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FOREWORD

Computational models have been used to support the design of medical devices for many years, without any specific
guidance on how to assess their credibility. Device manufacturers therefore use internal approaches and best practices
for model verification and validation (V&V). This has created challenges for regulatory agencies to develop consistent,
structured approaches for evaluating the legitimacy of model results used to support device safety and/or effectiveness.
In recognitionof the challenges facing thedevice industry, theU.S. FoodandDrugAdministration (FDA)hosted the first

in an annual series of workshops on computationalmodeling formedical devices in 2008. The intent of this series was to
bring together researchers,medical devicemanufacturers, and regulatory agencies to present advanced research, review
best practices, and address barriers to the use of computational modeling for the design, development, and evaluation of
medical devices. Based on several years of input, it became clear that guidance on V&V for computational models was
necessary to support and promote appropriate use of computational modeling in medical device design, development,
and evaluation. Due to the growing interest in V&V of computational modeling formedical devices within the ASME V&V
subcommittees, the ASME V&V Standards Committee proposed the development of a new subcommittee focused on this
area.
Theproposal for a newV&V subcommittee focused onmedical deviceswaspresented at various device-related confer-

ences over the course of several years, with increasing interest from the medical device community. In 2011, the ASME
V&V 40 Subcommittee on Verification and Validation of Computational Modeling for Medical Devices was officially
approved. The Subcommittee is composed ofmembers representing a broad cross-section of themedical device commu-
nity, including device manufacturers, academic groups, consultants, software developers, and government agencies
(primarily the FDA). The breadth of knowledge of the Subcommittee members spans solid mechanics, fluid dynamics,
electromagnetics, kinematic modeling, and other physics-based modeling.
At the initiation of theASMEV&V40Subcommittee, standardizationof theV&Vprocess had alreadybeen addressedby

the first two ASME V&V subcommittees (V&V 10 Verification and Validation in Computational Solid Mechanics, and V&V
20Verification andValidation inComputational FluidDynamics andHeatTransfer). TheV&V40Subcommittee therefore
set out to provide guidance on the application of V&V practices for medical devices. The anticipated guidance would
provide a level of standardization for V&V practice that would encourage sound use of modeling to support device
development and facilitate objective and consistent evaluation of model credibility by device manufacturers and regu-
latory agencies.
Medical devices are classified by the FDA based on risk to patients, which requires a greater level of evidence to

demonstrate the safety and effectiveness of medical devices that pose a higher risk to patients. Analogously, the
V&V 40 Subcommittee focused on developing a risk-based approach to determine the level of V&V needed to
support the use of a computational model for evaluating device safety and/or effectiveness. The concept of risk is
also foundational to NASA-STD-7009, which predated the V&V 40 Subcommittee and informed the Subcommittee’s
perspective. However, NASA-STD-7009 explicitly links the required level of V&V activities to each risk level. In contrast,
the consensus perspective of the V&V 40 Subcommittee was that the individual organization (e.g., a medical device
manufacturer) should have the authority and responsibility to associate a certain level of risk with a certain set of
V&V activities, and that the individual organization should justify this association to internal and external stakeholders,
including regulatory agencies. Therefore, instead of defining specific credibility criteria, the V&V 40 Subcommittee
developed a framework that allows users to determine the appropriate level of credibility required for their computa-
tional model.
Several foundational materials for the subcommittee (e.g., NASA-STD-7009, as well as the Predictive Capability

Maturity Model introduced in SAND2007-5948) prescribe matrix frameworks. The V&V 40 Subcommittee also
started with two matrices: the risk assessment matrix (RAM) and the credibility assessment matrix (CAM). The
RAM focused on determining the level of risk for a computationalmodel, while the CAM focused on the level of credibility
(achieved through V&V activities) needed to satisfy that level of risk. Case studies conducted in 2013 that used the RAM
and CAM exposed a number of practical and functional challenges with these matrices across the spectrum of medical
devices,manufacturers, andmodel applications. Therefore, theV&V40Subcommittee revised theRAM/CAMframework,
enabling users to define appropriate gradations and levels for risk and credibility. The culmination of these efforts is a
risk-informed credibility assessment framework, reflecting the core principle that model credibility is commensurate
with the risk associated with decisions influenced by the computational model.
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Under the jurisdiction of the ASME Board on Standardization and Testing, ASME V&V 40-2018 was approved by the
ASME V&V 40 Subcommittee and the ASME V&V Standards Committee on November 29, 2017. It was approved as an
American National Standard by the American National Standards Institute (ANSI) on August 16, 2018.
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Assessing Credibility of Computational Modeling Through
Verification and Validation: Application to Medical Devices

1 EXECUTIVE SUMMARY

Computational modeling can be used throughout the product life cycle to provide information about technical perfor-
mance, safety, and effectiveness of medical devices. Computational models can also be used to assess aspects of in vivo
performance without subjecting patients (or animals) to potential harm or unnecessary risk. Establishing the credibility
of a computational model to assess performance is important because of the potential risk a device presents to patients
and/or healthcare providers.
Model credibility canbeestablished throughverificationandvalidation (V&V)activities.Althoughmethods forV&Vare

becomingwell established, guidance is lackingonassessing the relevanceandadequacyof theV&Vactivities for computa-
tional models used to support medical device development and evaluation. Given the inherent risk of using a computa-
tionalmodel as a basis for predictingmedical device performance, the ASMEV&V40 Subcommittee has developed a risk-
informed credibility assessment framework. The framework centers on establishing that model credibility is commen-
suratewith the risk associatedwith thedecisions influencedby the computationalmodel. Thus, the intentof this Standard
is to provide guidance on how to establish and communicate risk-informed credibility of computational models used in
the evaluation of medical devices.

2 INTRODUCTION

2.1 Motivation

Computational modeling can be used to provide information that supports decisions related to the technical perfor-
mance, safety, and/or effectiveness of medical devices. Computational models can be used throughout the total product
life cycle of medical devices, from validating initial concept, design, and development, to supporting nonclinical and
clinical activities, to providing postmarket surveillance. Medical devicemanufacturersmay use computationalmodels to
augment in vitro and in vivo evaluations or to simulate such evaluations when they are unjustifiably invasive or prohi-
bitive, and/or are deemed unreasonable. Moreover, computational models may also be used for evaluations that are not
possible experimentally or clinically.
Decisions about the performance and/or safety of medical devices have potentially significant consequences, such as

patient harm. Because computational modeling plays an increasingly important role in these decisions, there is an
increased need to ensure that computational models appropriately represent reality. This can be accomplished
through V&V. A considerable body of work on V&V and uncertainty quantification exists and continues to mature.
ASME V&V 10 (ref. [1]) presents a general framework for V&V for computational solid mechanics. Additionally,
ASME V&V 20 (ref. [2]) outlines a V&V procedure for computational fluid dynamics and heat transfer, both of
which are generally applicable to physics-based computational models. As described in the referenced standards,
the aim of V&V is to assess the degree to which the computational model is an accurate representation of the
reality of interest through the comparison of simulation results with theory, carefully designed and controlled experi-
ments, or other sources of relevant information. However, the relevance and adequacy of the V&V activities, and thus the
computationalmodel credibility, are subjective. This can create a lackof commonunderstanding of expectations between
stakeholders on what constitutes a sufficiently verified and validated computational model. Moreover, while ASME V&V
10 and ASME V&V 20 mention credibility, neither offers guidance on how to establish credibility.
The aim of this Standard is to present a framework for assessing the credibility of a computational model. The frame-

work integrates concepts from two foundational documents: SAND2007-5948 (ref. [3]) and NASA-STD-7009 (ref. [4]).
The predictive capability maturity model (PCMM) method of SAND2007-5948 describes different levels of model
maturity but does not link maturity with how the computational model could be used to support a decision.
NASA-STD-7009 defines the risk associated with using a computational model as a combination of the influence
thesimulation resultshaveon thedecisionand theconsequenceofmakingawrongdecision.Basedon theriskassessment
results and programmatic priorities, NASA-STD-7009 specifies a quantitative and/or qualitative level of credibility that
needs to be achieved for each modeling and simulation activity.
This Standard provides a risk-informed credibility assessment framework to empower themedical device industry to

determine and justify the appropriate level of credibility for using a computational model to inform a decision. The
decision could be internal to an organization or part of a regulatory activity, e.g., research or review. Therefore, this

ASME V&V 40-2018
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Standardmayalsobeusedby regulatorybodies to evaluate the appropriateness andadequacyof credibility activities and
the overall model credibility.

2.2 Purpose

The purpose of this Standard is to provide a framework for assessing the relevance and adequacy of completed V&V
activities that establish credibility of a computational model. The credibility should be commensurate with the degree to
which the computationalmodel is relied on as evidence of device performance, functional characteristic, and/or safety to
support a decision, and the consequences of that decision being incorrect. This Standardwill help users communicate the
value of the completed V&V activities and establish the associated credibility of the computational model to support a
decision.

2.3 Scope

The scope of the Standard encompasses physics-based computational models used for medical device applications.
This Standard augments other standards that present V&V methodologies, such as ASME V&V 10 and ASME V&V 20.
Therefore, this Standard is intended for the practitioner who is familiar with V&V terminology. It does not present a
method for incorporating user expertise or modeler pedigree, nor does it describe the specific V&V activities and rigor
that are needed to establish credibility for a particular application and/or device. Instead, this Standard presents a
framework for the practitioner to make that assessment using sound engineering judgment. This Standard is not a
step-by-step guide, nor is it intended to present a quantitative method for establishing model credibility. While the
framework was developed specifically for medical devices, the V&V 40 Subcommittee considers this Standard to
be general enough to be applied to other disciplines.

2.4 Overview of the Risk-Informed Credibility Assessment Framework

This Standard presents a framework for establishing and assessing model credibility, which is the trust, obtained
through the collection of evidence, in the predictive capability of a computational model for a context of use (COU). The
COU is the specific role and scope of the computational model used to address a question of interest. The framework,
referred toas the risk-informedcredibility assessment framework, is presented inFigure2.4-1. The foundational element
of the framework ismodel risk, which is the possibility that the computational model leads to an incorrect decision that
results in an adverse outcome, such as patient harmor devicemalfunction.Model risk is a combination of the influence of
the computational model relative to other contributing evidence for making a decision, and the consequence for the
patient or end users if a decision is incorrect. Model risk is then used to establish the required level of adequacy of the
credibility activities for the COU.
The risk-informed credibility assessment framework beginswith identifying a question of interest, which describes the

specific question, decision, or concern that is being addressed. The next step is to define the COU, which is a statement that
describes the role and scope of the computational model used to inform that decision in relation to other evidence (see
section3). Then,model risk is assessed for the COU,which takes into account the role of the computationalmodel to inform
thedecision and the potential consequence of an incorrect decision (see section 4).Model risk is then used to establish the
goals for each credibility factor. The credibility factors are elements of the process used to establish the credibility of the
computationalmodel for a COU; the factors include verification, validation, and applicability (see section 5). The goals for
the credibility factors areused toplan the activities that establish credibility (see section6).Once the activities aredefined,
theplan is executed. After thecredibility activitiesarecompleted, anassessment isperformedtodetermine if thecomputa-
tional model is credible for the COU (see section 7). If sufficient credibility is not achieved, then the risk-informed cred-
ibility portionof the framework canbe revisited, as indicatedby the return arrow inFigure 2.4-1. If sufficient credibility is
not achieved, corrective actionsmay be taken as outlined in section 7. If sufficient credibility is achieved for the COU, then
the computational model can be used to inform the decision. Finally, the credibility activities and findings should be

Figure 2.4-1 Process Diagram of the Risk-Informed Credibility Assessment Framework
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