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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 
 

unmet medical need 

medical technology 

INDUSTRY CLINICIANS  
PARTNERSHIP 

evidence 

generation 
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MILLION+ 
LIVES  
IMPROVED  

EMPLOYEES 

$1.6B*  
RESEARCH AND 
DEVELOPMENT 
INVESTMENT 

7,500+ 
SCIENTISTS  
AND 
ENGINEERS 
 

53,000+  
PATENTS 

400+  
CLINICAL 
TRIALS 

EXTENSIVE SCOPE 
 PROVEN RESULTS 
 

62 85,000+ 

*  FY2015 based on Medtronic fiscal year as reported and reflects the one-quarter  
contribution of the Covidien transaction, which closed on January 26, 2015. 

 

75+ 
THERAPIES 
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REGULATORY CHALLENGES 
AGENCIES FACE MULTIPLE PRESSURES 

Patient 

Efficacy 

Safety 

Economic 
growth  

Rare 
diseases 

Health 
care cost 

Innovation 

ü Regulatory decisions are 
not made in a vacuum 

ü Conflicting forces need 
to be considered 

ü Even patients may have 
different views 
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PROBLEMS WITH THE CURRENT SYSTEM 

   

Cost stifles innovation  

 

 

 

 

Regulatory evidence cost outgrows 
revenue growth 

 

 

Large trials expose many patients to 
unproven therapies  

ÁIncrease of patient safety by virtual 
testing to  

ÁEnsure product safety prior to clinical 
trials 

Á Identify/confirm target population  

 

Underserved or underrepresented 
populations  

ÁPediatric patients 

ÁPatients with rare diseases 

ÁWomen 

ÁMinorities/Ethnic backgrounds  

 

 

Clinical trials are models of reality  

ÁAchievement gap between clinical 
trials, registries and clinical practice 

ÁProblems with double randomized 
trials for devices (implanted off) 

ÁEthical issues with mock procedures 
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TRENDS TRANSFORMING 
CLINICAL RESEARCH 
 



REGULATORY SCIENCE 
FDA DEFINITION 

VALID SCIENTIFIC 
EVIDENCE 

MODELING & SIMULATION 

HUMAN CLINICAL TRIALS 

ANIMAL STUDIES 

BENCH TESTING 

ÁWell controlled investigations 
ÁConducted by qualified experts 
ÁReports of significant human experience 
ÁReasonable assurance of safety and 

effectiveness 
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ACCELERATION OF INNOVATION 

ά!ŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƳƻŘŜƭƛƴƎ ŀƴŘ ǎƛƳǳƭŀǘƛƻƴ 
for optimizing the development and performance of 

ƳŜŘƛŎŀƭ ŘŜǾƛŎŜǎέ 
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Experimental only  M&S only 

performance gap 

savings 

potential for  
increased innovation 

experimental  
+ M&S 

Quote: 

ά9ȄǇŜǊƛƳŜƴǘǎ ǿƛƭƭ ƴƻǘ Ǝƻ ŀǿŀȅΣ ōǳǘ ǿŜ ǿƛƭƭ 

ōŜ ŘƻƛƴƎ ŘƛŦŦŜǊŜƴǘ ƪƛƴŘǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘǎέ 

Combined Experimental ς Computational 
Approaches  
Å Ҩ Innovation time 
Å Ҩ Innovation costs 
Å ҧ Incremental Revenue 

Stefan Thomke, ¯Enlightened Experimentation: The New Imperative for Innovation° Harvard Business Review 79, no. 2 (February 2001) 



Discovery & Ideation 
Invention 

Prototyping 
Preclinical Clinical 

Regulatory 
Submission 

Product 
Launch 

Post-market 
Monitoring 

M&S CAN BENEFIT ALL PHASES OF PRODUCT DEVELOPMENT 
FROM EARLY PHASES TO POST-COMMERCIALIZATION 

55%* 

82% 

18% 
~[VALUE] 

48% 

25% 

55% 

ωVirtual prototyping to evaluate concepts rapidly  

Design Concept Creation & Evaluation  Ą Avoid Builds 

ωUse modeling to identify worst cases for testing 

Worst-Case Evaluation Ą Reduces Testing  

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

Quantify performance as a probability  

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

Clinical Algorithm Evaluation/Prediction  
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IN SILICO PATIENT 

Physics of Device 

Anatomy & Physiology 

Uncertainty 
Empirical,  
Stochastic,  

Bayesian Methods 

Variability 
Geometry, 
Material, 

Load Cases 

Use Conditions 

+ 
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Haddad, et.al., Reliability Engineering 
and System Safety, 123 (2014) 

in silico clinical trials 



CONTINUUM OF CARE 
THE DIGITAL TWIN 

ANATOMY 

PHYSIOLOGY 

DISEASE 

MODEL 

BEHAVIOR 

INTERVENTION 

DEVICE 

PERFORMANCE 

DIAGNOSIS 

CARE PLAN 

THERAPY 

DELIVERY 

QUALITY OF 

LIFE 

EFFICACY 

HEALTH 

MAINTENANCE 
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EXAMPLE: ACCELERATION OF MEANINGFUL INNOVATION 
COMPUTER MODELING OF ATRIAL FIBRILLATION 

Å Creating new therapies in virtual patient models 
 

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

 
Å Clinical validation is still needed, but overall 

experimental research cost and time is reduced 
 
 

© Medtronic, plc  | BIN@Sheffield  | 31 OCT 2017 12 



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 testing)  - agreed by FDA March 
2016 
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MRI SAFETY CRT DEVICES 
CO-MORBIDITIES 
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EXAMPLE: REDUCE OR AVOID CLINICAL TRIAL 
APPROVAL OF MRI CONDITIONAL DEFIBRILLATOR PLATFORM  

Probability of effect 
due to MRI  

Lead 
Probability of change in PCT 

Ǧ0.5V Ǧ1.0V 

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

Monte Carlo Simulation 

15 

Lead Length 

Lead Design 

Lead Path 

Patient Size, Anatomy 
& Physiology 

RF Power 

Patient Position  

Lead Models 

 

 

 

 

Each lead & length 

Human Body Models 

 

 

 

 

19 body models 

Coil Models 

 

 

 

 

9 coil models 

Lead Routings 

 

 

 

1000 lead paths 

Physiologic Response 

Millions of unique clinical scan scenarios 

Credit: CRHF MRI 
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