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Simulation in Medical Device 81 
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______________________________________________________________________________ 83 

Draft Guidance for Industry and  84 

Food and Drug Administration Staff 85 

 86 

This draft guidance, when finalized, will represent the current thinking of the Food and Drug 87 
Administration (FDA or Agency) on this topic.  It does not establish any rights for any person 88 
and is not binding on FDA or the public.  You can use an alternative approach if it satisfies 89 
the requirements of the applicable statutes and regulations.  To discuss an alternative 90 
approach, contact the FDA staff or Office responsible for this guidance as listed on the title 91 
page.  92 

 93 

I. Introduction 94 

 95 
FDA has developed this draft guidance document to assist industry and FDA staff in assessing 96 
the credibility of computational modeling, defined as trust in the predictive capability of a 97 
computational model, used to support medical device premarket submissions (i.e., Premarket 98 
Approval (PMA) Applications, 1 Humanitarian Device Exemptions (HDEs),2 Investigational 99 
Device Applications (IDEs),3 Premarket Notifications (510(k)s),4 and De Novo requests5) or 100 
qualification of Medical Device Development Tools (MDDTs); (refer to FDA’s guidance titled 101 
“Qualification of Medical Device Development Tools”6). Computational models can be used in a 102 
variety of ways in medical device regulatory submissions, including to perform ‘in silico’ device 103 
testing or to influence algorithms within software embedded in a device. Regulatory submissions 104 
often lack a clear rationale for why models can be considered credible for the context of use 105 
(COU). This guidance provides a risk-based framework that can be used in the credibility 106 
assessment of computational modeling and simulation (CM&S) used in medical device 107 

 
1 21 CFR part 814 
2 21 CFR part 814 subpart H 
3 21 CFR part 812 
4 21 CFR part 807 subpart E 
5 21 CFR part 806 subpart D 
6 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-
development-tools 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
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regulatory submissions. For the purposes of this guidance, CM&S refers to first principles-based 108 
(e.g., physics-based or mechanistic) computational models, and not statistical or data-driven 109 
(e.g., machine learning or artificial intelligence) models. This guidance is intended to help 110 
improve the consistency and transparency of the review of CM&S evidence, to increase 111 
confidence in the use of CM&S in regulatory submissions, and to facilitate improved 112 
interpretation of CM&S evidence submitted in regulatory submissions reviewed by FDA staff. 113 
Throughout this guidance, the terms “FDA,” “the Agency,” “we,” and “us” refer to the Food and 114 
Drug Administration and the terms “you” and “yours” refer to medical device manufacturers. 115 
 116 
For the current edition of the FDA-recognized standard(s) referenced in this document, see the  117 
FDA Recognized Consensus Standards Database.7 118 
 119 
The contents of this document do not have the force and effect of law and are not meant to bind 120 
the public in any way, unless specifically incorporated into a contract. This document is intended 121 
only to provide clarity to the public regarding existing requirements under the law. FDA 122 
guidance documents, including this guidance, should be viewed only as recommendations, unless 123 
specific regulatory or statutory requirements are cited. The use of the word should in Agency 124 
guidance means that something is suggested or recommended, but not required.  125 
 126 

II. Background 127 

 128 
The use of CM&S (also referred to as in silico methods) in regulatory submissions is well-129 
established and rapidly increasing.8 CM&S of medical devices can streamline development and 130 
reduce burdens associated with premarket device evaluation. It can also reveal important 131 
information not available from traditional in vivo or in vitro assessments, such as serious and 132 
unexpected adverse events that are undetectable within a study sample but occur frequently 133 
enough within the intended population to be of concern. As interest in medical device-related 134 
CM&S grows, it will be important to both monitor current usage and identify areas where 135 
CM&S might be more broadly leveraged to enhance public health. The appropriate and 136 
expanded use of CM&S in obtaining accurate and precise results to support regulatory 137 
submissions necessitates the development of processes and approaches that promote consistency 138 
in the way CM&S is conducted and reviewed.  139 
 140 
There are several ways that CM&S can potentially be used to support a regulatory submission, 141 
including but not limited to: 142 
 143 

1. In Silico Device Testing. Computational models that simulate medical devices can be 144 
used to generate information supporting device safety and/or effectiveness (e.g., in silico 145 
durability assessment of an implantable stent). Computational models of the device can 146 
also be coupled to computational patient models to simulate device performance under 147 

 
7 Available at https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm 
8 Morrison T, Pathmanathan P, Adwan M and Margerrison E. Advancing Regulatory Science With Computational 
Modeling for Medical Devices at the FDA's Office of Science and Engineering Laboratories. Frontiers in Medicine, 
vol. 5, p. 241, 2018. 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm


Contains Nonbinding Recommendations 
Draft – Not for Implementation 

 

6 
 

representative in vivo conditions (e.g., computational electromagnetic models to predict 148 
energy absorption of metallic implants). Another possibility is that the physical device 149 
itself is tested on an in silico patient model, for example hardware-in-the-loop testing of a 150 
physiological closed loop control device, where the therapy actuated by the controller is 151 
converted into an input to the patient model, and the patient model response is converted 152 
into a signal passed back to the controller.9 153 

2. CM&S used within medical device software. Computational modeling may be 154 
implemented as device software functions,10 which may include software as a medical 155 
device (SaMD)11 that is intended to be used for one or more medical purposes without 156 
being part of a hardware medical device, or implemented in software in a medical device 157 
(SiMD) that is typically embedded within or part of a hardware device. For example, 158 
device software functions that analyze patient data as inputs to a computational model to 159 
estimate clinical biomarkers such as fractional flow reserve, or device software functions 160 
that simulate patient response during surgery for preoperative planning.  161 

3. In Silico Clinical Trials. In silico clinical trials are an application of CM&S where 162 
device performance is evaluated using a ‘virtual cohort’ of simulated patients with 163 
realistic anatomical and physiological variability representing the indicated patient 164 
population. In silico clinical trials can complement real world clinical trials (e.g., 165 
augment or reduce the size of, or provide improved inclusion-exclusion criteria), rather 166 
than replace them.12 167 

4. CM&S-based qualified tools. CM&S-based tools for developing or evaluating a 168 
medical device can be submitted to CDRH as a proposal and be considered for the 169 
Medical Device Development Tools (MDDT) Program13 by the FDA as a non-clinical 170 
assessment model (NAM) for predicting device safety, effectiveness, or performance 171 
(refer to FDA’s guidance titled “Qualification of Medical Device Development Tools”14). 172 

 173 
In all cases, there is a need to demonstrate that the computational model is credible. 174 
Methodologies for model credibility assessment have been established in the scientific 175 
literature15 and continue to evolve. Demonstrating model credibility involves various activities 176 
that include verification, validation, uncertainty quantification, applicability analysis, as well as 177 
adequacy assessment (see the Section IV for definitions). The FDA-recognized standard 178 
American Society of Mechanical Engineers (ASME) V&V 40 Assessing Credibility of 179 

 
9 Parvinian B, Scully C, Wiyor H, Kumar A, and Weininger S, Regulatory Considerations for Physiological Closed-
Loop Controlled Medical Devices Used for Automated Critical Care: Food and Drug Administration Workshop 
Discussion Topics. Anesth Analg., vol. 126(6), p. 1, 2018. 
10 A device software function is a software function that meets the definition of device in 201(h) of the Federal 
Food, Drug, and Cosmetic Act. 
11 See FDA website on “Software as a Medical Device (SaMD),” available at https://www.fda.gov/medical-
devices/digital-health-center-excellence/software-medical-device-samd 
12 Haddad T, Himes A, Thompson L, Irony T, Nair R, and MDIC Working Group Participants. Incorporation of 
stochastic engineering models as prior information in Bayesian medical device trials, J. Biopharm Stat, vol. 27(6),s 
pp. 1089-1103, 2017. 
13 https://www.fda.gov/medical-devices/science-and-research-medical-devices/medical-device-development-tools-
mddt 
14 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-
development-tools 
15 Oberkampf WL and Roy CJ. Verification and Validation in Scientific Computing. Cambridge University Press, 
2010. 

https://www.fda.gov/medical-devices/science-and-research-medical-devices/medical-device-development-tools-mddt
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/medical-devices/digital-health-center-excellence/software-medical-device-samd
https://www.fda.gov/medical-devices/digital-health-center-excellence/software-medical-device-samd
https://www.fda.gov/medical-devices/science-and-research-medical-devices/medical-device-development-tools-mddt
https://www.fda.gov/medical-devices/science-and-research-medical-devices/medical-device-development-tools-mddt
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
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Computational Modeling through Verification and Validation: Application to Medical Devices 180 
provides a risk-based framework for assessing verification, validation, and uncertainty 181 
quantification (VVUQ) activities for computational modeling of medical devices. However, 182 
ASME V&V 40 assumes the ability to perform traditional validation activities, that is, 183 
comparison of model predictions against well-controlled validation experiments. For 184 
computational models used in regulatory submissions, there are often many different sources of 185 
evidence that are available to support model credibility, including results from clinical studies, 186 
robust model calibration results, or population-level validation results. This guidance uses key 187 
concepts of ASME V&V 40 but provides a more general framework for demonstrating CM&S 188 
credibility in medical device regulatory submissions that incorporate such non-traditional 189 
evidence. 190 
 191 

III. Scope 192 

 193 
The purpose of this guidance document is to provide a general framework for assessing CM&S 194 
credibility in medical device regulatory submissions that incorporates both traditional V&V 195 
evidence and/or other types of supporting data. This guidance document is applicable to physics-196 
based, mechanistic, or other first principles-based models, such as models commonly used in 197 
electromagnetics, optics, fluid dynamics, heat and mass transfer, solid mechanics, acoustics, and 198 
ultrasonics, as well as mechanistic models of physiological processes. This guidance is not 199 
intended to apply to statistical or data-driven models such as machine learning or artificial 200 
intelligence.  201 
 202 
This guidance document does not address methodologies for how to perform modeling studies or 203 
technical details for how to gather evidence to support credibility assessment, nor does it provide 204 
recommendations concerning the specific level of credibility needed to support regulatory 205 
submissions. Where applicable, other device-specific guidance documents and FDA-recognized 206 
standards that include CM&S recommendations may be used in combination with this guidance 207 
document. We recommend that manufacturers seek feedback on their specific use of CM&S 208 
through the Q-submission process (refer to FDA’s guidance titled “Requests for Feedback and 209 
Meetings for Medical Device Submissions: The Q-Submission Program”16). 210 
 211 

IV. Definitions  212 
 213 
The definitions listed here are for the purposes of this guidance document and are intended for 214 
use in the context of assessing CM&S credibility. 215 
 216 

Adequacy assessment: the process of evaluating the evidence in support of credibility of a 217 
computational model, for a given context of use, and making a determination on whether the 218 
evidence is sufficient 219 
 220 

 
16 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-
medical-device-submissions-q-submission-program 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
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Applicability: the relevance of a credibility assessment activity (e.g., validation activities) to 221 
support the use of the computational model for a context of use 222 
 223 
Calculation verification (also called solution verification): “the process of determining the 224 
solution accuracy of a calculation”17  225 
  226 
Code verification: “the process of identifying errors in the numerical algorithms of a 227 
computer code”18 228 
 229 
Comparator: the test data that are used for validation, which may be data from bench-230 
testing or in vivo studies 231 
  232 
Computational model: “the numerical implementation of the mathematical model 233 
performed by means of a computer”19 234 
 235 
Context of use (COU): “a statement that defines the specific role and scope of the 236 
computational model used to address the question of interest”20 237 
 238 
Credibility: “the trust, established through the collection of evidence, in the predictive 239 
capability of a computational model for a context of use”21 240 
 241 
Credibility evidence: any evidence that could support the credibility of a computational 242 
model 243 
 244 
Credibility factors: fundamental aspects of the credibility assessment process that break 245 
down the analysis of verification, validation, or other sources of credibility evidence 246 
 247 
Decision consequence: the significance of an adverse outcome resulting from an incorrect 248 
decision concerning the question of interest 249 
 250 
Mathematical model: “the mathematical equations, boundary conditions, initial conditions, 251 
and modeling data needed to describe a conceptual model”22 252 
 253 
Model influence: the contribution of the computational model relative to other contributing 254 
evidence in addressing the question of interest (e.g., data from bench testing) 255 
 256 

 
17 Reprinted by permission of The American Society of Mechanical Engineers from ASME V&V 40-2018 
Assessing Credibility of Computational Modeling through Verification and Validation: Application to Medical 
Devices, copywrite ASME, Two Park Avenue New York, NY 10016-5990. All rights reserved. No further copies 
can be made without written permission from ASME. Permission is for this edition only. A copy of the complete 
standard may be obtained from ASME, www.asme.org. 
18 ibid 
19 ibid 
20 ibid 
21 ibid 
22 ibid 

http://www.asme.org/
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Model risk: “the possibility that the computational model and the simulation results may 257 
lead to an incorrect decision that would lead to an adverse outcome”23 258 
 259 
Quantity of interest: “the calculated or measured result from a computational model or 260 
comparator, respectively”24 261 
 262 
Question of interest: “the specific question, decision, or concern that is being addressed”25 263 
 264 
Uncertainty quantification: the process of identifying, characterizing and quantifying those 265 
factors that could affect the accuracy of computational results 266 
 267 
Solution verification: see calculation verification 268 
 269 
Validation: “the process of determining the degree to which a model or a simulation is an 270 
accurate representation of the real world”26 271 
 272 
Verification: “the process of determining that a computational model accurately represents 273 
the underlying mathematical model and its solution from the perspective of the intended uses 274 
of modeling and simulation”27 See also calculation verification and code verification. 275 
 276 

Note that the terms verification and validation have a variety of meanings in the context of medical 277 
device regulation. The above definitions refer to verification and validation of a computational 278 
model only.  279 
 280 
 281 

V. Generalized Framework for Assessing Credibility of 282 

Computational Modeling in a Regulatory Submission 283 
 284 
FDA recommends the following process when assessing the credibility of computational 285 
modeling used in a medical device regulatory submission. Detailed information on the key 286 
concepts in the framework below are provided in subsequent sections. See Figure 1 for an 287 
illustration of an overview of the framework using a hypothetical example.  288 

 289 
1. Describe the question(s) of interest to be addressed in the regulatory submission that 290 

will be informed by the computational model. See Section VI.A.(1) for details.  291 

 
23 Reprinted by permission of The American Society of Mechanical Engineers from ASME V&V 40-2018 
Assessing Credibility of Computational Modeling through Verification and Validation: Application to Medical 
Devices, copywrite ASME, Two Park Avenue New York, NY 10016-5990. All rights reserved. No further copies 
can be made without written permission from ASME. Permission is for this edition only. A copy of the complete 
standard may be obtained from ASME, www.asme.org. 
24 ibid 
25 ibid 
26 ibid 
27 ibid 

http://www.asme.org/
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2. Define the context of use (COU) of the computational model. See Section VI.A.(2) for 292 
details.  293 

3. Determine the model risk. See Section VI.A.(3) for details. 294 
4. Identify and categorize the credibility evidence, either previously generated or planned, 295 

which supports credibility of the computational model for the COU. See Section VI.B for 296 
a categorization of different types of credibility evidence.  297 

5. Define credibility factors for the proposed credibility evidence and set prospective 298 
credibility goals for each credibility factor, with a plan to achieve these goals. See 299 
Section VI.C for a discussion of credibility factors and goals. 300 

6. Perform prospective adequacy assessment: if the credibility goals are achieved, will the 301 
credibility evidence be sufficient to support using the model for the COU given the risk 302 
assessment? See Section VI.D for a discussion of adequacy assessment. 303 

a. If YES: continue to Step 7. Before proceeding, however, you may wish to utilize 304 
the Q-submission process (refer to FDA’s guidance titled “Requests for Feedback 305 
and Meetings for Medical Device Submissions: The Q-Submission Program” 28) 306 
to receive FDA feedback on the computational model, proposed credibility 307 
evidence, plan for generating this evidence, and prospective adequacy assessment. 308 
See Appendix 2. 309 

b. If NO: you may need to modify the model, reduce the model influence, modify 310 
the COU or revise the plan to generate credibility evidence. See ASME V&V 40 311 
for a discussion on options. If any changes are made at this stage, go back to Step 312 
2. 313 

7. Generate the credibility evidence by executing the proposed study(ies) and/or analyzing 314 
previously generated data. 315 

8. Determine if credibility goals were met and perform post-study adequacy assessment: 316 
does the credibility evidence support using the model for the COU given the risk 317 
assessment? See Section VI.D for a discussion of adequacy assessment. 318 

a. If YES: continue to Step 9.  319 
b. If NO: you may wish to modify the model, reduce the model influence, modify 320 

the COU or collect additional evidence. See ASME V&V 40 for a discussion on 321 
options. If any changes are made at this stage, go back to Step 2. 322 

9. Prepare a report on the credibility of the CM&S for inclusion in the regulatory 323 
submission. See Appendix 2 for reporting recommendations. 324 

 325 
FDA is recommending this generalized framework but you can choose to use an alternative 326 
approach to demonstrate the credibility of your computational model. If an alternative approach 327 
is used, we recommend that you clearly identify the model’s COU within the regulatory 328 
submission, and provide a detailed rationale for why the model can be considered credible for its 329 
specific COU. If an alternative approach is planned, we recommend using the Q-submission 330 
process to receive FDA feedback on the planned approach and activities, as outlined in Step 6a 331 
above. 332 

 
28 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-
medical-device-submissions-q-submission-program 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
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Figure 1: Overview of generalized framework for assessing model credibility, with an example for each step. Asterisks (*) indicate credibility 333 
factors that are defined by the user in this hypothetical example, as they are not defined in ASME V&V 40. ‘Cat.’ (in Step 4) denotes credibility 334 
evidence category, as discussed in Section VI.B.    335 

 336 
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VI. Key Concepts for Assessing Credibility of 337 

Computational Modeling in a Regulatory Submission 338 
 339 
This section describes and discusses the key concepts used in the framework provided above in 340 
Section V. 341 

A. Preliminary steps 342 
 343 

(1) Question of Interest 344 
 345 
Step 1 in the framework is “describe the question(s) of interest to be addressed in the regulatory 346 
submission that will be informed by the computational model.” The question of interest is 347 
defined in ASME V&V 40 as “the specific question, decision, or concern that is being 348 
addressed.” The question of interest concerns the decision to be made with input from the 349 
computational model and potentially other sources of information. The question of interest 350 
should not be confined to the computational model, nor should it be about the computational 351 
model. We recommend that the scope of the question of interest describe the question, decision, 352 
or concern that is being addressed using the computational model and potentially other sources 353 
of information, but nothing more. Therefore, you should avoid overly broad questions of interest 354 
such as, “Is the device safe and effective?” For example, a possible question of interest regarding 355 
device durability could be, “Is the device resistant to fatigue fracture under anticipated worst-356 
case radial loading conditions?”, which might be addressed using a combination of 357 
computational modeling and bench testing. To assist in evaluating the decision consequence 358 
when assessing the model risk in Section VI.A.(3), it can be helpful to formulate the question of 359 
interest in terms of the decision that is to be made. 360 
 361 
For models used for in silico device testing or in silico clinical trials, the question of interest 362 
should describe the specific question, decision or concern being addressed about the device, such 363 
as in the device durability example stated in the preceding paragraph and in Figure 1. 364 
 365 
For models used within device software, the question of interest should cover the specific device 366 
functionality(ies) that the model predictions are used in. For example, for a device which 367 
performs patient-specific simulation as part of a diagnostic function, the question of interest may 368 
be posed around the clinical decision that is to be made such as whether or not to treat a patient 369 
or diagnose the presence of a disease condition. 370 
 371 
For models submitted for MDDT qualification, the question of interest should describe the 372 
specific question, decision, or concern about the range of devices relevant to the proposed 373 
MDDT. For example, “For an active implantable medical device, what is the in vivo deposited 374 
power during a 1.5T MR scanning procedure and is it below an acceptable threshold?”  375 
 376 
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(2) Context of use (COU) 377 
 378 
Step 2 of the framework is to “define the context of use (COU) of the computational model.” 379 
The COU of the model is defined as the specific role and scope of the computational model used 380 
to address the question of interest.29 The COU should include a detailed description of what will 381 
be modeled and how model outputs will be used to answer the question of interest, including a 382 
statement on whether other information (e.g., bench testing, animal or clinical studies) will be 383 
used in conjunction with the model results to answer the question of interest. For example, a 384 
possible COU regarding device durability could be summarized as, “Combine computational 385 
modeling predictions and empirical fatigue testing observations to estimate device fatigue safety 386 
factors under anticipated worst-case radial loading conditions,” with additional details provided 387 
to describe the type of modeling used, key model inputs and outputs, and the specific approach 388 
used to combine model predictions with experimental data to answer the question of interest.  389 
 390 
For models used for in silico device testing or in silico clinical trials, the COU should describe 391 
how the model will be used in a simulation study to address the question of interest. Note that in 392 
this case, the COU is completely distinct from the indications for use or intended use of the 393 
device.  394 
 395 
For models used within device software, the COU should describe how the model will be used 396 
within the device. In this case the COU may be related to the intended use of the device, or a 397 
subset thereof, depending on how the device uses the simulation results.  398 
 399 
For models submitted for MDDT qualification as a non-clinical assessment model (NAM), the 400 
model COU is expected to include the MDDT COU information (refer to Section IV.A of FDA’s 401 
guidance titled “Qualification of Medical Device Development Tools”30). 402 
 403 

(3) Model risk 404 
 405 
Step 3 of the framework is to “determine the model risk.” Model risk is defined as “the 406 
possibility that the computational model and the simulation results may lead to an incorrect 407 
decision that would lead to an adverse outcome.”31 Model risk is assessed because the level of 408 
credibility of a model should be commensurate to the risk associated with using the model to 409 
address the question of interest. ASME V&V 40 recommends assessing model risk based on two 410 
factors, model influence and decision consequence.  411 
 412 
Model influence is the contribution of the computational model relative to other contributing 413 
evidence in addressing the question of interest. For example, evaluating model influence for the 414 

 
29 ASME V&V 40 Assessing Credibility of Computational Modeling through Verification and Validation: 
Application to Medical Devices 
30 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-
development-tools 
31 ASME V&V 40 Assessing Credibility of Computational Modeling through Verification and Validation: 
Application to Medical Devices 
 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
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aforementioned device durability COU might consider how much influence CM&S results have 415 
on the fatigue resistance decision made relative to the empirical fatigue test observations. 416 
 417 
Decision consequence is the significance of an adverse outcome resulting from an incorrect 418 
decision concerning the question of interest. It is important to note that the decision consequence 419 
is the potential outcome of the overall decision that is to be made by answering the question of 420 
interest, outside of the scope of the computational model and irrespective of how modeling is 421 
used. That is, decision consequence should consider the question of interest, but should not 422 
consider the COU of the model. In regulatory submissions, decision consequence will typically 423 
involve consideration of potential patient harm, although in some cases, impact on the clinician 424 
may also be considered. For example, when evaluating decision consequence for the 425 
aforementioned device durability COU, you should consider the potential patient harms that 426 
could result in the event the implanted device fractures.  427 
 428 
We note that, while the overall risk of a medical device is a major determinant of the device 429 
classification, decision consequence should be based on the specific question of interest and not 430 
on the specific device class. For example, although the overall clinical risk is greater for a class 431 
III device than for a class II device, the decision consequence associated with a specific question 432 
of interest in a 510(k) submission could be the same or even greater than the decision 433 
consequence associated with another question of interest in a PMA application, depending on the 434 
specific question of interest. Accordingly, the decision consequence should be solely determined 435 
by considering the specific question of interest. For CM&S used to support an IDE application, 436 
decision consequence should generally consider the potential harm to trial participants due to 437 
making an incorrect decision concerning the question of interest, taking into account the 438 
proposed study protocol including any risk mitigations procedures in place.  439 
 440 
In general, we recommend assessing decision consequence by considering both the potential 441 
severity of harm and the probability of occurrence of harm following an appropriate risk 442 
management procedure (e.g., see ISO 1497132 and ISO/TR 2497133). The risk management 443 
procedure used should consider any specific hazards that are related to the question of interest 444 
and then identify any possible hazardous situations and the resultant harm that may occur. When 445 
possible, reports of adverse events for the same or similar device types can be helpful in 446 
identifying these potential hazards and harms. The overall decision consequence should be 447 
assessed by considering all potential harms that may occur due to an incorrect decision, 448 
accounting for any risk mitigation procedures in place. 449 
 450 
For models used for in silico device testing or in silico clinical trials: 451 

• Model influence will be dependent on whether other information (e.g., bench or animal 452 
test results) are also provided in the regulatory submission to address the question of 453 
interest.  454 

• When assessing decision consequence, you should consider device hazards that are 455 
related to the specific device safety or effectiveness concern that is being addressed, as 456 
stated in the question of interest.  457 

 
32 ISO 14971 Medical devices — Application of risk management to medical devices 
33 ISO/TR 24971 Medical devices — Guidance on the application of ISO 14971 
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 458 
For models used within device software: 459 

• Model influence will be dependent on whether other information (e.g., additional direct 460 
patient measurements, clinical assessments) will be used in answering the question of 461 
interest. If the device takes action based solely on simulation results, model influence will 462 
be ‘controlling’ (i.e., the highest level). If the simulation results are provided to the 463 
clinician to inform a decision, model influence will be dependent on other information 464 
available and on the specific language proposed in the labeling for the device. When 465 
determining model influence for a device that provides a simulation-based 466 
recommendation to a clinician, but the recommendation is intended to be used in 467 
conjunction with other medical information to make a clinical decision, we recommend 468 
you consider if there is reasonably foreseeable misuse related to the degree clinicians 469 
may rely on the device output without considering additional clinical information that 470 
may be available. 471 

• When assessing decision consequence, device hazards to be considered should be those 472 
related to the specific device functionality that the model is used for, as stated in the 473 
question of interest. For first principles-based computational models used in software as a 474 
medical device (SaMD), the risk categorization framework in FDA’s guidance titled 475 
“Software as a Medical Device (SAMD): Clinical Evaluation”34 can also be used to 476 
inform assessment of decision consequence. 477 

 478 
For models submitted for MDDT qualification: 479 

• If the MDDT is a computational model only, model influence is expected to be 480 
‘controlling’ (i.e., the highest level). 481 

• Decision consequence should be assessed based on the potential risk to patients should 482 
the tool, when used as specified in the MDDT COU, provide inaccurate information for 483 
the question of interest. 484 

 485 

B. Credibility Evidence 486 
 487 
Step 4 of the framework is to “identify and categorize the credibility evidence, either previously 488 
generated or planned, which supports credibility of the computational model for the COU.” 489 
 490 
Not all evidence that could potentially support the use of a computational model in medical 491 
device regulatory submissions comes from traditional VVUQ activities. Because of this, we 492 
adopt the more general term of “credibility evidence,” which is any evidence that could support 493 
the credibility of a computational model. In Table 1 below, ten distinct categories of credibility 494 
evidence are provided along with definitions. The objective of defining these categories is to 495 
provide a common framework to characterize the available evidence to support a computational 496 
model. It is not to characterize the quality or level of rigor of the evidence; the ordering of the 497 
categories does not reflect the strength of the evidence. This categorization is not intended to be 498 
exhaustive. In some cases, there may be a need to define new categories if the credibility 499 

 
34 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/software-medical-device-samd-
clinical-evaluation 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/software-medical-device-samd-clinical-evaluation
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/software-medical-device-samd-clinical-evaluation
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/software-medical-device-samd-clinical-evaluation
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evidence does not fit into any of the following categories. For many computational models, there 500 
will likely be evidence from multiple categories that support model credibility, all of which can 501 
be included in a regulatory submission.  502 
 503 
Following Table 1, each category is discussed in more detail, with key distinguishing features 504 
and examples. Specific considerations for each category are also provided in Appendix 1.  505 
 506 
Table 1: Ten categories of credibility evidence. Categories 1, 4 and 5 are explicitly within the 507 
scope of ASME V&V 40.  508 

 Category Definition 
1 Code verification results Results showing that a computational model implemented in 

software is an accurate implementation of the underlying 
mathematical model. 

2 Model calibration 
evidence 

Comparison of model results with the same data used to calibrate 
model parameters. 

3 General non-COU 
evidence 

Calculation verification and/or validation evidence gathered for 
the model under conditions that are broad and not specific to the 
COU. 

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

Calculation verification and/or validation evidence using bench-
top conditions, that was explicitly planned and generated to 
support the current COU. 

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

Same as previous category except using in vivo conditions. 

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

Calculation verification and/or validation evidence using bench-
top conditions, that was planned and generated to support a 
different COU. 

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

Same as previous category except using in vivo conditions. 

8 Population-based 
evidence 

Statistical comparisons of population-level data between model 
predictions and a clinical data set. (Note: individual-level 
comparison between model predictions and a clinical dataset falls 
under Category 5.) 

9 Emergent model behavior Evidence showing that the model reproduces phenomena that are 
known to occur in the system at the specified conditions but were 
not pre-specified or explicitly modeled by the governing 
equations. 

10 Model plausibility Evidence that supports the validity of the governing equations, 
model assumptions, and input parameters only. 

 509 
What types of credibility evidence should be included in a regulatory submission? In 510 
accordance with ASME V&V 40, the demonstrated credibility of a computational model should 511 
be commensurate with the risk associated with using the model. We recognize that the 512 
availability and the challenge of gathering enough credibility evidence may depend upon 513 
multiple factors including but not limited to the type of the model, the maturity of the modeling 514 
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field, and the ability to perform validation. Therefore, this guidance document does not prescribe 515 
the specific types of credibility evidence that should be included in a regulatory submission. 516 
However, you should consider providing evidence for each of the following general groups since 517 
these evaluate different aspects of the model:  518 
 519 

• code verification (Category 1);  520 
• calculation verification (Categories 3, 4, 5, 6 or 7); and  521 
• validation (Categories 3, 4, 5, 6, 7 or 8) or other evidence pertaining to the model’s 522 

ability to reproduce real-world behavior (Categories 2, 9, 10). 523 
 524 

You can also submit multiple types of evidence within each group (e.g., submitting Category 3, 4 525 
and 8 results) if it is appropriate for overall testing of the model and/or it increases the overall 526 
credibility in the model.  If you have questions on your planned credibility evidence for your 527 
specific model, we recommend that you use the Q-submission process to obtain feedback. 528 
 529 

(1) Code verification results 530 
 531 
Code verification results provide evidence demonstrating that a computational model 532 
implemented in software is an accurate implementation of the underlying mathematical model. 533 
Code verification is important to demonstrate that there are no bugs in the software that affect 534 
simulation accuracy. It does not need any comparison of model predictions with real-world data. 535 
 536 
Example: 537 

• For solid mechanics, fluid dynamics, electromagnetism, and other domains involving 538 
partial differential equations: results comparing the computational model against 539 
analytical solutions (e.g., generated using the method of manufactured solutions35), 540 
including confirmation that the error converges to zero at the expected convergence 541 
rate as spatial and temporal discretization size are decreased. 542 

 543 

(2) Model calibration evidence 544 
 545 
Model calibration evidence is the comparison of model results with the same data used to 546 
calibrate model parameters. The evidence is an assessment of the “goodness of fit” of simulation 547 
results using calibrated model parameters. This is not validation evidence because it is not testing 548 
of the final model against data independent of model development; instead model parameters are 549 
calibrated (whether optimized or manually tuned) to minimize the discrepancy between model 550 
results and data. Nevertheless, robust model calibration evidence can still support model 551 
credibility. This type of evidence is strongest if complex behavior is reproduced after calibrating 552 
a small number of parameters in a first principles model. This type of evidence is weaker if the 553 
governing equations were chosen to match the data, or if many parameters were calibrated. 554 
 555 

 
35 Aycock KI, Rebelo N and Craven BA. Method of manufactured solutions code verification of elastostatic solid 
mechanics problems in a commercial finite element solver. Computers & Structures, vol. 229, p. 106175, 2020 
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Examples: 556 
• In solid mechanics, demonstrating that a constitutive model of a material closely 557 

matches a test specimen’s measured stress-strain behavior, after calibrating 558 
constitutive parameters to minimize the discrepancy.  559 

• In physiological modeling, demonstrating that a personalized model of a patient’s 560 
heart closely matches the patient’s clinically measured pressure-volume (P-V) loop, 561 
after tissue parameters have been calibrated based on the same P-V loop data.  562 

• In modeling tissue heating in vivo, demonstrating that the first principles-based 563 
bioheat transfer model accurately predicts/estimates relevant spatio-temporal in vivo 564 
tissue heating in appropriate tissue types, after the blood-tissue heat transfer related 565 
coefficient has been calibrated based on the heating (i.e., relevant spatio-temporal 566 
temperature distribution). 567 

 568 

(3) General non-COU evidence 569 

 570 
General non-COU evidence is calculation verification and/or validation evidence gathered for 571 
the model under conditions that are broad and not specific to the COU. This category refers to 572 
evidence that was not generated for any specific COU but could support credibility of the model 573 
for the current COU. Typically, the evidence will be general validation evidence. This category 574 
is especially relevant to general-purpose or multi-application computational models (e.g., some 575 
simulation software packages) for which it is common to compare model predictions under a 576 
variety of conditions with experimental data, for example, comparison to relevant benchmark 577 
data to demonstrate reliability of the model. This category is also especially relevant to 578 
computational models of physiological systems, where it is common to demonstrate the ability to 579 
reproduce the range of physiological behaviors when publishing or releasing the model. General 580 
validation results are also often utilized when complex models are validated in a hierarchical 581 
manner, using simple benchmark validation cases before considering potentially more involved 582 
COU-specific validation.  583 
 584 
Examples: 585 

• In physiological modeling, a model of the cardiovascular system is developed, and 586 
then validated by comparing model predictions of various hemodynamic variables 587 
(e.g., mean arterial blood pressure, cardiac output) against recordings from patients, 588 
throughout a range of normal and pathological conditions. These are general 589 
validation results because they were not generated for any specific COU. A 590 
manufacturer of a physiological closed-loop control (PCLC) device that uses the 591 
model in in silico testing of the control algorithm could potentially utilize the 592 
previous general validation results to support the model credibility in a PCLC testing 593 
COU. 594 

• In fluid dynamics, comparing simulations with classical wind tunnel measurements 595 
(e.g., flat-plate boundary layer, lift and drag on objects) or other non-COU benchmark 596 
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experiments designed for validation (e.g., a benchmark nozzle36). As part of this, 597 
calculation verification studies are performed to estimate the numerical uncertainty in 598 
the simulation predictions. 599 

 600 

(4) Evidence generated using bench-top conditions to support 601 
the current COU 602 

 603 
This category refers to calculation verification and/or validation evidence generated using bench-604 
top conditions explicitly to support the current COU. There are two features of this category:  605 
 606 

i. “Bench-top conditions,” which means that the verification and/or validation activities 607 
were performed using conditions that reflect bench-top testing and not clinical or 608 
animal testing (for those see Category 5 below). However, the COU could be either 609 
bench-top or in vivo; see examples below.  610 

ii. “To support the current COU,” which means that the verification and/or validation 611 
evidence was explicitly planned and generated to support the credibility of the model 612 
for the current COU (as opposed to a different COU; see Category 6).  613 
 614 

In many cases, this category of evidence will align closely with the verification and/or validation 615 
evidence described in ASME V&V 40. 616 
 617 
Examples: 618 

• In the following example, both the COU and the validation simulations correspond to 619 
bench-top testing: 620 

• In solid mechanics, a manufacturer of a new family of peripheral stents plans 621 
to perform benchtop durability testing to assess fatigue resistance. A 622 
computational model of the stent family is developed, and simulations of the 623 
bench test are used to identify worst-case stent sizes to minimize the number 624 
of physical experiments. Calculation verification and validation evidence are 625 
generated by performing finite element simulations of radial loading for a 626 
subset of the stents using multiple mesh resolutions and comparing predicted 627 
and measured force-displacement relationships.  628 
 629 

• In the following example, the COU corresponds to in vivo conditions but the 630 
validation simulations correspond to bench-top testing: 631 

• In electromagnetics, a manufacturer of a new implantable device plans to 632 
assess induced power density during MR imaging using a computational 633 
model of the device implanted in anatomical models of a set of virtual 634 
patients. Energy absorption during MR scanning will be predicted. For 635 
validation, physical experiments using the same device in a gel phantom tank 636 

 
36 Malinauskas RA, Hariharan P, Day SW, Herbertson LH, Buesen M, Steinseifer U, Aycock KI, Good BC, Deutsch 
S, Manning KB and Craven B. FDA Benchmark Medical Device Flow Models for CFD Validation. ASAIO J, vol. 
63(2), pp. 150-160, 2017.  
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are compared to simulation results using an in-silico model of the device in a 637 
simulated gel phantom tank. 638 
 639 

(5) Evidence generated using in vivo conditions to support the 640 
current COU 641 

 642 
This category refers to calculation verification and/or validation evidence generated using in vivo 643 
conditions that is explicitly generated to support the current COU. There are two features of this 644 
category. 645 

i. “In vivo conditions,” which means that the verification and/or validation activities 646 
were performed using conditions that reflect representative in vivo animal or human 647 
use. 648 

ii. “To support the current COU,” which means that the verification and/or validation 649 
evidence was explicitly planned and generated to support the credibility of the model 650 
for the current COU (as opposed to a different COU; see Category 7). This category 651 
applies to patient-level validation of a patient-specific computational model. For 652 
example, a clinical trial evaluating the performance of SaMD that uses patient-653 
specific computational simulation falls under this category. 654 

 655 
Examples: 656 

• In fluid dynamics, a clinical software tool, which uses a patient-specific model of the 657 
coronary arteries to predict the fractional flow reserve, is validated by comparing 658 
simulations against invasive measurements of fractional flow reserve in the same 659 
patient. Also, a calculation verification study is performed to estimate the numerical 660 
uncertainty in these simulation predictions. 661 

• A manufacturer develops a computational model-based tool that predicts if a patient 662 
will respond positively to proposed therapy, and validates the predictive capability of 663 
the tool by performing a clinical trial and computing sensitivity, specificity, 664 
positive/negative predictive value, and area under receiver operating characteristics 665 
(ROC) curve.  666 

• In heat transfer, a first principles-based thermal model is validated to predict relevant 667 
spatio-temporal in vivo tissue heating using humans and/or animal models for a 668 
known spatio-temporal distribution of in vivo power density in appropriate tissue. 669 

 670 

(6) Evidence generated using bench-top conditions to support a 671 
different COU 672 

 673 
This category refers to calculation verification and/or validation evidence generated using bench-674 
top conditions that is generated to support a different COU. This category is the same as 675 
Category 4 except that the evidence was planned and generated to support a different COU. This 676 
category is relevant to situations where model development, verification and validation using 677 
bench-top conditions were successfully performed for one COU (‘COU1’), and later the same 678 
model is used for a new COU (‘COU2’). In this case, the verification and validation results for 679 
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COU1 may be able to support the model for COU2. This would streamline the verification and 680 
validation activities for COU2. However, the evidence is expected to have less relevance (i.e., 681 
applicability) as compared to the evidence from Category 4. 682 
 683 
Examples: 684 

• In solid mechanics, a manufacturer developed a computational model of a family of 685 
peripheral stents, estimated the numerical uncertainty by performing a calculation 686 
verification study, validated the model by comparing predicted and measured force-687 
displacement relationships under radial loading on the bench, and then used the 688 
model to identify worst-case stent sizes to reduce the number of samples which will 689 
undergo durability testing to assess fatigue safety. Subsequently the manufacturer 690 
seeks a new indication for the same stents in different vasculature and a 691 
computational model of the stents in new loading conditions is developed. The 692 
previously collected calculation verification and validation results may be able to 693 
support the credibility of the model in the new loading conditions in the new 694 
vasculature.  695 

• In electromagnetics, a computational model of MR-induced thermal heating of an 696 
implantable device was developed, validated, and used to generate evidence to 697 
support conditions of safe use of the device for 3T MR machines. Subsequently, the 698 
same model is used to support conditions of safe use of the device for 7T MR 699 
machines. The previous validation results may be able to support the model for this 700 
new COU for known transmit coil configurations. 701 

 702 

(7) Evidence generated using in vivo conditions to support a 703 
different COU 704 

 705 
This category refers to calculation verification and/or validation evidence generated using in vivo 706 
conditions that was generated to support a different COU. This category is the same as Category 707 
5 except the evidence was planned and generated to support a different COU. This category is 708 
relevant to situations where model development, verification and validation using in vivo 709 
conditions were successfully performed for one COU (‘COU1’), and later the same model is 710 
used for a new COU (‘COU2’). In this case, the verification and validation results for COU1 711 
may be able to support the model for COU2. This would save the expense of performing new 712 
verification and validation activities for COU2. However, the evidence is expected to have less 713 
relevance (i.e., applicability) as compared to the evidence from Category 5. 714 
 715 
Examples: 716 

• In the examples for Category 6, the previous and new COUs involved different 717 
indications for use of the same device. Alternatively, the COUs could correspond to 718 
different versions of similar devices, as in the following examples: 719 

• In solid mechanics, a manufacturer uses a software platform to compute the 720 
device mechanics for one device (e.g., shoulder arthroplasty) under simulated 721 
in vivo conditions (e.g., rotations), performs a calculation verification study, 722 
and validates the predictions against relevant in vivo data. Later, the 723 



Contains Nonbinding Recommendations 
Draft – Not for Implementation 

 

22 
 

manufacturer wishes to use the same software for a different device (e.g., 724 
reverse shoulder arthroplasty). The previous calculation verification and 725 
validation evidence may be able to support the credibility of the new device 726 
model.  727 

• In heat transfer, a first principles-based thermal model is validated to predict 728 
relevant spatio-temporal in vivo tissue heating using humans and/or animal 729 
models for a known spatio-temporal distribution of in vivo power density in 730 
appropriate tissue. If the nature of the spatio-temporal temperature distribution 731 
(i.e., magnitude and gradients in space and time) is comparable between two 732 
devices for the full range of device specifications, the previous validation 733 
evidence may be able to support the credibility of the new device model for 734 
comparable indications for use. 735 

 736 

(8) Population-based evidence 737 

 738 
Population-based evidence consists of statistical comparisons of population-level data between 739 
model predictions and a clinical data set. A distinguishing feature of this evidence is that 740 
multiple subjects are involved, but comparison of simulation results and experimental data for 741 
the same subject is not performed (i.e., no comparison is made on a patient-level basis; such 742 
evidence falls under Category 5). This type of evidence is relevant to validation of ‘virtual 743 
populations’ or ‘virtual cohorts,’ that is, multiple patient models representing a patient 744 
population. Population-based evidence for credibility of the virtual population/cohort could be 745 
generated by comparing the mean and standard deviation of a model output across the virtual 746 
population/cohort with the mean and standard deviation from a clinical dataset. Population-level 747 
clinical trial results would be a part of this category, whereas patient-level clinical trial results 748 
fall in Category 5. 749 
 750 
Examples: 751 

• In medical imaging, a set of virtual patients is generated by taking an 752 
anthropomorphic model of a breast and of lesions and varying key parameters across 753 
expected ranges. Comparison of model predictions to individual patient data is not 754 
possible because none of the virtual patients correspond to any one actual patient. 755 
Instead, the results of the computer-simulated trial are statistically compared to 756 
clinical outcomes to demonstrate that the predictions are consistent with the 757 
comparative trial using human subjects and human image interpreters.37 758 

• In drug development, a large number of physiologically-based pharmacokinetic 759 
models are developed to simulate pharmacokinetic properties (e.g., plasma 760 
concentration as a function of time) of a drug across the population. Data from 761 
clinical trials can be used to validate the model. Model predictions of average 762 
response can be compared with study results for various subject populations (e.g., 763 

 
37 Badano A, Graff CG, Badal A, Sharma D, Zeng R, Samuelson FW, Glick SJ and Myers KJ. Evaluation of Digital 
Breast Tomosynthesis as Replacement of Full-Field Digital Mammography Using an In Silico Imaging Trial. JAMA 
Netw Open, vol. 7(1), 2018. 
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healthy volunteers, patients, or special populations) and clinical conditions (e.g., 764 
different doses, dosing frequencies, or routes of administration).  765 

 766 

(9) Emergent model behavior 767 

 768 
Emergent model behavior is evidence that demonstrates that the finalized computational model 769 
reproduces phenomena that are known to occur in the system at the specified conditions but were 770 
not pre-specified or explicitly modeled by the governing equations.  A distinguishing feature of 771 
this type of evidence is that simulation results are not directly compared to data (therefore, this is 772 
not validation evidence); instead, simulation results are assessed using scientific knowledge 773 
about the system, possibly based on qualitative experimental observations. This type of evidence 774 
is especially relevant to models of physiological systems, because physiological systems often 775 
exhibit emergent behavior that is not predictable from knowledge on sub-systems.  776 
 777 
Examples: 778 

• In fluid dynamics, a computational model of blood flow through a stenotic vessel is 779 
developed, and evidence is collected to confirm the hemodynamics model correctly 780 
predicts the onset of transitional or turbulent flow at conditions where such 781 
phenomena are expected. A SaMD manufacturer that uses this model to predict 782 
clinical metrics related to stenosis severity and ischemia could include this 783 
information as credibility evidence. 784 

• In cardiac electrophysiology, a model of electrical activity in the heart and torso is 785 
developed. It is demonstrated that each simulated ECG in the standard 12-lead ECG 786 
has the same morphology as clinical ECGs, in terms of relative size and direction of 787 
the P-wave, QRS-complex and T-wave. A cardiac device manufacturer that uses this 788 
model for in silico testing of their device could include this information as credibility 789 
evidence for the cardiac model. 790 

 791 

(10) Model plausibility 792 

 793 
Model plausibility is solely supported by evidence of the validity of the governing equations, 794 
model assumptions, and input parameters. A claim of model plausibility is an argument that “the 795 
model is credible” because the governing equations are expected to hold, assumptions are 796 
reasonable, and parameters and other quantities that are input into the model have been justified. 797 
A distinguishing feature of this category is that simulations do not need to be run to generate this 798 
kind of evidence, because the evidence is based on scientific knowledge about the model, and 799 
not on a comparison of model results to data. Since this evidence does not involve testing or 800 
assessing the finalized model (i.e., no verification or validation), model plausibility might be the 801 
first step in supporting model credibility, but it is generally a weak form of credibility evidence. 802 
In some cases where it is very difficult to obtain any experimental data from the system of 803 
interest for validation, this may be a primary form of evidence to support model credibility. 804 
 805 
Example: 806 
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• In epidemiology, a susceptible-infectious-recovered (SIR) model of a novel infectious 807 
disease is developed. It is not possible to validate model predictions against data on 808 
the actual number of infected individuals since it has not spread widely enough yet. 809 
Credibility of the model predictions is then based primarily on belief in the validity of 810 
the governing equations (which may be supported by historical validation of SIR 811 
models for other outbreaks), together with evidence that the model parameters (e.g., 812 
basic reproduction number, infection rate, recovery rate) have been accurately 813 
measured for the new disease. 814 

  815 

C. Credibility Factors and Credibility Goals 816 
 817 
Step 5 in the framework is “define credibility factors for the proposed credibility evidence, and 818 
set prospective credibility goals for each credibility factor, with a plan to achieve these goals.”  819 
 820 
Credibility factors are fundamental aspects of the credibility assessment process that break down 821 
the analysis of verification, validation, or other sources of non-traditional credibility evidence. 822 
For example, ASME V&V 40 defines two credibility factors for code verification: ‘Software 823 
quality assurance’ and ‘Numerical code verification’. Other credibility factors are similarly 824 
defined in ASME V&V 40 that break down calculation verification, validation and applicability.  825 

 826 
To establish creditability factors and credibility goals, we recommend the following process. 827 
Refer to Figures 1 and 2 for examples. 828 

• Step 5.1: State credibility factors relevant to the type of credibility evidence you plan 829 
to gather. When relevant, we recommend using ASME V&V 40 credibility factors. 830 
For example, if you plan to gather ‘validation evidence generated using bench-top 831 
conditions to support the current COU’ (Category 4), we recommend using ASME 832 
V&V 40 credibility factors related to validation and applicability. For non-traditional 833 
VVUQ evidence categories that are not explicitly covered by ASME V&V 40 (e.g., 834 
model calibration evidence, population-level evidence, or model plausibility – 835 
Categories 2, 8, or 10, respectively), we recommend defining new credibility factors. 836 
For example, if model calibration results will be used in support of model credibility, 837 
you could define a ‘goodness of fit’ credibility factor, among others.  838 

• See also Appendix 1 for specific considerations for each category of 839 
credibility evidence including suggested credibility factors. 840 

• If there are multiple forms of credibility evidence from different categories, 841 
with one set being used as the ‘primary’ source of evidence and other sets as 842 
‘secondary’ or ‘supporting’ evidence (e.g., ‘validation evidence generated 843 
using bench-top conditions to support the current COU’ as primary and 844 
‘general non-COU validation results’ as secondary), we recommend using 845 
ASME V&V 40 credibility factors when possible for the primary evidence 846 
and an appropriately limited set of credibility factors for the supporting 847 
evidence. This is to avoid an excessive total number of credibility factors 848 
when results from multiple categories are used to support the overall 849 
credibility of the model. See Figure 1. 850 
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• Since the relevance of the evidence to support using the model for the COU is 851 
especially important, we recommend defining ‘applicability’ credibility 852 
factors for each set of credibility evidence (as emphasized in Appendix 1 and 853 
illustrated in Figure 1). 854 

• Step 5.2: Following ASME V&V 40, for each credibility factor, define a gradation of 855 
activities that describes progressively increasing levels of investigation. For example, 856 
for a ‘goodness of fit’ credibility factor for Model Calibration Evidence (Category 2), 857 
a possible gradation is: 858 
a) Qualitative comparison of fit performed. 859 
b) Quantitative error of fit computed without accounting for any uncertainty. 860 
c) Uncertainty in fitted parameters (e.g., due to experimental noise) estimated and 861 

accounted for in the quantitative error of fit. 862 
• Step 5.3: Following ASME V&V 40, for each credibility factor, select a ‘credibility 863 

goal’ from the gradation, based on the model risk as assessed in Step 3. Higher risk 864 
questions of interest warrant higher-level credibility goals. It is important to note that 865 
in this step, a level of credibility is being proposed for each factor that will contribute 866 
to the overall credibility of the model. See ASME V&V 40 for examples. For 867 
credibility factors for which the goal is less than the level commensurate with model 868 
risk (see Figure 2), for example, due to practical constraints, a rationale should be 869 
provided to explain why the activities are sufficient for overall model credibility. 870 

• Step 5.4: For each credibility factor, describe a high-level plan to achieve the 871 
proposed credibility goal. This should be included in the prospective credibility 872 
assessment to justify the level of credibility that is being proposed. 873 

 874 
Figure 2 presents a hypothetical example of this process. In this example, two types of credibility 875 
evidence are planned, ‘Code Verification Results’ (Category 1) and ‘Evidence Using Benchtop 876 
Conditions to Support the Current COU’ (Category 4). In this example, the Category 4 evidence 877 
includes both calculation verification and validation results. Model risk was assessed to be Low-878 
Medium. ASME V&V 40 Credibility Factors are used, and a five-level gradation was defined to 879 
grade each credibility factor. Credibility goals were chosen for each factor as indicated in Figure 880 
2. For credibility factors for which the goal corresponds to a credibility level that is not 881 
commensurate with model risk (i.e., the three credibility factors shown in red), a rationale should 882 
be provided for why the activities are sufficient to support overall model credibility.  883 
 884 
 885 
Figure 2: Hypothetical example of setting credibility factor goals.  886 
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 887 
 888 
 889 

D. Adequacy Assessment 890 

 891 
Steps 6 and 8 of the framework assess the adequacy of the credibility-related activities and 892 
results. Step 6 is a prospective adequacy assessment, and asks the question: if the credibility 893 
goals are achieved, will the credibility evidence be sufficient to support using the model for the 894 
COU given the risk assessment? Step 8 is a post-study adequacy assessment, and asks the 895 
question: does the available credibility evidence support using the model for the COU given the 896 
risk assessment? In contrast to model accuracy, which is quantifiable through validation, model 897 
adequacy warrants a careful decision to be made based using engineering and clinical judgement, 898 
based on all available information.38  899 
 900 
Performing the prospective adequacy assessment (Step 6) is recommended if you plan to request 901 
FDA feedback on planned activities via a pre-submission (as described in Step 6 in Section V), 902 
to facilitate the evaluation of your proposed rationale for credibility of the computational model. 903 
If performing prospective adequacy assessment, we recommend that you consider the planned 904 
credibility evidence, the proposed credibility goals for each credibility factor, and any other 905 
relevant information. The prospective adequacy assessment should include a rationale for why 906 
the planned credibility evidence is expected to be sufficient to support using the model for the 907 
COU, given the risk assessment.  908 
 909 
When performing post-study adequacy assessment (Step 8), we recommend that you first re-910 
evaluate the credibility level that was achieved for each credibility factor and whether the 911 

 
38 Oberkampf WL and Roy CJ. Verification and Validation in Scientific Computing. Cambridge University Press, 
2010. 
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credibility goal was met. The post-study adequacy assessment should also include a rationale for 912 
why the credibility evidence is sufficient to support using the model for the COU, given the risk 913 
assessment. We recommend that you take into consideration the following questions and 914 
recommendations in post-study adequacy assessment: 915 
 916 
Questions: 917 

• Have all relevant features of the model been adequately tested? That is, do the 918 
verification, validation and any other credibility evidence sources cover all features of 919 
the model relevant to the COU? For example: 920 

• For models used within device software, have all model-derived device 921 
outputs been evaluated as part of the credibility assessment process? 922 

• Were activities such as code verification, calculation verification, sensitivity analysis, 923 
uncertainty quantification all considered at some point of the planning of credibility 924 
assessment activities? If not, we recommend that you clearly justify not performing 925 
these credibility activities based on the model risk (see Section VI.C). 926 

• Were the credibility goals met? If the goal was not met for a factor or multiple 927 
factors, this means it was not possible to perform the analysis at the desired level of 928 
rigor. In this case, to support the use of the model, we recommend that you provide a 929 
justification regarding the impact of the affected credibility factor(s) on the risk 930 
associated with using the model to address the question of interest. 931 
 932 

Recommendations: 933 
• You may wish to pre-specify quantitative accuracy targets for the model validation 934 

comparison, such that the model will be considered adequate if the accuracy targets 935 
are met. However, you should still provide a scientific rationale explaining why this 936 
level of accuracy is sufficient to support using the model for the COU. Note that even 937 
if pre-specified quantitative accuracy targets for model validation were not met, it 938 
may still be possible to use the model for the COU if a valid rationale can be 939 
provided, such as based on further analysis. We also recognize that it is not always 940 
possible and/or meaningful to pre-specify precise quantitative model validation 941 
accuracy targets. In this case, we recommend you state how you intend to assess the 942 
level of agreement between the model results and the validation data.  943 

• When the question of interest includes information concerning a decision or safety 944 
threshold, as part of the adequacy assessment, we recommend considering the model 945 
predictions of the COU quantity(ies) of interest relative to such thresholds. That is, 946 
how close is the model prediction to the decision or safety threshold? As part of this 947 
assessment, it may also be useful to consider estimates of uncertainty in the COU 948 
predictions (e.g., based on uncertainty quantification, calculation verification results, 949 
model accuracy from the validation comparison) and any potential uncertainty in the 950 
value of the decision or safety threshold. Such considerations could be used to further 951 
support the adequacy of the model for addressing the question of interest. For 952 
example: 953 

• For a computational model of MR-induced energy absorption of an 954 
implantable metallic device, suppose the COU simulations predict that the 955 
power deposited into the surrounding tissue is far below unacceptable levels, 956 
and moreover, the uncertainty in predicted power, based on uncertainty 957 
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quantification and validation, is small. Overall, the 99% confidence interval 958 
for power deposited into the surrounding tissue is far below unacceptable 959 
levels. This information could be used to further justify the adequacy of the 960 
model predictions for addressing the question of interest.  961 

• It is important to explicitly state any limitations of the model and provide a rationale 962 
for why they do not reduce confidence in using the model for the COU, referring to 963 
the credibility evidence or other scientific knowledge as appropriate. 964 

 965 
If you determine the evidence to be insufficient in either the prospective or post-study adequacy 966 
assessment, you should modify the model, reduce the model influence, modify the COU, and/or 967 
revise the plan to generate credibility evidence (prospective adequacy assessment) or collect 968 
additional evidence (post-study adequacy assessment). See ASME V&V 40 for a discussion on 969 
these different options.  970 
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Appendix 1. Considerations for Each Credibility Evidence 971 

Category 972 

 973 
Below are considerations regarding the generation and/or evaluation of credibility evidence, for 974 
each category of evidence in Section VI.B. Some of the following considerations may not be 975 
applicable depending on specific details of the modeling performed.  976 
 977 
Category 1: Code verification results 978 

• For credibility factors (Step 5 of the framework), we recommend using the credibility 979 
factors for code verification defined in ASME V&V 40. 980 

• For computational models implemented within software that forms part of a medical 981 
device, testing performed for software verification will likely encompass code 982 
verification of the computational model. See software verification and validation 983 
reporting recommendations in FDA’s guidance titled “Guidance for the Content of 984 
Premarket Submissions for Software Contained in Medical Devices”39 and refer to the 985 
appropriate tests when describing model code verification activities. 986 

• For computational models that are not part of the device (e.g., in silico device testing, in 987 
silico clinical trials), code verification for the model is unrelated to the device software 988 
verification and/or validation and is therefore performed separately from device software 989 
verification and validation. 990 

 991 
Category 2: Model calibration evidence 992 

• For credibility factors (Step 5 of the framework), consider defining credibility factors 993 
related to goodness of fit, quality of the comparator data, and relevance of calibration 994 
activities to the COU. 995 

• Be cautious not to present or confuse calibration evidence as/with validation evidence 996 
and ensure that data for calibration is separate or not inclusive of data used for validation. 997 

• Consider evaluating whether final values of all calibrated parameters that have a 998 
physical/physiological meaning are within expected physical/physiological ranges. 999 

• Consider quantifying the ‘goodness of fit.’ 1000 
• When reporting calibration results, we recommend that you provide details on the 1001 

following (if applicable):  1002 
• calibration procedure, including which parameters were calibrated;  1003 
• prior distributions for these parameters if a Bayesian calibration approach was 1004 

used;  1005 
• details of the simulations run, source and details of experimental/comparator data;  1006 
• any steps taken to ensure the model is not overfitted; and  1007 
• numerical methods for obtaining the calibrated results. 1008 

• If no validation results are available and calibration results are the primary source of 1009 
evidence for model credibility, consider evaluating the relation between calibration 1010 

 
39 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-content-premarket-
submissions-software-contained-medical-devices 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-content-premarket-submissions-software-contained-medical-devices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-content-premarket-submissions-software-contained-medical-devices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-content-premarket-submissions-software-contained-medical-devices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-content-premarket-submissions-software-contained-medical-devices
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conditions and COU conditions, and between calibration quantities of interest and COU 1011 
quantities of interest. 1012 

 1013 
Category 3: General non-COU evidence 1014 

• For credibility factors (Step 5 of the framework), if the evidence is traditional calculation 1015 
verification or validation evidence, we recommend using credibility factors defined in 1016 
ASME V&V 40. 1017 

• For general non-COU validation evidence, we recommend paying special attention to the 1018 
applicability of the general validation evidence used to support the current COU. This 1019 
should include an assessment of any differences, and impact thereof, between the model 1020 
used in the general non-COU evidence and the model used in the current COU. 1021 

 1022 
Category 4: Evidence generated using bench-top conditions to support the current COU 1023 

• For credibility factors (Step 5 of the framework), if the evidence is traditional calculation 1024 
verification and/or validation evidence, we recommend using credibility factors defined 1025 
in ASME V&V 40. 1026 

• If the COU will involve making in vivo predictions, we recommend paying special 1027 
attention to the applicability of the bench-top validation results to the in vivo COU. 1028 

 1029 
Category 5: Evidence generated using in vivo conditions to support the current COU 1030 

• For credibility factors (Step 5 of the framework), if the evidence is traditional calculation 1031 
verification and/or validation evidence, we recommend using credibility factors defined 1032 
in ASME V&V 40. 1033 

• If the evidence takes another form (e.g., clinical trial results), we recommend that you 1034 
generate and evaluate the evidence using the appropriate best practices and methods (e.g., 1035 
good clinical practices, appropriate statistical techniques, appropriate measures of 1036 
sensitivity and specificity, positive predictive value), and define appropriate credibility 1037 
factors for Step 5 of the framework. 1038 

 1039 
Category 6: Evidence generated using bench-top conditions to support a different COU 1040 

• For credibility factors (Step 5 of the framework), if the evidence is traditional calculation 1041 
verification and/or validation evidence, we recommend using credibility factors defined 1042 
in ASME V&V 40.  1043 

• We recommend that you pay special attention to the applicability of previously generated 1044 
validation results to the COU, since the previous validation results were not designed to 1045 
support the model for the current COU. This should include an assessment of any 1046 
differences, and impact thereof, between the model used for the previous COU compared 1047 
to the model used for the current COU. Also, if your COU will involve making in vivo 1048 
predictions, we recommend paying special attention to the applicability of the bench-top 1049 
validation results to the in vivo COU. 1050 

• Consider performing analysis to confirm that the computational model made reliable 1051 
predictions for the previous COU based on current knowledge of the device performance 1052 
postmarket. For example, if a computational model was previously validated and used for 1053 
a device safety COU, but the device was recalled due to safety concerns postmarket 1054 
related to that COU, then the computational model may not be appropriate for a new 1055 
COU involving a new version of the device.  1056 
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 1057 
Category 7: Evidence generated using in vivo conditions to support a different COU 1058 

• For credibility factors (Step 5 of the framework), if the evidence is traditional calculation 1059 
verification and/or validation evidence, we recommend using credibility factors defined 1060 
in ASME V&V 40.  1061 

• If the evidence takes another form (e.g., clinical trial results), we recommend that you 1062 
generate and evaluate the evidence using the appropriate best practices and methods (e.g., 1063 
good clinical practices, appropriate statistical techniques, appropriate measures of 1064 
sensitivity and specificity, positive predictive value), and define appropriate credibility 1065 
factors for Step 5 of the framework. 1066 

• We recommend that you pay special attention to the applicability of previously generated 1067 
validation results to the COU, since the previous validation results were not designed to 1068 
support the model for the current COU. This should include an assessment of any 1069 
differences, and impact thereof, between the model used for the previous COU compared 1070 
to the model used for the current COU. 1071 

• Consider performing analysis to confirm that the computational model made reliable 1072 
predictions for the previous COU based on current knowledge of the device performance 1073 
postmarket. For example, if a computational model was previously validated and used for 1074 
a device safety COU, but the device was recalled due to safety concerns postmarket 1075 
related to that COU, then the computational model may not be appropriate for a new 1076 
COU involving a new version of the device. 1077 

 1078 
Category 8: Population-based evidence 1079 

• Consider quantitatively assessing the closeness of the two populations by comparing 1080 
means, variances, full distributions or using other appropriate statistical methods. 1081 

• We recommend that you evaluate and compare the demographics (including sex, age, 1082 
race and ethnicity), anatomy, pathologies, and co-morbidities of the subjects used in: (i) 1083 
the patient data used to generate the virtual cohort; (ii) the clinical dataset used for 1084 
validation; and (iii) the intended patient population.  1085 

• If the evidence comes from a clinical study without subject-level data, we recommend 1086 
that you generate and evaluate the evidence using the appropriate best practices and 1087 
methods (e.g., good clinical practices, appropriate statistical techniques), and define 1088 
appropriate credibility factors for Step 5 of the framework. 1089 

 1090 
Category 9: Emergent model behavior 1091 

• As this is a relatively weak form of demonstrating credibility, we generally do not 1092 
recommend relying on emergent model behavior as a primary source of evidence for 1093 
model credibility. In this case, consider strengthening the evidence by quantitatively 1094 
comparing model predictions to clinical or experimental data rather than comparing 1095 
model predictions against qualitative knowledge about the system (in which case the 1096 
evidence would change category and no longer be emergent model behavior evidence).  1097 

• Consider evaluating how important or relevant the emergent behavior is to the COU and 1098 
explaining why the model reproducing the emergent behavior provides confidence in the 1099 
model for the COU.  1100 
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• For credibility factors (Step 5 of the framework), we recommend that you define factors 1101 
for the relevance of the emergent behavior to the COU, sensitivity of emergent behavior 1102 
to model input uncertainty, and others. 1103 

 1104 
Category 10: Model plausibility 1105 

• As discussed in Section VI.B, model plausibility is a relatively weak argument for model 1106 
credibility because it does not involve testing the model predictions. Therefore, if model 1107 
plausibility evidence is the main credibility evidence presented, you should provide a 1108 
rationale for why validation testing of the model is not possible or warranted, for 1109 
example, referring to assessed model risk. 1110 

• Consider evaluating how any assumptions impact predictions by comparing results using 1111 
alternative model forms, preferably from higher-fidelity models if possible.  1112 

• Consider performing uncertainty quantification and sensitivity analysis for the model 1113 
parameters. 1114 

• For credibility factors (Step 5 of the framework), you should use ASME V&V 40 1115 
credibility factors related to model form and model inputs.  1116 
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Appendix 2. Reporting Recommendations for CM&S 1117 

Credibility Assessment in Medical Device Submissions 1118 

 1119 
In this Appendix, we provide: (a) recommended information to include when requesting 1120 
feedback on a CM&S credibility assessment plan in a Q-submission, and (b) recommendations 1121 
for reporting of CM&S credibility assessment in medical device regulatory submissions.  1122 
 1123 

Requesting FDA Feedback on a Credibility Assessment Plan 1124 
 1125 
We recognize that the generalized framework for assessing model credibility may necessitate 1126 
interactive feedback from FDA, in particular concerning the model risk assessment and the 1127 
prospective adequacy assessment (Steps 3 and 6 in Section V, respectively). Manufacturers who 1128 
wish to receive feedback from FDA can receive feedback on any aspect of their computational 1129 
modeling and/or credibility assessment using the Q-submission pathway (refer to FDA’s 1130 
guidance titled “Requests for Feedback and Meetings for Medical Device Submissions: The Q-1131 
Submission Program”40). If requesting feedback on a plan for credibility assessment, we 1132 
recommend that you provide information on the preliminary and prospective steps in the 1133 
framework outlined in Section V (Steps 1-6). The following provides an example of how the Q-1134 
submission could be organized: 1135 
 1136 
Possible Content to include in a Q-submission on a Credibility Assessment Plan: 1137 

1. Purpose: The overall purpose of the Q-Submission including goals for the outcome of 1138 
the interaction with FDA.  1139 

2. Background: e.g., clinical context or other relevant background information for the 1140 
device. 1141 

3. Device Description 1142 
4. Proposed Indications for Use 1143 
5. Regulatory History  1144 
6. Description of Computational Model  1145 
7. Credibility Assessment Plan 1146 

a. Summary of overall approach 1147 
b. Question of Interest (see Section VI.A.(1)) 1148 
c. COU (see Section VI.A.(2)) 1149 
d. Model Risk Assessment (see Section VI.A.(3)) 1150 
e. Planned Credibility Evidence. For each type of credibility evidence planned, 1151 

provide the following: 1152 
i. Categorization of evidence per Section VI.B 1153 

ii. Description of evidence to be collected 1154 
iii. Chosen credibility factors (see Section VI.C). For each factor, provide: 1155 

1. Credibility gradation 1156 
2. Proposed credibility goal  1157 
3. Brief plans for achieving credibility goal 1158 

 
40 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-
medical-device-submissions-q-submission-program 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-feedback-and-meetings-medical-device-submissions-q-submission-program
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f. Prospective Adequacy Assessment (see Section VI.D). 1159 
8. Specific Questions for FDA 1160 

 1161 
 1162 

Recommendations for a Credibility Assessment Report 1163 
 1164 
A Credibility Assessment Report is a self-contained document that can be included as part of a 1165 
regulatory submission. The report is intended to provide evidence and the rationale for the 1166 
credibility of CM&S used in a medical device regulatory submission.  1167 
 1168 
Below, we provide an example of how a Credibility Assessment Report could be organized. The 1169 
outline below only applies to CM&S credibility information and does not provide a 1170 
recommended format for information pertaining to the model itself. Moreover, for CM&S used 1171 
in in silico device testing or in silico clinical trials (see Section II), the outline does not provide 1172 
recommendations for providing the results of the simulation study. For CM&S used for in silico 1173 
device testing or in silico clinical trials, refer to FDA’s guidance titled “Reporting of 1174 
Computational Modeling Studies in Medical Device Submissions”41 (hereafter referred to as 1175 
“Computational Modeling Reporting Guidance”) for reporting model details and study results. In 1176 
this situation, we recommend that you provide two reports: one report describing the model and 1177 
study results using the Computational Modeling Reporting Guidance, and a separate “Credibility 1178 
Assessment Report” using the outline described below. In the first report, we recommend you 1179 
reference your Credibility Assessment Report as appropriate to provide any credibility-related 1180 
information recommended by the Computational Modeling Reporting Guidance (i.e., Section III: 1181 
Code Verification, Section VIII: System Discretization—Calculation Verification, and Section 1182 
X: Validation). 1183 
 1184 
FDA recognizes that the level of detail included in a Credibility Assessment Report will vary and 1185 
will depend on the specific discipline, type of computational modeling, and the COU of the 1186 
model, among other factors. Because we expect the level of detail to vary for different types of 1187 
CM&S, we recommend that your Credibility Assessment Report provide an emphasis on the 1188 
rationale/justification used when generating and assessing your credibility evidence. The 1189 
following outline may be helpful to organize the content of your Credibility Assessment Report: 1190 
 1191 
Recommended Content for a Credibility Assessment Report: 1192 

1. Executive Summary: Include a brief description of the device, the model, the question 1193 
of interest that the model is used to address, the model COU, the assessed model risk, a 1194 
summary of the categories of the credibility evidence provided, and a summary of the 1195 
adequacy assessment with a brief rationale. 1196 

2. Background: e.g., clinical context or other relevant background for the device. Either 1197 
provide here or refer to other section in the regulatory submission.  1198 

3. Device Description: Include within the report or refer to another section in regulatory 1199 
submission.  1200 

 
41 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-computational-modeling-
studies-medical-device-submissions 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-computational-modeling-studies-medical-device-submissions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-computational-modeling-studies-medical-device-submissions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-computational-modeling-studies-medical-device-submissions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-computational-modeling-studies-medical-device-submissions
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4. Proposed Indications for Use: Include within the report or refer to another section in 1201 
regulatory submission. 1202 

5. Description of Computational Model: If model details are included elsewhere in the 1203 
regulatory submission, we recommend referencing accordingly. 1204 

6. Model Credibility Assessment 1205 
a. Summary of overall approach 1206 
b. Question of Interest (see Section VI.A.(1)) 1207 
c. COU (see Section VI.A.(2)) 1208 
d. Model Risk Assessment (see Section VI.A.(3)) 1209 
e. Credibility Evidence. For each type of credibility evidence provided, provide the 1210 

following: 1211 
i. Categorization of evidence per Section VI.B 1212 

ii. Description of evidence  1213 
iii. Chosen credibility factors (see Section VI.C). For each factor, provide: 1214 

1. Credibility gradation 1215 
2. Prospective credibility goal 1216 
3. Achieved credibility level. 1217 

iv. Methods. Full methods may be provided here, or provided elsewhere (e.g., 1218 
in an Appendix to the Credibility Assessment Report or published in a 1219 
journal article) and referenced here.   1220 

v. Results. As with the methods, full results may be provided here, or 1221 
provided elsewhere and referenced here.  1222 

f. Post-study Adequacy Assessment (see Section VI.D). 1223 
7. Limitations 1224 
8. Conclusions 1225 
9. References 1226 
10. Appendices: Detailed descriptions of credibility assessment study methods and results (if 1227 

needed). 1228 
 1229 
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