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Innovation 

“[I]n the context of the present report, the committee 
defined [medical device] innovation as something 
that improves the quality of, efficiency of, or access to 
health care ….” 

 Institute of Medicine 510(k) Report, 2011 

 

— Value added to patient care 

 



Challenges to Innovation 



2011 PwC  Report  

• “While the US has remained a world leader in medical technology innovation, [a PwC 
report] found that the US medical technology industry global dominance may be 
slipping. The report predicts that China, India and Brazil will experience the strongest 
gains in developing next-generation lifesaving products, as capital, jobs and research 
gravitate toward these growing markets.” 

• “PwC predicts that the US health care system will suffer the “innovator’s dilemma.” That 
is, the US has been so successful in medical technology innovation that it has created a 
legacy that the current system will continue to seek to defend, support, and protect. The 
powerful financial incentives that form the cornerstone of the US system will present a 
barrier to adopting faster, smaller, cheaper, and better technologies that would 
represent radical, disruptive innovations.” 

• “Such innovations are emerging more quickly in China, India, and Brazil. These 
developing nations are in many ways, starting without the “innovation handicap” of a 
comfortable level of performance and payment. A scarcity of financial resources is 
driving them to experiment with more efficient technologies, processes, distribution 
strategies, and business models.” 
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Oversimplification 

• You cannot (and should not) use an unsafe and/or ineffective medical 
device to treat or diagnose patients. However, providing a reasonable 
assurance of safety and effectiveness can be costly and time-
consuming. 

• We are in the midst of a global recession with health care needs 
outpacing available financial resources. As a result, U.S. investors are 
more risk averse, private payers are increasingly more focused on 
reimbursing for demonstrated value, and increasingly providers are 
being held accountable for health care outcomes. 

• Differences in market growth, growth of the middle class, scientific 
education and expertise, and economic, regulatory and 
reimbursement policies are driving in which countries investments in 
medical device innovation occur and when new technologies become 
available in specific countries. 
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Regulatory Perspective 

• Regulatory uncertainty is an important challenge. 

• For emerging technologies, regulatory uncertainty is often 
driven by scientific uncertainty. 

• Efforts to reduce scientific uncertainty more quickly and at 
lower cost are limited by underinvestment in regulatory 
science and the lack of a national infrastructure and 
common standards for clinical trials. 
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Regulatory Science 
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 What is Regulatory Science? 

• Provides the tools, standards, and 
approaches needed to evaluate the safety, 
effectiveness, performance, and quality of 
medical products. 

• Benefits patients by speeding the rate of 
important technologies reaching market. 

• Reduces time and resources needed for 
device development, assessment, and 
review. For example: 

• Can lead to quicker, more efficient device 
approvals.  

• Can decrease the size and duration of pre-
market clinical trials. 
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Mechanisms and Evaluation of Brain Electrodes for the Long-Term 
Safety and Reliability of Brain/Computer Interfaces  

 
Neuroprosthetic systems allow paralyzed patients to control robotic devices 
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Multi-electrode array (100 electrodes) 

Nature 2012 

Array surgically inserted in to motor cortex 

Waziri et al 2009 



Why do neural signals 
decline over time? 
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Two human patients 
Kim et al 2008; Simeral et al 2011 

Tissue response 

Or… 
 

Biomaterials failure 



Understanding Biomaterial Failure:  

“Artificial Brain” (Heated Solution) for Accelerated Aging of Neural Implants  
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New Implant Aged Implant 
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Current Challenges 

• Communication 

• Importance of regulatory science is not fully appreciated and 
valued across all key stakeholders. 

• Infrastructure 

• Current regulatory science research is inefficient. 

• Funding 

• Limited national investment. 



Investments in Bench and Applied Sciences 

versus Regulatory Science  

• NIH’s FY 2012 budget for research was about 
$30.7 billion. 

• NIH’s FY 2012 budget for the new National Center 
for Advancing Translational Sciences (NCATS) was 
about $575 million. 

• FDA’s budget for medical device regulatory 
science was about $15 million (excluding staff). 
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Personalized Medicine 
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Personalized Medicine 

• Public focus has been on drug treatment targeted to individuals 
more likely to benefit or drug treatment that is better fine-
tuned based on a genetic marker or profile. 

• However, health care more broadly can be better tailored to the 
needs of individual patients or subsets of patients. 

• For medical devices, need to consider the impact of the device 
on the body and the impact of the body on the device. 

• One of the greatest barriers to success is limited investment in 
regulatory science. 
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Next-Gen Gene Sequencing 

• Lots of new technology but no great means to 
assess their performance. 

• NIST-FDA collaboration to develop reference 
materials for public release by December 2013 
and fully characterized standards by December 
2014. 

• Exploring novel mechanisms for determining 
clinical validity. 
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Virtual Family  

FDA, IT’IS, and Others 

• Based on high-resolution MR 
images of healthy volunteers, 
segmented into up to 84 different 
tissues and organs.  
 

• The VF models were 
reconstructed as three-
dimensional CAD objects with 
high fidelity anatomical detail. 
  

• For use in any computer 
application able to handle 
geometry data in voxel-based 
format. VF 2.0 models coming 
soon in native CAD format (VPM 
format).  

         Ella                   Duke       Billie      Thelonious 
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The Virtual Physiological Patient 

The Virtual Human Heart  

• Valves  

• Ventricular Assist Devices 
 

The Complete Peripheral Vasculature  

• Aneurysms 

• Stents 
 

The Bone Body  

• Joint Replacements 
 

The Model Mind  

• Neurosurgical Tools 

• Revascularization Post-
Stroke 

 



Modeling of Cardiovascular Devices 

20 

ASPECT 

CHAP 

CABAS 
BioEVAL 

IMCAFS 

ODEC 

CPI/CFD 

http://www.m2s.com/
http://www.ucdenver.edu/academics/colleges/medicalschool/Pages/somWelcome.aspx
http://www.sentara.com/


Optimization of Defibrillation in Children Using 

Computational Modeling 
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                                                   Inferior cava,             
                                                   subcutaneous  
                                                   and 
intrapericardial electrode locations in three 
pediatric patients 

Segmentation from 
patient data to construct 
model of heart, lungs, 
thorax, etc. 

Heart fiber geometry 

In collaboration with: 

Goal: Develop a method to predict cardiac defibrillation using patient-specific 
finite element models of children. 
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Customized Models to Understand Mechanical Factors 

Influencing Hip Implant Wear 

Wear simulator 

Model  
design 

Model  
validation 

Parametric  
study 

Results  
validation 

Model  
design 

Model  
validation 

Parametric  
study 

Results  
validation 



Musculoskeletal Model of Individual Patients 
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• Calculate contact forces 
on the hip joint 

• Calculate rim distance 
• Predict micro-separation 
• Analyze contributions from each muscle 

group 

• Analyze individual subject 
movements 

• Create inputs for FEA 

 

• Analyze surgical techniques/outcomes 

 

Model Purpose 



Individualized Computational Modeling to Define New 

LBBB Criteria 
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• Left bundle branch block 
(LBBB) is a strong predictor of 
benefit from cardiac 
resynchronization therapy 

• However, likely 1/3rd of 
patients are misdiagnosed 
with LBBB 

• Used simulations to develop 
and test enhanced criteria for 
left bundle branch block to 
predict which patients will 
benefit from cardiac 
resynchronization therapy 

Normal Activation 

Left Bundle Branch Block 

Strauss et al. American Journal of Cardiology 2011;107:927. 



Medical Device Production through 3D Printing 

of Radiation Cross-linked Polymers 

• High usage disposable plastic devices and 
plastic medical components would be difficult 
to replace/restock if the supply chain were 
disrupted 

• 3D printing allows for flexible and 
decentralized manufacturing  

• High cost, good resolution, limited material 
selection 

• Low cost, mediocre resolution, open material 
selection 

• Objectives  
• Develop a material that can be used with a low 

cost printers that has robust mechanical 
properties  

• Determine effect of printing parameters on 
final mechanical properties 
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http://en.wikipedia.org/wiki/Fused_deposition_modeling 

www.medivative.com 

http://en.wikipedia.org/wiki/File:FDM_by_Zureks.png


Drug release in biodegradable medical devices

Q. How do manufacturing variations impact drug release?

Hierarchical structure of a drug-eluting coating:

Microstructural MolecularDevice

µmmm nm

Goal: Determine the impact of material attributes on the time

dependent behavior of the coating, i.e. manufacturing-release

relat ions.

Drug Release in Biodegradable Medical 

Devices 

Goal:  Determine the impact of material attributes on the time 
dependent behavior of the coating, i.e. manufacturing-release relations 
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Question: How do manufacturing variations impact drug release? 

Hierarchical structure of a drug-eluting coating 

mm     µm   nm  



Material Attributes Dictate Performance 
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2x increase in drug loading results in 5x increase in release 

Manufacturing conditions and materials selection impact the 
coating microstructure, which in turn dictates drug release kinetics: 



Laboratory of Emerging Biosensors  

and Biotechnology  
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Goal: Assess the many aspects of emerging technologies incorporated into point-of-care 
diagnostic sensing devices to assist in regulatory review 
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Wireless 
Technology 

WiFi 
MedRadio 
(MICS) 

Mobile 
Phones 

WMTS 

Mobile 
Radio GPS 

WiMax 

Cognitive 
Radio 

DTV 

RFID 



Priority Active Ambulatory Personnel 

Medical Devices (PMEDs) 
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Type of device History of 
EMI  

Potential 
consequence 
of EMI disruptions 

Major 
Category  
of use 

Cardiac Pacemakers High High Life sustaining  

Implantable defibrillators High High Life sustaining 

Insulin infusion pumps  Moderate High Therapeutic 

Implantable deep  
brain stimulators 

Moderate High Therapeutic 

Implantable nerve 
stimulators 

Moderate Moderate Therapeutic 

TENS Low Moderate Therapeutic 



What We Can Do 
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Partner and Train 

• Collaborate, collaborate, collaborate. 

• Establish a Public-Private Partnership. 

• Allows for the pooling and sharing of propriety data, 
resources and expertise in the pre-competitive space. 

• Creates an ongoing mechanism to support advances in 
regulatory science. 

• Foster the development of regulatory science 
programs at academic institutions. 



Validation and Qualification 

• Medical Device Development Tools (MDDT) 
Guidance 

• Would establish an approach and process to 
assuring that MDDT are “regulatory grade”. 

• Incorporate into the Public-Private Partnership 
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Innovation Pathway 

• New pathway to market for breakthrough technologies. 

• Serves as an incubator cell for new approaches and tools to 
reduce the time and cost of development, assessment and 
review of breakthrough (and other) devices and transform how 
the FDA and innovators work together. 

• Developed through an Entrepreneurs-in-Residence (EiR) 
program. 

• Next EiR effort will include a focus, in part, on clinical trials. 
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Collaboration Phase Clinical Trials Phase Market Approval Application Process 

FDA Conference Center IT Tools 

Innovation Pathway 2.0 

Prototype 

Pressure Test 

Iterate 
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www.fda.gov/medicaldevices  

http://www.fda.gov/medicaldevices

