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Section 1. Introduction and Fundamentals of
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— background on VVUQ and an ASME VV-40 overview

Section 2. Regulatory Considerations (5)
— includes FDA, EMA and other considerations

Section 3. Contemporary Applications of CM&S in

Medical Device Development (11)
— includes 5 cardio. chapters and 4 ortho. chapters

Section 4. Emerging Topics around CM&S in

Healthcare (3 or 4)
—> SaMD, in silico clinical trials, data-based models

Open Access!

Powering Innovation That Drives Human Advancement \nsys



Chapter 6. Regulatory Perspectives and Considerations on the Use of . _
Computational Modeling to Support Medical Device Submissions in the United General introduction to the
States FDA review/approval process in

the context of CM&S
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Chapter 10. Standardized /n Silico Methodologies to Support Medical
Device Design and Evaluation

Reviews the current state of
standardized in silico methods
supporting medical device “Zimmer Biomet, Warsaw, IN
evaluation *W.L. Gore & Associates, Flagstaff, AZ
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Standards Development - Stakeholders

/ Manufacturer/

- Medical device designers/manufacturers

| Customer |/
- Directly involved in the clinical deployment of a
device (clinicians, patients, purchasers)
| Regulator /

- Controls access of medical devices

Regulator
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Standards Development - Benefits

Manufacturer

Reduced time
and cost in the
design process

More device
options

Consistency in
CM&S data
reporting

Customer

Regulator

/ Manufacturer/
- Clarity on how to assess device safety/efficacy
- Lowered burden associated with model development

| Customer |/
- Ensure that a device meets technical performance
requirements under a range of use conditions
- Ensure ease of use of a new device

| Regulator /

- Specify conditions that are appropriate for the
device’s intended use and provide guidance on how
to build credibility into the model

- Consistency in the model set-up and reporting can
reduce review time and regulatory uncertainty
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Standards Development — Benefits (cont’d)

Manufacturer

Reduced time
and cost in the
design process

Known and
accepted
modeling
approach

Optimized
design efficacy

Consistent safety
evaluation

Predicate
comparison for
benchmarking

More device
options

Consistency in
CM&S data
reporting

Customer Regulator

/ Manufacturer /-/ Customer/
- Decreased cost of development

/ Manufacturer/—/ Regulator/
- Increased confidence when incorporating CM&S into
regulatory strategies

| Manufacturer/-/ Regulator/-/Customer /
- Enable comparisons to predicate designs with a
proven clinical track record
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A Rubric for Evaluating Standards and Guidance

scope

scope refers to range of applicability, e.g. does the document

all devices . . . .
refer to a specific medical device or a class of devices

category of devices

flexibility refers to the level of specificity in the document
when applying CM&S, e.g. does it provide a step-by-step
process for applying CM&S or simply mention CM&S

N\

flexibility

device-specific
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Rubric Applied to Standards

scope

all devices ASME V&YV 40

ASTM F2182 MRI Safety ISO/TS 10974 MRI Safety

category of devices o o
(passive implants) (active implants)

ISO 5840-1 (cardiac valves)
ASTM F2996 (hip) ISO 25539-1 (EVAR) ISO 14708-5 (blood pumps)

device-specific ASTM F3334 (knee) ISO 25539-2 (vascular stents) I;5002211553365“((:i§;)

ASTM F3161 (knee) ASTM F2514 (vascular stents) ASTM F382 (bone plates)
ASTM F3140 (knee)

flexibility
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Establish Risk-Informed Credibility Credibility Activities Assess Credibility

Rubric Applied to Standards

Define Assess Establish Establish Execute
Ccou model risk credibility goals plan plan

K
|

Question of
interest

scope

all devices ASME V&YV 40

ASTM F2182 MRI Safety ISO/TS 10974 MRI Safety

category of devices o o
(passive implants) (active implants)

ISO 5840-1 (cardiac valves)

ASTM F2996 (hip) ISO 25539-1 (EVAR) ISO 14708-5 (blood pumps)
device-specific § SO 21535 (hip)
P ASTM F3334 (knee) ISO 25539-2 (vascular stents) 150 21536 (knee)
ASTM F3161 (knee) ASTM F2514 (vascular stents) ASTM F382 (bone plates)

ASTM F3140 (knee)

flexibility
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Rubric Applied to Standards

Load = 1,200 N

TABLE X1.2 Round Robin FEA Model Results—Difference From the Average Value (%)

Establish Risk-Informed Credibility Credibility Activities Assess Credibility

Define Assess Establish Establish Execute )
i Ccou model risk credibility goals lan model credible
interest Y9 plan P for COU?
| No
all devices ASME V&V 40
Summary of Practice
5.0 This guide provides a systematic approach to develop. verify, validate and report the use of a computational model to evaluate stent performance

511
512

513

514

category of devices

319

device-specific

Round Robin Neck Regicn Driver Hole Potting Level
Participant Region Region
Company 1 0% 2% 5%
Company 2 3% 5% 19
Company 3 5% 8% 2%
Company 4 4% 2% 1%
Company 5 1% 5%
1 4%
Location Physical Test FEA Averaged % Difference
Strain, % Max Principal  Using Averaged Q'Q
Strain, % FEA Based %
Strain C, C,&
.
Femoral neck 0.0929 0.0983 55% \(\
Femoral body, 0.0875 0.0900 2.8%
lateral face at
70 mm level
Average 4.2%

ASTM F2996 (hip)

ASTM F3334 (knee)
ASTM F3161 (knee)

‘,

T . Al
30\‘ (}‘0 o
‘0

under a uniform radial loading condition. The process includes the following steps:

State the question of interest, decision and define the context of use of the model (Section 6)
Determine model risk considerations (Section 7)

Define the computational model (Section 8)

5.13.1
5.132

Determine model form (Section 8.2)

Define computational model inputs (Section 8.3)
Select the appropriate finite element analysis software (Section 9)
Establish the verification and validation plan (Section 10)

out the verification and validatio

an

tion 11)

Determine if the computational model edible for the context of use (Section 11)

Simulate stent radial loading/deformation according to the context of use (Section 12)
Compile the final engineering report (Section 13)

ISO 5840-1 (cardiac valves)

ISO 25539-1 (EVAR) ISO 14708-5 (blood pumps)
SO 21535 (hip)

25539-2 (vascular stents) 150 21536 (knee)

ASTM F2514 (vascular stents)j ASTM F382 (bone plates)

ASTM F3140 (knee)

flexibility
N
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Outline of the CM&S Report 2

L Ex /€ REPOT SUMTIATY oo cveceer oot eess st oo 3

Il Background/Introduction

I Code Verification
IV. Sy onfi
V. Ge
VI, System Properties.
VI System Condition:
VI System I i

IX.  Numerical Inplementation ......uueiesemmimmsmsssissssssssssisssss

X Validation... - —

X1 Result S e T

XIL DISCUSSION 1 rvvrtveiemrsssissssssssssss s essssns s sesss s s s sss s s ssnssss s
sCope XIll. Limiacions.

XIV. Conclusions - 7
B LT S |

field and within or on the patient. The RF safety evaluation of medical devices anticipated to
be used within the MR environment should take into consideration all these variables to

‘ ensure that a clinically relevant worst-case heating scenario is assessed. In some cases, when
a large number of variables are present (for example for multiple lead paths for a device with
a lead), a risk-based assessment to determine a percentile for the heating comparison rather
than a worst-case approach could be used. Such evaluation can include appropriate
experimental measurements, Computational modeling and simulations (e.g., virtual

anatomical models), data from scientific literature, and/or a scientific rationale.
EVIOENTETY EXPECTEtonSs Tor 3 LUK)

Implant Devices

all devices 44— Credibility Assessment

Mon-Clinical Engineering
Tests and Recommended
Labeling for Intravascular
Stents and Associated
Delivery Systems

Mon-Clinical Assessment of

categorv,r of devices —— Nitinol Containing Devices

Annuloplasty Rings

. - 510(k) Submissions

device-specific —4—| L
Orthopedic Non-Spinal Bone Implantable Middle Ear
Plates, Screws, and Washers Hearing Device

D. Finite Elethent Analysis

We believe finite element analysis (FEA) is primarily a deve
xe.. tool, rather than a method by which physical performance of
GQ Y demonstrated. For example, FEA may be used to identify the
J P\ W &
N N D‘ experimental testing. However, computer models may be ap,
0V X0 CAR)
( b) Q,Q' @6 A characteristics, if appropriate material properties and functior

éf} K{aﬁ\ {et@* the computer models have been validated with experimental |
©
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Comparing the Scope and Flexibility of Guidance and Standards

scope

all devices

GUIDANCE

category of devices

STANDARDS

device-specific

flexibility

\nsys

CM&S Book, Chapter 6. Regulatory Perspectives and Considerations on the Use of Computational Modeling to Support Medical Devie Submissions in the United States, Horner & Nagaraja



The Future

Standards that address efficacy
Assessing absolute device performance

Incorporating increased model complexity
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