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“Develop computational modeling technologies
= to support regulatory decision-making”
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http://www.fda.gov/downloads/MedicalDevices/ScienceandResearch/UCM521503.pdf
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM381813.pdf

e ot Challenges in Computational Model V&V for Systems Engineers

- e
4th Annual Systems

Engineering in Health ' -
e Bill Schindel

There is a (mis)perception that “computational models” in mechanics and
other phenomena must be different than “system models” familiar in INCOSE.
Some of this Iis a matter of historical origin; convergence greater than evident:

Our view oL
Fet RN 2018 2
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External .~ ’ ’ Traditional Engineering
“Actors” Systems Engineering Disciplines
C:nﬁtg:;m e B e e Systems Engineering The System Phenomenon, Hamilton’s Principle, and
Disciplines D Noether’'s Theorem as a Basis for System Science
f i IW2018 System Science Working Group Meeting, 01.23.2018
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« One convergence aspect is attention to model credibility.

« Computational modeling, physics-based

. ) . . ) V&V of Models, V&V of Systems,

and d ata—d riven, b rin gS h 1ISTOr| Cal attention | per Emerging ASME Model V&V Standards Per ISO 15288 & INCOSE Handbook
ithili I - Does the Model adequately describe Do the System Requirements describe

to model credibility for intended uses Does the Modeladequately des m Requirements desrite

rooted in history of similar approaches to
model credibility in physical sciences and Yalldation
mathematics. saldated?

« By contrast, credibility of “system” models
has sometimes been treated as a more Mol

subjective question. The systems
community focuses on V&V of a target
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System
Verification
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13 ” g gy o . Model says? meeting the System Requirements?
V&V Of mOdels descrlblng It IS dlfferent' y Don’t forget: A model (on the left) may be used for e t

system verification or validation (on the right!)
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« With increased interest in model compatibility,

Integration of simulations, and stronger
theoretical foundations for systems science, the
Idea that there is a profound difference between
something called a system model and other
computational models is hereby questioned.

.
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- Virtual VerFicastion Validation and Visualization Institute

* INCOSE joining the ASME effort for model
VVUQ standards has been a healthy way to
pursue these issues. In return for a stronger
model VVUQ framework, INCOSE has been
able to Oﬁer SyStem frameworks in Wthh INCOSE Collaboration In an ASME-Led Standards Activity
computational models are managed and Standardizing V&V of Models

Bill Schindel, ICTT System Sciences

exploited, including issues of model credibllity. " schindel@ictt.com
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SANDIA REPORT
SAND2002-0341
Unlimited Release
Printed March 2002

ASCI Code Applications

Timothy G. Trucanos, Martin Pilch, and William L. Oberkampf

General Concepts for Experimental Validation of

Disciplines
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Systems Engineering
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External .-~
“Actors”

System

Prepared by
Sandia National Laborstories
Albuguerque, New Mexico 87185 and Livermore, Caiffomia 34550

Fandia iz a mutiprogram abonacry aperated by Sanda Comantion,
@ Leckhesd Marsn Compary, for the United States Depanment of
Energy under Contract DE-ACD4-32ALES000

Approved for public release; further dissemination wnilmited.

@ Sandia National Laboratories

3.2 The Phenomena Identification and Ranking Table
(PIRT)

Az argued in version 2 of the Sandia V&V planning gudelines (Pilch et al. 2000a), the
PIRT 15 the most mportant tool in our V&V planning process for translatmg
requirements of the stockpile dnver application mto requirements on usage of the code,
hence specifically on vahdaton activities. The PIRT iz particularly important for
priorifizing and directing dedicated validation experiment tasks. The intended use of this
methodalogy 1= thoronghly specified and alaborated m Pilch et al. (2000z) and 1= not
repeated here. However, we do point out that the PIRT is designed to convert the DSW
driver application and its associated requirements into specific techmeal requirements for
the code, venfication activifies, validstion activities, and consequent experimental
validation requirements. It is the code techmical requirements for the dmving application
that are the proper focus of V&V activities. As a result of 3 well-executed PIRT process,
the vahidation requirements of the code application are rank ordered in impertance. The
prionitized PIRT elements directly creats the definition and pnontization of the specific
validation tasks, especially dedicated validation expenmments, which are performed under
the validation plan for the code apphcation.

The PIRT is eniical for planning validation experiments because it helps establish both

MITICIen ey 3 dile f At dile
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Science-Based Disciplines for
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« GEHC extensively uses modeling in our program development, with quite
effective results. But from time to time we have had failures.

* Those failures were mostly due to a belief “modeling is good” and not
thinking through the relative value of modeling vs. just testing...and
whether a model could realistically meet the expectations for its use.

J
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« Extensively explored design space
* ldentified opportunities for increased production margin (design robustness)

* Helped save iterations...several further iterations were planned...full design verification
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g Challenges in Computational Model V&YV for Systems Engineers
o CT Mechanical Optimization

Determine the Theoretical Optimized
Shape that Meets Requirements

Define the Design Space
(Where Material Could Be)

» Cycle time: Months - Weeks - 3 days

Use theoretical optimized shape
« Full final design cycle to verify results as input to final design

£
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Challenges in Computational Model V&YV for Systems Engineers
soneeinsnneatrce — Baby Incubator...some predictability issues

||
L
=T . . . . . .
\ SRS An incubator maintains a safe environment (heat, humidity, 02...) for a Infant.
o 2 b
\*i'!,f;J Goal - To develop multi-physics, control & system model that will reduce design iterations
L Electrical Result:
& "0 R EMC Result

Level 1: PI Sl wave . ) .
Near field simulation: reasonable results

Detailed Goals:

Complete Far field simulation: poor results

Thermal: Build system CFD model and
downselect 2 options for further physical
prototyping and CFD; develop ROM for
further control loop development

Total effort exceeded the cost of building a

Level 2: PI/RE Sl wave + Cir local screen room

No analysis of the design margin (very small)

Partial X
compared to modelling error (very large)

Electrical: Reduced board spins

EMI/EMC: Eliminate the need for screen Level 3: PI/RE Slwave + Cir +HFSS

room testing

Not Complete

» Team overcommitted

* Process lacked effective global review with US experts

-
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From FDA's Strategic Policy Roadmap 2018:

Modernizing our Regulatory Toolbox:

[]

Towards these goals, among the many steps FDA will
take: The Agency will embrace advances like predictive
toxicology methods and computational modeling across
our different product areas

Crucial to develop methods and best practices for
rigorously demonstrating credibility of biomedical
computational models

« Can draw from approaches and successes in
traditional engineering fields (e.g. VVUQ)

« However, there are unique challenges

How Systems Engineering Can Reduce Cost & Improve Quality

Challenges in Computational Model V&YV for Systems Engineers
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Reporting of Computational
_ _ Modeling Studies in Medical Device
CDRH Guidance on Reporting of Submissions

Modell ng an d Simulation Studies Guidance for Industry and Food and
ASME V&V40 Standard (to be Drug Administration Staff

Document issued on: September 21, 2016.

p u bI iS h e d S u m m e r 20 1 8) The draft of this document was issuned on January 17, 2014.

For questions about this document, contact Tina M. Momison, Ph.D., Division of Applied

11 . . 7 e . e
(] M D I ‘ V rt I P t t Mechanics, Office of Science and Engineering Laboratories, (301) 796-6310,
I u a a I e n tina monison @ fda_hhs.gov
* C D I E H reS e arC h O utp ut i U.S. Department of Health and Human Services
U.S. FOOD & DRUG Food and Drug Administration
ADMINISTRAT 10N Center for Devices and Radiological Health
° Office of Device Evaluation

FDA's Modeling and Simulation
Working Group

Office of Science and Engineering Laboratories

Google “FDA modeling reporting guidance”
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et
 CDRH Guidance on Reporting of

Modeling and Simulation Studies

« ASME V&V40 Standard (to be
published summer 2018)

« MDIC “Virtual Patient”
« CDRH research output

 FDA's Modeling and Simulation
Working Group

How Systems Engineering Can Reduce Cost & Improve Quality
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/ Establish Risk-Informed Credibility

Credibility Activities

Establish
Credibility
Goals

Establish Execute
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JOURNAL OF BIOPHARMACEUTICAL STATISTICS .
2017, VOL. 27, NO. 6, 10891103 Tay_lc:r &Francis
http://cxdoi.org/10.1080/10543406.2017,1300907 aylor & Francis Group

@ OPEN ACCESS
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. C D R H G U|dance on Re Ol‘tl N Of Incorporation of stochastic engineering models as prior
p g information in Bayesian medical device trials
M d I d S : I t St d : Tarek Haddad®, Adam Himes?, Laura Thompson®, Telba Irony®<, Rajesh Nair® and on Behalf
O e Ing a.n ” I |U a |On U IeS of MDIC Computer Modeling and Simulation Working Group Participants®®
"Medtronic, plc, Mounds View, Minnesota, USA; "Center for Devices and Radiological Health, US. Food and Drug
Administration, Silver Spring, Maryland, USA; “Center for Biologics Evaluation and Research, US. Food and Drug
L AS M E V&V4O Stan d ard (to b e Administration, Silver Spring, Maryland, USA; “Medical Device Innovation Consortium Clinical Trials Powered by
Bench and Simulation Working Group; “See online supplement for a complete list of participants
published summer 2018) sasraacr —
Evaluation of medical devices via clinical trial is often a necessary step in the Received 4 April 2016
process of bringing a new product to market. In recent years, device Accepted 23 February 2017
(14 = = 1L} manufacturers are increasingly using stochastic engineering models during
® M D I C VI rtu al Patl e nt the product development process. These models have the capability to I(E‘r‘llolms -

N N d L . Bayesian; clinical trial;
simulate virtual patient outcomes. This article presents a novel method medical devices: virtual
based on the power prior for augmenting a clinical trial using virtual patient patient ’

t t data. To properly inform clinical evaluation, the virtual patient model must
[ J C D R H h p simulate the clinical outcome of interest, incorporating patient variability, as
resea’rc O u u well as the uncertainty in the engineering model and in its input para-
meters. The number of virtual patients is controlled by a discount function
y . . . which uses the similarity between modeled and observed data. This
Y F D A M d | d S m | t method is illustrated by a case study of cardiac lead fracture, Different
S O e I n a n I u a IO n discount functions are used to cover a wide range of scenarios in which
the type | error rates and power vary for the same number of enrolled
- patients. Incorporation of engineering models as prior knowledge in a
Workl ng G rou p Bayesian clinical trial design can provide benefits of decreased sample
size and trial length while still controlling type | error rate and power.
V4 . . ”
Google “MDIC virtual patient .
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Simulate the device

Simulate

Simulate
: : _ith the anat
« CDRH Guidance on Reporting of big data S
Modeling and Simulation Studies
Simulate
>imu Simulat
« ASME V&V40 Standard (to be magng physiology
published summer 2018)
« MDIC “Virtual Patient” Simulate _
treatment | g By
- CDRH research output ofects shel
 FDA's Modeling and Simulation ieartion
i o > 74,2 simulat
Working Group Simulation @ & Z,Dmptd
Simulation
embedded in a device
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 CDRH Guidance on Reporting of ; it N S
Modeling and Simulation Studies 7 /,
« ASME V&V40 Standard (to be §
published summer 2018) TT——— e
« MDIC “Virtual Patient” = Stent under e
- CDRH research output § LA LT -
* FDA's Modeling and Simulation g = el =
Working Group
Pathmanathan et al. J. YvUQ, 2017
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Center for Devices
and Radiological / \ :::::::ﬁ;?‘:'g
- CDRH Guidance on Reporting of [““'“““"‘”’ L ‘ Evaluation

Modeling and Simulation Studies

- ASME V&V40 Standard (to be centeror pood and Biug
PhrrEE ministration

published summer 2018) Research and Center for Food
. MDIC “Virtual Patient” [w”}
« CDRH research output - /

 FDA’s Modeling and Simulation National 4[°="t=rf°r ]
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“Context of Use” based evaluation

(e.g. design of controller vs
Therapy Delivery

> evaluation of controller)
Device
Physiological
[ variability
{ Control \
I Computer |
I I | Complexity of systems modeled
[ Control | Complexity of model needed
Algorithm
| |
\ - _ / Multiple sources of validation
(or credibility) evidence
Patient Monitor <J , .
Experimental (clinical)
validation difficulties
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