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INNOVATION IN MEDICAL TECHNOLOGY

INDUSTRY ENGINEERS/SCIENTISTS PARTNERSHIP WITH
CLINICIANS IS THE FOUNDATION OF MEDICAL DEVICE
INNOVATION FOR UNMET MEDICAL NEEDS

medical technology

evidence
generation

unmet medical need
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REGULATORY CHALLENGES
AGENCIES FACE MULTIPLE PRESSURES

not made in a vacuum

U Conflicting forces need
to be considered

U Even patients may have
different views

. . U Regulatory decisions are
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PROBLEMS WITH THE CURRENT SYSTEM

Clinical trials are models of reality Large trials expose many patients to
A Achievement gap between clinical unproven therapies
trials, registries and clinical practice A Increase of patient safety by virtual
A Problems with double randomized testing to
trials for devices (implanted off) A Ensure product safety prior to clinical

A Ethical issues with mock procedures ifells

A ldentify/confirm target population

Underserved or underrepresented Cost stifles innovation
populations

A Pediatric patients

A Patients with rare diseases
AWomen

A Minorities/Ethnic backgrounds

Regulatory evidence cost outgrows

revenue growth
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TRENDS TRANSFORMING
CLINICAL RESEARCH
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REGULATORY SCIENCE
FDA DEFINITION

AWell controlled investigations

AConducted by qualified experts

AReports of significant human experience

AReasonable assurance of safety and
effectiveness

7  © Medtronic, plc BIN@Sheffield| 31 OCT 2017

— BENCH TESTING

—D ANIMAL STUDIES

——p  HUMAN CLINICAL TRIALS g ' 1\2 | Rﬁ‘

Medtronic



ACCELERATION OF INNOVATION
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M&S CAN BENEFIT ALL PHASES OF PRODUCT DEVELOPMEN
FROM EARLY PHASES TO POGOMMERCIALIZATION

Design Concept Creation & Evaluatioch Avoid Builds

wVirtual prototyping to evaluate concepts rapidly

Worst-Case Evaluatiod, Reduces Testing

wUse modeling to identify worst cases for testing

Quantify performance as a probability

wVirtual testing to examine broad ranges of design, material and manufacturing variations

Clinical AlgorithmEvaluation/Prediction

wlLeverage enormous clinical databases to evaluate potential device changes and predict performance

SYAL
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*2014 Survey MDIC
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INSILICOPATIENT

Anatomy & Physiology
: £ g

Uncertainty
Empirical,
Stochastic,
Bayesian Methods
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Variability
Geometry,
Material,
Load Cases

100%

Clinical Evidence

0%

IN silicoclinical trials

human

in silico

Model Maturity

Haddad, et.al.Reliability Engineering
and System Safety23 (2014)
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CONTINUUM OF CARE
THE DIGITAL TWIN

ANATOMY » « DIAGNOSIS
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EXAMPLE: ACCELERATION OF MEANINGFUL INNOVATION
COMPUTER MODELING OF ATRIAL FIBRILLATION
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A Creating new therapies in virtual patient models

A Overcome limitations of clinical research:
A Access to all variables of interest
A Perform experiments in controlled conditions
A Repeat experiments as often as needed
A Test therapies for patient-specific pathologies

A Clinical validation is still needed, but overall
experimental research cost and time is reduced
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Catheter ablation
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EXAMPLE: ACCELERATE PRODUCT DESIGN & DEVELOPMENT
NEXT GENERATION QUAD LV LEAD (4798)
ATTAIN QUAD STABILITY

Design / Predictive Engineering for Product Development

Fatigue modeling and predictive testing

extensive use of modeling for design requirements and proposal to FDA for
fatigue submission (in place of 400M cycle testingagreed by FDA March
2016
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MRI SAFETY CRT DEVICES
CO-MORBIDITIES

WEHAVETHE = 18+
EXTENSIVE YEARS
BACKGROUND ' EAF

TO PROVE IT =

2.3

MILLION
SCANNING
SCENARIOS®
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EXAMPLE: REDUCE OR AVOID CLINICAL TRIAL
APPROVAL OF MRI CONDITIONAL DEFIBRILLATOR PLATFORM

Lead Models Human Body Models

- Probability of change in PCT
1000 lead paths cd S0 5V  G&1.0V 9 coil models

_ 5076 <1:75,000 <1:1,000,000

Credit: CRHF MRI
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