-

training-resources/standards-certification-leadership-training

Additional Resources

33

go.asme.org/standards
http://go.asme.org/joinSC
http://Cstools.asme.org
https://www.asme.org/about-asme/standards/standards-certification-member-training-resources/standards-certification-leadership-training
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QUESTIONS AND/OR COMMENTS
• If you are interested in joining as an ASME Committee 

Volunteer or have any questions, please contact Angel Luis 
Guzman Rodriguez at GuzmaA@asme.org

mailto:hyamk@asme.org
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III. Virtual 
Walkthrough of V&V40
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<< workshop interaction primer >>
What is your current level of 

familiarity with V&V40?

1. Heard of it, but not yet a 

detailed read.

2. Have read it, but not yet tried 

to apply it in practice.

3. Have applied it in practice, 

but with no regulatory review.

4. Have applied it in practice, 

with regulatory review.

Is hands-on modeling a key 

aspect of your current role?

1. Yes

2. No

As a show of hands, who 

considers themselves primarily  

in an academic setting?
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Bookmarks
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Process Flow
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Illustrations
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Glossary
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Appendix A - PIRT
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Appendix B - Examples
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Appendix B - Examples
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IV. Introduction to Key Concepts

– ?OI, COU, & Risk

“Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME. Further 

reproduction or distribution is prohibited without additional written permission from ASME.
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The Elements of the V&V40 Framework

Agenda:
Payman Afshari

DePuy Synthes, Johnson and Johnson

Vice Chair, ASME V&V40

• Question of Interest

• Context of Use

• Model Risk
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Goal: Establishing Verification and Validation Plan

Assess 

Credibility

CM&S 

Credible 

for the 

COU?

Establish Risk-Informed Credibility

Define 

COU

Assess 

Model 

Risk

Establish 

Model 

Credibility

Question of 

Interest

V&V Activities

Establish 

V&V Plan

Execute 

V&V Plan

Documentation 

and Evidence
YES

No

Process of establishing a plan facilitates 

communication among stakeholders to 

build consensus

Stakeholders: R&D, PD, Quality, Clinical, Regulatory Affairs, and Regulatory agencies
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Describing The Framework Elements

COU

Model 

Risk

Model 

Credibility

Question of 

Interest Describes the specific question, decision or concern that is being addressed.

Defines the specific role and scope of the computational model used to 

inform that decision.

Is the possibility that the model may lead to a false/incorrect conclusion 

about device performance, resulting in adverse outcomes.

Process of establishing model trustworthiness to address the question of interest.
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Question of 

Interest

Typical conversation

• Do you have a model that can predict stresses in a spinal cage?

• What is the strength of my spine cage design?

• What is the compressive strength of my spine cage design?

• What is the compressive strength of my spine cage design according to Protocol X?

• Is my cage stronger than the minimum load bearing requirement?

• Is my cage stronger than the previously clearly similar device?

• Can my design withstand 10 million cycles of dynamic loading?

Describes the specific question, decision or concern that is being addressed.



49

Workshop

• Model will be used to predict stresses.

• Model will be used to predict fracture.

• Model will be used to compare FS of designs A and B 

COU Defines the specific role and scope of the computational model used to inform that decision.

What is the fatigue strength (FS) of my device according to ASTM F-2077 Protocol?

• FS=Maximum load at which the device will not fail

• FS=Maximum load at which the device will not fracture

• FS=Maximum load at which the device will not be functional
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Assess Model Risk

Assess 

Model Risk

- Model influence is the contribution of the computational model to the decision relative 

to other available evidence.

- Decision consequence is the significance of an adverse outcome resulting from an 

incorrect decision.

Model risk level is established using 2 independent factors: Model Influence and Decision Consequence.

E=MC
2

Is the possibility that the model may lead to a false/incorrect conclusion about device performance, resulting in 

adverse outcomes.
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Mapping Out Model Risk

Assess Model 

Risk

Model 

Influence

Decision 

Consequence

Low Negligible

Low-Medium Minor

Medium Significant

Medium-High Serious

High Critical

Poor or incorrect decision Impact on 
patient, project, process, …

Simulation outputs from the computational model are a: 

Low: minor factor in the decision.

Medium: moderate factor in the decision.

High: significant factor in the decision.

Low:  would not adversely affect patient safety or health but might result in a nuisance to 
the physician or have other minor impacts.

Medium: could result in minor patient injury or the need for physician intervention or have 
other moderate impacts.

High: could result in severe patient injury or death, or have other significant impacts

An incorrect decision: 

Model Influence    

D
e
c
is

io
n
 C

o
n
s
e

q
u
e
n
c
e

Lo

w

Lo

w

Me

d

Me

d

Hig

h

Hig

h

L-L

M-M

M-L

H-H

E=MC
2

Stakeholders: R&D, PD, Quality, Clinical, Regulatory Affairs, and Regulatory agencies
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Decision Consequence

What if the model is incorrect and the implant fails?

What does fail mean?

Consequence is typically quantified by occurrence and severity factors as 
determined in the organization’s quality system. 

Depends on the device risk profile

• Heart Valve, …, Tongue Depressor
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Is the interaction sequential?

Establish Risk-Informed Credibility

Define 

COU

Assess 

Model 

Risk

Question of 

Interest

Question of 

Interest

Define COUModel 

Risk

Alignment 

Discussions

Establish 

Model 

Credibility
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Some Take aways:

• The workflow is not sequential.

• Decision consequence is not subject to negotiation.

• COU is influenced by Model Influence.

• Model influence level is influenced by what is the most 

efficient way to generate the insilico evidence to answer 

the ?oI.

• Efficiency is a function of timelines, personnel 

availability, data availability, model form availability, V&V 

priori …

• The alignment discussion clears the path for V&V plan 

development.
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V. Introduction to Key Concepts

– Credibility Factors

“Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME. Further 

reproduction or distribution is prohibited without additional written permission from ASME.
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Verification Did you solve the underlying mathematical model correctly?
Mathematical 

Evidence

Validation
Does the underlying mathematical model correctly represent the reality of 
interest?

Experimental 
Evidence

Uncertainty 
Quantification

What is the uncertainty in the inputs (e.g., parameters, initial conditions), 
and what is the resultant uncertainty in the outputs?

Statistical 
Evidence

Applicability
How relevant is the validation evidence to support using the model in the 
context of use?

Engineering 
Judgement

Credibility
Based on the available evidence, is there trust in the predictive capability of 
the computational model for the context of use?

Engineering 
Judgement

Terminology
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Credibility Factors
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Credibility Factors



59

Workshop

The gradation of activities 

are mapped to the risk 

associated with the COU.

Description

Gradation of Activities

LOW

HIGH

The standard includes a description of 

each credibility factor along with a 

suggested gradation of activities for 

each factor.
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Numerical Code Verification - Examples

(a) NCV was not performed.

Mount Huashan, China
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Turbulent Flow over a Flat Plate

Results – Skin FrictionResults – Drag Coefficient

1.4% difference for both Cd and Cf suggests an error 

in an operator implementation or flux limiter switching

(b) The numerical solution was compared to an accurate benchmark from another verified code.

Numerical Code Verification - Examples
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(c) Discretization error was quantified by comparison to an exact solution, and a grid convergence 
study demonstrated that the numerical solution asymptotically approached the exact solution as 
the discretization was refined.

𝛿 =
𝐹𝐿3

3𝐸𝐼
=

10 × 100 3

3 × 200000 × 30.68
= 𝟎. 𝟓𝟒𝟑𝒎𝒎

Analytical Solution

𝜎𝑦𝑦|𝐴 =
𝑀|𝐴(2.5)

𝐼
=
900 × 2.5

30.68
= 𝟕𝟑. 𝟑𝟑𝟖𝑴𝑷𝒂

Numerical Code Verification - Examples
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(c) Discretization error was quantified by comparison to an exact solution, and a grid convergence 
study demonstrated that the numerical solution asymptotically approached the exact solution as 
the discretization was refined.

Code Verification 
Results

Numerical Code Verification - Examples
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Credibility Factors

Quantification of Sensitivities

Quantification of Uncertainties



65

Workshop

Quantification of Uncertainties

LOW

HIGH
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Quantification of Uncertainties - Examples

(a) Uncertainties were not identified.

Mount Huashan, China
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(b) Uncertainties on expected key inputs were identified and quantified, but were not propagated 
to quantitatively assess the effect on the simulation results.

Quantification of Uncertainties - Examples

Nagaraja et al. ASME J VVUQ (2020)

RESULTS – expt. vs. FEA
Expt. System
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(c) Uncertainties on all inputs were identified and quantified, and were propagated to 
quantitatively assess the effect on the simulation results.

Quantification of Uncertainties - Examples

• Estimate the simulation uncertainty due to uncertainty in the 
model input parameters (𝒖𝒊𝒏𝒑𝒖𝒕)

• Uncertainty analysis performed using the sensitivity 
coefficient method

𝑢𝑖𝑛𝑝𝑢𝑡
2 =

𝑖=1

𝑛
𝜕𝑆

𝜕𝑋𝑖
𝑢𝑋𝑖

2

S – Simulation result (e.g. force)

𝑿𝒊– Input parameter (e.g. elastic modulus, beam diameter, beam length)

𝑢𝑋𝑖– Corresponding experimental uncertainty in input parameter 𝑋𝑖

RESULTS – expt. vs. FEA
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RISK

Assessing Overall Credibility
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Assessing Overall Credibility

RISK
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Assessing Overall Credibility

RISK
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Conclusions

Credibility factors represent the fundamental building blocks of VVUQ activities 
and applicability assessment.

It is incumbent upon the organization performing the V&V activities and 
applicability assessment to determine goals for each credibility factor such that 
the overall model credibility is commensurate with the model risk.

While the credibility factors provided in the ASME V&V 40-2018 standard are not 
expected to change, the gradations are merely suggestions.

All credibility factors must be evaluated.
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VI. Exploring VV40 Framework:

Question of Interest, Context of Use and Model Risk Assessment

September 2022
Presented by: Payman Afshari

Original Material Developed by: Mehul A. Dharia

Copyright © 2021 ASME American Society of Mechanical Engineers. All rights reserved.

Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME.

Further reproduction or distribution is prohibited without additional written permission from ASME.



74

Workshop

TKR and Tibial Trays
• The goals of osteoarthritis treatment 

are to improve joint mobility and 
reduce pain.

• TKR is a surgical procedure in which 
an artificial joint or prosthesis replaces 
a damaged knee joint.

What are the qualifications?

• radiological evidence of joint damage

• moderate to severe persistent pain 
that is not adequately relieved by 
nonsurgical management

• clinically significant functional 
limitation resulting in diminished 
quality of life.

Tibial Tray is a component of TKR 
systems.

Tibial Tray

Tibial Tray
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Tibial Tray Design B

BTX- Courtesy of Zimmer Biomet

Company X has designed a new family of tibial trays, BTX(1..10). 

The design team needs to provide evidence of safety for BTX(1..10). 

One of the more burdensome regulatory requirements is to determine 

the fatigue performance of BTX designs, by following the ASTM 

F1800 standard. The team is reaching out to the simulation group to 

figure out if M&S can help reduce/eliminate as many fatigue tastings 

as possible. 
Fatigue Performance: FP(BTX(1..10)=Max Load(10M) Λ No fracture

ASTM F1800
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Question of Interest (?OI)
Describes the specific question, decision, or concern that is being addressed.

What problem are you solving / addressing, irrespective of the model?

What are the possible questions of interest?

• A) Are all designs, BTX(1..10) strong enough?

• B) What is the fatigue performance of BTX(1..10) tibial trays?

• C) What is the fatigue performance of BTX(1..10) tibial trays per ASTM F-1800?

• D) Is the FP of our worst performing configuration, is equal or no worse than our predicate WC device, 

AXT(7)?
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COU- The role and scope of the CM used to inform that decision in relation to other evidence.

Possible COUs

1. The model will be used to determine relative FP for BTX(1..10).

• What are the available other sources of evidence?

• Benchtop, Engineering Rationale

• What should be expecting the model at minimum to do?

• Rank order correctly, e.g. FP(8)>FP(6)>FP(2)…

2. The model will be used to determine the FP of each configuration and its associated 

uncertainty profile.

• What are the contributing other sources of evidence?

• Minimal contribution from other sources of evidence, particularly benchtop.

• What should be expecting the model at minimum to do?
• Predict the FP(BTX(1..10)=Max Load(10M) Λ No fracture

QoI? What is the fatigue performance of BTX(1..10) tibial trays per ASTM F-1800?
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Mapping Out Model Risk

Assess Model 

Risk

Model 

Influence

Decision 

Consequence

Simulation outputs from the computational model are a: 

Low: minor factor in the decision.
Medium: moderate factor in the decision.
High: significant factor in the decision.

Low:  would not adversely affect patient safety or health but might result in a nuisance to 
the physician or have other minor impacts.
Medium: could result in minor patient injury or the need for physician intervention or have 
other moderate impacts.
High: could result in severe patient injury or death, or have other significant impacts

An incorrect decision: 

Model Influence    

D
e
c
is

io
n
 C

o
n
s
e
q
u
e
n
c
e

Low

Low

Med

Med High

High

E=MC
2

Dialogue and Negotiation
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Model Influence

1. The model will be used to determine relative FP for BTX(1..10)

2. The model will be used to predict FP(1..10) “accurately”

• The process is not sequential

Model Influence    

D
e
c
is

io
n
 C

o
n
s
e
q
u
e
n
c
e

Low

Low

Med

Med High

High

COU1 COU2

Which COU Makes more sense?

• Selection is impacted by timelines, personnel availability, 

data availability, model form availability, V&V priori …
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VII. Verification Concepts

Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME.

Further reproduction or distribution is prohibited without additional written permission from ASME.
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Verification – Was the Problem Solved Correctly?
There are two processes for verifying the correctness of a numerical solution        
→ code verification and calculation (or solution) verification

1. Code verification aims to:
• Identify errors in the source code

• Identify errors in the numerical algorithms

• Identify simulation best practices for a                                                                                     
given class of problems

2. Calculation verification aims to:
• Estimate the numerical error in the                                                                                         

discrete solution

• Ensure that the input and output data are                                                                            
accurate
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Verification – Was the Problem Solved Correctly?
Both forms of verification are requirements of the ASME V&V 40 standard 
correctness of a numerical solution, code verification and solution verification.

1. Code verification aims to:
• Identify errors in the source code

• Identify errors in the numerical algorithms

• Identify simulation best practices for a                                                                                     
given class of problems

2. Calculation verification aims to:
• Estimate the numerical error in the                                                                                         

discrete solution

• Ensure that the input and output data are                                                                            
accurate
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Verification – Was the Problem Solved Correctly?
Both forms of verification are requirements of the FDA Reporting Guidance 
correctness of a numerical solution, code verification and solution verification.

1. Code verification aims to:
• Identify errors in the source code

• Identify errors in the numerical algorithms

• Identify simulation best practices for a                                                                                     
given class of problems

2. Calculation verification aims to:
• Estimate the numerical error in the                                                                                         

discrete solution

• Ensure that the input and output data are                                                                            
accurate → Verification is a requirement for all modeling reports

→ FDA guidance on model reporting outlines the expectations
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Verification in Medical Device Review

FDA reviewed 5 years of spinal cage 510(k) submissions

• 65 contained FEA reporting

• Quantified conformance to FDA Reporting Guidance

• 3 reports contained code verification info.

• 9 reports address calculation verification info.

https://onlinelibrary.wiley.com/doi/full/10.1002/jsp2.1137 (2021)

https://onlinelibrary.wiley.com/doi/full/10.1002/jsp2.1137
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Academia’s Blindspot

Search terms (PubMed) Results
Simulation medical 11,054 

Simulation medical verification 95

In silico medical 62,605

in silico medical verification 470

in silico medical discretization 874 

verification are <1% 

Mention of discretization <1.5%

WHAT IS OUR PRIORITY?

*courtesy Mark Driscoll, McGill University
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Verification – ASME V&V 40 Credibility Factors

Covered today
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Blood Pump Example
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Dialysis

- Hemodialysis (hours)

Circulatory Support

- Bypass Surgery (hours)

- Off-load the Heart (weeks)

- Permanent Support (years)

Transfusion (hours)

Hematology (seconds)

Blood Pump Applications

Damage to red blood 

cells is a primary safety 

concern for all these 

applications that is also 

time-sensitive.
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1. Hydraulic Characterization

- Pressure-Flow (H-Q) curves

2. Biocompatibility

- Thrombosis (blood clot 
formation)

- Hemolysis (see next page)

Blood Pump Performance Metrics

Gouskov et al. Biomed. Eng. (2019)

Fill et al., 3rd Pediatric Support Conf. (2007)
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Red blood cells (RBCs) elongate when exposed 
to a non-uniform (shearing) velocity field.  The 
RBC membrane may be irreversibly damaged 
if the combination of shear stress and 
exposure time exceeds the ability of the RBC 
membrane to remain intact.

Lysis (rupture) of the RBC membrane releases 
the internal contents of the RBC into the 
plasma, which reduces the oxygen carrying 
capacity of the blood and increases clotting 
risk.

Therefore, hemolysis is a critical design 
parameter for blood contacting devices such 
as pumps, oxygenators, and dialyzers.

What is Hemolysis?

~0.1 Pa ~1 Pa ~150 Pa
shear

stress
0 Pa

velocit

y

field

100 dynes/cm2 2000 dynes/cm2

3500 dynes/cm2 4500 dynes/cm2

Recovered cells Irrecoverable damage

* Sutera and Merhjardi Biophys J (1975)
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Hb

Hb

Hb

Hb

Hb

Hb

Hb

Hb

Hb

Hb
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Wurzinger et al. Angiologie (1986)

785.0

exp

416.2562.3(%)
)(

tE
Hb

Hb
−=



Giersepen et al. 
Int. J. Artif. Organs 
(1990)

Giersepen et al. (1990) fit the Wurzinger data 
to the following expression, which is now 
referred to as the Hemolysis Index.

Wurzinger et al. (1986) measured 
hemoglobin release using a constant shear 
device.

An Empirical Correlation…
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Estimating Hemolysis using CFD
The Hemolysis Index equation is implemented as a source term in a scalar transport 
equation to estimate the plasma-free hemoglobin:

STEP 2: Compute HI for one 
pass and identify hot spots

STEP 3: Report HI for 
multiple passes…validate?

STEP 1: Calculate flow solution

CFD Workflow

𝜕(𝐻𝐼′)

𝜕𝑡
+ 𝐯 ∙

𝜕(𝐻𝐼′)

𝜕𝒙
= 𝐴𝜏𝛼

Hemolysis 
source term

OPTIMIZE
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V&V 40 Discussion Topics
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Would like to establish the performance characteristics of a centrifugal blood 
pump using a commercial off-the-shelf CFD platform.  Analyses include:

1) pressure-flow curves

What evidence would be required to satisfy the code verification elements of 
the VV 40 standard?

Code Type
Software Quality 

Assurance

Numerical Code 

Verification

Commercial Off-the-Shelf

Modified Off-the-Shelf

Custom Code

Discussion Scenario 1

Credibility Factors
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COTS - SQA

A CFD modeler would like to use FluFOAM DDN-®, a commercial off-the-shelf CFD 
software tool, to model the pressure-flow performance of their proposed blood pump 
design.  Their modeling approach will use “out-of-the-box” capabilities.

Question: What evidence can the user provide to demonstrate the quality of the 
solver platform?

V
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COTS - SQA

Users can rely on the ISO 9001 
certification from the simulation software 
provider.

This certificate ensures that the 
company is following industry best 
practices for development, training, and 
support.  Bug reporting is also a critical 
element of a quality system.

https://www.ansys.com/content/dam/company/quality-assurance/2021-2024-ansys-inc-iso-9001-2015-dqs.pdf
https://www.3ds.com/fileadmin/COMPANY/Ethics-and-compliance/DASSAULT_SYSTEMES_CERTIFICATE_ISO_9001_v1.pdf
https://www.openfoam.com/products-services/openfoam-engineering-services
https://www.plm.automation.siemens.com/global/en/our-story/newsroom/siemens-press-release/43868
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COTS - SQA

A review of bugs in FluFOAM DDN-® reveals that there is a bug in the heat transfer 
model implementation for porous media.  This error is marked to be resolved in the 
next release of the software, which comes out in 2-3 months.

Question: Is this code safe to use for the current project modeling blood flow in 
centrifugal pumps.  Why or why not?

V
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COTS - NCV

Code developers perform nightly regression testing to ensure development activities 
(enhancements, bug fixes, etc.) are not adversely impacting code performance.  
Regression testing involve running a series of test cases with known solutions.  The 
code outputs are compared to these solutions every night.

Question: Does regression testing alleviate the user from performing NCV when 
using a commercial code with no modification?  Why or why not?

V
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COTS - NCV Example

𝑣𝑧 =
2𝑅2

𝜇

𝑑𝑃

𝑑𝑧
1 −

𝑟2

𝑅2

Analytical SolutionPressure-Driven Flow in a Pipe CFD Result

CODE

VERIFICATION

RESULTS

Brief summary of a code verification challenge problem, which was hosted by the ASME V&V40 
Code Verification sub-group in 2015.
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COTS - NCV Example

CODE

VERIFICATION

RESULTS

LOW RISK

HIGH RISK

LOW RISK HIGH RISK
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COTS - Sources of NCV Examples

Designing and executing test cases can be 
quite cumbersome.

Software providers sometimes provide 
verification manuals which contain a number 
of solved cases that can be used to 
test/establish the reliability of the software 
installation on your compute platform.

Selecting the right test cases can streamline 
the NCV process.
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Would like to establish the performance characteristics of a centrifugal blood 
pump using a commercial CFD platform.  Analyses include:

1) pressure-flow curves

What evidence would be required to satisfy the code verification elements of 
the VV 40 standard?

Code Type
Software Quality 

Assurance

Numerical Code 

Verification

Commercial Off-the-Shelf

Modified Off-the-Shelf

Custom Code

ISO 9001 Certificate Analytical Solutions

Discussion Scenario 1

Credibility Factors
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Would like to establish the performance characteristics of a centrifugal blood 
pump using a commercial CFD platform.  Analyses include:

1) pressure-flow curves

2) hemolysis index

What evidence would be required to satisfy the code verification elements of 
the VV 40 standard?

Code Type
Software Quality 

Assurance

Numerical Code 

Verification

Commercial Off-the-Shelf

Modified Off-the-Shelf

Custom Code

Discussion Scenario 2

ISO 9001 Certificate Analytical Solutions

Credibility Factors
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No commercial software platforms offer the 
hemolysis index equation as an out-of-the-
box functionality, therefore code development 
will be required.

Question: How to address SQA for user-
defined functions and other modifications?

SQA - MOTS

V
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https://www.ansys.com/content/dam/company/quality-assurance/2021-2024-ansys-inc-iso-9001-2015-dqs.pdf
https://www.3ds.com/fileadmin/COMPANY/Ethics-and-compliance/DASSAULT_SYSTEMES_CERTIFICATE_ISO_9001_v1.pdf
https://www.openfoam.com/products-services/openfoam-engineering-services
https://www.plm.automation.siemens.com/global/en/our-story/newsroom/siemens-press-release/43868
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NCV - MOTS

Code developers perform nightly regression testing to ensure development activities 
(enhancements, bug fixes, etc.) are not adversely impacting code performance.

Regression testing involved running a series of test cases with known solutions.

Question: How does utilizing a user-defined function or other modification of a 
commercial code impact NCV?
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FluFOAM DDN-®
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Analytical Solution for HI
Comparison of CFD and 

Analytical Solutions
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Would like to establish the performance characteristics of a centrifugal blood 
pump using a commercial CFD platform.  Analyses include:

1) pressure-flow curves

2) hemolysis index

What evidence would be required to satisfy the code verification elements of 
the VV 40 standard?

Code Type
Software Quality 

Assurance

Numerical Code 

Verification

Commercial Off-the-Shelf

Modified Off-the-Shelf

Custom Code

Discussion Scenario 2

SQA for the custom code NCV for the custom code

ISO 9001 Certificate Analytical Solutions
& &

Credibility Factors
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Code Verification is all about Scope

Code verification can be an overwhelming task.

Modelers should compartmentalize when planning and executing code verification 
activities.

If a physics, material model, boundary condition, etc. is not relevant to the ?OI, then 
it does not need to be addressed to satisfy ASME V&V 40 credibility factors.



110

Workshop

Calculation Verification

Mesh refinement studies are critical to ensuring that the numerical solution is not 
impacted by poor mesh quality.

A rigorous mesh refinement study can also be used to estimate the uncertainty in 
the model prediction.
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Shear Stress Hemolysis
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Modeler Responsibilities

It is the modeler’s responsibility:

• To understand verification requirements

• To plan and execute verification activities

• To communicate the needs (burdens) related 
to verification to all stakeholders:

• R&D Team

• Management

• Clinicians

• ….
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VIII. Case Studies on Validation, 
Applicability, Assessment

Sept 9, 2022

Philippe Favre – Zimmer Biomet
(initial content courtesy of Brandon Lurie (WL Gore))
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Background Question

YES: I have analyzed, designed, and/or tested stents in my career. 

NO: I do not have experience analyzing, designing, or testing stents. 
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What is a Stent?
Per Wikipedia, “a stent is a metal or plastic tube 

inserted into the lumen (channel where blood 

flows) of an anatomic vessel or duct to keep the 

passageway open.”

GORE® VIABAHN® VBX Balloon Expandable Endoprosthesis Boston Scientific REBEL™
Platinum Chromium Coronary Stent System

GORE® EXCLUDER® AAA Endoprosthesis

https://en.wikipedia.org/wiki/Lumen_(anatomy)
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Manufacturing & Delivery

Pulse Systems
Endovascular Today

GORE® TAG® Conformable Thoracic Stent Graft with 
ACTIVE CONTROL System

NY Times

Lifebridge Health
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In-Vivo LoadingPulsatile Radial

Bending

Parallel Plate 

Compression

Axial Compression

Torsion
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Clinical consequences of stent fracture
• Common sequelae of a stent fracture include thrombus formation, neo-intimal tissue 

growth, artery perforation, migration and restenosis. 

• Which then lead to occlusion of the artery or hemorrhaging blood, which leads to:
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Question of interest: My company is developing a stent to treat renal artery disease and is concerned 

that a design may be prone to fracture. I have been tasked to address – is the fatigue fracture strength 

of the stent sufficient when implanted into a diseased renal artery?
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Context of use: Finite element models of each diameter of the proposed stent will be used to predict the 

loading condition (radial; axial compression; torsion; parallel plate compression; bending) and stent 

size with the lowest fatigue safety factor (worst case identification). This combination will then be 

subject to in vitro durability testing to determine if the family of stents is sufficiently fatigue resistant.  

COU checklist: Does the COU …

• define the computational model?

• clarify how the output from the model will be used to answer the question of interest?

• list other evidence used to answer the question of interest?
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Model risk: Medium-High (on scale of Low - High)  

Model influence:

Decision consequence:
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Credibility goals: Medium-High

Source: Assessing the Credibility of 

Computational Modeling and Simulation in 

Medical Device Submissions: Draft 

Guidance for Industry and Food and Drug 

Administration Staff (US FDA, 2021)
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Establish plan:
What is our validation study? 

What type of testing do we envision? 

What is the corresponding validation model? 

Should be closely related to the anticipated COU 

model (should address all five loading modes). 

→ provide a pathway (not necessarily the best pathway, 

but the pathway we will use in this case study) for 

validation comparator and model; 

→ go through the process of assessing the anticipated 

credibility associated with the validation and applicability 

factors
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Loading Modes in COU
Pulsatile 

Radial

Bending

Parallel Plate 

Compression

Axial 

Compression

Torsion

Discussion:
Given the COU is to evaluate all five 

deformation modes, how many of these do we 

plan to study for purposes of establishing model 

credibility?

Assumption: Any individual mode can demonstrate strut 

contact and nonlinear (inelastic) material deformations; 

choose one mode (parallel plate compression) that is 

highly controllable in the laboratory
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Validation Comparator

Parallel Plate 

Compression

Comparator assumptions:

• How many sizes (out of five)? → 2 (smallest and largest)

• How many samples per size? → 5

• Cyclic (fatigue) or single-cycle loading? → Single-cycle

• Load to fracture? → No

• Measure stiffness, strain, cycles to fracture, other? → Strain at four 

unique locations on stent, using digital image correlation

• Production or non-production (special order) parts? → Production

• Inspect or don’t inspect for key dimensions? → Inspect
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Validation Model

EchoBio

Contact and Symmetry

Material Model

Simulia

MDPI

Load Application and Constraints

Model form assumptions:

• Geometry? → Nominal component geometry

• Contact? → Frictional contact with linear 

coefficient from literature

• Symmetry? → One unit cell along length of 

stent

• Material (nitinol)? → Superelastic model, with 

properties measured from previous coupon 

testing

• Boundary conditions? → Ideal loading via 

rigid compression platens

• QOI? → Strain at same four locations as 

measured in comparator
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Credibility Assessment
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Model – Form

(a) Influence of model form assumptions was not 

explored. 

(b) Influence of expected key model form 

assumptions was explored.

(c) Comprehensive evaluation of model form 

assumptions was conducted.

Discussion: What are key model 

form assumptions that can be 

interrogated to achieve medium/high 

credibility?

• Contact formulation (e.g. penalty)

• Constitutive model for nitinol

• Symmetry 

• Loading conditions – deviations from ideal
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Model – Inputs

Quantification of sensitivities and uncertainties:

(a) No sensitivity / uncertainty analysis

(b) Sensitivity / uncertainty analysis on expected key 

parameters

(c) Extensive sensitivity / uncertainty analysis on all 

inputs, with propagation to simulation results

Discussion: 

- What is the difference between sensitivity 

and uncertainty analysis?

- What level of sensitivity / uncertainty 

analysis is appropriate for this level of 

model risk?

Potential input parameters that matter:

• Material parameters 

• Tolerancing conditions on geometry

• Friction coefficients
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Comparator – Test Samples
Quantity of Test Samples:

(a) A single sample was used. 

(b) Multiple samples were used, but not enough to be 

statistically relevant. 

(c) A statistically relevant number of samples were used.

Discussion: What does ‘statistically 

relevant’ mean in this context?

→ Statistically significant difference in results 

b/w the two sizes tested 
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Comparator – Test Samples

Range of Characteristics of Test Samples: 

(a) One or more samples with a single set of characteristics 

were included. 

(b) Samples representing a range of characteristics near 

nominal were included. 

(c) Samples representing the expected extreme values of the 

parameters were included. 

(d) Samples representing the entire range of parameters were 

included.

Discussion: Using production parts (range 

of tolerance conditions); how do these 

translate to credibility of ‘range of 

characteristics’?

Strut 

Width

Wall 

Thickness

Apices / 

Cells
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Comparator – Test Samples

Measurement of Test Samples: 

(a) Test samples were not measured and/or characterized. 

(b) One or more key characteristics of the test samples were 

measured. 

(c) All key characteristics of the test samples were measured. 

Discussion: What are the key 

sample characteristics, and can they 

be measured?

• Tolerancing –were parts inspected?

• Material properties- may need to generate 

test coupons from the test lot if material 

properties are critical
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Comparator – Test Samples

Uncertainty of Test Sample Measurements: 

(a) Samples were not characterized or were characterized with 

gross observations, and measurement uncertainty was not 

addressed.

(b) Uncertainty analysis incorporated instrument accuracy only

(c) Uncertainty analysis incorporated instrument accuracy and 

repeatability (i.e., statistical treatment of repeated 

measurements)

(d) Uncertainty analysis incorporated a comprehensive 

uncertainty quantification, which included instrument 

accuracy, repeatability, and other conditions affecting the 

measurements.

Discussion: What activities can be 

done to achieve desired credibility?

• All sample dimensions measured using 

calipers with known accuracy; with inter-

/ intra-operator variability

• Output strain measurements – include 

uncertainty of location of strain 

calculation

• Difficult to do retrospectively!
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Comparator – Test Conditions

Similar considerations as for test samples, not investigated further here

(a) Quantity of test conditions

(b) Range of test conditions

(c) Measurements of test conditions

(d) Uncertainty of test condition measurements
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Assessment and Applicability

Inputs (Sizes)

O
u
tp

u
ts

 (
S

tr
a
in

) Validation model

Validation comparator

COU

Assessment

Applicability

Applicability -> proximity of the validation 
points to the overall COU space

Validation assessment -> the level of agreement 
(inputs and outputs) b/w validation comparator 
and validation model
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Assessment and Applicability

Loading conditions

O
u
tp

u
ts

 (
S

tr
a
in

) Validation model

Validation comparator

COU

Assessment

Applicability

Applicability -> proximity of the validation 
points to the overall COU space

Validation assessment -> the level of agreement 
(inputs and outputs) b/w validation comparator 
and validation model
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Assessment – Input Comparison
Equivalency of input parameters

(a) The types of some inputs were dissimilar.

(b) The types of all inputs were similar, but the ranges 

were not equivalent.

(c) The types and ranges of all inputs were equivalent.

Discussion: What constitutes a 

range that is not equivalent, in this 

example?

Inspection of parts showed that dimensions 

were consistently LMC, whereas model was 

run at nominal, which could introduce 

consistent bias b/w comparator and model 

results
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Assessment – Output Comparison
Quantity

(a) A single output was compared.

(b) Multiple outputs were compared.
Note: Strain at four unique locations, 

representing four unique outputs
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Assessment – Output Comparison
Equivalency of output parameters

(a) Types of outputs were dissimilar.

(b) Types of outputs were similar.

(c) Types of outputs were equivalent.

Note: Equivalent target output types 

(strain)
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Assessment – Output Comparison
Rigor of output comparison

(a) Visual comparison was performed.

(b) Comparison was performed by determining the 

arithmetic difference between computational results 

and experimental results.

(c) Uncertainty in the output of the computational model 

or the comparator was used in the output 

comparison.

(d) Uncertainties in the output of the computational 

model and the comparator were used in the output 

comparison.

Note: For desired High/Medium 

credibility, uncertainty in the model 

and/or comparator should be 

included.
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Assessment – Output Comparison
Agreement of output comparison

(a) The level of agreement of the output comparison 

was not satisfactory for key comparisons.

(b) The level of agreement of the output comparison 

was satisfactory for key comparisons, but not all 

comparisons.

(c) The level of agreement of the output comparison 

was satisfactory for all comparisons.

Discussion: What constitutes ‘key’? 

What constitutes ‘satisfactory’ (how much is good 

enough)? Results withing 2%, 5%?

• Key: location (among the four) of the peak strain, 

which is most indicative of where the component 

may eventually fracture

• Satisfactory: Demonstration of worst-case 

determination amongst locations and sizes. 
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Applicability
Relevance of the quantities of interest

(a) The QOIs from the validation activities were related, 

though not identical, to those for the COU.

(b) A subset of the QOIs from the validation activities 

were identical to those for the COU.

(c) The QOIs from the validation activities were identical 

to those for the COU.

Discussion: Is elastic strain a 

suitable surrogate for predicting worst 

case configuration for fatigue 

loading?
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Applicability
Relevance of the validation activities to the COU

(a) There was no overlap between the ranges of the 

validation points and the COU.

(b) There was partial overlap between the ranges of the 

validation points and the COU.

(c) The COU encompassed some of the validation 

points.

(d) The COU encompassed all validation points, and 

the validation points spanned the entire COU space.

Discussion: Subset of sizes; single 

loading mode; quasi-static loading
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Obrigado!
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X. Key Messages



147

Workshop

V&V 40 does V&V 40 does not

… mandate independent assessment of decision 

consequence and model influence when assessing 

model risk

… provide a specific functional relationship that links 

model risk to decision consequence and model 

influence
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V&V 40 does V&V 40 does not

… mandate independent assessment of decision 

consequence and model influence when assessing 

model risk

… provide a specific functional relationship that links 

model risk to decision consequence and model 

influence

… encourage intentional thought on how model risk 

impacts credibility targets for V&V activities

… provide a direct mapping of model risk to a 

specific mandatory level of credibility for any 

individual credibility factor
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… mandate independent assessment of decision 

consequence and model influence when assessing 

model risk

… provide a specific functional relationship that links 

model risk to decision consequence and model 
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… encourage intentional thought on how model risk 

impacts credibility targets for V&V activities

… provide a direct mapping of model risk to a 

specific mandatory level of credibility for any 

individual credibility factor

… provide examples on how to establish gradation 

levels for each credibility factor

… mandate a specific structure, in terms of either 

the number or form of the gradation levels, for any 

individual credibility factor
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V&V 40 does V&V 40 does not

… mandate independent assessment of decision 

consequence and model influence when assessing 

model risk

… provide a specific functional relationship that links 

model risk to decision consequence and model 

influence

… encourage intentional thought on how model risk 

impacts credibility targets for V&V activities

… provide a direct mapping of model risk to a 

specific mandatory level of credibility for any 

individual credibility factor

… provide examples on how to establish gradation 

levels for each credibility factor

… mandate a specific structure, in terms of either 

the number or form of the gradation levels, for any 

individual credibility factor

… establish a framework for assessing risk-based 

model credibility that can facilitate discussion and 

agreement amongst CM&S stakeholders

… provide a prescriptive recipe to reduce the 

necessity for careful thought by the analyst and 

CM&S stakeholders
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IX. CDRH Guidance for Assessing 
Credibility of Computational 
Models

Pras Pathmanathan, PhD
Division of Biomedical Physics
Office of Science and Engineering Laboratories (OSEL)
Center for Devices and Radiological Health (CDRH)
FDA
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Disclaimer

The mention of commercial products, their sources, or their use in connection with material reported 
herein is not to be construed as either an actual or implied endorsement of such products by the 
Department of Health and Human Services.

The following slides represent personal views and opinions, and not those of FDA
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Motivation – framework should apply to all the below

In Silico Device 

Testing

Simulate a physical 
device to generate 
evidence for safety 

and/or effectiveness

Software in/as 

medical device

Algorithm within the 
device takes in 

patient data and 
simulates the patient 

In Silico Clinical 

Trials

Proposed method where 
device performance is 

evaluated using a ‘virtual 
cohort’ of simulated 

patients.

Medical Device 

Development 

Tools (MDDTs)

MDDTs are tools, 
qualified by FDA, that 
device manufacturers 

can use to evaluate their 
device

OSEL VICTRE project

IT’IS Heartflow

CardioInsight
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ASME V&V40 Standard

What specifically is the question of 
interest and how specifically will the 
computational model be used to 
address this question (the “context of 
use”)?
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V&V40 can be used to break 
down credibility assessment 
into most (but not all) of the 

important sub-questions

ASME V&V40 Standard

“Model matches reality?” 

“Computational model = 
mathematical model”?
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Credibility Assessment Draft Guidance

This draft guidance is not final nor is it in effect at this time

▪ Provides a general framework for credibility assessment, 
based on ASME V&V40 Standard, applicable to diverse 
range of models and model applications.

▪ Released Dec 2022
▪ Public comment period ended March 2022, currently in 

revision 

https://www.fda.gov/media/154985/download

Tina Morrison Brent Craven Kenneth Aycock
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General approach 

Step 1:  State question of interest 
• Same as V&V40

Step 2: State context of use
• Same as V&V40

Step 3: Assess model risk
• Same approach as V&V40 with 

additional recommendations 
about assessing decision 
consequence

Step 4: Identify credibility evidence
to be collected

• New concept

Step 5: Choose credibility factors, 
gradations and goals

• Similar but more flexible than 
V&V40

Step 6: Prospective adequacy 
assessment

• Not explicitly part of V&V40. 
Recommendations provided, 
feedback via Q-sub emphasized

Step 7: Execute study

Step 8: Post-study adequacy 
assessment

Step 9: Prepare report
• Appendix provides recommended 

format for Q-subs and final 
Credibility Assessment Report
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Categorization of credibility evidence 

Prospective validation using bench experiments – the type of evidence assumed by V&V40

e.g., ability to fit complex physiological data after calibrating small number of parameters

e.g., for a physiological model, a range of validation experiments performed by model developers 

Same as Cat 4, except in vivo comparator - including clinical studies to validate a SaMD/SiMD

Same as Cat 4 & 5, except different (i.e., previous) COU – allow sponsors to re-use previous 
validation results for incremental changes (e.g., closely related device, new indication)

Wholly different statistical approach needed for validating a population of models 

}

For ‘untestable’ models (e.g., epidemiological models of a new disease)

Category

1 Code verification results

2 Model calibration evidence

3 General non-COU evidence

4 Evidence generated using bench-top
conditions to support the current COU

5 Evidence generated using in vivo 
conditions to support the current COU  

6 Evidence generated using bench-top 
conditions to support a different COU

7 Evidence generated using in vivo 
conditions to support a different COU

8 Population-based evidence

9 Emergent model behavior

10 Model plausibility

Definition: any evidence that could support the credibility of a computational model Guidance defines ten categories 
relevant to devices submissions 
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Examples

Category

1 Code verification results

2 Model calibration evidence

3 General non-COU evidence

4 Evidence generated using bench-top
conditions to support the current COU

5 Evidence generated using in vivo 
conditions to support the current COU  

6 Evidence generated using bench-top 
conditions to support a different COU

7 Evidence generated using in vivo 
conditions to support a different COU

8 Population-based evidence

9 Emergent model behavior

10 Model plausibility

or

* Possible evidence manufacturers could choose
to submit

V&V40

V&V40

Implant 
fracture

MR-
induced 
implant 
heating

Physiological 
model for 
testing a 

PCLC device

Software as 
a medical 

device 

In Silico 
Clinical Trial
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Timeline

Little formal credibility 
assessment

Growing awareness in 
devices community 
(incl. CDRH) of need 
for better credibility 
assessment

ASME V&V40 
subcommittee formed

CDRH M&S Reporting 
Guidance

ASME V&V40 Standard

OSEL Credibility of Models 
Regulatory Science Program

2000s ~2010 2013 2016 2018 2020 2021

• Finalized Guidance
• V&V40 revision
• Domain/discipline-specific 

Guidances, Standards
• Good Simulation Practices

2022-30

Draft Guidance on Credibility Assessment



166166166166OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science     VPH 2022

Key takeaways

▪ Current & potential uses of CM&S for medical devices is rapidly 
increasing

▪ FDA is actively promoting use of CM&S

▪ There is a need for credibility assessment methods applicable to 
full range of possible device applications

▪ Draft Guidance attempts to address this by providing a general 
framework for credibility assessment 

▪ Need for more guidances/standards/best practices for specific 
clinical disciplines or modeling fields 
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Thank you for your attention

Discuss how COU simulations relate to credibility assessment activities
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X. Activities of VV40 VVUQ40 since 
2018
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Working Groups

WG 1: Using historical data as a comparator

WG 2: End-to-end example

WG 3: Patient specific models

WG 4: Verification best practices

WG 5: Mock submission

WG 6: Revisions of VV40
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2019

WG2: ASME 

Standard VV40.1 

(balloted)

WG1: J Medical Devices

(published - Sept 2022)

WG3: Annals of 

Biomedical Engineering 

(accepted)

WG3: ASME 

Technical Report

2022 2023

WG4: JVVUQ 

(accepted)
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WG1 – Real World Data 

RWD

Bench

Briant et al., J Med Devices 16, 031001-1-9 
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WG3 – Patient Specific Models

Stott et al., Annals Biomed Eng (accepted)
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WG4 – Verification Best Practices

Guler et al., JVVUQ (accepted)

Fractional

Systematic
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Other Activities
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ASME VVUQ40 – Get Involved!

Jeff Bischoff, Zimmer Biomet – jeff.bischoff@zimmerbiomet.com

Angel Guzman Rodriguez, ASME – guzmana@asme.org
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XI. Wrap-Up

Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME. Further 

reproduction or distribution is prohibited without additional written permission from ASME.
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HOW MUCH V&V HOW TO DO V&V REPORT YOUR MODEL

A Credibility Framework

http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM381813.pdf
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Global Harmonization Position Paper
• Outlines a framework for 

the acceptance of in silico 
evidence as part of 
regulatory review process 
for medical devices

• Relies on existing 
standards and guidance, 
primarily ASME VVUQ 40 & 
FDA Reporting Methods 
Guidance

I. About the Avicenna Alliance

II. Preface

III. Introduction

IV. Definitions

V. Role of in silico Testing and in silico Trials in Medical Device 

Development

VI. The Importance of Risk in Model Development

VII. Assessing the Credibility of in silico Evidence

VIII. Reporting

IX. The Lifecycle of Computational Models

X. Comparison of CM&S Standards/Guidelines

XI. Conclusion

XII. Acknowledgements
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Survey
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Permission to distribute this V&V 40 Workshop presentation has been obtained from ASME. Further 

reproduction or distribution is prohibited without additional written permission from ASME.

Thank You!


