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MEETING
(8:00 a.m.)
DR. RAO: Good morning, everyone. I'd like to call this meeting of the Immunology
Devices Panel of the Medical Devices Advisory Committee to order.
My name is Raj Rao. I'm Chair of this Panel. I am an orthopedic surgeon, professor
and chair of the Department of Orthopaedic Surgery at George Washington University.
I note for the record the members present constitute a quorum as required by 21
C.F.R. Part 14. I would also like to add that the Panel members participating in today's
meeting have received training in FDA device law and regulations.
Over the next 2 days, the Panel will discuss the topic of immunological responses to
metal-containing products regulated as medical devices. The discussion will focus on metalcontaining implants as well as dental amalgam. Implants are medical devices that are
placed into a surgically or naturally formed opening of the human body and are intended to
remain there after the procedure for an extended period of time.
Recent postmarket issues with some metal-on-metal orthopedic implants and
gynecological metal-containing implants have raised questions about the potential for some
patients to develop unexpected or heightened biological responses to the implant. These
may include local peri-implant adverse events and potentially systemic manifestations
which may impact a patient's quality of life and necessitate medical or surgical intervention.
While not considered an implant, dental amalgam is included in this discussion
because of its potential for patient and user exposure to mercury compounds and some
purported similarities in the adverse biological responses and clinical manifestations elicited
by some dental amalgams to that of traditional metal implants.
FDA is convening this Committee to promote an open public discussion of, and seek
expert opinion on, currently available scientific and clinical data pertaining to the biological
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responses to metal implants and dental amalgam and the potential associated clinical
sequelae.
Before we begin, I would like to ask our distinguished Panel members and FDA staff
seated at this table to introduce themselves. Please state your name, your area of
expertise, your position, and affiliation. And maybe I'll begin on that side of the table right
there.
DR. CHRISTIAN: Good morning. I'm Whitney Christian, the Industry Rep. I'm a
molecular toxicologist. Area of expertise is medical device toxicology and biocompatibility.
MR. LISON: Good morning. Wyatt Lison. I am an attorney with Feinstein Doyle
Payne & Kravec. I'm the Consumer Representative, and I'm a consumer lawyer.
MR. O'BRIEN: Good morning. I'm Joe O'Brien, and I'm President and CEO of the
National Scoliosis Foundation. I am also a six-time spine fusion patient with a number of
rods, hooks, cages over the last 40 years, and I am the Patient Representative.
DR. SUZUKI: I'm John Suzuki, Professor Emeritus at Temple University, Department
of Periodontics and Department of Microbiology.
DR. BADYLAK: I'm Steve Badylak. I'm a Professor of Surgery at the University of
Pittsburgh Medical Center, and my area of interest is understanding the patient response to
implants.
DR. BURCHIEL: Good morning. My name is Scott Burchiel. I am a professor at the
University of New Mexico in Albuquerque, and I am a pharmacologist and immunologist
with many years of experience in immunotoxicology. I like to say that word.
DR. WEISMAN: Good morning. I'm Michael Weisman, Distinguished Professor
Emeritus from David Geffen School of Medicine at UCLA and Cedars-Sinai Medical Center.
My interests are the genetic and environmental triggers for chronic rheumatic diseases.
DR. JANNETTO: Good morning. My name is Paul Jannetto, and I am a clinical
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chemist, a consultant, and laboratory director at the Mayo Clinic.
DR. PARKS: Good morning. My name is Christine Parks. I'm an epidemiologist from
the National Institute of Environmental Health Sciences, and my area of expertise is in
studying autoimmune diseases, systemic autoimmune diseases such as lupus and
rheumatoid arthritis, and environmental factors.
DR. TAYLOR: Good morning. My name is Jim Taylor. I'm a dermatologist at the
Cleveland Clinic. My area of interest is dermatologic allergy and allergic contact dermatitis.
DR. LEMONS: I'm Jack Lemons, University System Professor Emeritus sharing time
equally between orthopedic surgery, biomedical engineering, and dental materials. Been
involved in the trenches of research since 1968 related to the topics of interest and
biocompatibility, and in recent years focusing on consensus standards through the
American Society for Testing and Materials and the International Standards Organization.
DR. LI: My name is Yiming Li. I'm a Distinguished Professor of Restorative Dentistry
and Associate Dean for Research at Loma Linda University. I'm also Professor of
Microbiology and Molecular Genetics at the School of Medicine, also Loma Linda University.
My research interest includes the biocompatibility and the safety of dental materials, and I
have served as chair for the American Dental Association (ADA) specification number 41 on
preclinical evaluation of biocompatibility of dental materials since 1999 to 2015.
DR. POLLARD: Good morning. My name is Michael Pollard. I'm at the Scripps
Research Institute in California. My area of expertise is autoimmunity and the role of
genetics and environmental exposures in autoimmune diseases.
MS. ASEFA: Hi, my name is Aden Asefa, and I'm the Designated Federal Officer for
this meeting.
DR. BURTON: I'm Richard Burton. I'm a pediatric oral maxillofacial surgeon at the
University of Iowa Hospitals and Clinics. I also have an appointment in otolaryngology, and
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my area of expertise is in dental implants as used in reconstructive and pediatric corrective
surgery.
DR. DYKEWICZ: I'm Mark Dykewicz at St. Louis University School of Medicine, where
I am Professor of Internal Medicine and Chief of Allergy and Immunology. I do see patients
where questions of metal allergy have been raised and have also spent a good part of my
career to help writing national practice guidelines for care of patients.
DR. GERMOLEC: Good morning. I'm Dori Germolec. I'm at the National Institute of
Environmental Health Sciences, and I am also an immunotoxicologist, and my research
interests are the effects of chemicals in the environment on the immune system.
DR. JACOBS: Good morning. I'm Dr. Joshua Jacobs. I am an adult reconstructive
orthopedic surgeon, and I'm the Professor and Chairman of Orthopedic Surgery at Rush
University Medical Center in Chicago and also an Adjunct Professor of Material Science at
Northwestern. I also am the Vice Provost for Research at Rush University. My area of
interest is in the biocompatibility of permanent metallic implants in orthopedics.
DR. McDIARMID: Good morning. I'm Melissa McDiarmid. I am a Professor of
Medicine, Epidemiology, and Public Health. My training is in internal medicine,
occupational medicine, and toxicology. And I also direct the Department of Veterans Affairs
depleted uranium and embedded fragment programs.
DR. CONNOR: Hello, I'm Jason Connor, a biomedical engineer turned biostatistician,
a statistical consultant and Assistant Professor of Medical Education at the University of
Central Florida College of Medicine.
DR. BABENSEE: I'm Julia Babensee. I'm from the Wallace H. Coulter Department of
Biomedical Engineering at Georgia Tech and Emory University, and my area of expertise is in
biomaterials and biocompatibility, in vivo host responses, and modifying those responses
using engineering strategies.
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

14

DR. ZUNIGA: Good morning. My name is John Zuniga. I'm an oral maxillofacial
surgeon. I'm a Professor and Chair of the division in the Department of Surgery and
Neurology and Neurotherapeutics at UT Southwestern in Dallas and Parkland Hospitals. My
area of interest is in trigeminal sensory disorders and acute and chronic oral facial pain.
DR. ADJODHA: Good morning. My name is Mike Adjodha. I'm currently -- sorry,
FDA. I'm currently the Acting Assistant Director for Restorative and Surgical Dental Devices
Team in the Division of Dental Devices and Office of Health Technology 1.
DR. YUSTEIN: Good morning. My name is Ron Yustein, and I'm the Assistant
Director in the Office of Product Evaluation and Quality at CDRH.
DR. FISHER: And good morning. I'm Ben Fisher, Director of the Office of Health
Technology 3 within the Center of Devices and Radiological Health of FDA. Our group
oversees the gastro-renal, OB/GYN, general hospital, and neurological devices.
DR. RAO: Thank you all, and welcome.
Could I ask you to turn your microphone off, please, Dr. Germolec? Thank you.
For topics being discussed at today's meeting, there are often a variety of opinions,
some of which are quite strongly held. Our goal is that today's meeting will be a fair and
open forum for discussion of these issues and that individuals can express their views
without interruption. Thus, as a gentle reminder, individuals will be allowed to speak into
the record only if recognized by the Chairperson. We look forward to a very productive
meeting.
Members of the audience, if you have not already done so, please sign the
attendance sheets that are located on the registration table directly outside of this meeting
room.
Ms. Aden Asefa, the Designated Federal Officer for the Immunology Devices Panel,
will now make some introductory remarks.
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MS. ASEFA: Thank you, Dr. Rao. I will now read the Conflict of Interest Disclosure
Statement.
The Food and Drug Administration is convening today's meeting of the Immunology
Devices Panel of the Medical Devices Advisory Committee under the authority of the
Federal Advisory Committee Act (FACA) of 1972. With the exception of the Industry
Representative, all members and consultants of the Panel are special Government
employees or regular Federal employees from other agencies and are subject to Federal
conflict of interest laws and regulations.
The following information on the status of this Panel's compliance with Federal
ethics and conflict of interest laws covered by, but not limited to, those found at 18 U.S.C.
Section 208 are being provided to participants in today's meeting and to the public.
FDA has determined that the members and the consultants of this Panel are in
compliance with Federal ethics and conflict of interest laws. Under 18 U.S.C. Section 208,
Congress has authorized FDA to grant waivers to special Government employees and
regular Federal employees who have financial conflicts when it is determined that the
Agency's need for a particular individual's service outweighs his or her potential financial
conflict of interest.
Related to discussions of today's meeting, members and consultants of this Panel
who are special Government employees or regular employees have been screened for
potential financial conflicts of interest of their own as well as those imputed to them,
including those of their spouses or minor children and, for purposes of 18 U.S.C. Section
208, their employers. These interests may include investments; consulting; expert witness
testimony; contracts/grants/CRADAs; teaching/speaking/writing; patents and royalties; and
primary employment.
For today's agenda, the Panel will discuss the topic of immunological responses to
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metal-containing products regulated as medical devices. The discussion will focus on metalcontaining implants as well as dental amalgam. Implants are medical devices that are
placed in surgically or naturally formed openings of the human body and are intended to
remain there after the procedure for an extended period of time, typically greater than 30
days. While not considered an implant, dental amalgam is included in this discussion
because of its potential for patient and user exposure to mercury compounds and some
purported similarities in the adverse biological responses and clinical manifestations elicited
by some dental amalgams to that of traditional metal implants.
Based on the agenda for today's meeting and all financial interests reported by the
Committee members and consultants, conflict of interest waivers have been issued in
accordance with 18 U.S.C. Section 208 (b)(3) to Dr. Stephen Badylak and Dr. Joshua Jacobs.
Dr. Badylak's waiver addresses his imputed employer's research contract from a firm
that manufactures an implantable medical device. Dr. Badylak's employer is awarded
between $50,000 and $100,000 total under the agreement. As a principal investigator for
the study,
Dr. Badylak receives between $1,000 and $5,000 in salary support.
Dr. Jacobs's waiver addresses his employer's research grant from a firm that
manufactures an implantable metal device. Dr. Jacobs's employer is being awarded
between $100,000 and $300,000 total under the agreement. Dr. Jacobs's employer has
been awarded two research grants from the National Institutes of Health, which are related
to the meeting topic but not to manufacturers of the implant devices. Dr. Jacobs's
employer is awarded between $1 million and $2 million total under the grants.
Dr. Jacobs serves as an expert witness in two lawsuits which address a matter that is
relevant to the general issues coming before the Panel. His current compensation for
service in this case is zero dollars, but compensation is expected to be between $20,000 and
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$50,000 in the next 12 months. Dr. Jacobs is identified as a co-inventor of three products
that are related to the general issues coming before the Panel. Dr. Jacobs and his employer
are entitled to revenue if the patents are approved and licensed, but they do not currently
generate any revenue.
The waivers allow these individuals to participate fully in the committee
deliberations. FDA's reasons for issuing these waivers are described in the waiver
documents which are posted at the FDA's website. Copies of these waivers may also be
obtained by submitting a written request to the Agency's Division of Freedom of
Information.
Dr. Whitney Christian is serving as our Industry Representative, acting on behalf of
all industry, and Dr. Christian is employed by Medtronic.
And for the record, Dr. Raj Rao is serving as the temporary Chairperson for the
duration of the meeting. Pursuant to the authority granted under the Medical Devices
Advisory Committee Charter of the Center for Devices and Radiological Health, dated
October 27th, 1990, and as amended August 18th, 2006, I appoint Dr. Raj Rao as the
Chairperson for the Immunology Devices Panel for the duration of the meeting on
November 13th and 14th, 2019. For the record, Dr. Rao is a special government employee
who has undergone the customary conflict of interest review and has reviewed the material
to be considered at the meeting.
This was signed by Dr. Jeff Shuren, Director for the Center for Devices and
Radiological Health, on November 12th, 2019.
For the duration of the Immunology Devices Panel meeting on November 13th, 2019,
Dr. Michael Weisman and Dr. Mark Dykewicz have been appointed as a Temporary NonVoting Members. For the record, Dr. Weisman is a consultant to the Arthritis Advisory
Committee at the Center for Drug Evaluation and Research. Dr. Dykewicz is a consultant to
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

18

the Allergenic Products Advisory Committee at the Center for Biologics Evaluation and
Research. These individuals are special Government employees who have undergone the
customary conflict of interest review and have reviewed the material to be considered at
this meeting.
The appointment was authorized by Russell Fortney, Director of the Advisory
Committee Oversight and Management Staff, on October 16th, 2019.
We would like to remind members and consultants that if the discussions involve any
specific products or firms that are mentioned during the meeting for which an FDA
participant has a personal or imputed financial interest, participants need to exclude
themselves from such involvement and their exclusion will be noted for the record. FDA
encourages all participants to advise the Panel of any financial relationships they may have
with any firms at issue.
A copy of this statement will be available for review at the registration table during
the meeting and will be included as a part of the official transcripts. Thank you.
Before I turn the meeting back over to Dr. Rao, I'd like to make a few general
announcements.
Transcripts of today's meeting will be available from Free State Court Reporting,
Incorporated.
Information on purchasing videos of today's meeting and handouts for today's
presentations are available at the registration table outside of the meeting room.
The FDA press contacts for today's meeting are Michael Felberbaum and Angela
Stark. Could you please raise your hand?
All written comments received by October 29th, 2019, were provided to the Panel
and FDA review team for their review prior to today's meeting. There is an active docket
where members of the public can post written comments, and the link can be found on the
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FDA website at the registration table.
I would like to remind everyone that members of the public and press are not
permitted in the Panel area, which is the area beyond the speaker's podium. I request that
reporters please wait to speak to FDA officials until after the Panel meeting has concluded.
If you are presenting in the Open Public Hearing session and have not previously
provided an electronic copy of your slide presentation to the FDA, please arrange to do so
with Mr. Artair Mallett at the registration desk.
In order to help the transcriptionist identify who is speaking, please be sure to
identify yourself each and every time you speak.
Finally, please silence your cell phones and other electronic devices at this time.
Thank you.
Dr. Rao.
DR. RAO: Thank you, Ms. Asefa.
We will begin today's meeting now with introductory remarks from the Food and
Drug Administration, followed by a brief overview on immunology by Dr. Dori Germolec
from the National Institutes of Health. Dr. Yustein will deliver the FDA's opening remarks.
Dr. Yustein, please begin when you're ready.
DR. YUSTEIN: Thank you. Dr. Rao, distinguished members of today's Advisory
Committee, and members of the public here today, good morning, my name is Ron Yustein,
and I am the Assistant Director in the Office of Product Evaluation and Quality at CDRH, and
I also serve as the Signal Management Program Director for the Center.
Over the next 2 days we will have an open public discussion on the science related to
host biological responses to metal-containing device implants.
On behalf of the FDA, I would like to extend a welcome and gratitude to everyone in
attendance. I would like to thank the Panel members in advance for their participation and
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

20

the insight you will provide as well as FDA's invited speakers who will be presenting
background information alongside FDA today.
Having an open and transparent discussion of the issue among all major stakeholders
is crucial to FDA as we move forward, and as such, I would like to also welcome members of
the public who are in attendance as well as industry, researchers, clinicians, professional
societies and organizations, and patient advocacy groups, many of whom will be speaking
and presenting to the Panel today or tomorrow.
I would like to start by reminding everyone that helping ensure patients have access
to safe medical devices that improve function and quality of life is a crucial part of the
mission of FDA and our Center. Each year FDA approves, grants, or clears thousands of new
or modified medical devices for marketing within the United States, including implants or
inserts intended to remain in the body or come into contact with tissue for extended
periods of time or permanently.
This slide represents a very small sampling of the types of medical device implants
which are largely made of metal. Suffice it to say that a large proportion of the medical
specialties use devices made of metal, including implants. Many of these devices are
lifesaving or sustaining or provide unique therapeutic options.
As part of our review of marketing applications, FDA assesses information about the
implant materials and requires companies to include a biocompatibility evaluation or risk
assessment as well as clinical studies when appropriate. Our current thinking on the issue is
documented in our biocompatibility guidance for industry which we updated and finalized
in 2016. One of our staff will be expanding on this during our morning presentation.
While such testing generally has been a reliable predictor of material safety, we
recognize that material science, as with all medical technology, evolves over time, and as
part of our role in protecting patients, it is important to continually reassess and take those
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changes into account.
We would like to emphasize that the FDA continues to believe that the significant
majority of patients experience no clinically significant local or systemic material related
adverse health effects from these implants and their benefits outweigh the risks. However,
although not widely accepted in clinical practice, based on concerns raised by patients and
others, we believe that a small subset or percentage of patients may develop more severe
and/or more persistent symptomatic inflammatory responses to these materials.
Potential systemic signs or symptoms such as fatigue, joint and muscle pain or
weakness, which may mimic more well-established inflammatory conditions, have been
reported to FDA. However, their potential association may not be readily apparent. A low
rate of event may not be detected in even larger or longer clinical studies.
Furthermore, in clinical practice, it may be difficult to make the possible links to the
device which may have been implanted years before and may be functioning well. For
these subsets of patients, we must determine what additional actions we should take to
make sure they are protected and understand the unique risks they may encounter.
Earlier, in March of this year, FDA announced our efforts to further evaluate the
safety of specific materials used in medical devices and how to better identify patients who
might be at increased risk of experiencing a hypersensitivity response so that they, along
with their healthcare providers, can better ensure that the benefits of the device continue
to outweigh their risks.
FDA has been evaluating the evidence available in published studies, reports in our
public adverse events database, and postmarket studies that we require manufacturers to
conduct. We are committed to engaging the public and all of our stakeholders to determine
the current state of the science, critical gaps in existing science, and what approaches the
FDA and other stakeholders should consider. This week's efforts related to metal implants
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is the first being presented for public discussion.
On September 30th, FDA posted two review papers which will serve as the starting
points for this week's discussions. One paper was entitled "Biological Responses to Metal
Implants" and was an FDA review of scientific information focusing on how metal materials
are impacted by physiological environment, expected and potential toxicological and
immune responses to the metal associated with an implant, as well as potential subsequent
clinical manifestations. It also identifies potential gaps and opportunities for further
research.
The second paper was entitled "Epidemiological Evidence on the Adverse Health
Effects Reported in Relation to Mercury from Dental Amalgam." This paper evaluates
current medical literature related to neurological, cardiovascular, developmental, and other
clinical outcomes in populations exposed to dental amalgam. The paper also includes
summaries of prior government assessments of dental amalgam.
When we posted these papers, a docket was also opened for public comment and
will remain open through December 16th of this year.
I wanted to just quickly summarize the objectives of this meeting and the efforts we
are starting today and also remind people of what is outside the scope of this week.
As noted, this week our goal is to publicly engage our many stakeholders to discuss
scientific information regarding the biological and immunological responses to metal
implants and clinical outcomes following amalgam exposure. For both, we hope to begin to
better define the current state of the science, critical gaps in the existing science that need
to be addressed, and what approaches should be considered by members of the device
medical community to further our understanding.
Longer term, we plan to continue engaging identified stakeholders across the device
ecosystem to gather and analyze the needed additional information, moving towards
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identifying those who may be at increased risk for potential exaggerated responses to
medical implants based on various characteristics. We hope the knowledge gained can be
used to help mitigate potential risks by allowing for more informed patient selection and
follow-up, including new diagnostic tests, device design and use, design and engineering for
safer materials, and adaptation of our own premarket regulatory review practices. We also
plan to actually extend our efforts to other major medical device materials beyond metals.
I wanted to emphasize that this week's meeting is about the science of how patients
respond to implanted metal regardless of the specific device. During the meeting, a
significant amount of data presented or discussed may come from studies related to
orthopedic implants, in particular, metal-on-metal hips. But, again, this meeting is not
specifically about metal-on-metal hips. It is intended to speak about the science of
biological responses to metals from a higher level. It just so happens that a good portion of
the research has been in, and is currently being done, with respect to metallic implants
used in the orthopedic space.
We are not here to single out any specific product, product type, or manufacturer,
and our goal is that if any specific product is mentioned, it is done in the context of relaying
information pertaining to the general topic.
One last crucial point I wanted to make about this week's meeting is that although
we will be speaking at times about items that may eventually inform FDA premarket review
practices, we are not seeking Panel input on specific regulatory actions, including prior
device-specific FDA decisions or actions. Again, this is a meeting about general science.
Moving on, I wanted to just provide a very high-level overview of the agenda for the
next 2 days. Today, FDA and several outside invited speakers will be making presentations
to the Committee during the morning and first part of the afternoon. The remaining
portion of the afternoon will allow some time for Panel deliberation and then our first Open
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Public Hearing session. Tomorrow, we will have our second Open Public Hearing session in
the morning, followed by additional time for the Panel to deliberate, followed by specific
questions FDA is asking the Panel's input on.
FDA's presentations will not be comprehensive summaries of the papers it posted.
Instead, we will summarize or emphasize certain parts. We specifically posted our papers 6
weeks ahead of time to give people the chance to sufficiently review their contents because
of the amount of information included and the time available over the next 2 days.
I did want to specifically mention the Open Public Hearing session and note that due
to the large number of people asking to present their experiences or data, FDA has
dedicated over twice the usual speaking time for Open Public Hearing participants. All
speakers who requested time before our publicly announced cutoff date for request have
been accommodated. We look forward to hearing experiences and information from over
50 registered speakers over the next 2 days, representing numerous different stakeholders.
For those members of the public wanting to provide information to FDA following the
meeting, comments can continue to be submitted to the docket.
I wanted to end by reminding everyone about the discussion items which the FDA
will ask the Panel to deliberate on tomorrow. Specifically, you will be asked to discuss the
local and systemic signs and/or symptoms which might reasonably be expected in a patient
who has heightened response to the metal implant; patient-related factors which may
increase or decrease the risk for such a response; device-related factors which may increase
or decrease the risk; the status and utility of available diagnostic or prognostic tests in
identifying and/or managing patients at risk; and areas of need in nonclinical
biocompatibility testing of metal implants.
In addition, you will be asked several specific questions related to FDA's dental
amalgam review paper related to different adverse health events among various exposed
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populations. For each area, you will also be asked to identify gaps in current knowledge
and how that knowledge may best be pursued. We look forward to hearing your thoughts
on these topics.
And, finally, before I hand the podium back over to Dr. Rao, I wanted to recognize
FDA staff who have been dedicating large portions of time to this effort in the papers and
this Panel meeting from across multiple offices in our Center as well as other offices
throughout the Agency. Many of these people are here in attendance today and will be
available to clarify or answer questions which you may have for FDA throughout the 2-day
meeting. Several will be making short presentations later today.
Once again, I would like to thank the Panel in advance for their time, and we look
forward to your deliberations and advice.
Dr. Rao.
DR. RAO: Thank you, Dr. Yustein.
At this time we will hear from Dr. Dori Germolec.
Dr. Germolec, please approach the podium and begin when you're ready.
DR. GERMOLEC: Good morning, and thank you. So the purpose of my very brief talk
this morning is to introduce you to the very basics of immunology. This is something that is
taught over full semesters in school and is a very complex topic, so in 10 minutes all I can
really do is familiarize those who are not familiar with the participants, so that you'll
recognize sort of the names and processes as they're mentioned in the later talks this
morning.
So the immune system has been likened to the body's defense army, and I very much
like the concept, and you'll hear me referring to some of the cells and the processes in
terms of their role in your body's defense.
So, in general, the immune system is a system that's in balance. Its responsibility is
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to defend you against pathogens and things like that, and in a normal status, there's quite a
bit of variability in the general population; it's kind of a bell-shaped curve. If you tip it one
way and you suppress the immune system, you can get a differential resistance to disease
or neoplasia. And, again, I'm coming from the National Institute of Environmental Health
Sciences, and so my work is really focused on the effects of chemicals and how they
modulate the immune system and primarily on immunosuppression. We also look at
immunostimulation, and when the immune system is stimulated inadvertently, you can
have hypersensitivity or autoimmunity.
So the role of the immune system in the general body function is to recognize and
eliminate pathogens, things like bacteria, viruses, parasites. It's also constantly surveilling
your own selves, obviously, and trying to recognize and eliminate aberrant cells like
neoplastic cells. It's responsible for responding to foreign proteins, so hypersensitivity
responses such as pollen and things like that in the environment. And it's also critical in
distinguishing self from non-self, and when this fails, you can have a breakage of tolerance
which leads to autoimmunity. It's also responsible for regulating the immune response
once it's been initiated so that you don't have a perpetual response going on that can lead
to damage.
There are many factors that affect immunocompetence. Age. So we're not born
with a fully competent immune system, and as we age, the immune system tends to
senesce and we are not as responsive as we are in our younger years. Gender definitely has
effects; there are differential effects on disease processes, things like autoimmunity where
there's a female predominance. Underlying genetics play a significant role in the immune
response. Nutritional status as well as lifestyle choices.
And this is the immune system in a capsule, and really, it's divided into the innate
versus the adaptive immune system. I really feel like the lines are blurring now as we
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identify cells like innate lymphoid cells which are closer to -- they're innate cells but
resemble adaptive immune cells. Really, this is a consequence of time. So innate immune
cells are very important in the initial response to things. They recognize things like
macrophages and neutrophils, recognize pathogens, they recognize danger signals on things
like bacteria and initiate a cascade of an immune response that follows.
So the dendritic cells, to bring out the analogy of the immune system army, the
dendritic cells are sort of the scouts; they go out and sense things in the body's
environment, and they'll take foreign things and present them to other immune cells to
initiate this cascade response.
Once the innate immune system is initiated, then it signals the adaptive response.
The adaptive response is later. It's much more specific. It responds to specific antigens and
is responsible for memory. And so the major players in the adaptive response are the B
lymphocytes, which are responsible for perpetuating and generating the antibody response
and different antibody isotypes, as well as the T lymphocytes, and there are basically two
flavors of T lymphocytes: T helper cells and then T suppressor cytotoxic cells. Again, I'm
being very, very basic here. It's much more complex. And the adaptive immune system
takes time to generate the very antigen-specific response, and it's also responsible for
immunologic memory.
I really want to note that this is very much a two-way street, so the innate immune
response initiates what happens, the adaptive immune response -- but they bidirectionally
communicate with each other. So it's a critical network and very much a two-way street,
and the ways that they communicate with each other is through inflammatory mediators.
There are a number of different classes of inflammatory mediators, the eicosanoids,
which are primarily responsible for inflammation and allergy, macrophages, and neutrophils
secrete hydrolytic enzymes. There are lytic granules that are released from things like
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natural killer cells or cytotoxic T cells. Macrophages. And, again, neutrophils release
reactive oxygen and nitrogen species. Complement, which could be a whole 3-hour lecture
in and of itself, which is a series of proenzymes, very important in inflammatory responses.
They initiate phagocytosis of bacteria and facilitate antibody binding. They are adhesion
molecules that are important in leukocyte trafficking and attracting immune cells to specific
sites of injury.
And then cytokines and chemokines. Cytokines that you may have heard of are
interleukins, interferons; they're growth-promoting cytokines that promote the
differentiation and function of specific immune cells. And then chemokines, which are very
important in migration of cells to a site of injury and for normal immune function and
inflammatory responses.
I just want to talk a little bit more about cytokines. They affect the growth, the
identity, and the function of specific cells. They are primarily secreted by immune cells but
can be secreted by other cell types. They are, again, sort of the army's communication
network. They're responsible for cell-cell interactions and the differentiation of a number
of different cells.
They're synthesized in very high concentrations in response to some stimuli, so you
generally do not find -- unless there's some sort of disease or pathogenesis going on, you
generally don't find high levels of circulating cytokines. And they usually act locally by
binding to specific cell surface receptors and initiating signaling cascades, which trigger
later responses.
I just show this slide to stress the importance of this sort of bidirectional
communication, the autocrine and paracrine loops, and how very complicated this is. The
number of interleukins, it grows, I think, exponentially yearly, and it's very difficult to keep
track of all of them at this point.
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So what happens when something goes wrong with the immune response? You can
have immunomodulation, which can be suppression or stimulation; hypersensitivity or
autoimmunity responses. And, again, the challenge is in terms of assessing the effects of
external factors on the immune system, is that exposure to single things -- again, I live in
the chemical world, so exposure to single agents or classes of chemicals are very unlikely.
There tends to be a long latency period between exposure and the onset of disease, so it
can be difficult to elucidate the pathogenesis. And then no effects are difficult to prove.
It's difficult to distinguish no response in an individual versus no effects in a population, and
I think we'll be discussing that further today.
We tend to see small numbers of subjects, and determining the true dose that a
tissue sees is often very difficult, and I think we'll come back to that later in the day today
as well.
So unintended immune stimulation can be a consequence of exposure to a variety of
factors, chemicals, infectious diseases, or treatment with current antibody based
therapeutics. There's been a lot of discussion lately about cytokine release syndrome,
which is a cascade of proinflammatory cytokines that can follow treatment with antibody
therapies. Autoimmune disease. And when we see an increase in immune function in the
tests that we generally measure, we don't necessarily know how to interpret that data,
although we consider it an adverse effect.
So I've already talked about immunomodulation. Hypersensitivity is an
inappropriate response to a foreign antigen. And then, finally, autoimmunity -- excuse the
animation here -- which is an inappropriate immune response against your own tissues and
self-antigens.
There are a number of host factors associated with autoimmunity as well as
hypersensitivity. The underlying genetics of an individual is very important in certain
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diseases. There can be differences in metabolism or elimination. Again, I've already
mentioned gender and that the incidence of autoimmune disease is generally greater in
females. There are constitutive differences between genders and immunoreactivity. We
tend to use, you know, females for looking at immune reactivity because they're better
responders. Physiologic changes and estrogen levels, we know, modulate disease severity.
So we know that hormones are an important factor as well as lifestyle issues such as stress,
the use of recreational drugs. Again, nutritional status. We talked on the way in here
yesterday about sleep and getting enough sleep.
So I want to use the last few minutes of my time just to introduce the concept of
immunologic response to metals and then foreign bodies and introduce the primary players
so that when we hear a little bit more about them later, they'll be familiar to you.
So, again, I've already mentioned the macrophages. These are the main mediators
of the foreign body response, which is encapsulation, wound healing, and scarring. And
they are common features when you look at histopathology and tissues that have been
associated with the biologic response to metals. They are responsible for uptake of metal
ions, and when there is an excessive amount of metal ions, there can be frustrated
phagocytosis and formation of things like giant cells. The inflammasome, which is a
complex of proteins that's important in the inflammatory response. And then toll-like
receptors which sense danger signals on pathogens. They look for specific proteins like
damage-associated molecular patterns, and they recognize these things and again initiate a
cascade of responses.
And then there are adaptive immune responses as well, which are dominated by
helper T cells, but the response is very heterogeneous, there are many flavors of helper T
cells, and there are many flavors of helper T cells as part of the response to metals.
This cartoon is just a summary of the foreign body response that I've already
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discussed. So you get formation of thrombus or a clot and then you get recruitment of
macrophages and neutrophils to the site. As the innate immune response progresses, you
get recruitment of T cells, mast cells, which are another type of innate immune cell as well
as fibroblast. You get collagen deposition, which begins the process of the wound healing,
and then you could get encapsulation of the foreign body.
And this is just a similar cartoon, but a little bit more complex, that talks about the
role of the different players in the immune response to implants. So, again, you have
neutrophils as part of the innate immune response, you have a couple of different types of
macrophages. I didn't mention the different flavors earlier. And (1) macrophages are more
responsible for the classic phagocytic response that we think of, and (2) macrophages are
more important in tissue repair and wound healing.
Again, you have several different types of T cells that are responsible for secreting
cytokines that perpetuate the response. And then you have regulatory T cells which
theoretically are there to stop the response and proceed the -- progress the wound healing
and decrease inflammation.
So, with that, I hope I've introduced those of you that weren't familiar with them to
the major players in the response to metals, and I believe I have a few minutes for any
clarifying questions. Thank you.
DR. RAO: Dr. Germolec, you mentioned that age was one of the factors that
modified the immune response. What is the science on the impact of age on the immune
response?
DR. GERMOLEC: So I think it varies. I think it's generally well accepted that immune
senescence occurs. As we age, there are certain cell types that are definitely less
functional, for lack of a better word. As we age, natural killer cells are one. I think that, in
general, immunologic memory is not as good as we senesce. That's one reason, for
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example, why there's a different flu vaccine for individuals that are elderly, because it
covers a wider spectrum and so it provides a better response. So the science behind it is
generally that the immune system is not as effective in protection and surveillance as an
individual ages, but it varies with different cell populations and different function.
DR. RAO: Thank you. Well, thank you, Dr. Germolec.
DR. GERMOLEC: Thank you.
DR. RAO: We can come back to more questions during the discussion time. Thank
you very much.
At this time we will hear presentations from the FDA. Jennifer Goode will begin with
a discussion of the FDA's premarket biocompatibility review and assessment for metal
implants.
Ms. Goode, please begin whenever you're ready.
MS. GOODE: Thank you very much. So I'm currently the Biocompatibility Program
Advisor in the Office of Product Evaluation and Quality at the Center for Devices and
Radiological Health, and my role this morning is to outline, very briefly, the types of
evaluations that we currently conduct to assess the biological response to metal implants.
So in Section 4 of our review paper that we recently published, we noted that we use
multiple types of assessments to understand whether materials used to manufacture
medical devices can cause an adverse biological response. Corrosion and other physical or
chemical processes can lead to the release of metal ions and small particles, and adverse
tissue responses can occur locally at the site of the implant or systemically in other places in
the body.
The assessments used to evaluate metal-related biological responses vary depending
on the type of device and where it is used in the body. For some devices, guidance
documents describe the evaluations that are commonly used to screen for potential
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adverse tissue responses.
This is a screenshot of surgical publicly available information on the FDA website
regarding recently released medical device guidance documents. One example of a
guidance for a metal-containing device is the guidance highlighted in red, which is for
metal-containing coronary, peripheral, and neurovascular guide wires and was published on
October 10th of this year.
To evaluate the biological response to metal devices, assessments can include
biocompatibility, corrosion and ion release, device-specific fatigue testing, animal studies
and/or clinical studies. And I'll provide you with a brief overview of the information
contained in the review paper on biocompatibility in animal studies, and other speakers
today will discuss corrosion and clinical study issues.
In 2016 we published a guidance on our biocompatibility policy where
biocompatibility is defined as the ability of a device material to perform within an
appropriate host response in a specific situation.
The guidance also describes biocompatibility endpoints to consider for devices with
various types of duration of tissue contact and length of contact. Because manufacturing
and sterilization can impact both chemistry and surface characteristics of a device which
can, in turn, impact the biological response, we request that the biocompatibility
assessment be conducted on the device in its final finished form.
In the review paper, we discuss several types of biocompatibility endpoints relevant
to metals. Of the biocompatibility endpoints discussed in our 2016 biocompatibility
guidance, the most relevant to the discussion today are sensitization, implantation, and
systemic toxicity.
Sensitization is typically evaluated for all metal devices. The ISO Standard 10993-10
provides guidance on skin sensitization testing but does not include any methods specific to
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systemic sensitization. The three animal assays listed on this slide are commonly used as
screening studies to assess sensitization potential for delayed Type IV hypersensitivity.
These methods are designed to specifically assess skin sensitization potential, but the
guinea pig maximization test and the LLNA test have been used as a general sensitization
screen for all types of devices, and the review paper describes these methods in more
detail.
For assessment of implantation, the ISO Standard 10993-6 includes methods that
focus on local responses to an implanted device. Macroscopic and microscopic methods
evaluate the local tissue response, for example, fibrosis, necrosis, and inflammation. These
studies are not typically designed to assess device failures resulting from mechanical
loading, such as coating delamination or particulate generation. Animal studies are also
often used to assess local and systemic organ-specific toxicity such as neurotoxicity.
Common ISO 10993-11 biological test methods focus on systemic responses to
chemicals released from the device in extracts. Other approaches can include identification
of the compounds extracted from the device using analytical chemistry methods and
evaluation of the potential for systemic effects to occur using toxicological risk assessment
principles or leveraging of data from large animal studies or implantation studies where
systemic assessments are included. The review paper also describes these alternatives in
more detail.
Animal testing uses clinical chemistry, hematology, and histopathology to assess
systemic adverse tissue effects. However, these studies, like the local implantation studies,
are not typically designed to assess device failures resulting from mechanical loading, such
as coating delamination or particular generation.
In 1999 CDRH published the immunotoxicity testing guidance which provides
information on how to evaluate potential adverse immunological effects of devices. It
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describes a systematic approach for assessing the immunotoxicological risks from devices.
The first step of the assessment strategy is to determine if immunotoxicity testing is needed
for the safety assessment of the device being evaluated or if scientific data exists to support
the safety of the device in humans for its intended clinical use. If immunotoxicity testing is
recommended, the guidance helps the user to identify what specific immunotoxicity tests
could be performed. The guidance describes the five major immunological effects
(hypersensitivity Type I and Type IV, chronic inflammation, immunosuppression,
immunostimulation, and autoimmunity) that might be associated with devices.
The guidance provides examples of the specific types of tests that might be used for
the evaluation of different types of immune responses. For example, humoral and T cell
responses are commonly associated with immunotoxic effects such as immunostimulation
and autoimmunity and are evaluated primarily using functional assays that determine the
activities of cells and/or organs.
Routine testing for induction of autoimmune disease in animal models is not
generally recommended. As noted in the guidance, testing for autoimmunity in animals
may be warranted if long-term use of a biomaterial is suspected of causing autoimmune
disease in humans; however, historically, this has rarely been requested.
I'd like to invite my colleague, Dave, to come up.
DR. SAYLOR: Good morning. My name is Dave Saylor. I'm a research materials
engineer in CDRH, and today I'm going to be giving just a brief overview of the corrosion
and metal ion release section of the white paper.
In that section, we provided an overview of potential corrosion mechanisms as well
as the factors that influence the corrosion susceptibility of metallic implants. We also
describe the in vitro test methods that are typically used to evaluate the corrosion
resistance of a device and limited reports of clinical observations of corrosion that are
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available. So in the following slides I'm going to provide an overview of these topics as well
as a summary of, sort of, what is known about corrosion of devices and then highlight the
main knowledge gaps and challenges associated with evaluating the corrosion susceptibility
of a device during clinical use.
So in device applications there are really -- sorry, corrosion and metal ion release are
dictated by four primary release mechanisms, which I'm showing on the right-hand side of
this slide.
You could have uniform corrosion where the entire surface of a metallic device is
susceptible to corrosion. Examples of this might include nickel leaching from poorly
manufactured Nitinol devices as well as degradation of absorbable metal implants.
Local corrosion can occur due to material defects or crevices in the device design
that increase the potential for corrosion in very specific regions.
Galvanic corrosion is the acceleration of corrosion when two or more chemically
dissimilar metals are in contact. An example here would be overlapped stents.
And, finally, in fretting corrosion or wear, a material is not only removed due to
mechanical interactions, but in doing so damaging the protective oxide layer on device
alloys can result in additional degradation due to corrosion.
So the susceptibility of a metallic device to any of these four mechanisms depends
on a wide range of factors. This can include device characteristics like the chemistry of the
metal alloy, how it's manufactured, and how it's incorporated with other components in the
design of the device.
There are also environmental factors like biochemistry at the local -- at the implant
site, stresses and strains that might be applied to the device, and then for stimulation
devices there's an additional consideration of applied electrical current, which can also
enhance corrosion.
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Because of these concerns for corrosion, in vitro test methods are used to evaluate
the susceptibility to each of these four mechanisms. Most metals used in device
applications are considered to be corrosion resistance, therefore -- resistant, sorry.
Therefore, the primary concern is usually for local corrosion, and often, acceptable
performance on the local corrosion testing is sufficient to demonstrate adequate corrosion
resistance overall.
For metals that are expected to degrade in vivo or if other testing suggests corrosion
may be enhanced, we would recommend uniform corrosion testing, and there is an ASTM
standard for this, which is recognized by the FDA, which was published earlier this year.
There is also a recognized standard guide specific to testing metals that are designed to
degrade in vivo. Neither of these, however, cover stimulation devices.
In situations where different metals are in direct contact, it's sometimes necessary
to characterize the extent of galvanic corrosion, but this testing isn't always required
because of the electrochemical similarity between typical device alloys or the relative
surface areas make these interactions negligible.
And, finally, the potential for fretting and/or wear is a very device-specific
consideration, so there's no general test method, but we do have advice-specific recognized
standards and guidances for this testing.
So there's a lot of information available on the impact of metal chemistry and
processing and how they will perform on these in vitro tests. However, far less is known
about corrosion and metal ion release in vivo because the relevant studies are relatively
limited. For example, there are a handful of studies that measured metal ion levels in
serum or urine of patients following implantation of a metallic device.
An example, I'm showing on the left here of this slide, Burian et al. showed a spike in
nickel serum levels in patients 2 to 4 weeks after implantation of Nitinol septal occluders,
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and then after about 6 months or a year, those levels returned to baseline. And studies of
orthopedic implants have shown more extensive exposure with elevated serum levels 15
years after implantation.
In addition to systemic exposure, there have been a few retrieval studies in which
metal ion levels in peri-implant tissue were measured. On the right is an example of such a
study by Halwani et al., where they demonstrated elevated ion levels in the vasculature
surrounding stents that exhibited signs of corrosion.
So while these studies are limited, there is evidence of enhanced metal ion exposure
both locally and systemically due to the presence of medical devices. And while insufficient
data exists for a rigorous quantitative comparison, the in vivo data that are available are
qualitatively consistent with what we understand about these materials based upon the in
vitro testing.
So this next slide provides some highlights of what we currently know about
corrosion in typical device alloys, and by that, I mean titanium-based alloys, cobalt-chrome
alloys, stainless steel, and Nitinol.
First, titanium and cobalt-chrome alloys will always perform well on the local or
uniform in vitro corrosion tests. However, fretting and wear can accelerate corrosion even
in these normally corrosion resistant materials. The corrosion susceptibility of stainless
steel and Nitinol are sensitive to manufacturing. For example, relatively thick surface
oxides that can develop during heat treatments can reduce corrosion resistance, and in
part, optimal corrosion resistance of these thick thermal oxides are removed by subsequent
mechanical and/or chemical treatments.
There's not a lot of data available on the impact of biochemical environments, but
there have been a few studies that show pH over a fairly wide range does not have a large
impact on corrosion and metal ion release.
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Galvanic interactions between these devices device alloys tend to be small, but these
interactions can be concerning when these alloys are coupled to a large component of a
more noble metal such as platinum or gold. And while clinical data are limited, they roughly
correspond to what is observed in the in vitro testing. And I've just included the table at
the bottom of this to provide a sense of the extent of patient exposure to metal ions that
have been reported in the literature for cardiovascular and orthopedic devices.
On this final slide I just wanted to summarize the current gaps in our understanding
and challenges associated with corrosion assessment of medical devices. First, while there
is apparent qualitative consistency between the in vitro testing and in vivo behavior,
quantitative relationships are extremely limited. So while the implications of in vitro results
for patient exposure and ultimately risk are sometimes unclear, it can be difficult to
interpret the results of these in vitro tests. And part of this uncertainty is it's not clear if the
relatively idealized conditions under which the in vitro testing is conducted is appropriate to
represent different implant environments.
Some alloys such as titanium and cobalt-chrome will always perform well during the
in vitro testing. But factors like mechanical interactions and inflammatory conditions have
shown to increase metal release in vivo. So there are open questions about how to capture
the potential for this in the in vitro tests.
And for stimulation devices, there's recent clinical evidence that platinum electrodes
can corrode. These electrodes have been historically thought to be immune to corrosion
under conditions encountered by these devices, so there hasn't been a lot of effort in this
area to develop test methods or establish the implication for electrode corrosion for patient
risk.
And, finally, because of the lack of clinical corrosion data establishing in vitro to in
vivo correlations more generally, to be able to assess the predictive capability of the in vitro
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test is challenging, and it's likely going to require not only more clinical data but also
potentially leveraging animal and computer models to help bridge that gap.
So thank you.
DR. RAO: Thank you, Dr. Saylor.
Now I am pleased to introduce Dr. Nadim Hallab from Rush University. Dr. Hallab is
an FDA-invited speaker and will provide this Panel an overview of innate and adaptive
immune responses to implant debris.
Dr. Hallab, please begin when you're ready.
DR. HALLAB: Good morning. I would like to thank the FDA for inviting me, and it's
an honor to be here in front of such a scarily distinguished panel.
These are my disclosures. While I worked for many companies over the past 20
years, as a professor at Rush, our mission is patient advocacy. So this talk will be in four
general sections: a little intro and then going into innate immunity, adaptive immune
responses to implant debris, and then little factors about implant debris and humans that
contribute to that reactivity.
So reasons for long-term failure are several-fold. However, the most prominent is
aseptic osteolysis or loosening that takes place over the 10- to 20-year period of an
implant's lifetime, and this is primarily due to reactivity to implant debris, and there is only
two types of implant debris, particles and soluble implant debris such as metal ions.
Reactivity is a consequence of where the particulate and where implant debris goes,
and while it's been shown to disseminate to spleen, lymph, liver, most of it stays local, and
that's the only place that has been well established to cause pathologies.
So what do long-term failures due to aseptic osteolysis look like? They're
predominantly driven by a slow compromising of the implant-bone interface by
predominantly granulomas over this long period of time. And while there's a number of cell
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types that participate in this response, it is generally the macrophage that eats these
particles, phagocytoses the particles and induces this granuloma response over time.
So these macrophages are the central player in innate immunity, as you heard
earlier, and without particles on the left, they look nice ruffled borders, but they can really
stuff themselves full of particles. And this macrophage phagocytosis is central to innate
immune reactions and has been the focus of orthopedic studies trying to mitigate this and
study it over time.
Innate immune responses to implant debris is a nonspecific defense mechanism that
everybody has to some extent, although there's some variability in this response from one
individual to another. They're nonspecific, they occur over the long term, they're mediated
by a certain pathway, which I'll get into in a minute, and they cause cytokine release.
Now, we've been lucky enough to research this and identify a central pathway
involved in this, starting with the question of how do cells recognize and react to things that
are not biological, i.e., not bacteria or viruses? And it turns out that this inflammasome
pathway that mediates macrophage reactivity to general danger signaling is also applicable
to implant debris as well and is among the more promising checkpoint targets for mitigating
implant debris reactivity and for diagnosing individuals or at least an area for future
development for diagnosing individuals that have an excessive reactivity due to this type of
immune response.
However, there are other immune responses that we've seen over time such as
metals increasing other kinds of molecules; they can increase co-stimulatory molecule
expression, which is important to the immune system synapse between innate and adaptive
immunity as well. However, there's many other contributing pathways, such as toll-like
receptors and cytokine signaling that are also involved in this process, which makes things
more difficult.
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Now, a small subset of failures due to aseptic osteolysis can occur earlier than 10
years and involve more than just an innate immune response, and this is an adaptive
immune response that generally occurs less than 5 years. I'll show a little bit more about
that.
And so while the innate immune response is restricted to just this type of
phagocytosis of implant debris, adaptive immune responses, as we've heard earlier, brings
in a whole second section of the immune system with lymphocytes, particularly T cells.
So this adaptive immune response characterized as a Type IV hypersensitivity,
delayed-type hypersensitivity response to implant debris, is not something that everybody
has. It's T cell mediated, it's generally not subtle, there's a delayed onset between exposure
and reactivity. It is importantly mediated by antigen-presenting cells such as macrophages
and causes cytokine and chemokines release. This is manifest in people that know they
have it by a reactivity to metals on their skin. But in orthopedic implant patients, it's
generally a non-infectious aseptic inflammation and pain with only, sometimes, eczema
expressed over that implant area.
In tissues, this looks like lymphocyte accumulations that have been shown to be
activated, and this is really a textbook histopathological response shown for DTH reactions
to other things as well.
So it's a well-established science. There's over a hundred case studies; there would
be more if it wasn't so mundane and hard to publish them. There's over 50 group studies
looking at different cohorts and different types of implants and how they react over time,
and there's been over a hundred animal model studies as well, where animals have been
made sensitive and looked at the consequent effects of that.
So this is a little short animation that I've put together to look at hypersensitivity
response to implant debris. Hopefully, it clarifies things a bit from a general perspective.
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So implant debris is produced by wear and corrosion. Those are the only two
mechanisms. Millions of particles can be produced by each step. Particles and metal ions
are released into the local area and can disseminate systemically but generally stay local.
They are phagocytosed or eaten by macrophages, and the macrophages try to process this,
digest them, and also express them on their surface for other cells such as lymphocytes.
Macrophages then present this processed implanted debris to lymphocytes, and if they are
specific for this antigen complex, then they react to it and become activated.
Once activated, these T cells start to proliferate like crazy. They also become
migration inhibited and generally stay in that region. Once activated, they also release very
powerful proinflammatory cytokines such as IFN gamma and IL-17. This proinflammatory
adaptive immune response results in pain and/or swelling and sometimes, only sometimes,
get eczema, and there are ways of testing for this response.
Now, this larger macrophage docked to a smaller lymphocyte here and that immune
synapse, as some refer to as the divine presentation of the antigen, and here on the ceiling
of the cysteine chapel. Now, cysteine and histamine are amino acids in proteins that
preferentially bind metal ions. So knowing that, this is far more amusing.
(Laughter.)
DR. HALLAB: No, all right. So this is this process by which metal is released,
combines with serum proteins, is processed in antigen-presenting cells, presented to
lymphocytes, and then when they're specific, they react. It's termed Type IV
hypersensitivity, but that's a mechanism and not an intensity of response despite the word
hypersensitivity on that. There's two common ways of testing for this, general patch testing
and lymphocyte transformation testing. Historically, testing for metal hypersensitivity has
been conducted using patch testing, which was -- been developed in 1895, I believe. For
orthopedic patch testing, it's relatively unstandardized and unquantified in terms of the
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appropriateness of the challenge agents when mixed in this petroleum and applied to the
skin.
There's a number of pros and cons. The biggest pro is its availability; it's easily
ordered by a physician concerned about this. And the biggest con is its potential to act as a
sensitizing agent and inducing metal sensitivity and its clinical applicability to peri-implant
regions, which is vastly different than the skin.
So, alternatively, there's metal transformation testing which involves drawing blood,
isolating lymphocyte populations that react, exposing them to metal for 6 days, and then
measuring that proliferation response at the end of those 6 days and getting a nice relative
amount of proliferation.
To metal challenge versus that alone, you get nice results as a consequence of this
that are highly quantitative and can be used to assess say, in this person, a high reactivity to
nickel. So, again, there's pros and cons associated with this as well. The biggest pro is its
quantitative, not user dependent, and the results are fairly clear. Its biggest con is the
availability. Currently, it's not available overseas, and there is only a few centers that do
this in the U.S., so it involves shipping blood overnight.
These results do cause consternation in some physicians as to what to do with them
once they get them. However, we've used them in a number of published studies over the
years to look into the mechanisms associated with this in different cohorts and patient
studies, and many other folks have as well, because of its highly quantitative nature.
Comparing some older patch test results with LTT for a population that is essentially
predisposed to metal sensitivity, we see that the patch test has a lower incidence of
detecting metal sensitivity than the LTT does. Now, sensitivity and specificity of metal LTT
testing to detect a condition of metal sensitivity is high, but that is maybe misleading
because that refers to a condition of metal sensitivity and imminent failure of the implant.
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That's a once-removed phenomenon, as other phenomena and factors are, as I'll go over.
Now, we've looked into this a little more in a small cohort of metal-on-metal
patients and found that almost immediately after surgery, metal ion levels go up. However,
it really takes 1 to 3 years before that translates into enough of sensitization to measure an
increase in lymphocyte responses to those metals. So metal exposure over time at
relatively high levels initiates metal pathogenesis of sensitivity reactivity prior to symptoms.
We've seen the same thing occur in battlefield injury where soldiers have indwelling
metal fragments where, to no surprise, battlefield injury and metal exposure, after about 10
years does initiate metal sensitivity reactivity as measured by an increase in lymphocyte
reactivity with routine metal fragments, again showing that metal implants can act as
sensitizers.
Last year we presented how a condition of metal sensitivity in an animal model can
result in increased inflammatory bone loss when challenged with cobalt alloy debris. And
when we blocked this response in sensitized mice by inhibiting their inflammasome or
innate immune pathway, we found that that inflammatory bone loss was mitigated.
So innate responses are also integral to the hypersensitivity increased inflammatory
bone loss when the inflammasome pathway is blocked, so it delayed hypersensitivity
inflammatory bone loss.
Now, looking into what types of cells are involved in this divine synapse and
reactivity, we found that, to make a long story short, Th17 cell lymphocytes have been
implicated in mediating metal hypersensitivity and are also dependent on innate immune
activation, and this was human cell studies.
So, again, we are way past "does this exist" and into the picayune science of what
kind of T cell responses to mitigate, and it looks like right now Th17 is the main target, and
using drugs like IL-17 or inflammasome inhibitors is potentially beneficial.
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So looking at factors that matter, both implant and human, we know that more
debris is worse. However, a number of well-performing hip and knee implants over the
years have shown very variable amounts of implant debris, so that's not always the case.
It's generally the paradigm that smaller debris is worse than larger debris, but that's just by
virtue of the smaller debris being more numerous and creating a bigger dose. For implants
that have been well performing over the years, the general particle size associated with
dose are about 1 µ, although you do see it here in the 50 nm size associated with metal-onmetal implants.
A leading group in England that's been looking at the effects of size and implant
debris has found that nanometer-sized implant debris compared to micron-sized implant
debris for metals, for equal volumes of debris, there is more reactivity that have a higher
dose than those of larger-sized particles in the micron range.
However, that same group is also studying ultra-high molecular weight polyethylene
debris from metal-on-poly implants or plastic debris found not the opposite, but that that
was not true and that the nanometer-sized plastic particles were not able to produce this
inflammatory response while the larger ones were. For equal volumes, the smaller the
ultra-high molecular weight polyethylene particles, the less the biological response. So,
thus, the smaller implant debris is not always worse, and size effects are specific to the type
of implant debris, including shape.
So it's generally been established over the past 30 years that the more elongated the
particles, the more proinflammatory they are. This generally comes from asbestos research
that was done, and here you see asbestos particles that are submicron and very sharp, and
the cells on the right phagocytosing this are easily punctured, creating an immune
response, and whereas the plastic particles, bottom left, and the cell eating it on the
bottom right, it can really stuff itself full before that membrane causes any damage and it
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

47

goes into damage.
More chemically reactive particles are generally more proinflammatory. That means
metals are more proinflammatory than polymers. We've seen this from an innate immune
response where we've shown that cobalt alloy particles induce inflammatory bone loss to a
much greater extent than plastic particles in an animal model and that these differences are
also observed in adaptive immune responses as well.
Now, this is a busy slide, and each one of these bars is a separate study or cohort for
the same studies, where for the general population there's a metal sensitivity incidence of
about 10%. This goes up in well-performing metal-poly total hips to about 20% and goes up
even further in metal-on-metal well-performing hips, where the implant debris is metal, to
about 40%. And in failing metal-on-poly hips where the debris is plastic, it goes up to 50%,
and then even higher in metal-on-metal hips where they're failing, a level or incidence of
metal sensitivity is between 70 and 100% in those individuals. So we see a big difference in
adaptive immune responses when it comes to the composition of the immune debris as
well.
Now, there's human factors as well. We have found sex differences associated with
sensitivity responses where females with similarly painful implants had a higher incidence
of metal sensitivity than males. This agrees with past studies that show females exhibit
higher rates of rheumatoid arthritis and osteoarthritis as well as higher rates of adverse
local tissue reactions than men for metal-on-metal hips.
These sex differences were apparent in innate immune responses as well, in animal
models where the amount of calvarial osteolysis in a murine model was quite significant for
males and much less so for females but was not true for plastic particles.
Metal history also matters -- medical history, and such things as smoking and obesity
are associated with two times higher implant revision rates; those are fairly obvious. Less
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obvious are other types of histories such as metal sensitivity where males were found to be
metal sensitive -- did not know this -- at a higher rate than females; there was a bigger
discrepancy between their history and what they turned out to be.
Duration of implant is another factor for innate immune responses. Eventually,
implants fail at a greater rate for aseptic osteolysis, but for sensitivity responses, looking at
the rates within duration of implant times, we see metal sensitivity likely occurs most often
at less than 5 years, although that differs for some implants.
So, in summary, innate immune responses to implant debris mediate the majority of
long-term problems and revisions, and to date, there is no diagnostic test to determine who
is more reactive to this kind of response.
Adaptive immune responses are much less prevalent but are more contentious.
They represent a small subset of this but induce early failures and are important to
diagnose and be treated seriously by surgeons.
Anything, be it implant debris specific or individually related factors that exasperates
this will, of course, shorten the implant lifetime.
And researchers are focused, such as myself, on countering this cycle both
pharmacologically and developing new diagnostic methods and just diagnosing these
problems early.
Thank you.
DR. RAO: Thank you, Dr. Hallab.
I would like to invite Dr. Laura Santambrogio to the podium. Dr. Santambrogio is
also an FDA-invited speaker from Weill Cornell Medical Center, who will continue the
discussion on cellular mechanisms involved in immunological responses.
DR. SANTAMBROGIO: Thank you for the invitation. I do not have any disclosure,
financial interests.
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So biomaterial have certainly transformed regenerative medicine from stents to
valve to lenses, then to the implant, and certainly, this is true for hip and knee replacement
prostheses, and they transform the life of people with chronic arthritis.
However, most of the testing of biomaterial pre-implantation is done on the lifetime,
so how long the biomaterial will last, the durability, fatigue, wear, and performance and
clinical outcome.
Much less testing has been done on how the biomaterial will break down, what are
the chemical composition of the biomaterials in the body, the toxicity, and how quickly
these breakdown product are excreted from the body.
So I'm going to go through several slides of what we're learning on what is the
interaction between the immune system and several of these polyethylene and metal
components of hip and knee replacement.
So there are several type of bioparticle that are formed upon friction, and in
particular, there are micron-sized particle, nanometer-sized particle, polymers, and metal
ions, and each one of these particles will induce different immune responses.
For particles which are above 50, close to 100 µm, the immune system cannot
phagocytose this particle; macrophages, dendritic cells cannot take them up. And so they
will induce a so-called frustrated phagocytosis in which immune cells will fuse together to
form giant multi-nucleic cells, and you can see these are polyethylene particles and
dendritic cells, macrophages, will come together and they will fuse and will induce this
multi-nucleic giant cell to try to dispose of the particle. The problem is that we do not have
any enzyme that is capable of breaking down plastic, and so as much as these cells will
throw cathepsin and the several other enzymes, the polyethylene particles, they will all
induce tissue damage because, again, these are plastic particles that cannot be disposed.
For nanometers and low micrometer particle, they can be phagocytosed by
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macrophages. Here you can see tissue macrophages, and these in black are particles that
are phagocytosed, and these particles will enter in endosomal compartment, which you can
see one of the endosomal compartment, which are organelles which are present in the cells
of very enriching enzyme and their job is really to dispose of all the proteins. And, again,
this particle will now be able to be disposed because there are no enzymes that can break it
down.
And so after time, they will lodge into the limiting membrane of the compartment.
You can see here one, this is a blue particle that is lodged into the limiting membrane and
they will disrupt the membrane of the compartment. This disruption generates a flux of low
pH ions into the cyto cell as well as cathepsin, and so this enzyme will start breaking down
the cyto cell.
And there are some proteins called inflammasome, which normally are soluble
protein. They are monomeric in the cyto cell, and only when there is a dangerous signal,
they come together, they assemble to tell immune system that something has changed in
the homeostasis, and for example, they can sense a cytosolic virus and they also sense
when there is damage of endosomal compartment. So when this enzyme from the
organelle goes in the cyto cell and when there is this flux of ions, the inflammasome will
assemble and will start releasing inflammatory cytokines like IL-1 and IL-18.
Besides the high micrometer, low micrometer, and nanometer particles,
polyethylene implant also released shorter polymers, and these polymers often are
modified by hydroxyl and carboxyl group, and this polymer will be able only when they are
between 12 and 16 carbon atoms. They will be able to bind some of the TLR receptor. TLR
receptor are present on the surface of immune cells, and again, they recognize danger in
form of pathogen; they recognize viruses, bacteria. However, some of this particle, the
polymer, can bind into the binding size of TLR-2, for example, and they can activate the
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receptor. This is a molecular mimicry that shows the binding size of this alkane polymer.
They have a very good affinity similar to the one of some component of a pathogen, and by
activating the TLR receptor, they will start a transcription program that release
inflammatory mediators and inflammatory cytokines, and we publish extensively on this.
So just to give you an overview, there are several mechanism by which this particle,
again, macro, high molecular weight micrometer particle, low molecular weight micrometer
and nanomolar particle, and the polymers activate immune cells through frustrated
phagocytosis, through endosomal damage with inflammasome activation and to TLR
receptor activation. All together, these generate an inflammatory response in the tissue.
This is valid for all the implants, polyethylene or metal implant. However, the metal
implant introduce more complexity to the inflammatory picture, and the complexity is due
to the presence of ions and corrosion product. Here you can see some corrosion product
inside peri-implant tissue.
So once this particle that contains cobalt and chromium are phagocytosed by the
cells, the low pH in the endosomal compartment would release metal ions, and you can see
that the more you introduce a number of particle in the macrophages, higher is the number
of ions which are produced, both cobalt and chromium.
And when you use electron microscopy that has a beam that is capable of telling you
how many type of ions are present in the tissue, you can see that in patients with metal on
metal, the peri-implant tissue contains high amount of both cobalt and chromium ions.
And why these ions and this corrosion product are dangerous, they induce a
so-called phantom reaction, which is a metal-catalyzed reaction, which induce production
of reactive oxygen species, and so they basically induce oxidative stress, and a high amount
of oxidative stress, it's very dangerous because it would carbonylate the proteins in the
tissue and decrease the functionality.
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You can see in this experiment in which we have macrophages that have
phagocytosed the particle, and then we run the total proteome, so all the proteins that are
present in the macrophages, and we ask how much oxidative stress is present, and the black
is myasthenia antibody. They recognize all the proteins that has been modified by this
oxidative stress, and you can see there is an increase upon increase of concentration of
ions. And oxidative stress also induces tissue necrosis.
There is another component of the problem with metal ions, is that 33% of protein
in the human body require a metal ion to function. Hemoglobin, for example, is the most
characteristic, which has an ion in the center which is important for transport of oxygen.
And so one of the questions that we ask is having high level of metal ions could
displace the ions like zinc, for example, or iron, which are normally present in many of the
body proteins and are important for their function.
And so in this experiment, it's a complicated slide, but what we did basically, we
pack a column with cobalt and chromium ion, and then we run through a lysate of protein
and see how many proteins that it would have there, normal ion like zinc, for example,
displaced by chromium and metal and under metal, and as you can see, we found several of
this protein which are enzyme. For example, one of these enzymes is aldolase, which is an
important enzyme in metabolic pathway, and we show that when the zinc is displaced in
aldolase and is replaced by chromium or cobalt, you greatly decrease the activity of this
enzyme.
And this histology has been presented before. So there is a big difference between
toxicity and hypersensitivity. All the mechanisms that are described before are related to,
somehow, toxicity, so the particle, the metal ions, and they occur in most of the patients,
whereas for hypersensitivity, you need a special genetic makeup, and so only a percent of
patients will have hypersensitivity, which is really due by the capacity of metal ions to
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modify the peptide, which are normally presented to the immune system, and by modifying
this peptide, it would induce a Type IV hypersensitivity reaction.
So, in conclusion, there are several aspects of the immune response to polyethylene
and metal implant, and the path is related to the phagocytosis of where debris is frustrated
phagocytosis or really bona fide phagocytosis, which induce inflammasome and TLR
activation, metal-catalyzed oxidative damage with formation of corrosion product and
tissue necrosis, and metal displacement for a relevant protein that can decrease the
functionality of these proteins.
And so we believe there should be more testing, in vitro culture, for example, to see
if particular debris can activate the inflammasome; cytokine production, if they can produce
reactive oxygen species and metal ions; and obviously, long-term in vivo animal testing that
can somehow mimic how particular debris would behave in humans.
And regarding biomarkers, we believe that there should be some testing, mandatory
testing in patients, particularly the ion concentration of blood metal and particularly to
follow up in patients that they show an increase in blood ions over time.
And it would be also interesting to introduce some testing to check, like, people with
diabetes, for example, every 3 months they check glycated hemoglobin because it's an
index of how well they can maintain blood sugar. And so maybe to identify some protein in
which the metal can displace whatever normal zinc or iron they have, like aldolase, catalase,
to follow over time their effect on human health.
These are people at Cornell that performed the study, my lab, and Georgio Perino is
a pathologist at the Hospital for Special Surgery and provided many of the histology. Thank
you.
DR. RAO: Thank you, Dr. Santambrogio.
We will now hear presentations from the FDA regarding clinical issues related to
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non-orthopedic metal implants. Dr. Stephen Weber and Dr. Ben Fisher will kick off the
series.
Dr. Weber, please approach the podium and begin when you're ready.
DR. WEBER: Good morning. I'm Dr. Stephen Weber. I'm a medical officer in OHT 6,
and we're going to shift gears a little bit and talk a bit more about the clinical responses.
Problems with metal implants have been known for decades, but recent issues with
metal-on-metal orthopedic devices, especially total hip replacements and gynecologic metal
implants, have heightened concerns. A broad spectrum of clinically manifested responses,
both local and systemic, are known to occur.
The terminology is critical both to clearly explain these responses and also to allow
valid comparisons between studies. ARMD, or adverse reaction to metal debris,
encompasses all reactions, local and systemic, to metal implants. ALTR, or adverse local
tissue reaction, describes local reactions such as pseudotumors. ALVAL, or aseptic
lymphocytic vasculitis-associated lesion, represents the pathologic picture at a microscopic
level. Metallosis involves the deposition and build-up of metal debris in soft tissues of the
body. Allergies or hypersensitivity can also occur but is rarely a factor in ARMD. These
terminologies need to be clearly defined to allow scientists to compare studies and results.
We've seen some pictures already of metal hypersensitivity that does occur, most
often to nickel. Allergic contact dermatitis, which is shown in the illustration on the left, is
the main allergic clinical manifestation of metal hypersensitivity.
It is important to note that ARMD is not synonymous with true allergy, and metal
allergy is rarely the mechanism for ARMD. There is little, if any, evidence of implant failure
from true allergy. Patch testing has been shown to be largely ineffective, both in diagnosing
and predicting implant failure.
Adverse tissue reactions for ALTR represent the various local manifestations of
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ARMD. These include pseudotumor, which you can see on an MRI scan on the left;
osteolysis, which is shown on the radiograph; and necrosis and metallosis, which is shown
in the picture in the center. The classic microscopic appearance of ALVAL is shown on the
lower right. ALVAL, again, is a subset of ALTR representing the microscopic appearance.
Systemic reactions to metal debris can also occur as part of ARMD. These systemic
manifestations include cardiac, neurologic, and thyroid effects. It should be noted that
these symptoms are not always reversible with metal implant removal.
Cancer risks, by and large, have not been proven by registry studies. It is important
to note that metal ion levels correlate poorly with adverse reactions to metal debris.
Cobaltism is the metal most commonly associated with systemic adverse reactions
and can lead to multi-organ failure. Other metals such as nickel, chromium, and titanium
have also been implicated.
Elevated metal ion levels remain the most important diagnostic tool to identify
patients at risk for implant failure due to ARMD. It is important to note, however, that
there is poor correlation with metal ion levels and ARMD, and conversely that patients with
well-functioning implants can have elevated serum metal ion levels. This creates significant
problems with the diagnosis of failing metal implants.
Recent studies have shown significant differences, as we've seen, in the response to
metal implants between men and women. Ninety-seven percent of patients in one study
reporting metal allergy were female, for example. Sex differences are well known to exist in
other areas of medicine with hepatic, rheumatoid, thyroid, and autoimmune problems
more common in female patients. In orthopedics, osteoarthritis, rheumatoid arthritis, and
joint dysplasia are also more common in women. Several studies have shown significantly
higher failure rates of metal-on-metal hips in females, as we saw. It may be that higher
susceptibility of women to adverse reactions to metal implants may influence the failure of
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gynecologic implants as well.
I'll summarize this, and Dr. Kwon will get into this in more detail. In orthopedics, it's
centered around the differential diagnosis of a painful metal-on-metal hip. The problem is
not, however, limited to metal-on-metal hips but can also be due to the metal debris
generated from the taper fittings of the arthroplasty component or trunnionosis.
Workup should include history, physical, and metal ion levels, which generally have
been accepted as abnormal if greater than seven parts per billion, but this is up for some
discussion as well. Asymptomatic patients, by and large, can be followed. Patients at high
risk can consider revision to a metal-on-poly hip. Revision of the failed metal-on-metal hip
has been challenging with higher failure rates due to early loosening and recurrent
dislocation.
Dental devices have also been implicated. Adverse reactions to metals have been
shown with dental devices. We'll discuss amalgams in more detail. The device most
commonly implicated in the dental arena are temporomandibular or TMJ implants, shown
on the left. There have been many failures with these implants. Multiple surgeries,
however, complicate the evaluation of the role of metals in these failures. Some failed
metal-on-metal TMJ implants do show ALVAL-type pathology. Endosteal dental implants
are also at risk.
With this, I'd like to turn things over to Dr. Benjamin Schaffer [sic] from OHT 3 at the
FDA.
DR. FISHER: Good morning. My name is Ben Fisher. I'm the Director of the Office of
Health Technologies 3 that oversees gastro-renal, OB/GYN, general hospital, and urological
devices.
The medical devices that Dr. Weber has referred to up to this point are solid metal
implants that are surgically implanted into bone and muscle. They're another class of
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

57

metal-containing implants that are designed and manufactured as stents and inserts to
place in naturally-formed cavities in the human body, and many of these devices contain
Nitinol for their shape memory.
Adverse reactions to metals in cardiovascular devices have centered around vascular
stents and contact dermatitis that's associated with pacemakers. Adverse local tissue
reactions to bare-metal stents have been implicated in the re-thrombosis of stented
vessels. Systemic reactions to cardiovascular devices have also been reported, such as
chest discomfort, labored breathing, fever, and pericarditis.
Adverse responses have been reported and related to neurologic and
gastrointestinal stents. These appear to be primarily reactions to nickel mixed with other
metals. There are case reports of focal neurologic syndrome 4 weeks after clips and coils
have been put into place. And there are also rare reports of hypersensitivity to metals
associated with gastrointestinal devices. Unfortunately, patch testing of patients with these
devices has been inconsistent.
Over the past few years, press releases and MDRs, medical device reports, have
highlighted adverse responses to metals in gynecological devices; in particular, the Nitinolbased, hysteroscopically placed sterilization device called Essure and also to some coppercontaining IUDs. These can involve short-term risks such as mild to moderate pain and
cramping and bleeding and dizziness. And, in addition, adverse local tissue reactions have
resulted in pelvic pain and may contribute to the migration of the device and even organ
perforations. More systemic adverse reactions have included hypersensitivity reactions,
joint or muscle pain, excessive fatigue, hair loss, weight and mood changes, and persistent
fever.
The Essure device, with its Nitinol coils and polyethylene terephthalate fibers, also
known as PET fibers, is designed to evoke an inflammatory response in the fallopian tubes.
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FDA became aware, but was not completely surprised, of adverse events such as abdominal
pain and swelling associated with local tissue reactions and perforation associated with the
migration of some of these inserts. But we also received many numerous MDR reports of
symptoms indicative of endocrine, inflammatory, and autoimmune disorders, as can be
seen in the top panel of this slide. Some recipients have also reported discrete autoimmune
disorders such as rheumatoid arthritis, lupus, MS, and fibromyalgia.
We're faced with the following challenges:
•

The terminology used is inconsistent and needs to be standardized.

•

Current diagnostic studies are inadequate to identify either a patient at risk for
adverse biologic response to metals preoperatively or those who may have an
adverse response to an existing implant.

•

Gender appears to be associated with significant differences in the biological
response to some of these implants. And, finally,

•

The percent of patients with well-functioning, well-tolerated implants, but with
abnormal diagnostic tests, is unknown.

All of this makes the evaluation of the patients with potential adverse reactions to a
metal-containing device very difficult.
In summary, a more nuanced evaluation of the entire spectrum of
device/biomaterial-specific adverse reactions to metal debris, also referred to as ARMD, is
needed.
Management of the asymptomatic patient with few risk factors should be limited to
monitoring, and this cannot be overstated.
Management of symptomatic patients needs to consider and incorporate all clinical
manifestations and pathogenic mechanisms.
Thank you.
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DR. RAO: Thank you, Dr. Fisher.
Let's now take a 14-minute break. Panel members, please do not discuss the
meeting topic during the break amongst yourselves or with any other members inside or
outside of the audience. We will resume at exactly 10:10 on the dot, so please be back in
your seats a couple minutes before that. Thank you.
(Off the record at 9:55 a.m.)
(On the record at 10:10 a.m.)
DR. RAO: We will now reconvene the Advisory Panel meeting. Please take your
seats and silence your cell phones. We will now continue our presentation with Dr. YoungMin Kwon from Harvard University. Dr. Kwon is an FDA-invited speaker who will present
specifically on clinical manifestations associated with metal orthopedic devices.
Dr. Kwon, please begin when you're ready.
DR. KWON: Thank you very much and good morning. So during this presentation I'll
be sharing with you an evidence-based overview of clinically relevant biological reactions to
orthopedic implants with a particular reference to total hip arthroplasty hip implants.
So total hip arthroplasty is, in fact, one of the most successful procedures we
perform as orthopedic surgeons. We do utilize a variety of biomaterials with a different
design and for different modularity, and unfortunately, in some patients, this has been
associated with the occurrence of adverse biological reaction.
So in terms of thinking about clinically relevant biological reaction to orthopedic hip
implants, you can think in terms of systemic, as you heard, or local. And systemic can
include carcinogenesis, teratogenicity, so-called cobaltism, and local adverse tissue reaction
can be either osteolysis, hypersensitivity, or adverse local tissue reactions.
So during this presentation I'll focus on discussing what we already know, what we
do not know, as well as what we need to know going forward, with a particular reference to
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local adverse local tissue reaction.
So in terms of systemic adverse reaction, what we do know is that metal ions do lead
to generation of free radicals, which lead to induction of DNA cross-linking. In fact,
chromosomal translocation and aneuploidy has been measured in lymphocytes following a
patient with a metal-on-metal total hip arthroplasty.
As a permanent modification, genetic material is a first step in carcinogenesis;
there's a concern for this. In fact, carcinogenetic potential for both cobalt and chromium
wear particles have been well demonstrated in the animal models. However, the currently
available data on the risk of cancer does not support a causal link, but it needs to be stated
that these studies are limited by a somewhat small number of patients as well as relatively
short follow-up.
There's also a concern for mutagenic or teratogenic effects, especially given that
metal-on-metal total hip arthroplasty was performed in young and active patients, including
those female patients of childbearing age.
Cord blood levels of cobalt and chromium have been reported and measured to be
about 60% of mean maternal blood levels in patients following hip resurfacing, and this
does suggest the placenta makes some modulatory effect in terms of passage of cobalt and
chromium across placenta. However, we do not know the long-term effects on fetus.
And there is the so-called cobaltism. This is based on a series of case reports
describing temporal association of multiple-organ metal toxicity and this includes
neurological, endocrinological, cardiac toxicity, and these case reports include patients with
the recalled metal-on-metal implants, in patients where the cobalt serum level's ranging
from 35 to 112 parts per billion. Currently, however, these are still limited to case reports
and this still does need further studies.
Next few minutes, I'm going to share with you our own experience with systemic
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cobalt toxicity. So this is a case of 72 years, a female who actually had a ceramic-onceramic, not metal-on-metal, ceramic-on-ceramic total hip arthroplasty which was
subsequently revised at our institute to metal-on-poly articulation for the fractured ceramic
liner.
And this patient had constitutional symptoms which included fatigue, alteration in
taste, weakness, fatigue, or weight loss. She also had a recent diagnosis, objective
diagnosis, of hearing and vision loss, hypothyroidism, diabetes, cardiomyopathy, and
neuropathy.
In fact, it was actually her neurologist who actually measured metal cobalt and
chromium during her workup, and she had a cobalt level of 1,302 parts per billion per liter,
which is parts per billion, and chromium was 63 parts per billion. So this is what we found
at the time of the revision surgery, and you can see that this is due to the retained ceramic
piece which was not removed at the time of revision surgery, and this is actually causing the
wear of the cobalt-chromium head. This is where she no longer does have a spherical
cobalt head.
So we then revised her back to ceramic-on-ceramic articulation, and her cobalt level
at the latest follow-up went down to 1.9 parts per billion and chromium to 1.4 parts per
billion.
In terms of her clinical improvement, there was objective improvement since the
revision surgery for her diabetes-level control, thyroid function, as well as cardiac function;
however, she still does have a permanent irreversible damage to her in terms of vision and
hearing loss.
So now I'm going to move on to local abnormal tissue reaction. So there are various
terminologies to describe this. The first one is ALTR or adverse local tissue reaction. This
refers to local, so this much is pertinent to this talk, so I'll refer to this for the rest of my
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presentation. Pseudotumor is a descriptive term, presence of novel mass. ARMD, adverse
reaction to metal debris, can mean either local or systemic. ALVAL leads to a rather
histological diagnosis and a clinical diagnosis. Metallosis is a descriptive term to describe
metal stenting of tissues. And trunnionosis is more specific to the mechanism failure, which
is a type of corrosion.
So adverse local tissue reaction has initially been observed in mainly patients
following metal-on-metal hip resurfacing or metal-on-metal total hip arthroplasty.
However, there's an increasing concern more recently with adverse local tissue reaction in
patient with metal-on-polyethylene total hip arthroplasty due to fretting and corrosion at
the taper modularity, and this can be either neck and stem or head and neck taper
modularity, and this process has been described as mechanically assisted crevice corrosion.
So then the question arises, why does ALTR occur? I think it's likely to be
multifactorial, which is influenced by implant factors, surgical factors, as well as the patient
factors, and I'll go through some of these factors in terms of reviewing what we know.
In terms of the implant factors, what we do know is that even minor changes to hip
implant design can have a drastic influence on its performance. There's an example of a
cup design, metal-on-metal cup design, metal-bearing surface. Implant would reduce angle
subtended by the acetabular component coverage arc, actually provides less coverage,
which actually increases the risk of edge loading, hence the adverse local tissue reaction.
Similarly, if you have an acetabular component, just increase the thickness at the
dome rather than the rim, it does shift the center of rotation of the femoral head away
from center of acetabular component, once again increases the edge-loading risk.
Now also the material, modulated material matters. This pertains to modular
implants were used. You can have titanium neck on titanium stem, or you can have a
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chrome stem and adverse local tissue reaction largely goes with the type cobalt-chrome
neck on titanium stem.
Now, where the modularity occurs, the type of matters. You can have a monolithic
stem, a head and neck, or you do a taper with additional neck and stem modularity or stem
state modularity, and the stem modularity and relative risk of mechanical crevice corrosion
does differ based on this type of modularity we see.
We're also learning a lot about the implant factors that potential associate in patient
with metal-on-polyethylene head and neck taper corrosion. So we're learning that the type
of material methods, so in terms of taper metallurgy, alloy rigidity, taper geometry matters
in terms of angle, contact area, surface roughness, as well as the femoral head size and
lever arm.
In fact, what we do as a surgeon actually matters, too. This pertains to inside
assembly of taper. This is how we impact a new cobalt-chrome head onto the trunnion. So,
in fact, impact of assembly on deformation of taper has been recently reported in an in
vitro study, suggesting that perhaps a kilo newton force impaction might be optimal for
impacting cobalt-chrome head on titanium, 12-14 tapers.
Also, the assembly contamination is how clean and dry we make the trunnion before
we actually impact metals. In fact, a 50% reduction in load to failure with a contaminated
assembly versus a well-cleaned assembly has also been reported.
So how about patient effects? I think this is the area that we probably have some
data but have the least amount of data, and this perhaps reflects different activity level,
loading condition for each patient. Perhaps increased BMI and high activity level may lead
to a significant torsion load on the implant. But I think probably more important is perhaps
what we're looking at is biological reactivity or systemic stability of each patient, and I'll go
through some of the data we have which suggests that this might be a very important
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

64

factor. And I'll go through in terms of patient, the variation of patient symptoms,
histopathology as well as the retrieval studies.
So, so-called asymptomatic pseudotumors, this is something that we came across in
our group probably about more than 5 or 6 years ago. We had some patients who had a
bilateral hip resurfacing who presented with a symptom in one hip. However, during the
course of investigating these patients, especially using cross-imaging studies, the
pseudotumors, adverse local tissue reaction, was found in both symptomatic as well as
asymptomatic hips. So we were quite concerned at that stage where this represents the tip
of an iceberg.
So this is a study we published a while ago now, 2011. In this study we looked at 200
consecutive hip resurfacing patients completely asymptomatic. We screened them using
ultrasound and MRI scan. We reported 7% prevalence of pseudotumor or adverse local
tissue reaction. And, interestingly, the size of the pseudotumors actually ranged from very
small to quite large, 8 x 7 x 8 cm, which is quite significantly large mass.
Since then, other groups have also reported on the asymptomatic pseudotumors.
Interestingly, the reported prevalence actually was higher than what we reported, ranging
from 14 to 35%.
We have also recently reported asymptomatic pseudotumors in patients with a taper
corrosion. Once again, we found that there was a significant proportion of patients who do
have asymptomatic adverse local tissue reaction in patients with recalled dual-taper stems.
Now, how about histopathology? Now, what we do know is that there is a spectrum
of histological -- in fact, the so-called ALVAL scoring system has been suggested to
overcome this, which does take into consideration a number of factors which includes some
of your linings, cell type as well as the type of tissue organization.
So recently we actually looked at the histopathology of patients who had failed due
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to head and neck taper corrosion in patients with a metal-on-polyethylene total hip
arthroplasty, and we have recently reported that we found there's really no correlation
between metal ion level load versus what we saw in histopathology in these patients who
had failed due to taper corrosion.
So in this study, we found that those patients who had a low to moderate ALVAL
score was associated with the presence of wear debris, about 79%, and necrosis. Those
patients who had a high ALVAL score actually had a wear debris that's only about one-third
with 30%. But, overall, we found no really significant correlation between ALVAL score
metal ion levels and just once again suggest the importance of individual patient's
reactivity.
There's also retrieval study evidence to suggest the importance of patient factors,
too. So this is a retrieval study that we've done a number of years ago, once again
comparing the retrieved implant for those who were revised to pseudotumor to those
patients who were revised to other modes of failure in the control group. And we actually
used a non-contact optimal CMM machine which measured both linear and volumetric
wear. It has a resolution up to 20 nm and has a capacity to map for cup and femoral
component without stitching.
So this is one of the pertinent findings we found, is the so-called low-wear
pseudotumors. So what this means is that there was an appreciable number of explants or
implants which were revised in patients due to pseudotumor who had very low wear rate,
in fact, very comparable to the ones in the control group. So, so-called low-wear
pseudotumor has been, you know, reported by other groups. Once again, these authors
reported no significant association between many pseudotumors and component wear
rates, once again suggesting the importance of patient susceptibility factors in these
patients.
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

66

So what happens to these patients? As surgeons, once a diagnosis is made, if it was
adverse local tissue reaction, vast majority of these patients undergo revision surgery.
What we do know is that revision surgery for adverse local tissue reaction can often be
challenging, and this can be due to bone and muscle necrosis, need for thorough and safe
debridement as well as the need for adequate component fixation as well as achieving
proper stability.
In fact, a high rate of complications following revision surgery for adverse local tissue
reaction has been reported by our group and as well as other groups, and the complication
rate is as high as 25%, which is very, very high complication. And re-revision rates, this is a
patient who actually need -- requiring further revision surgery, is as high as 19%.
So in one of the studies we reported overall complication rate following revision
surgery was 20% with a dislocation being the commonest complication.
We also identified some risk factors that were found to be associated with the
occurrence of complications following revision surgery for adverse local tissue reaction and
these include MARS MRI scan of abductor deficiency as well as intraoperative tissue
damage. In fact, extensive tissue damage was noted in all patients who actually
subsequently went in to have a further dislocation or a pseudotumor recurrence.
But what happens to metal levels? So a lot of patients that we performed revision
surgery were very worried about their current elevated metal levels and they really want to
know what is going to happen to the metals if we do the revision surgery.
So we recently reported on the effect of elevated metal levels following revision
surgery in patients with the metal-on-polyethylene taper corrosion, and both cobalt and
chromium, they do decline. For cobalt, we reported a 1% decline per day during the first 4
months, and for chromium, about 0.4% decline per day per month. And it's interesting to
note that chromium declines more slower than what we saw on the cobalt, which is more
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soluble.
So based on the fact that these patients, when they do require adverse local tissue
reaction revision, the outcome is correlated with the amount of soft tissue necrosis. Then
the focus really is to how should we best evaluate these patients when we see them, you
know, to make a timely diagnosis.
Now, it is important to be cognizant and that the differential diagnosis or the causes
of patient presenting with a painful total hip arthroplasty are many, and these include
causes which both are extrinsic to the hip as well as intrinsic to the hip, so in other words,
not everybody who present with a painful hip has adverse local tissue reaction. Having said
that, once you perform the systematic evaluation, it should be one of the differential
diagnoses, that one needs to be considered.
So, therefore, it would be helpful for clinicians to have a systematic evaluation
algorithm which will help the clinician to tailor risk-benefit ratio for individual patients.
However, the formulating search algorithm does represent a challenge mainly because
there are a multitude of variables that needs to be taken into consideration, which include
the patient implant type, patient symptoms, follow-up, cross-imaging modality, metal ion
levels, as well as indication for revision surgery.
So what I'm going to -- I'll show you what the next -- is the consensus risk
stratification, which has really been a concerted initiative from the American Association of
Hip and Knee Surgeons, American Academy of Orthopaedic Surgeons, the Hip Society, and
this represents the work of Hip Arthroplasty Task Force, which I was very fortunate to be
part of.
So now consensus risk stratification, we consider patient factors, implant factors,
radiograph, infection workup, as well as the results of specialized tests which are
considered metal ion levels, cross-imaging modalities, as well as we do provide treatment
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recommendations.
So the first consensus risk stratification we reported a number of years ago
pertaining to patients with metal-on-metal total hip arthroplasty.
This was followed with a second consensus risk stratification, this time pertaining to
patients with a dual-taper total hip arthroplasty.
And, currently, we're also working on the third consensus risk stratification, this time
pertaining to patients with metal-on-polyethylene total hip arthroplasty with potential head
and neck taper corrosion.
So all of this risk stratification, we stratified patients to low risk, which can be
monitored routinely, moderate risk needs a much more close surveillance, to a high-risk
patient in whom the revision surgery was indicated.
Therefore, in summary, systemic adverse biological reactions to orthopedic hip
implants do occur and it is a concern. However, current studies are still limited by a
relatively small number of patients and relatively short follow-up period, and further study
is required in this field.
Secondly, the local adverse biological reaction is likely to represent a complex
interplay between the implant, patient, and surgical factors.
There's a spectrum of clinical presentations and etiologies. The majority of these
patients are symptomatic. Perhaps a minority are asymptomatic. A majority of these
patients have high-wearing phenomenon in which there's associated elevated metal ion
levels. Perhaps a minority are low-wearing phenomenon where there's low metal ion levels
in these patients.
There's a spectrum of histology in terms of adverse local tissue reaction; there's no
clear dose-response relationship between metal corrosion load and metal levels with ALTR
or ALVAL scores. And this suggests that perhaps the metal wear/taper corrosion alone may
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not explain the histological reaction that we see.
Further research is needed in terms of identifying role of individual patient
reactivity, and as far as effort to further standardize the evaluation, histological findings
that we see.
Revision surgery for adverse local tissue reaction will reduce -- there is declined
metal levels for both cobalt and chromium after revision surgery. In fact, at 3 months postrevision, metal ion levels can be expected to decline by 80% of pre-revision level with a
decline of chromium being much more slower than cobalt. However, there is a significant
variation among individual patients in terms of how much metals are in decline.
Revision surgery for adverse local tissue reaction is indeed associated with a high
complication rate, up to 25%, with a high re-revision rate of 10%. And this really highlights
the fact that complication is, in fact, correlated with extensive tissue necrosis we see at the
time of revision surgery. And this suggests that the important systemic evaluation is
warranted to optimize revision outcome as early diagnosis will facilitate initiation of
appropriate treatment in these patients.
The systematic evaluation of patients with a total hip arthroplasty for adverse local
tissue is challenging, but there should be a low threshold for further evaluation, an
evaluation using a specialized test such as metal ion levels as well as cross-link imaging
studies.
The evidence-based evaluation algorithm such as the one I've presented to you this
morning, they will no doubt continue to evolve as we have more updated evidence.
However, this is needed for early recognition of the at-risk patients in order to optimize
revision outcome.
And, finally, I think further research is still required to identify this multifactorial
etiology of adverse local tissue reaction we see in these patients.
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Thank you very much for your attention.
DR. RAO: Thank you, Dr. Kwon.
And for the final FDA presentation this morning, we will have the FDA present
additional information on diagnostic tools to predict or measure adverse effects, followed
by a summary.
Dr. Stafford, please begin with your presentation when you're ready.
DR. STAFFORD: Good morning. I'm Elizabeth Stafford, a senior technical analyst and
reviewer in the Division of Immunology and Hematology in the Office of In Vitro Diagnostics
in CDRH.
Today I'd like to briefly describe some of the available current tests and tools that
measure the biological and clinical adverse responses that we discussed in the earlier talks
and that were discussed in the review paper. We'll also talk about some of the analytical
challenges of one of these tests and touch on the kinds of tests we need for effectively
treating and managing patients.
Patch testing in LTT, lymphocyte transformation tests, have been discussed several
times this morning. I'd like to highlight that while they're all well -- that they're both wellestablished and noninvasive tests, they're susceptible to analytical variability, technical
challenges, and sometimes an unclear relationship between the test result and the implant
status. For example, skin patch tests can be negative in a patient with known adverse
effects or has a failing implant. Or the converse, a patch test may be positive before
implantation, but a patient and her implant end up having no clinical problems. Thus, these
tests do not necessarily provide the most helpful clinical information or provide a full
picture of the immune response.
While patch testing and LTT tests provide measurable results, imaging techniques
visualize what is happening in or around an implant. These techniques include traditional
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x-rays, ultrasound, computed tomography, known as CT, and magnetic resonance imaging
(MRI), and it can be very useful for evaluating the status of an implant and the area around
it. Each of these techniques has its strengths and weaknesses, highlighted in the table on
the slide, and should be used depending on the clinical situation. While there have been
efforts to standardize the measurement of the severity of adverse events around an implant
using grading scales, inter- and intra-reader reliability range from poor to good, suggesting
that using imaging for monitoring should be used with care.
Histology is another visualization technique that microscopically examines what is
happening at the cellular level in a tissue. A pathologist can determine what kind of cells
are infiltrating around an implant based on the shape and pattern of the cells. For example,
in the picture there are macrophages diffuse in the tissue, fibrin, and a small aggregate of
lymphocytes in the tissue surrounding the implant. Histology is a well-established
technique; however, it is an invasive procedure because the tissue has to be acquired
through biopsy or during surgery. An important point, histology is not usually useful for
screening for adverse events. Typically, histology is used to evaluate post-implantation or
when an implant is failing.
Earlier this morning, other people talked about a noninvasive approach, metal ion
testing, which uses specialized laboratory techniques to measure the level of metal ions in
blood. This technique is technically challenging, and it can be hard to get reliable and
consistent results. As discussed previously, there's not a clear relationship between metal
ion levels and the functioning of the implant.
The most common way metal ion concentrations are measured today is using
inductively coupled plasma mass spectrometry, known as ICP-MS. This method vaporizes a
sample into ions then injects them into a mass spectrometer which separates and detects
the ions according to their mass-to-charge ratio and determines their concentration. There
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are many varieties of ICP-MS being used, and these methods can quantitate the analyte at
extremely low concentrations, even as low as parts per trillion. Another strength of ICP-MS
is the simultaneous detection of many kinds of elements or ions in the same sample.
In the next section of the talk, we'll use metal ion testing to highlight some of the
analytical challenges of our tests. When we talk about analytical, we're talking about the
nuts and bolts of the test rather than the biology the test is measuring. While we'll focus on
the metal ion testing challenges, please remember that all of the tests we talked about
earlier have kinds of analytical or methodological challenges to overcome.
So before a sample, a patient sample is tested on the ICP-MS instrument, there are
several important pre-analytical aspects of the sample collection and choice of sample
matrix that have to be considered. For example, sample collection methods can impact the
test result, and sample collection has to be carefully controlled to prevent metal ion
contamination.
When collecting blood samples, using stainless steel needles has been shown to
increase the concentration of nickel and chromium ions, and best practices suggest not
using the initial several milliliters of blood for the test or by using non-metallic catheters.
And samples have to be drawn into special metal-free blood tubes to keep the trace metals
that are inherent in the glass and stoppers of regular collection tubes from contaminating
the sample.
No consensus has emerged regarding what kind of blood sample is most appropriate
for metal ion testing. Serum, plasma, and whole blood measurements are used in clinical
practice, and the choice of sample matrix may be metal dependent. The choice of
anticoagulants such as heparin and citrate can significantly alter the tested concentration in
some metal ions. Many clinical laboratories prefer using EDTA as the anticoagulant for
whole blood samples for chromium and cobalt testing.
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Some studies have shown that the concentration of metal ions can be different in
plasma, serum, or whole blood samples. Chromium concentrations have been found to be
different in serum than in whole blood samples because some forms of chromium are
stored in red blood cells. Thus, serum samples may not be useful for evaluating chromium
and cobalt ion levels in circulation. Whole blood has been recommended by the United
Kingdom Medicines and Healthcare products Regulatory Agency and the FDA when testing
chromium and cobalt levels.
While we've talked about blood sample interferences, there are special interferences
inherent in the ICP-MS instrumentation. It's a complicated topic, and I'd like to bring up
two concerns that can affect the test results.
Spectral interference, also called spectral shift, refers to signals generated by
isobaric and polyatomic species which overlap the mass-to-charge ratio of the analyte being
monitored. These overlapping signals result in an overestimated value compared to the
genuine analyte concentration.
Matrix effects refer to a change of signal intensity that can't be accounted for special
interferences and can be caused by many things, including the way the sample is introduced
into the instrument or the large amounts of organic compounds and inorganic salts in
blood. Matrix effects unpredictably affect the determination of the sample value.
Both spectral shift and matrix effects can be somewhat corrected by changing the
parameters of the procedure but not necessarily entirely corrected.
Detection limits define the lowest analyte distinguishable from the background noise
under optimal conditions. Many modern ICP-MS methods can reliably detect metal ions at
concentrations at or below levels implicated in clinical utility. However, the LOD can be
several magnitudes different between different ICP-MS methods.
Limits of detection can be affected by the sample matrix, the metal being tested, and
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the sample's dilution factors, among others. The theoretical concentration an instrument
can detect under ideal conditions may not be achievable in a day-to-day clinical setting. So
it's important to understand the limits of detection and potential interferences for an
ICP-MS assay when clinically interpreting a test report.
One of the most important elements of a clinically useful test is that the test results
should be the same between days, between instruments, or between laboratories. There's
been limited information in the clinical literature available for how well measurements of
metal ions in clinical samples agree within and between laboratories.
Repeatability is the term we use for the variation in measurements made under
identical conditions, like on the same instrument. Within-lab repeatability has been
reported to be good, often around 5% coefficient variation in new ICP-MS methods.
However, these reports are often under ideal conditions, and it's not clear what kind of
repeatability these methods will have in routine clinical performance.
One important note: The imprecision of a method tends to increase as the
concentration of the sample decreases. This means there's often less repeatability when
samples are close to the limit of detection of the method.
Reproducibility refers to variation in measurements under changing conditions, like
changing the laboratory or changing a method. However, it may be difficult to replicate the
same result between laboratories. Two recent reports showed large enough differences
between chromium and cobalt concentrations in patient samples to possibly cause
misinterpretation of the status of some borderline samples. Thus, it's important, whenever
possible, that patient test samples should be tested in the same laboratory to avoid interlaboratory differences that could influence clinical decision making.
So this morning we've talked about the complexities of the immune response and
the careful balance between the innate and the acquired and that the innate response
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dominates adverse responses to metal implants. In this talk, we've touched on some of the
most well-studied tools used to evaluate the adverse responses. LTT and patch tests, which
evaluate some aspects of the acquired response, distant from the implant, histology and
imaging can visualize both responses in the local tissues, and metal ion testing probably
reflects both kinds of responses in addition to mechanical forces. However, at this time we
don't seem to have a way to evaluate the innate immune responses to implants.
As we discussed this morning, we don't entirely understand the complex
immunology around metal implants. This makes it difficult to develop tests that measure
the most important immunological processes that are driving adverse effects. Ironically, it
is difficult to understand the immunological processes in a clinical setting without the tools
and tests that would measure it. Better understanding of the biology will be critical to help
us develop tests and tools that will positively impact clinical practice.
So we've also discussed that these tests provide limited clinical information. Our
current challenge is to understand the analytical methodology limitations of the current
tests to help make better clinical decisions.
We also need to leverage our advancing understanding of the biology to improve the
tools we have available in the clinic and so will have in the future.
Our goal is soon that we'll have tests that measure a relevant pathological process,
give analytically reproducible and robust answers, and provide clinically useful information
to predict responses before implantation, screen for implant failure, and evaluate
problematic implants.
Thank you for your kind attention today.
DR. RAO: Thank you very much, Dr. Stafford, and thank you to all the presenters
from this morning for their outstanding presentations.
DR. YUSTEIN: Dr. Rao, we have one last like 5-minute, 10-minute presentation, if
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that's okay.
DR. RAO: Oh, you do? Okay.
DR. YUSTEIN: Yeah, sorry.
DR. TOROSYAN: Good morning. My name is Lisa Torosyan. I am a health scientist
from the CDRH, and I will be presenting a brief summary with take-home messages, which is
also a segue to the Panel discussion on outstanding needs.
As a starting point, the entire concept of implant reactivity stems from variability of
host responses among patients with similar devices. For obvious reasons, this interindividual variability complicates predictive evaluation of device performance.
Typically, device is the main factor defining treatment outcomes, and patient's
responses are limited to expected reactivity such as wound healing, as shown here on the
left-hand side. However, in some cases, patient responses can be described as exaggerated
reactivity with two main scenarios, as shown here on the right-hand side.
Device-related factors such as high corrosion may result in exaggerated but
proportionate responses. And in rare cases of high susceptibility, which is illustrated by the
inverted pyramid, the exaggerated patient responses can be disproportionate to corrosion
or other device-related factors.
As shown here, there are more knowledge gaps surrounding the patient than device
characteristics. This uncertainty starts with intricate interactions at the device-tissue
interface, and it culminates in the area of pre- and post-implantation testing.
Diagnostic and therapeutic management of implant reactivity is affected by many
clinical challenges. First of all, implant-attributed symptomatology is often unclear, which
together with the predominance of subclinical features translates into uncertain diagnoses
and, as a result, uncertain treatment choices.
Various patient factors (genetic, demographic, socioeconomic) affect development
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

77

of various implant reactions, thus complicating pre-implantation risk assessment of
enhanced individual susceptibility.
Clinical uncertainty around implant reactivity is reflected in its terminology.
Historically, the term "implant allergy" has been used for a variety of responses, not all of
which represent a true allergy. Allergy is still being used as a synonym for hypersensitivity,
even though sensitivity may involve non-allergic responses, not limited to Type IV delayed
hypersensitivity.
As a more specific reflection of the overemphasis on allergy, the term ALVAL, aseptic
lymphocyte-dominated vasculitis-associated lesions, is often being used as a synonym for
ALTRs in general, which are adverse local tissue reactions. However, ALVAL is only a certain
histologically defined subset of ALTR, when the entire spectrum of ALTRs incorporates
various, including macrophage-dominated, reactions. Further, ALTRs may not be limited to
histopathological features and may include clinically and imaging-based local outcomes
such as periprosthetic osteolysis or pseudotumor.
And, finally, the term ARMD, adverse reactions to metal debris, may incorporate all
local and systemic responses, including well-recognized manifestations such as metal ion
elevations or allergic dermatitis. ARMDs may also encompass more obscure manifestations
such as autoimmune/autoinflammatory syndrome induced by adjuvants. However, by
definition, the term ARMD is limited to metal implants.
The key to improving our mechanistic understanding of implant reactivity starts with
the acknowledgement of the role of both adaptive and innate immunities. The previous
overemphasis of ALVAL and other adaptive responses underestimated the role of innate
immunity, which underlies macrophage-mediated phagocytosis of metal debris and thereby
predetermines the resultant foreign body response.
The current understanding of implant reactivity calls for a balanced view of
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underlying immune responses. As depicted in the right-hand side figure, which employs the
images from Dr. Hallab's publications, implant reactivity comprises equally important
adaptive responses such as lymphocyte activation and innate responses such as formation
of foreign body giant cells, as an orchestrated immune attempt to process indigestible
implant debris.
Foreign body response (FBR) is one of the earliest terms defining implant reactivity,
and it still represents the main conundrum of uncertainty in implant reactivity. FBR is
currently viewed as a chain of mostly innate responses which connect the FBR hallmark,
macrophage fusion into giant cells, to subsequent proinflammatory cytokine release and
tissue remodeling.
Inflammation can be pinpointed as the underlying process which ties together
seemingly isolated events such as frustrated phagocytosis, oxidative stress, cell death, and
tissue necrosis, linking them to the main signaling cascades involving damage-associated
molecular patterns (DAMPs), danger signaling, and inflammasome activation.
Most importantly, inflammation can be viewed as the main friend or foe
discriminator in the course of FBR. An expected FBR ends with the resolution of acute
inflammation, leading to wound healing. In contrast, the lack of resolution in chronic
inflammation fuels FBR and leads to post-inflammatory peri-implant tissue remodeling,
which may range from non-healing wound to bone degradation, excessive clotting, and soft
tissue overgrowth.
Despite different manifestations defined by the device-tissue interface, postinflammatory tissue remodeling may result in common outcomes such as device loosening,
perforation, and migration.
Understanding of inflammation has evolved from clinical symptoms described by
ancient Greco-Roman physicians to pathogenetic concepts discovered in the past two
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

79

decades.
While patients with implant reactivity may experience any or all of the inflammatory
symptoms (heat, redness, swelling, pain, and loss of function), one of the main
inflammation-related contributions is represented by the recent concept of inflammasome.
Inflammasome involving autoinflammatory NALP3 protein, also known as cryopyrin,
is recognized as a key innate regulator, which along with pattern recognition receptors such
as TLRs, orchestrates the response to damage-associated molecular patterns which include
implant debris. As a result, NALP3 inflammasome may tie the uptake of implant debris to
downstream events such as inherently inflammatory cell death types and the release of
proinflammatory cytokines, which may ultimately lead to peri-implant tissue changes and
other reactivity manifestations.
This transition from allergy to inflammation has important repercussions for both
clinical and preclinical testing. From a clinical perspective, this transition represents a shift
from existing tests that are mostly limited to assessing the risk for certain allergic
manifestations such as dermatitis to the need for novel tests that are not limited to
adaptive immunity and that can address the entire spectrum of implant reactivity. From a
preclinical perspective, the allergy-to-inflammation transition presents opportunities for
more precise biocompatibility testing.
Biocompatibility can be viewed as a converging area defined by biomaterial's
characteristics, desired implant functions, and patient's host responses. However, the
existing biocompatibility testing often lacks clear instructions for predictive preclinical
evaluation of implant performance.
Inflammatory underpinnings of host responses may lead to more guiding guidances
with more tangible and less burdensome recommendations on how to accurately predict
implant's inflammogenicity, comprised by its proinflammatory and tissue remodeling
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potentials.
Better mechanistic understanding may also guide a selection of materials with
immunomodulatory properties, aimed to tame and harness inflammation responses rather
than prevent them.
And here is a recap on the lessons learned, in blue, and the lessons to apply, in red.
First, we learned that individual susceptibility can vary. In other words, predicting the
expected amount of implant debris does not necessarily mean predicting the risk and the
type of potential ARMD.
Next, we learned that adaptive immunity implications should not be overrated, and
the prior allergy related terminology should be clarified.
We realize that implant reactivity often remains a diagnosis of exclusion, which may
be obscured by a rare but possible overlap with other known immune/inflammatory
diseases. It remains to be elucidated, though, if this overlap represents a true causal effect
fully attributable to an implant or only a triggering effect that requires patient's preexisting
predisposition to autoimmunity or autoinflammation.
And we can conclude that the main gap is the lack of testing for predictive
evaluation of implant performance and comprehensive diagnostic and therapeutic
management.
On the plus side, the encountered challenges represent new opportunities. First of
all, the transition from allergy clarifies the role of inflammation as the main driver of
excessive FBR.
As a silver lining in the mimicry of other inflammatory diseases, some known
autoinflammation/autoimmunity-related diagnostic and therapeutic targets are potentially
applicable to implant reactivity.
Overall, the lessons learned may benefit development of pathogenetically
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determined testing, which:
•

Would address the entire spectrum of ARMDs;

•

Would enable pre-implantation assessment shielding highly susceptible patients
from certain implants they may not tolerate;

•

Would allow post-implantation detection of subclinical features; and

•

Would lead to biocompatibility testing for effectively predicting and, if needed,
modulating immune responses.

And last but not the least, some of the metal reactivity lessons may be transferred to
other medical products, enabling cross-cutting precision medicine and healthcare
applications.
And now let's continue with our Panel discussion on how to bridge the gap in
implant reactivity. Thank you for your attention.
DR. RAO: Thank you very much, Dr. Torosyan.
We now have a little time before lunch where we will open up the meeting to any
brief clarification-type questions that any of the Panel members may have for any of the
speakers that presented this morning. If you have a question, please raise your hand and
make sure I catch your attention and announce your name, speak clearly into the
microphone so that it can be recorded well. Thank you.
Are there any questions from any of the Panel members?
Yes, Dr. Zuniga.
DR. ZUNIGA: Thank you. I heard a lot of discussion, and I know our task is to talk
about metal implants, but I think several of the speakers also spoke about other non-metal
materials, ultra-high molecular polyethylene and ceramics. Do any of the patch tests or LTT
tests differentiate a non-metal material response versus a metal material response, and if
so, in a patient situation where there's combined materials, can you distinguish reactive
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problems?
DR. HALLAB: I'll take that one since I'm pretty familiar with both patch and LTT,
having conducted many over the years. There are, to some degree, non-metal materials
being used for patch testing and LTT testing. They primarily revolve around bone cement
products, both the monomer and then the polymerized final form that may have un-reacted
monomer in it.
But when it comes to altering proteins, making them foreign looking after they've
been processed and presented, it's generally the issue of low molecular weight
polyethylene compounds that can go on to be subsequently reactive. It's somewhat
contentious, has not been widely established in any kind of patch or LTT testing or even
research, for that matter. There's a couple of reports on it; those are about 10 years old or
older. Other than that, there's not a lot on that. They're very non-reactive, they're very
hard to chemically degrade, so it's very difficult to see how they would result in an adaptive
immune response compared with the innate immune responses that we see typically for all
implants over time that are metal on poly, you know, accumulating this poly debris over
time in a very, you know, "benign" fashion inside granulomas and inside macrophages.
DR. SANTAMBROGIO: I would like to add something to that. In order to have a
positive patch response, you need to have like the metal ions that somehow modify the
protein and polyethylene cannot do that. As I was saying, it does not break down in
polymers that are small enough to bind a protein and modify it. The presentation of the
protein, the peptide in MHC Class I and Class II, it can only be 17, 18 amino acid long for
Class II and 11 maximum for Class I. And so they are just too big, the polyethylene particles
or even the polymers, yeah.
DR. YUSTEIN: Dr. Rao, just for that record, that was Dr. Hallab and Dr. Santambrogio
who just spoke.
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DR. RAO: Thank you.
Dr. Jacobs.
DR. JACOBS: Yeah, this is Josh Jacobs.
A question for whichever immunologist wants to take this one on. The focus of the
talks for when we talk about the adaptive immune response has really only been on Type
IV, the cell-mediated immune response. What about Types I through III, which is the
humoral immune response, antigen-antibody interactions, what role, if any, might they play
in the response to metallic implant materials and their degradation products?
DR. SANTAMBROGIO: So in a Type I immune response, it's immunoglobulin IgE
mediated, and so normally, an allergen would bind the IgE and cross-link like on -- and
release, for example, mast cells, start releasing histamine, that's a classical asthma attack.
To my knowledge, there are no reports and antibody do not play a big role in immune
response. I mean, it's really, the adaptive arm of the immune response is really T cell
mediated, not antibody mediated. And, regardless, the second, the Type II, when you have
precipitation, for example, antigen-antibody complex -- again, I don't know any literature
that explains. I mean, it's really a classical Type IV. It could play a role in Type II, but there
is not enough literature to respond to that.
DR. JACOBS: Yeah, if I could just follow up. There was some literature early on,
Kathy Merritt, and she subsequently came to the FDA, but before she came to the FDA,
looking specifically at humoral immune responses to implant debris, suggesting they may
play a role, and I don't know if that's been completely worked out yet.
DR. SANTAMBROGIO: I mean, you need a three-dimensional -- I mean, it's possible
that an antibody will recognize a particle. If it's a modified particle, it's possible that there
is an immune response. But, again, I don't think there is enough literature to answer, you
know, with a huge degree of comfort that there is an antibody response and particularly,
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IgE, the Type I hypersensitivity.
DR. RAO: Thank you, Dr. Santambrogio.
Dr. Weisman.
DR. WEISMAN: I'm going to ask a question on the patient level for a moment, and
are any of the epidemiologists at the FDA, can they enlighten us about are we talking about
ill-defined sets of symptoms and signs being triggered by these devices, or are we talking
about rather standard, reasonably well-understood chronic rheumatic diseases that are
triggered by the presence of metal implants? These are epidemiologic questions that could
be answered in that manner. Are there any studies that are being done, that you know
about, that have been published or vetted in some way to examine the question of illdefined versus well-defined chronic rheumatic disease syndromes?
DR. YUSTEIN: This is Ron Yustein. I'll start.
I'm not an epidemiologist, but I'll start anyway. So I think one of the reasons we're
here today, it's not the sole reason but one of the reasons was with the things we were
being told by patients who had received a certain transcervical device that Dr. Fisher
mentioned during his presentation, and the symptoms that we were seeing, and Dr. Fisher
showed a slide that had the various symptom complexes broken out by kind of like clinical
area, and we were being told by patients that they were experiencing these things;
sometimes they were being diagnosed with a specific identified, defined rheumatological
disorder, but many times they were not. I'm not a rheumatologist, but it sounded more like
an undifferentiated type of connective tissue disease type of thing where they were going
to physicians with a variety of different symptoms, but not fitting the specific criteria for
lupus or rheumatoid arthritis or Sjogren's or something like that. And some of them were
actually saying that they were being diagnosed with specific known entities.
We do have, and we've publicly stated this, the company that makes that device was
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ordered to what's called a 522 study, which was a mandated postmarket study where we
are specifically asking the company to look at items, including following these types of
systemic symptoms and future diagnoses. That study is very early, and I think, as you know,
that device is no longer being marketed as of the end of this year, so that study is going to
be a little difficult to interpret because we're not going to get the full sample size. But we
are -- the company is collecting various blood tests, both preoperative and postoperative,
once somebody presents with symptoms.
So that is something we are looking into for that specific device, but that's kind of a
story of how that took place, but I'm not aware of any specific things. When you say
patients were presenting, we're not sure, we're not a hundred percent sure that there's a
cause and effect here. We're taking these symptoms at face value and further evaluating
them. But we haven't been prepared to say that the device is specifically causing those
symptoms; we're trying to get to that point.
DR. RAO: Thank you, Dr. Yustein.
Dr. Pollard.
DR. POLLARD: Yeah, I just have a question for anybody who wants to answer this.
So we're talking about the fact that some of these obvious reactions seem to be patient
specific in terms of the sensitivity down to everybody who gets a joint replacement. Have
any studies been done where they've looked at what pathological situations led to the
original joint replacement and whether that actually affects the need for revision of these
implanted devices? In other words, a lot of these joint, you know, sort of devices are
implanted because there's been some sort of arthritic condition originally, which obviously
has inflammatory components to it and so forth. And so the severity of that prior
condition, has that ever been looked at in terms of the subsequent response against the
metal implant?
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DR. YUSTEIN: Is Dr. Kwon still around? Dr. Kwon, would you be able to respond to
that?
DR. KWON: Well, thanks very much for the question. So I think when we actually
get this patient cohort, that tends to require a large cohort, and one way to do rigorous
analysis, there are lot of patient factors that we look at, and one of the parameters
available to look at is the original diagnosis for -- they tend to be a vast majority of the
cases were osteoarthritis, but we do have some patients with inflammatory athropathy.
But as far as I'm concerned, that's not been potential risk factor that's associated with the
adverse local tissue reaction.
DR. RAO: I know it's a little difficult, but let's try and pick some lucky member of the
FDA or one of the speakers to respond to our questions when we ask them.
I just have a question for Dr. Saylor. Dr. Saylor, you mentioned the different types of
corrosion this morning, you talked about local, uniform, galvanic, and fretting types of
corrosion, and when you're talking about local corrosion, you had a slide that showed some
pitting lesions in the metal, and then you attributed it either to a hyperphysiologic
response, and at the same time you said that these metal devices didn't really show much
loss of their oxidation over a wide range of pH, and I'm just wondering if you could explain
how do metal devices get local corrosion, not uniform but local corrosion? Is that truly a
hyperphysiologic response due to loss of the oxidative layer, or is it a manufacturing issue?
Is it a device issue?
DR. SAYLOR: So the measurement or the test method for local corrosion is ASTM
F2129. So you're essentially putting an over-potential across the device and looking for
when there's a sharp uptick in current, so that's indicative of breakdown. But that usually
doesn't occur until over-potentials that won't be experienced in the body, that's what I
meant by hyperphysiological. So it's forcing it to a breakdown condition effectively in that
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test. Did that answer your question or was there a second part to that?
DR. RAO: No, I think that was it. Thank you.
DR. SAYLOR: Okay.
DR. RAO: You don't think it -- does manufacturing play any role in that?
DR. SAYLOR: Absolutely, yeah. Depending on how a particular alloy is
manufactured, particularly Nitinol, you can significantly change that breakdown potential
where that occurs.
DR. RAO: Thank you.
DR. SAYLOR: Yeah.
DR. RAO: Dr. Taylor, you had a question?
DR. TAYLOR: Yes, I'd like to ask Dr. Hallab a question about the lymphocyte
transformation tests. Besides your laboratory, who else does it? And could you comment
on the MELISA test? And thanks.
DR. HALLAB: Oh, I can. But invoking the thumper rule of if I can't say anything nice
about -- yeah. I'm sorry, particularly about the MELISA test? Other than just general
comments on it?
DR. TAYLOR: Well, it's one of the -- it's available, but besides your lab -DR. HALLAB: Sure.
DR. TAYLOR: -- and MELISA, who else does the LTTs?
DR. HALLAB: So there's about three or four laboratories, central laboratories in the
U.S. that does this, National Jewish in Denver, Orthopedic Analysis in Chicago. I think
there's a laboratory in New York State that does it, and MELISA had a few labs here as well.
So there's a number of different places. I would caution, during the winter months, those -sending samples to those labs have to have procedures in place to ensure that shipping
blood overnight, the blood samples are kept at room temperature because they can freeze.
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Even if it gets below 40, all the cells can lose their viability and you get false negative
results.
MELISA is essentially an LTT test. There's differences, slight differences between
that and other LTT tests, but essentially they're the same as well. So if all the little picayune
concerns associated with ensuring sample fidelity, of being open about methodology, are
taken care of, then essentially the same.
DR. YUSTEIN: Dr. Taylor, it's Dr. Yustein. I think that we do have some people
speaking during the Open Public Hearing session today that will be speaking specifically
about the MELISA test.
DR. RAO: Thank you.
Dr. Badylak had a question.
DR. BADYLAK: Yes, thank you. And this is for anybody, perhaps Dr. Kwon would be
most familiar with this, but we're obviously trying to identify those patients that would be
at greatest risk for complications. But are there any definitive studies that look at the
majority of patients who do well with these implants, not just orthopedic but other, you
know, stents and others, and look at the same battery of tests, the LTT, the patch test, the
level of metal ions, you know, because otherwise we'll never know how to interpret these
tests in patients who present with problems.
DR. KWON: I'm sorry, it's a bit hard for me. Can you repeat the question? I've got
the first part of your question, but -DR. BADYLAK: Right, so the real core of the question is are there any definitive
studies that look at the results of these same tests in patients who have no complications,
who get along well, you know, and you never see those patients, right, because they don't
come back. But what are the metal ion levels and what are the results of the LTT tests after
1 year and 5 years and 10 years; has anybody looked at that?
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DR. KWON: You mean the -- can I just ask -- sorry. Are you referring to the outcome
following revision test or in terms of the index surgery?
DR. BADYLAK: Either one, but I guess what I'd really be interested in is patients that
don't have any problems, how do they respond to this same battery of tests either before
or mid term or long term?
DR. KWON: Okay, thanks for your question. Just very quick, let me just answer in
sort of a couple of ways. So I think if I interpreted your question correctly, so you want to
know what are the results in the patients who actually do well, so after the index surgery.
So if they have the same tests, can we sort of predict which ones are going to do well, and if
we look back, which one of those patients have actually, with the same tests, didn't have
any problem versus had a problem? And then secondly, you know, can we do the same for
when they have revision surgery, which of those patients do well versus don't do as well, is
that -DR. BADYLAK: Right. And not just those that need revision surgeries, those that
never need any further care.
DR. KWON: So I think that's one of the challenges we have, is that we do not have
one single diagnostic test that actually tell us which of those patients have adverse local
tissue reaction and all the specialized tests that we rely on, such as metal-on-metals as well
as cross-imaging studies, such as metal -- reduction with mass MRI scan. I think you heard
some from the other presenters, none of them actually have hundred percent sensitivity in
picking up what we are looking for. So the important thing is that they are important,
especially today, all important, but there needs to be an important component of a
systemic evaluation of these patients.
So we have significant proportion of patients who have elevated metal levels,
especially metal-on-metal -- they perform very well. We have a significant proportion of
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patients who have relative low metal levels and they have much more florid, you know,
adverse local tissue reactions.
We also have a limitation with mass MRI scan. We think that's probably the best
cross-imaging modality we have to actually help us guard the management and diagnose
and management of this patient. However, we also see, as we're getting better at getting
the imaging quality of these patients, we actually see a lot more than what we used to see.
In other words, we're seeing a lot of so-called simple flu collection in otherwise
asymptomatic patients, and with that, we actually had to say we didn't know what to do
with them. Does this represent something abnormal that we need to act on now, or are
they going to have progress or not regress?
So we actually report on 5-year longitudinal study of this patient who had flu
collection in otherwise asymptomatic patient, and we report about two-third of these
patients that actually does MRI scans of flu collection actually regress.
So I think, in trying to answer your question, I think there's really no test to make a
diagnosis that we can rely on. It has to be the systemic evaluation of it.
DR. RAO: Thank you.
Dr. McDiarmid and then Mr. Fisher.
DR. McDIARMID: My question is for Dr. Santambrogio regarding your
recommendation of aldolase as an outcome measure in addition to metal ion
concentrations. So my question is if the putative method of insult is the inflammatory
response that the metal ions set up, is there some specific additional information the
aldolase would suggest, or is this earlier in the response before there is something florid,
and could you say something about what value that adds?
DR. SANTAMBROGIO: So I think one of the major reason why these soluble ion tests
are so imprecise, many people commented that whatever blood level ions you see, many
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times does not reflect the histopathology in the peri-implantation and the major reason is
that most of these metal ions are not free, they are associated with proteins, and that's why
we need to have some testing for that. That's why, for example, somebody was suggesting
instead of taking the serum, to use the whole blood because you have red blood cells.
So these are two separate issues. One is to have a precise measurement of ions
which require testing of protein. The second is more a functionality issue. Many of these
ions will replace ions which are present in protein and they need the zinc ion, for example,
to function. Matalloprotease require zinc to function, and the catalase are the same,
require, you know, zinc to function. And so this is more a functionality issue.
Like people was mentioning use glycated hemoglobin to see how well you maintain
sugar level in the blood for 3 months, and glycated hemoglobin is much more precise than
glycemia, because glycemia you just measure at the moment, whereas glycated hemoglobin
tells you how well you maintain the sugar level in 3 months' time.
And so I think it doesn't need to be aldolase or catalase, but something similar that
would predict is there any of these ions replacing the zinc or the iron, for example, in
hemoglobin? You were mentioning, right, that you had some data on hemoglobin.
(Off microphone response.)
DR. SANTAMBROGIO: It was not hemoglobin. Albumin.
(Off microphone response.)
DR. SANTAMBROGIO: Albumin, yeah. So you know, any protein, any marker that
binds ion because it would be a test, I believe a more precise test to see the effect of ion
levels.
DR. RAO: Thank you.
Dr. Fisher, please.
I'm sorry, Dr. Christian.
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DR. CHRISTIAN: Thank you. This is Whitney.
I'd like to return back to diagnostics, and I think this question is along the lines of
what Dr. Badylak just asked. How well do these assays predict the functional avidity of the
T cell binding? Because we have reports of people that are asymptomatic but have an
allergy, and I think this is more of a concern from the perspective of false negatives because
that could have a major impact on patient safety.
DR. HALLAB: Sure. So given the number of inherent problems with all testing,
cholesterol testing, and certainly LTT is a highly complex diagnostic test, when it comes to, I
want to say sub-issues associated with avidity of T cell receptor binding, that's really taken
into account in this kind of downstream phenomena of lymphocyte activation and
proliferation. Because it's such a multifactorial issue, both before that binding and after
that binding occurs between the antigen-presenting cell and a T cell, that the subsequent
release of proinflammatory cytokines and proliferation is a downstream response.
So I'm a proponent of the most conservative testing that would take into
consideration and minimize those false negative results at the cost of perhaps, false positive
results, is more a cautionary approach, and that's one of the advantages I see for LTT over
patch testing is a higher sensitivity for that.
DR. CHRISTIAN: Do you feel there's any aspect of dose dependence?
DR. HALLAB: Pardon?
DR. CHRISTIAN: Dose dependence.
DR. HALLAB: Dose dependence, absolutely. Again, it's an advantage of LTT testing
where you can dose -- you can challenge these cells with several doses, and I know it's
standard now to use at least three, very low dose, medium dose, and high dose, and
sometimes there's a big response at a low dose and it kind of goes away at a high dose as it
becomes more toxic, especially for an ion such as cobalt. And other times having all three
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

93

doses show a big response is what some surgeons use as proof that there was a real
reactivity in that individual.
DR. RAO: Thank you.
Dr. Dykewicz, Dr. Jacobs, Dr. Lemons, and then Dr. Babensee, Dr. Giori, and I'll get to
the rest after that.
Dr. Dykewicz next, please.
DR. DYKEWICZ: Mark Dykewicz.
I'm looking at this from the perspective of somebody who treats clinical allergic
disorders and hypersensitivity disorders more broadly, and there is always the issue about,
yes, you can perform certain types of tests to assess if there's some types of sensitization,
but does that have any correlation to disease? And a very simple example I can give you is
in the question of food allergy, where you can do IgG antibody testing which really doesn't
correlate at all with patients who are presenting with food-allergic disease.
So my difficulty, as I'm hearing data about the lymphocyte transformation test and
metal patch testing, is all right, we're picking up some degree of sensitization but what
correlation does that have with disease? And specifically looking at the white paper, there
were several statements made that, for instance, Schneiderman in 2019 failed to show any
correlation with lymphocyte transformation test results in peri-prosthetic total knee
replacement tissue reactions.
So as we are presenting LTT, what evidence do we have that the LTT testing is going
to out-predict or not whether there's going to be joint failure, particularly mindful that
many of the tissue reactions that we've been told about, that are causing joint failure are
not even adaptive immune responses.
DR. HALLAB: Sure. There's a lot to unpack there and present. But I would like to
lower the expectations of LTT at least to the level of known risk factors such as obesity,
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smoking, etc. Having a condition predisposing you to having an outcome doesn't
necessarily mean that outcome will occur. It's a risk factor involved in that. Now, going to
correlations, there really couldn't be much more correlation between LTT and patch testing
in terms of correlated with higher incidences of sensitivity correlated with poor outcomes
or pre-revision outcomes and even a level of increase in sensitivity responses associated
with increased exposure to metals in those types of implants that release a lot of metals.
What isn't known is definitive causality. So even in the highly correlational studies that
show -- and some of those early studies or even recent studies that show, say, no
correlation are generally small groups, not thousands of subjects or combinations of studies
that are used, if it's in a small study. And it's important to not average those responses in
those small studies but show incidence levels because this is an incidence-based
phenomena.
And so while historically the correlations between incidence or rate of metal
sensitivity and implant performance are pretty high, it's still not known whether those are
correlational, I mean, or just correlational or have a strong causation component as well.
Now, we can't put implants into people that test positive for those metals, is what
we run into in terms of conducting large studies in that regard. But animal testing has kind
of shown time and again that you can induce this phenomena, and once you do induce it
and measure it, it does result in clinically meaningful outcomes in bone loss when you
challenge with implant degree. So we've got case studies, strong group studies that are
correlational and animal studies that can reproduce it. What we don't have is the largescale, many thousand-fold subject/patient study that we can actually put the implant in that
somebody is allergic to and then measure their responses and see how that goes.
DR. RAO: Thank you, Dr. Hallab.
Just if I may request, if we could keep our questions more pointed and if we could
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keep the responses more concise, that way we can get more people to get their issues
across.
Dr. Jacobs.
DR. JACOBS: Thank you. This is Josh Jacobs.
This is a question for Dr. Stafford regarding two issues on metal ion testing. Number
one, we call it metal ion testing, and I wonder if that's a misnomer. Isn't it just metal
testing? How do we know that when we ionize our sample that we haven't ionized nano
debris? Number one. Are we measuring metal ions or are we measuring also small nano
debris? And number two, you talked about the preference of whole blood over other
matrices, but what about the matrix effects of arrithracytes and how that might complicate
that measurement?
DR. STAFFORD: Okay, let's do this one at a time. So I believe that the terminology
for metal ion testing is, in some regards, maybe possibly a bit of a misnomer, but I think it's
important to remember how the actual testing is done. Through the mass spectrometry,
the sample material is actually ionized in a very, very hot plasma stream. So, in fact, the
material is literally ionized into individual elements or charged particles. So in that regard,
technically we use, in fact, ion testing. Are we talking about what's actually happening in
the blood? That's where it might be a little bit of a misnomer. So I'm not entirely clear how
to directly say yes or no. Is it a misnomer? But I do agree that there might be -- are we
looking at the -- are we measuring the particulates and the ionized species in the blood?
Perhaps. And I certainly could look into that with some of my subject matter experts, if you
like.
DR. RAO: Thank you.
We're cutting into the lunch hour, but I want to just keep going for a few more
minutes.
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Dr. Lemons.
DR. LEMONS: Over the past decades we've sub-classified metals and alloy surgical
implants and the biotolerant, bioactive at the surface, interacting with the tissue and
integrating and now the biodegradables. We know from experience that the interactions
are site specific in the biology and there's a lot of physical and biological science. But with
regard to the chronic environment and the biomechanics of function, my question is when
we consider ion and particulate in tissue, what do we know about the organometallic
complex that is formed and its reactions in vivo?
DR. RAO: Maybe, Dr. Santambrogio, could you take that?
DR. HALLAB: I'll make this brief. We did some studies about 10 years ago where we
looked at patient serum and where the metal in the serum is binding, and we found, for
titanium, it's generally soaked up in that albumin range that albumin makes up the majority
of serum protein in serum. However, for elements such as cobalt and chromium, it's stuck
to that albumin range, but then to higher molecular rate molecules as well in the
immunoglobulin range. So we find that it sticks -- they basically bind to specific ranges
more for elements like cobalt to chrome, nickel, than for something like titanium that
probably just soaks up whatever's around, that's its job.
DR. RAO: Thank you.
Dr. Babensee.
DR. BABENSEE: Yes. Julia Babensee.
I was wondering, in the lymphocyte transformation test and in the figures where the
major histocompatibility complex molecule is shown presenting something, what is the
antigen, and what is being added in the antigen suspension in the description of the LTT?
DR. SANTAMBROGIO: So there are two possible way in which metal ions can bind,
and nobody ever done elution study of peptides bind to -- with the ions, but it's known that
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the ions can bind to an amino acid in the peptide which is inside Class I and Class II and can
change the MAC Class I or Class II ligandome, which is presented to T cells. It can also bind
to the side chain. There is a lot of studies, not on chromium or cobalt, on the nickel
hypersensitivity, there is a lot of studies in which it shows exactly in the binding pocket of
Class I and Class II and how can it change the peptide that are presented.
DR. RAO: Thank you.
Dr. Fisher and Dr. Torosyan, you talked about the gynecological thing just to open up
the discussion and thought process a little bit. In your slide you talk about ARMD, but you
also talk about implants that are made of Nitinol and also copper. And then, Dr. Torosyan,
in her talk, mostly focused on the inflammatory response to a lot of these devices. So the
question is really, with these gynecological devices, is it an inflammatory response or a
response to the local metal? Do we know for sure, and what are your thoughts on that?
DR. FISHER: I'm going to let Lisa take this question, but I will say that I believe that
with the Essure device, which is the insert, it is a macrophage mediated inflammatory
response that results in a foreign body response.
DR. TOROSYAN: And I would like to continue, first of all, by stating that the
inflammatory response is not a substitute for immune responses. I was just trying to
emphasize the role of information in general in implant reactivity, as a substitute for a
purely allergic mechanisms, if you will. But obviously, it's still immune/inflammatory
response.
Now, regarding your question on gynecological devices in particular, we may view
some of the complications, well-known complications with some of these devices, such as
the device migration due to perforation, as a continuation of other local tissue reaction and
post-inflammatory tissue remodeling. That's actually one of the main reasons why it's so
important to recognize that this is the inflammatory response that changes the tissue. Not
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just immune reactions limited to some cytokine releases, some cell deaths here and there.
This is a pure inflammatory response, and when it's chronic response and it leads to postinflammatory periprosthetic tissue remodeling and that tissue remodeling can manifest as
osteolysis, it can manifest as pseudotumor, it can manifest as perforation leading to
common device complications such as device migration, even device loss if we are talking
about certain types of devices.
DR. RAO: I'm just trying to get to the understanding of the process. So if you had a
plastic device that was used for the Essure device and you got a similar response, then
we're trying to tease out how much of it is metal and how much of it is device related, so I
just want -- I'm curious about your thoughts on that.
DR. TOROSYAN: Well, as I was trying to mention in one of my slides, some of these
metal reactivity lessons are definitely close-cutting, may have close-cutting complications,
meaning that many of these mechanisms that are being discussed, including the role of
inflammation, they are not limited to metals. Yes, metal has some metal-specific reactions,
especially when it comes to adaptive responses, but the role of inflammatory response, I'm
afraid, is not unique for metals which means that it can be expected with other implants,
too, and in fact, with other medical products, let's say.
DR. RAO: Dr. Fisher, any thoughts?
DR. FISHER: I don't know that we can tease that out right now. I don't know if it's,
you know, due to the metals, if it's due to the plastics, a combination of both.
DR. RAO: Thank you.
Dr. Giori, you had a question?
DR. SANTAMBROGIO: Sorry, can I add something to that?
DR. RAO: Yes, please do.
DR. SANTAMBROGIO: I mean, the immune system, it's not equipped to distinguish
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plastic from metal, and so many of these responses are very similar, like phagocytosis,
frustrated phagocytosis, we have in both particular debris either if they're metal of if
they're plastic. And also inflammation. The metal has an additional component, which are
the ions, which are now present in polyethylene devices, but mechanism of inflammasome
activation, TLR, they're present in both metal and polyethylene.
DR. RAO: That's good, we're making progress.
Dr. Giori.
DR. GIORI: I have a question for Dr. Kwon. I'm reminded, as we have this discussion,
of the trouble that we've had as orthopedic surgeons defining what is infection, and here,
what we're really having trouble with is defining what is this spectrum of symptoms that
we're seeing that are related to adverse reaction to metals, if you want to put it in some
way. Do you think that there's a need to define specifically what is an adverse reaction to
metal? In other words, should we define a set of criteria much like we did with infection to
say this is an adverse metal reaction and, thus, then we can figure out what is the sensitivity
and specificity and positive predictive value and everything of these tests so that we can
then move forward with this?
DR. KWON: That's a very good question. So, interestingly, we actually still struggle
with -- it's a challenge to actually make a diagnosis of even infection in the setting of
adverse local tissue reaction because with adverse local tissue reaction there's significant
necrosis and they might also have a concomitant diagnosis of infection. So I want to think
we try to get inside to all the parameters we normally use to make a diagnosis of infection,
like a cell count and the neutrophil, they may all change, may differ in the setting of adverse
local tissue reaction.
The second part of your question is about, you know, can we set up parameters, like
if you meet this criteria, if you meet that criteria, that automatically would mean the
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patient have a diagnosis. I think it's a challenge; we're not still there yet. I think what we're
hearing here is that there is a significant component of patient factors and implant factors,
which is probably much more relevant in this biological reaction, than what we've seen in a
periprosthetic joint infection.
So I think because of that it's very hard for us to come up with a set of criteria,
something that we're working towards. But all the tests we have at the moment, such as
metal ion levels and mass MRI scan, they're not as good as actually tests that we have to
make a diagnosis of infection. So we all working towards it, and I think that will be good for
the clinician as well as good for the patient as well as good for in terms of going forward
with research, because once you have standardization, then we'll be able more to report it.
DR. RAO: Thank you.
Dr. Germolec, you had a quick question?
(Off microphone response.)
DR. RAO: You're going to wait, okay.
I had a quick question for Dr. Goode, if you could just come up real quick. I just want
to get to the FDA process. Is she around? Just the FDA process. You talked about
biocompatibility and your assessment testing for biocompatibility and you made a
distinction between local -- you are focused just on the local response, but you specifically
excluded metal issues, and I'm curious whether that may be impeding knowledge in this
matter.
MS. GOODE: So in the slides I was actually explaining what standards could be used,
so some of the standard test methods only look locally and some of the other standard test
methods look systemically. We have, in particular for sensitization, a local skin study that
people have been using for decades and that's being used as a screen, but it may not be
completely relevant. So we care about local and systemic responses. We look for these
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responses whether a device is made only from metal, includes only polymer components,
combinations of different materials, but we are limited by the assessments that are
currently standardized, so we may not be doing the best type of screening was my point.
DR. RAO: So when you look -- I know you look at the systemic issues and the local
issues. When you look at the local issues, you specifically said you don't look for metalrelated issues but you're looking for -- did I understand that right? Or not really?
MS. GOODE: I'm not -DR. RAO: Okay.
DR. YUSTEIN: Was that about the part where we look at the finished product and
not the individual components?
MS. GOODE: Yeah. So we do actually ask people to assess the device in its final
finished form. I'm not quite sure which slide you're referring to. I apologize.
DR. RAO: Okay, that's all right. We'll talk about it later.
MS. GOODE: Yeah.
DR. RAO: Well, thank you.
I think we'll break for lunch now. We'll meet again exactly at 12:30 in this room.
Please remember that the doors will be locked to this room, so if you'd like to leave
something inside the room, you're more than welcome to do so, the FDA will lock the doors
and will monitor the doors. Also, please remember that there is a private room for the
Panel members to eat in the restaurant which is outside. All visitors and all members who
are here in this room here are welcome to eat in the restaurant at the buffet, as are the
Panel members, and there is a separate seating area for the Panel members in that room.
There are also a number of restaurants in the area if you'd like to choose something else
besides what's available in the restaurant at the hotel.
Thank you. We'll see you again at 12:30 sharp.
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(Whereupon, at 11:44 a.m., a lunch recess was taken.)
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AFTERNOON SESSION
(12:30 p.m.)
DR. RAO: Okay. Well, good afternoon, everyone, and welcome back. In this portion
of the public Advisory Panel meeting, the focus will be on the dental amalgam and potential
adverse health effects. Dr. Michael Adjodha from FDA will kick off this portion of the
meeting. He will present background information on the topic, followed by Dr. Lisa
Torosyan, who will summarize the FDA's recent review paper.
Dr. Adjodha, please approach the podium and begin when you're ready.
MR. ADJODHA: I'm not a doctor, but thank you. Good afternoon, Mr. Chairman and
distinguished panelists. My name is Michael Adjodha. I'm currently the Acting Assistant
Director for Restorative and Surgical Dental Devices in FDA's Division of Dental Devices.
The next item on the agenda for this meeting is the topic of dental amalgam. I
would like to give some background on dental amalgam and previous assessments
performed by FDA and other agencies in the department.
My presentation will discuss the following: amalgam characteristics and previous
Agency assessments.
What is dental amalgam? It's a restorative material used to fill carious defects in
teeth, and it's comprised of a 1:1 mixture of elemental mercury and powdered silver, tin,
and copper alloy. It's often marketed in encapsulated form, typically marketed in
encapsulated form. The mercury and powdered alloy are mixed at point of care to form a
plastic mass, which hardens in the mouth to form a solid substance.
As far as domestic use, it's been on the U.S. market since the late 1800s, and
approximately 50 million amalgam restorations are placed annually in the U.S. Less than
40% of all direct restorations placed are dental amalgam. Its use has been declining steadily
at the rate of 2 to 4% per year.
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There are alternatives to dental amalgam, and they include composite resins for all
classes of restorations and glass ionomer cements for small restorations.
As a restorative material, dental amalgam has been effective and has the following
characteristics: It has high strength, suitability for all classes of restorations, good marginal
integrity, durability, ease of use, and affordability.
And it has disadvantages, which includes that it releases mercury vapor, it has poor
aesthetics and requires larger tooth preparations than composite resins, and it is
susceptible to corrosion.
Dental amalgam is a complex intermetallic material that contains mercury. I wanted
to give some insight into how mercury reacts in dental amalgam by looking at the
microstructure of amalgam during setting.
This drawing illustrates the progression of the setting reaction of dental amalgam, as
would occur as initially mixed. Starting at the top left, we see alloy particles suspended in
elemental mercury. The mercury dissolves silver and tin ions from the alloy, reacts, and
precipitates solid crystalline grains called gamma 1 and gamma 2 phases. Dissolution,
reaction, and precipitation of distinct, solid crystalline grains progresses or nucleates until
we have set amalgam. The initial setting time is about 1 hour, and the final setting occurs
within 24 hours.
Mercury in dental amalgam is not entirely bound in a matrix. After setting, dental
amalgam can release mercury vapor, particularly under mechanical stress, abrasion, and
elevated temperatures. Release is typically from unreacted mercury in the matrix and from
corrosion of intermetallic tin and copper phases. The main route of patient and
occupational exposure is via inhalation, as inorganic mercury is poorly absorbed through
the GI tract.
Having covered the characteristics of amalgam, I will now cover previous
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assessments. There have been concerns raised, particularly in the last few decades, that
exposure to mercury from dental amalgam poses a risk to public health.
Beginning in the early 1990s and continuing to the present, HHS and its operating
divisions have conducted periodic scientific assessments on the effects of mercury exposure
from dental amalgam. In the following slides, I will present a brief summary of these efforts
and their conclusions, roughly in chronological order, leading up to the current assessment.
The first and most comprehensive report was the 1993 PHS report. This report was
the result of a multi-agency review by HHS, Subcommittee on Risk Management, the
Committee for Coordinate Environmental Health and Related Programs, or called CCEHRP.
Among the findings of that report:
•

Daily mercury dose is higher for subjects with 7 to 10 amalgams than for persons
with no amalgams.

•

Available data was not sufficient to indicate that health hazards can be identified
in non-occupationally exposed persons.

•

The evidence was not persuasive that a wide variety of non-specific symptoms
attributed to the fillings on improvement after removal was attributable to
mercury from amalgam.

•

Also, the evidence was not persuasive that the potential for toxicity should be
totally disregarded.

The report concluded that mercury released from amalgam does not pose a serious
risk, health risk, to the general public.
The 1993 report was updated in 1997, and the updated report included a review of
150 studies submitted in citizen petitions. Among the findings, they were consistent with
the earlier assessment. Mercury was found to be a well-known toxicant, and as toxicity is
dependent on dose, mercury from amalgam fillings can accumulate in tissues.
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The report concluded that data was insufficient to conclude that patients with dental
amalgam restorations will experience adverse health effects, including neurologic, renal, or
developmental effects.
In 2004 NIH funded a report by the Life Sciences Research Office. It reviewed over
300 studies published from 1996 through 2003. The report concluded that there was
insufficient evidence to support a correlation or a causal relationship between exposure to
dental amalgam and kidney or cognitive dysfunction, neurological disease, autoimmune
disease, or adverse pregnancy outcomes. Data did not support a causal association
between mercury release from amalgam and other non-specific complaints that may have
been attributed to this restorative material.
Independent of the LSRO report, FDA prepared its own review in a white paper. In
2006 FDA prepared a draft white paper on the potential health effects associated with
dental amalgam and presented its findings at an FDA Advisory Committee. The Panel
recommended FDA revisit the paper to address research gaps.
In 2009 FDA addressed these gaps and finalized the paper with an addendum. The
final white paper contained FDA's review of dental amalgam literature published since 1997
and found no new information that would change earlier conclusions of earlier
assessments.
The conclusions were used to support the findings of the final rule. The conclusions
were that there was an absence of evidence suggesting that exposure to mercury vapor
from dental amalgam is associated with adverse health effects in the general population
ages six and older and that clinical data are limited regarding sensitive subpopulations,
including pregnant women and their developing fetuses, children under six, and breastfed
infants.
Now, consistent with one of the objectives going back to the 1993 PHS report was to
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reclassify the components of dental amalgam into a single classification regulation. FDA
issued a proposed rule in 2002, and following consideration of the comments submitted to
the docket on the proposed rule, FDA issued a final rule in 2009. The final rule combined
the amalgam alloy and mercury components of amalgam into a single classification and
established special controls that are performance data and labeling for this device type.
FDA relied on valid scientific evidence, including several comprehensive reviews of
the scientific literature and safety assessments, air monitoring standards for mercury vapor,
and biological monitoring standards for urinary mercury, and clinical studies.
The FDA found that with respect to potentially sensitive populations, no adverse
effects are expected, but the clinical data are limited.
The rule concluded that exposures to mercury vapor from dental amalgam are not
associated with adverse health effects in the general population ages six and older.
Now, following publication of the white paper and the final rule, and spurred by calls
for a reevaluation by citizen petitions filed, FDA in 2010 began to reassess the literature to
determine if any new information is available that would cause the Agency to reconsider its
previous findings.
In 2010 FDA conducted a review of the literature on mercury allergies. The peerreviewed literature was assessed to determine the definition, diagnosis, and genetic
predisposition to mercury allergy.
Among the findings, mercury allergy was found to typically take the form of a
localized, delayed-type, cell-mediated cutaneous or mucosal reaction, and that other
reactions may reflect more of an irritant nature of mercury in a small number of individuals
who may be mercury sensitive, although the precise mechanism of such reactions is
unknown.
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reviewed literature published from 2008 through 2010 to determine if there was new
information that was concerning the associations between mercury vapor and adverse
health outcomes.
Among the findings, the number of amalgam fillings and surfaces correlate with the
mercury content in kidney, urine, saliva, and hair and that correlation exists between the
number of maternal amalgam fillings and increased mercury levels in maternal blood,
follicular fluid, and cord blood.
Dental occupational exposure to mercury was associated with the increases in
urinary and blood mercury levels and self-reported prevalence of neurological,
psychosomatic symptoms, memory loss, concentration difficulties, fatigue, and sleep
disturbance.
Some patients reported allergic or immune responses to mercury such as oral
lichenoid lesions and that many of these symptoms resolved after removing of the fillings.
And children exposed to dental amalgam had urine protein content and small increases in
the urinary concentrations of porphyrins.
The conclusion of the report was that none of the reviewed studies provide evidence
of causality, and the available findings were limited by a lack of proper controls, small
sample sizes, length of follow-up, and lack of mercury speciation analysis.
The previous assessments had concluded that the data were limited regarding the
risks of dental amalgam exposure to potentially sensitive subpopulations.
In 2012 to 2014, FDA conducted a systematic review of the epidemiologic literature
on these sensitive populations. The review was focused on the possible risks of exposure to
dental amalgam among the following sensitive groups:
•

Pregnant women and their developing fetuses

•

Children under six
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•

Nursing women and breastfed infants

The available studies on pregnant women and their developing fetuses and
newborns reported inconsistent correlations between maternal dental amalgam and
mercury levels in breast milk or in biofluids from breastfed infants and young children.
Overall, there was a lack of evidence that maternal dental amalgam increases the risk of
health outcomes in pregnant and nursing women, their developing fetuses, breastfed
newborns, and children under six.
Shortly before and following the issuance of the 2009 final rule, FDA received several
citizen petitions requesting that the Agency take several additional actions on dental
amalgam, including banning and restrictions on use in potentially sensitive subpopulations.
FDA held an Advisory Committee in 2010 to discuss the scientific issues raised in the
petitions. These included exposure assessments, mercury vapor reference exposure levels,
and the adequacy of the clinical studies on dental amalgam.
The Panel discussed that there may be sensitive subpopulations that are more
sensitive to mercury vapor than the general population, but that there is no causal link
between the use of dental amalgam and various clinically manifested conditions in the
general population.
FDA considered the information provided by the Panel, the comments to the docket,
the available literature, and exhibits provided by the petitioners and concluded in its
response to the petitions in 2015 that the available information does not support the claim
that mercury vapor released from dental amalgam is unsafe and results in adverse health
outcomes and the conclusions that dental amalgam presents a substantial or unreasonable
risk of illness or injury that would justify a ban.
This brings us to our current time period. It has been a few years since our last
assessment, and the current assessment will serve as a basis for discussion at this Advisory
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Committee to determine if there is new evidence related to the benefit-risk profile for
dental amalgam.
Unlike the previous reviews which were limited to amalgam-attributed health
outcomes, the current systematic assessment is aimed to provide a wider evaluation that is
not restricted to certain health outcomes or vulnerable populations.
If there are no questions to my presentation, my colleague, Dr. Lisa Torosyan, will
summarize the findings of the latest assessment.
DR. RAO: Thank you, Mr. Adjodha.
Any questions for Mr. Adjodha?
Yes, Dr. Weisman.
DR. WEISMAN: Are there alternatives to dental amalgam that provide a proper riskbenefit ratio?
MR. ADJODHA: Well, yes, there are alternatives to dental amalgam. As I mentioned
in my slide, it's composite resins and glass ionomer cements which are most widely used.
They have their own risk; they have their own benefit-risk profile. Would you like additional
information about the relative risk between the two products? They each have their own
risk, of benefits and risks, and they're unique in terms of their -DR. RAO: We do have a half-hour for deliberations after the -MR. ADJODHA: Okay.
DR. RAO: So we can hold off until then if you'd like.
Any other quick follow-up questions?
Yes, Dr. Li.
DR. LI: Yes, I'll just ask for clarification. All the data is summarized updated white
paper. That, again, almost exclusively considering mercury product, not including the
consideration of other components of amalgam; is that correct?
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MR. ADJODHA: Yes, the issue has always been the mercury content of dental
amalgam. You know, there are other components, silver and copper and tin, but our
experience over the years is that the mercury component presents the highest risk in the
product.
DR. LI: So the other components were not part of the consideration of your review?
MR. ADJODHA: Well, the other components contribute to the total risk of the
device.
DR. LI: Okay.
MR. ADJODHA: But the mercury presents the highest risk in terms of the
composition of the whole product.
DR. LI: Thank you. Yeah, that's the clarification I would like to add.
MR. ADJODHA: Yeah.
DR. RAO: Dr. Taylor.
DR. TAYLOR: My question has to do with the occupational exposure. I realize yours
is mainly emphasizing consumer exposure, but with the panels in 2009, was NIOSH
involved? Number one. Number two, is there -- have they changed their permissible
exposure levels from an occupational standpoint? Do you know?
MR. ADJODHA: Yes, in 2009, I don't believe NIOSH was involved. I don't believe the
reference exposure levels have changed. We've used ASTDR reference exposure level,
EPA's reference exposure level. They have not been changed, as far as I know. I think Peter
Goering might be -- and Yelizaveta might provide additional feedback on that. But as far as
I know, those reference exposure levels have not been updated since they were published
some 15, 20 years ago.
DR. RAO: Thank you.
Dr. Torosyan, please.
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DR. TOROSYAN: Good afternoon. My name is Lisa Torosyan, and I am a health
scientist at CDRH and also the reviewer who was involved in this particular review. In my
presentation I would like to walk you through the main findings of FDA review on possible
risks from dental amalgam as a potential source of mercury exposure.
And answering the previous questions, I would like to say that some of the
epidemiological studies actually did not distinguish between mercury and other possible
components, so the current review has some evidence that would be cumulative, the result
of cumulative exposure to dental amalgam.
Unlike some previous FDA assessments, the current review was not limited to
specific adverse outcomes or vulnerable populations. As such, it was aimed to identify
published evidence on all possible adverse outcomes reported within the last decade in
relation to either occupational or non-occupational exposure to dental amalgam.
To give you an idea about the systematic approach used in this review, here is the
search strategy and the entire process of article retrieval and selection. Tens of thousands
of initial findings from different databases were first reduced to 1360 manually reviewed
articles which then yielded 185 articles for qualitative evidence synthesis. The totality of
this review is reflected in its contents which show categorization by different outcomes,
study populations, and modifying effects.
In addition to the systematically derived records, as described in the previous slide,
the review included publications with supporting evidence from preclinical studies, expert
opinions, other reviews, and so on. As a result, the main review and its update for the past
few months were based on a total of more than 250 publications.
Please note that on the slides, the main review references are presented by numbers
in brackets, and the addendum references are presented by author names.
Overall evidence on amalgam-related outcomes can be divided into three categories.
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Increased mercury levels in biofluids were shown in multiple studies and thus presented the
strongest evidence attributable to dental amalgam. Dose-response relationships, however,
were affected by inter-individual variability and measurement limitations, as will be
discussed later.
Moderate evidence was found on local outcomes such as amalgam tattoo or oral
lichenoid lesions, which suggested possible causal but not specific relationships.
And the evidence on systemic outcomes such as certain neurological or
inflammatory diseases was mostly reported in single studies or case reports and therefore
remained inconclusive.
Let's start with the analysis of increased mercury levels as the main subclinical
outcome.
In most studies on non-occupational exposure, mercury levels positively correlated
with numbers of amalgam fillings or surfaces in both adult and pediatric populations.
The nationally representative U.S. study by Yin and coauthors (2016) showed that
blood levels of total and inorganic mercury correlated with the number of restorations,
although the study did not specify amalgam versus composite resin fillings. There was,
however, a decreasing trend for inorganic mercury between two NHANES surveys used in
this study, 2010-12 and 2003-04.
Similarly, several European studies suggested that mercury levels have been
decreasing, presumably due to the reduced use of amalgam, among other possible factors.
Among U.S./Canadian studies assessing amalgam safety at populational levels, some
models predicted that tens of millions of Americans may exceed safety levels. However,
studies that were based on actual mercury measurements did not confirm concerning
mercury levels in the U.S. population in relation to dental amalgam.
A recent study using the New York State and national NHANES study data showed
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that the proportion of reportable blood mercury levels declined from 25% to 12% within the
10-year study period. With blood mercury interpreted as more attributable to fish
consumption, only two participants had reportable levels of urine mercury which was
expected to reflect exposure to dental amalgam.
Among studies on occupational exposure, mercury concentrations positively
correlated with numbers of placed or removed amalgam fillings as well as with some
substandard practices.
There were global variations between occupational studies. Unlike the reported
decrease of mercury levels in developed countries, very high levels, up to 30 µ/L, were
found among dentists in some isolated locations such as Lahore, Pakistan.
Urinary mercury concentrations among U.S. dentists were shown to decrease by 90%
from 1976 to 2012. However, the levels among U.S. dentists in 2011-12 were still higher
compared to the NHANES-based levels in the U.S. general population.
More specifically, amalgam removal during dental training without using water spray
and high-volume suction as well as removal using a high-speed dental drill, were recognized
as potential sources of high occupational exposure even in the U.S.
However, elevated mercury levels did not always correlate with other clinically
manifested outcomes, which are summarized in the next sections.
Oral mucosa and skin lesions were local outcomes frequently reported in relation to
dental amalgam. This slide demonstrates amalgam tattoo, oral lichenoid lesions, and
orofacial granulomatosis. Out of those, tattoos were most frequently associated with
dental amalgam, although in some cases they were found next to non-amalgam fillings.
Removal of amalgam fillings was reported to alleviate or resolve oral mucosa and
skin lesions in many, but not in all, cases. Some authors recommended distinguishing
between amalgam-related lichenoid lesions and lichenoid planus which may be an immune
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response irrelevant to dental amalgam.
Systemic clinical manifestations constituted the most unclear outcomes attributable
to dental amalgam.
Varying evidence on neurological outcomes was presented in occupational studies
from different countries. Positive evidence on self-reported symptoms such as memory
problems and tremor was found in two relatively small studies among Brazilian and Tunisian
dental professionals.
A study among the U.S. dentists concluded that there were no clinically meaningful
associations with multiple sclerosis; however, possible risk was not entirely excluded, and
the study showed a slightly increased risk trend for tremor, which was linked to cumulative
mercury exposure and higher urine mercury levels.
Negative evidence on changes in motor and cognitive functions was reported among
dental professionals or their adult offspring in several studies from Norway, Sweden, and
U.S.
Among non-occupational studies, positive evidence on amalgam-related
neurotoxicity was presented in single studies reporting increased risk trends for attention
deficit/hyperactivity disorder (ADHD), Alzheimer's and Parkinson's diseases, and restless leg
syndrome. Notably, three out of these four studies were from the same region, Taiwan.
A Turkish study reported subclinical changes in the brain tomography in relation to
blood mercury and BMI.
Equivocal evidence was reported in a small Romanian study on patients with
multiple sclerosis as well as in a Swedish study on self-assessed symptoms among amalgam
bearers versus controls.
No increased risk for amyotrophic lateral sclerosis was found in a single study from
Australia.
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No studies reported clinically manifested nephrotoxicity in relation to dental
amalgam.
Equivocal evidence was reported on renal function markers such as urine N-acetyl-βD-glucosaminidase, glutathione-S-transferase-alpha but not pi, and mercury bioburden
associated porphyrins.
No strong positive evidence was reported on adverse outcomes related to systemic
inflammation. Equivocal evidence was limited to case reports or case series referring to
autoimmune/autoinflammatory syndrome induced by adjuvants, chronic fatigue syndrome,
fibromyalgia, and some other inflammatory diseases.
In a single study on patients with symptoms indicative of chronic mercury toxicity,
the frequency of autoimmune diagnoses appeared to correlate with numbers of amalgam
fillings, but correlations between amalgam fillings and mercury levels disappeared after
adjusting for age and sex.
Negative evidence was reported in several studies exploring possible links between
amalgam and autoimmunity related outcomes such as lupus, systemic lupus erythematosus
(SLE), and Hashimoto disease, as well as for positivity for antinuclear antibodies.
Equivocal evidence was found in single and/or small size studies on some other
outcomes such as thyroid hormonal status or different lab test changes.
Despite a number of studies on the markers related to oxidative stress and
antioxidant system, the presented evidence was conflicting, such as opposite trends for the
same enzyme, or was affected by additional sources of exposure. No clear signs of
genotoxic damage was found in a couple of ex vivo studies using patient samples.
In a number of studies addressing exposure in children, dental amalgam was
identified as a possible, but not unique, source of adverse effects attributable to mercury.
Several studies reported positive correlations between maternal amalgam and
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mercury increases in biofluids from mother and child. However, these correlations were
impacted by additional sources of exposure.
As was shown in the U.S. study on the predominantly Caribbean immigrant
population from Brooklyn, New York, about 16% of cord blood mercury levels exceeded the
safety level per U.S. EPA. However, cord blood and urine mercury levels were associated
with factors such as fish consumption as well as with mother's foreign birth, possibly
reflecting use of mercury containing special products and other unconventional exposure.
Variable results were presented in several other studies on perinatal occupational or
non-occupational exposure to dental amalgam. A recent study by Bjӧrkman reported an
increased risk trend for perinatal death among offspring of Norwegian women with 13 or
more amalgams. However, the authors acknowledged that this concerning result might
have been affected by residual confounding due to factors such as low education.
Autism was the most investigated potential neurotoxicity outcome among pediatric
populations. However, no study showed unequivocally positive evidence of the amalgamrelated risk of autism. As an example of equivocal evidence, the risk of severe autism was
suggested to differ among offspring from mothers with more than five amalgams versus
mothers with less than five amalgams.
On the other hand, negative evidence on autism was reported in a number of
studies, some of which even presented counterintuitive findings regarding dental amalgam
or fish exposure.
Only negative or equivocal and even counterintuitive evidence was presented with
regards to other neurotoxicity outcomes in children. As an example, several reports using
the Seychelles Child Development Study among islanders with traditionally high fish
consumption did not reveal consistent associations between prenatal mercury exposure
from maternal amalgam and neurobehavioral consequences among offspring.
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This slide summarizes similarities between overall metal reactivity and dental
amalgam-related responses.
Similar to increased levels of cobalt, chromium or other metals due to metal
implants, exposure to dental amalgam may result in increased mercury levels.
Similar to metal implants, amalgam-related metal release is attributable to
corrosion.
Dental amalgam-related oral mucosa and skin outcomes may reflect the role of
delayed Type IV hypersensitivity.
More importantly, one of the most frequently reported outcomes, amalgam tattoo,
was shown to bear resemblance to foreign body response, which is the main feature of
implant reactivity in general.
Similar to inter-individual variability in relation to metal implants, amalgam-related
health outcomes may be also affected by individual susceptibility to mercury toxicity.
Numerous studies reflected the possible role of different modifiers. Several studies
explored the role of genetic markers related to mercury kinetics and toxicity or
neurobehavioral functions.
Two metallothionein SNPs, single nucleotide polymorphisms, were suggested as
modifiers in both occupational and non-occupational exposure. A SNP in
coproporphyrinogen oxidase (CPOX4) was suggested to affect the broadest range of
mercury related effects in studies based on Casa Pia Dental Amalgam Clinical Trial in
children. However, these studies represented discovery phase and not clinical
implementation of candidate biomarkers.
Many studies identified sex and age as possible modifiers, frequently pointing at
higher susceptibility in females.
Additional demographic variance was represented by country/residence area with
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indiscernible effects due to various possible factors involving geographic location,
race/ethnicity, dietary habits, socioeconomic difference, and etc.
A few isolated, mostly preclinical studies mentioned the possible role of ionizing or
non-ionizing radiation as modifying factors in the mercury release from amalgam.
One of the most consequential findings in the current review was the recent
evidence challenging the accuracy of urine and hair mercury as postulated exposure
indicators for amalgam and diet, respectively.
This U.S. study by Dr. Sherman and our guest, Dr. Franzblau, clearly suggested that
urine mercury may overestimate exposure from dental amalgam. As shown by mass
spectrometry based mercury isotope analysis, among fish-eating individuals with less than
10 amalgams, 70% or more of urine mercury may be due to organic methylmercury
originated from diet.
On the other hand, similar mass-spec studies elucidating the intermolecular
structures of mercury species suggested that inorganic mercury from dental amalgam can
be detected in hair samples conventionally used for detecting organic methylmercury from
dietary exposure.
As further suggested by the recent evidence, the mercury measurement-related
discrepancies can be due to possible in vivo cross-transformation of mercury species, which
raises the question about its role in health consequences attributable to dental amalgam
versus diet.
The referenced here publications which were mentioned in our review support
preclinical evidence on in vivo cross-transformation of mercury species.
A number of studies suggested the possible role of gut microbiota in intestinal
methylation and demethylation of mercury species in different animals, including mammals
and presumably, homo sapiens. This means that inorganic mercury may be formed via
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demethylation of dietary mercury and vice versa, organic methylmercury may be formed via
methylation of amalgam-derived mercury.
Thus, uncertainty regarding mercury measurements represents the main crosscutting challenge in interpretation of the currently existing evidence on dental amalgam.
This uncertainty is further increased by the fact that urine may not be the main excretion
pathway for mercury.
In addition to these cross-cutting limitations, evidence from some articles was
affected by individual limitations such as insufficient details on exposure. More
importantly, the existing evidence from different worldwide studies was not always
generalizable, and not all of these studies were sufficiently representative of the U.S.
general population or U.S. dental professionals.
Additional challenges complicating the risk assessment were represented by interindividual variability of outcomes, unaccounted exposure sources and, most importantly,
possible in vivo cross-transformation of amalgam-derived mercury and dietary
methylmercury.
Notwithstanding the listed limitations, the review identified mercury increase in
biofluids as the main possible subclinical amalgam-related outcome. The levels of mercury
in developed countries were shown to decrease but remain relatively higher in occupational
exposure. No new evidence was identified on adverse outcomes in vulnerable populations.
No consistent evidence was found to support the causal relationship between amalgamattributed mercury increases and clinically manifested adverse outcomes including
neurotoxicity, nephrotoxicity, or systemic inflammation.
However, as mentioned in the previous slide, the risk assessment and generation of
actionable knowledge were affected by unaccounted exposure sources, variable individual
susceptibility due to different effect modifiers and, most importantly, by the lack of reliable
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mercury measurements for clearly identifying possible exposure sources.
And having said that, let's continue our discussion on the methodological needs and
challenges for more accurate mercury assessment. Thank you for your attention.
DR. RAO: Thank you.
DR. TOROSYAN: Are there any questions?
DR. RAO: Any questions for Dr. Torosyan?
Dr. Taylor, you had a question? Your light's on.
Dr. Weisman.
DR. WEISMAN: Are there any other sources of inorganic or organic mercury in
medications that patients receive? I mean, when I was an intern, we used to use mercury
hydride as a diuretic by injection, but we don't use that anymore, so it made me think about
other possibilities of mercury exposure that could also confound the issues that you -- that
you're bringing up. Medications, I'm talking specifically, and injectable medications as well.
DR. TOROSYAN: Well, as you mentioned, historically, mercury was used in certain
medications. In my memory, I think that would limit the possible time period to the
beginning of 20th century, maybe. I'm not aware of any clinical studies, definitely not in
this review, that would address the use of mercury in other medications. Maybe just as an
additive, but not as an intended mechanism of action.
DR. RAO: Thank you.
Dr. Zuniga.
DR. ZUNIGA: I had a question about the lichenoid process. Is there any evidence
that -- what's the conversion rate of lichenoid lesions into a malignancy, and is there any
difference between amalgam-related lichenoid versus non-amalgam related lichenoid
conversion?
DR. TOROSYAN: Yes, there are some articles. I don't think that they were extensive
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studies on the subject that would show the link between malignancy and lichenoid lesions,
but yes, it's assumed that it is possible.
Regarding the second part of your question, I referred in one of my slides to the
distinction between oral lichenoid lesions that are attributable to dental amalgam and
lichenoid planus. Some of those just recommend to call it lichenoid planus and not just oral
lichenoid lesions, referring to it is a standalone immune process which may be irrelevant to
dental amalgam. But definitely there is an overlap, and that's why one of my introductory
slides on that section had the statement that these outcomes were frequently reported. In
some cases, the studies pointed at a possible causal relationship, but definitely, that
relationship is not specific.
DR. RAO: Just to be clear, the lichenoid lesion, it has the same color, but there's
been no findings of metallic deposits in the mucosal or submucosal layers; it's just a
lichenoid?
DR. TOROSYAN: Yes, definitely that could be oral lichenoid lesions, irrelevant to
dental amalgam.
DR. RAO: Thank you very much.
DR. TOROSYAN: Thank you.
DR. RAO: I would now like to invite Dr. Alfred Franzblau from the University of
Michigan to the podium. Dr. Franzblau is the last of our FDA-invited speakers and will talk
to us on the biomarkers of exposure to mercury.
Dr. Franzblau.
DR. FRANZBLAU: Thank you. And thank you for inviting me. So I was asked to talk
about issues related to biomonitoring of mercury exposure. First, I want to just present my
financial interests. I don't have any financial interest per se, but I did want to point out that
over the years my colleagues and I have collected data and published papers in conjunction
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with the American Dental Association and the Michigan Dental Association. There were no
grants or funding to us from those organizations, however.
So the primary questions I want to address were actually brought up by the last
speaker to some extent. What is an appropriate biomarker of exposure to mercury from
dental amalgam, in other words, elemental mercury? And, alternatively, what is an
appropriate biomarker of exposure to mercury from fish, the other major source of mercury
exposure in the population, or methylmercury? These are questions that are important, not
only from the perspective of somebody doing epidemiological studies as I have done, but
also in terms of clinical practice. When somebody comes in the door and you think they
might have had exposure to elemental mercury, measuring mercury in the urine is the
common way to assess that.
So I just want to spend 1 minute talking a little bit about the mercury cycle so that
we have some common understanding of where this is coming from. There are various
sources of emissions into the environment of mercury. Many of them are anthropogenic,
coal-fired power plants, burning of waste products, various industrial processes like
creation of vinyl chloride monomer, which is the monomer for PVC plastic, a very common
plastic. All of those result in emissions of mercury. There are natural sources such as
volcanoes, but the anthropogenic sources are relatively large.
The mercury emitted into the atmosphere is inorganic and/or elemental. This
circulates for some time, up to a year or more, and so it can travel great distances around
our planet and eventually it rains out of the sky, and a lot of it ends up in bodies of water
and gets down into the sediments, and it's believed that there are various bacteria in those
sediments that can react to that mercury and transform it into a methylated form of
mercury.
But it's a little hard to see. If you look at the fine print there at the bottom of the
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water, those reactions can actually go back and forth. So some of the methylated mercury
may get demethylated in addition to being methylated. And then it eventually gets into the
food chain and as it goes up the food chain, it gets biomagnified considerably and by the
time we're eating a fish, that biomagnification may be on the order of a million times more
concentrated in the fish, in the flesh of the fish, compared to what it was in the water or the
sediments. So there's an important degree of biomagnification there. So that's how we
might get exposed or often are exposed to methylmercury from eating fish.
Okay. If you exclude occupational exposures, which are pretty uncommon in our
society, the primary sources of mercury exposure are twofold, either you have mercury
amalgam in your mouth and you're inhaling small quantities of mercury related to that
amalgam, or you're eating methylmercury from fish. And those are the two major sources.
Most of the mercury in hair is methylmercury, and so studies have often just
measured total mercury in hair and used that as a biomarker of exposure to methylmercury.
Conversely, for the urine, almost all the mercury in the urine is inorganic, and this
has been used as a biomarker of exposure to inorganic or elemental mercury.
And so, again, the measurement is typically a measurement of total mercury in the
urine or total mercury in the hair. Your typical lab doesn't speciate those things. I mean, it
can be done, but it's not typically done.
These two biomarkers, there are underlying assumptions here which assumes that
there's little or no demethylation or methylation of mercury going on in vivo. Obviously, if
that is occurring, then that creates a problem with interpretation of the measurements and
that's what I want to talk about mostly today.
As was suggested by the previous speaker, there has been some evidence
accumulating to suggest that these assumptions may not be correct, and here I just quote
from the summary from the FDA report that was issued just a month or two ago.
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So I'm going to start with demethylation in vivo and start by looking at some of the
epidemiology studies that are out there.
Studies have shown an association between fish consumption and total mercury
levels measured in urine, which obviously suggests that demethylation can occur in vivo and
the inorganic mercury derived from demethylation would end up, in part, getting excreted
in the urine. And here I list some of those studies. There are other studies that don't show
such a statistical correlation. For whatever reason, you know, you have conflicting results
in these epidemiological studies.
There have been other non-epidemiological studies that have shown that intestinal
microbes or in certain body tissues there can be demethylation of mercury. So there's a
number of sources of information to suggest that there may be in vivo demethylation.
So then about 6 years ago, my colleagues and I did a study based on analysis of
mercury stable isotopes in hair and urine. What we showed is that looking at the urine,
that there's clear evidence that a fraction of the total mercury, which is inorganic in the
urine, but a fraction of that total mercury in the urine was demethylated and derived from
fish. And the evidence for that, without going into extreme details, is basically looking at
the mixture of the different stable isotopes of mercury in the urine versus the type of fish
that people were eating versus the ratios of those isotopes that would be found in raw
mercury or the type of mercury found in dental amalgam. So there are measurable
differences in those ratios of those isotopes.
And as was stated earlier, it's estimated that as much as 70% or more of the total
mercury in urine from individuals with fewer than 10 amalgam fillings can be derived from
ingestion of methylmercury in fish. And so we concluded that within populations that
consume fish, measurement of urine total mercury may overestimate mercury exposure
from personal dental amalgam.
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Okay. So let's move on to the other question, looking at the evidence related to
potential methylation of elemental mercury in vivo. First, what I've tried to summarize in
somewhat small print on this slide are some in vivo studies, some in vitro studies, and some
genetic studies.
So going back quite a few years, there's some in vitro studies where people isolated
selected bacteria and did experiments with various types of inorganic mercury, showing
that there appeared to be some ability for methylation in vitro.
Another study took saliva samples from different groups of subjects, some of whom
had amalgam fillings in their mouth, some of whom did not, and they showed that those
with amalgam fillings had higher amounts of both organic and inorganic mercury in their
saliva compared to non-amalgam control groups. Notably, this study did not look at
mercury measurements in hair or urine; they were just looking at the saliva to identify that
possibility of in vivo methylation.
More recently, there's been some interesting genetic work where investigators
identified a specific gene cluster that is required for mercury methylation by bacteria.
Subsequently, investigators using that two-gene cluster as a genetic marker combed
through 1,500 human and mammalian microbiomes, looking for these genetic markers of
the ability to methylate mercury in vivo, and they found none. And so those investigators
concluded that such methylation would appear -- there's a low risk of endogenous
methylmercury production.
Subsequently, there was a small study of just 17 subjects, 17 pregnant women,
where they similarly did not detect that genetic marker in stool samples from those women.
Now, looking at the epidemiology studies, again, we have some mixed results as we
did for the methylation literature. Some studies found a positive correlation between the
number of amalgam fillings and hair mercury, and I cite a few studies there. Notably, one of
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these studies found an interesting relationship, a positive correlation between the level of
education and frequency of fish consumption and the level of education and the number of
amalgam fillings, and the authors went on to state, "It could be concluded that higher levels
of education leads to more attention to teeth hygiene and consequently a higher number of
amalgam fillings."
So, basically, what they're describing is a classic confounding variable in an
epidemiological study, and so it just points out one potential source of why you can get
such a result when, in fact, it may or may not be real.
And then, subsequently, there have been some other epidemiological studies that
found no association between amalgam fillings and measurement of total mercury in hair.
So going back to our study that was published six and a half years ago, in addition to
looking at the potential for demethylation, we also looked at the potential for methylation
of mercury in vivo, and what we found is that among people who regularly consume fish,
total mercury concentration in hair reflects exposure to methylmercury. There was no
evidence of a significant in vivo methylation of elemental mercury contributing to the
mercury in hair even among those with greater than 10 amalgam fillings.
However, I wish to point out, this is a relatively small study, and here, in a sense,
we're trying to prove a negative, whereas the previous result for demethylation we found a
positive and even with a small number of subjects, it's a positive result. This is the obverse;
it appears to be a negative result, but it's a relatively small number of subjects, all of whom
consumed fish, and in fact, they consumed fish at a relatively high level compared to their
peers, other dental professionals, and compared to the general population.
So my conclusions are, with regard to the demethylation of mercury in vivo within
populations that consume fish, measurement of urine total mercury may overestimate
mercury exposure from personal dental amalgam due to the demethylation of mercury in
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vivo.
Regarding the methylation of mercury, there are some in vitro results that I've
already mentioned, and there's the saliva study that I mentioned that there could be some
methylation in vivo. However, our study, which was looking at a direct measurement of the
mercury in the hair and in the urine, but in particular, in this instance in the hair, we did not
find evidence of methylation in vivo even among those with high numbers of amalgam
fillings, more than 10.
Overall, I would say it's not clear how commonly methylation of mercury occurs in
vivo, but if it occurs at all, the impact on measurement of total mercury in hair appears to
be small.
A few final thoughts. The tool that we were using in our study from six and a half
years ago, looking at mercury stable isotopes, is a wonderful research tool, but it is rather
expensive and time consuming, so I don't think it's a very practical alternative for standard
clinical assessments.
Also, it's my understanding that there are not that many institutions in the country
that actually have the ability to do that measurement.
It also requires a somewhat detailed understanding of the volume and type of fish
that were consumed because the amount of methylmercury in different fish or marine food
from around the world varies considerably.
In terms of my recommendation for doing biomarkers at the moment, for research
studies this is, I would recommend measuring mercury in hair and urine, total mercury, that
is, but also assessing exposure to fish and to amalgam via questionnaires and/or
examination and possibly making statistical adjustments in models. This is somewhat
imperfect, especially for looking at the mercury in hair and urine, but it's where we are.
My recommendation is that it would be helpful to have a larger study using a similar
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methodology to what we used, measuring mercury stable isotopes, to look at a wider range
of subjects with regard to both fish consumption and the number of personal amalgams
that they have in their mouth so we get a stronger result and a more sensitive assessment
of that question.
Thank you.
DR. RAO: Thank you, Dr. Franzblau.
I would now like to invite Dr. Torosyan back to the podium to present the FDA's
summary analysis.
DR. TOROSYAN: And this is a very brief recap on amalgam-related potential risks,
existing knowledge gaps, and oral healthcare and environmental consequences.
As we have learned from the review, there was no new published evidence that
would suggest considerable amalgam-related risks for the U.S. general population or U.S.
dental professionals. However, the current risk considerations are based on the absence of
strong evidence on amalgam-attributable adverse outcomes and not on the presence of
evidence that would eliminate such possibilities.
Mercury is not biologically inert, and it is generally known for possible toxicity.
Therefore, elimination of any possibility of mercury related biological effects is not feasible
in principle, and instead, the mercury-related safety considerations are focused on
quantitative assessment of mercury levels and their possible health consequences.
Given the importance of quantitative assessment, the main evidentiary gap is
represented by the lack of evidence that is based on unequivocal mercury measurements.
The recent evidence on in vivo cross-transformation of mercury species raised the
need for re-evaluating some of the existing methodologies for mercury speciation. This
reevaluation is necessary for enabling more accurate causality analysis distinguishing
between the two main sources of exposure, dental amalgam and seafood.
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As implied in the top figure, the validity of urine and hair mercury as conventional
exposure indicators for amalgam and diet, respectively, is challenged by the evidence on
urine mercury reflecting exposure to seafood and vice versa, hair mercury reflecting
exposure to amalgam.
Causality analysis may be further affected by unaccounted factors such as use of
special mercury containing products or by genetic factors modifying individual
susceptibility.
As shown in the recent publication, which is referred to in the bottom figure,
amalgam and seafood together may account up to 46% of variance in breast milk mercury
concentrations which, however, leaves out the second half to additional under-recognized
contributors.
In addition to individual health impacts, the amalgam-related healthcare impact may
be also considered in the environmental context. This slide positions humans, as potential
fish eaters and bearers of dental amalgam, within the overall mercury cycle.
Although mercury bioaccumulation starts in aquatic animals, humans are situated at
the top of mercury biomagnification via the food chain. Humans may also represent a
source of afterlife mercury pollution via cremation and burial. However, dental amalgam
contribution appears to be modest next to well-known industrial and natural sources of
mercury pollution such as coal-burning power plants and volcanoes.
More importantly, the environmental share of amalgam is expected to vary due to
global variations in its use and waste disposal practices as well as burial and cremation
practices.
And here is a recap on the main gaps and possible next steps. Leaving the task of
prioritization to our Panel discussion, we can safely say that there is a main need for
improving the existing information or deriving new information on many amalgam-related
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aspects.
First and foremost, there is a need for addressing the gaps related to mercury
measurements, which entails:
•

Incorporating the evidence on in vivo cross-transformation

•

Optimizing the methodology and instrumentation and computer simulation, if
needed, for mercury speciation analysis

•

Enabling unequivocal identification of exposure sources such as amalgam versus
diet

The updated information on dental amalgam is also needed for:
•

Clarifying the full spectrum of possible, especially systemic, adverse outcomes;

•

Implementing markers and predictors of enhanced dose susceptibility;

•

Evaluating the impact from unconventional sources of exposure; and

•

Establishing the feasibility and extent of environmental impact and its healthcare
consequences.

As a result, the fulfillment of these gaps is expected to yield high-quality evidence
which is needed for more informed decision making on dental amalgam.
And now let's proceed to our Panel discussion weighing the evidence on dental
amalgam as a source of mercury exposure with possible health consequences. Thank you.
DR. RAO: Thank you, Dr. Torosyan, and all the presenters for their briefs.
I think we now have time to ask any of the FDA or invited guest speakers any
clarifying questions on their presentations from this afternoon, and if we have time, we can
even open it up to the presentations from the morning.
Dr. Li.
DR. LI: I would like to ask a question to Dr. Alfred Franzblau, if you're -- okay, thank
you. Did you use the 24-hour urine sample, or you used segments of the urine samples
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collected over the 24 hours?
DR. FRANZBLAU: Our samples were all spot specimens.
DR. LI: So those are not 24 hours?
DR. FRANZBLAU: Correct.
DR. LI: So are they consistent weighing the sample, when you take the samples?
DR. FRANZBLAU: When you say consistent, I'm not sure -DR. LI: What I meant is previous data indicates most reliable would be the
assessment of the 24-hours collected urine. And the second, well, it's certainly still
debatable, it would be the first urination sample. What I meant is whether you consistently
collect the samples at the same time point.
DR. FRANZBLAU: No, that wasn't feasible, so these were all what are typically called
spot specimens that you get at that moment. They're not 24-hour collections, and they
weren't all collected first thing in the morning or something like that; they're not first voids,
no.
DR. LI: Okay, thank you.
DR. FRANZBLAU: Yeah.
DR. RAO: Why do you ask that, Dr. Li?
DR. LI: Because in the literature, in the particular literature there have been quite a
bit of efforts trying to see how reliable you can measure the urine data for mercury
exposure. I think more agreeable is the sample, urine samples collected over the 24 hours
would be more representative to the mercury exposure. Then, as he already mentioned,
the feasibility is a problem. Then the second option is to collect these samples from the -in the morning, the first urination, that is more indicative, and there's a spot that could be
influenced by a lot of factors.
DR. FRANZBLAU: That's true, but in our studies we showed a very, very strong
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correlation between number of amalgams and the level of mercury in the urine. So it
wasn't like there was no association, it was a very strong association for that particular
parameter. It could be stronger if we had 24-hour specimens, but it's very -DR. LI: Yeah, that's what I was saying. Yeah.
DR. FRANZBLAU: For an epidemiological study, that's a very challenging
methodology to invoke.
DR. LI: I agree, because we did it.
DR. RAO: Dr. Weisman and then Dr. McDiarmid after that.
DR. WEISMAN: I have two questions. The first is I want to get a follow-up answer,
actually, to the question I asked a bit ago. I'm not a dentist and I need to know the benefit
of amalgam fillings and that is, are there suitable alternatives? And the answer was -before was look at the list. I want more of a qualitative answer to that because are there
suitable alternatives in terms of skill of applying it, cost, feasibility, you know, all of those
aspects that go into dental decision making. Okay, are there suitable -- I need to
understand that because I need to know how to assess the risk. Can I get an answer to that
question?
DR. RAO: Sure.
DR. WEISMAN: And my other question is to the epidemiologists here, is that
regardless of sources, is there an ambient level of mercury exposure to humans going up
over time, staying stable over time, or being reduced? As we eat fish or as we don't eat fish
or as we read the newspapers or as we touch things, you know, what's -- putting it all
together, what's the ambient change over time? So these two things I need to kind of try
and understand so it can help me answer the FDA-posed questions.
DR. RAO: Sure. I think we have a couple of very qualified dentists on the Panel, so
let me ask Dr. Suzuki. Dr. Suzuki, what's your response to the first part of the question,
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which is like what are the alternatives to dental amalgam and how satisfactory are they?
DR. SUZUKI: This is John Suzuki, I'm responding in request to alternatives to
amalgam. There are primarily two, composites and glass ionomers. The advantage of
amalgams is that they're longer lasting and you typically don't have to replace for years or
decades of time. The downside of amalgams is the issues we're talking about. The
advantages of the glass ionomers and the composites, however, is that it takes less tooth
structure to be removed to place those particular restorative devices and also they're more
aesthetic. But there's pros and cons of both of them.
DR. RAO: We have some more -- yes, we have another dentist, Dr. Zuniga. No?
DR. ZUNIGA: No, I don't consider myself an expert -DR. RAO: No, I'm sorry.
DR. ZUNIGA: -- in that area.
DR. RAO: No, okay. We have other dentists.
Yeah, Dr. Burton.
DR. BURTON: I would agree with what Dr. Suzuki is saying, but if you look
historically, amalgam again is an old material, it has very good longevity. The composites
and the glass ionomers are more aesthetic, but there is a much greater cost factor involved
with composites and glass ionomers. You need more remaining tooth structure, i.e.,
amalgam is stronger and can replace cusps, things of that type. And in a public health
setting, not only does the material cost more money, it takes more chair time, expertise,
etc., to effect that restoration.
So if you look at the cost per restoration, it's higher, in general, with composites and
glass ionomers than with amalgam. So if you're looking at it from a public health standpoint
and we're talking more from studies in the Medicaid populations, if you have a limited
amount of funds and it costs more per unit, then you're going to be able to provide less
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care for the same amount of funds.
DR. RAO: Thank you.
And let me go over to Mr. Adjodha and Dr. Torosyan, if you have any response to the
second part of Dr. Weisman's question, which is what is the ambient level of mercury
exposure, and maybe if you could subdivide that into fish eaters and non-fish eaters.
(Off microphone response.)
DR. RAO: Either one. After that, I get to Dr. McDiarmid, Dr. Connor, and Dr. Lemons
and Dr. Li.
DR. TOROSYAN: I think just to reiterate the evidence that was shown on some of my
slides, the recent studies from developed countries show decreasing trends for mercury
levels. Now, how to interpret it, we cannot say for sure that it's dental amalgam only.
There were a couple of German studies there that assessed the levels, especially in pediatric
populations, and since dental amalgam was banned in Germany since 1992, the amalgams
levels are reduced significantly within the past two decades. So that was the
interpretations, the interpretation from the authors of that study.
As I mentioned in my presentation, there were also studies from Sweden, the U.S.,
the U.S. study that I mentioned based on two NHANES surveys, the national and the New
York survey that clearly show the decrease of blood mercury levels. Again, how to interpret
it, it's hard to say because there are two main sources of exposure and both of them might
have been decreasing during the past decades, meaning fish, eating seafood, consuming
seafood and using dental amalgam.
But the factor, the levels are decreasing in developed countries. Again, as I
mentioned, there are enormous global variations, and that's why not all of the studies were
generalizable to the U.S. condition, and there are, nowadays, certain spots such as Lahore,
Pakistan, that I mentioned for occupational exposure, where the levels might be very high
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and the environmental pollution might be very high due to very different practices with
waste disposal. And there is also a factor of afterlife pollution, which humans are possible
sources, again, due to many religious and other factors.
DR. RAO: Anything to add, Mr. Adjodha?
(Off microphone response.)
DR. RAO: Dr. McDiarmid.
DR. McDIARMID: So my question is for Dr. Franzblau. Again, I'd like to just make this
comment about this issue about spot versus 24-hour urine because we certainly were
taught in the old days that 24 was supposed to be the gold standard, but my group
collaborates quite extensively with the NHANES group at NCEH, and of course, those are all
spot samples, creatinine corrected, and one of the things they mentioned to us, and they've
also -- because of their recommendations, my group that follows the IED-injured veterans
with embedded fragments, we have several thousand people in our cohort, we moved to
spots because their concern was people opening and closing a collection container over a
24-hour period and when you're looking at really low concentrations of toxicants of
interest, you have a possibility of contaminating it and especially with your cohort being
dentists and, you know, if they're collecting this at work or something like that, I mean, that
could be an issue. But I completely agree that it would've been ideal if you do a spot and
we are trying to do that, but it ain't easy to try to get it at the same time of day because
there are diurnal variations even with creatinine, let alone probably with some metals as
well.
DR. FRANZBLAU: I'm sorry.
DR. McDIARMID: I guess I was saying I think it's okay that you didn't do a 24.
DR. FRANZBLAU: Oh.
(Laughter.)
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DR. FRANZBLAU: I'm sorry, I didn't know what the question was. I'm sorry.
DR. McDIARMID: All right, here's the question. Was the reason you said greater
than 10 amalgams, was that like a natural way you stratified the distribution of your
cohorts?
DR. FRANZBLAU: Okay, let me explain the studies.
DR. McDIARMID: Yeah.
DR. FRANZBLAU: The Sherman study that was published in 2013 involved 12
subjects, okay? Those 12 subjects were selected from a cohort that we had recruited some
years earlier that involved -- I'd have to back and look. I think it's over 500 dental
professionals that were recruited from an ADA convention, okay? So the ADA used to have
what they called health fairs at their convention and if you were a member and you'd go to
the convention, you could go in and get your blood pressure checked and you could get a
blood test for your cholesterol or whatever.
So it was kind of a general preventive medicine type of thing, and we would set up a
booth and we would recruit them and we would have them fill out a questionnaire, we'd
check the number of amalgams in their mouth, we would do an electrophysiology study to
look at their nerve function, and we would also collect a hair sample. They were already
doing the urine samples and we shared some of these data, but it was spot, as you said, it
was spot specimens. So the 12 subjects were intentionally selected, not to be
representative of the whole population, but rather to be somewhat extreme to be able to
illustrate this issue of in vivo methylation. And oh, by the way, we happened to find no -excuse me, in vivo -- I keep saying it backwards, I'm sorry. So we found that there was
demethylation in vivo and we intentionally selected heavy fish consumers, and that's why
on my slide I pointed out that the average estimated mercury intake from fish in our 12
subjects was, in fact, five times higher than the average for the rest of the cohort and that
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cohort is higher than the average U.S. population. Dental professionals, I guess, eat more
fish than the average person. That subset of 12 was not meant to be representative of a
population, but it was meant to help us illustrate that yes, in fact, theoretically you can get
significant demethylation in vivo. Okay, does that answer your question?
(Off microphone response.)
DR. FRANZBLAU: Okay.
DR. RAO: Thank you.
Dr. Connor.
DR. CONNOR: Jason Connor.
This is more of a follow-up to Dr. Weisman's question to our two dentists here.
What fraction of new fillings in 2019 are mercury amalgam and does that number differ by,
you know, socioeconomic class? If you know, just an estimate.
DR. BURTON: I mean, I have -- one of the clinics that I manage has a large Medicaid
population, and we have general practice residents and amalgam fillings still represent a
huge percentage, and it would vary, obviously, by -- has that decreased radically of late?
And particularly, I would say, in that population, the answer is no. And a lot of the control
to that, candidly, is time and funding. But it's probably not greatly changed.
DR. CONNOR: Okay, thank you.
MR. ADJODHA: So I have a clarification. This is Michael Adjodha, FDA.
Yeah, I think the latest study was in 2007, and it showed that about less than 40% of
the restorations placed in the U.S. were amalgam fillings. It tends to be concentrated more
in the public clinic-type areas where the Department of Defense, Bureau of Prisons, Indian
Health Service use dental amalgam quite a bit. The private dentists, not so much. So it's
very variable about where the restoration is placed, in terms of its usage.
DR. CONNOR: Okay, thank you.
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DR. RAO: You have a quick -DR. BURTON: Yeah, I just want to -- I would certainly agree with that. I would say
that the percentage overall -- I've been in practice a long, long time, started out, you know,
40 years ago, and certainly that percentage has dropped, but it certainly has a very marked
socioeconomic profile to that. And, again, we've got to talk about overall health to the
population.
DR. RAO: Thank you.
Dr. Lemons and then Dr. Li and then Dr. Dykewicz.
DR. LEMONS: Yeah, dental schools continue to teach the procedure for dental
amalgam. Some question how long that will be continued.
A comment. When we consider replacements for dental amalgam in direct
restoration, certainly I support and concur with the comments made. However, what we're
seeing is a significant shift with the in-office CAD/CAM systems that use ceramic-like
materials for inlays and onlays and most of our program is focusing there, and I think that
may be a shift in the future that would be important.
My question relates to former meetings and the availability of mercury in the river
systems in the United States, and in former meetings it was suggested that the availability
of mercury in the environment and in ground water would continue to be relatively high
over decades. Is that decreasing? Is the exposure environmentally decreasing?
DR. RAO: I think we had a similar question earlier. Dr. Torosyan, I think you gave a
response to that partially. What's the level of mercury in the environment? And I think you
talked about Germany to a degree and -DR. TOROSYAN: Well, when I was talking about the German studies, I was referring
to the levels of mercury in biofluids in bearers of -- I mean just in individuals who may or
may not have amalgam fillings. So that was to support the idea that after banning dental
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amalgam, you can see the reduced levels. But it doesn't necessarily mean that the
reduction of mercury levels in developed countries can be attributed solely to dental
amalgam because it could be also variations in use of seafood or variations in coal
consumption, I mean in coal-burning plants, for example. So we simply don't know where
that comes from but definitely, dental amalgam can be one of the main factors.
Now, returning to the environmental, the question on the environmental levels, the
review of -- it's not even under the purview of the FDA, the environmental levels in rivers,
and so I was just trying to position humans as bearers of dental amalgam into the overall
cycle of mercury. But I think you would agree, just by looking at the global mercury cycle,
humans as bearers of dental amalgam or fish consumers don't seem to be the main source
of afterlife pollution next to the natural sources such as volcanoes or industrial sources such
as coal-burning plants. That's all I can say. As I said, it was beyond the scope of this review
to assess the environmental pollution in general.
DR. RAO: Just to expand on that, you mentioned in your slides that fish consumption
and dental amalgams probably constituted 46%.
DR. TOROSYAN: Yes, that was a particular -DR. RAO: And I'm wondering how you came up with that number.
DR. TOROSYAN: That was from the reference to a study. I don't know if I can go
back and show that slide, but you can see in the printout it was a Scandinavian study, a
recent study from 2019. I don't remember the first author, but you can easily retrieve it
from the slide. They assessed the fish consumption and the dental amalgam exposure and
both factors together counted only for 46% of variance, which means that the second half
of variance remains unknown, I mean, we simply don't know what are the contributing
factors for the entire variance spectrum.
DR. RAO: Thank you.
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Mr. Adjodha, did you have anything to add?
(Off microphone response.)
DR. RAO: No. Dr. Li, you had a question and then Dr. Taylor.
DR. LI: Yeah, this is a comment on Dr. Weisman's question. The first one is about
the required skill to place the amalgam compared to composite. Composite placement is
much more technically sensitive. That requires higher skill. It was mentioned, but not
directly, so I tried to be more direct. This is reflected also in our teaching. I don't know
whether that has anything to do with a shorter lifespan of amalgam. In general, it's much
shorter compared to the service lifespan of amalgam restoration.
The second one is about your question on the alternative restorative material.
Dr. Suzuki already mentioned composite resin and the glass ionomer. For composite resin,
at this time, almost exclusively using the metrics of this GMA in the last 15 years or so,
there has been also controversy, express of concerns relating to the bisphenol A, that is the
original material for the dental composites. It's very similar to amalgam; there is no solid
evidence that one is the real concern, but it is a concern.
DR. RAO: Thank you.
Dr. Taylor and then Dr. Dykewicz.
DR. TAYLOR: I want to come back to the occupational part of this, and I'd like to ask
Dr. Franzblau a question related to this. In your studies with the Michigan Dental
Association and the American Dental Association, did you do any in-office -- because you
mentioned the ADA where you were at the health booths. Did you actually do any in-office
studies where there was industrial hygiene sampling with, you know, personal air samplers
or room air samplers and assessing the industrial, you know, hygiene aspects of it -DR. FRANZBLAU: No.
DR. TAYLOR: -- handling, disposal, and so forth?
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DR. FRANZBLAU: No, no, we weren't -- we didn't have the resources to do that. It
would be great to do that but no, we didn't do that. Instead, we asked people how many
fillings they put in per week or remove per week and other aspects of practice that may
reflect potential occupational exposure, but we were not -- the data we collected with the
Michigan Dental Association were collected under almost identical circumstances, that they
were at health fairs held at the annual conferences. So we didn't have the opportunity to
do that, we didn't have the resources to do that.
DR. TAYLOR: Do you know of any studies that have assessed that in -- you know, in
person because I think that's the real crux of this, people tend to minimize the exposure
and the risk.
DR. FRANZBLAU: Off the top of my head, I don't know, but I'd be surprised if there
weren't such studies because it seems like such low-hanging fruit in a sense, but I don't
know them off the top of my head.
DR. RAO: Thank you.
Dr. Dykewicz and then Dr. Jacobs.
DR. DYKEWICZ: Just a simple question about looking at potential risks for adverse
health effects systemically. Is there any reason to believe that inorganic mercury versus
organic mercury would have differences in systemic adverse health effects? Anybody.
DR. FRANZBLAU: Okay. Yes, there are examples of worker populations and terrible
environmental tragedies over the last few decades where there have been extreme
examples of mercury toxicity and, you know, with sometimes fatal outcomes.
So in Minamoto, Japan, you may have heard of that back in the '70s or in the '50s,
excuse me. In Iraq in the '70s, there were people who consumed large quantities of organic
mercury. In Minamoto, there was some sort of factory that was dumping stuff into a river,
it flowed down into the bay and people were living there and eating the marine life out of
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the bay and they got extraordinary exposures and in particular, the babies that were born,
that survived, had extreme, extreme deficits similar to cerebral palsy.
In Iraq, there was a similar episode, but it had a different circumstance. There was
seed grain. So when you harvest grain, some of it you set aside for seed for the next season
and what was often done to preserve the seed grain was to spray it with a mercuric
fungicide, and inadvertently, that sprayed grain got into the food chain and people made
bread and whatever and ate it and ended up with terrible consequences similar to
Minamoto, Japan. So that's organic mercury.
And then we've had case studies. An infamous one that was published about 20, 25
years ago was a professor at Dartmouth who was doing experiments in her lab, and she
apparently had a micro-hole in her rubber gloves, and she absorbed a tiny amount of
methylmercury and died about 5 or 6 months later due to a progressive, rapidly
progressive, neurodegenerative condition.
Conversely, looking at elemental mercury, there are classical exposure situations
where people are looking at what effects have happened. There's what's called a classic
triad of inorganic mercury exposure involving tremor, stomatitis, and behavioral changes,
okay, and those sorts of things. The stomatitis, for example, doesn't occur with
methylmercury but it's a well-described phenomena with classic inorganic mercury
exposure. So there are some differences there. I don't know if that -DR. RAO: Just as an FYI, Lewis Carroll, who wrote Alice in Wonderland, the Mad
Hatter -DR. FRANZBLAU: Right.
DR. RAO: -- is supposed to be secondary to mercury poisoning because the hatters
used to use mercury working with felt.
DR. FRANZBLAU: Right.
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DR. RAO: So in the late 19th century, I think a lot of the mad hatters had inorganic
mercury poisoning.
DR. FRANZBLAU: Right. There's another study that was published just about 30
years ago by colleagues of mine, I was not involved with this, from the University of
Michigan. Back in the '50s and '60s there was a facility in Oak Ridge, Tennessee, as part of
our nuclear weapons program that involved the separation -- I think it was lithium isotopes.
Anyway, it involved elemental mercury and essentially, they had this building with a giant
indoor lake of mercury. I don't know exactly what they were doing with it, but they had
hundreds of workers running around in there and the government dutifully took urine
specimens every month to record what their exposure was. The typical worker was in there
for 5 years or more. They shut the facility down in around 1963. My colleagues went back
20 years later and did a series of neurologic assessments on these workers and had access
to those records of the urine mercury and this is all inorganic elemental mercury, and they
did find some problems. Remarkably, they didn't find very much, but the levels in the urine
were hundreds of times higher than what we find in NHANES today. Many, many times
higher. But that was elemental mercury exposure.
DR. RAO: Dr. Jacobs.
DR. JACOBS: Yeah, my question -- Josh Jacobs.
So my question is maybe to tie this in with the previous discussion we had regarding
catastrophic failures when -- for example, that case that Dr. Kwon showed where there was
a fractured ceramic and it totally deformed the metal ball leading to three orders of
magnitude elevations in cobalt, giving very severe systemic symptoms. My question is are
there comparable catastrophic cases like that in patients that have dental amalgams?
Separate from the catastrophic situations that were just mentioned, do we have literature
that shows that, particularly with the last few reviews?
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DR. TOROSYAN: I would say that the clinical manifestations that we could call really
catastrophic were mostly relevant to mercury poisoning, intentional or unintentional,
intentional, even like suicide attempts that are elucidated in literature. But these articles
were excluded as not relevant to dental amalgam. So in relation to dental amalgam, at
least in this literature that has been reviewed -- and as a reminder, that was about 1400
manually reviewed publications and tens of thousands of publications initially. There were
no reports on catastrophic manifestations in relation to dental amalgam. So most of the
clinical manifestations have been referred to in the review, some of them which you could
call it not catastrophic but at least systemic. There are reports linking dental amalgam with
possible systemic manifestations, but I wouldn't call them catastrophic (a). And (b) we
don't know if that's a causal link or if it's just a triggering effect, the same as in the case
with dental implants. But no, to answer your question, no catastrophic reports.
DR. JACOBS: So that's in distinction to the literature of cobalt intoxication where
some of these case reports or the series of them does seem to have some causal linkages
and these cases seem to be much better validated. Is that something you'd agree with?
DR. TOROSYAN: I would say that the evidence on multi-system organ toxicity
associated with cobalt in particular is more valid than the existing evidence regarding dental
amalgam. Again, not to say that it's not possible, but to assess the causal links between
systemic manifestations and dental amalgam, I think cobalt seems to be more valid as a
causal factor.
DR. RAO: Just to expand on that, when you talked about the amalgam, you
specifically said there's nothing with the dental amalgam that necessarily causes
catastrophic things.
DR. TOROSYAN: Exactly, yes.
DR. RAO: Yeah, with the cobalt, I just want you to clarify that you're still referring to
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medical use of cobalt associated with other systemic illness as opposed to maybe in the
beer-brewing industry or other environmental cobalt.
DR. TOROSYAN: Okay, when I was talking about cobalt, I was referring to metal
implants such as MOM hips, metal-on-metal hips and cobalt in that. I mean, it wasn't
meant obviously to be in the bloodstream. Now, with dental amalgam, we know that
mercury is a toxicant and we know that potentially it can induce multi-system organ toxicity
and many other clinical manifestations. But what I was referring to, there are no reports of
catastrophic consequences in relation to exposure from dental amalgam. So it's, again, only
about quantitative assessment, whatever comes out from dental amalgam can or cannot
induce catastrophic consequences. I would say that there is no existing evidence on really
dramatic clinical manifestations from dental amalgam exposure.
I also wanted to clarify one question regarding neurotoxicity. We know that mercury
is a toxicant, and we know that one of the main possible, possible consequences is
neurotoxicity, and there is an overlap between inorganic mercury and methylmercury, both
of which can cause neurotoxicity. And interestingly enough, if you look at the accumulated
knowledge in terms of the pathways and connections to signaling cascades and so on, which
of these species is more likely to cause neurotoxicity, that's methylmercury, not inorganic
mercury. Again, not to say that inorganic mercury cannot cause neurotoxicity, it can. But if
we're talking about the likelihood -- and I can't even show you one of the images because
during this review, I personally actually conducted some -- research on this subject, but I
would like to refer to published evidence. Three out of these four articles from Taiwan,
which explored neurotoxicity outcomes, they refer to the possibility of in vivo crosstransformation, although the studies were on dental amalgam. But in the discussion, the
authors themselves pointed out possible in vivo cross-transformation as an explanation for
possible neurotoxicity that was associated in these studies with dental amalgam. But the
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authors were suggesting that it could have been in vivo methylated mercury because,
according to some existing evidence, methylmercury is more likely to cross the blood-brain
barrier and, therefore, it's more likely to cause neurotoxic effects.
DR. RAO: Thank you.
Dr. Burton.
DR. BURTON: I just have one comment for Dr. Franzblau, but yeah, I can tell you that
I was part of -- I don't know who ran it. I'm ex-DoD. I'm a retired Navy captain, but back in
the early '80s there was a group of us when I was still doing general dentistry and we had to
fill out rosters of what we did over a period of time and they collected two or three 24-hour
urines on us over a 1-month period. Don't know who did it, don't know where it went, they
never told us anything, but somebody was looking at that.
But my other question. Someone brought up the Minamoto situation. The U.S. is a
signatory to the Minamoto convention which, if you follow that, we signed -- we're one of
128 countries that are part of that. We signed, I believe, in 2013. It is meeting again this
month, and one of the agenda items would be the phase-out of all amalgam being sold
anywhere in the world by 2024.
DR. FRANZBLAU: I wasn't aware of that.
DR. BURTON: I can show you the article.
DR. FRANZBLAU: Okay, great. Thank you.
DR. RAO: Well, thank you, Dr. Torosyan and all the presenters from this afternoon.
We will now take a 14-minute break again. Panel members, please do not discuss
the meeting topic during the break amongst yourselves or with any members inside or
outside of the audience. We will resume at 2:30. Thank you.
(Off the record at 2:18 p.m.)
(On the record at 2:30 p.m.)
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DR. RAO: Thank you. We will now proceed with the Open Public Hearing of this
Advisory Panel meeting. For the record, all Panel members have been provided written
comments received prior to this meeting for their consideration.
During the Open Public Hearing, public attendees are given an opportunity to
address the Panel, to present data, information, or views relevant to the meeting agenda.
Ms. Aden Asefa will now read the Open Public Hearing Disclosure Process Statement.
MS. ASEFA: Both the Food and Drug Administration and the public believe in a
transparent process for information gathering and decision making. To ensure such
transparency at the Open Public Hearing session of the public Advisory Panel meeting, FDA
believes that it is important to understand the context of an individual's presentation. For
this reason, FDA encourages you, the Open Public Hearing speaker, at the beginning of your
written or oral statement, to advise the Committee of any financial relationship that you
may have with any company or group that may be affected by the topic of this meeting. For
example, the financial information may include a company's or a group's payment of your
travel, lodging, or other expenses in connection with your attendance at the meeting.
Likewise, FDA encourages you, at the beginning of your statement, to advise the Committee
if you do not have any such financial relationships. If you choose not to address this issue
of financial relationships at the beginning of your statement, it will not preclude you from
speaking. Thank you.
DR. RAO: The FDA and this Panel place great importance in the Open Public Hearing
process. The insights and comments provided can help the Agency and this Panel in their
consideration of the issues before them. That said, in many instances and for many topics
there will be a variety of opinions. One of the goals today is for this public hearing to be
conducted in a fair and open way, where each participant is listened to carefully and
treated with dignity, courtesy, and respect. Therefore, please only speak when recognized
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by the Chairperson.
Before we start, however, I wanted to note that the FDA has received a large
number of requests by members of the public to speak during this 2-day meeting, and
therefore opted to significantly increase the amount of time allotted to public speakers
when compared to most Panel meetings. The FDA attempted to accommodate all individual
time requests. However, due to the large number of individuals who signed up, most
speakers could not be granted the full amount of time that they requested. During the
open public sessions, you will see that different speakers are allotted different amounts of
time. People who requested to speak indicated that they wished to speak for 3 minutes, 5
minutes, or sometimes 10 minutes or more. After considering the number of speaker
requests and the time available for the open public sessions, and in order to ensure that all
those who requested to speak were given the opportunity to present, the FDA assigned 3
minutes of talking time to those requesting 3 minutes, 4½ minutes to those requesting 5
minutes, and 8½ minutes to those requesting 10 minutes or more.
In addition, several speakers who requested and were assigned speaking slots have
subsequently asked to combine their allotted times to speak as one group. In these
instances, the total time for that group was assigned based on the time originally allotted to
the individual requesters. In some cases, individuals opted to yield their time to other
speakers. Therefore, there is at least one instance where a series of speakers or even an
individual speaker may have more than 8½ minutes.
For speakers who will be presenting today, AnnMarie Williams -- AnnMarie, could
you please stand up? Thank you. Will be assisting you in terms of coming up to the
podium. So please pay close attention to her instructions. As you can see, we will have two
podiums to minimize the amount of time in between speakers, so please be ready to speak
as soon as the person before you is finished. When at the podium, we ask that each
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presenter speak clearly to allow the transcriptionist to provide an accurate transcription of
the proceedings of this meeting. Your time will start once I acknowledge you by name.
Because of the number of people who are speaking today, the Panel asks that each speaker
remain cognizant of their speaking time and help keep us on track. As your allotted time
nears its end, I may kindly remind you of your remaining time. Maybe not so kindly.
(Laughter.)
DR. RAO: If your presentation begins to run over your allotted time, I will ask you to
conclude your remarks. Although we hope that this will keep us all on time and help
everyone get a chance to speak, if your presentation begins to run significantly over your
allotted time, the microphone will be shut off and the next speaker will be recognized.
Again, this is to ensure that everyone who registered to speak can be accommodated during
the open public session.
Will Speaker Number 1 step up to the podium and introduce yourself? Please state
your name and any organization you're representing for the record.
DR. PACHECO: Hi, my name is Karin Pacheco. I work at National Jewish Health and
the University of Colorado School of Medicine.
So my presentation today is to present some of the data we've collected regarding
immunologic reactions, in this case, mostly to orthopedic implants, perhaps to say this is a
real thing, it depends where you look.
Right, I'm happy no one has presented this slide yet, but the reason why this is an
issue, right, is that we do over a million joint replacements a year. It's the highest Medicare
expenditure. Revisions are usually not covered in terms of the cost it takes. There is a
rising group of people between 45 and 64 getting implants, and the only estimates in the
U.S. is that we may be doing four million of these by 2030.
This is actually Australian data showing the same point, that expected joint
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replacements, both knee, which is on the left, and hip, are expected to rise over the next 20
years based on current rates, and current rates of obesity have been factored into those
data.
This is directly from the AAOS website. Ten percent of all joint replacements will fail.
The causes that most people look for are infection and mechanical issues. Immunemediated, I think, is an important cause. The knee is a picture from one of my patients who
was actually sensitized to bone cement. But you need to look for it if you're going to see it.
Sensitization is obviously a concern because many of the metals that are used in
orthopedic implants are known sensitizers and there are data from the occupational
literature showing that this is indeed the case.
So our study -- I had to take out all the logos -- started in October 2010. We've seen
about 2,500 patients. We had 1,500 enrolled in the study. The criteria to be entered is that
they have to be referred by their orthopedic surgeon, these are not self-referred patients,
and they need to have already ruled out whether infection or mechanical issues are the
cause. So these are people with unexplained joint failure. We do an H&P, we do patch
testing. We also have developed a nickel and cobalt LPT. Again, these are pictures from my
patients, a necklace reaction and another joint failure due to immunization.
So our preoperative findings generally are that 70% of the patients who come in with
a history of metal reactivity are indeed sensitized, and that's usually nickel or cobalt or
chromium. Titanium is very rare. I think it may also be rare because we don't know how
good our extracts are. Your ability to make a diagnosis is only as good as your tools and the
tools, I think, at this point need development. Bone cement is the other allergy that is a
real issue. I hope that will be addressed at some other time.
Postoperatively. So half of the patients that we see, and remember, these are
selected, these are people who do not have infection or mechanical issues, half of them are
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sensitized to something in their joint, about a quarter of them to relevant metal that is
contained in their implant, about 20% of them to bone cement, and a small amount to both.
The pictures are patch testing. One refers to device allergy; this is a woman who had taped
it to her skin and indeed reacted to it. I believe the case was made out of stainless steel.
Patients revised due to allergy greatly improve, and it seems to me that's the proof
of the pudding, right? So if your joint fails because you are indeed allergic, then if you are
revised to something to which you're not allergic, you ought to get better. If it is, in fact,
irrelevant, then it should make no difference or you may get worse. And most orthopedists
really hate to revise implants. What these data show is that, in point of fact, people who
are allergic and revised to something different do extremely well.
Implications are sensitization to implant components is one of three causes of joint
failure, but we need more research and data collection as to what percentage this actually
presents. We think that nickel, cobalt, and chromium and maybe titanium are the culprits.
Can I make one more sentence? Okay. But we need more research for that.
And these are the recommendations based on our data, but other people as well
have made these recommendations. If you have a history of skin reactivity, then you
probably ought to be tested ahead of time, understanding that some of these people may
tolerate an implant with that metal, but nobody is willing to do the study, right, where you
test the patient -DR. RAO: Thank you.
DR. PACHECO: -- and then put in the same implant. Postoperatively, the first set of
joint failure is not due to known causes.
DR. RAO: Thank you, Dr. Pacheco.
The next speaker has 8.5 minutes.
DR. ZUCKERMAN: Thank you very much. I'm Dr. Diana Zuckerman. I'm President of
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the National Center for Health Research, which is a nonprofit research center. Just to give
you a little bit of -- oh, I should say we don't accept funding from device or pharmaceutical
companies, so I have no conflicts of interest that I know of. And my perspective is I'm an
epidemiologist by training, I was a faculty member at Yale, a researcher at Harvard, before
coming to Washington 30 years ago and working on health policy and a lot of expertise, not
just in epidemiology, but also looking at clinical trials and the role of the FDA.
I want to say that I've been to dozens of Advisory Committee meetings of the FDA
and this is one of the most informative, really excellent meetings, I think, and so thank you
for that.
And also I should say that in addition to my scientific training, I also have had a hip
replacement for 10 years, that has been very successful, but I will also say that when I was
talking to surgeons, I got zero information about any risks or anything. At that time they
were suggesting I get a metal-on-metal hip, I'm glad I didn't, and I only didn't because I
knew about metal debris and had read about it. But I got zero information, and when I
looked online, looked on PubMed and other places, I could not find the studies that helped
me make a determination about what to do.
So I am going to talk about the big picture because you've gotten a lot of information
about the specifics, and from a big picture point of view, I think we all agree that there's a
need for more premarket research, more and better premarket research as well as
postmarket research. And we need better studies of humans, larger trials, clinical trials, big
data if we can get it. And I agree with the speaker this morning who said how important it
would be to look at the successful patients, not just the ones who have had problems. We
need to compare them to get a better sense of what's really going on.
I'll also mention that, as has been said, patch testing is clearly inadequate and we
need to really have better data on diversity of patients. We need to know what's better for
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women, what's better for men, what's better for people of different racial and ethnic
groups, if there are differences. We also need to know the risks and benefits for people of
different ages. BMI, activity levels, allergies. There's a lot of different variables that we
need to know more about and those subgroup analyses are going to be crucial, as you've
seen in some of the data showing differences for women with orthopedic implants, for
example.
We definitely need clinical trials and other studies that are long enough to really see
the effects of where and any changes in immune responses that occur over time.
At our center we're very concerned about extrapolating results from a product used
in one part of the body to a product used in a different part of the body, even if that
product seems similar, but different parts of the body obviously react differently.
We also have concerns about extrapolation from one device to other devices.
Obviously, this is a part of the 510(k) process that a device that may seem good for one use
and then it's changed a little bit, and we hope and think it might be just as good or even
better, but it might not be and without clinical trials we don't know.
Another point is just the importance of specifically looking for adverse events that
are related to immune reactions or wear debris. If we only look at sort of the general
adverse event reporting, we can miss a lot of specifics that people have talked about this
morning and I think many of you have expressed concern about.
I think just in general, one of the biggest issues that seems to be missing, as I'm
listening to the studies that have been done, is the lack of comparative effectiveness
research. You know, if certain implants seem to be causing certain reactions with certain
kinds of patients, wouldn't it be very important to know how that compares to other
alternatives of the same kind of implant? We can't treat all hip implants that are
polyethylene and metal as if they're all the same. We can't even treat all metal-on-metal
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implants as if they're all the same. We need to compare different models, different
implants made in different ways with different materials by different companies, and get
some kind of real data that patients can use so that they can make informed decisions and
so their physicians can make informed decisions. And that's what's really been missing and
I know because of my work with FDA that generally, FDA does not focus on comparative
effectiveness research or clinical effectiveness research. But as long as we miss that
information, as long as those data aren't available, it's still going to be so difficult to figure
out, you know, how much is the patient -- you know, the individual differences and the
individual vulnerabilities and tendencies and genetic differences and how much is the
differences between different kinds of devices.
So I think I've never had extra time for any time I've ever spoken before the FDA, but
today could be the day. So let me just say I really appreciate the opportunity to speak
today and also really encourage you to look at that big picture and put together all this
information that you've gathered this morning and today, so far, and think about what's
next and how can we look at that big picture and how can we get the information that we
need so that patients can make informed decisions and physicians can help them do that.
And I'd be happy to answer any questions. Thank you.
DR. RAO: Thank you, Dr. Zuckerman, for staying on time.
Speaker Number 3, you have 8½ minutes.
DR. VIRMANI: Thank you. I'm Renu Virmani, and I have not been paid for this
presentation. I'm a cardiovascular pathologist and have been practicing for the last 40
years. I have worked for the government as well as private sector. I started CVPath
Institute, which is a nonprofit organization, in 2005, performing device work for FDA
approval, European CE mark, and Japanese PMDA.
CVPath has performed preclinical studies in animals following metal implants in the
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coronary and peripheral arteries and as well as in percutaneous valve implants. We have
the largest registry of stented human arteries in the world, which consists of coronary as
well as peripheral arteries. We have greater than 750 cases with over 1,500 stents, and I
have published over 250 publications in this area.
So just to show the CVPath/AFIP stent registry, there are 740 patients with 1278
lesions. The coronaries are 713 patients, whereas peripheral are 33 devices.
So you can see here the type of bare-metal stent which is really in some ways not as
relevant, but if you look at overall bare-metal stents that are stainless steel are 304, and
158 are cobalt-chromium stents in our registry for bare-metal stents.
These are type and percent of stent metal composition. Most common today are
cobalt-chromium. There are two different types of cobalt-chromium. The stainless steel
and Nitinol stents are mostly used in the peripheral arteries.
Here is the metal allergy, and I don't have to tell you what they are. It's commonly
nickel, cobalt, chromium. Gold, platinum, and aluminum have also been implicated.
I'd like to introduce you to the word restenosis, which is commonly used for
interventional cardiology and stents. On the left in the screen I've shown a restenotic lesion
that is severely narrowed, and you can see that it's secondary to smooth muscle cells and
proteoglycan and showing injury at the same time, whereas on the right side is a wellimplanted stent, no injury, and very little neointima.
So why does restenosis occur? The mechanisms are vessel injury, thrombus,
inflammation, and vascular smooth muscle cell, that is, conversion from contractile to
synthetic smooth muscle cells. They proliferate, they migrate, and along with it lay down
extracellular matrix that leads to restenotic lesions more often than not, especially in baremetal stents.
Here we show the relationship between inflammation and restenosis. As you can
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see on the top, the bar graph shows the percent area occupied by macrophages. In
restenosis, much greater shown in the top sections and below showing an area showing no
restenosis, there's much less amount of macrophage infiltration.
The first paper appeared in Lancet in 2000 implicating metal stents with allergy.
Nickel and molybdenum with the contact allergy was associated with restenosis. They
looked at 131 patients with 171 stents, and they did patch testing to nickel, chromate,
molybdenum, manganese, as well as stainless steel plates. And this was read by
independent dermatologists. Eighty-nine patients had in-stent restenosis that is greater
than 50% diameter stenosis, and all 10 patients had positive patch tests, 4 to molybdenum
and 7 to nickel. None of the patients without restenosis had a positive patch test, thus
implicating restenosis with hypersensitivity likely to metal allergy and restenosis. However,
subsequently, many of the other studies have appeared cannot replicate this, and I will
present one of those.
This is from our database. This is a single case of metal allergy in a patient who had
a bare-metal stent with cobalt-chromium and had stainless steel stent in the right coronary
artery. The cobalt-chromium, where it had fractured, showed a hypersensitivity reaction as
well as inflammatory infiltrate and restenosis but was not seen in the rest of the artery or in
the stainless steel stent.
But if you look at the overall incidence in our hands, it's only 1 in 477 cases, that is
0.2% incidence, whereas if you look at drug-eluting stents, the incidence is 1.1% in our
hands and again, which is 814 drug-eluting stents have been looked at. And this incidence
may appear high to you, but it's actually more related to the polymer and the drug itself.
That is serolimus.
We looked at stent fractures, so we asked the question, if there is stent fracture
positive or stent fracture negative, what are the consequences? Patients with fracture
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positive, 2% had hypersensitivity. No fractures had 2.4% hypersensitivity. Therefore there
were no differences. Again, this may appear high, the incidence; however, these are only
drug-eluting stents and we know that polymers as well as drugs, that is, serolimus and its
analogs, have been implicated in hypersensitivity.
Now, the outcome of percutaneous stent implant at the Mayo Clinic. A comparison
was made on the outcome of patients with metal allergy versus without metal allergy at the
Mayo Clinic. There were 29 cases of allergy and 250 no allergy. A clinical history of
hypersensitivity to nickel was reported in 26 of the 29, and to chromate in 9 of the 19, and
to nickel in 26 of the 29. A patch test was performed in 11 of the 29 and was positive in all.
However, when you looked at the outcome, that is, patients with a history of metal allergy
had similar adverse outcomes that is early, less than 30 days, and late as far as 4 years and
that is for death, restenosis, and myocardial infarction, they were very similar in those with
and without allergy, thus saying that there is no relationship to hypersensitivity or allergy to
restenosis or adverse outcome.
Looking at all our registry for the peripheral stent, that is, predominantly nickel
stents, there is no documented case of hypersensitivity, yet we have cases of fracture in
there.
So, in summary, what I have presented to you is although metal allergy was thought
to be related to cardiac adverse events after stenting, no relationship was documented in a
recent study at the Mayo Clinic.
Prevalence of hypersensitivity reaction to bare-metal stents, that is, stainless steel, is
less than 1%.
Hypersensitivity reaction to DES is higher than in bare-metal stents but still only
1.1% and is related to polymers and drugs.
In peripheral stents, no hypersensitivity reaction was documented and these results
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suggest that metals are safe in the vasculature.
Thank you so much.
DR. RAO: Thank you.
Speaker Number 4, you have 8½ minutes.
DR. SCHROEDER: Good afternoon, I'm Dr. Scott Schroeder. I have no disclosures,
and I'm a foot and ankle surgeon from Washington State. I've been in practice for over 30
years. I do a lot of foot surgery. I've had thousands of patients that I've operated on. I've
put a lot of metal in, and over the years I've had a keen sense of awareness of some of the
reactions that can happen with this metal, specifically systemic reactions. I've had a study
going on over the past couple decades. Over the past 10 years I've surgically removed over
a thousand implants in over 400 patients.
Some of the systemic effects that I've seen over the years: muscle spasms,
fibromyalgia, joint pain throughout the body, severe fatigue, sleeping problems, migraines,
dermatologic conditions, emotional issues, exacerbation of rheumatologic conditions,
paralysis issues -- which is one which I will present -- neuromuscular conditions throughout
the body, reactions of hardware in other parts of the body.
Cause and effect is what I'm presenting, and where I've placed metal implants or
somebody else has and certain symptoms develop, metal implants are then removed and
certain symptoms either significantly improve or complete resolve, and in many cases, it's
completely resolved. Cause and effect is very powerful, and it's hard to dispute.
In my study, it appears we have sensitivity reactions as well as galvanic reactions and
allergic reactions or a combination thereof.
One thing I've been working on is galvanic or battery type reactions between
dissimilar metals in the body.
Titanium is positively charged, stainless steel negatively charged, amalgams are
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negatively charged, and I've had success in removing metal from the feet, improving
symptoms in total knee or hip or back issues.
So how much of the body is comprised of electrical impulses? Well, a depolarization
of the nerve and a nerve impulse fires off at about 70 mV. I worked with a neurologist, and
he does a lot of electric diagnostic testing, and he recommended we use a voltmeter and
ultrasound gel, and this is baseline for this testing here, 3.2 mV. I then took a titanium plate
and a stainless steel plate I'd taken out of a body, 478 mV. And these are not touching each
other. And then I had been having problems with metal in the foot and metal in the mouth,
and so I ran this good old Hot Wheels track 6 feet away and still 118 mV.
Here's some corrosion from a plate, titanium plate, that was only in there for 4½
months.
So the first patient, severe back pain, had stainless steel I placed in a foot, both feet
actually, about 20 years ago. Three years ago she had titanium plates and screws in her
back, had significant symptoms ongoing, everything had fused. She then had a total knee
implant. Back pain worsened. I ended up removing the stainless steel from her feet and
her back pain essentially resolved.
Here's some of the hardware.
Another patient had an Interstim for an overactive bladder in her back and I had 2
weeks previously fused her big toe joint with a stainless steel plate and screws. She had no
problems at that time. Once she had the Interstim placed, she had significant pains going
up her left leg and then into her back and it developed to the point that it was very difficult
for her to get up from a sitting position; it was hard for her to get her feet underneath her
and she felt as if she was going to fall. I removed the hardware and all of her symptoms
completely resolved.
Here's the Interstim.
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Another patient, a teacher. Age 16 she had her first foot surgery with stainless steel
screws. Later, I saw her in her 30s, had to do some revisions and used titanium. She had
problems with earrings, felt she had a nickel allergy, removed the stainless steel, she did
fine with that. A couple years later she comes back, the screw is irritating in there. Okay,
let's get it out. I was doing the pre-op, she had a whole list of medications that I don't
remember, I go, what's going on? She goes, well, I have this severe fibromyalgia, and I go,
how long have you had that? Oh, about 2 years. Well, she had a lot of this chronic fatigue
and it's just terrible. How long have you had that? Two years. Do you have any other
metal in your body? No. Do you have any dental fillings? No. Oh, but I have this bar
behind my lower teeth. Oh, you have braces. Well, when did you get your braces? Oh,
about 2 years ago. And that's how my conversations go with these patients. So we got her
tested, MELISA lymphocyte transformation test. She was positive to nickel and titanium
dioxide and vanadium. And we ended up getting her in to get her titanium out, and I will
have you listen to a voice memo here.
RECORDING: So almost immediately after you took the screws out of my feet, I
noticed that almost all of my body pain and my migraine symptoms had gone away and
within a couple of weeks, actually all of my rosacea had cleared. So I was able to stop most
of my medicines within a month. I was -- I mean, I was taking 18 different medicines for
fibromyalgia at that point. And then shortly after that I made an appointment to take the
bar out from my teeth and since then, I don't take -- I take one pill a day for my migraines
and that's it.
DR. SCHROEDER: All right. The next patient was an engineer. He had severe
neuropathy. He had sores at the tips of his toes, infections and pre-ulcerative lesions
underneath his second and third metatarsals. We had to shorten the metatarsals,
straighten the toes, he did fine with that. Came back 5½ years later, big toe was growing a
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pre-ulcerative lesion, had to fuse that, but I noticed swelling over where we had the
hardware. Removed the hardware and he ended up coming back a couple weeks later for
his second post-op visit and he says, okay, Doc, being the engineer that I am, I looked at
what happened with my body here, and he said, six years ago I had an ACL repair with
titanium screw. Four years ago, prior to the surgery, he just started developing neuropathy
symptoms with his feet, progressed to his hands, his entire body. You put the hardware in
my feet. Three months later I started developing, basically, paralysis for 45 minutes every 2
to 3 days, and it went up to 10 hours a day. He was disabled. You took the screws out of
my feet and I went from being paralyzed 10 hours a day to 1 hour a day. Then he ended up
-- we got him tested with a MELISA test and he was positive for nickel and significantly
positive for palladium, which he had in six white gold crowns in his mouth, 26% palladium.
So here were the screws from his feet and the one from his knee. And so we ended
up -- I ended up presenting his case over in London at a lecture on metal allergies or metal
sensitivities and reactions associated with systemic effects. And this was a letter, an open
letter, to Dr. Stejskal, Vera Stejskal, who developed the MELISA test.
Even though we never met, Dr. Stejskal's impact on my life is immeasurable. Our
lives crossed paths after I had been a rigid quadriplegic for over 5½ years. I experienced
episodes of paralysis that would leave me completely immobile/paralyzed for excess of 10
hours a day. Neurologist and geneticist performed neurological and genetic testing at the
University of Washington and Mayo Clinic over this time without any additional diagnosis
other than episodic ridge quadriplegia. It wasn't until my podiatrist, Dr. Scott Schroeder,
suggested the MELISA test that I saw any hope. When Dr. Stejskal offered to do the MELISA
test herself on a gratis basis, it was more than I could ever have hoped for. The testing and
the results allowed me and my doctors to understand what was truly happening in my body.
Then we were able to formulate a treatment plan. Today, as I write this, I am completely
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paralysis free and words cannot express my gratitude for what a difference Dr. Stejskal has
made in my life. I was told that I would most likely be in a wheel chair the rest of my life
and just last year I had the opportunity to walk my daughter down the aisle at her wedding.
So he had oxidation under these implants, I think he had a galvanic reaction between
the tooth, that then exacerbated the sensitivity reaction of the tooth.
So, in closing, these diagnostic reactions or diagnoses of metal reactions, you have to
have a high index of clinical suspicion, and really, we need to train our medical community.
A lot of the surgeons and docs in our area have no idea about this and I would implore the
FDA to really work with this in medical school training, residencies, and CME courses.
As far as testing goes, one my rheumatologist colleagues says I don't have great tests
all the time, but I have to use those in combination with my clinical information. And so the
MELISA test has been significantly important for me, and I really think this needs to be
covered by insurance throughout this country to really get this thing going.
And we need more implants and better implants, good-functioning nonmetallic
implants as possible.
And last slide. Obviously, there's more research needed, but we really have people
that are out there suffering now, and so we really need to get this information out to the
docs. Thank you very much.
DR. RAO: Thank you.
Speaker Number 5, you have 4½ minutes.
Dr. Goran Stojanovic.
(No response.)
DR. RAO: No? Okay. We'll move forward to Speaker Number 6. You have 13
minutes. One of our speakers, Number 16, has ceded her time to you, so Speaker Number
6, Dr. Tower, we're ready for you, and you have 13 minutes. Thank you.
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DR. TOWER: Thank you. This is reaction, systemic reaction, to cobalt from hip
implants. I've had a lot to do with the recommendation for that. I was the first case report,
and I authored the case report with a single, solitary other patient that I implanted an ASR
hip and the news to the Panel is this is a common problem.
Since I got my ASR hip in 2006, I've been systematically studying the problem in
myself and in my patients and this, today, is a report of where I am now in my knowledge,
having systematically studied the problem for 4½ years, with screening all of my patients
with any cobalt-chrome implant with a urine cobalt level, a symptom inventory done at the
same time, combined with my experience as a revision surgeon.
This particular slide that was just up there showed a woman with a pure immune
initial presentation.
Arthroprosthetic cobaltism presents with nonspecific general and neurologic
symptoms and then that progresses to hard neurologic findings and symptoms and is also
associated with new immune and cardiovascular diagnosis, and I know this from studying
nearly 300 of my own patients in systematic fashion.
For our study, we defined our at-risk population as any patient with a cobalt-chrome
implant. So in my case, I'm a revision hip surgeon and a knee surgeon and shoulder
surgeon, so these are all hip, knee, and shoulder patients. We screened 241 patients of
which 139 were pinged cobalt of a level of greater than one part per billion. We considered
those patients to be cobalt positive, the other patients to be cobalt negative, for the sake of
our statistical analysis and what we find is significantly statistical, usually at a p-value of
0.0001. In terms of the constitutional symptoms, the hard neurologic symptoms, also a
similar level of statistical correlation. Also, new immune diagnosis, new cardiovascular
diagnosis. This is not a metal-on-metal problem. This is a problem with any
hip/knee/shoulder with a chrome-cobalt implant.
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The red squares are my metal-on-metals, there's only 37. You'll notice there's a
huge overlap between the red data points and my blue data points, which are largely metalon-plastic hips.
These are with the metal-on-metals excluded, which show the blue diamonds are the
better-performing modular implants with well-designed tapers, some of them out many
years without elevated cobalt levels. So in terms of tapers, this is a design issue. Some
implants rarely corrode in my experience and others corrode commonly.
Most significantly, the most common symptoms are neurologically related and are
constitutional. And over the past 4½ years we've learned that FDG/PET brain scanning is
specific and sensitive to diagnosing arthroplasty cobalt encephalopathy, and we're now up
to about 80 patients where we have confirmed the diagnosis of cobalt encephalopathy with
FDG/PET brain scan, which has a specific pattern of focal brain hypometabolism.
There appears to be a sorting of patients into sensitive, more and less sensitive
groups, at least three of them. This is well studied by the Italians and is likely related to
differential albumin binding of cobalt in the sera.
This is what our more visual interpretation of the FDG/PET brain scans look like. This
is a normalized quantitative study that divides the brain into 241 discrete regions and
assigns a T score to each area. It's absolutely quantitative, there's no interpretation, and
every patient we scanned with elevated urine cobalt levels and symptoms has had a
statistically abnormal brain scan with the same pattern of abnormalities.
Since we've been going at this for 4½ years, we're probably now up to 20 patients.
Well, we're up to probably 40 patients revised for a combination of systemic and local
periprosthetic issues, and what we see generally is reversibility. We remove the cobalt,
urine and blood cobalt resolved to normal, and most all patients have had significant
resolution of both systemic and periprosthetic symptoms.
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Some of these patients have been gravely ill and lost their livelihoods. That last slide
was a bush pilot that developed severe Parkinson's disease which reversed when we revised
both his metal-on-metal hips.
This is a nurse with a metal-on-metal hip. She lost her job because she developed a
tremor; she couldn't start IVs. She was seeing her surgeon twice a week, but her hip didn't
hurt her. It was only when she came into the office later complaining of back pain that the
PA checked the cobalt level because I was in the clinic and was preaching that metal-onmetal hips ought to have their cobalt level checked.
This is not just a metal-on-metal problem. This is a modular chrome-cobalt neck
stem implant. More elderly patients. What I'm finding is my corrosion-generated cobalt
patients get sicker with lower cobalt levels. We know this at the local periprosthetic level
from Dr. Kwon's work, where he's shown that if it's corrosion-derived cobalt, one part per
billion in blood is the high-risk group, whereas metal-on-metal, it's more like three parts per
billion.
We're seeing this with many popular hip designs that are still commonly implanted.
This is a modular chrome-cobalt insert similar to what's used in Stryker's Dual Mobility. In
this particular case, it was a modular metal-on-metal. But we're seeing backside corrosion
of cobalt-chrome implants and that can make patients sick as well.
So this is similar to what you've heard in multiple speakers. We're dealing with
periprosthetic consequences of cobalt-chrome metallosis producing inflammation, both
chronic and acute, and the immune consequences are clear. And it's probably about 10% of
my patients present with a heavily systemic immune flavor to them, new allergies, new
rashes. But almost all my patients are complaining of mental fog and fatigue, very similar to
what we're seeing with the Essure ladies. And then the patients with particularly high levels
and many years of exposure are getting the hard neurologic findings.
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So the bottom line here is my threshold for concern in urine is one part per billion.
That corresponds to a blood level of 0.4 parts per billion. And those were the cutoffs I used
to separate my cobalt positive from cobalt negative patients.
We're seeing a dose-response effect. If we take a look at our cobaltism symptoms
inventory and divide our urine cobalt years into quartiles, as those numbers go up, you see
increasing symptoms.
So blessedly, I got ceded an additional 3½ minutes of time. I would love to be sitting
in the front of the room because I think I could make more of a contribution there, given
the work that I've done. I was determined to be too conflicted to be at the front of the
room, so I'm speaking from the podium.
But since my extra time was ceded to me by an Essure patient, the thing that's
striking to me is the commonality of the symptoms that we see with the Essure patients,
which is an amalgam of fiber, polyethylene terephthalate, Nitinol with nickel, goldcontaining solder, and these women are desperately ill and they resemble completely my
patients and myself when I had a cobalt-chrome metallosis problem.
I had problems at the hip. I lost all of the tissue around the hip. My histopathology
was totally cell necrosis. There wasn't a lymphocyte in the picture. And I have my cobalt
symptom inventory, I developed that, I know about that because I suffered 9 out of 10 of
the symptoms myself, personally.
When I applied to be on this Panel in 2012, I was denied because I wasn't an expert
and I submitted a written manuscript of 15 revised metal-on-metals with five patients that
were cobalt neurologically toxic and you guys shit-canned that study and nothing was done.
You guys allowed industry to pull metal-on-metal hips silently off the market and those
metal-on-metal hip patients that are not recalled are now coming into my office, seriously
neurologically ill and in heart failure and it is a public health travesty.
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The FDA, in my experience with orthopedic implants, is more interested in the health
of the arthroprosthetic industry than it is in the health of the patient. And there is
unequivocally no doubt in my mind this exists, and it is common, and I am just tired of being
the guy who has to look under the rock and find it. I mean for God's sakes, I'm not the
Mayo Clinic. I'm a solo practitioner orthopedic surgeon in Anchorage, Alaska. What does it
mean about the system if I'm the one who's discovering this stuff? The FDA is not doing its
job. You guys are asleep at the switch. This stuff is happening to hundreds of thousands of
Americans and you're doing nothing. Thank you.
(Applause.)
DR. RAO: Thank you, Dr. Tower.
Speaker Number 7, Linda Radach. You have 4½ minutes.
MS. RADACH: My name is Linda Radach. I'm one of those common people
Dr. Tower just spoke about. ASHES Nonprofit is paying for my travel and my lodging.
In June of 2012, I watched the FDA hearings on metal-on-metal hips. In the previous
6 years to that, I had endured five hip surgeries due to issues related to metals in the
devices. Like today, there were substantial areas of confusion and misinformation. It took
the FDA until 2014 to issue monitoring guidance, until 2016 to demand PMA on all metalon-metal hips, and 7 years to cycle back to the same conversation with no more clarity than
there was in 2012. The delay in substantial scientific pursuit of answers surrounding these
issues is downright inexcusable.
My own journey began in 2006. Months later in 2007 with bilateral metal-on-metal
hip resurfacings, the claims made were outrageous, but I didn't know. I do now. By the fall
of 2008 I stepped off a stair and froze in pain at my left hip. The doctor blew me off until
spring of 2009 when he noticed that the socket had slipped out of its location. I underwent
a revision that required bone grafting, a series of diagnosis of metallosis, switched from
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metal-on-metal to ceramic-on-poly and the pain never left.
In 2011 I sought two surgeons with 180 degree diagnoses differences, one said it was
fine and one said not. I lived with it for a month until that socket fell out of position again.
Failure to osseointegrate in two cases.
Following an osteotomy, if you've ever tried to walk on a fractured femur, you know
what torture that is, my hip was revised yet again. This time to cobalt-chromium stem,
cobalt-chromium ball on a polyethylene lining. Given that I had a diagnosis of metallosis, I
don't understand that. I lived with pain.
2012 my right hip presented with problems. It was revised to titanium stem, cobaltchromium ball and polyethylene liner. My highest known ion levels was 10.1 over those
years and it was shortly before my last surgery in 2017 where we replaced the cobaltchromium ball on the titanium stem with ceramic.
The Panel keeps saying, the FDA keeps saying, that this is a small subset of people.
We've heard statistics. Seven million Americans living with hip and knee replacements,
300,000 hips, 600,000 knees every year. Seventy million Americans implanted with some
type of medical device. For the Panel to remain focused on hypersensitivity rather than
facing the truth of toxicity is equivalent to counting squirrels in T-Rex territory.
The issues and challenges acknowledged by the FDA represent serious harm. My
toxicologist, who is an expert in cobalt exposure, was clear in stating that once in the body
the source doesn't matter. In fact, he told me lead poisoning would be better than what I
have with cobalt.
For a patient who has no sensitivity or allergy, there is no safe minimum. For
someone who has toxic, there is no safe level. Poison is poison.
Over 13 years of exposure, most of the time my metal level ions raised between 2.6
to 6.4, and here I stand today having been diagnosed with Stage 2 diastolic heart failure;
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diabetes, too; and a plethora of neurologic and cognitive symptoms that have destroyed my
life. I have no doubt these conditions will not only continue to diminish the quality of my
life but may actually call an early end to it. At 65 I'm not elderly, but I feel it. You cannot
make this right for me but the FDA, by way of regulation, and industry have a moral,
congressional, and scientific obligation to find the answers and make this right. Stop trying
to change patients, stop trying to throw a pill at an immune response. Change the
materials. The bottom line between all the harm is the materials. Go after that, set rigid
standards for biocompatibility testing and don't use false science.
DR. RAO: Thank you. Thank you, Ms. Radach.
Next speaker, you have 8½ minutes.
MS. TOMES: Hi, my name is Madris Tomes. I work for a company called Device
Events. It's a company that I started. I paid for my own travel and lodging to come to this
event today.
I previously worked for the FDA, although as an IT person and never read a single
adverse event report when I worked there. I have come to know this data very well in the
last 5 years since I left, and I wanted to point out I was the adverse events project manager
and also the UDI project manager, so I'll explain to you what that will mean in a little bit.
I wanted to talk about dental implants today because I didn't know of anybody who
was speaking about them. The reason that I want to address them is because dental
implants are the second most reported device in the history of adverse event reporting to
the FDA. They are second only to blood glucose tests. There have been over 2.2 million
adverse event reports for dental implants and 2.1 million of those were only released in
June, 1.6 million of these were classified by the manufacturer as serious injury reports.
The vast majority of the device problems associated with implants are due to loss of
osseointegration or failure of the implant to integrate with the bone. So you can see here
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on this slide, I hope it's dark enough for you to view, under the device problem there are
1.5 million failure-to-osseointegrate reports. There's something definitely going on with
this device.
One of the things that I do when I find a signal with adverse events is I tend to look
at the company name. I think, that's a typical response, what's the brand, what's the
company that's causing the issues? When I pulled up the list of the dental implant
companies, there was no one company, it's all of them. I don't know if it's a problem with
the material, the sourcing or whether it's exactly what we're talking about today, that these
devices are rejected by the body.
One of the things that the dental industry has done well is charting. When it comes
to other types of implants, the brands are often unclear. But one of the things I wanted to
point out was I backed into this data, I went about pulling these adverse event reports in a
totally different way than what I usually do. Instead of putting in I want to look up hips, I
want to look up shoulders and knees, I put in what are the adverse events that we're
looking for today to point to the problems with the materials.
With the first one here, it says unknown Versys head. One of the things that I want
to point out about this data is that it is dirty, but that being said, there were 120,000
adverse event reports with these terms that I used, local tissue reaction, metallic debris,
pseudotumor, necrosis, corrosion, and it spans across different types of devices.
It's not always clear which device is being reported, but it often is clear that the
materials used are causing serious tissue reaction. I'm not a scientist, I'm not a physician,
I'm not an attorney, and I'm not even really a patient. I think I have some clips in me, but
I'm not sure, but I'm not having any issues that I know of.
I do want to point out that when I backed into this data, you can see here that one of
the devices we've discussed today which contains Nitinol is Essure, and so those reports
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came in as well. So we're not just talking about orthopedic devices.
So when I backed into those reports using those key terms that I mentioned, there
were a lot of terms I didn't use. I had so many reports to look at that I was overwhelmed.
When I included terms like lupus, fibromyalgia, autoimmune, and then the tests such as sed
rate, I had 230,000 reports. So I had to back down because Microsoft Excel is not that big.
So what I did was I pulled out the device names and then tried to get an idea of
which devices we're talking about. As you can see here, the metal-on-metal hips are the
number one reported, possibly because they've received a lot of attention. Here you can
also see, though, that the metal-polymer and the metal-ceramic-polymer also have issues as
well as Essure.
Another thing I want to point out is the Office of the Inspector General did a study
that showed only 14% of adverse events are reported to the FDA, so I'd like you to put that
in context with the numbers we're seeing today, that they actually could be five or six times
higher than what we see.
I have noticed a very interesting result as I look for adverse events after I speak at
Panel meetings, after the Panel meetings meet. It's not just me. There's always a steep
increase in the number of physician reports that come in and so that's something that I
think that after this meeting today we need to take a look at. Okay, maybe people didn't
realize this before, patients didn't, maybe not all physicians realized these issues, but this is
a chance to ask those physicians and patients to now come forward and send in their
adverse event reports so that we have more data. Although 230,000 reports is pretty good,
it's a good start.
The types of metals used in devices are not regularly included in device labeling.
Often the materials include alloys containing nickel. Women typically know if they're
allergic to nickel, but patients are not being informed that this metal is going to be
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implanted in them.
The unique device identifier, which is essentially a bar code, contains the field to
collect whether a device contains latex, but it doesn't collect whether it contains nickel,
cobalt, chromium or other materials.
So if you're not familiar with the UDI, unique device identifier, this is what it looks
like, this is a sample label and you can see around the bottom here, it says contains latex,
yes or no. There are fields that can be added to the UDI, it has to go through a regulatory
process, but it is doable and it has been done and it's still being rolled out.
Allergy testing for any device material implanted in the body should be compulsory,
even for staples and clips, which I also saw a large number of reports for those. They didn't
make the top 10 list, but they're definitely there.
Not all sensitivities and allergies can be detected in advance, but this will help
physicians determine whether sutures or a different type of device or procedure should be
considered.
Physicians and other care providers need to know what materials are in the devices
they use, and that would require that manufacturers disclose this to the FDA, on the label
and in the UDI database.
The unique device identifier should be updated to include metals and alloys
contained in devices. This would allow electronic health records to pull through data to the
patient file that would help care providers know what might not be compatible with their
patient.
And, finally, the FDA should strongly consider sending all types of physicians a Dear
Doctor letter to alert them to the systemic issues (allergy, autoimmune, toxicity) caused by
metal-containing devices. They should be asked to review relevant patient files for underdiagnosis of these issues and be asked to report these adverse events directly to the FDA so
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the FDA has better and more information on which to base future regulatory and labeling
decisions.
Thank you.
DR. RAO: Thank you.
The next speaker, Speaker Number 9, you have 4½ minutes.
MS. BARNETT: Good afternoon, my name is Amy Barnett. I am a trained nurse and
women's health advocate. I am here to represent the thousands of patients suffering
symptoms after metal clips were implanted in their bodies. Although clips are small, all
implants are capable of causing foreign body or autoimmune reactions. However, most
doctors rarely acknowledge this, so the issues go unreported or misdiagnosed.
In 2010, my doctor chose to use Filshie clips during my tubal ligation. She told me
the day after surgery she used them. Despite numerous tests by various doctors, I was
reassured the debilitating pain and 32 other symptoms I developed could not be related. A
year later, in an attempt to avert my symptoms, I had my clips removed during a tubal
reversal and I made a full recovery.
I went on to create a Facebook support group to educate and share my experience
with others. During this time I was able to graduate nursing with honors. However, in
2015, I became ill with mononucleosis which triggered a relapse and development of 34
symptoms very similar to when my tubes were tied. You each should have a handout of all
of my symptoms as well as my medical records if you'd like to take a look while I'm
speaking.
Chronic fatigue, severe inflammation, and a variety of other symptoms have taken
over my life, ending my career as a nurse. Daily I struggle to take care of myself and my
children. For 4 years my doctors and thousands of dollars worth of tests have been
inconclusive. It wasn't until recent that I learned about ASIA syndrome. I was shocked to
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learn all of my symptoms fit the description. However, I didn't believe I had any other
devices. That is until one day I read one of my old CT scans from when my tubes were tied.
Apparently, gall bladder clips had been placed without my consent in 2005. Not only was I
never told I had them, I've also come to learn they are not noted in any of my post-op
reports. My experience is not unique or uncommon. I've spoken to hundreds of patients
throughout the last 8 years with similar symptoms. The doctors denied their issues could
be related to the clips. Without acknowledgement of an adverse event occurring, nothing
gets reported. Incompetent reporting means the data doesn't represent real-world
effectiveness or safety. It goes without saying, comprehensive records are essential in
healthcare.
However, staples and surgical clips are rarely documented in a patient's record. The
patient or the doctors providing follow-up care are all too often unaware they have them.
Should adverse reactions occur, the device itself is rarely suspected, either because no one
knows it's there or because the doctor believes the device is safe based on FDA
recommendations, which are based on flawed data. It's a vicious cycle making it imperative
that every device be documented and tracked.
Without the brand or alloy composition, allergy testing cannot give a definitive
diagnosis or resolution after a device has been implanted. It is crucial that metal
component documentation be kept for the life of the device and not a standard 10 years
because symptoms can present differently for every individual or can be delayed, as mine
were, giving rise to misdiagnosis for decades, for years or decades. A set standard of metal
allergy testing before placement along with autoimmune acknowledgement and protocol
for removal are vital for safe and effective patient care.
In circumstances of migration, doctors are leaving them free to embed in vital
organs, telling the patient they are harmless. However, scar tissue can form around the
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device further complicating removal and risk to life. Migrated clips are not benign despite
common medical opinion. Even those intact, functioning as they were intended, can
negatively impact one's quality of life. Patients are not given true informed consent,
including the topic of migration or an increased risk of autoimmune symptoms occurring,
and have had their right to autonomy violated.
These are life-long devices needing life-long evaluation and tracking if we are ever to
learn their true impact on the human body. While most patients are not medically trained,
it is their right to full informed consent before placement of any device. Advances in
technology can extend life, but circumstances of non-life threatening surgery, the patient
has the right to decide if their body should have a device. I'm walking proof that no matter
how small the device, it can have devastating consequences.
Please end this cycle of suffering by ensuring these devices are tracked. Only then
will we have accurate data to scientifically show their safety. Thank you for your time.
DR. RAO: Thank you, Ms. Barnett.
Next speaker, Number 10, will have 4½ minutes.
And while we're doing that, AnnMarie, the speaker to follow this will be Sue Francis.
There's been a switch in the order. Speaker Number 11 will be Sue Francis.
MS. SCOTT: So while we're setting this up, my name is Frances. I'm from Texas, and
one friend bought my plane ticket here and another friend paid for my Uber. Other than
that, I'm a part-time semi-salesperson for a flooring company, so they're the only ones that
give me money other than my husband sometimes gives me money. Limited, he's an
accountant.
(Laughter.)
MS. SCOTT: So my presentation is up there, I hope you can see it. And I hope I can
see it. I had cobalt, chromium, nickel, molybdenum, titanium, and aluminum implanted in
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my hips for almost 8 years thanks to my metal-on-metal total hip replacement devices.
A happily married news anchor, a local news anchor in Raleigh, North Carolina, and a
mother of three preschoolers, at age 39 I had both my hips replaced. This was 2011.
Immediately, though, my hip pain got worse and I developed multiple new health problems.
There you see my skin erupted, blisters all over, they would just crack open and bleed and
were very painful. I developed tinnitus, heart palpitations, tremor, and depression and
anxiety. I cried all the time. I started falling while just standing still. I wasn't walking or
tripping, I would just fall. Kidney pain woke me up daily, usually about 5:00 or 6:00 a.m.
and lasted until I got up and went to the restroom. My Hashimoto's autoimmune thyroiditis
became very difficult to manage, but my most upsetting symptoms involved my central
nervous system. I began having migraines so severe the emergency room doctors ordered
CT scans, I think, to rule out stroke.
Worst of all, my personality completely changed. I became paranoid, reclusive,
scared, and angry all the time, which terrorized my very young family. During some of
these fits I had, I threw our kids' three iPods, $600 each, into the lake behind our house. I
spray painted our den walls one time when I was mad at my husband. I kicked him once. I
tore huge framed pictures off the walls and threw them across the room. None of these
actions were anything I had ever done before getting the hips. I had become a very
different person and it was terrifying.
Wanting to protect my family from these unpredictable PSTD-like rage attacks, I
asked my husband to please take the kids and himself and find somewhere else to live. Not
so he would leave me or divorce me, but just so that they wouldn't have to live in fear of
what might happen next because I was afraid, too.
Serum cobalt and chromium tests that I had had to ask my doctor to order came
back around two parts per billion each, but never rose above four parts per billion. My
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surgeon said that wasn't a big deal, I had nothing to worry about.
I went back to work finally after 7 months after having the hips put in, but had
become too confused to function professionally as well as I had before I got the hips. I
frequently acted like a dementia patient, missing promo shoots and getting lost on my way
to work in a town where we have lived for the past decade on the one interstate that runs
through town. So I knew my 20-year career as a news anchor was over and we had to sell
our house and move, ending up in a rat-infested rental unit with our kids qualifying for free
lunch at the public school.
My new kidney issues escalated requiring a first-ever kidney surgery. Getting
neither answers nor help from numerous doctors over the next 4 years and being told
neither my hips nor the metals in my blood could ever be the cause of my new health
problems, I videotaped my story and put it out on YouTube, I was desperate. Soon, hip
patients reached out to me telling me that they, too, had developed many of these same
problems after getting these implants.
A mom in her early 40s was told by the chief of Duke Cardiology you have a failing
metal hip and it's killing your heart, it needs to come out immediately. Another young mom
had developed seizure disorder; her serum cobalt was no more than 0.09 parts per billion.
She had four different hip replacements and finally, her systemic symptoms were so bad
she had the radical procedure, a Girdlestone procedure, where they take everything out.
She has nothing now connecting the bottom of her femur to her pelvis. Extremely painful
and she will never walk.
Patients of other medical devices started reaching out to me, too, telling me they
had had similar issues, they were afraid to talk about it. And another young mom with the
same skin lesions was told by one device rep hey, your device is a titanium device, but then
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chromium and it's hard to find out exactly what you have.
I can go into the studies I read. Basically, I found a study that said 300 parts per
billion was the point at which the human body had symptoms. I thought that was odd, so I
looked up the study author, found out that he had produced research for big tobacco,
asbestos-related companies and so on. He's an industry scientist. To find out the truth, I
went to two trials related to my hips, I found out the data had been faked, doctors had
been coerced into using these and paid as consultant surgeons. And the study that my
doctor had quoted to me, saying I would never need other hips, was completely fraud.
And I did end up getting them both replaced. All my symptoms went away except
that I still have the tinnitus and I'm in daily pain. I can be on my feet about 1 to 2 hours a
day unless I'm medicated with Celebrex or narcotics, which, as you know, have terrible,
terrible side effects.
DR. RAO: Thank you, Ms. Scott.
MS. SCOTT: Thank you.
DR. RAO: The next speaker will be Speaker Number 11. You have 4½ minutes.
MS. FRANCIS: Hi, I'm Sue Francis. I'm from Georgia and paid my own way to get
here. My retired Army officer husband was kind enough to drive me. I'm in a great deal of
pain, so please bear with me. Sitting is actually quite difficult.
FDA members, you're in the power seat. I'm just a patient. I join the ranks of
Frances Scott and many of the others advocating for patients across the United States.
The mitigations that we're looking at to try to reduce immunological responses boil
down to a real simple problem and solution, as far as I'm concerned. Proper labeling would
be the primary place that we could really work on. So in order to protect patients, we have
to realize that these metals do, from day one, start interacting with your body.
The unique device identifier, for my doctors, has not been helpful. We have not
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been able to get to the bottom of what the chemical compositions are actually in my hip. I
have the new hip. I have the ceramic-on-poly. This metal-on-metal issue is a thing of the
past. I have the hip that people are getting revised to. So the problem is clear, the medical
device labels are not comprehensive, they're incomplete metal composition labels that pose
a dire health problem and patient safety risk because patients with immune responses or
allergic reactions to metals in medical devices can't even get a straight answer from the
manufacturers about what's in their hip.
I found out the hard way. I have four components. I'm 14.9 on the orthopedic
analysis metal LTT test, so I'm reacting to the nickel. It's been much like the Wendy's
commercial, where's the beef? Where's the nickel? Nobody can figure it out.
The hip implant system basically boils down to a cup and a stem. I've figured out
that with the cup and the stem, the coatings seem to be what the difficulty in the
identification of the implant was. So the next 16 variations are what could be in my hip. I
don't think any patient should be, or any doctor should be, trying to figure out what has
been implanted in my hip.
Titanium can have a titanium coating. Titanium can have a chrome-cobalt coating.
Titanium-chrome-cobalt can have a chrome-cobalt coating or chrome-cobalt can have a
titanium coating. You'll be able to see on the slide above with all the little skull and
crossbones, that's the chrome and cobalt, you can pretty much identify which implant
system you would not want. We still don't know what I have.
So doctors need to know what they're putting in patients. Patients need to know
what's going in them. The manufacturers obviously know, they made it. So what we want
you to do, the FDA, is protect us, the patients, the doctors, and do not be complicit in a
manufacturer's incomplete labeling.
I'm facing a revision. My primary hip replacement was in March of this year. No
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patient deserves to find out after a product is implanted in them oh, by the way, your
product has not been MRI safety tested. Put patients' and doctors' success over
manufacturer profits. Please, FDA, demand and regulate comprehensive labeling. Stop
letting the manufacturers hide behind their I don't knows. That's been the answer for 6
months now. Who regulates who? The industry regulates the FDA or the FDA regulates the
industry? Let's implant some ethics and accountability with the medical device industry.
The solution is as follows: the FDA needs to enforce strict labeling of metal
composition in medical devices with additional labeling for the device coatings. Please
mandate the manufacturers to provide the metal chemical composition sheets with the
GUDID system. Thank you.
DR. RAO: Thank you, Ms. Francis.
The next speaker, you have 4½ minutes. Ms. Diaz.
Ms. Diaz, you have 4½ minutes.
UNIDENTIFIED SPEAKER: That's not me. What's the name of the person?
DR. RAO: Terri Diaz. No, not here?
Ms. Schulman, Tess Schulman, you have four -- you have 8½ minutes.
DR. SCHULMAN: Good afternoon, I'm Tess Schulman, a patient advocate with
Medical Device Problems, and a patient who developed new onset allergies after being
implanted with the medical device Essure.
My travel here today is sponsored by ASHES Nonprofit, which lobbies for greater
medical device oversight. I am not a litigant or expert witness against any device, and I
have no financial conflicts of interest.
I would like to start today by reminding everyone of one reason we are here
discussing allergies and metals and devices like Essure. I was shocked to learn that during
the trials for Essure there was absolutely no criteria used to evaluate allergic or
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hypersensitivity reactions to nickel or other metals. The FDA subsequently approved this
device under their most stringent process despite this lack of data. Now we are stuck
playing catch-up with a 522 postmarket study which won't be completed for several years
and which has been scaled back due to lack of accrual of patients all while still being
assured that hypersensitivity, allergies, and immune reactions to metals are rare.
In the meantime, people like me, who are postmarket experiments, are now left to
do the heavy lifting with our own diagnoses as best we can. This really irritates me. Do you
buy a Chilton manual, study it, and try to communicate with your mechanic in his language
when you take your car for diagnostics or repairs? I seriously doubt that you do, but this is
analogous to what I am doing here today.
My entire health history with Essure is too long to accurately convey in this short
format, but I suffered 6 long years with a worsening constellation of symptoms which
included new onset allergies to foods, drugs, chemicals, nickel, and gold. The metal
allergies were the absolute last to be diagnosed 5 years after I was implanted, mainly
because neither I nor the doctors who implanted me had a firm grasp of the exact material
makeup of Essure.
When I finally procured a full material list for the devices and was tested, I found I
had developed allergies to nickel and gold and I had major surgery as a last resort to find
relief and have had significant improvement of symptoms. I had an allergy test prior to
having my devices removed and two other tests post-removal. As you can see on the
charts, my IgE levels to many of the things to which I've developed allergies are decreasing
over time. The highest values you see on those charts are pre-removal and the lowest
values are just taken this year and have come down since the device was removed.
In addition, because I do have a background in science, I am not willing to accept I
don't know as an answer to why this happened to me. I did not have these problems prior
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to implantation, so I started digging. I received an ancestry DNA test as a gift in 2017, which
is after implant removal. I started looking for anything in my genetic data that could have
indicated I might have been predisposed to hypersensitivity reactions to metals. I did find a
few things which you also see on these slides.
The next thing I want to talk about is I am one person, but there are over 37,000
adverse event reports in the FDA database for Essure and many of the symptoms that are
on this slide have been missed. Out of the 37,000 reports, approximately 14,000 feature
descriptions of autoimmune diseases or symptoms. There were over 6,000 for allergies and
another 5500 for skin issues like ones in the photos you see on this slide: urticaria,
dermatitis, boils, petechiae from vasculitis, etc. There are numerous studies which show
recurring Staph infections are prevalent in people with nickel allergies. There are almost
2,000 reports that mention endometriosis, as studies have shown that women with
endometriosis also have a higher rate of nickel allergy compared to women without.
Localized tattoo reactions have also occurred in people who develop metal allergies.
I personally experienced this symptom, as well, about a year after getting Essure. These
things might sound weird to you, but everything about my health was weird after I was
implanted with Essure. So it's going to require some out-of-the-box thinking.
Because everything is so weird, when we go to our doctor with these constellations
of symptoms, they are baffled and don't know what to do. I also learned that from the trial
perspective, any allergies that were identified were simply a diagnosis of exclusion that is
up to clinical judgment and removing all of the things you think it possibly could be.
This is exceedingly difficult for physicians because of many reasons. The first reason
is there was no warning, really, about the risk of hypersensitivity or immune reactions on
Essure. Essure did have a contraindication at one time that was removed in 2011 due to no
supposed instances of a nickel allergy, a problem they admitted they were not even looking
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for. Thus, this issue is not in the forefront of doctors' minds even when faced with obvious
allergy symptoms like skin rashes.
A label with a full material list for every device would help. We know more about
what is in Coca-Cola, which is a longstanding and famous trade secret. Why isn't this
information available for devices? How are we supposed to accurately test for possible
allergies without it? Absolute transparency in labeling is a must if doctors are to screen
patients for risks.
Finally, I want to say that we can do better. I believe we can do better, I believe we
have the tools to do better and the questions I always ask people with a problem like this in
front us is do we have the tools? I think that we do. Although we have heard of the
limitations of the tests today, that just means we're going to have to dig deeper. We might
have to develop new tests, we might have to start mining genetic data in patients and
looking for similarities, but I think we have the tools.
The second question is do we have the expertise? We do, we have a room full of it
here today. We have immunologists, bioinformaticists, chemists, material scientists. So we
have those two things taken care of.
The third question I ask is do we have the will? And from where I sit, it seems that
we do not. There has been a lack of caring from the perception of patients who are
suffering from these issues.
So going forward, I would suggest that we start looking at genetic tests and SNPs
that could potentially identify individuals who would be prone to hypersensitivity reactions.
We improve our allergy tests such as the LTT test and IgE test or any other immunological
test we could have. Looking at cytokine panels, vitamin D levels because vitamin D is
implicated in immunomodulation. Estrogen in women because our symptoms fluctuate
with our monthly cycles, which makes them transient and hard to diagnose. And, finally,
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

185

communication. At the very least, I reiterate that all devices need a full label of materials in
them.
Second, it would be helpful to update practitioners with Dear Doctor letters warning
them to look for early signs of immune reactions to implants in their patients. It shouldn't
take anyone 6 years to figure out that they are having a hypersensitivity or metal reaction
to a device, and clear plain language communication with physicians and patients will go a
long way towards solving this problem. Thank you.
DR. RAO: Thank you very much, Ms. Schulman.
Ms. Beilin, you have 8½ minutes.
DR. BEILIN: I have no conflicts. I'm Dr. Caren Beilin. I'm a doctor of literature, so
that means you should extra listen to me.
Good afternoon. I am here to talk about the under-researched and also
unacknowledged side effects of the copper intrauterine device, the copper IUD.
I would like you to be aware of who I'm representing. There are 16,651 members of
an IUD side effects support group called IUD Side Effects. Those who have used the copper
IUD report having experienced extreme depression and suicidality, anxiety, panic attacks,
personality changes like a flood of paranoia or anger, and heart palpitations, hair loss, joint
pain, and the onset of autoimmune diseases such as Hashimoto's, Sjogren's, and
rheumatoid arthritis. There are 12,371 members of another group called Paragard Don't
GET ONE, which refers to the Paragard, which is the copper IUD. Another group specific to
copper, Copper Paragard IUD Support Group, has 4300 members, another 3200, another
6700 members.
Even these numbers must be only the most modest representation of those actually
affected. It's difficult for people to be making this connection. We are told that this device
is safe, set it and forget it, and we are told confidently, boldly, that our symptoms must
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definitely be unrelated. We feel pressured to find the perfect birth control and we feel the
allure of a non-hormonal option. We do not want to believe that this device is unraveling
our health.
This is a difficult one. It's really hard. The IUD is a reproductive technology that is
celebrated as an emancipatory feminist device, so it's very hard to hold that a device such
as this, designed, it would seem, to allow for female agency is potentially harming women.
But it is precisely because the IUD occupies a site of politic, of celebration, really, of
ideology that we must be extra vigilant about its actual earthy material effects.
I would like to tell you about me. You are looking at a 36-year-old English professor
in orthopedic boots with extra inserts, who used to go running, whose joints are technically
eroding.
In November 2015, I had my copper IUD removed after it was in my uterus for 6
days. In those 6 days I was flooded with depression, suicidality; I was experiencing alarming
heart palpitations and anxiety; I felt incredibly faint. I made an appointment with my
gynecologist, who finally consented to remove it. Once the IUD was out, she referred to it,
as I sat there slumped, feeling near death, with new shocks of weakness plummeting
through my body, and she said about it, what a waste. I'd wasted the device in myself.
There are women more like me and there are women who become sick at a much
slower rate, women who have had this device in for months, years, are on their second
device before they experience systemic issues, some of which are autoimmune.
For me, very soon after it was out, in the next weeks and as the copper dumped or
detoxed from my system, I experienced incredible and totally novel joint pain. I could
hardly walk. Many of my fingers swelled to twice their size and ceased bending. I was
diagnosed quite conclusively, quite seropositively with rheumatoid arthritis. To be clear,
you can have RA without the markers, the seropositivity, but some people are seropositive
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and this is indicative of greater disease activity.
In 2017 there was a study conducted by the rheumatologist, Dr. Hala Fayed. Two
hundred women with RA are divided up by their birth control methods. Eighty-nine, it turns
out, are IUD users and for this group, for these 89 women, they are significantly more
seropositive with the blood markers for rheumatoid arthritis. The percentage of their
seropositivity for RA is 75.3%, the highest among all the subgroups. And these women are
not only significantly more seropositive than any of the other groups, women who use
different birth controls, but their seropositivity, their markers are significantly higher.
Furthermore, the disease duration in IUD users, and even in other methods users who used
the IUD earlier in their lives, is significantly longer than never IUD users. The earlier the first
exposure to the IUD, the longer the disease duration.
Dr. Fayed, in 2017, was taking up the research of Sonia Kotter (ph.), a medical
student who led a study in 2014. Over 1,200 women who have a first-degree relative with
RA but haven't been diagnosed themselves are asked about their birth control use and their
blood is drawn, they're tested. It's found that there is a significantly increased risk of
seropositivity for RA in women who use the IUD and who, in this case, are on the
autoimmune spectrum.
And so you know, my mother has multiple sclerosis. I believe that the copper IUD
triggered my first RA flare and contributed greatly, essentially, to the early onset of this
disease.
In the recently released biological responses to metal implants, which seeks to
review the current state of our knowledge, I read about the IUD, no published evidence on
the presence of serological testing profiles or other diagnostic criteria confirming the
autoimmune nature of these symptoms and their causal relationship to the implant was
found during the preparation of this paper.
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Here are two studies that do. Are they perfect? No. Both researchers do not make
a distinction between the copper and the hormonal IUD. What is instigating the early onset
of rheumatoid arthritis? Is it the copper or is it the local to systemic inflammatory effect of
a foreign object in the uterus? Is it both? More research is needed and research must be
directed by patient experience. In this case, tens of thousands of women are saying that
after the copper IUD was implanted, they became ill. Research takes time and we need to
understand the longer-term effects of a device meant to be implanted for 8 to 12 years. In
the meantime, where is the humility? Where can we admit that we don't know what this is
doing? We don't know what happened so immediately in 6 days to me, and we don't know
how this is more slowly eroding people's health or exposing them to disease risk over time.
Women are expected to bear a lot, especially in the name of birth and/or birth
control. We might even say well, the benefits outweigh the risks and I would like to
question that because I would rather not have rheumatoid arthritis. People's lives are
unraveling. Women are, despite an atmosphere of high praise and trust for this device, in a
fog of mere worship of this device, they are listening to their bodies, they are tuning in, so
please tune in, too.
I have written a book, it is called Blackfishing the IUD and it just came out in
October. My book includes information about these and quite a few other studies and it
includes stories from different women and I have prepared a packet for you and I promise
you, it's some pretty riveting stuff. I ask that the FDA direct more research and in the
meantime, caution the public.
DR. RAO: Thank you, Dr. Beilin.
Next speaker, you have 4½ minutes.
MS. SHASHA: Good afternoon. I want to thank the FDA for allowing me to make a
public comment today. My name is Kathryn Shasham and I am the director of a
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documentary film project called Inner U Diagnosed. I am not paid to be here today, but
instead I am here on behalf of over 30,000 women in side effect forums that I have come
across through my research.
The one thing that I was struck by in your mention of today's events was the phrase
most people don't have adverse events from heavy metals. That phrase suggests a false
sense of safety. While you may not have meant it to be, that phrase is dismissive. Many
people who smoke cigarettes don't get lung cancer, but that hasn't stopped the NIH, the
FDA, and the Public Health Service from waging war against smoking. Yet, there is no
similar war being waged against metal toxicity due to these metal implants. It's the absence
of that war which has compelled me to stand here before you today.
This slide, the only slide I brought, contains a comparison. In the black type are
clinical manifestations of Wilson's disease. The blue portion are the adverse effects that
women in social media forums are experiencing with their copper IUDs. The similarities are
undeniable. Even though these women do not have a genetic predisposition for Wilson's
disease, they are demonstrating the symptoms of excess accumulation of copper in the
liver, brain, and other organs. Women are reporting these adverse effects to their doctors,
only to be told that they cannot be related. They are being misdiagnosed, ignored, and
patronized.
This is a specific concern in the heavy metal toxicity field. The absence of adverse
reporting prevents us from knowing the extent of the problem. We can do better than this.
We urge the FDA to compel the manufacturers of these devices to complete stateof-the-art postmarketing studies overseen by the NIH to accurately determine the
incidences of heavy metal toxicity as it is occurring in copper IUDs. We also request that
the FDA notify the public and alert the medical community to the risk of metal toxicity with
copper IUD use, and provide an overview of the symptoms of heavy metal toxicity in a
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public statement, a press release, and a public service announcement so that patients and
their doctors of these and other metal devices can begin to recognize their source of
symptoms. And, finally, we request a black box warning for copper IUDs. Women are not
being informed of the risks of metal toxicity due to this device and something needs to be
done to change that. Thank you.
DR. RAO: Thank you, Ms. Shasha.
The next speaker is Scott Heckendorn.
MS. HECKENDORN: The Centers for Disease Control and Prevention estimates that
20% of the population is allergic to nickel and the three most common metal allergies are
nickel, chromium, and cobalt.
Hi, I'm not actually Scott Heckendorn. I'm his wife, Natalie, and I'm here as an
advocate for him, to tell you about his weirdness that has been going on since December of
2014. My husband presently is a 57-year-old man who had initial stenting of his RCA after a
heart attack December 23rd, 2014. December 24th he had an angiogram done that showed
one 80% blockage with the rest of his heart looking pretty good. If they found a blockage,
they said that they would place a stent or stents. A stent was placed. He immediately
stopped smoking, quit drinking, changed his lifestyle, ate better, exercised, and under care
of a physician we thought, yay, we have a second chance at life. At 52 we thought we had
things going.
Fast forward to 2019. In February when he went to see his cardiologist, he failed a
stress test and he ordered an angiogram, with the understanding that if there were
blockages, we would probably place a stent or two. The surgeon came out and this is the
picture that he showed me. The yellow indication there is approximately where the stent
was placed in 2014. Above it, 99% blockage. Below it, two 70% blockages. On the left main
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changing alterations. Again, why did this happen? We weren't quite sure. He went to the
hospital the 14th of February. He stayed in the hospital until the 18th until they could get
the Plavix out of him and to do all kinds of tests to make sure everything was okay.
The first picture here is post-op after 1 week of a three -- or a triple bypass surgery.
The next one is 2 weeks. A couple pictures here. Coming on the 23rd of March, he starts
getting this red burning rash. It gets worse, it gets worse. We go back to the doctor.
Stabbing pains, burning sensation, itchy, pain that will not go away. Electric surges going
down through his body. Joint pain. The man can hardly walk. Oh, well, that's probably
costochondritis. Okay, we did everything that they told us to do for costochondritis.
NSAIDs didn't touch the pain.
As you can see, as it keeps going, wounds started opening up. April 2nd, wounds
started opening up. The 17th, bleeding started to come out. Pain, stabbing pain, burning
sensation wouldn't go away. Oh, that's because he's diabetic. Diabetic? No, I don't think
so. I kind of called bullshit on that. Looked him straight in the eye and said do you listen to
what your patient is saying? Stabbing, burning, pain, itchy, electric surges.
I started doing my research and I asked when you did the angiogram, what was the
contrast? Could it be possibly gadolinium? Everything he describes is gadolinium. Heavy
toxicity, heavy metal toxicity. Oh, no, no, we assure you, it's not. Well, what could it be?
Everything points to metals.
Well, come to find out during the CABG, he had a stainless steel wire on his sternum.
Started thinking about that, with the rash and stuff, but then I started having these aha
moments, light bulb moments. Well, we've had this rash on his chest, we've had joint pain
since the stent was placed. Could there possibly be something with the stent? So I pulled
up his stent card, got the name of the manufacturer and pulled up information on that and
it says right on there, contraindications, if you have a known or suspected allergy to metal,
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cobalt, chromium or nickel, you shouldn't have it placed.
Back up. Years ago he was told he did have a nickel allergy. When he got glasses he
started having blistering, the same type of reaction, blistering, rashes, pustules on the side
of his ears from where the glasses were. Nobody ever, ever asked us if there were metal
allergies. Nobody ever indicated to us there was even metal in the stents.
As we go, contraindication, there's a definition that that should not be done.
Symptoms of a nickel rash, the bumps, the skin -- itchy, burning skin -- a redness, he's had
that since the stent. We had nickel testing done, it indicated that he did. This is his
allergies. Before the stent, the red marker there is the only allergy adverse effect he had.
In 4 years counting, we're up to 14 right now. His medications keep increasing.
I insisted that they take the metal wire, sternum wire, out. The doctor didn't even
know that there were metals in the sternum wire, he had no idea what they were, had no
idea that nickel could affect him, had no idea about the stent, nothing. This is where he
gets the constant pain to this day, still.
When we look back at this, he went back -- February 12th, 2015 was the first time,
6 weeks after he had his stent placed that he went back to his primary care physician with
this red rash, the same type of rash, itchy, burning patches on his calves. They gave him
this. Nobody had any idea what was wrong with him, nobody.
Goes back on June 20th, back into the hospital because he had every indication of a
heart attack. Electrical surges going down. And this is another prominent hospital that we
went to because it was on our way home. Told him it was in his head. He had no idea what
was going on. They wanted to put him on gabapentin. We don't really know how it works,
but it will take care of it. It just made him weird out. He was on it for 5 days, it didn't take
the pain away, and they kept increasing it. Started him at 300 mg three times a day and
they wanted him to go, in less than a week, 900 mg three times a day. I don't know if
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you're familiar with gabapentin, but that stuff is toxic. That was on the 20th of June.
On the 23rd of June, well, after the sternum wire came out, he started bleeding
again. This came out, this little whatever, nobody can figure out what it is. July 15th, still
bad. August 15th and the 16th, he was walking up the steps, this profusely started to bleed,
it took us 4½ hours to get that to stop. They made us go back into the emergency room.
Had no idea what was going on. We finally are looking for him to have -- they're in the
process of being done at National Jewish having LPT tests done for nickel, cobalt, and
chromium to see what's going on. But as of last week, he still presents with the rash. They
kind of laughed at us. After the sternum wire was taken out, it wasn't nickel. Well, that has
been there since that stent was placed, that nickel wire wrap just made everything
heightened.
You guys have to do something. And I am tired of the doctors being ignorant. They
keep telling us we have no idea. Our cardiologist didn't know, our thoracic surgeon didn't
know, our immunologist at first didn't know. Our primary care physician had no idea. I'm
sorry, it's time for them to wake up. Ignorance is not the answer. They need to be
informed.
DR. RAO: Thank you, Ms. Heckendorn.
MS. HECKENDORN: Thank you.
DR. RAO: Next speaker, you have 4½ minutes.
MS. YUSTER: Thank you for the opportunity to testify today. My name is Dawn
Yuster. I'm a civil rights lawyer for families in New York City, and I often testify before
government bodies. However, I'm here testifying on behalf of myself and the unknown but
likely large number of other people around the country also suffering tremendously from
biological responses to metal implants who do not know about this hearing or do not have
the resources to be here. My testimony focuses on my story followed by recommendations.
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A year a half ago I had a spinal fusion with metal implants, rods and screws. A
surgeon reassured me that the surgery would alleviate the vast majority of pain in my low
back and right hip, radiating down my leg and return me to dancing and performing my
lifelong passion. Instead, since the surgery, I have been imprisoned in my own body.
Instead of dancing when I'm not at work, I see doctors and physical therapists, get medical
tests, research potential avenues to find solutions to address my pain, and I'm here today.
The only dance I do now is in my mind to the beat of MRIs. Since the surgery, I have not
been able to eat, sit, stand, walk, lie down or sleep without excruciating pain.
(Pause.)
DR. RAO: We can take a few minutes and -MS. YUSTER: Sorry.
DR. RAO: -- come back to you, if you'd like.
MS. YUSTER: No, I'm okay.
DR. RAO: Okay.
MS. YUSTER: After the surgery, I developed numerous biological responses that
continued to expand in number and worsen in intensity and frequency, despite care from
clinicians with extensive experience. My post-surgery immunological GI and other
biological responses include a blood transfusion, ileus severe chronic constipation, bloating,
nausea, cramping, SIBO, IBS, GERD, gastritis, colon hypomotility, seronegative rheumatoid
arthritis, spondyloarthropathy, osteopenia, joint inflammation, severe fatigue, difficulty
sleeping, and excruciating pain, much worse pain than before the surgery and in more
places, my entire back, sacrum, glutes, pelvis, groin, hips, feet, legs, hands, and most
recently my arms and my head. The pain ranges from severe aching, throbbing, pulsating,
burning, shaking, pins and needles, to feeling like electrodes are on high voltage throughout
my whole body, body parts are locked tight, and a sheet of metal is pressed into my torso.
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I have several recommendations for the FDA Panel and for other stakeholders. First,
I urge the FDA to require all surgeons, who recommend that their patients continue to have
surgery with metal implants, provide oral and written notice of potential adverse reactions
well in advance of, and right before, patient surgery. I also urge professional medical
associations to adopt these advance warnings as a reasonable standard of care when
treating surgical patients to ensure that patients can make more informed decisions about
their medical care and for potential -- for better surgical outcomes.
All doctors should receive training about potential biological responses to implants
so that they know what to do when they see them, how to identify them and how to work
with each other and collaborate and solve these issues.
The FDA should draft required written notice with input from affected patients, and
require doctors and medical facilities to issue and explain these warnings to patients when
discussing treatment options that include metal implants.
Warnings should also recommend that patients with a history or close family history
of immunological GI or other biological conditions consult with clinicians to consider
whether the patient is more likely to experience an adverse reaction to metal implants than
the average patient given a predisposition to such conditions. Had that been done for me
before my surgery, I would have known that the odds of a successful surgery with metal
implants could very well have been diminished in my case, since many of my close family
members have significant autoimmune conditions.
Written notice should also include information from metal implant manufacturers
with the exact composition of materials and specific implants. You heard time and time
here again -- and I'm going to ask for a few extra minutes because I would really appreciate
that. And there will be additional materials that I hope you will look at that show -- I still
don't know to this day what is fully in my spine. I was given a generic statement from one
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of the top hospitals or purported top hospital of what's in my spine and it's an array of
materials, even though I was told it was only titanium before and after the surgery.
Second, the FDA should require doctors and hospitals to submit FDA adverse event
reports when post-surgery patients with metal implants experience biological responses
and advise patients that they can submit reports. While the FDA has a repository of
information on adverse outcomes, it is only as good as the data entered. None of my
doctors mention the FDA adverse report system or the March 2019 FDA statement, despite
my significant unexpected adverse biological responses. The FDA should require doctors
and hospitals to submit these adverse reports for post-surgery patients with unexpected
outcomes and also advise us that we can do so as well. This should be routine practice as
part of the reasonable standard of medical care and should include information about metal
implants in patients' operative reports. We should have all the information in our reports.
I'm still running around trying to find basic information.
I have just a couple more recommendations, please. The FDA should fund the
innovation of effective treatments for post-surgical patients suffering from biological
responses to medical implants, more effective pre- and post-surgery metal implant
assessments, and safer and more effective alternatives to metal implants.
The FDA recently announced a program to help spur innovation of safer and more
effective medical devices and technologies. I am imploring the FDA not to leave those of us
with biological reactions to metal implants behind and alone to suffer. We are desperate to
relieve our pain and suffering and it is critical that the FDA immediately invest in safe and
effective treatments to better identify materials causing these reactions.
DR. RAO: Thank you, Ms. Yuster.
MS. YUSTER: Really quickly. I'm so sorry, just two last points. I think you'll really
want to know this. The FDA should launch a campaign to expand outreach to post-surgery
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patients with metal implants who may be suffering, and connect patients to ongoing
information resources and potential information. I'd be happy to be part of this. Social
media, we need to do it in an accessible way that we're going to reach people and not just
on the FDA website.
Last, the FDA should require enhanced and independent pre- and postmarketing
metal implant tests and make those test results accessible to consumers, not just rely on
the manufacturers to do their own testing. There's an inherent conflict of interest.
Thank you so much for the opportunity to speak today.
DR. RAO: Thank you.
MS. YUSTER: I apologize for going over.
DR. RAO: Thank you.
MS. YUSTER: I stand ready to work with the FDA and other stakeholders going
forward, so that we could focus on safety and the most effective medical treatments for
everyone. Thank you.
DR. RAO: Thank you. Just so we can be fair to the other speakers
The next speaker is Urszula Tanouye. You have 8½ minutes, Ms. Tanouye.
MS. TANOUYE: So this is great. I didn't expect my slides to have been entered. My
name is Urszula Tanouye. My travel was funded by our grassroots nonprofit, Citizens 4
Clean Air, which is, I believe, exclusively personal donations from members of our
community.
Thank you for providing the opportunity for public comment today. I'm here to talk
about ethylene oxide sterilization, which was covered extensively in last week's Panel. But
based on some of the Panel comments I caught by video, I would like to reiterate some
points here and provide some additional information that's pertinent to metal devices.
Many medical devices are currently sterilized with ethylene oxide, which surprised
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me since most of the metals I encountered in academia were autoclaved. As you know, the
manufacturer of a device is responsible for selecting and verifying the packaging and
sterilization method for the device. Guidance in ISO standard documents explicitly and
repeatedly recommend that manufacturers strongly consider alternative sterilization
methods in the design and development phases because ethylene oxide sterilization leaves
residues behind, including ethylene oxide, ethylene glycol, and ethylene chlorohydrin.
Maximum exposure amounts are broken down for categories of devices ranging from
limited exposure materials like surgery drapes, to permanent contact devices like implanted
medical devices.
The ISO lists patient maximums, so in theory, some should be run for the multitude
of devices and supplies that a patient encounters to attempt to stay within in the
guidelines.
Since the inhalation unit risk value was updated in 2016, a reevaluation of residual
tolerances may be warranted, particularly in permanent contact devices like implanted
metals and particularly those seated near body parts like bone marrow, since ethylene
oxide is closely associated with blood cancers.
Despite this guidance, industry insiders have said alternatives are rarely considered
because ethylene oxide sterilization has a long history of use and well-known standards for
factory packaging and verification measures. Ethylene oxide sterilizers even have their own
industry trade group, the Ethylene Oxide Sterilizers Association, or EOSA, whose mission
statement explicitly states they have a common interest in promoting the use of ethylene
oxide. The choice of sterilization method appears to have less to do with material
compatibility and more with manufacturer familiarity and commercial sterilizer marketing.
One cost of ethylene oxide sterilization that has been historically neglected is the
impact of its emissions on the communities surrounding commercial sterilization facilities,
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communities like mine in Willowbrook, Illinois. Ethylene oxide is a mutagen and a
recognized human carcinogen. Chronic, very low levels of ethylene oxide exposure in the
parts per trillion range have been specifically linked to lympho-hematopoietic and breast
cancers and significantly contributes to the development of several other cancers, including
pediatric lymphoma, prostate, pancreatic, ovarian, and bladder cancers.
My community didn't know that ethylene oxide was being released into the air
literally behind a Target store, across the street from city hall and the local police station,
surrounded by athletic facilities and small family businesses, one block from residential
neighborhoods and within a mile of four K through 12 schools and three licensed daycares.
It looked like any number of small office and warehouse buildings that surrounded it. There
weren't any fences or outdoor tanks or obvious stacks.
The Willowbrook facility received its first permit in 1984, about 20 years after most
of the surrounding residential neighborhoods were built. Before issuing that first permit,
the Illinois EPA expressed concerns about expected levels of ethylene oxide emissions
according to modeling. The facility was completed and began operating anyway.
In 1987 the reported annual emissions of ethylene oxide totaled nearly 170,000
pounds. By 2016 emissions were brought down to about 4,000 pounds. In 2018, last year,
another pollution control upgrade was made, stack and ambient air concentrations of
ethylene oxide were measured, and an EPA risk assessment was done for presumably the
best-controlled configuration during the facility's 35-year history.
According to the EPA report, the results of the chronic inhalation cancer risk
assessment indicate that the maximum lifetime residential individual cancer risk is a
thousand in a million. The total estimated cancer incidence from this facility is 0.3 excess
cancer cases per year or one excess cancer case for every 3 years. Approximately 7.7
million people live within 50 kilometers of this facility. For reference, the Clean Air Act
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regulates pollution down to one in a million, and a common regulatory threshold is a
hundred in a million. Those risks are only inclusive of the risks directly attributable to the
facility above baseline levels. Baseline levels, if you'll look at your slide, are that flat line
after our facility was shut down. Before that, the best-controlled situation in its 35-year
history was that squiggly mark right before.
A cancer incident study was also performed by the Illinois Department of Public
Health. The report was cautious and thorough. Two custom areas were examined for
occupationally associated cancers determined from worker studies, and for other cancers
routinely assessed in cancer incident studies. Cancer incidence rates that exceeded a
p-value were lower than 0.05 in women including breast cancer, Hodgkin's and
non-Hodgkin's lymphoma, cancers of the pancreas, ovary, and bladder. In men, prostate
cancers reached significance. In girls, childhood lymphoma rates were significantly
elevated. Incidence was significant in some of these cancers compared to a county that
includes the study population and when compared to the suburban collar counties, which
additionally included a second county with two known commercial sources of ethylene
oxide emissions.
Taking a step back from this one pollution source -- actually, let me give you a little
map. This is from the risk assessment from the EPA, presented by Kelly Rimer at a forum
back in May, and we can zoom out to see the impact of those emissions down to the one
risk -- the risk of one cancer in a million is 6 miles, that's that inner green circle, down to
essentially no impact from that facility is 25 miles, which basically encompasses all of
Chicago.
Taking a step back from this one pollution source, it's noteworthy that national
ambient air concentrations without known sources of ethylene oxide emissions have been
measured at orders of magnitude above those correlated with an increased risk. Decades
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of industrial emissions together with a long half-life of several months have resulted in
elevated exposure for everyone, not just those unfortunate enough to live or work in close
proximity to industrial ethylene oxide emission sources. The chemical industry, ethylene
oxide emissions in just the U.S., reported 84 metric tons in 2017.
The data supporting a move away from ethylene oxide sterilization keeps growing
now, not only with decades of worker data available, but community health data as well.
This is a multi-agency problem. The EPA can only go so far in regulating emissions. In order
to make a significant impact in the national levels of ethylene oxide that every American is
breathing, the FDA must help decrease the number of items permitted to be sterilized by
ethylene oxide. Clearly, the guidance provided by the FDA and ISO standards urging device
manufacturers to prioritize alternatives has not been sufficient.
The recent innovation challenge is a great step, but voluntary measures are not
enough. Regulatory requirements can provide the impetus necessary to drive the changes
we know need to happen. Suggestions include additional fees imposed on devices sterilized
with ethylene oxide or fee waivers that use alternatives. Documentation and testing
requirements showing that alternative methods are not appropriate would be an
appropriate burden for manufacturers.
DR. RAO: Thank you, Ms. Tanouye.
MS. TANOUYE: Thank you very much. And I hope you can forward my comments.
DR. RAO: Thank you.
The next speaker. You have 8½ minutes.
MS. NELSON: Good afternoon, my name is Linda Nelson, and thank you for the
opportunity to speak to you today. I'm from MELISA Diagnostics in London and I do have a
disclosure to make. My company receives royalties for MELISA testing from laboratories
who perform testing under license.
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I've spent the last 20 years working with metal hypersensitivity. My work is based
on the MELISA test developed by my late mother, Professor Vera Stejskal, who'd have loved
to been here today. I'd like to say this about her. In 1968 she fled Prague following the
Soviet invasion and was granted asylum by Sweden. She later worked for Astra
Pharmaceuticals as an immunotoxicologist and was instrumental in the development of
Losec, a stomach ulcer drug which went on to become the biggest selling drug in the world.
So I like to think Sweden got a pretty good return on accepting my mother as a refugee.
When developing Losec, she argued that preclinical animal testing was not suitable
for predicting immune effects in humans and a different approach was needed. She
experimented with lymphocyte transformation testing, but felt that LTT in its current form
was not sophisticated enough. She spent the next 10 years developing and fine-tuning the
LTT method and developed a test sufficiently distinct from the LTT that was granted its own
patent under the name MELISA. It could be used for many purposes, but she believed its
biggest use was to identify and measure adverse biological responses to metals.
We know that certain people react to metals such as nickel on the skin because we
can see the rash, but she wondered what happens if those metals are implanted inside the
bodies? What about the reactions we can't see? Her work led her to discover that
inflammatory reactions caused by metal hypersensitivity didn't just cause pain and fatigue,
they could lead to severe disability. Today there will be a great many people whose health
is compromised because of undiagnosed hypersensitivity to metals.
Perhaps the most radical finding of Vera Stejskal's research was her treatment is
simple. In those patients with a diagnosed reaction to metals, replacing the implant with
generally immunocompatible alternatives led to dramatic improvement in health without
any need for drugs.
The principles of MELISA are as follows: lymphocytes are isolated from a blood
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sample and tested with metals chosen according to the patient's exposure, the blood is
incubated for 5 days and lymphocyte reaction is measured by counting the uptake of
titrated thymidine by dividing lymphocytes.
Next, cells are checked using a microscope. The metal concentrations used are nonmitogenic and nontoxic in order to ensure that the results are clinically relevant.
The MELISA test has now been taken by tens of thousands of patients. It's used for
research on inflammatory diseases at universities and is available commercially in
laboratories worldwide.
Our initial work focused on patients with senescence related to dental fillings and
crowns. MELISA can pinpoint which metal, if any, they are reacting to. The relevant metal
can then be replaced with a safe alternative. In the MELISA study of 3,000 people with
chronic fatigue-like symptoms, 34% tested positive to nickel and 23% to inorganic mercury,
which is found in amalgam silver fillings.
In the subgroup of people who removed metals that triggered an immune response,
76% reported long-term health improvement which, for chronic fatigue patients, is quite a
high figure. Similar results have been obtained for patients with autoimmune diseases as
well as for those with fibromyalgia, and these are patients who normally have no hope of
recovery.
The last few years have seen rapid advances in the world of medical devices helping
people live a longer and healthier life. But in our work we have identified three challenges.
A lack of awareness among medical professionals and manufacturers alike, about the risk of
hypersensitivity to metal implants in a minority of patients. In fact, those who raise
concern about their metal allergy are often told by surgeons that it won't be a problem. But
the move towards personalized medicine, a cost-effective diagnostic tool such as MELISA
may establish that devices are immunocompatible prior to surgery to ensure best possible
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clinical outcomes.
Also, patients who suspect that they're suffering an adverse reaction to an implant
have great trouble finding out what metals they are made of. Detailed information is not
readily available to doctors and patients alike. The FDA database on implants provides a
start, but is not specific enough about the alloys used.
Finally, even though there are hundreds of examples of patients making rapid
enough or complete recoveries after changing to immunocompatible materials, there's
surprisingly little interest from the industry in developing alternatives. We argue that all
stakeholders including the Agency, device manufacturers, healthcare providers, and
patients can work together to achieve better outcomes for patients.
The FDA is able to look at the whole picture of toxic reactions and hypersensitivity
based immune reactions. We welcome the opportunity to share our science, studies, and
data. Our aim is to use the research to change lives.
This is the vision that drove my mother's life's work, but as I stand here today, I'm
not just thinking about her. I'm thinking about Dana Mitchell, who used to be a
professional tennis player until she received a cobalt-chromium knee implant. She knew
she was allergic to nickel, but nobody took her metal allergy seriously. Her health
deteriorated to the point where she had pain and widespread eczema, she was depressed
and finally registered as disabled, judged unable to work. Her symptoms resolved
completely after her knee was revised with a custom-made nickel-free device.
And Daniel Stevens, aged only six when he had titanium rods implanted to treat his
early onset scoliosis. He developed chest pain, breathing difficulties, and a severe rash.
MELISA testing showed positive responses to titanium, molybdenum, and aluminum, all
present in the rods. Thanks to an open-minded and innovative surgeon, his rods were
removed, carbon coated and reinserted, thereby camouflaged by the immune system. All
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his symptoms disappeared and at 7 years follow-up, he's still doing well.
And finally Ben Peters, who suffered a bewildering number of symptoms including
shortness of breath, headaches, fatigue, numbness in hands, urticaria, unexplained weight
loss, after a platinum embolization coil was fitted. It was found that the platinum coil
contained 8% tungsten, to which MELISA tests showed that Ben was hypersensitive. When
the coil was removed, he recovered.
These are just three people who managed their own conditions by doing their own
research. In many cases, the patients or their families spend months searching for an
answer, putting the picture together on their own. But now that we have many of the
pieces, the FDA can put the picture together, not just for the United States, but for the
world.
MELISA stands ready to share research with the FDA or others interested in taking
this research to the next level. And I'd like to thank you again for the chance of speaking to
you today.
DR. RAO: Thank you very much, Ms. Nelson.
The next speaker will have 8.5 minutes, 8½ minutes. Dr. Curt Hamann.
DR. HAMANN: Thank you. Dr. Hamann.
I have a conflict of interest. I'm the CEO/owner of SmartPractice, which is the
manufacturer of the only FDA-registered patch test system in America.
I am very pleased to have the opportunity to elucidate for you the critical need, in
my opinion, to standardize patch test allergens. If we cannot reproducibly manage the data
that we collect in a reproducible fashion, it is not going to be possible for us to solve this
problem.
So my story began back when I started patch testing 30 years ago. It was in a very
difficult season for the patch test community. CBER had made a decision in the mid-'80s
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that patch test allergens are, in fact, a biologic drug and they removed from the market all
of the available contact allergen patch test products that were currently available from
Stefal (ph.), American Academy of Dermatology, Johnson & Johnson, and Ermal (ph.), and
overnight, there was not a tool for the diagnosis of Type IV hyposensitivity. Significant,
significant challenge for clinicians that were interested in this, including our family business
and our clinic, the Contact Dermatitis Institute.
So we are the only company, at this point, in the United States that manufactures a
diagnostic patch test for Type IV diagnosis. We are the BLA holder for a system that has 35
allergens in it. That was licensed about 25 years ago. And we are also registered with CDER
with devices that are used for patch test chambers for the application of allergens that are
compounded in other excipients other than the hydragels.
We're also the owner of SmartPractice Allergen Bank. It's registered as a
compounding pharmacy in all 50 states. We are able to provide clinicians that are
interested in patch testing on a named patient basis, preparations and dose series or
compounds that are not readily available elsewhere for their use in patch testing.
It has, I think, been a theme here that there is value in understanding whether you
have a sensitized T cell and we need a standardized method to do that.
The only standardized metals available in America today that are licensed by the FDA
are nickel, cobalt, chromium, and gold. And regrettably, the data that we've been
exchanging that has been produced over the last 35 years, none of that -- a couple percent
-- has been obtained using regulated standardize products. So it's no surprise to me that
we see that you can't compare a study, one study with another that used different metals,
different metal salts, different concentrations, different excipients, different dose per unit
areas, and they are not comparable and that creates a significant conundrum in our
interpretation of the data. A successful diagnosis depends on a dose per unit area. That
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has not been a discipline that has been taken seriously over the last 35 years with the data
that we have.
There is one study that did use the registered product that I mentioned here, the
Obermeyer study with Nuss bars that did use the licensed product and it has become a
meaningful contributor in the management of those that have problems with Nuss bar
sensitization.
So it's really, really difficult to compare non-standardized allergens if the particle size
is different; if they are not homogeneously mixed in the petrolatum or whatever the
excipient is; if the pH of the dissolved salt, once it is absorbed in the skin, is too low; if we
have a crystal size that's too big. There are all kinds of variables that contribute to
complexities with consistent patch testing.
And because it's not regulated and because everybody has basically chosen to test
with what they fancied as interesting, we have a proliferation of all sorts of different metals
that are being used in this space. That makes it exceptionally difficult.
And I bring up titanium. I've got a chart here in a second. Twenty different
compounds. And they kind of colloquially get referred to as salts when the majority of
them are actually either an oxide or will become an oxide as soon as it's exposed to air and
are therefore completely water insoluble and are not able to penetrate the skin, but these
have been the most common contact allergen preparations for titanium for patch testing. If
it hasn't been oxides, it's been things that have a very low pH, like a titanium tetrachloride
that has a pH in the two and a half to three range that is very irritating and can be a
problem.
So we set out with a mission to try to standardize these, particularly those that are in
the amalgam topic as well as those that are in the majority of these new titanium implants.
We have taken great care in trying to look at different salts for titanium as well as different
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salts for vanadium and manganese to overcome these problems.
This is just for your musings. The number one patch test allergen that has been used
and is in the literature is titanium dioxide, which is absolutely ubiquitous in our daily
environment and the idea that you could stick sand, titanium sand, on your back and have
that be a diagnostic remains a mystery to me. It is in almost all of our topical products as
the opacifier and it's used because it doesn't penetrate the skin, but we're using that to
determine whether or not you're allergic to an implant. Quite crazy.
This is just a nice little image that I did through a microscope. On the right you've
got one of the water soluble titanium compounds and on the left you have the insoluble
titanium dioxide. Completely different. They perform different both on the skin as well as
in an LTT. We cannot compare testing if you're not using the same titanium source or
whatever the metal allergen source is.
So for us, we have embarked with the FDA on a process to identify and comply with
the CBER requirements, we have to do all the preclinical work and have the selection of the
right salt, understand its chemistry and stability and have analytical methods that are
standardized and then go into a Phase I study, which we have completed with 17 different
allergens that we -- different preparations as we try to narrow down what are going to be
the most efficacious salts for these important metals.
We chose eight different sites in the USA, Europe, and Japan that had a significant
population of failed implants or oral lichenoid-type reactions. And we applied dose series.
We earlier heard that you can't do a dose series like you can with an LTT with patch testing
and that's certainly not true, a lot of us do multiple doses, particularly with compounds if
there's not been enough work to know what should be the correct dose per unit area on the
skin. So we were using three to five doses at a log difference in order for us to figure out
whether or not we had the correct preparation and used the ICDRG guidelines in terms of
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the reading and capturing of the reactions.
And we were able to move forward now with the completion and blessing from CBER
with a dose selected as well as the salt selected for seven of the allergens. Unfortunately,
the difficulty in bringing back patients that have been tested with these other materials and
trying to get concordance that satisfies what we needed in the dose-response series, we
were unsuccessful with several of the allergens in this first pass. We will take another pass
at them again, but we were unsuccessful with mercury and with aluminum. Also with
molybdenum.
And the challenge, one of the other challenges with mercury is it's not stable in the
distribution chain, so it's not something that you can purchase and bring into your clinic and
have it be stable for more than just a few days because it either evaporates or its migrates
and has a lot of changes.
DR. RAO: Thank you, Dr. Hamann.
DR. HAMANN: So thank you.
DR. RAO: The next speaker, Susan Alpert, will have 8½ minutes.
DR. ALPERT: Thank you. I have no slides. I'm Dr. Susan Alpert. I am a microbiologist
and pediatrician by training, but I've spent my career as a regulator, 13 years at FDA and for
6 of those years I was the Director of the Office of Device Evaluation at CDRH. I then
worked in the industry, C.R. Bard and Medtronic, so I do have a little conflict. I am a
Medtronic shareholder still. And I'm here today to speak on behalf of AdvaMed, the
Advanced Medical Technology Association, which is the world's largest trade association
representing medical devices, diagnostics, and digital health technology companies with
more than 400 members ranging from the largest companies to the smallest, the innovators
and manufacturers.
I want to thank FDA and this Panel, and actually all the people who came to speak in
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the public session, for bringing this issue forward. This is an issue that's of concern to the
industry, to doctors as well as to patients, regarding the use of all of our medical
technologies. We know, we think we understand, that all of the benefits that we get from
medical technologies come with risks for some patients, and it's important to all of us that
we understand them, how to identify them, how to avoid them when we can, and how to
manage them when they do occur. So this Panel is really important to all of us.
A key focus of the industry is safety, the safety of our products, every adverse event
is of concern to us. We need to identify the cause because we need to address them with
notifications to doctors and patients and with research to address the underlying causes,
something that's clearly the focus of this Panel meeting.
The industry is really interested in your deliberations here because we design the
products, we select the materials. We design them based on what we hear from physicians,
what's the patient's need? What do we or what can we do to address those needs? We
select the best well-studied materials that we can find to meet the specific needs, the place
where our device will be implanted in the body, the stresses that will be faced by the
device, the duration of its use.
And then we retest them in the final device for safety, testing that includes
biocompatibility tests according to international standards developed for that purpose. We
test for cytotoxicity, hemocompatibility, sensitization, irritation, inflammatory response,
and acute systemic toxicity. And we do that with the final product before it goes into the
market.
As I said, we select these materials for the devices for their durability and efficacy in
each specific use, and we test them for their safety for the duration of use so we can
understand what needs to be done and what their useful life will be. Safety is the focus of
what we do. That includes bench testing, laboratory testing when available, animal testing,
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and of course human clinical trials when they are needed. And all of that before we present
this data to FDA to be reviewed. Lots of the testing that we've done to select the materials,
to work on our designs, to look at how products should be made to address the different
patient situations, our testing that's never seen by FDA, we do all of that before we finish
designing the device. Then we test that final device and bring all of that data to FDA
because they need to see it as well.
And once products are in the market, we remain responsible for them until they're
no longer in use or in the last patient. We collect data on the adverse events. We track and
trend that data. We report that data to FDA and to users. For some products like
permanent active implants, we even register each device and each patient that's been
implanted, so that they can reach us and we can reach them.
And, in turn, we also try to reach out to doctors and patients when there are issues
that they need to know about, about their specific devices, issues like the ones you're
discussing today. Although relatively rare, occurrence reactions such as sensitivity and
allergic reactions to the materials that we use, that we've chosen, are important to us to
understand which materials can cause these reactions, to find ways that the products can
be made safer, to identify in whom these adverse reactions can occur, to understand if we
can identify the patients before they're exposed to the products, and to warn clinicians and
patients about these possible reactions, to find another way to treat these patients with
something that they can, in fact, safely use.
Today we're all patients, we're all potential patients. I have my own implant. We
are lucky to have access to thousands of types of devices available for our clinicians to use
when caring for us.
So on the benefit side, there are millions of people who've been helped by the
devices. Over a million, for example, are living with pacemakers, another million are living
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with implantable cardioverter defibrillators. Both of those products have metal cans and
metal leads. On the orthopedic side, there are tens of millions of people living with artificial
joints. Many of them have metal components. And that's only a few of the thousand
different types of devices that we make that have metal components. So we're talking
about a large number of people who've been helped by these products.
But there is a risk side. On the risk side, although relatively rare, there are people
who cannot receive the benefits due to the materials we've chosen, based on their
potential risk of having a bad reaction. We need to provide warnings to clinicians and
patients about what materials we've used so the people who receive the devices will know,
so the physicians implanting them will know.
We need to know the people who are at risk before they receive the technology.
That's the best way to avoid the risks. Identifying them so they can receive a safer therapy,
a different therapy, a different material.
So we all need to work together to be sure that there are tests available to do this.
Considerable work is still needed to be done to develop that next generation of tests that
can improve how we evaluate patients, how we choose device therapies for them, testing
that takes into consideration the materials, the locations where they're going to be used,
other therapies that they're getting. Currently available testing has limitations and we need
to address how to improve the sensitivity and availability of these tests as well as more
information about their appropriate use.
We need to address both sides of this issue, the materials, and how we make them
available and make sure that our devices are as safe as they can be, and this testing that can
protect patients who may not safely receive these devices.
Unfortunately, neither of these approaches will be fast or easy. New alternative
materials may need to be developed for some patients that have properties that are
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needed for their long-term use. Then these materials will need to be tested for both safety
and durability and they'll need to be tested to determine if there are potential reactions to
them. After all, we don't want to replace a known low-risk material with one that has
unknown risk. And developing new and more reliable tests to identify patients at risk will
also take time and effort, as you've heard.
These are important issues and we in the industry are always working to make our
products better and safer. And we look forward to hearing from this Committee in the ways
that we can all work together to address the concerns that you've been hearing about
today. Thank you.
DR. RAO: Thank you very much, Dr. Alpert.
The next speaker has 4½ minutes.
(Off microphone comment.)
DR. RAO: It says 4½ here.
DR. RAGHEB: Cook Medical.
(Off microphone comment.)
DR. RAGHEB: Cook Medical has 8½.
DR. RAO: Eight and a half minutes.
DR. RAGHEB: Thank you. Good afternoon, I'm Dr. Anthony Ragheb, Vice President
of Research and Engineering Testing for Cook Medical. I obtained degrees in chemical
engineering, electrical engineering, physiology and pharmacology and business and spent
the past almost 30 years doing research and development for implants based on the desire
to help patients. That's why the vast majority go into this challenging field.
Cook Medical is a family-owned group of medical device companies founded in 1963
which develops, manufactures, and distributes minimally invasive medical devices globally.
We appreciate the perspectives that have already been shared today and this opportunity
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to share our perspectives.
Cook has more than 40 years of experience with metal implants, some of which is
summarized here. It includes some notable firsts, the very first coronary artery stent to
receive FDA approval and the very first drug-eluting peripheral stent to receive FDA
approval.
DR. VAN ALSTINE: Good afternoon, I'm Dr. William Van Alstine, Director of
Veterinary Pathology for Cook. Previously, I spent 28 years on the faculty at Purdue
University in the College of Veterinary Medicine. During that time, I provided scientific
veterinarian pathology consulting to many medical device companies. Most of my implant
experience is with endovascular devices.
On a personal note, my brother, two sisters, my father, and my mother all have
metal cardiovascular implants with positive long-term lifesaving and life-improving results.
So both professionally and personally, I believe it's important to keep in mind that metal
implants are safe and tremendously beneficial for millions of patients each year.
For example, almost half a million embolization coils are placed each year in the
United States to help treat life-threatening conditions like GI bleeding or aneurysms.
Another example based on our experience is stents.
More than one million coronary artery stents and a half a million peripheral vascular
stents are placed each year in the United States. Compared to balloon angioplasty,
coronary and femoral artery stents provide approximately 50% improvement, which saves
lives, saves limbs, and improves patients' quality of life.
DR. RAGHEB: Anthony Ragheb. Cook has also seen very low incidence of metal
allergy with our implant devices. For example, there were zero cases of metal allergy or
hypersensitivity in 1- to 5-year follow-up of over 2700 patients with over 4,000 Nitinol
femoral artery stents in the clinical studies of that device. Furthermore, during the 7 years
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since U.S. approval, the rate of reported events of possible metal allergy or hypersensitivity
has been approximately 1 per 100,000 stents sold. Similarly, over the past 10 years, the
reported events of possible metal allergy or hypersensitivity to embolization coils has been
less than 1 per 100,000 sold.
For comparison, other published rates include anaphylaxis during general anesthesia
about seven times higher, allergy to contrast media about 100 times higher, and allergy to
latex at least 4,000 times higher.
Likely reasons for the low incidence of metal allergy with these types of implants
include the relatively small amounts of metal in these devices. Stents, for example, contain
1,000 to 10,000 times less metal than other common implants.
Also, the Nitinol artery stent, femoral artery stent, has an established
electropolished and protective oxide layer finish that meets corrosion testing requirements,
has not exhibited release of metal particles in clinically relevant animal studies, even with
overlapping stents, and in confirmatory testing releases only extremely minute traces of
nickel, less than 0.2% of thresholds in FDA guidance.
Furthermore, as you've heard, there is extensive nonclinical testing based on
international standards and FDA guidances, just a few of which are shown here. For a
device like the Nitinol femoral artery stent, this involves thousands of stents and hundreds
of tests including full chemical characterization and a battery of biocompatibility testing.
DR. VAN ALSTINE: William Van Alstine. The extensive testing also includes clinically
relevant animal models. For example, more than 500 Nitinol femoral artery stents were
studied in more than 200 swine and followed up to 1 year, where in-life veterinary clinical
observations were normal. Thorough whole body necropsies showed no adverse effects,
including no adverse blood work changes and no organ damage. Histopathology of the
stented arteries showed favorable healing without persistent inflammation and no adverse
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local responses, including no evidence of allergic or hypersensitivity reactions.
DR. RAGHEB: Anthony Ragheb. Another possible reason for the low incidence of
metal allergy may be the device labeling. For example, the Nitinol femoral artery stent
labeling includes a warning stating that persons with allergic reactions to Nitinol or its
components, nickel and titanium, may suffer an allergic reaction to the implant.
Experience also indicates that many years, if not decades, of further research may be
required to replace metal implants with alternatives that have even lower rates of adverse
reaction while maintaining the benefits. For example, for stents, there are many
simultaneous mechanical requirements, including those listed here, that have been very
difficult to achieve with materials other than metals. The mechanical properties with the
alloy Nitinol are also uniquely advantageous for withstanding the external forces and
repeated leg motions in locations like the femoral artery, where other stents could be
crushed or fractured.
DR. VAN ALSTINE: William Van Alstine. Having studied stents for almost 30 years,
we have also seen very few materials as biocompatible in blood vessels without persistent
inflammation, as clean, well-finished metals like stainless steel, Nitinol, and cobaltchromium. In contrast, other stent materials have caused some poor reactions.
Additionally, decades and billions have been invested in resorbable stent research and
development, but the results have been disappointing and even devices that appeared
successful in clinical trials have ultimately not performed as well as current metal coronary
stents.
Based on the above, we suggest that the path forward should include the following:
•

Increased clinician and patient awareness, and discussion, regarding the
potential for rare adverse reactions to metal implants;

•

Basic research to understand the biologic mechanisms of metal allergy as well as
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the potential identification of patients at elevated risk;
•

Recognition of the practical limitations of collecting clinical data on events that
occur in as few as 1 in 100,000 patients; and importantly,

•

Maintaining patient access to the tremendous benefits of metal implants while
this important and challenging work is ongoing.

In summary, metal implants, including the examples we discussed, help save lives,
save limbs, and improve the quality of life for millions of patients.
Now, as you've heard here this afternoon, allergic reactions to metal implants can be
important. We acknowledge that. But in our experience with our interventional devices,
those reactions are rare and the frequency of sequelae likely differ among different devices.
Replacing metal implants with alternatives that have lower rates of adverse
reactions while maintaining the benefits, if even possible, will likely require many years or
decades of further research.
Improved awareness and results from further basic research may help with clinician
and patient decision making.
Thank you for this time.
DR. RAO: Thank you very much.
And the next speaker will have 4½ minutes.
MR. WEHRLE: Yes, thank you. I believe I'm last but not least here. I don't have any
disclosures to make, I don't believe.
Good afternoon. My name is Johann Wehrle. I currently sit on the board of
directors for Consumers for Dental Choice. That's a local nonprofit which, for over two
decades, has been advocating for mercury-free dentistry.
The silver fillings issue, for good reason, is going to soak up a lot of the public
comments here today and tomorrow. It is an ancient practice where we implant enough
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mercury into the mouth, close to the nerves, next to the brain, regardless of age or
reproductive status, the filling of which would contaminate one of our many local fishing
holes in the area.
We're here today because of what we don't know. We're here in part to think about
how the body's immune system reacts to things we put inside of it, like metal and mercury,
and how that might present. We're here because we have unanswered questions. And so
in the meantime, in light of what we don't know, we should end amalgam use in pregnant
women and children, at the least.
Various advisory panels since 1994 have met and have considered the safety of silver
fillings. At some, the general refrain is the same, nothing conclusive, inconsistent findings,
more studies necessary, but mercury is bad. And since 2006 at least, different panelists
have called for protections for pregnant women and children.
I'm afraid we'll never get to the valid scientific evidence that the FDA says it needs to
properly regulate amalgam. We don't have to meet every so many years just to say there
isn't enough evidence, call for more evidence, and then kick the can down the road. We
know, and FDA acknowledges, that mercury vapor causes brain damage. We know that
mercury vapor spikes when we place silver fillings and when we take them out. We know
that unborn and young children might be especially sensitive to the harm caused by
mercury vapor. And despite placing over 20,000 pounds of mercury a year in the U.S., we,
to quote FDA, have very limited to no clinical information about the effects of mercury
vapor on these populations.
On the strength of what we do know, FDA could have and still should, at a minimum,
make recommendations as to what amalgam precautions might look like, statements that at
best would say something like the effect of dental mercury vapor on vulnerable populations
is unknown. FDA could have given guidance providing labeling warnings for sensitive
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populations because of what we do know and because the science is not apparently there,
something like the safety of mercury amalgam use in vulnerable populations has not been
established, because it hasn't. Otherwise we wouldn't be meeting in Gaithersburg every so
often to discuss this very thing. In fact, there is nothing stopping FDA from releasing the
appropriate safety recommendations to supplement current amalgam regulation. The right
clinical recommendations here would go a long way toward protecting our most vulnerable.
What kind of drop-off would we see if FDA communicated to dentists that they should no
longer place mercury amalgam in these vulnerable groups? If the administrative will were
there, what impact would some form of warning have for patients? FDA can issue warnings
for mercury in fish, skin creams, they can recall a drug treatment for horses because it
contains mercury without any evidence that the mercury caused the horses harm.
I have a petition here from Change.org with almost 50,000 signatures by people who
want children protected from dental mercury. The public support for FDA action is there.
I sound like a broken record now, but we can do better. FDA can do better than
simply warning that mercury amalgam contains mercury and that people who have known
mercury allergies are contraindicated for amalgam placement. And that is clever. We
should all be considered allergic to mercury; there shouldn't be any safe exposure level.
FDA can do the right thing; they can communicate to dentists its reservations about
vulnerable subpopulations. It can do the right thing, and short of executing a phase-out
with the rest of the world, can propose a new rule that adds recommendations regarding
amalgam labeling better in line with the 2006 and 2010 Panel findings. We owe this to the
most vulnerable among us, including my own children, especially. Thank you.
DR. RAO: Thank you very much.
I believe that is our last scheduled speaker for today's open public portion of the
meeting. I want to sincerely thank everyone who participated and presented to the Panel,
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and thank you to all the Panel members. We've run out of time, so I will not open the
hearing to additional members of the audience who may wish to make additional
comments, we just don't have the time.
Just to give an overview, tomorrow we'll start off with an Open Public Hearing again
in the morning and follow that with a Panel deliberation session, and then I will go around
the table and individually ask each of you to reflect on and give me your consensus, your
individual answers to each of the Panel questions that the FDA has asked us to respond to.
So if you get some time tonight, please reflect over a lot of the great presentations from
today from the public hearing portion, the FDA portion, and the invited speakers and start
thinking about what your responses are to each of the questions that the FDA has asked us.
Before we adjourn, I want to ask the FDA staff seated at the table if they have
anything to add. Dr. Yustein, Dr. Fisher?
DR. YUSTEIN: No, I think we're good, Dr. Rao. Thank you.
DR. RAO: Dr. Fisher?
(Off microphone response.)
DR. RAO: Ms. Asefa, anything to add?
(Off microphone response.)
DR. RAO: No. I would like to thank the Panel for your careful attention and
comments today, the FDA, the guest speakers, industry, and all the Open Public Hearing
speakers for their contributions to today's meeting.
The November 13th session of the Immunology Devices Panel of the Medical Devices
Advisory Committee is now adjourned. We will continue this agenda tomorrow at 8:00 a.m.
sharp. Have a wonderful night and stay warm.
(Whereupon, at 5:49 p.m., the meeting was continued, to resume the next day,
Thursday, November 14, 2019 at 8:00 a.m.)
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