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PREFACE

The mission of the Food and Drug Administration’s (FDA) Center for Devices and
Radiological Health (CDRH) is to promote and protect the health of the public by ensuring
the safety and effectiveness of medical devices and the safety of radiological products.

The Office of Science and Engineering Laboratories (OSEL), is an essential component of
CDRH, providing immediate access to laboratory capabilities to assist in regulatory
decision making. OSEL serves as the laboratory science nucleus for the Center.
Specifically, OSEL supports the scientific basis for the Agency’s regulatory decision-
making by developing independent laboratory information for regulatory and other public
health activities of CDRH. In addition to providing consultation to the Center’s regulatory
experts, OSEL researchers are involved in mission-oriented science activities including test
methods development, risk assessments, forensic investigations, product evaluations, and
technology forecasting.

From a science standpoint, OSEL conducts laboratory and field research in the areas of
physical, life, and engineering sciences as related to the human health effects of medical
devices. CDRH relies upon this work to support its efforts ensuring public safety in areas
as varied as accredited mammography facilities, breast implants, or drug eluting stents.

Since mid-2003, the Office has undergone at least three major transformations which have
helped shape a strong organization. The first was the move of the Division of Biology to
the newly constructed FDA Life Science Laboratories in White Oak, Maryland. This move
was the beginning of a planned consolidation of FDA facilities. The remaining OSEL
divisions joined the Division of Biology in early 2007. The second change involves what
has been termed the science prioritization process. In the beginning of 2004, the Office
instituted an ongoing process of conducting reviews of all OSEL research programs. This
process is continuing to evolve and has made significant changes in the way research is
proposed and how its value to the Center is evaluated. The third major change is the
reorganization itself. OSEL was formally reorganized in early 2004 to improve the overall
operating efficiency of the Office and to better integrate it into the mission and functions of
CDRH. The reorganization created a new structure in which six new divisions replaced
four former divisions and removed branch structure. OSEL is continuing to make
significant strides in meeting these long-term goals.

Over the past few years, with MDUFMA (Medical Device User Fee and Modernization
Act 0f 2002) legislation and accompanying resources, the Office has been broadening and
improving its scientific program. This provided OSEL management an excellent
opportunity to increase collaboration with other components of CDRH. One such example
is the Office of Surveillance and Biometrics and OSEL forged a collaborative research



effort that provides opportunities for OSB statisticians to work alongside OSEL scientists
on both defined research projects and general collaborations. Further examples include

OSEL has appointed senior staff members as liaisons to pre- and post-market
functions of the Center. These liaisons serve as one of their primary functions in
coordinating OSEL interactions in all aspects. This activity has significantly
improved OSEL presence in regulatory functions of the Center.

OSEL invites specialists from industry and academia to present seminars at the
Center to learn of the latest findings in device science and technology. There is a
standing seminar series at the White Oak campus organized by the Division of
Biology in OSEL in which highly renowned scientists are invited to speak on
variety of topics of interest to the Agency.

OSEL funds research fellowships for undergraduate or doctoral students from
targeted universities, such as the University of Maryland, Johns Hopkins University
(JHU), and The George Washington University School of Engineering and Applied
Science, who have a direct interest in medical devices. Students fill part-time or
summer positions at OSEL to perform their research in OSEL laboratories. These
fellowships are similar to those offered in the Center’s Medical Device Fellowship
Program. The goal of these interactions has been to develop a coherent framework
of interactions encompassing such activities as:

o Collaboration in scientific investigations

Shared scientific expertise and facilities

o Provision of a range of temporary and part-time CDRH positions for
students and faculty

o Joint participation in integrating FDA regulatory issues into engineering
curricula

o Joint workshops and conferences on topics of common interest, e.g., leading
edge developments in medical device technologies

o Creation of a regular venue for technical presentations by scientists from
each institution

o

Additionally, OSEL has developed active collaborations, CRADAs, and IAGs with the
National Institute on Disability and Rehabilitation Research (NIDRR), The Telemedicine
and Advanced Technologies Research Center (TATRC), The National Science Foundation,
National Institute of Health (NIH), National Institute of Standards and Technology (NIST).

The OSEL Annual Report provides current information about the Office’s organization
and intramural science activities; provides a summary of the Office’s direct laboratory
support for pre-market review and post-market evaluation; and provides a bibliography of
scientific publications, presentations, and research seminars for the fiscal year. The report



is presented along the line of OSEL organization structure where the divisions are
described first, followed by descriptions of the research laboratories. The laboratory
descriptions contain research goals, description, and their accomplishments. This report
also cites a few examples of the regulatory support work that OSEL provides to the
Center’s post-and pre-market offices.

OSEL management welcomes comments on the programs described in this report. We
hope you find this document useful and informative, and your comments are welcome.

For additional information, please visit the OSEL web site at http://www.fda.gov/cdrh/osel
or contact us at 301.796-2530.

Larry G. Kessler, Sc.D.

Director

Office of Science and Engineering Laboratories

Center for Devices and Radiological Health, FDA
and Chair, Global Harmonization Task Force






REGULATORY SUPPORT ACTIVITIES

The two primary functions of the Office are:

1. Strategically managed research with the aim of providing a scientifically sound
basis for responding to current needs and anticipating future regulatory challenges,
and

2. Provide technical consults in support of the Center’s pre-market, post-market, and
compliance activities.

Both activities are coordinated within OSEL in an effective manner so as to best meet the
Center’s regulatory science needs. The strategically managed research of the Office is
described in subsequent sections in great detail. This research activity is the cornerstone
upon which the Office provides the regulatory support function. The laboratory research is
largely based on investigations related to the mechanistic understanding of device
performance or test procedures to enable the Center and device manufacturers to gain an
improved understanding of issues related to safety and efficacy. In general, although the
research is directed toward issues identified at the pre-market approval level, the reality is
that the research has the major impact on the post-market end of the Center’s business
because most often the research is anticipatory in terms of potential issues of medical
devices identified at the pre-market level.

The regulatory support function of the Office is provided through consults in support of
both pre-market decisions and post-market actions using expertise developed in the
laboratory. A consult is a request for expert advice or information of a specific nature,
where it is perceived that expertise is more discipline related than medical device related.
Consult provides information which contributes to sound regulatory decisions. Consults
may be based on acknowledged scientific/engineering principles or on independent data
generated in OSEL laboratories.

The following provides a consolidated picture of the breadth of OSEL consults in 2006:

Number of consults to pre-market issues: 1159
Number of consults to post-market issues: 213
Number of activities related to standards 353

The information provided by a consult is used in some of the following ways:
e evaluating a pre-market submission (IDE, HDE, PMA, 510(k));
e supporting a compliance action (regulatory case support/development, Health
Hazard Evaluation, Health Risk Assessments, etc.);
e assisting in a scientific collaboration;
e answering a consumer inquiry;
e providing opinions on guidance documents;



e providing edits to one pagers for the new device approval page; and
e assisting in health hazard evaluation/health risk assessments or in device
determinations/classifications.

In many post-market as well as pre-market regulatory issues, OSEL reviews and
investigations provide an independent assessment of claims made by a manufacturer or
other party concerning safety or effectiveness. In other cases, OSEL reviews may assess
the adequacy of a design, a failure investigation, a production process, or a quality process
employed by the manufacturer. These reviews and analyses rely on in-house expertise and
are often augmented by expertise solicited from colleagues in academia, other government
laboratories, or even other industry sectors. OSEL laboratory investigations may be
undertaken in instances where the veracity of a performance claim needs to be
independently verified by testing, or when the claimant lacks the resources to conduct the
investigation. Specifically, OSEL provides analytical support to post-market regulatory
activities in a variety of ways:

e Provide scientific and engineering reviews and analyses;

e Conduct laboratory investigations of product performance;

o Participate in inspections of medical device establishments;

e Conduct forensic reviews and investigations;

e Identify device safety and performance issues;

e Provide training to FDA and industry; and

e Contribute to Center-wide teams on issues identification as well as science-based

analysis of post-market device performance.

Standards and measurements are important products of this office. OSEL provides
innovative solutions to public health problems through the development of generic
techniques that lead to national and international standards to enhance product safety and
effectiveness. A major activity related to standards is staff participation in standards
development at the national as well as international level by conducting research to
develop standard procedures and by managing, developing, and supporting standards used
for regulatory assessments.

The following examples illustrate the depth and breath of OSEL consults:

Division of Biology

Bioeffects and Toxicology of Nanomaterials: Nanotechnology has great potential for
medical applications and presents FDA with an emerging area of clinical products for
regulatory review. In spite of remarkable advances in the use of nanomaterials, there is a
paucity of knowledge in understanding the toxicology of nanomaterials. Properties of
nanoparticles, such as small size, large surface area, and high reactivity that make them
unique and impart tremendous potential for technological advances, are also the very
properties that may be responsible for adverse effects.



Several recent government and independent reports, and a Citizen Petition, have raised
concerns as to whether the FDA has the appropriate regulatory framework, including
standardized methods, to properly assess the safety of nanomaterials-based medical
products. If nanotechnology is to fulfill its enormous potential for development of FDA-
regulated products, it is critical to understand if patients are at an increased risk from
exposure to nanomaterial-based medical products. FDA and CDRH do not have a
regulatory framework to explicitly address pre-market or post-market issues with
nanotechnology-based medical devices. CDRH scientists are conducting targeted research
to develop a framework to evaluate the safety of nanotechnology-based medical devices,
both those already approved (post-market) and those under development and early in the
product life cycle (pre-market). A better understanding of relationships between
physicochemical properties of nanomaterials and adverse effects will enable CDRH to
determine if new safety test methods and protocols are needed to move nanomaterial-based
medical products forward from preclinical and clinical development to the bedside. CDRH
laboratory scientists have established research collaborations with outside research
institutions to establish and/or refine methods for assessing the potential adverse effects of
nanoparticles used in medical products, and to develop consensus standards to facilitate the
regulatory review process.

Division of Chemistry and Materials Science

Scientists in the DCMS Laboratory for Active Materials have been focusing on the effect
of processing variables on the rate of release of therapeutics and on the morphology and
surface characteristics of model stent coatings. These results have led to a better
understanding of the relationship between changes in processing temperature and the
resultant changes in drug release rates. The knowledge gained from this work has enhanced
our ability to ask crucial questions regarding manufacturing issues. Specifically, these
results have recently been used in support of review of PMA supplements for
manufacturing changes (ODE/DCD) where the sponsor requested a change of processing
temperature of their coating procedure. Finally, recent issues regarding late stage
thrombosis has led the lab to focus some of its attention on the changes in surface
roughness and topology as drug elutes which may be a contributing factor to these issues.

Division of Electrical and Software Engineering

NIH FOX Study: OSEL medical device engineering expertise was used to support the NIH
Fetal Oximetry Trial that provided the major component of a post-market approval study
plan for the Nellcor intrapartum fetal pulse oximeter when it was approved in May 2000
(P990053). An OSEL systems engineer collected clinical requirements from 14 clinical
sites ranging from large university hospitals to smaller rural clinical centers. Based on
these requirements, OSEL engineers developed a personal-computer-based data acquisition
system using a custom-modified fetal oximeter provided by Nellcor and maternal-fetal
monitor provided by Corometrics. Following design validation, the system was deployed
to all 14 sites and ultimately used to acquire data from 5,341 women. The data was
analyzed by the NIH team with the definitive conclusion that the device had minimal



effectiveness. The product was subsequently withdrawn from the market by the
manufacturer. The study results were published in the New England Journal of Medicine in
November 2006.

Software Forensics Lab: The analysis of medical device software to detect design defects
has traditionally involved laborious manual review of the source code. The enormous size
of modern software applications make such manual review practically impossible. In
recent years, advances in processing power and mathematical modeling have enabled the
development of static and dynamic analysis tools that allow an analyst to quickly isolate a
wide variety of software design defects, from poor workmanship to inadvisable design
practices and even to the types of errors which could not normally be found even by
rigorous testing. However, a high degree of skill and experience is required to use these
tools successfully.

The Software Forensic Laboratory located has been consulting with other federal agencies
involved with software integrity issues, including the DOD, FBI, NIST and NASA, and
has leveraged the latest academic research to implement a state-of-the-art software forensic
capability during 2006. This capability may be used in any phase of the product life cycle,
but is particularly valuable in understanding the root causes of adverse events due to
software failures. We believe that this science-based capability is found nowhere else in
the federal regulatory environment.

In 2006, this new capability was used to the great benefit of the Center in several high-
profile compliance cases. Ultimately, such tools will increasingly be used by medical
device manufacturers in their own product development phase, thereby reducing the
frequency of software defects and the incidence of adverse events and product recalls.
In 2007, the Software Forensics team plans to acquire more tools for reverse abstract
modeling of embedded system software thought to be responsible for a medical device
adverse event, and an ongoing goal of the team will be to improve its response time and
throughput.

Division of Imaging and Applied Mathematics

Performance Assessment Accounting for Reader Variability in Medical Imaging
Diagnostics: The OSEL Division of Imaging and Applied Mathematics (DIAM) has a
strong history in researching clinical study design and performance assessment
methodologies. This research is critical to characterizing diagnostic devices of all types,
and specifically, to evaluating the use of imaging devices by physicians in the field.
Interpretation of images by physicians is perhaps the weakest link in the diagnostic
process, involving a lot of reader variability. Therefore, scientific evaluation of diagnostic
imaging devices requires tools needed to estimate and understand reader variability and the
interaction of the reader and the device. The field where these tools are being developed is
often referred to as Multi-Reader, Multi-Case (MRMC) variance analysis, and several key
contributions to this field have been made by several of DIAM scientists.
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Dr. Brandon Gallas provided a consult in 2005 on a diagnostic imaging device for the
ODE Division of Reproductive, Abdominal and Radiologic Devices (DRARD), Obstetrics
and of Gynecology Devices Branch (OGDB): the LUMA™ Cervical Imaging System by
Medispectra Inc. During his review, Dr. Gallas pointed out that the variance assessment
did not account for reader variability, a subject that he encountered during his Ph.D. work
and one that he was vigorously studying with his colleagues in DIAM. However, in the
complicated world of device review, reader variability was not a high priority: the issue
had never been mentioned to the sponsor during early meetings on the pivotal study
protocol, and no one had a ready-to-go method to account for reader variability according
to the sponsor’s study design.

Since (and during) that review, Dr. Gallas developed a new MRMC variance estimation
tool for AUC according to a fully-crossed study design: AUC denotes the area under the
Receiver Operating Characteristic Curve (ROC) and is a diagnostic performance metric; a
fully-crossed study design is one in which every doctor diagnoses every patient. While
AUC is an extremely useful measure of diagnostic performance and the fully-crossed study
design is a statistically efficient use of cases, the strategy may not be practical for all
sponsors. Another, perhaps more common assessment strategy taken by sponsors, is to
estimate sensitivity and specificity according to a doctor-patient study design (doctors
diagnose only their own patients). Thus, Dr. Gallas has generalized his MRMC variance
estimation tool to this strategy and other common reading protocols. This newly developed
analysis methodology has already been employed in the review of Fuji Computed
Radiography Mammography Suite. OSEL anticipates this becoming part of the analysis for
devices that depend on a physician interpretation of the device outputs.

Division of Physics

Analysis of Electrosurgical Unit Ground Pad Heating: The OSEL Division of Physics
(DP) has an extended history of investigating thermal injury and heating issues associated
with low frequency electromagnetic devices. This research is a critical cross-cutting area
for premarket and postmarket review of all types of radiofrequency ablation, hyperthermia,
and other thermal therapy devices. Research work and computational analysis have played
an integral part in the development of standardized test methodologies and relevant
regulatory standards and were recently applied to the analysis of electrosurgical unit
ground pads. Ground pads (dispersive electrodes) are commonly used for all classes of
radiofrequency ablation products in addition to its uses for electrosurgery. In July 2005, a
post-market issues (PMI) group was convened to address adverse events resulting from
severe burns (2" and 3™ degree) located at the ground pad sites. Each year, CDRH
receives over 650 adverse reports related to ground pad burns

Dr. Isaac Chang was the OSEL representative to the PMI action team. He provided an

extensive analysis that demonstrated that the standardized test methodology used to
approve ground pads was flawed. According to AAMI HF-18 and IEC601-2-2, the
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temperature beneath ground pads under testing conditions should not exceed 6°C and
should have an impedance that does not exceed 75 ohms. The standard test methodology,
assesses these two attributes separately. Dr. Chang developed computational tools to assess
the thermal and electrical problems simultaneously and found that electrodes with identical
electrical characteristics could differ in the maximum temperature rise by as much as 10
degrees C; which may explain why identical ground pad specifications resulted in skin
burns in some cases, and not in others. In 2006, Dr. Chang expanded his computational
studies to test over 8§15 different ground pad configurations under the AAMI HF-18 test
conditions on an anatomically correct rendering of a human male model (based on MRI
images) at 5 cubic millimeter resolution. The developed model is the first whole-body
computational model that simultaneously solves the electric field, temperature distribution,
and predicts thermal injury with over 32 million degrees of freedom. Graphics tools were
developed to allow plane-by-plane analysis, which allowed Dr. Chang to visualize not only
topical skin burns, but thermal injury to subdermal tissues as well. He experimentally
verified his findings under in vitro and in vivo conditions and validated the results of his
computational analysis. Dr. Chang documented the results in a 65-page white paper, which
was distributed to each office in CDRH.

As nearly all devices using a return ground pad employ an impedance cutoff as an
emergency shutoff feature, Dr. Chang’s results indicated that hundreds of medical devices
may be affected by these findings. Worse still, the AAMI HF-18 and IEC601-2-2 standards
are an integral part of pre-market review since they are the primary electrical safety
standards used by CDRH for all high frequency medical devices. Dr. Chang worked with
the standard’s coordinator for both standards in October 2006 and submitted
recommendations to modify the test methodologies. He is currently in the process of
publishing his findings to raise the level of awareness of this problem in both the clinical
and manufacturing communities.

Division of Solids and Fluid M echanics

Test methods for high intensity focused ultrasound: CDRH is receiving increasing numbers
of regulatory submissions for high intensity focused ultrasound (HIFU) surgery. HIFU
holds the potential for radically advanced surgical techniques, including ablation of both
malignant and benign lesions and cessation of internal bleeding in injured vessels and
organs, all with minimal damage to the surrounding tissue. However, the lack of
standardized methods to assess the acoustic and thermal characteristics of the focused
beams has challenged the regulatory review of these devices, especially in the pre-clinical
phase, and has been burdensome to the industry. In the past, CDRH scientists and
engineers have developed measurement instrumentation and computational modeling
techniques for characterizing other types of medical ultrasound devices such as diagnostic
imaging and therapeutic ultrasound, and this work has resulted in the creation of numerous
regulatory guidance and standards documents. This expertise is being used to accelerate
the review of submissions for HIFU devices. For example, one challenge to testing HIFU
devices is the lack of suitable tissue-mimicking materials that not only have tissue-like
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acoustic and thermal properties, but also can withstand the intense acoustic fields without
damage. CDRH laboratory staff members have developed and tested a gel-based material
with the requisite properties. This work has been leveraged by funding under an
interagency agreement (IAG) from DARPA, which has interest in HIFU test bed
development because of a project to develop a HIFU system for treating battlefield
wounds. This research, as well as other laboratory products, is being used as input to
international standards that are under development for HIFU. These standards will help
expedite the regulatory review process.

MRI Safety and Compatibility of Implants and Medical Devices: Millions of patients
undergo MR imaging each year. Unfortunately thousands of patients who would benefit
from the information gained via MRI cannot undergo the procedure because they have
electrically active implants like pacemakers that can fail or malfunction in a MRI scanner.

This danger became clear to CDRH when in 1992, a woman with an intracranial aneurysm - | Comment [K1]: L. Kessler quoted
. . . T T T T T T LT T T T T T T T - comment: “Good history — but I bet we
clip was killed as she was brought near an MR scanner in preparation for an MR o @lesargat, These Anaes e el

examination. The aneurysm clip was moved by the magnetic field, tearing the clipped current.” KDV 4/11/07

artery and killing the patient. CDRH has been actively involved in assuring the safety of
medical devices within MRI scanners since that first fatal accident. For example, under
OSEL leadership, ASTM has now published four standard test methods for determining
MR safety and one method for marking devices for safety in the MR environment. These
are the only existing standardized test methods for determining MR safety of medical
devices. This past year OSEL has made a number of contributions to expand the standards
to apply to electrically active implants and equipment. In particular, OSEL is working the
international MRI community to more appropriately address RF heating of active devices
during MRI. Significant short-comings in the ASTM testing protocols were identified and
are being addressed. These short-comings are most significant for electrically active
implants with their inherent conducting leads and wires. OSEL is continuing its activities
in this area and is now actively working with both ISO and IEC to address problem of MR
compatibility with implants.

Corrosion testing: In 2006 OSEL scientists helped conduct the first round robin validation
tests for corrosion resistance of small devices such as stents. This test method, known as
ASTM F2129, has become one of the most referenced standards for cardiovascular stents,
particularly those made of Nitinol. Nitinol is a metal increasingly used for metal
components of implants because it is typically strong, light, and very inert, with a very
high corrosion resistance. However, this corrosion resistance depends upon the final
condition of the Nitinol surface and can be inadvertently destroyed. CDRH became aware
of this unexpected property of Nitinol in the late 1990’s while reviewing the corrosion
testing data on several Nitinol stents that showed a high corrosion and pitting rate. This
result was surprising, since from past experience with the alloy, a very low corrosion rate
would be expected. CDRH scientists then conducted laboratory tests and observed similar
high pitting corrosion rates. CDRH scientists then drafted F2129 and worked with ASTM
to get this standard approved and recognized. It was accepted almost immediately as the
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best available protection for implanted devices against undesired failure from corrosion.
CDRH and industry worked together via the ASTM standards process to revise and refine
the method and this year a formal evaluation round-robin test was conducted, with OSEL
as one of the 12 participating laboratories. To everyone’s relief, the data were in reasonable
agreement. OSEL continues to be active in the further evaluation of this most important
standard.
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DIVISION DESCRIPTIONS

DIVISION OF BIOLOGY (DB)

DB participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of biological sciences. Specifically, DB conducts research
to support the Center’s mission to assure the safety and effectiveness and promote the
improvement of medical devices in the areas of biological risk assessment,
biosensors/nanotechnology, genomic and genetic technologies, infection control and
sterility, tissue-device interactions, toxicity/biocompatibility, and radiation bioeffects.
Through laboratory studies, researchers evaluate the potential adverse effects of medical
devices on host biological systems and, in collaboration with engineering divisions,
identify the source and impact of product degradation on organ systems both under acute
and chronic conditions. The Division staff develops measurements methods and analytical
procedures to characterize and evaluate devices and products, studies molecular and
cellular mechanisms and bioeffects of biomaterials, and supports the Center’s enforcement
and product testing activities.

The DB staff members are primarily biologists, chemists, and biomaterials scientists.

Laboratories
¢ Biological Risk Assessment
e Biotechnology
e Biomolecular Mechanisms
e Cardiovascular and Interventional Therapies
e Radiation Biology
e Toxicology

DIVISION OF CHEMISTRY AND MATERIALS SCIENCES (DCMY)

DCMS participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of chemistry and materials sciences. Specifically, the
DCMS focus is on the developing experimental data, test methods and protocols for
regulatory and scientific activities involving multicomponent mass transfer, reaction
kinetics, absorption and swelling of network polymers, polymer processing, modeling of
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physiological processes, and materials degradation. Research conducted in the division
includes polymer synthesis; synthesis of polymeric nanocomposite materials; sensors;
thermodynamics; thermal transitions and phase stability; hydrogel and biopolymer
synthesis and characterization; polymer formulation; separations; spectroscopy; small-
angle x-ray and neutron scattering; and shelf-life and service life prediction. DCMS tests
the performance of chemical processes of importance to medical devices, such as mass
transfer through membranes used in dialysis and blood oxygenation, and manufacturing
processes used to fabricate materials.

The technical disciplines of the DCMS staff include physical chemistry, chemical physics,
polymer science, pharmacology, materials science, and biomedical and chemical
engineering.

Laboratories
e Active Materials
e Experimental Pathology
e Materials Performance

DIVISION OF ELECTRICAL AND SOFTWARE ENGINEERING (DESE)

DESE participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of electrical engineering and software. Specifically, the
DESE works in the application of electronics, software engineering, and systems
engineering body of knowledge to the regulation of medical devices and electronic
products that emit radiation. The division addresses the cutting edge of medical devices
through all phases of the product life cycle and all aspects of the product manufacturer’s
business, from research and development through procurement, production, and ongoing
customer support. DCMS hosts the following resources and capabilities: analog and digital
circuit design, data acquisition and display, embedded microprocessor and PC-based
systems, software-based virtual instruments, quality management and risk management as
applicable to electronics and software, testing for hazards arising from the use of electrical
and electronic technology in medical products, and electronic design including
components, circuits, and analytical techniques for controlling high voltages and/or
currents.

DESE staff members are primarily electronics engineers, physicists, biomedical engineers,
and general engineers.

Laboratories
e Electrical Engineering
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e Software
e Systems Engineering

DIVISION OF IMAGING AND APPLIED MATHEMATICS (DIAM)

DIAM participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of medical imaging and applied mathematics.
Specifically, DIAM provides scientific expertise and carries out a program of applied
research in support of CDRH regulation of radiation-emitting products, medical imaging
systems, and other devices utilizing computer-assisted diagnostic technologies. Medical
imaging research encompasses ionizing and non-ionizing radiation from data capture
through image display and observer performance. The computer-assisted diagnostics work
of DIAM is focused on the appropriate mathematical evaluation methodologies for
sophisticated computational algorithms used to aid medical practitioners interpret
diagnostic device results. The Division is charged with developing and disseminating
performance assessment methodology appropriate to these modalities. DIAM operates a
calibration laboratory for ionizing radiation detection instruments and participates in a full
range of programs in support of the Public Law 90-602 mission of the Center.

DIAM staff members are primarily physicists, mathematicians, and physical science
technicians.

Laboratories
e Image Analysis
e Imaging Physics
e lonizing Radiation Metrology

DIVISION OF PHYSICS (DP)

DP participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of physics. Specifically, DP conducts research and
engineering studies to support the Center’s mission to assure the safety and effectiveness
of medical devices and electronic products, and to promote their improvement. Scientific
and technical specialties in the division include optical physics and metrology, sensors,
fiber optics, electromagnetics, electromagnetic compatibility and electromagnetic
interference, electrophysics and electrical stimulation technologies, electrophysiology,
radiofrequency/microwave metrology, and minimally invasive optical and electromagnetic
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technologies. The Division develops measurement methods, instrument calibration
capabilities and analytical procedures to characterize and evaluate devices and products,
and supports the Center’s enforcement and product testing activities. DP evaluates
interactions of electromagnetic and optical energy with matter, analyzes implications for
the safety and effectiveness of devices and products, and develops and evaluates
procedures for minimizing or optimizing human exposure from such devices.

The technical disciplines of DP staff include physics, mathematics, biophysics, biomedical
engineering, electronics, and general engineering.

Laboratories
e Electrophysiology and Electrical Stimulation
e Electromagnetic and Wireless Technology
e Optical Diagnosis
e Optical Therapeutics and Medical Nanophotonics

DIVISION OF SOLID AND FLUID MECHANICS (DSFM)

DSFM participates in the Center's mission by conducting research, participating in device
review activities, developing consensus standards both domestic and international,
developing regulatory guidance, testing forensic and regulatory samples, and providing
educational programs in the area of solid and fluid mechanics. Specifically, the core
responsibilities of this division involve issues for which mechanical interactions or
transport are of primary concern, such as those involving motion; structural support,
stabilization, or vibrations; device and material mechanical integrity; materials durability;
and biologically relevant parameters of device and materials. The division has expertise in
the areas of fluid dynamics, solid mechanics and materials, acoustics and ultrasonics.
DSFM develops measurement methods, instrument calibration capabilities, and analytical
procedures to characterize and evaluate devices, device materials, and products, and
supports the Center's enforcement and product testing activities. The division staff also
evaluate interactions of ultrasound energy with matter and the implications of these
interactions on the safety and effectiveness of devices and products.

Technical disciplines of the DSFM staff include mechanical engineering, materials science,
biomedical engineering, general engineering, and physics.

Laboratories
e Fluid Dynamics
e Mechanics
e Ultrasonics
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STANDARDS MANAGEMENT STAFEE (SMYS)

The SMS is responsible for managing the Center’s standards program. The staff in this
program is responsible for developing, managing, and supporting standards used for
regulatory assessments. SMS supports participation in medical device standards
committees. The staff accomplishes these tasks with the help of Standards Task Groups
(STGs). This involves working closely with the Standards Developing Organizations
(SDOs), advertising standards liaison representative positions, facilitating a Center
recommendation to serve on a particular standards activity, maintaining a standards
database that provides access to established standards to all CDRH staff and field
inspectors.

SMS increases the recognition of voluntary consensus standards for medical devices and
radiation-emitting electronic products. The Standards Program was created as a result of
the Food and Drug Administration Modernization Act (FDAMA) of 1997. Although
CDRH had been involved in the development of medical device standards for decades,
FDAMA formalized the process. As part of this responsibility, the staff publishes lists of
recognized standards annually and consistently increases the list of available standards.

MANAGEMENT SUPPORT STAFF (MSS)

MSS provides leadership and support to the Office of the Director, Division Directors, and
laboratory professionals on all administrative, general management, and knowledge
management issues. MSS is responsible for planning, developing, and implementing
Center and OSEL programmatic matters concerning financial management, personnel,
procurement, contracts, inter-agency agreements, employee training, and facilities.

MSS is tasked with the managing and administering OSEL resources designed to support
ongoing programs. The staff ensures the proper distribution of operating and payroll
dollars, facility plans, procurement and property, travel requests and ADP needs. MSS
advises the Office of the Director on potential issues that may affect resources, staffing,
and management issues to comply with policies and avoid potential conflicts. In addition,
MSS directs and conducts special assignments or projects for the Center as well as the
Office Director.

MSS is also tasked with Knowledge Management Support (KMS) responsibility for the
office. The KMS team provides technical support for the acquisition, retrieval, and
analyses of data supporting the office’s mission including developing specialized databases
and related applications where needed. Additionally, the staff performs specialized
activities associated with the development, design, installation, and administration of data
processing systems, particularly those that are integral to laboratory functioning.
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The KMS team collaborates with the Office of Systems and Management (OSM) and the
Office of IT Shared Services (OITSS) in developing major initiatives involving OSEL,
CDRH, and FDA data and systems. The KMS staff also coordinates OSEL activities with
these offices to assure compliance with Center and FDA policies regarding data structure
and format and with FDA initiatives to assure data consistency and compatibility.
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DESCRIPTION OF OSEL LABORATORIES

Biological Risk Assessment L aboratory (Division of Biology)

Scope

Risk assessment is the process of determining the extent of human health hazard relative to
exposure conditions. Staff in the OSEL Laboratory of Biological Risk Assessment: 1)
conduct research to address CDRH’s regulatory need for improved methods of detecting
and quantifying risks associated with chemical compounds, microbial agents, and radiation
released from medical device materials; and 2) conduct risk assessments to inform risk
management decisions in the Center. Research is focused in three areas:

o Safety of reprocessed medical devices: Research in this area includes the
assessment of the toxicity of residual disinfectants/sterilants and the efficacy of
methods to remove residual bioburden on reprocessed devices.

o Development of clinically relevant biomarkersand preclinical animal models:
Research in this area was identified as being central to the FDA Critical Path
Initiative.

o Bioeffects of ultrasound and ultrasound contrast agents: Involves an assessment
of the extent of the vascular endothelial and smooth muscle damage by
microbubble-based ultrasound contrast agents and its role in the pathogenesis
atherosclerotic changes.

Background

OSEL staff has long been responsible for conducting risk assessments of compounds or
microbial agents released from medical device materials. These risk assessments have been
directly used to support regulatory decision making in the Center (e.g., microbial risk
assessment to support Sterility Assurance Levels, DEHP Safety Assessment to support the
issuance of a Public Health Notification and draft labeling guidance, ethylene oxide risk
assessment to support the revision of the ISO 10993-7 standard). Research done in this
laboratory program is used to support risk management decision in the Center, notably,
those involving infection control, the preclinical biocompatibility testing of devices, and
the biological effects of ultrasound and ultrasound contrast agents.
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Research Program Description
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FDA's Center for Devices and Radiological Health (CDRH) is responsible for ensuring the
safety and effectiveness of medical devices and eliminating unnecessary human exposure
to man-made radiation from medical, occupational and consumer products. This broad
mandate requires chemical, microbial, and radiation risk assessments to be performed to
support regulatory decision making in these areas. Chemical risk assessment activities in
CDRH focus on three areas: 1) the development and validation of new risk assessment
methodologies, 2) bench-top research to provide information for the hazard identification
and dose-response assessment stages of the risk assessment process, and 3) the application
of risk assessment approaches to assist with regulatory decision making. The research
component of the laboratory’s effort is key in addressing uncertainties regarding the
response of sensitive subpopulations to the effects of chemical compounds and ultrasound
energy and to determine the effectiveness of reprocessing strategies for medical devices
that are cleaned and reused.

Relevanceto FDA/CDRH’s Mission and Public Health Impact

The OSEL program in risk assessment involves laboratory-based efforts to address risk
assessment uncertainties, development and validation of new risk assessment
methodologies, and use of risk assessment to support regulatory decision-making.

The goal of research in the Biological Risk Assessment laboratory is consistent with the
goal of FDA’s Critical Path Initiative to stimulate the development of new evaluative tools
for assessing the safety and efficacy of new medical products, specifically, tools such as
proven biomarkers and clinically relevant animal models. A key laboratory-based effort is
directed towards examining whether critically ill or injured patients represent a sensitive
subpopulation and can be more susceptible to adverse effects of chemicals. Research is
also being conducted to address the effectiveness of cleaning/reprocessing strategies for
reused devices and uncertainties in biocompatibility assessment. Data from these efforts
will be directly used in the ISO and ASTM standards development process. Finally,
research on the bioeffects of ultrasound and contrast agents may have an impact on the
regulation of this imaging technique and standards addressing ultrasound exposure.

ThreeYear Goals

o Investigate the effectiveness of low energy radiation sources alone or in
combination with other devices or drugs.

e Conduct a pre-clinical translational radiation biology study and test the safety and
efficacy of a drug/device cancer therapy for melanoma.

e Conduct research on changes in skin following exposures to ultraviolet radiation,
and on the doses of UV needed to produce and maintain a tan.

e Conduct research on UV response of differently pigmented groups on the U.S.
population to modernize public health policies in the area of national and
international standards on UV exposures.
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Complete our efforts in describing the cancer risks and benefits associated with
exposure to tanning lamps.

Accomplishments

Safety of reprocessed medical devices

Participated as one of 10 laboratories in the Interlaboratory Collaborative Study to
develop a validation protocol for the quantitative three-step method for determining
the sporicidal efficacy of liquids, liquid sprays, and vapor or gases on contaminated
carrier surfaces. This project has regulatory significance for FDA since CDRH
regulates chemical disinfectants and sterilants for medical devices. Manufacturers
must submit data using valid protocols to demonstrate their products are safe and
effective.

Conducted research to develop/establish “acceptable” cleaning criteria for reusable
“single use” devices (SUDs).

Collaborated with two local healthcare facilities to help monitor changes in the
design of some SUDs and identify new SUDs being reprocessed.

Characterized the toxic effects of intravenously administered ethylene glycol in the
pig. Ethylene glycol is a breakdown product of the sterilant, ethylene oxide. A
poster describing this work was awarded the “Outstanding Presentation” award by
the at the 2006 annual meeting of the Society of Toxicology.

Determined the effect of hyperthermia on detergent- and disinfectant-induced
hemolysis and the interactive effect of detergents and disinfectants with regard to
their ability to produce toxic effects.

Development of clinically relevant biomarkers and preclinical animal models
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In collaboration with investigators at CDER, Harvard University and Biotrin
International, Ltd., we have identified sensitive biomarkers that are able to detect
kidney damage in rats at an earlier stage than existing biomarkers. This work is
consistent with the goals articulated in the FDA Critical Path Initiative to develop a
better product development “toolkit” for assessing target organ damage
(http://www.fda.gov/oc/initiatives/criticalpath/whitepaper.html).

Developed/refined animal models (rat and pig) of endotoxemia. Since critically ill
patients are often endotoxemic, these animal models may be more clinically



relevant than the healthy animal models that are currently used for preclinical
biocompatibility assessment of medical device materials.

e Identified plasma and target tissue levels of inflammatory biomarkers in pigs
following administration of endotoxin.

e Biomarker detection from urine samples of renal insufficient rats: Developing a
new method for early stage diagnosis of renal insufficiency. This is a corporate
project with Laboratory of Toxicology (Division of Biology).

e Biomarker detection from urine samples of renal insufficient rats: More than 160
rat urine samples have been collected and tested on six targets (biomarkers). The
project is in good progress and satisfied results have been obtained.

Bioeffects of ultrasound and ultrasound contrast agents
Examined the cytotoxic effect of an ultrasound contrast agent, Optison, on murine
macrophages, fibroblasts, and endothelial cell lines, and rat explanted arteries as part of
a research effort funded by the FDA Office of Women’s Health.

Radiation Biology L aboratory (Division of Biology)

Scope

This laboratory conducts research to investigate the public health impact of
electromagnetic radiation exposure from medical devices and non-medical electronic
products.

Background

One important example of possible radiation bioeffects involves the use of cellular phones.
Currently over 100 million Americans use wireless phones. Data relating to the safety of
radiation from wireless phones are inadequate; however, they suggest that exposures to
radio frequency radiation at levels relevant to wireless phone use may cause biological
effects. In this area, the OSEL bioeffects project serves as the coordinator of independent
research conducted in several laboratories.

Research Program Description

Current efforts are directed toward better understanding of the risks of non-ionizing
radiations from wireless telecommunication devices, assessing the skin cancer problem
associated with use of tanning lamps, and quantifying the differences in UV response in
differently pigmented populations in the U.S. Also, in line with the Center’s new initiative
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to focus on the most pressing radiological problems and to anticipate the evolution of new
medical radiation systems, we are concentrating our research efforts in ionizing radiation
to better understand radiation-drug and radiation-heat interactions, and to provide the
Center with expertise on a new class of low dose x-ray therapeutic devices entering the
market. The laboratory also monitors the scientific literature and maintains expertise in
other radiation areas, such as laser, visible, and extremely low-frequency radiation.

Relevanceto FDA/CDRH’s Mission and Public Health mpact
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Scientific oversight of extramural research by scientists from the Laboratory of
Radiation Bioeffects is defining the health risks from radio-frequency
radiation. The Center has been charged by Congress to address the safety of
electromagnetic emissions from products such as cell phones and our work is
periodically monitored by the Government Accounting Organization.

The research characterizes the effectiveness of low energy x-ray emitting devices
for cancer therapy. This is directly related to device reviews requested by the
Radiation Devices Branch at ODE.

Combinations of radiation-emitting medical devices or radiation-emitting medical
devices with therapeutic drugs can improve tumor response, but little is known
about safety and efficacy of some drug/device combinations. Our research tests the
safety and efficacy of device/drug combinations and serves as a repository of
knowledge for the bioeffects of combination therapies at FDA.

Research on the doses of ultraviolet radiation needed to produce and maintain a tan
leads to recommendations for dramatic lowering of the UV burden for those
individuals who choose to use sunlamps. This should lead to fewer cases of skin
cancer, the most common cancer in this country. This research was requested by
TEPRSSC as a part of preparations for changes to the Performance Standard for
Sunlamp Products.

Preliminary results suggest that medical claims cannot be made in general about all
tanning bulbs or devices because they have different outputs in the UVA (long
wave, 320-400 nm) and UVB (shortwave, 280-320 nm) regions of the UV
spectrum. This is important because only UVB can make vitamin D, while UVA
cannot make any at all, but rather can only break it down. In addition, different
emissions from the bulbs can make vastly different amounts of vitamin D3. The
different emission spectra of tanning bulbs are similar to the sun in some ways, but
different in others; so it is not clear if all bulbs will make the predicted amount of
vitamin D and some may not make any at all. In fact, the high-pressure emitting
UVA devices may only break down existing vitamin D. We have performed many



risk assessments for skin cancer from these different UVB emitting tanning devices
and have balanced those with some benefit assessments, i.e., vitamin D production.

Laboratory research gives our staff the scientific credibility needed to help with
device reviews and development of international standards and guidelines.

Serve as a radiobiology resource for homeland security issues.

Three-Year Goals

Conduct a pre-clinical translational radiation biology study and test the safety and
efficacy of a drug/device cancer therapy for melanoma.

Conduct research on changes in skin following exposures to ultraviolet radiation,
and on the doses of UV needed to produce and maintain a tan.

Conduct research on UV response of differently pigmented groups on the U.S.
population to modernize public health policies in the area of national and
international standards on UV exposures.

Complete our efforts in describing the cancer risks and benefits associated with
exposure to tanning lamps.

Accomplishments

Radiofrequency studies and oversight of CRADA on cell phones

Gave a presentation (invitation) at the 2006 Joint Workshop on Radio Frequency
and Health hosted by the Japanese Ministry of Internal Affairs and Communication
in Tokyo, Japan.
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e As members of IEEE International Committee on Electromagnetic Safety Sub
Committee 4, Division of Biology scientists participated in the revision of the
current radio frequency exposure standard, titled “Standard for Safety Levels with
Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz (IEEE C95.1)”. The revised standard was published in 2006.

e Provided scientific oversight for FDA/CTIA CRADA-funded projects; and for
investigators performing RF exposure assessment submitted final reports and
manuscripts for publication.

e In collaboration with investigators in the CDRH/OSEL/Division of Physics, the
Center for Biologics and Evaluation Research, and the Center for Drug Evaluation,
Division of Biology scientists participated in a project investigating the effects of
exposure from RF-ID readers on pharmaceuticals and biological products.

e Hosted a meeting between government scientists from FDA, NIOSH, EPA, FCC
and OSHA and members of IEEE to discuss the revisions made to IEEE C95.1.

e Participated in a workshop hosted by the “International Commission for Non-
Ionizing Radiation Protection (ICNIRP)” to discuss needed changes and updates to
the ICNIRP human exposure safety standard.

Laboratory research on models for therapiesthat use low LET ionizing radiation, drugs
and hyperthermia
e With the assistance of two summer students the Radiation Biology laboratory:
o Established the growth of human melanoma tumor cells under control
conditions as well as under “tumor-like” low pH conditions.
o Produced a family of thermal dose-response curves for control and low pH
grown cells from 37 to 44°C for times up to 240 minutes.
o Produced a family of radiation dose-response curves for human melanoma
cells grown under control and “tumor-like” low pH conditions. Three
different kV’s (240, 125 and 60) and four different dose rates (240, 110, 30
and 17 cGy/min) were used to dose control and low-pH growing cells.
o The data from these experiments is currently being analyzed and reduced
for graphic display.

Initial hyperthermia dose-response data and initial radiation dose-response data were

presented at the OSEL summer student poster session in August 2006.

Laboratory research on Thermoradiotherapy in Human Melanoma Xenografts
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e A DB scientist completed a series of experiments designed to examine the safety of
this multi-modality therapy on normal murine bone marrow progenitor cells. This
work was done at Thomas Jefferson University in the Laboratory of Experimental
Radiation Oncology in the Department of Radiation Oncology.

e Presented two posters at the National meetings of the Radiation Research Society
and the Society of Thermal Medicine.

e DB scientists presented on the concept of multimodality therapy and its effect on
normal murine bone marrow at the Division of Biology’s “Pay-Day” seminar
series. A manuscript is planned.

Risk/Benefit analyses of UV-emitting tanning devices
e Co-chaired a symposium on “UV Doses” at the American society for Photobiology
meeting July 8-12, 2006

e Did laboratory work to determine if report about UVA not making any i D is true
or not and found that it does not make any vitamin D at any dose level that is
physiologically relevant

Biotechnology L aboratory (Division of Biology)

Scope

The biotechnology laboratory’s mission is to study various aspects of microbial pathogen
contamination of medical devices and to reduce the risk of microbial infection from
contaminated medical devices and to study the biocompatibility of nanoparticles. The
laboratory’s main research projects are focused on evaluation of nanoparticles properties
and on microbial detection and analysis, using an interdisciplinary research approach that
integrates engineering and molecular biology.

Background

Microbial infections associated with medical devices are a major health risk factor,
especially with the use of intravascular catheters. The common hospital practice of reuse of
single use devices, the spread of antibiotic resistance microbial strains and the potential use
of microbial pathogens as bioweapons all add to the need for better microbial detection and
diagnostics. Nanotechnology is an emerging field; effective CDRH regulation of the
technology requires better understanding of the biocompatibility of nanoparticles.

Resear ch Program Description
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The laboratory is working on five major research projects related to detection and analysis
of microbial pathogens funded in part by the FDA’s Office of Science and Health
Communication, HHS/ORDC and by the USDA:

e Mycobacterium tuberculosis antibiotic resistance: Identifying point mutations in
MTB genes associated with drug resistance and developing microarray-based
methodology for detecting MTB gene mutations. This project was funded by the
FDA’s Office of Science and Health Communication.

e DNA microarrays for analysis of microbial pathogens and their virulence factors:
The project to develop these arrays was funded by the FDA’s Office of Science and
Health Communication (two awards) and the USDA.

e High-speed, low-volume portable PCR thermocycler for regulatory and biodefense
applications: The project to develop this device was funded by the FDA’s Office of
Science and Health Communication.

e Microfluidics in devices that detect microbial pathogens and their toxins: This
collaborative bioengineering project (with the University of Maryland) is supported
by ORDC.

e Evaluation of biocompatibility of nanomaterial used as medical devices:
A new Dynamic Light Scattering based tools are being developed for vitro
evaluation of the behavior, properties and biocompatibility of various nanoparticles
under physiological conditions.

e Prioritizing sources of variability in genomic profiling data for standards and
guidance development (inter-center collaborative project)

Relevanceto FDA/CDRH Mission and the Public Health Impact

CDRH-regulated products such as heart valves and intravascular catheters are a cause of
microbial infections, which is a major health risk factor in hospitals. The common hospital
practice of reusing single use devices, the spread of antibiotic resistance microbial strains
(especially S. aureus) and the potential use of microbial pathogens and their toxins as
bioweapons all add to the need for better microbial detection and diagnostics for medical
devices. Nanotechnology is a new emerging field; effective CDRH regulation of the
technology requires better understanding of the biocompatibility nanoparticles.

FDA bears the responsibility for approving microarray-based genetic and genomic
diagnostic devices (CDRH) and for evaluating this data submitted as evidence of safety
and efficacy of therapeutic products (all product centers). Standards for submission and/or
evaluation of genomic microarray data have not yet been generated, require novel
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approaches, and are a source of concern for both FDA and industry. Sources of variability
are known, but not their relative contribution to the often cited lack of reproducibility in
microarray data. This project has implemented a set of inter-lab experiments designed to
prioritize different sources of variability allow us to focus on the more important aspects
during regulatory review. The project also enhances the resident FDA expertise in this
area, by hands-on experience. This and other work provides a framework for integration of
new genetic and genomic technologies, as they arise.

Three-Year Goals

Improve the prototype of the portable PCR thermocycler for regulatory and
biodefense applications; plan to optimize the wiring, design a holder for the
capillaries, and develop an electro-optical detection module and a PDA-based
controller.

Develop DNA microarrays for detection and analysis of enteric bacteria and
improving the S. aureus microarray. The new arrays will be tested for the ability to
detect pathogens in devices such as heart valves and intravascular catheters.
Develop whole genome amplification methods for microarray analysis of microbial
contaminants.

Improve the assembly of our microfluidics device for use in detection of microbial
pathogens.

Develop Dynamic Light Scattering based methodology for evaluating the
biocompatibility of nanoparticles.

Provide statistically valid, experimentally based information on prioritization of
variables in microarray data;

Facilitate hands-on experience in FDA labs in this new technology;

Develop a scientific infrastructure suitable for integration of new genetic and
genomic technologies as they evolve.

Develop a fractional factorial design maximizing the number of variables that could
be tested with 60 microarrays per lab

Create a large scale biological sample for testing in multiple labs.

Create our own microarrays on four chemically different surfaces.

Comparatively process four different microarray surfaces in four FDA laboratories.
Analyze data by different statistical approaches.

Prioritize variables (e.g., biological variability, sample preparation, inter-lab, inter-
experiment processing within a lab, microarray surface, microarray generation)
based on statistical analysis.

Provide hands-on experience in FDA labs in this new technology.

Build inter-Center teams of both review and bench scientists.

Provide a basis for integrating new technology as it evolves.

Accomplishments
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Developed a prototype of a rapid and portable PCR thermocycler for regulatory and
biodefense applications: The miniature portable prototype powered by a regular 9
volt battery is based on a new thin-foil heater and is controlled by a computer. The
prototype was used successfully for rapid (30 cycles within 17.5 minutes) Bacillus
cereus DNA amplification.

Analysed Mycobacterium tuberculosis (MTB) antibiotic resistance: A method
which combines DNA microarray and allele-specific PCR techniques was
developed for rapid and accurate identification of mutations in the MTB genes
(rpoB, katG, and rpsL) that confer resistance to the antibiotics rifampicin, Isoniazid
and streptomycin. The method was tested with 20 MTB strains.

Developed microarray-based detection of Bacillus virulence factor genes including
those encoding enterotoxins, phospholipases and exotoxins: The method requires
an initial multiplex PCR amplification step, followed by identification of the PCR
amplicons by hybridization to an oligonucleotide microarray containing genes for
all three types of virulence factors.

Analysed of Staphylococcal contamination of medical devices (heart valves and
intravascular catheters): Microarrays were developed for detection and analysis of
Staphylococcus aureus and Staphylococcus epidermidis.

Developed a hand-held microfluidics multi-channel lab-on-a-chip for detection of
microbial pathogens and their toxins: The lab-on-a-chip based on polymer
microtechnology with laser microfabrication consists of a several layer plastic
cartridge assembled with a thermal press. Samples and reagents for the assay are
delivered to the reaction chamber through microcapillaries using a miniature built-
in manual vacuum pump. A prototype device was tested for activity detection of
botulinum toxin A (none toxic) light chain.

Developed a portable detector for lab-on-a-chip: The computer control detector
consists of LED light source and cooled CCD camera. A prototype detector was
tested for microfluidics detection of botulinum toxin A (none toxic) light chain.

Developed bioinformatics tools: New software were developed and tested for
automated selection of oligonucleotides for microarrays and for analysis of our
detector data.

Developed an in vitro evaluation method for the behavior, properties and
biocompatibility of various nanoparticles under physiological conditions. In this
collaborative research with scientists from Thomas Jefferson University, we are
evaluating the biocompatibility of nanoparticles by studying aggregation of various
nanoparticles using Dynamic Light Scattering. Our aim is to assess the



nanomaterial response to perturbations in the properties of the solution
environment, such as pH and ionic strength.

e Experiments were completed in microarray printing on four surfaces in three
laboratories, swapping and processing in four FDA laboratories (CDRH, CBER,
NCTR and CVM).

e Data are presently being analyzed by a statistician. Some initial statistical analyses
of the experiments were presented at the FDA Science Forum in 2006. One of the
surfaces exhibited an unexplained set of variations. We are examining the
possibility that there was sequence dependence of binding of some of the probes to
this particular microarray surface.

Cardiovascular and Interventional Therapeutics Laboratory (Division of
Biology)

Scope

The Laboratory of Cardiovascular and Interventional Therapeutics (LCIT) investigates the
safety and effectiveness of a range of interventional therapeutics, including cardiovascular
and minimally invasive devices and related adjunctive agents. This includes the application
of emerging imaging technologies to guide the delivery of novel therapeutic devices and
agents. Local delivery of therapeutic devices alone or in combination with other agents via
percutaneous catheters or direct surgical access has shown great clinical promise for the
treatment and prevention of vascular disease and cancer. The laboratory’s Research
Program includes both normal biology and the pathologic basis for disease and device
failure at the genetic, molecular and tissue levels and the development of animal models
that are predictive of clinical safety and effectiveness.

The focus is on studying existing models and developing more predictive models of device
use and related failure modes including identification, evaluation and development of more
optimal clinical treatment algorithms for image guided interventions and drug delivery,
e.g., tumor ablation. In addition, retrospectively, the models have been used to support
applications for vascular devices. The in vivo models under study include both normal
swine and swine models of human disease, i.e., those with vasculopathy induced by diet
(atherogenic high fat/high cholesterol diets), mechanical manipulation (iatrogenic injury
from balloon angioplasty or stenting), hormonal manipulation (castration, hormone
replacement therapy), hemodynamic alterations (vascular ligation, fistulas) and/or
metabolic manipulation (diabetes mellitus). These preclinical animal studies address the
problem of identification and assessment of regulatory science issues associated with novel
interventional and combination therapeutics and delivery technology including image
guidance tools for the treatment of vascular disease and cancer.
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Together, these studies will identify the critical scientific and safety issues for current and
emerging technologies based on failure modes analysis and clinical outcome. For
cardiovascular, neurovascular and peripheral vascular devices, this represents a critical
component of review of device applications prior to entry into clinical trials, market access
and post-approval study outcomes.

Background/Resear ch Program Description

Coronary, peripheral and neurovascular disease represent the leading cause of death in the
United States in both men and women. There are gender differences in both the
development of disease and in patient treatment and survival following myocardial
infarction. Over one million angioplasty balloons and stents are deployed in the United
States each year. Interventional devices, alone or in combination with drugs and biologics,
and novel delivery technology to treat vascular disease represents greater than 50% of the
IDE and PMA activity in the Center.

Cancer, as a whole, is the second major cause of death. Under the current NCI strategic
plan, there is a major push to substantially eliminate suffering and death due to cancer by
the year 2015. Currently, CDRH (ODE and OSEL) are working closely with NCI to
facilitate investigations of image guided therapies for cancer. These efforts, together with
complementary efforts by NIBIB, will accelerate the development of new technologies and
progression into clinical trials and marketing.

Relevanceto FDA/CDRH Mission and the Public Health Impact

The identification of intervention-specific safety and effectiveness issues as they relate to
vascular function, vessel wall injury and tissue remodeling will allow for more consistent
and accurate recommendations regarding preclinical study, clinical study and labeling. In
addition, the significant increase in the clinical investigation of combined therapies (e.g.,
estrogen, paclitaxel, rapamycin, etc.) or hybrid interventional devices with novel local
delivery technology require a greater understanding by the Agency of these interventions
and related regulatory science. The findings of these studies are expected to provide
support for the regulatory input to 1) predictive pre-clinical modeling for endovascular
grafts, combination drug-device products and novel local delivery technology; 2)
identification and evaluation of safety (and effectiveness) of emerging local delivery and
combination technology; 3) development of Instructions For Use and labeling for these
devices alone or in combination with drug and biologic therapeutics; and, 4) appropriate
clinical trial design, study endpoints and expected outcomes, based on the predictive
preclinical studies.

Devices that deliver or release therapeutic agents in order to mitigate disease or enhance
device performance are being developed and entered into clinical trials. These devices
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require greater understanding through preclinical bench and animal models in order to
ensure their safety and efficacy and the identification of regulatory science issues prior to
entry into clinical trials and broader marketing. In these studies, the safety and
effectiveness of delivery technology and the treatments will be evaluated at the tissue-
device interface along with the pharmacodynamics and pharmacokinetics. This study will
result in formal recommendations for the conduct of predictive preclinical studies and
clinical trials as well as regulatory review of these emerging technologies to be used in the
management and treatment of vascular disease.

The utilization of thermal ablation techniques is increasing with rapid advances in image
guided robotic control and placement of devices. For thermal ablation techniques, adequate
treatment may be challenging due to lesion size, configuration, proximity to critical
anatomic structures and the limited ability to treat large volumes. Treatment failure occurs
at the margins of the ablation or adjacent to vascular structures due to incomplete heating.
This body of work will lead to more accurate treatment planning and should improve the
safety and effectiveness of thermal ablation.

Three-Year Goals

Animal Models of Vascular Disease, Intervention and Local Drug Delivery

e Define the effects of long term exposure to diet high in fat and cholesterol on
endothelial gene expression.
Define the cause and effect relationship between disturbed flow and gene
expression.
Evaluate the safety, pharmacokinetics (PK, drug distribution) and
pharmacodynamics (PD, biological effects) of three drugs (estrogen, paclitaxel, and
rapamycin) in a model of coronary angioplasty and stenting, in healthy and
atherosclerotic male swine.
Characterize the carotid and iliac artery as models for neurovascular and peripheral
vascular interventions, i.e., long segment stenting in a muscular peripheral artery in
both normal and atherosclerotic blood vessels.
Develop preclinical animal model recommendations for collection of safety and
effectiveness data for interventional and combination devices including novel
delivery technology, particularly local drug delivery.

Image-guided device therapeutics and targeted drug delivery
e Model the relationship between the thermal ablation lesion and vascular geometry,
blood flow, method of energy delivery and ablation parameters using in vivo, bench
and computational models.
e Determine the electrical and thermal properties as a function of frequency, tissue
temperature and tissue (or tumor) type in swine and in humans.
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Develop preclinical animal models for image-guided device therapeutics, including
safety and effectiveness of both image-guided device placement and the specific
intervention.

Accomplishments
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Established multi-modality image-guided interventions suite: computed
tomography, angiography, ultrasound, robotics, magnetic tracking of devices.
Developed preclinical vascular atlas report for draft level 2 guidance for peripheral
vascular interventions.

Developed web cast course entitled “Interventional Techniques and Preclinical
Data Evaluation: Bedside to Bench.”

Developed pharmaco-imaging tool and reported on pharmacokinetics of vascular
drug delivery.

Developed and reported serial tissue sampling techniques in support of preclinical
safety and pharmacokinetic evaluations of emerging interventional technology.



Toxicology L aboratory (Division of Biology)

Scope

This is an interconnected program of laboratory research, risk assessment, and standards
development activities designed to provide a scientific basis for regulatory decision
making in CDRH. Researchers evaluate the potential adverse effects of medical device
materials and chemicals, including nano-sized particles, using in vivo and in vitro
experimental models and approaches. Scientists use data to reduce uncertainties in
assessing risks to patients exposed to physical and chemical exposures, and ultimately
protect their health.

A primary focus of the program in 2006-07 is evaluating bioeffects of nanoparticles. The
unique