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MEETING
(8:00 a.m.)
DR. LEWIS: Good morning. Good morning. I would like to call this meeting of the
General Hospital and Personal Use Devices Panel to order and proceed with the schedule
for the day.
I am Dr. Frank Lewis, the Chair of the Panel. I am a retired general surgeon and have
no institutional affiliations at the present time. We will need to go through the same
procedure for the transcript recording this morning as we did yesterday, so I apologize for
any duplications that you may listen to, but that's the protocol.
I note for the record that 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.
Today is the second day of the Public Advisory Panel meeting. The focus of this
2-day meeting is to discuss industrial sterilization of medical devices, with a focus on
industrial ethylene oxide sterilization. Immediately after lunch, we will transition to
duodenoscopes, to address options for reducing the risk of infection from these multi -use
devices that are difficult to reprocess.
Today, during the first half of the day, we will focus on reduction or elimination of
ethylene oxide emissions for medical device sterilization, using alternative technologies that
are not currently mainstream. And the last half of the day we will focus on reducing the risk
of infection from reprocessed duodenoscopes.
Before we begin, I want to ask our Panel members and the FDA staff seated at the
table to introduce themselves. Please state your name, your area of expertise, your
position, and your affiliation. And, again, we will start with Dr. Krause.
DR. KRAUSE: Good morning, everybody, and welcome to Day 2 of our Panel
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meeting. Thank you for being willing to come and help us out. My name is David Krause.
I'm the Deputy Office Director of the Office of Surgical and Infection Control Devices. My
training is in cell biology.
DR. SCHWARTZ: Good morning. My name is Suzanne Schwartz, and I'm the Acting
Director of the Office of Strategic Partnerships and Technology Innovation at FDA 's CDRH.
I'm, by background, a burn surgeon by training.
DR. LI: Good morning. My name is Stephen Li. My areas are biomedical materials
and bioengineering, and I am a private consultant.
DR. WILCOX: I'm Steve Wilcox. I'm one of the principals and the founder of Design
Science in Philadelphia. I'm a human factors professional.
DR. ARDUINO: I'm Matt Arduino. I'm the Senior Advisor for Environmental Hygiene
and Infection Prevention at CDC in the Division of Healthcare Quality Promotion, and one of
my expert areas are disinfection and sterilization.
DR. BENOWITZ: Good morning. I'm Isaac Benowitz. I'm a pediatrician by training. I
am with CDC's Division of Healthcare Quality Promotion. I'm a medical epidemiologist. My
areas of expertise are healthcare outbreak investigations and medical device reprocessing.
DR. DOMINITZ: Good morning. I'm Jason Dominitz. I'm a gastroenterologist. I'm
the National Program Director for the Department of Veterans Affairs for Gastroenterology
and also am a professor at the University of Washington.
DR. YASZEMSKI: I'm Michael Yaszemski. I'm a chemical engineer and an orthopedic
surgeon. I direct a lab that works mostly on polymeric biomaterials. Clinically, I do
musculoskeletal oncology and spinal surgery. I work at Mayo Clinic.
DR. KIM: Good morning. I'm Eugene Kim. I'm a pediatric surgeon and cancer
researcher at Children's Hospital in Los Angeles, affiliated with USC Keck School of
Medicine.
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DR. TUNG: I'm Avery Tung. I'm a critical care and cardiac anesthesiologist at the
University of Chicago.
CDR GARCIA: Good morning. My name is Patricio Garcia, and I'm the Designated
Federal Officer for this meeting today. Thank you.
DR. BURR: Good morning. My name is Bob Burr. I'm from New Mexico, and I think,
for the purposes of this meeting, my expertise is occupational and environmental medicine.
DR. GUALTIERI: Good morning. I'm Lisa Gualtieri. I'm on the faculty at Tufts
University School of Medicine, and my area of expertise is digital health.
DR. SAUBOLLE: I'm Mike Saubolle. I'm a clinical microbiologist. I now work with
University of Arizona in Phoenix, College of Medicine.
DR. FAULX: Good morning. I'm Ashley Faulx. I'm a therapeutic gastroenterologist.
I'm the Director of Endoscopy at the Cleveland VA and a Professor of Medicine at Case
Western University School of Medicine.
MR. SOCOLA: Good morning. My name's Gary Socola. I'm President of HIGHPOWER
Labs. HIGHPOWER Labs has been validating reusable medical devices for reprocessing steps
for about 30 years. We have every FDA-cleared sterilization process in-house, and we also
validate the sterilizers themselves.
MS. WELLS: Good morning. I'm Teresa Wells. I'm the National Director for Sterile
Processing for the Veterans Administration. My expertise is the sterilization of reusable
medical equipment.
DR. MYERS: Good morning. I'm Sandra Myers. I'm a perioperative clinical nurse
specialist. I'm the Sterile Processing and Endoscopy Chair for the Baptist Health System,
Kentucky.
MR. COLLINS: Good morning. My name is Jim Collins. I'm a registered nurse. I work
at Cleveland Clinic. I'm the Quality Assurance and Accreditation Nurse for Endoscopy. My
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specialty is endoscope reprocessing.
MS. PEKAR: Good morning. I'm Carol Pekar. I'm the Industry Rep on this Panel, and
my expertise is regulatory affairs, and I'm a regulatory consultant.
DR. SULLY: Good morning. I'm Kate Sully. I'm an interventional physiatrist. I am a
contract physician for the VA in Pensacola.
MS. DUNN: I'm Debra Dunn, and I'm the Patient Representative, and I am a patient.
I have multiple devices in my body, so I'm very interested in this.
DR. LEWIS: Thank you all. And Dr. Charity Morgan should be on the phone.
Dr. Morgan, would you introduce yourself?
DR. MORGAN: Hi. Charity Morgan. My specialty is biostatistics and clinical trial
design. I'm an associate professor at University of Alabama at Birmingham.
DR. LEWIS: Thank you. As was true yesterday, our goal today is that we want to
have a fair and open discussion of all of the issues which the FDA has brought before us and
have individuals able to express their views without interruption. As a result, maybe we'll
have a lot of time for each individual, and ask that no individuals be interrupted when
they're talking. We look forward to a productive meeting.
Members of the audience, if you have not already done so, please sign the
attendance sheets outside on the registration table when you have a moment.
Commander Patricio Garcia, the Designated Federal Officer for this Panel, will now
make some introductory remarks.
CDR GARCIA: Thank you, Dr. Lewis.
The Food and Drug Administration (FDA) is convening today's meeting of the General
Hospital and Personal Use 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
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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 the 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.
For this meeting's agenda, the Panel will discuss the topic of industrial ethylene
oxide sterilization of medical devices and its role in maintaining public health, as well as the
risk of infection with reprocessed duodenoscopes.
Related to the discussion of today's meeting, members and consultants of this Panel
who are special Government employees or regular Federal employees have been screened
for potential financial conflicts of interests of their own as well as those imputed to them,
including those of their spouse or minor children and, for purposes of 18 U.S.C. Section 208,
their employer. These interests may include investments; consulting; expert witness
testimony; contracts/grants/CRADAs; teaching/speaking/writing; patents and royalties; and
primary employment.
FDA has determined that members and 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 services outweighs his or her potential financial conflict of interest.
Based on the agenda for today's meeting and all financial interests reported by Panel
members and consultants, there were no conflict of interest waivers issued in accordance
with 18 U.S.C. Section 208.
Dr. Frank Lewis is serving as the temporary Chair for this meeting. Ms. Carol Pekar is
serving as the Industry Representative, acting on behalf of all related industry. She is the
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principal in Pekar Consulting.
For the record, the Agency notes that Dr. Michelle Alfa, who is an invited guest
speaker with us today, has acknowledged interest with affected firms in the form of
consulting and speaking services and royalties. Cori Ofstead, who is also an invited guest
speaker with us today, has acknowledged interest with affected firms in the form of
research grants, speaking, consulting, advisory and technical services.
We would like to remind members and consultants that if the discussion involve s any
other products or firms not already on the agenda for which an FDA participant has a
personal or imputed financial interest, the participant needs to exclude him or herself from
such involvement and the exclusion will be noted for the record.
FDA encourages all other participants to advise the Panel of any financial
relationship that they may have with any firm at issue.
A copy of this statement will be available for review at the registration table during
the meeting and will be included as part of the official transcript
Before I turn this back over to Dr. Lewis, I would like to make a few general
announcements.
Transcripts of today's meeting will be available from Free State Court Reporting.
Information on purchasing videos of today's meeting and handouts for today's
presentation are available at the registration table outside of the meeting room.
The press contact for today's meeting is Sandy Walsh.
All written comments received were provided to the Panel and the 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. The link can be found on the FDA website and the
registration table just outside this meeting room.
I would like to remind everyone that members of the public and the press are not
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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 FDA, please arrange to do so with
Mr. Artair Mallett at the registration table.
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. Lewis.
DR. LEWIS: Thank you, Commander Garcia.
We'll begin today's meeting with opening remarks from the FDA, and Dr. Clarence
Murray will include a Day 1 summary and a brief overview of today's projected activities.
Dr. Murray, would you please begin when you're ready?
DR. MURRAY: Good morning, and welcome to Day 2 of the FDA CDRH General
Hospital and Personal Use Device Panel Advisory Committee Meeting. My name is
Dr. Clarence Murray, III. I am a physical, organic, and polymer chemist and the team lead in
the Sterility Devices Team in the Office of Surgical and Infection Control Devices in FDA
Center for Devices and Radiological Health. Our office is responsible for the review of
healthcare sterilizers.
Yesterday we had the opportunity to hear from a wide range of speakers. In the
opening of this meeting, we heard from the FDA, United States Environmental Protection
Agency, CDC, and MHRA. FDA has the responsibility to safeguard the availability of
sterilized medical devices for patients throughout the U.S. This means working to avert
shortages of medical devices which patients depend upon for their health and hospitals
require for clinical care.
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It was reiterated that EPA regulates the emissions of commercial sterilization
facilities. The Centers for Disease Control and Prevention Agency for Toxic Substance s and
Disease Registry presented on their current activities with ethylene oxide. Also in that
morning session, the Medicine and Healthcare product Regulatory Agency from the UK
presented on how they regulate medical devices.
After the opening talks, we heard from my FDA colleagues, whose talks focused on
CDRH's role, monitoring and addressing medical device shortages due to reduced supply of
certain ethylene oxide sterilized medical devices, the current reliance on ethylene oxide and
the clinical impact that disruption in the ethylene oxide medical device sterilization
capabilities has on patients and the medical device ecosystem, CDRH's overview of the
industrial ethylene oxide sterilization, a description of how CDRH reviews sterilization
information in premarket submission, and the interest in creative ideas for reducing
reliance on ethylene oxide with the issuance of its innovation challenge. We learned about
the differences between industrial sterilization and hospital sterilization.
After the morning break, in addition to industry perspectives from manufacturing
trade organizations, our invited speakers that represent the group purchasing organization
and healthcare provider organization shared with us their experience, insights, and
challenges faced when there is a disruption in the medical device supply chain from the loss
of sterilization capacity.
During the mid-morning, we heard from medical device sterilization experts whose
presentation gave us an overview of ethylene oxide sterilization and presented sterilization
strategies and sterilization approaches that could be implemented to reduce ethylene oxide
emissions from medical device sterilization.
After lunch, the medical device sterilization experts provide presentations on gamma
sterilization, x-ray sterilization, and e-beam sterilization, and moist and dry heat
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sterilization as examples of sterilization methods that have some existing industrial
infrastructure that may offer utility in the elimination of ethylene oxide emissions for
medical device sterilization.
Finally, yesterday we heard the concerns from the public and their comments
regarding ethylene oxide sterilization. During the Panel deliberation, the Panel made many
recommendations. The recommendations included the following:
•

Consider risk-based sterility assurance level for some medical devices;

•

Continue to partner with industry stakeholders, such as the EtO innovation
challenge;

•

Facilitate collaboration with industry and communication with stakeholders;

•

Enhance FDA's ability to respond to device shortages by incorporating processes
currently used with a drug shortage, if appropriate;

•

Consider ways of incentivizing industry;

•

Look at incentive structures that may help to catalyze industry EtO activities;

•

Strongly consider removing IFUs from devices that are being sterilized.
And, finally, the Panel also encouraged FDA to work collaboratively with other

government entities on the federal as well as state level.
This morning, we will continue our sterilization discussion by having a half -day
discussion on the elimination of ethylene oxide sterilization modalities with unknown
industrial infrastructure. Our invited sterilization experts will present on a wide range of
sterilization modalities which include hydrogen peroxide, nitrogen dioxide, chlorine dioxide,
and vaporized peracetic acid, and provide insight on healthcare sterilization of medical
devices.
After these presentations, we will have our final EtO Panel deliberation, and after
lunch, we'll switch gears, and the meeting will focus on reducing the risk of infection from
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reprocessed duodenoscopes for the remainder of the day.
Thank you. I yield back to the Panel Chair.
DR. LEWIS: Thank you, Dr. Murray, for that excellent summary.
In the following presentation, the discussion will focus on the elimination of
ethylene oxide sterilization for medical devices and review medical modalities that are not
well known to the FDA or with unknown industrial infrastructure. All of these that are to be
considered currently have a minor role in the industrial sterilization pipeline.
Dr. Sylvie Dufresne is a partner at the IM3 Consulting Group. She will discuss
medical device sterilization using hydrogen peroxide.
Dr. Dufresne, would you please approach the podium and begin when you're ready?
DR. DUFRESNE: Thank you to receive me.
Today, this morning, I would like to present to you a bit what is H₂O₂ sterilization and
maybe how it can be applied to industrial process. H₂O₂ sterilization has been used for a
long time in hospital but not that much on the industrial side. To know if we can apply it,
we need to understand how the processes work. So I'm going to just do an overview of the
sterilization technology, what are the cycle, what are the parameters that are important for
sterilization so we know if a medical device or not can be sterilized with it. I will also look at
material compatibility and what type of industrial applications it could be used for, and
finally, a small conclusion.
The sterilization cycle of all H₂O₂ sterilization processes have the same step.
Everyone has about the same step. There is some small difference. I'm sorry, I don't see
everything I have. That's fine. I think it's just not going to appear. The color are not there.
Sorry, because I had some colors, showing each steps, but I'm going to continue with that.
First, all process are under vacuum. And when we say under vacuum, it 's deep
vacuum, so the medical device that needs to be sterilized need to withstand a vacuum that
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goes to 1 torr or below. So that's the first thing. And during that phase, some company will
have plasma phase to precondition their load. Some will have some injection of hydrogen
peroxide. So there's some variation, but everyone goes really low to remove all the air, so
the H₂O₂ can penetrate lumens and reach the area to sterilize.
After that, you have the H₂O₂ injection. And, again, everyone has this process. It can
be injected really fast. It can be injected low, with pulses, but everyone will inject a
quantity or a specific pressure to reach the amount they want or they need to sterilize. It 's
followed by a dwell. And depending on the process, you have an air spike to push the gas
more in the lumen, or even ozone in some processes. And that is repeated one, two, three
times, depending on the sterilization cycle you have, to reach the SAL -6. And you have
ventilation at the end to remove all the hydrogen peroxide that was in the chamber so it 's
safe to be used after. So that's all the major steps you will have in all sterilization
processes.
So if we come back to the sterilant, because I think it's important to understand
what type of sterilant we use. Usually people are using solutions that are between 50 and
59% in weight. And hydrogen peroxide, it's a liquid solution. It's a mixture of water and
hydrogen peroxide. It's not a 100% solution, and you have to notice that they have a
different boiling point. Water will boil at 100°C and hydrogen peroxide at 150. So it's not
an homogenous solution when you look at it, on the physical state. So it's going to be liquid
at normal temperature, and you also have some stabilizing agent because hydrogen
peroxide tends to decompose over time. To have a good shelf life, they add some
stabilizing agent in the solution.
To pass from that liquid solution to a gas or to a vapor, you have to vaporize that
solution, and that's where all processes are different. But they all are based on the same
principle. If you want to vaporize a solution, you have two things. You can use heat, so you
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can heat your solution, or you can also lower the pressure. We all know when we go in
altitude that water will boil at a lower temperature. So it's two principles that are used by
manufacturer right now to vaporize. Some will use a differential pressure even to
concentrate their solution from 59% to up to 95, because they're going to lower the
pressure. By that, the water will vaporize first and remove the water to concentrate the
hydrogen peroxide.
But there's a thing with vaporized hydrogen peroxide. When you have it, it's not
necessarily going to stay vapor all the time. It depends on your parameters. You can
predict that. There's an isotherm diagram that you can use to be able to predict if your
hydrogen peroxide will be vapor or liquid. The thing is, is that there's a zone for all
processes to be in, and that will depend on the pressure you reach and on the temperature
you're working at. So those two parameters are related. And the square you have, in that
slide, it's the zone where all processes are. It's between really low pressure, 0 torr to
atmospheric pressure, you're going to be liquid or in gas. And all will depend on where the
processes are, how much you inject, what the temperature they're working at.
And that's really important for the rest because if you don't have a good penetration
-- liquid cannot penetrate. It's like in steam. If you condense too much, you have no
penetration. So hydrogen peroxide is a bit the same. So what I showed you before, it 's
really the theory behind what is hydrogen peroxide. What I'm showing you right now, in
practice, it's empirical data that was done by a company that had a sensor, a pressure
sensor inside their chamber, to monitor the pressure, a UV detector that was able to detect
the hydrogen peroxide vapor concentration in the gas, and also a crystal microbalance that
was able to verify the liquid part, the condensation part.
And as you can see, the blue curve is the pressure when you inject. The red curve is
the hydrogen peroxide concentration in the gas. And the green curve is what is deposited,
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so the liquid part, with the microbalance, was detected. So when you look at it, you see
that when you reach some pressure, you start to condense. The concentration of H₂O₂ in
the gas phase is going down, but your pressure is still increasing, and that's because water
stays in vapor longer than hydrogen peroxide. And what you see appearing in the green
curve is the micro-condensation of hydrogen peroxide. And that starts at a really low
pressure, because even though for that test, it's hydrogen peroxide 50% that was used, the
load was at 26°C, and the dew pressure, when we should start to condense, to condensate
is at 5 torr. We see some condensation appear even before.
So condensation will be dependent on temperature but also pressure, where you
reach. And when I'm talking of condensation, I'm not talking of raining inside the chamber.
I'm talking about like the fog you have when you take a shower. It's just a small layer. It's
not necessarily droplets. It's not liquid all over your stuff. It's just a really, really
concentrated layer over your devices. And that layer is really concentrated in hydrogen
peroxide. We'll see in the next slide. So this is what is happening inside everyone's
chamber, whatever the process is, depending on their parameters.
So like I said, you have pressure, temperature, those two parameters you need to
understand, because when you inject hydrogen peroxide inside the chamber, if you go too
high in pressure, you're going to condensate and may be too much, and depending on your
concentration.
If you look at the impact of temperature, it's a critical impact for hydrogen peroxide
penetration. If you look there, I put the pressure at which hydrogen peroxide will start to
condensate, or the solution, depending on its concentration, based on temperature. So if
you have something around 20°C that is a temperature, in most area you do sterilization, if
you have water inside your chamber and you have a load at 20°C, it's going to start to
condensate only at 17 torr. But hydrogen peroxide, 100% would start to condense at 1.4
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torr. And I said that people are reaching a vacuum I would say below between 0.4 and 1
torr, so going above 1.4 torr, you inject about nothing, and you start to have condensation.
So it's really, really important, if you're at 50, because everyone is saying, yeah, it's
fine, we're working at 50°C, the chamber walls are at 50°C to prevent condensation. If you
pass with the 59%, 20 torr, you are on the liquid part, on the condensation part of these
processes. So it's really, really important.
The other thing, look at the difference of condensation pressure that you condense.
H₂O₂ will start to condense at 10 torr at 50°C and water at 92. So when I said before that
the pressure was still increasing even though hydrogen peroxide concentration in the gas
phase was going down, it's because H₂O₂ condenses first, forms a layer that is
reconcentrated, and that layer has really, really good efficacy to sterilize. If you know your
process, you control that, hydrogen peroxide can be really, really efficient. But you have to
understand your process.
The nice thing in industrial sterilization, you always process the same load. It 's easy
to monitor all the parameters, the load temperature and everything. So hydrogen peroxide
on that side, if you understand your process, can be a really good process. However, like
I've shown, hydrogen peroxide is not 100% gas. So you have to keep your hydrogen
peroxide in the gas state long enough to penetrate inside the package, to sterilize the
device you want to sterilize. So I think that's one of the critical point that we need to look
at if we want to apply hydrogen peroxide to industrial sterilization.
So that's the process itself, and the understanding people have to have, but the
other thing is that the device needs to be compatible. And for that, for hydrogen peroxide,
even though it's a oxidizing chemical, it has a good compatibility with most medical devices
and with most material. It may oxidize on natural rubber, cellulosic material, things like
that, but mostly most polymers are compatible, at least for one or two cycles that you need
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to sterilize medical device in the industrial process.
Some processes, they have plasma or ozone, they may have some issue with
material compatibility. But, again, the number of cycle makes the difference. Plasma may
limit the compatibility of some polyacrylate, and ozone, some EPDM material are gra de
dependent, depending how they're made, so you have to check. But the nice thing is that
on the medical device, the healthcare side, there were technical informational report s
published by AAMI TIR 17 that has a good list of all material compatible with hydrogen
peroxide and other sterilization process. And they have the compatibility for one, two
cycles, and they have it for like 50, 100, so it's a good source for a medical device
manufacturer that wants to know if their device could be compatible or not with hydrogen
peroxide. And like I said, because we only reprocess one or twice in industrial process,
most materials will be compatible with hydrogen peroxide.
If you look at packaging, though, that's another point that may create some issue in
industrial processes. Hydrogen peroxide cannot pass through a non-porous material, so all
the aluminum pouches that are used for small things cannot be sterilized in hydrogen
peroxide. Hydrogen peroxide needs to have a porous membrane to penetrate packaging.
And you cannot use cellulosic material, so you cannot package everything in cardboard box,
put that in the sterilizer, and ship that after. Your medical device needs to be outside of
that, so it's a step before your shipping step. So you cannot use any cellulosic or paper
pouch or cardboard boxes with industrial sterilization.
However, it's compatible with Tyvek. So a lot of medical device are sterilized in
preformed polymers or plastic, with a Tyvek material on top. And Tyvek is porous to
hydrogen peroxide. It's compatible. So all those equipment, you don't have to change the
packaging. They could be sterilized as is with that.
There is a residual. I told you, okay, it's nice, we can have some liquid. It's a really
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thin layer, but it's there. So you have to remove that at the end of your process.
Ventilation will do that; however, hydrogen peroxide is absorbed by some porous material,
like polyurethane, polyester, polyoxymethacrylate, polysulfone, so these material s are
really good absorbers of hydrogen peroxide. So even after the ventilation, some of these
materials will have residual hydrogen peroxide on it. And we all know that with ethylene
oxide, people now are a bit afraid of anything that has residual.
The nice thing with hydrogen peroxide is that even though it's cytotoxic at a really,
really low level, it's at a level you could drink a liter of it and you wouldn't be sick.
Cytotoxicity doesn't relate to the in vivo reaction. So you have a cytotoxic reaction with
residual of hydrogen peroxide, but you're going to pass the in vivo test because our body is
creating hydrogen peroxide in our own cells and has enzymes to destroy it. The cytotoxicity
test that we've done today cannot do that. The cells are separate, and that makes them
more sensitive to hydrogen peroxide. But the human body is already built and has defense
against hydrogen peroxide. So being in contact with a bit of hydrogen peroxide residual is
not going to create an issue with anyone.
The other thing is that you need to think that in industrial process, residuals will go
over time. Hydrogen peroxide has a half-life in the gas from 10 to 20 hours. A medical
device that is sterilized by a company is shipped to a hospital, it will take often many days,
and during that time, the residual level will be at zero. So when you're going to use these
medical device that are sterilized in hydrogen peroxide, you won't have any residual on
them. And the people will not be in contact with hydrogen peroxide either, the user. So on
that side, it's really safe. And so it doesn't create any issue. Even though at the end of your
process you may have some, by the time you're going to use it, it's fine.
If we look right now at the H₂O₂ industrial application, the current use we have, you
probably have seen that yesterday, but I would say there's two big markets: the EO and the
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radiation, gamma, and e-beam. The 5 other percent are steam, hydrogen peroxide, nitric
oxide, peracetic acid. All the other modality you're going to hear this morning are less than
5%, so for sure there's some areas that are open for hydrogen peroxide to be used.
And right now, hydrogen peroxide is mostly used for low-volume, high-margin
devices such as the 3D implant, 3D print implants. We do that in Canada and the U.S. It's to
be seen, because these devices are usually sterilized in the hospital sterilizer model. They
don't need an industrial size sterilizer. They sterilize a few at a time, so a small chamber,
they can do that.
On the other end, you have some industrial processes that already exist to sterilize
the outside of a package, mostly prefilled syringe and things like that, the outside surface.
And those are really a bigger sterilizer. But, again, when you work with this type of
sterilizer, you need to make sure that your hydrogen peroxide stays in gas form long
enough to go to the middle of your load. But at least in industrial, I think it 's easier to
control.
And, finally, there's some limitation that you may not have in ethylene oxide that
you have with hydrogen peroxide that you have to be careful. Hydrogen peroxide is not
recognized to have a linear inactivation. A lot of people are talking about biphasic or other
type of inactivation that they can see. However, most processes are able to show an
inactivation of 6 log at the off cycle, and they repeat exactly the same condition to reach
the SAL -6. It's not a tailing effect that will last forever, so they can reach sterility, but it
might be a less bit predictable than what you going to have with steam or EO, depending on
the process.
So that need to be taking into account when you look at the industrial sterilization,
where you are, are your processes reacting, to make sure that you reach the right sterility
assurance level.
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And H₂O₂, you cannot sterilize liquid. Because of the deep vacuum, you're going to
vaporize everything that is liquid. We use that principle to vaporize the hydrogen peroxide
and water, will do the same in any liquid. So that's why you can sterilize prefilled syringe, if
they're tight to vacuum, but you cannot sterilize an open syringe or a container that has
liquid and that is not tight to vacuum. These will make your cycle abort. So it 's really
important, with hydrogen peroxide, there's no liquid.
The other thing is that you also have loading capacity. Based on the hospital size,
most sterilizers are designed for low volume. So these sterilizers cannot be useful for large
volume of industrial medical devices. So some companies will have to work on their process
to be able to use them in large chambers.
The other thing is that because of the quantity you inject, at some time you're
limited in the amount of medical devices you can place inside the chamber. So that means
you may need many cycles to pass all the medical devices you want to sterilize. And like I
said, there's the load conditioning. Temperature, it's a critical process for sterilization with
hydrogen peroxide. So you may have to warm up a load, or to make sure you are in a
specific condition, a small range of temperature to be able to sterilize your load.
The other parameter that is important is the lumen claims. All processes have
different lumen claims. So penetration in lumens is really depending from process to
process. It's also depending on material. Most sterilizer manufacturers, they have claims
for stainless steel lumens, Teflon lumens. Silicone they cannot sterilize as long or the same
diameter. So you need to understand what the sterilizer can sterilize and what your
product is to be able to combine the right process with the right devices.
And, currently, I haven't seen anyone that has claims for really, really small lumen
type like cardiac catheter that are smaller. And so that's one of the sections of the medical
device I think that right now cannot -- EO cannot replace.
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So, in conclusion, if I look at the action of if hydrogen peroxide can be an alternative
for ethylene oxide, in short or long-term, it's going to depend. I think yes, for many specific
devices that are packaged using Tyvek and depending if they have lumens or not. But
anything that is surface, I don't think there's a lot of material compatibility issue that could
be raised that create an issue. So yes, H₂O₂ could be a good solution.
On the other hand, if you have flexible lumen that are really, really, really small, at
this point I haven't seen any claim from anyone that they can sterilize them. So this is
something, I think, that the industry still need to look at before we can say that hydro gen
peroxide can replace ethylene oxide.
So thank you very much.
DR. LEWIS: Thank you, Dr. Dufresne, for that comprehensive review.
We will now hear from Dr. David Opie from Noxilizer who will make the following
presentation regarding nitrogen dioxide.
Dr. Opie, would you please begin when you're ready?
DR. OPIE: Good morning. Thank you for the opportunity to discuss NO₂ sterilization,
which is being investigated and adopted by more companies each month.
The topics I'll discuss today revolve around nitrogen dioxide sterilization, and
specifically we'll look at a brief technical introduction, including material compatibility, and
the installed base of NO₂ sterilizers now and in the future, and finally, we 'll talk about how
we can use NO₂ as an alternative in some cases for a replacement for ethylene oxide.
So as a technical introduction, I'll give you a brief background on the mechanism of
action. NO₂ is smog. It's the brown component in pollution that you can see over a lot of
cities, and it's been very well studied. And as part of the immune response in vivo,
phagocytes release reactive oxygen species and reactive nitrogen species. The reactive
nitrogen species expressed is nitric oxide, NO. And the NO reacts with oxygen to become
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NO₂ in the body. Once both NO and NO₂ are present, the molecules combine, resulting in
N₂O₃, which is not a radical but which reacts with guanine and cytosine, irreversibly
damaging DNA and RNA. Therefore, the NO₂ sterilization process in vitro in our sterilization
chambers mimics the in vivo process, leading to the same chemical reactions causing
microbial death.
We have studied the chemical reactions, and the reactions will be explained in
upcoming publications. This diagram shows some of the various reaction scen arios. The in
vivo A, the in vivo reaction on top, B, the gaseous interaction of NO and NO₂ in the
sterilization chamber to diffuse into microorganisms, and C, in the chamber, with the NO₂
sterilization process, humidity-mediated reactions lead to the generation of reactive
nitrogen species, which are microbicidal.
While studying these processes, we found that NO, nitric oxide, and HONO would be
produced, and we've confirmed that these gases are produced, using FTIR gas analysis in
the chambers. And this gives us confidence that we have the specific chemical reactions
that occur and that N₂O₃ is produced in the presence, which explains the observed single strand breaks that we saw in the labs using gel electrophoresis.
The sterilization cycle in a vacuum chamber is shown here in the graph, which is a
graph of pressure versus time. The first step in the sterilization cycle is the evacuation of
the chamber. Typically, we go to a pressure of about 20 torr or 26 mbar, although we don 't
always need such a deep vacuum. After evacuating the chamber, the NO₂ is added, and
NO₂ is added at a fairly low concentration, roughly 0.6% concentration, 6,000 ppm, which is
much lower than the concentration used with ethylene oxide sterilization. After we 've
injected NO₂ into the chamber, we add humidity, followed by air, to bring the chamber up
to the dwell pressure.
We have a sterilization dwell, which is usually 5 or 10 minutes long, and then we
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evacuate the chamber, and we repeat that dwell for the overkill method of the sterilization.
That overkill gives us a sterility assurance level. After we have those two half-cycles
completed, we have the aeration phase, which is repeated evacuation and flushing the
chamber with air, to remove all the sterilant from the chamber and the load.
In chambers up to 1,000 liters, or about 1 cubic meter, the process takes 1½ to 2
hours. And as you can see from the graph, most of the time is taken up with evacuation
and filling. When we go to larger chambers, multiple pallet chambers, the cycle profile is
the same, but the duration of the cycle depends on the rate of evacuation, how big of a
vacuum pump did you install and how fast can you evacuate and fill the chamber.
The process that we use occurs at room temperature. When we have temperaturecontrolled chambers, we aim for a temperature of 18°C or room temperature of
thereabouts. We've demonstrated sterilization down to 10°C, and our current industrial
sterilizers that we're building now have the capacity to cool from 2 to 8. So we could do
cold chain sterilization for drug-filled delivery systems and syringes, for example,
ophthalmic drugs and so forth.
For material compatibility, a couple of the previous speakers have pointed out that
AAMI TIR17 is a good reference, and there's a section in there describing the material
compatibility for nitrogen dioxide sterilization. Generally, for single-use devices, there's
very broad material compatibility and only a few materials that need to be avoided.
Cellulose has been mentioned, and that's one of them, but also Delrin. Beyond that, almost
every other material can be accommodated in the NO₂ sterilization process by changing the
parameters. And there was a presentation given earlier this summer by Abbott where they
described how, where we said material compatibility would be a problem with a couple of
materials, hydrogels and nylon, they demonstrated that it's possible by changing the
process parameters. So there's broad compatibility with single-use devices. Reusable
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devices will have a narrower material compatibility profile.
NO₂ is a surface sterilant. It doesn't permeate materials. Ethylene oxide is well
known for permeating through materials, and that's a double-edged sword. While that's
very good when you need it, and the example I listed on this slide would be the needle
shields, the polyisoprene needle shields on sterile, clean, ready-to-fill syringes, they're
permeable to the ethylene oxide, so you can sterilize underneath the needle shield with the
needle shield in place. But NO₂ does not permeate through materials like that. It is a
surface sterilant. The benefit of that is with, again, referring to drug delivery system
cartridges or filled syringes that are sterilized after they're filled, NO₂ does not penetrate
through the closure mechanism of those primary containers, where ethylene oxide does
penetrate through the stopper and the syringe, the needle shield and the syringe, or the
stopper on a vial.
So there are pros and cons to the permeability. Another problem with permeability
is that getting ethylene oxide into a material may be beneficial. It takes a long time to get it
back out. And the aeration and contamination from that needs to be understood.
Cellulose and materials in kits, that's going to be always a problem and a challenge.
While there are many kits that cannot be sterilized, and it was pointed out yesterday, some
kits with gauze and cotton in them, they won't be able to be sterilized with NO₂. However,
we are working with some companies that currently have kits where components of the kits
are sterilized in gamma systems, and other components are sterilized with ethylene oxide
and brought together, and we're validating processes bringing those components into a
single kit and combining them. So when cellulose is not involved, NO₂ is an alternative that
can be used.
So now I want to talk about uses in installations, to give an idea about the installed
base. First, I have a long list of the companies that are currently going through testing and
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validation with NO₂ process at Noxilizer, at our facility, or with Sterigenics. Sterigenics has
the license for contract sterilization using nitrogen dioxide, and they're actively working
with that now, with customers.
Even so, the capacity for NO₂ sterilization on a contract basis is tiny, and it's small
but it's growing. And in the future, there'll be more capacity. On this chart, I'm showing
the capacity for NO₂ sterilization in 2020 will be about 800 pallets per year, a drop in the
bucket for what's needed. But with the devices that we're building now, the systems we're
building now and will be installing throughout next year, by 2021 NO₂ sterilization capacity
will be at 7,500 pallets per year, assuming 220 working days and two cycles per day. If you
were to be working 24 hours a day, and on the weekends, of course this number could be
increased. So the capacity of NO₂ sterilization will be increasing in the near future.
So NO₂ as a EtO replacement, that's the question we need to answer. And what is
the possibility for NO₂ to replace just a fraction or a portion of the products sterilized with
EO? And we're focused on facilitating the adoption of NO₂ sterilization, and specifically
we're working on maintaining the workflow used in contract sterilization. That is a pallet based. A pallet arrives at a facility, it gets put in the sterilizer and returned. We can 't have
people taking products out of boxes, putting them on load carts in a contract facility. They
have to be put in, in bulk, and returned that way.
Now I want to describe to you the systems that we're developing for the customers,
the contract manufacturers and the OEMs that use the NO₂ process. So the scenarios that
we're considering now are NO₂ contract sterilization, where we're facilitating the workflow,
and we're not going to be using cardboard. And Sterigenics, as I mentioned, is currently
using NO₂ sterilization, and the number of companies working with Noxilizer and Sterigenics
is increasing.
But there's also the in-house use. NO₂ as a sterilizer, NO₂ is not explosive like
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ethylene oxide. It doesn't need the radiation shielding of gamma. So you can, in-house,
install NO₂ more easily at the point that you're packaging the product before you put it in
cardboard boxes. And that avoids a lot of the issues and makes for a much more efficient
sterilization process.
So here's the tote scenario for contract sterilization. Products are placed in these
boxes. These are polyethylene or polypropylene corrugated totes. Sometimes you see
them from the Postal Service, you know, they have these totes that they carry around, but
they're plastic. They look just like cardboard. And they can be reusable and filled. This is a
diagram of a large tote. And with the large totes shown here, two of those fit in an R &D
sterilizer. Eight fit in an RTS 1600, which is a one-pallet sterilizer; 16 fit in the RTS 3300,
which is the two-pallet sterilizer, and then three-pallet sterilizer, RTS 5000, 24 of these
totes fit in there.
As an example, for small blisters, we can put in a large tote about 700 small blisters
that are 2" by 4" by about an inch. So we can pack these very densely and use those for the
exposure of the products.
The pallets that we're using, they're just polymer pallets. They're high-density
polyethylene. The product loaded on the pallet looks like any product loaded on the
pallets, and it's strapped down with straps. And here's a diagram of the pallet loaded into
the chamber. The airflow in the chamber here is from left to right. We have the plenums
on either side, and the gas flows across the product, but it's in boxes. So really what's
important is, as we're filling the chamber, making sure that we have good mixing and gas
uniformity in the chamber, as the gas is being pushed into the boxes and the packages.
So for in-house sterilization, which I mentioned a minute ago, the installation is
simple, and it facilitates an effective process flow for sterilization. Facility modifications are
minor. We need the utilities brought in to the sterilizer, and this can be a multiple -pallet
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sterilizer, but as the product is being, in-house, sealed in its sterile barrier package with
Tyvek, then you would load it onto load carts and put it in the sterilizer. And that's much
more efficient than using a batch and queue method of collecting a truck full of product and
sending it off someplace to be sterilized.
NO₂ is not explosive, so we don't need to have facility modifications to guard against
the dangers of explosion. Also, operator exposure tests, when we work with regulators, the
EPA in the U.S., California regulators, in Europe, they ask us to do operator exposure
studies, and we do that. We've just completed another GLP study of that this summer. And
in that operator exposure study, we demonstrated that at no time was an operator exposed
to more than 0.1 ppm of NO₂. That's not a time-weighted average. That's a ceiling. That is
any instantaneous exposure. So the aeration of the NO₂, because we're starting with a low
concentration, is fast and effective, and the product can be safely handled after the doors
are opened.
And then again for the in-house sterilization, this is just a diagram showing that if
you have a clean room where you do the packaging, and the sterilizer's installed as the
products exit from the clean room, then it can be put into cardboard boxes with paper IFUs
still if we need to use them and then into the quarantine or final packaging inventory.
So the impact of NO₂ sterilization, what's the potential? For both contract and
in-house sterilization, first, shorter cycle times mean smaller chambers can match the
throughput of large ethylene oxide chambers. If we have a three-pallet chamber with a
3-hour cycle for NO₂, that has the same throughput of a 12-pallet chamber doing a 12-pallet
cycle for ethylene oxide. So smaller chambers that are running faster can have the same
throughput over time as an ethylene oxide chamber.
And every cycle that we put through the nitrogen dioxide sterilizers, it relieves the
capacity. We heard yesterday that the ethylene oxide capacity is being used 100%. So
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small changes in the amount of ethylene oxide utilization will free up some capacity, and
small changes in the increase of NO₂ adoption can free up the necessary capacity with EO.
And, certainly, every time you do an NO₂ cycle, you reduce the amount of ethylene oxide
used, and you reduce the amount of ethylene oxide released during off-gassing.
So here are the next steps. We want to facilitate the adoption by streamlining the
changes, getting clearance for the changes to the products and standardizing the testing
that we're going to do, having well-tried protocols that are evaluated and screened so that
users know exactly what is ahead of them, and we remove the regulatory uncertainty. I
think that's the impedance for a lot of companies, is not knowing exactly what is the road
ahead when they want to make a change to the material or to a new sterilization method.
And having some well-tried templates would be very helpful there.
Well, certainly already we follow ASTM methods for packaging testing and 1099.3 for
biocompatibility, so it's not that that's the question, but just having a couple of companies
go through the process. And so we want to work with the companies, meet with the FDA,
make sure that the protocols are reviewed, and have that practiced a few times. And the
sooner we can do that, I think adoption will be able to become at a faster rate.
And, finally, we want to provide the data necessary so that NO₂, as it's being
adopted, can more quickly move from a novel sterilizer to be considered an established
Category B sterilizer.
Thank you very much for your time today.
DR. LEWIS: Thank you very much, Dr. Opie.
We'll now hear from Mr. Paul Lorcheim from ClorDiSys Solutions, Incorporated. And
the following will address medical device sterilization using chlorine dioxide.
Mr. Lorcheim, would you please begin when you're ready?
MR. LORCHEIM: Thank you very much for inviting us here. Appreciate that.
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The first thing I want to do is give a little history, because chlorine dioxide's been
around for a while, but it's not known by that many people, especially in this industry. We
actually developed the technology at Johnson & Johnson, the pharmaceutical. They used it
internally for quite a few years. They did work trying to sterilize the IOLAB intraocular
lenses, some of the diffuse products, some suture products. J&J commercialized it. I was
part of J&J for 20 years, and in 2001 a few of us spun off to form ClorDiSys. So it's been
around for a while. We do a lot of work, more on the decontamination side than the
sterilization side, and I'll get a little bit more into that.
First of all, what is chlorine dioxide? It's a yellow-green gas, water soluble, boiling
point -40°C. So being a yellow-green gas, we're able to measure and monitor it very
accurately with a UV-vis spectrophotometer so we know what the concentration is the
whole time throughout the process, so it's a very controlled process. Boiling point -40°C
means it's a true gas at room temperatures, so our cycles are truly ambient cycles. There 's
no raising of the temperature to have them to be efficacious.
It's been around a long time and used for treating drinking water since the 1920s. It
was recognized as a sterilizing agent in '84, registered as a sterilant by J&J in 1988 and by us
in 2004. So, again, it's been around a while, actually as a sterilant, sterilizing any surfaces.
Some people hear chlorine when you hear chlorine dioxide, but like carbon is different than
carbon dioxide, chlorine is different that chlorine dioxide. Chlorine dioxide doesn 't react
with chloramines or organic matter to form chloramines. And chlorine, when it reacts,
when it meets with water form chlorous acid. Chlorine dioxide, if it reacts with water, gets
into the water, stays at neutral pH. So chlorine dioxide is very different than chlorine.
Get to efficacy. The EPA governs antimicrobial pesticides, going from disinfectants
to sanitizers to sporicides to sterilant. Sterilant's the highest level. That's what we're rated
as. Our EPA registration number is 80802-1. I'm going to introduce a term called
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decontamination. That's what we do mostly. That's where temporarily sterilize an area, a
building. We do a lot of food facilities, multi-million cubic feet, that might have listeria,
E. coli, salmonella, so that is a chamber for us. We'll put biological indicators, 10⁶ spore
strips throughout the facility, and we'll get complete kill of those spore strips. So while the
gas is still in there, we truly sterilize a multi-million cubic foot chamber. Then we let air in
to get rid of the gas, and that's when we break the sterility. It's no longer sterile. But we do
obtain 10⁶ log SAL 6 kill in large, large areas like that.
We do a lot of work for research labs where they might have contamination, TB, a lot
of pharmaceutical facilities where they might have mold or spores. So, again, we do a lot of
sterilization. It's just we don't leave it in a sterile state when we're done. We just kill the
nasties, as we call them, and then just bring in normal organisms with the fresh air. So it 's a
little bit different than what you're hearing today, but again we truly do get kill of biological
indicators with 10⁶ spores and them.
While we were at J&J, we did testing on BIs, and the two most difficult are Bacillus
atrophaeus and Bacillus stearothermophilus. Depending on the issues with BI
manufacturers, we kind of alternate between either. Stearo is a little bit easier to work
with.
D-values, 1.7 minutes for a 5 mg/L concentration, and they go down a little bit.
We borrowed this from an FDA food presenter. The FDA, on the food side, is very
familiar with our company because we do quite a bit of work in the food industry. This was
just a flat stainless steel tabletop after it was wiped down with a sterilizing solution, and the
organisms inside that little 10-micron wide scratch were not killed. So for any of these
methods to work, you need to get good and complete distribution, total penetration at the
right time, at the right concentration.
Our gas works so well because it's a very small molecule, 0.124 nm, so our gas is
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going to get into that little scratch, in and around every single organism, contact ever y
single organism, therefore kill it. A lot of agents work if they contact the organisms. It 's
just very difficult for a lot of agents to contact every single organism. You know, chlorine
dioxide gas will go through Tyvek packaging, as a lot of the other new model methods do.
But we really get through a lot of the nooks and crannies, into lumens, things like that.
We occasionally make sterile dirt. After working in the food industry for a little bit,
we wanted to see how well the chlorine dioxide gas could penetrate organic matter. And
you'll never see this in a medical device, but the same cycle time that we need for 6 log kill
or SAL 6 with just naked biological indicators, if you have a slim, a slight coating of this
various organic matter on the BIs, we still kill them over the same amount of time. So we
can accept a lot of organic matter and still get good kill. Obviously, you wouldn't see this
amount on a medical device, but it just gives an assurance that it's a very forgiving cycle.
Just some simple tests we did, the gas at ambient pressures. Most of the work we
do is at ambient pressure. It's not a vacuum. We'll get into, obviously, jars to kill the BIs,
normal cycle, which is a 720 ppm-hour dosage, with the opening. If you put a lid on the jar,
a gasketed lid but don't tighten it, the same cycle still works. Then, obviously, if you tighten
the jar, it doesn't. So the gas does get through very, very small penetrations, even a
gasketed lid sitting on a jar.
Because we do have a UV-vis spectrophotometer, we're able to actually see what the
concentration is at all times, see what the accumulated dosage is at all times, and not end a
cycle till we do hit the dosage for the kill that we want. So it's a very repeatable process, a
lot more of a science than an art.
There's companies out there that -- you know, again, we do a lot of
decontamination. They aerosolized spores in this challenge room, a blow-fill-seal machine,
and they wanted to make sure we were able to kill the spores. So this one they had a 12 log
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kill. So that's a huge SAL number, much higher than 10¹².
Residues are something that should be a concern with medical devices. We do a lot
of, again, food work. The FDA food side allows chlorine dioxide treatment of a lot of frui ts
and vegetables. They have GRAS, generally recognized as safe, and it's also allowable for
treating organic foods with chlorine dioxide gas.
ClorDiSys has two FCNs ourself, food contact notices, one treating food products
with the gas, one treating food products with a gas that's put into water, so it's a liquid
chlorine dioxide. A lot of municipal drinking water facilities, 700 to 900 in the U.S., about
5% of them treat drinking water with chlorine dioxide. In Europe, some countries, it 's a
little bit higher.
Residue testing, Amgen did testing on solid surfaces, metals, plastics. They detected
no measurable residues. While we were at Johnson & Johnson, we did testing on various
products, including the intraocular lenses. We found no measurable residues. And as
ClorDiSys, we did a lot of testing on residues on food products.
Kind of comparing it to what's out there a little bit, and really, these other methods
we talked about quite a bit now, so I'm not going to really highlight on that. I'll just talk
about the chlorine dioxide piece, where the variables are humidity, time, and gas
concentration, all of which are easily to measure and monitor.
Advantages of chlorine dioxide, we're good with electronics and batteries. Ethylene
oxide has some issues with that because of its explosivity and the deep vacuums. Short
cycle times, we're usually talking about multiple hours, 3, 4 hours of cycle time,
noncarcinogenic, not explosive. We do it at true ambient temperatures, and a lot of cases
you could do it in a non-vacuum chamber, so just at ambient pressures. Again, we do
measure and monitor the concentration.
The disadvantages, like the other methods we heard today, you really can 't keep the
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product in cardboard boxes like you can with ethylene oxide or with gamma. So the whole
process at a contract sterilization facility would need to change. Similar to an oxalizer, that
same setup works with chlorine dioxide because both are gases.
It's really not widely used for medical devices at this time. We work with a lot of
small companies that have started the process. Typically, a lot of them, either the product
disappeared before it gets to the market or the company gets bought out, so we 've had a
lot of false starts with that. Typical uses, you know, electronics, plastics. We do various
human bones and tissues, and a lot of temperature-sensitive products.
The new or the novel methods out there, vapor phase hydrogen peroxide, nitrogen
dioxide, ionization fogging, and our ClorDiSys chlorine dioxide gas, one of the big
differences is that we have been around for a long time as a true gas. We have a lot of
history. We do have size scalable chambers up to it could be millions of cubic feet, if it 's at
ambient pressures. And it's well understood.
This was a paper that was written about electronics in batteries. Again, with their
testing, chlorine dioxide had no adverse effects on batteries, where like steam affects the
EEPROM chips; ethylene oxide, the vacuum could affect the batteries, and the batteries
could provide a spark to ignite it; the gamma rays, the radiation can affect it. So, again, it's
just another company that did some testing on it.
Specifically comparing us against ethylene oxide, you have quick iterations.
Typically, we need 12 to 15 air exchanges. Like some of the other novel methods that we
heard about today, we don't really get absorbed into the polymers or the plastics, so it
doesn't take that long to get out. If you could do 12, 15 air exchanges in 3 minutes, an
aeration would be 3 minutes.
Nonflammable: At the use concentrations, are noncarcinogenic, not considered a
hazardous air pollutant, non-ozone-depleting. It is a sterilant, just like ethylene oxide. It's a
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true gas at room temperatures, just like ethylene oxide. Ethylene oxide, back in the day
when I was involved with it, they really didn't have any accurate concentration monitors. I
understand that it's a little bit more out there now, but with us, we have a very accurate
method because it is a yellow-green color, the chlorine dioxide gas, so photometric
measurements work.
We can go through Tyvek, so we can sterilize instruments and items in Tyvek,
whereas if it's in a cardboard box, that's where you would need to go to something like
gamma or ethylene oxide because that can go through the cardboard boxes, and that would
prevent us from it. We are fine with cellulosic materials. The cardboard is just too sealed
to go through.
Obviously, anything that you want to use, you don't want it to corrode the actual
instruments. And some people are familiar with the liquid chlorine dioxides, which can be
corrosive. Deoxidation potential of chlorine dioxide itself is lower than that of bleach,
hydrogen peroxide, peracetic acid, or ozone, so it's more gentle than all the above.
The U.S. EPA got involved with the anthrax issues back in 2001. Since then, they 're
expecting another attack eventually, so they did a lot of testing with some of the large -scale
areas, hydrogen peroxide vapors as well as our chlorine dioxide products, to see if we
would damage computers. And just focusing on us, chlorine dioxide, with the computer on
or off, had less issues than the control, which is a little bit of an anomaly, but we 're basically
going to say that chlorine dioxide, according to the EPA testing, does not damage
electronics.
As part of our decontamination, we do a $3-million electron microscope down at
UTMB. No material issues with that. So a lot of medical devices are made specifically to be
sterilized. Typically, what we do is items that are not made to be sterilized. We do a lot of
lab spaces, so all those electronics and stuff, we do the same treatment as if we were to get
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

262

a SAL -6 load kill. A lot of computers, a lot of microscopes.
The way the liquid is generated, though, you take an acetic solution, a water and an
activator, you join them together, and that forms acidified sodium chlorite, chlorous acid
solution. If you take our gas and dissolve it in water, it stays at neutral pH.
Safety, EPA talks about safety. For skin toxicity, we're a Category 3, which is a
caution. Inhalation, we're a moderate. And eye irritation, we're a moderate risk. Eighthour safety level is 0.1 ppm. We usually do between 360 and 3,600, depending on the
speed. We're noncarcinogenic.
Scalability: We have our self-contained generator chamber, which we do a lot of
medical devices for the animal research facility, so we sterilize items that go into a animal
OR. We have vacuum chambers, and we converted other people's vacuum chambers for
chlorine dioxide where we need actually to do the device under vacuum to get into long
lumens. We do a lot of work at isolators, where they sterilize the isolators for the parts or
sterilize items in them. Again, it can begin on ambient, in different chambers too, that we
could use for ambient sterilization.
Large chamber sterilization, we do contract sterilization in just a room painted with
Walmart paint. We wanted to make that a point. Everything's packaged in Tyvek, so it
stays sterile when we're done.
This is a large, multi-million cubic foot facility, 90-foot ceilings, BIs placed around
there, so again, at one point it was truly sterile, this whole facility and everything that was
in it, until we let the fresh air back in. Again, multi-room facilities, we get to that same level
with this amount of compact density. Again, this place wanted a higher level kill, so they
had 12-log BIs with spores, able to kill that in a 6-hour, 30-minute overall cycle time.
Items like this, long lumens, inside of syringes, that's where we need to pull vacuum.
And we have vacuum chambers to do that, and we've interfaced with other people's
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vacuum chambers. So this is some of the product sterilization items that we 've done, most
of these at ambient pressures. We did stopper integrity testing with Datwyler to prove that
there was no issues with their elastomers. Basically, their comments were, similar to
ethylene oxide, no toxic residues, and it's an alternative to EtO. They had coded and
noncoded stoppers, and their comment was that the stoppers actually performed slightly
better with the chlorine dioxide than with ethylene oxide. Again, some more items. Bone
products, after we sterilize bone products, it still inhibits growth, so you can kind of patch
up a bone and it would continue on.
To kind of summarize, chlorine dioxide is a true gas, so it's very uniform
concentration, very forgiving cycle. It's very small molecule, so it penetrates nicely. Clear
visible color, so we're able to measure and monitor it with the UV-vis spectrophotometer.
So it's very tight process controls. Because we have tight process controls, we can do
parametric release very easily. Nonflammable at use concentrations, nonexplosive,
noncarcinogenic. We did testing with Johnson & Johnson, and they showed that it's a
potential endotoxin reduction, so it can actually do some improvements versus ethylene
oxide.
The challenges, some of the logistical challenges is we can't do the items in the
cardboard boxes, so the process would need to change. There's a perceived FDA reluctance
to approving 510(k)s utilizing chlorine dioxide. You know, we've talked to FDA people in the
past. They feel that because of the concentration monitoring, it would be a relatively easy
approval, I'll say. It's all relative. The companies are very nervous about it, especially the
bigger companies.
Infrastructure, you know, new chambers would need to be made, or some of the
ethylene oxide ones converted to chlorine dioxide. Scientific-wise, you know, we kind of go
with residual levels as what's safe for food. That probably needs to be changed a little bit
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

264

and a little more study has to be done as far as residuals for medical devices. Again, back
20 years ago at J&J, you couldn't measure any of the residuals out there. With the residual,
the measurement technology's changing. We're not quite sure how that's going to change.
Thank you very much for the opportunity.
DR. LEWIS: Thank you very much, Mr. Lorcheim.
We'll now hear from Dr. Joe McDonald from the Life Sciences Division of Cantel
Medical. He will discuss medical device sterilization using vaporized peracetic acid.
Dr. McDonald, please proceed when you're ready.
DR. McDONALD: Good morning, and thank you, Mr. Chairman and Panel, for the
opportunity to talk to you about vaporized chemical sterilization of medical devices.
Just one footnote before we get started. I am not a doctor, but my mother, God rest
her soul, would be very happy to see that in print. And I did bring a number of doctors with
me, so you don't have to worry. But, again, thank you very much for this opportunity. With
me, as I said, I've got people from our regulatory and specialists in that have deep
backgrounds in microbiology as well as low-temperature sterilization.
Just a little bit of context about who we are and why we're excited about this
technology. Cantel Medical, although it has several vertical business units, the common
denominator across all these business units is a strong focus on infection prevention in,
again, in these verticals. And that will be a good segue into the interest in the significant
investment we continue to make in this technology.
So it's interesting. We're classified as a novel technology as VPA, but in fact,
peracetic acid is an effective antimicrobial agent that has been used as a disinfectant in the
food and medical industry for decades. So the mode of action is really quite simple. It
disrupts the cell wall permeability, their denaturing and denaturing proteins.
The cycle parameters are similar to what you've seen in some of the previous
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presentations. We go through an evacuation phase to remove air from the chamber. We
inject the chemical based on a predetermined amount according to the validation protocols.
During that injection phase, we are able to maintain a vapor, and we come up to a hold or a
dwell time, again based on the specific product configuration. And because we 're able to
stay in a vapor phase, we have an ability to penetrate the primary packaging in an effective
way, therefore sterilizing the device. We then go through a post-injection phase, to remove
chemistry from the chamber, and then a series of ventilation procedures, going to a
filtration. And I'll talk about that on the next slide, about what those byproducts are,
post-cycle, utilizing VPA.
The breakdown, it's a pretty simple mechanism, and again, not unlike what you've
seen in some of the previous presentations. We have an injection system where we take a
liquid chemistry. We inject that chemistry into a chamber, under pressure. We monitor the
temperature and the humidity. And then during that post-ventilation phase, and this is
what is key, we have a filtration system that traps the sterilant, breaking it down into water,
carbon dioxide, and oxygen, so a very safe byproduct, which will lead me into why we see
this as a significant potential for in-house or in-line sterilization of complex combination
type devices.
Again, you've seen this slide several times, but due to the nature of the active
ingredients, it's approximately 5% PA, 22% H₂O₂, 63% -- if I'm doing my math right -- water,
and about 10% acetic acid. So that, coupled with our ability to operate at lower
temperatures, gives us a very wide and appealing profile for material compatibility.
The question comes up and about scaling as it relates to EO. Our focus, we believe
we can play, we will play a vital role in the sterilization of single-use medical devices. Our
focus at this point is, based on a significant amount of market research and customer
interventions, is that there is a need and a desire for a lot of major device companies to
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bring some of their sterilization where it makes sense, particularly with combination type
devices that are higher value, lower volume, that we can have an inline process offering for
these device companies to look at.
So, currently, our focus has been on these small, medium-size chambers, if you will,
that lend themselves to this inline process. We do feel comfortable, longer-term, and will
continue to work on the scaling of this technology, that our ability to stay in vapor phase
and monitor the key cycle parameters, that we can scale up to larger chambers. But just to
be clear, our focus now is in-line, in-house sterilization of these devices.
So I'm going to catch us up, I think, on time, and I know Sue Klacik is following me, is
going to be far more interesting probably. So just in closing, the reason as an organization
we have invested and will continue to invest significant amount of resources and fund ing is
we believe VPA is a safe and effective sterilant. We believe, as someone mentioned earlier,
the ease of site preparation internally lends itself for this in-line, in-house sterilization
process. We really just need electrical, compressed air, and venting systems.
I think it is important, which I should have mentioned earlier, because of this ability
to stay in vapor phase as long as we've been able to, we have no problem as it relates to
penetrating primary packaging, whether it's Tyvek or other packaging. However, we have
the same issue with the final packaging as some of our former colleagues have talked about,
and that is primarily the end packaging, meaning the cardboard, high-cellulosic type
material. So we would have a post step for final packaging.
The lower temperature profile again adds to what is very critical, and that is the
material compatibility. So I think it was Phil Cogdill's presentation yesterday, I thought it
was extraordinarily pertinent that, you know, we're very comfortable with the lethality and
our ability to sterilize. But the first question we get asked is material compatibility. So if
we're not compatible with the various materials, especially as innovation is occurring at the
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rate it is within the device industry, and we're seeing, you know, combination devices with
the device, a drug, a biologic, or both, and then we also feel very good about the ability to
sterilize electronics and batteries.
And this idea of shorter cycle times because of the lack of requirement for
preconditioning or aeration at the end of the cycle makes this a significant modality for use
in-house and for these, again, high-value, lower-volume type items.
So with that, I again want to thank you for this opportunity and look forward to the
questions afterward. Thank you.
DR. LEWIS: Thank you, Mr. McDonald.
We'll now hear from Ms. Sue Klacik from the International Association of Healthcare
Central Service Materiel Management. Ms. Klacik will discuss medical device sterilization in
a healthcare setting as opposed to industrial.
Ms. Klacik, would you please continue when you're ready?
MS. KLACIK: Hi. Thank you for this opportunity to address this esteemed Panel. And
as you said, I do represent the sterile processing professionals in health care facilities. So as
I prepared this presentation, I talked to a lot of my colleagues. Also, with my background,
I've been in sterile processing for well over 30 years. As a consultant, I've been in numerous
facilities. So with that, I'm going to bring some of my experience, along with information
from my colleagues. So I am going to talk about these, healthcare assuming the role of
industrial sterilization of ethylene oxide.
So in hospitals, we have two basic types of sterilizers: steam, which is predominantly
what we use, and we have low-temperature sterilizers. Some hospitals still use ethylene
oxide, while many other hospitals use either one or a combination of other low-tech
sterilization modalities. And we've talked about some of those today, you know, the
hydrogen peroxides predominantly, in different phases, whether it's vapor or plasma.
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But some of the major differences between healthcare and industrial sterilization is
that industrial sterilization preconditions their loads for days, in environmentally controlled
rooms. We do not. Our cycle's different. Our cycles are different than industrial in that we
don't have the pressure, and so when we package our items and load them on the shelves,
we have different loading parameters.
Our aeration differs. Manufacturers utilize a standard load configuration; we don't.
In sterile processing, we really don't know what we're going to be sterilizing every day.
Industrial loads are scheduled, and ours are not.
Also, in healthcare facilities, we have to follow the healthcare manufacturers'
instructions for use. So some of these disposable items, single-use items, currently we do
not process them at all. There are no IFUs for processing those devices, so that is a
challenge.
So this is just a picture showing a typical healthcare EO sterilizer compared to
industrial. There's a huge difference. So, again, our load configurations are different. We
don't have standard load configurations. We do not have the assembly type of production.
It's, when the items come, we process them on like an assembly line. Everything is done
individually. We don't have the real ability to schedule loads. When the items come in,
that's when we have to process them. And, again, our sterilization parameters do differ
from industrial sterilizers.
One issue with ethylene oxide in healthcare facilities is obviously the occupational
exposure to EO. Facilities that use EO monitor the EO, and we have to keep the records for
30 years after the employment of the employee, after they leave.
The other sterilization modalities also have employee exposure limits. As these
modalities are added to hospitals, we do a risk assessment. If we need to add more
sterilizers, which bringing medical devices into healthcare facilities, we would have to add
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more sterilizers, whether it's EtO or some of these other low-temperature sterilization
modalities. That being the case, we would have to do a risk assessment and, you know,
possibly start monitoring the area for environmental considerations.
Also, packaging. In industrial packaging, it's done automatically. In the hospitals, we
have to package everything manually. We have to put the item in the package. We have to
put the chemical indicator in the package, and we have to seal the package. In the
healthcare facilities, we have to again do everything one at a time. And in a sterile
processing facility, if you've never been there, there's a lot of frequent interruptions. The
phone's ringing, the machines are going, we're processing instruments.
So this here's a picture of how we package items for ethylene oxide. As you see,
there's plenty of room there because we need the sterilant to circulate. Again, the
pressures differ, so that being the case, we have to load our sterilizers in a different
manner. That's going to affect our loading parameters because we can't load cases into a
sterilizer. We need adequate room for the circulation of the sterilant throughout the cycle.
Our process monitors, we use the physical, chemical, and biological monitor, so
again we're going to have to put in indicators into each and every package. So let me talk a
little bit about the effects of the addition of the volume in a hospital.
In hospitals, we have a lot of space challenges, especially in sterile processing. To do
this, to bring the items into the hospitals, we would need additional space for the
sterilizers, additional space for the preparation of these items, additional space for the
inventory holding. We would have to do load quarantining to quarantine the load before
the biological, so we get the biological result. Many of our older facilities are unable to
accommodate the space needed. In some places, they're using repurposed rooms.
Also, very important to note is that in many hospitals, sterile processing is located
either adjacent to or in surgery. That's really the best way to have the logistics because we
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process a majority of our items for surgery. But it's important to note, not everything we
do is for surgery. We also process items for delivery, labor and delivery, the emergency
room, cardiovascular, the nursing units. We process items for the entire hospital, not just
surgery. So being adjacent to surgery or within surgery, once again, we're landlocked.
There's just no place to put additional sterilizers.
We also have the capacity issue. I'm sorry this slide isn't with a lot of good contrast,
but we have to load the sterilizers according to the manufacturer's instructions. Again,
that's a sterilizer. A lot of them have weight limitations, and their chambers are much,
much smaller than the industrial sterilizer. So that may necessitate somebody to be
sterilizing all day, you know, putting loads in and out all day.
If we're going to be using ethylene oxide, many facilities have removed ethylene
oxide, and to bring it back in, it's going to result in infrastructure changes in that we need
dedicated exhaust. Our ventilation rates have to be monitored, and we document that. We
would need ventilation systems alarms, a separate room. So, again, think about it. We're
already landlocked. We have a small area, and now we're going to need a whole separate
room just for an ethylene oxide sterilizer. And quite frankly, it would probably be more
than one ethylene oxide sterilizer. We would have to perform environmental monitoring,
and many other jurisdictions require engineering controls to reduce the admissions.
The transportation in and out of the department is an issue. As I said earlier, we are
located adjacent to or in surgery, so it is an issue, taking these supplies in and out of an area
that transports patients constantly throughout the day. It is a patient satisfaction issue, and
more importantly that increased traffic, in and out an area that's adjacent to or in surgery,
that is an infection prevention issue. We try to keep the traffic in the surgical area to a
minimum, so that the increased volume would certainly be an issue. We would need more
transport vehicles, so that's another added cost, and some documentation.
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The other question that's come up is that if there is a medical device failure of a
product, a single-use product that we sterilized in our facility, who is responsible for that
failure? And then if there's a manufacturer recall, how would we perform the recall?
Because we may not have that information. Currently on disposable single-use items, the
information is on the package. So that's something else that we need to consider. How
would a hospital do that? How would we put that information on every single package?
And we're not sure how UDI will fit into this change, if it was to occur.
Some of our other challenges, we have staffing. The hospitals would have to obtain
additional funds to hire more techs, because this is certainly an addition to our workload.
The competency levels of the staff, in the CS we have experts all the way down to entry
level. The job is high-stress, and many times it's low wages unfortunately.
So this is a range of the services that are supported by a sterile processing
department. As you can see, we have surgery, and we have many subheads under surgery.
We have neuro, cardio, orthopedic, vascular. We do a range of products for them. We also
do supplies for every department in the hospital, so that's all that more ingress/egress
coming in and out of the department.
But even more importantly, I'm giving you a look into the sterile processing area,
especially for human factors reasonings. You can see, being a sterile processing tech, you
have to be competent in all areas. There's a wide range of departments we're processing
for as well as a wide range of medical devices. And so as a sterile processing tech, we have
to be up on all of the instructions for use and education and training.
So this gives you an idea of some of the products that we process. We process
implants, scopes, diagnostic instrumentation, robotics, cameras, general instrumentation,
loaners. It's really not an easy job. There's a lot of products that we process in a sterile
processing department. The devices, as you know, are becoming more and more complex
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to process in a sterile processing department. And so we have looked, as an industry, how
can we reduce some of the errors? Because as time goes on, devices have become more
and more complex.
And so for human factors, we looked at ways to reduce some of the non-technical
items that we process. And some other human factors issues are, in our department, it is
very noisy. We have constant interruptions. Ergonomics is an issue becau se we do
repeated actions. So imagine now we're going to manually have repeated actions of
packaging all these products. And there is typically not enough space in a sterile processing
department. I've been in many of them. Some departments I've been in have had
adequate space. Typically, they're not adjacent to surgery. There are some, not too many.
But most of us simply do not have adequate space now, and for us to start processing
additional items would really be a burden, and I don't see how we could handle that.
My colleagues also say the same, that they don't see how we could handle the
additional processing of all these medical supplies, especially since many of us don 't have
adequate staffing levels as it is. And to process all these other items, we don't know that
we would even get adequate staff.
Another big difference between us and industry is that we have uncontrolled inputs
and high-demand outputs, especially a Level I trauma. And so if we don't have enough staff
now, and we don't have enough space, it's really going to place more burden on the sterile
processing department because we're going to have to wonder, what do we do first?
Where is our priority?
So some of the strategies that we have had, to improve the human factors in ste rile
processing, is to remove some of the non-complex tasks, yes, the inventory tasks. As you
heard yesterday, a lot of the packs that they make now, the custom packs, in sterile
processing, we've encouraged that because that is just one less task for us to do. It's taking
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

273

a non-complex task off of our table so that we could focus our time more on the complex
tasks.
And yesterday we talked a lot about the packs and how to better configure them.
And in surgery, you know, minutes and seconds count. And some of those packs are
developed exactly how they use them in surgery. And they open them according to the
needs of the products. And when you're in a trauma situation, seconds count. So, you
know, thinking we could take a product out of that pack and put it somewhere else, it's
really not feasible. Surgery needs everything in those packs and opened exactly as they
have them set up.
There are committees that look at the packs because we're very, very cost conscious.
And so if there's something in the packs that surgery isn't using, the committees will look at
that and pull it out. The packs are reviewed on a routine basis. A lot of the other routine
items that we used to process, the basins, so it seems so simple, but in many sterile
processing departments, those are now disposable. And the reason is that frees up time for
us to focus on the complex tasks at hand. There's just not enough time in the day, and we
have found everything we can possibly do to focus our time on complex tasks.
Our profession is changing, and so it is becoming more complex, and that's what we
need to focus on. So having us go and now process disposable items, that's going to be a
step back, a major step back. Currently, we are focusing on the more complex devices. And
we are continually looking at what we process now to see what we can also put into as
disposable items.
So some additional healthcare costs: We're all cost conscious and having disposable
items processed in a hospital will certainly add to the costs. We'll need new sterilizers,
process monitoring, environmental monitoring, more staff training, cost to revalidate the
supplies if they're currently undergoing ethylene oxide and we're going to be processing
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them. There will be an increased cost in that, and I'm sure that'll be passed on to the
hospital. The transport within the hospital, the labor and the sterilant , there's an awful lot
of expenses to bringing these products into the hospital to process.
And so at this time, we have more questions than answers. And, again, I would like
to emphasize that when I was asked to make this presentation, I was very honored that you
reached out to IAHCSMM and I was the one selected to make the presentation. But I did
reach out to a lot of my colleagues and asked them what this impact would have on them.
And so we have more questions than answers, and one of them is how -- again, how would
we track UDI? How would we track medical devices that are being recalled from the
manufacturers?
What about hospitals that don't have enough space for sterilizers or the funds for
them? How will healthcare facilities fund the new increases of the cost of daily operations?
What will other sterile processing activities be impacted by this? How will healthcare
facilities manage internal logistics, especially when we're talking about, you know, taking
supplies past patients as they ingress and egress through surgery, when we are located
either adjacent or to surgery?
Again, that's really a big concern; it would be in many facilities. Our patients are at
the heart of all that we do. And, again, it would be a patient satisfaction issue to see
supplies coming and going. And, also, it could be an infection prevention issue because we
need to keep that traffic down.
We have more questions. What will be the cost to revalidate all of the medical
supplies? How will healthcare facilities fund the increase in daily operations? How will
other operations be impacted? If additional low-temperature sterilizers are added, will
there be admissions added at the hospital? Will that have an effect? Again, who's going to
be responsible for a medical device failure? And how will we do recalls on medical devices?
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How will other healthcare facilities manage the internal logistics of moving the supplies
throughout the hospital, especially not to interfere, once again, with patient transport?
And so with that, I think I've given you a nice broad view of how bringing disposable
single-use patients [sic], to sterilize them inside the sterile processing department would
affect the healthcare facilities. And I thank you for your time.
DR. LEWIS: Thank you very much, Ms. Klacik.
Could we ask now the five presenters from this morning to come to the front table
so that we can have a period of Q&A from the Panel? We have the opportunity for
clarifying questions for about 20 minutes. And I would ask the Panel to please prepare their
questions.
Let me begin by directing a question to Mr. McDonald. In your presentation
regarding peracetic acid, it sounded like it has a number of attractive possibilities. But you
also indicated that the current use has been almost entirely for small-volume, smallchamber in-house utilization rather than anything industrial. It wasn't totally clear to me
from the presentation what the principal drawbacks are with peracetic acid which has
prevented its wider utilization or what the problems would be with scaling it up for
industrial use. In some ways, it seems to have a number of desirable properties but
obviously has not yet achieved that.
So could you summarize for us what the principal causes are, in your view, of the
current failure to achieve wider usage or industrial usage, or if an attempt were made to do
that, what the major obstacles would be?
DR. McDONALD: Okay. Thank you for the question. I think it's not a failure to scale
up as much as a strategy to look at how we can mitigate the overall problem based on,
again, on market feedback that we've received, for desire to control the supply chain by a
lot of major medical device companies, which would mean, in turn, a desire to bring that
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process in-house as opposed to sending it out for contract sterilization.
And because the technology lends itself to an in-house, in-line process, that's been
our, call it our strategic focus more than the science piece of that. We are optimistic that
we can scale this, but it's a matter of, you know, what we do effectively and how we do it
and what timeline.
DR. LEWIS: What sort of time frame or what sort of resource availability would be
required to scale it up to industrial capacity? Because at present, I gather the industrial
usage is close to zero.
DR. McDONALD: Yes. That is a difficult question, and the reason it's difficult is, in
addition to the science aspect and the work that would be required to do that, it's like
anyone getting enough funding to expand the whole scope. We see an incredible and a
sizable market for inline processing. And, again, that's based on empirical data from
external consultants as well as our own engagements with these major device companies.
So it's not a matter of whether we can, which, you know, I would be remiss to say,
absolutely we can scale to a 24-pallet type unit. I do think we've shown the ability to scale.
And I think there's a point that I believe David made. Because of the shorter cycle times,
you know, it's not necessarily scaling to a 24-pallet type unit. It may be two 12-pallet units
or something like that.
I know I'm not answering your question because I don't have an answer as to what
point in time we would have a 12 or 24-pallet unit that we would engage in contract
sterilization as opposed to in-house sterilization.
DR. LEWIS: Thank you.
I'd like to direct a question to all four of you who've presented -- just one moment -who described all four of the agents which you're essentially proposing.
And, Dr. Opie, you spoke about the current capacity of nitrogen dioxide as being
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7,500 pallets per year, which you mentioned was miniscule. But for the information o f the
Panel, what is the denominator for that equation, in terms of how many pallets per year are
currently needed for EtO sterilization?
DR. OPIE: I don't really know the denominator for the current capacity of EtO.
DR. LEWIS: Well, does it have six digits, six zeros or nine zeros?
DR. OPIE: Well, really close to seven zeros for the number of pallets. I think that
about -DR. KRAUSE: Could you please use the microphone?
DR. OPIE: Oh, I'm sorry. I think the capacity for ethylene oxide, there will be
someone here that has a better handle on that number. I don't. But I think it's going to be
millions of -- a million pallets, or a trillion pallets.
DR. LEWIS: Would the number -- could anyone from the FDA or industry inform us?
That is a hundred million pallets per year? What sort of volume are we talking about?
MR. COGDILL: Companies don't share that information, but we believe the number
of pallets worldwide for the large medical device sterilizers is about 3½ million pallets per
year, in ethylene oxide.
DR. LEWIS: Three and a half million?
MR. COGDILL: Yes.
DR. LEWIS: And in the United States?
MR. COGDILL: A million.
DR. LEWIS: Okay. So the question then to the four individuals who presented
regarding specific agents, what sort of time frame, under the most optimistic
circumstances, if your method were considered as a potential replacement, in part, for EtO,
what sort of timeline would you say is necessary to achieve even a quarter of that volume
of a million pallets per year, in terms of sterilization? What time -- are we looking at 1 year,
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5 years, whatever? Can you just give us a ballpark of what you think might be necessary for
the infrastructure to be developed, ignoring costs and other factors?
DR. OPIE: I think the guess would be 10 years, at least.
DR. McDONALD: Yeah, I would also agree that that's a realistic time frame.
DR. LEWIS: So as a replacement for EtO, we're not talking about realistic solutions in
a 1- or 2-year period?
DR. LORCHEIM: Not for eliminating completely. I mean, we could -- I mean,
technically, we could convert a 6-pallet, a 12-pallet sterilizer in weeks from EtO from
chlorine dioxide, but the huge magnitude of the number of sterilizers, the regulatory
constraints, the large company attitude of not wanting change, I mean, that is 10 years.
DR. LEWIS: Yeah, well, that's what -- I'm trying to just get at some sort of a ballpark
here of what we're talking about so that people have an understanding of what the
alternatives might be.
DR. LORCHEIM: Yeah.
DR. LEWIS: So that the overall answer then is large, single-digit years in terms of
substantial replacement. Okay. Other questions?
Yes, Ms. Pekar.
MS. PEKAR: Yes. I just had a follow-up question for Dr. McDonald.
And I may have misunderstood. Well, you're a Ph.D., aren't you? So, for the
vaporized peracetic acid, I thought it was compatible with cellulose. So can you go through
cardboard boxes or not?
DR. McDONALD: No. We have a problem with the cellulosic material like the
cardboard box. So we would require a post-packaging process.
MS. PEKAR: So that seems to be true of all of the technologies we've just talked
about, so it would require a fundamental change in how things are packaged and when
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they're packaged, which would promote more inline sterilization.
DR. McDONALD: That's correct. It could be part of our strategy too, with the -DR. LEWIS: Dr. Tung.
DR. TUNG: A question for Dr. Opie.
As a critical care doc, I think of nitrogen dioxide as a biproduct of nitric oxide, which I
use all the time, because it's a toxin that combines with water, produces acid. And I think
it's an ingredient in acid rain. Can you describe how the nitrogen dioxide leaves the
sterilization facility and what the environmental impact would be if you were to run a
Sterigenics-size factory with nitrogen dioxide as the sterilant?
DR. OPIE: Sure. Nitrogen dioxide does combine with water to make nitric acid. And
in our sterilization process, we use a limited amount of humidity only to promote the
reactions that I described. After the process is over, we have a scrubber, and it 's a solid
media scrubber that's made of either potassium permanganate or sodium permanganate,
and that absorbs all of the NO₂ that leaves the chamber, so that in the exhaust stream,
there's miniscule amounts of NO₂ available to go downstream or environmental fate
considerations that would be thought of by the EPA.
One of the things that we have to include in our sterilizers when we install them,
California South Coast Air Quality Management Board, California EPA, New Jersey, they 've
all required that the exhaust streams we have include detectors. And we do include
detectors to show that the exhaust stream contains less than 1 ppm of NO₂. So for normal
use, the amount of NO₂ released to the environment is small. It's on the order of -- well, it's
less than you would get out of a car. Certainly it's less than a truck or a bus.
DR. SULLY: Hi. This is Dr. Sully. I have a similar question, actually, for Dr. Dufresne,
regarding the H₂O₂ hydrogen peroxide.
So I may have missed it during your lecture. I understand that there's very minimal
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to no occupational hazard for the workers after the device is processed, but during the
process itself or like immediately after, is there any occupational or environmental
considerations for the waste?
DR. DUFRESNE: During the process itself, since it's under vacuum, if you have a leak,
it's air that's going to be getting inside the chamber, so you don't really expose anyone to
hydrogen peroxide during a process. After the process, all hydrogen peroxide
manufacturers have catalysts that will destroy the hydrogen peroxide during the
ventilation. And the level that is going out of the exhaust is lower than the limits.
For sure, there are some, depending on the ventilation process of each company,
because right now I'm not talking about a specific company; it's all of them. They verify that
the level of exposure of a load coming out of a sterilizer is not going to have hydrogen
peroxide higher than the occupational health level. I don't remember exactly what is the
level in ppm, but it's safe. Usually in a hospital, you can have a monitor, things like that to
verify, but if the sterilizer works well, like following exactly how it's supposed to work, there
is no issue.
DR. LEWIS: Thank you all for your very clear and complete presentations.
Appreciate that. Assuming a manufacturer has gone through the effort of doing whatever
alterations they need to their packaging to make it suitable for your process, whatever it
may be, I'm not exactly sure how to word the question, but if you were to replace an EtO
sterilized device -- maybe I could ask it this way. Would your process be less expensive, the
same expense, or more expensive than the EtO process that you're going to replace?
DR. LORCHEIM: For chlorine dioxide, it would probably be equal or less expensive.
DR. OPIE: For nitrogen dioxide, it will be similar expense.
DR. McDONALD: I think the question is very complex, because it depends how you
calculate the cost with, you know, abatement systems and preconditioning and aeration,
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and then even looking at net working capital, if you look at quick turnover versus, you
know, long travel distances and stuff. So the cost per device, I would say, is equal to EO.
DR. LEWIS: Dr. Dufresne, do you want to answer that?
DR. DUFRESNE: Well, I cannot answer for hydrogen peroxide manufacturers, so I
think it would depend on the company because some of them are more advanced than
other. They already have industrial size sterilizer, and they are already out there. So I think
that would be more appropriate for them to answer that one.
DR. LEWIS: Okay. Yes, Dr. Saubolle.
DR. SAUBOLLE: This is for the healthcare side. Your sterilizers aren't as big. You
don't need the volume that we're talking about as far as the other side is concerned. What
would it take to get healthcare to move away from ethylene oxide over the next, whatever,
couple of years or, you know, as a change of sterilizers? Or given the worst case scenario,
what would happen if ethylene oxide was taken away, period, by say the end of next year?
MS. KLACIK: Are you referring to ethylene oxide strictly in the healthcare facilities?
That is, could some hospitals still use ethylene oxide, especially for sterilizing the
duodenoscopes? Are you referring to removing those?
DR. SAUBOLLE: Well, I think we're talking about -- you've got a lot of -- you're still
using a lot of ethylene oxide, right? And there are new mechanisms now, it seems like, that
are still already out there, which you can replace ethylene oxide, from your standpoint,
because you don't have the -- you don't need the pallets that they're talking about. Could
you start moving away from ethylene oxide, or is there something about that that you just
can't get away from? Say that you have the financial support from grants or whatever.
MS. KLACIK: Well, all the medical devices would have to undergo validation for the
sterilization modality that the facilities have. Our chambers are very small, compared to
industrial. We do use a lot of products in the hospitals. Some of my slides that I showed
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show some of the inventory areas. I came from a 300-bed hospital, and we just -- gosh, the
volume of supplies that would come in and out daily was phenomenal.
The chamber sizes are smaller. Our loading practices are smaller. I just couldn 't
imagine how we could process those devices. And, again, they would all need to be
revalidated to our sterilization modalities, and not all hospitals have the same. There 's
different types of hydrogen peroxide sterilizers available on the market. But for the specific
sterilizer that I have, I would need sterilization mode validation.
DR. SAUBOLLE: And what would happen if like -- I don't know if you were here
yesterday for the discussion. If ethylene oxide was taken away, period, what effect would
that have on your sterilization capacities?
MS. KLACIK: Oh, that would be critical. First of all, I don't know if we could sterilize
the devices in my sterilizers. Again, it's a materials compatibility issue. And we also are
concerned about the space because I would have to get many, many more sterilizers,
because our chambers are smaller, and our loading practices differ far differently than
industrial. You hear about them sterilizing in cases. Well, we don't. When we sterilize, we
have to make sure that we have adequate room for circulation of the sterilant to each and
every product.
It would have a major impact in a healthcare facility. I don't see -- and, again, I
talked to many colleagues how that would function in a hospital, to sterilize these products
in a hospital. It, at this point in time, is simply not doable. We don't have the space for the
sterilizers and the money. Many hospitals, I don't know that they would hire people to do
that job.
DR. SAUBOLLE: One of the discussions yesterday also, I think Teresa Wells brought it
up, would you be willing to go through and see how many of your products or your
materials that you're sterilizing now really need ethylene oxide sterilization? Could you do
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something else? I think you might want to jump in on this.
MS. WELLS: So I do have to agree with -- what I believe you're trying to ask is, for
reusable medical equipment within a facility, if EtO was to be told today, no longer, you
can't use it, the products that you're sterilizing in there right now, what would be your
alternative, and are there alternatives? Let me do a little caveat with that. VA has been
working on this since 2005. We are 80% free of EtO. We have 20% left right now, and out
of that 20%, I have roughly around 2 to 5 that use it on a daily basis and never fill up the
chamber.
So we were very aggressive in what we purchased and ensuring that what went into
EtO absolutely has to go into EtO. Now, I did hear you mention duodenoscopes, and if we
went to that, that is a requirement. At this point, there is no other sterilization process for
that. But other than that, that's the only thing that I can think of that absolutely can't be
moved out, from my point of view. I don't know about your point of view.
MS. KLACIK: And you're right. What you see is what we see nationally. It is
gradually leaving EtO to other sterilization modalities. But before a facility switches, they
have to make sure that the IFUs clearly states that that product can undergo that, use that
sterilization modality. So the products all need to go through a validation process.
MS. WELLS: And I'm pretty sure we're all -- our groups use pretty much the same
stuff. And, you know, once again, I assure you, just about 80% of the RME or more, I would
even say it's 95%, have that second modality for reusable, critical. I want to make sure
we're talking critical. I'm not talking about gauze or, you know -MS. KLACIK: Right.
MS. WELLS: -- any of that. I'm talking critical RME. We have really not found too
many items that don't -- and the items that we're still hanging on to are favorite items. I'll
just be honest.
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MS. KLACIK: Yeah. Over the years, we've seen a dramatic shift from items that could
only undergo ethylene oxide sterilization. Validation studies have shown that the produc ts
could undergo other sterilization modalities. And so many facilities have done that. They
have transitioned away from ethylene oxide to the other low-temp sterilization modalities.
DR. SCHWARTZ: This is Suzanne Schwartz from FDA. I would just, do want to refocus
us, if this discussion is really on terminal sterilization of medical devices and not reusables,
in terms of what we're talking about the scope of ethylene oxide. Because I think that
we're going down a path here that is a bit confusing. So if we could just be thinking within
the mindset of terminal sterilization of single-use devices.
DR. LEWIS: Ms. Klacik, I have a slightly different question I'd like to pose to you,
other than the one Dr. Saubolle just did in regard to the loss of ethylene oxide. That is, you
didn't explicitly address this, but I think it was implicit in your discussion, that if the capacity
of industrial sterilization were significantly reduced, what would the capacity of hospitals be
to assume in-house sterilization for those products? And my synthesis of what you said is
that it would virtually impossible to have major increases in the in-house replacement of
industrial sterilization. Can you confirm that or explain to us -MS. KLACIK: I can confirm that. Absolutely.
DR. LEWIS: Okay. Thank you.
MS. KLACIK: And, again, that is talking to many of my colleagues and my experience
as a consultant going through hospital facilities. We don't have the space. The logistics in
the hospital are very difficult. We need to focus on patient transport. So, again, we don't
have the space. We don't have the labor to do it either.
DR. LEWIS: Okay, thank you.
Dr. Burr.
DR. BURR: Yeah, thanks. My question is sort of for everyone. Everyone's focusing
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

285

on the sterilant, but I was thinking a little bit about the chambers. So that's the capital
investment. The sterilant is simply an input to use that capital investment. So how
adaptable are existing chamber systems to the use of a new agent? Or do they simply have
to be completely replaced, which would be a major barrier, I would think, to transition to
something other than ethylene oxide. Are they retrofittable for other agents?
DR. LORCHEIM: For chlorine dioxide, we don't make our own chambers. We just
buy standard steam autoclaves or ethylene oxide chambers and convert them. So they're
very easily convertible to chlorine dioxide.
DR. DUFRESNE: What I can say for hydrogen peroxide is that the chamber itself,
they're made of the same material. The issue is more the scale-up of how you inject the
sterilant. For some of the sterilant, they're in gas, but for vapor, the way you inject, the
way you make sure your sterilant can reach all surfaces in the middle of a really big
chamber, there's probably some process that would need to be adapted. I think that's the
-- we're talking about the sterilant because that's the difference. The way the sterilant
reaches the material to be sterilized, it's not the same principle for all the processes. So it's
not like you can just change a sterilant and inject. Some processes, probably, but some
others, you need to adapt.
DR. LEWIS: Any -DR. OPIE: With the nitrogen dioxide process, retrofitting is not always possible. If
you think of a steam autoclave, quite often the piping inside a steam autoclave has it's
called rouging, or the inside of an autoclave will get a little rust on it. And when you have
those types of surface reactions, you have other chemical reactions that can happen when
you put a different sterilant in. So we don't look to retrofit sterilizers. We use pretty much
off-the-shelf autoclaves and large sterilizers that are made by manufacturers. We don 't
make chambers ourselves. We go to companies and have them build the chambers, and we
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make just a few modifications to facilitate the use of the NO₂. But a lot of the features of a
steam autoclave, the jacket, we use the jacket for the temperature control of the chamber,
etc. And so we reuse a lot of the features on those chambers so we don't have to
completely redesign, but retrofitting is not often a good solution.
DR. LEWIS: I regret that we're out of time. We have to terminate this discussion.
We'll now take a break and reconvene at 10:30 precisely. Thank you all for your
presentations.
(Off the record at 10:16 a.m.)
(On the record at 10:30 a.m.)
DR. LEWIS: Could we have the presenter from the FDA please come to the podium
and begin to present your questions?
The Panel will now reconvene, and we will endeavor, over the next hour, to respond
to the four questions which the FDA wishes to place to us today.
Would you like to begin? No?
Dr. Schwartz, can you have the FDA present the questions.
DR. SCHWARTZ: Yes. Hold on. Dr. Ortega is going to step up and read our
questions.
DR. LEWIS: Thank you.
DR. ORTEGA: FDA's first question for the Panel this afternoon is: Are there
alternative sterilization methods being developed that can take the place of EtO
sterilization processes with respect to scalability and material compatibility? And i f so, can
the Panel provide a discussion of the path forward for these modalities? And if not, what
are the barriers and challenges preventing large-scale industrial utilization of these
modalities?
DR. LEWIS: Mr. Socola.
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MR. SOCOLA: Gary Socola, HIGHPOWER Labs.
Yesterday Mr. Dugard gave us a little glimpse of what a traditional sterilization
process was, and EtO is a traditional sterilization process. We have an American National
Standard, I believe it's ST24 on how we manufacture the sterilizer. We have a biological
indicator standard, ISO 11138, on how we make the BIs, what the resistance has to be. We
have a chemical indicator guidance document. These alternative sterilization methods that
we list them today, there's no national standard on how to make that sterilization process.
Hydrogen peroxide has been cleared since about 1996. It's 2019, and we're just now
working on that sterilizer guidance document. So as a device manufacturer, I'm thinking to
myself, I've got 50 years of established information on a traditional process. I've got a
standard on that sterilizer, a standard on the BI, a standard on the CI, packaging
information. And now I have to move to a non-traditional process that maybe can't keep up
with my needs, and I'm really putting myself at risk if a nonsterile item gets into a patient,
there's an infection, and I go to court.
How do I defend that, when there's no national standard on how to make that
sterilizer, the BIs, what the performance they need to be are? How do I, as a manufacturer,
make that change when that simple infrastructure on a national level for standards isn 't
there?
So I'm glad that the Panel had mentioned, you know, 10 years, because I've been
thinking if we are going to get rid of EtO, it is a decade or more, 10 to 20 years, because
there's all these background things that need to take place. These standards need to be
developed. You know, the biocompatibility testing, a shelf life test -- some of these singleuse devices have a 5-year shelf life test. Guess what. If you file for a 510(k) from the FDA,
they're not taking accelerated shelf life data. Somebody has to have that device sit around
and be monitored for 5 years. They need real-time shelf life data.
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So it's just, this is a long process, and I think that we're forgetting, there's all kinds of
avenues to replace EtO, but the infrastructure, the service to support the standards, they 're
not there currently. Thank you.
DR. LEWIS: Yes.
DR. MYERS: Sandra Myers.
I'm just curious if the alternative methods, the facilities would have the same issues
as EtO does with being in those communities.
DR. LEWIS: Yes. Sure. Dr. Kim.
DR. KIM: And, you know, a very good point about the 10 years, even if we started
now, but there's also the material compatibility. And I think, you know, it became very
clear with the different modalities that were discussed today, that the critical aspect is they
can't penetrate the cardboard. And so this really, we're looking at a complete change in the
paradigm of how we sterilize things and moving them towards the manufacturing side and
incorporating it and then packaging them afterwards.
And so we're essentially moving this from a third-party sterilizing source to moving it
towards the manufacturer. And if that's the path, then that needs to be seriously
considered at this time.
DR. LEWIS: Dr. Li.
DR. LI: It seems like there's two parts of this. It seems like the major onus on
switching sterilization method is really on the manufacturer of the device because they
have to have some reason to change. And there doesn't seem to be a technical reason for
most of these people that are using EtO to change, but there might perhaps be a legislative
or a non-technical reason to change. So they're basically going to make a -- have to do a
technical problem that they don't really have. But in doing that, they create their own
technical problem of how do you replace not just a sterilization method, but as Dr. Kim
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mentioned, you're likely to have to change the packaging, have to change -- you might have
to, if you have a device that's got multiple materials in it, you might have to break them up
into separate boxes and send them off to different sterilizations.
It's not really so matter of even, I'm going to take this box here and put it in this
chamber and hope it works. It's likely that you're going to have to make a whole myriad of
changes. Because, remember, these people picked EtO for a reason, and everything was
designed around using EtO. They might even have to redesign their product to make it fit
an existing sterilization method.
So the question, hypothetically, is are there alternative sterilization methods? The
answer would be yes. The practical answer is I really have no idea what that would be at
this point or how long it could take. But the path forward would be driven, I think the
inspiration for the companies would be driven by why they're doing this. You know, are
they doing it for some technical reasons, which doesn't seem to exist, or are they forced to
be changed because they're basically having the ethylene oxide process just taken from
them? And so they have to scramble around and do something to get their product on the
market, but as it's been said, it's going to take years to do that.
And I think, I'll just throw it in now, maybe it's a little out of place, I think it would be
a mistake in that process for the FDA to lower their standards or lower their requirements
for sterility acceptance and that because of the extreme need. I think that would be a
mistake that could be double on top of the mistake because you don't, in this process of
hurrying to get to a new process, want to create a problem that doesn't currently exist.
DR. LEWIS: Dr. Burr.
DR. BURR: Quick question. This is about validation. I mean, part of any process of
replacing EtO with one of the other technologies involves validation. And it occurred to me
that the current standards that are applied have an arbitrary quality, 10¯⁶, 10¯⁵, I see round
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numbers like that, somebody's done something arbitrary. Is there any in vivo component to
validation? In other words, you know, out of a hundred devices, you have shown the
occurrence of an infection in a test animal, for example, similar to clinical trials? I'm just
curious.
DR. LEWIS: Dr. Krause.
DR. KRAUSE: This is Dave Krause.
Is that a question for the FDA?
DR. BURR: Well, it's an information question. Right. I don't know the answer, and I
think it's important.
DR. KRAUSE: Stephen?
We have some experts who can talk about validation.
MR. ELLIOTT: Hi. Steve Elliott.
From the perspective of how that would be handled, a clinical trial probably
wouldn't work in an effective way for that, simply because you'd be looking at essentially
disease pathology regarding infections, which might vary on any number of procedures.
Really, you're looking at an absence of any sort of microbial contamination with a
sterilization process. You want that device to be free of viable microorganisms. And since
that's a theoretical concept that can really be no way confirmed, a percentage-based
approach is done to reach that, and that's where the sterility assurance level calculations
come from. Essentially -DR. BURR: I misspoke, I think, when I used the term "clinical trial." I'm thinking that
maybe some of the junior members of the mammalian group on our planet might volunteer
to participate, if you know what I mean.
MR. ELLIOTT: Okay. And I mean, again, with that, I think there's always a concern
that you're getting away from what the sterilization process has specifically done, because
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with any sort of infection, there's obviously a potential contamination from a nonsterile
device as well as something that's created from the practice.
DR. BURR: Yeah, okay. All right. Just an information question. Thank you.
MR. ELLIOTT: Okay.
DR. LEWIS: Ms. Wells.
MS. WELLS: So I know yesterday we were provided with information, I believe it was
from Medline, that they were down to a 99%, and that they couldn't measure how much.
They said that they didn't have a way to measure it.
MR. SOCOLA: Too low to detect.
MS. WELLS: Yeah, too low to detect. Would that not be a solution at this time, if we
can get all of our EtO, with that same science for filtering it out, to be in that too low to
detect, is it now safe for use?
DR. LEWIS: Dr. Krause, is anyone available from the FDA to answer that?
DR. KRAUSE: So for this question, we're not really looking to go back and talk about
ethylene oxide. We're looking to discuss this matter. I thought some of the comments
made addressed the second part, you know, what are the barriers. I think there were some
good points. There's no standards. You know, there's no standardized way of determining
effectiveness, things like that. So I think we've kind of done that. So I'd like the Panel to
think about, you know, how do you overcome the first part, which is can the Panel provide
a discussion of the path forward for these modalities?
So, again, you know, we're talking in terms of making a recommendation to the FDA.
The recommendation might be, find a way to move products from the novel category to the
B category, or move products from the B category to the A category. How might that be
accomplished? Develop standards. FDA sits on all these standard committees. We could
push for those. It's always easier for the FDA to initiate these types of procedures if we
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have a recommendation from a Panel that we can point to.
And so that's an important thing. I mean, if FDA says, well, you know, we think
things will be better if we do X, somebody along the line might say, well, you know, you
think that's better, but then again it may not be better. You know, did you take it to a
Panel? Did you ask a Panel of experts? So that's why we're here. You're a Panel of experts.
So if you say, we think it's a really good idea to do X, then FDA can say, well, you know, in
the Panel transcript, the Panel recommended X. And that carries a lot more weight th an
just FDA walking up somewhere and saying, you know, do X.
So that's what we're looking for here. And I think it's very nice that you've pointed
out some of the barriers, and we agree, those are barriers. And we're happy to know that
you agree with us because we also believe those are barriers. But we would like
recommendations as to, okay, in light of these barriers, how can we, you know, kind of
grease the skids for the path forward? What would be things that you would recommend to
us that we partake in to help the path forward become easier?
DR. LEWIS: Dr. Krause, if I might, in response to your question, recapitulate that
yesterday we talked about the possibility of reducing standard levels, for example, from
10¯⁶ to a lower level for certain processes. So I think that's one point that has already been
made that we don't need to reiterate here since that was discussed yesterday.
In terms of the path forward today, I think in synthesizing what we've heard this
morning, it would impress me that the modalities that have been discussed have significant
promise but are principally useful at the present time in niche categories. And each of them
has certain drawbacks, both technical and otherwise in their utilization, and as we've heard,
one of the major ones is the inability to penetrate or be freed from cardboard, for example,
so that definite packaging is required.
So in synthesizing an answer to your question, just from my own impressions, the
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answer would be that there are promising modalities for moving forward but none that are
in a position to replace EtO in the short run, that all of these are subject to significant
technical restrictions, either in terms of the materials they're compatible with or in the way
in which they're utilized, and that the infrastructure to utilize them in an industrial capacity,
in the minimum, will require several years. But there is the opportunity to move forward,
for the FDA, in looking at these, and in trying to scale them up over time, looking at the
technical details in specific areas where they might be applicable.
So there is, I think, some suggestions for paths forward, but not in the quick, short
run basically. And I would invite comments from the Panel.
Mr. Socola.
MR. SOCOLA: I would certainly recommend that a request to AAMI be put in for a
working group to review a national standard for alternative methodology for industrial
sterilization. And that could include all of the processes that we heard here today. I d on't
think we need a standard that would have to be independent to each one. Let 's get the
process started, and I think the Panel would be behooved to make that recommendation.
DR. SAUBOLLE: I also, I think Dr. Opie said in his presentation, that to move forward,
the best thing would be have reduced regulatory uncertainty, template for material change,
validation template, as well as more to establish Category B. So I think those are
recommendations, I think, if we want to move forward.
DR. SCHWARTZ: Suzanne Schwartz, FDA.
So along those lines, I was going to kind of ask the question a little bit differently
also, is does the Panel believe, based upon what we heard this morning, on these
alternative or more novel technologies, that it is important to pursue, even for niche
related categories, at this time should we be pursuing methods of removing regulatory
uncertainty? Because I mean, because there are certainly things that we can be doing, and
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recognizing we're not going to get to a point of scalability right now.
DR. SAUBOLLE: This is Mike Saubolle.
From my perspective, from everything I've heard, I think there is a possibility of
moving forward. What we need is to have you folks, the FDA allow the ground to move
forward. It's going to take a while, and it'll be infrastructure change as well as other
changes. So, but I think it is important that we move forward from this point of view.
DR. LEWIS: I believe it would be the consensus of the Panel that what you just
questioned would be, in fact, the answer's yes, that it would be very much to the advantage
to move forward. I've heard no dissent to that.
Dr. Benowitz.
DR. BENOWITZ: Thanks. Isaac Benowitz, CDC, just an add-on comment.
It seems that one of the major barriers is that every device would need to be
recleared with other sterilization methods. But in listening to the presentations yesterday
and this morning, it does seem like there are some broad trends with regards to device
types and device materials. And I'm wondering whether FDA has considered an innovation
challenge that would help define broad categories of materials and device types that would
be compatible with some of these alternative sterilization methods that might help show
the path forward.
DR. LEWIS: Yes.
MS. PEKAR: Doesn't it seem odd that, you know, we've got these really complicated
medical devices and the only common problem is cardboard? I mean, maybe the next
innovation challenge is a replacement for cardboard that could allow different sterilization
methods.
DR. LEWIS: I think, hopefully, we've answered this question.
Dr. Krause, are you satisfied with what you've heard?
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DR. KRAUSE: Yes, thank you.
DR. LEWIS: Can we move to Question 8?
DR. ORTEGA: Our next question is: How can FDA help implement adoption of these
EtO reduction or EtO replacement strategies and facilitate reduction of EtO emissions
within our regulatory framework?
DR. LEWIS: To some extent, I think that question was just answered. Do Panelists
have additional comments?
(No response.)
DR. LEWIS: Are you all satisfied that you've heard an answer to that?
DR. KRAUSE: Yes, thank you.
DR. LEWIS: Question 9.
DR. ORTEGA: Question 9 is: Can the Panel identify devices or device types that
would be difficult to sterilize without using EtO that may be amenable to the application of
alternative sterilization modalities?
DR. LEWIS: Can we have some of the material science experts here comment on this
question?
Dr. Saubolle.
DR. SAUBOLLE: You know, in looking at it, I don't think it's actually the material; I
think it's the boxing. The packaging is what we've talked about. That's going to be the
biggest issue is, how are we going to package these things? Because from what I've seen, a
lot of the other procedures or methods are amenable to a lot of the things that are being
done by -- except the packaging.
DR. LEWIS: Well, we heard about two specific things that I think don't relate to
packaging. One are the devices with long channel, long narrow channels. Obviously, that 's
difficult. And the other is for materials that are enclosed, liquids that are enclosed within a
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closed container. Those two, specifically, I think are problems.
Dr. Li.
DR. LI: Let me add to the list of problems that the materials -- from my perspective,
the materials of the device are the primary concern, not the package. If the sterilization
method affects the properties of the material of the device, it doesn't really much matter
what the package is. And the issue here is generally something polymeric. We haven't even
talked about biological type of things like bone graft, but for the hard part is different
plastics are very sensitive to different methods of sterilization. Gamma, for instance, is
notorious for being terrible for most plastics. Ethylene oxide is absorbed by different
amounts by different materials.
Every one of these processes has a material interaction that affects often the
property, sometimes the surface, sometimes the dimension of the product. So I think, the
first -- from my perspective, my biased perspective as one who makes devices, the first
concern of the sterilization method is the effect of the method on the device. And once I
can overcome that, then there's generally a way to figure out what package to use.
But we've run into odd things because there's a marketing aspect for this. I had one
product -- I just, I hate to tell war stories, but I spent 2 years developing a manufacturing
process where we ended up using gamma radiation after 2 years of research. And when we
did the final run, we made 10,000 commercial products, and we had to reject them all
because the gamma radiation yellowed the package that we picked that we didn't know
until we actually sterilized 10,000 of them, and that was 10,000 products we had to t hrow
out.
So, you know, it's a very complicated process, but I personally think it starts from the
materials of the device. And sometimes the change is very subtle. You might have a
process that actually affects, for instance, the flexible strength of a tubing, which you don't
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know until you've flexed it 10 times. See, you flex it once, it feels the same; you flex it 10
times after the sterilization, it breaks. So those are the kind of problems that we worry
about as a device manufacturer. So I hate to make a harder problem harder, but it's a hard
problem.
So, on this one, to identify devices or types, how many tens of thousands or
hundreds of thousands of devices are out there with different materials and different
mechanical and surface modifications? I think each one has got its own little collection of
issues to deal with. I'm not exactly sure how to answer this, other than to provide
inspiration to the manufacturers that they better be looking for an alternative sterilization
of some kind, if EtO is really going to be limited or taken away. But I'm not sure, sitting
here, for me anyway, I can't pick out a device and say, oh, do this one, because I think you
could switch this one, you know, without doing any testing of any detailed knowledge of t he
device.
DR. LEWIS: Yes.
DR. YASZEMSKI: Hey, thank you, Dr. Lewis. So I'll echo what Dr. Li just said about
the polymeric materials. And what I want to add to that is sometimes they hide in
combination materials. There are polymeric devices that may be covered with a ceramic,
like hydroxyapatite, but the polymer's still in there, and the whole device will be affected.
There are metallic devices, some of which are made by chemical vapor deposition
processes, and the underlying skeleton is a polymer, which again will be affected. So we
have to be very careful about anything that has a polymeric material in it.
DR. LEWIS: Mr. Socola.
MR. SOCOLA: I would also recommend that the Agency take a look at devices that
are self-injectable, mechanical devices, syringes, because the packaging systems have
torturous path closures. And those type devices can be very difficult to sterilize and also to
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get, you know, bugs in, in order to do the validation process. So I would say I would be
careful of those type devices.
DR. LEWIS: Are there other comments?
FDA, do you feel you've heard enough about -- we've discussed several device types
which would be difficult to sterilize, and I think chief among those are those with basically
the geometric configurations that are difficult to sterilize, and the second is with materials
and their compatibility with the sterilization method that would need to be investigated.
DR. KRAUSE: This is David Krause. Thank you, and yes.
DR. LEWIS: Question 10, please.
DR. ORTEGA: Our final question for the EtO topic this afternoon is: Does the Panel
have any other recommendations for reducing EtO risk without causing medical device
shortages?
DR. LEWIS: Yes.
DR. SULLY: Hi. This is Dr. Sully.
This may be a little unpopular, but are there opportunities for importing devices that
are sterilized with EtO outside of the country?
DR. LEWIS: Wait. Could you state that again? I'm sorry. I didn't hear.
DR. SULLY: Are there opportunities to import devices that are sterilized with EtO
from outside of the country?
DR. LEWIS: I see. I don't know the answer to that.
Dr. Krause, can you respond?
DR. KRAUSE: Sure. I mean, I don't think that's a problem. We import, you know -products that are imported are PMA approved, 510(k) cleared all the time, but that kind of
dumps the EtO problem on somebody else. So I think the thought here is that, you know,
are there other recommendations you have? And I think, you know, importing is fine, but
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what if other countries also then see that EtO is an issue and they want to prevent, you
know, their people from being subjected to the risk and they, you know, do the same as
we're planning or seeing in this country? So the question is, I think, a little broader than
that, you know, so I think based on what we've heard here yesterday and today, do we have
ideas about ways of reducing EtO risk without causing device shortages?
DR. LEWIS: Dr. Burr.
DR. BURR: Yeah, I -- this is -- I'm sorry. We know how to do this. This is not
mysterious. This is well-established technologies. There's an assumption, a background
assumption here that's a problem, and that is that EtO sterilization plants represent a
significant community risk. There's some thought that they do, but I'm not sure that the
data is very strong about that at this point. That may change, as ATSDR and EPA do their
work, but the technologies for controlling worker and community exposure are extremely
robust. And there simply isn't a reason, in a well-engineered and well-run plant, for there
to be significant exposure risks. That technology exists now and has for a long time. So it 's
simply a matter for it to be applied and maintained.
DR. LEWIS: Yes.
DR. YASZEMSKI: Thanks, Dr. Lewis. I will echo that. And it seems to me as I'm
listening to plants that have got shut down, maybe not this technology is not uniformly
applied in all plants, and that's what we have to go for. It's available. Some places, as we
heard the speakers, do it very, very well, and those that don't do it well either got to get out
of the business or get up to snuff.
DR. LEWIS: Yes, Ms. Pekar.
MS. PEKAR: Well, I think, in the short term, the best thing we could do is reduce EtO
usage. And the FDA could play a key role in the risk identification of the types of devices
that we should move, maybe even, you know, considering class, you know, maybe doing,
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you know, syringe validations or, you know, glass syringe validations or something that
really goes across device types. And anything that the FDA can do to reduce the regulatory
uncertainty around some of these novel methods, and we talked about some of those
yesterday, incentives that you can use, accelerated reviews, validation templates.
I think that we just have to start where we can while we pursue longer term these
alternate technologies, which by the way, as I was looking at these, you know, I think some
of them said that they could sterilize polymers or they could sterilize electronics or they can
get into lumens. So except for cardboard, I didn't find any one thing that said, you know,
there's not an alternate sterilization method.
So maybe one thing that the FDA could ask is that every medical device be
responsible for identifying, maybe not doing anything but identifying a potential alternate
sterilization method, just so we could kind of grease those, the wheels.
DR. LEWIS: Dr. Kim.
DR. KIM: We talked a lot about emissions yesterday as well, and one thing that
wasn't made clear to me is all the different facilities that are currently in existence, is there
a standardized way that these emissions are being scrubbed? And we heard, I heard at
least two different techniques by which they are being scrubbed. And is that standardized,
and is that followed in some way? And if it's not standardized, I think it should be. And I
believe that may have been one issue with the Willowbrook facility, so -DR. LEWIS: I think -- yes, Ms. Dunn.
MS. DUNN: I happen to live in Illinois, not far from the Willowbrook facility, and I am
the Patient Representative. From what I understand to be true, that Sterigenics, the
Willowbrook facility did reduce their emission output to a very acceptable level, and the
EPA was issuing them a new permit. And there was public outcry and fear from the
community. And that facility is situated in a socioeconomic makeup area where there was a
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lot of power, and the Governor actually shut the facility down. As we talked yesterday,
Illinois superseded and stepped in. And so that was a conversation that we had brief ly
yesterday about independent states taking charge of these facilities.
DR. LEWIS: Yes. Dr. Wilcox.
DR. WILCOX: Yes, from what I heard today, some of the technologies, just to choose
one, the nitrogen dioxide is being used at the industrial, at an industrial level, and it's just a
matter of scaling up. Given that we all agree we have a capacity problem, I think there 's
absolutely nothing to lose by encouraging those technologies that are, in fact, feasible
today, and we heard about what the barriers are. So the goal would be, we would all
benefit if we did everything, and this goes to the Agency, if the Agency did everything
possible to remove those barriers so that even if EtO is not taken away, we still have
increased capacity. That's a goal to look -- a valuable goal regardless.
DR. LEWIS: I would suggest that the extensive discussion yesterday actually focused
on this question predominantly, and many things we heard yesterday about potentially
altering concentration, altering the constraints of the sterilization processes so that there's
less overkill, reducing or making regulatory oversight more predictable, all apply to the
answer to this question.
And then today we've heard in addition about alternative methodologies, which
we've already discussed, need to be encouraged in order to look at potential applications
and expansion into greater capacity than they currently utilize. So I believe the answer to
this question is multifaceted but has been covered in a fair degree of detail.
So, Dr. Krause, are you satisfied with this?
DR. KRAUSE: Yes, thank you.
DR. LEWIS: Having dealt with all these questions, we will adjourn for lunch. We 're a
little early, but I see no reason we can't do that. And I would like to reconvene not at 12:30
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but at 11:45, giving us 45 minutes for lunch, so that we can accelerate our processes a little,
and we will plan to reconvene at a quarter of 12 to start addressing duodenoscopes. We
stand adjourned. Thank you.
(Whereupon, at 11:04 a.m., a lunch recess was taken.)
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AFTERNOON SESSION
(11:59 a.m.)
DR. LEWIS: We will reconvene for the afternoon session. Welcome back to
everyone. I apologize for the confusion about the restaurant. We didn't realize that it
didn't open till 11:30.
We will now proceed into the afternoon session and evaluate the risk of crosscontamination from duodenoscopes, principally in performing endoscopic retrograde
cholangiopancreatography as opposed to simple endoscopy of the stomach and duodenum.
The risk seems to be present almost entirely in regard to ERCP rather than scoping of the GI
tract itself.
We will begin with a fairly extensive presentation from the FDA, which will be given
by Dr. Shani Haugen, and Dr. Haugen will be speaking initially on the risk of infection from
reprocessed duodenoscopes.
So, Dr. Haugen, would you proceed when you're ready?
DR. HAUGEN: Is this on? Okay, great. Thank you.
My name is Shani Haugen, and I'm a microbiologist in the Gastroenterology and
Endoscopy Devices Team in FDA's Center for Devices and Radiological Health.
For the past day and a half, we have been discussing industrial ethylene oxide
sterilization for medical devices that are provided sterile. We'll now be switching gears to
talk about a specific medical device type, duodenoscopes. Although these are reusable
medical devices and subjected to cleaning and high-level disinfection and sterilization in a
healthcare setting, which is different than our prior discussions of sterilization during
manufacturing, duodenoscopes are a case study for the complexities involving sterilization.
FDA will be seeking Panel input on a number of questions, including feedback on
balancing the benefits of hospital sterilization of duodenoscopes with the associated
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inherent challenges of sterilization.
This is the agenda for this afternoon. After the FDA presentation, we'll be having an
Open Public Hearing, followed by presentations from two invited experts. After a break,
we'll hear from stakeholders from professional societies, then device manufacturers, before
moving into Panel deliberations and Panel questions.
I want to start by first acknowledging the FDA team who prepared the executive
summary and this portion of the Panel meeting. This team has worked on a variety of
actions, including premarket reviews, regulatory compliance, adverse event reporting
analysis, postmarket surveillance study review, and communications.
This is the outline for FDA's talk. I'll discuss the purpose of the Panel meeting and
then provide background regarding the clinical use of duodenoscopes. I'll then discuss
FDA's prior actions to address the risk of infection from reprocessed duodenoscopes. I'll
move on to currently available data from adverse event reports and also discuss the results
of postmarket human factors studies of reprocessing instructions and microbiological
studies post reprocessing. I'll touch briefly on premarket review before discussing new
duodenoscope designs and finally duodenoscope reprocessing.
As you'll see when we discuss FDA's questions to the Panel, the main objective of
this advisory committee meeting is to address FDA's questions regarding technological
design advancements and effective reprocessing of duodenoscopes that will enhance the
safety of these devices.
I'll now move on to discuss the clinical use of duodenoscopes. Duodenoscopes are a
type of reusable endoscope that are used in ERCPs, which stands for endoscopic retrograde
cholangiopancreatography. In this procedure, a duodenoscope is inserted orally to the
duodenum, which is the first part of the small intestine. At the duodenum, there is an
opening called the ampulla, which allows emptying from the bile and pancreatic ducts.
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During ERCP, specially trained physicians can access the ampulla and insert
instruments into the bile or pancreatic ducts for diagnostic or various therapeutic purposes.
After use, the duodenoscope must be reprocessed, meaning it must be cleaned and high level disinfected or sterilized so that it can be reused with other patients.
In order to access the bile duct, which is in green, or the pancreatic duct, in yellow,
with accessory instruments, physicians must be able to change the trajectory of instruments
exiting the duodenoscope. The change in trajectory is accomplished with the use of an
elevator at the distal end of the scope. Using a control at the handle of the scope, the
physician is able to raise the elevator at the distal end of the scope, which in turn raises the
accessory instruments, allowing them to access this anatomy. The elevator is a critical
feature of duodenoscopes, and I'll be speaking more on the elevator later on in this
presentation.
Interventions during ERCP include opening blocked ducts, breaking up or removing
gallstones, removing tumors in the ducts, or inserting stents to help restore flow of bile or
pancreatic fluid. Alternatives to ERCP include percutaneous transhepatic drainage of the
bile duct and open or laparoscopic surgical drainage of the ducts.
These types of procedures have their own inherent risks. And given those risks and
the benefits of being able to treat patients endoscopically, without invasive surgery, FDA
believes that in appropriately selected patients, the benefits of using a duodenoscope in
ERCPs outweighs the risk of infection. We'll now move on to discuss prior FDA actions.
It's long been recognized that infections can happen after ERCP if a patient 's own
bacteria are transferred to the bloodstream or sterile areas of the body. We've also known
that infection is a risk if the device is not properly cleaned and disinfected or sterilized
between uses, and that improper cleaning does unfortunately happen. In 2009 FDA issued
a joint Safety Communication with the VA and CDC regarding the importance of following
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the manufacturers' cleaning and disinfection or sterilization instructions.
However, in September 2013 CDC alerted the FDA of an association of multidrug
resistant organism infections and duodenoscopes. Some of those facilities were reporting
that cleaning and disinfection steps were carried out per the device manufacturers'
instructions. Since that time, other healthcare facilities have reported infections associated
with duodenoscopes, or even outbreaks of infections, which for this talk is generally when
more than one patient has infection caused by the same bacterial organism and there are
temporal and spatial links between those infections. On the next several slides, I 'll walk
through FDA's actions since that time for your awareness as we consider any additional
actions to take to reduce the risk of infection from reprocessed duodenoscopes.
FDA has conducted many outreach activities. In February 2015 FDA released a
Safety Communication advising the public of the infections that had been reported. Shortly
afterward in May of 2015, FDA held an Advisory Committee Meeting to discuss the reported
infections and to hear from experts and facilities that had experience with these types of
infections on how to reduce the risk of infection for patients. At that meeting the Panel
urged the FDA to provide early communication of the facts to the public when the FDA has a
medical device concern but not enough information to determine the most appropriate
action towards a resolution. That recommendation guided our subsequent actions and
communications.
In July 2015, March 2016, and May of 2019, FDA participated in CDC's Healthcare
Infection Control Practices Advisory Committee meeting, also known as HICPAC, to provide
updates and gain valuable feedback from infection control experts on addressing this issue.
Since 2015 we've had numerous communications, when reprocessing instructions were
revised, when some duodenoscope models were cleared or recalled, and we created a
webpage for Infections Associated with Reprocessed Duodenoscopes that has information
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regarding FDA activities on this topic.
One of our first actions was to work with duodenoscope manufacturers as they
updated and validated their reprocessing instructions. Hospitals that reported infections
associated with duodenoscopes noted that the elevator area at the distal end remained
contaminated after cleaning and disinfection. Therefore, the revised reprocessing
instructions were updated to include additional cleaning of the elevator recess, with more
brushing and flushing steps. This action was consistent with the 2015 Panel's
recommendation for thorough manual cleaning.
The 2015 Panel recommended that manufacturers redesign duodenoscopes to allow
for thorough cleaning, disinfection, and sterilization. FDA worked with duodenoscope
manufacturers on such changes to the device design. FDA cleared duodenoscopes with
design modifications to reduce the risk of ingress of fluids in sealed-off areas of the device.
Duodenoscope labeling also now includes recommendations for annual inspection by
duodenoscope manufacturers to identify and replace worn and damaged parts.
FDA also encourages innovation in device designs that will reduce the risk of
infection. In the past 2 years, FDA has cleared two duodenoscopes with removable distal
caps that improve access for cleaning the elevator recess, and we look forward to seeing
additional advancements in duodenoscope technology. I'll be discussing duodenoscope
designs later on in this presentation. One of our questions will focus on duodenoscope
technology, and you'll be hearing more about duodenoscope technological advancements
from the device manufacturers later today.
In August of 2015 FDA released a summary of Supplemental Measures to Enhance
Duodenoscope Reprocessing that emerged from the May 2015 Advisory Committee
meeting. Those supplemental measures include microbiological culturing, ethylene oxide
sterilization, use of a liquid chemical sterilant processing system, and repeat high -level
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disinfection. We communicated that these are optional measures that may help reduce the
risk of infection transmission for facilities that have the resources to implement one or
more of these options.
The 2015 Panel also discussed an interim microbiological culturing protocol that had
been released by CDC, and they recommended that additional validation testing should be
conducted. FDA worked with CDC, ASM, the American Society for Microbiology, and other
experts to develop a protocol for surveillance sampling and culturing of duodenoscopes,
which was validated by duodenoscope manufacturers. That protocol was released in
February 2018.
FDA has also conducted regulatory actions. In 2015 FDA conducted directed
inspections and issued warning letters to the three U.S. duodenoscope manufacturers for
various violations. And in October 2015, recognizing the need for additional real-world data
regarding the use of duodenoscopes, FDA ordered the duodenoscope manufacturers to
conduct postmarket surveillance studies, which I may also refer to as 522 studies.
There are essentially two studies, a human factors study and a microbiological
sampling and culturing study. In March of 2018, FDA issued warning letters to the
duodenoscope manufacturers for failing to comply with the postmarket surveillance st udy
orders. Since that time, there has been progress made on those studies, so I'll be discussing
some of the data later on in this presentation.
I'll now move on to discussing adverse event reports. On the next few slides, I'll
provide information on reports of adverse events that were submitted to the Agency, called
Medical Device Reports or MDRs. FDA receives MDRs of suspected device-associated
deaths, serious injuries, and malfunctions from mandatory reporters, like device
manufacturers, and voluntary reporters such as patients and consumers.
FDA uses MDRs to detect potential device-related safety issues, and although MDRs
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are a valuable source of information, this type of passive surveillance system has limitations
compared to the active surveillance that is performed in a well-conducted clinical trial.
With passive surveillance, there is a potential for submission of incomplete, inaccurate,
untimely, unverified, or biased data.
It's important to recognize that MDR data alone cannot be used to establish rates of
events. So although I will be providing information about reported infections, we know that
adverse events are underreported. The data I'll present should not be used to estimate a
national rate of infection but rather be used as a safety signal.
Confirming whether a device actually caused a specific event can be difficult based
solely on information provided in a given report. Establishing a cause-and-effect
relationship is especially difficult if circumstances surrounding the event have not been
verified or if the device in question has not been directly evaluated. With those caveats in
mind, let's move on to the data.
On this slide I'm showing a graph of MDRs by year received since January 1st, 2015,
to July 1st, 2019. These are the MDRs associated with infection, patient exposure, or device
contamination. The blue bar represents patient infections. The red bar is patient exposure,
where a contaminated scope was used on a patient but there is no indication in the report
of infection. And the green bar signifies reports of device contamination, where the device
itself was contaminated, and that's usually identified by sampling and culturing, but the
scope itself was not reported to be used on a person.
These are MDRs that have been reported both inside and outside the U.S., for
duodenoscopes that are marketed in the U.S. as well as duodenoscope models that are not
marketed inside the U.S., and we've listed important caveats at the bottom of the slide,
including that the identified year is when the report was submitted to FDA, not necessarily
the date of the event, and each MDR may report events associated with one or more
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patients.
As you can see with the green bar, there has been a dramatic increase in reporting of
device contamination since 2015. This increase may be due to more sampling and culturing
that's conducted by healthcare facilities.
With the blue bars, you can see that there has been a decrease in the number of
reported infections since 2015, which is encouraging, and suggests that the efforts to
reduce the risks of infection may have had some success. But we also continue to receive
reports of infections, which means there is a continued need to improve the safety of
reprocessed duodenoscopes.
Within the set of MDRs shown on the previous slide, I'm drilling down into the
reports of deaths. These death MDRs had patients who were reported to have an infection
or were exposed to a contaminated scope or the facility reported device contamination
during this time frame. The analysis is of reports received from January 1st, 2015, to July
1st, 2019, both inside and outside the U.S., with devices that are marketed in the U.S. as
well as a few duodenoscope models that are not marketed in the U.S.
In the first half of 2019, FDA received two death reports, down from the high of 39
death reports received in all of 2016. Of these 79 death reports, 67 of the deaths occurred
in the U.S. As I noted earlier, causality has not been established with MDR reports.
I'll now move on to discuss the results of the FDA-mandated postmarket surveillance
studies.
As I mentioned earlier, FDA ordered duodenoscope manufacturers to conduct
postmarket studies. On this slide we're focusing on human factors. FDA ordered
duodenoscope manufacturers to address the following question: Are the user materials
that are included in your firm's duodenoscope labeling and instructions for use sufficient to
ensure user adherence to your firm's reprocessing instructions?
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The human factors study was intended to demonstrate that the reprocessing user
materials, which includes the reprocessing user manual and educational materials, are
sufficient to promote user adherence and comprehension and that reprocessing personnel
can follow the reprocessing instructions without causing reprocessing errors or failures that
could result in harm to patients.
Results from human factors studies indicate that reprocessing instructions in current
user manuals should be strengthened because they are difficult for reprocessing staff to
comprehend and follow. Many reprocessing staff missed one or more steps in the process
and needed additional training to complete the process properly, and the descriptions of
some of the processing steps in the user manuals were unclear.
With the microbiological sampling and culturing study, FDA ordered the
duodenoscope manufacturers to address two questions: After use of your firm's labeled
reprocessing instructions, what percentage of clinically used duodenoscopes remain
contaminated with viable microorganisms? And for devices that remain contaminated after
use of your firm's labeled reprocessing instructions, what factors contribute to microbial
contamination, and what steps are necessary to adequately decontaminate the device?
Please note that when referring to contaminated duodenoscopes, I'm referring
solely to the duodenoscopes that were sampled and cultured and were observed to have
viable microbes on them. A contaminated duodenoscope is different from a patient
infection. A contaminated duodenoscope indicates a failure somewhere in the reprocessing
procedure and raises the risk of infection for patients, but it is unknown how the
percentage of contaminated duodenoscopes relates to patient infections.
I'm showing here data reported in July 2019. I note that additional data have been
collected since then, but July was the cutoff for this analysis. Device manufacturers
characterized the microbes as low or moderate concern, which are those that may be from
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environmental contamination or high concern organisms, which are more often associated
with disease such as E. coli or Pseudomonas. Device manufacturers report when samples
had more than 100 CFUs or cells of bacteria for low or moderate-concern organisms, and
they report when a sample has any number of CFUs for a high-concern organism.
Some models of duodenoscopes do not have a sufficient number of samples to
reliably determine a contamination rate; however, for models with a higher sample size,
interim contamination rates with high-concern organisms ranged from 4 to 6%.
To address the second question of the study, duodenoscope manufacturers are
required to identify the factors that contributed to contamination and identify the steps
necessary to adequately decontaminate the device. That analysis is ongoing.
While not every exposure to a contaminated scope leads to infection, these rates are
concerning to FDA and tell us that improvements are necessary. FDA is committed to taking
additional steps to reduce contamination and infections even further.
Throughout the presentation, I'll identify the questions that we would like the Panel
to discuss during deliberations at the end of the day.
FDA presented the currently available MDR data and postmarket surveillance data,
and you'll be hearing more about the challenges with implementation of new reprocessing
methods and adoption of new technologies during the remainder of the afternoon.
Our first question sets the stage for the remaining questions. FDA would like the
Panel to comment on the progress made towards reducing the risk of infections from
reprocessed duodenoscopes since 2015, and whether the trajectory that FDA has taken,
which includes incremental improvements such as the release of newly validated
reprocessing instructions and clearance of duodenoscopes with disposable components,
continues to be appropriate to address this public health issue or whether the data indicate
that more substantial changes to duodenoscopes and/or reprocessing methods are needed.
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I'll now move on to discuss premarket review of duodenoscopes
Duodenoscopes are regulated by FDA in the endoscope regulation and are Class II
medical devices, which are devices that have a moderate risk. Duodenoscopes require a
510(k) prior to marketing in the U.S. The 21st Century Cures Act of 2016 required FDA to
publish a list of reusable medical devices for which the cleaning and disinfection and
sterilization instructions and the supporting validation data must be included in a 510(k)
submission. Duodenoscopes were included in the list of reusable medical devices published
in the Federal Register on June 9th, 2017.
Duodenoscopes are not a new type of device. They've been used in the U.S. since
before FDA regulation of medical devices in 1976. There have been some notable design
changes since that time, which I'll be discussing in a few slides.
Duodenoscope premarket review includes evaluation of electrical and thermal
safety, electromagnetic compatibility, optical performance tests, functionality tests su ch as
lens washing, mechanical tests such as insertion tube bending and elevator angulation,
biocompatibility tests, and reprocessing validation.
Following the 2015 Panel meeting in which Panel members recommended that
human factors testing should be conducted for duodenoscopes, FDA has requested human
factors testing of reprocessing instructions in duodenoscope premarket submissions. There
is also an evaluation of postmarket adverse event and recall reporting information in 510(k)
reviews.
FDA is considering an additional test for reusable duodenoscopes, a durability test.
Currently there are no standardized methods for assessing duodenoscope durability. So
different duodenoscope manufacturers will use different methods for testing that their
device is durable for multiple uses. Duodenoscope labeling recommends functional tests,
such as leak testing and an optical performance check as well as visual inspection of the
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device to determine whether the duodenoscope should continue to be used. Since 2015,
FDA has requested that duodenoscope labeling include a recommendation for annual
inspection and maintenance to replace worn or damaged parts on the scope.
Initial analysis from the postmarket surveillance studies attributes some
contamination to damage to the duodenoscopes. To more rigorously evaluate
duodenoscope durability, premarket FDA is considering a recommendation for standardized
durability testing that includes a worst-case number of terminal sterilization cycles in
addition to simulated clinical use of the device and cleaning and high-level disinfection.
For our second question, the Panel will be asked to comment on FDA's proposal to
standardize duodenoscope durability testing to include 250 cycles of simulated use,
cleaning, high-level disinfection, and terminal sterilization. The proposed 250 cycles is
based on literature reports of the number of times that a duodenoscope may be used in a
single year as well as informal surveys of healthcare facilities.
As noted in the Executive Summary, as an alternative for duodenoscopes that are
not compatible with 250 uses, duodenoscope manufacturers may also elect to identify the
number of sterilization cycles that the device is compatible with and use the labeled
number of sterilization cycles in the durability testing.
I'll now move on to the transition to new duodenoscope designs.
On this slide is a schematic of the interior of a duodenoscope. As you can see,
duodenoscopes have long narrow channels, and those channels pose a challenge for
reprocessing. What we learned in 2015 was that the distal end of the device also poses a
significant challenge to cleaning. This is a close-up cutaway view of a duodenoscope distal
tip, where the purple indicates exposure to soil from the patient. You can see that there
are small crevices that are exposed to soil and must be thoroughly cleaned prior to use on
subsequent patients.
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Most duodenoscopes in clinical use today have a fixed endcap, which is a plastic or
rubber cap permanently glued to the metal edges around the distal end to prevent tissue
injury from the metal edges on the scopes. When permanently affixed, the endcaps also
limit the accessibility to clean the crevices at the distal end.
Since 2017, two duodenoscope models have been cleared with disposable
components. The disposable cap improves access for cleaning the crevices around the
elevator recess, as compared to conventional or fixed endcap duodenoscopes. And from
media reports, we know that device manufacturers are considering increasing the number
of disposable components and even developing completely disposable duodenoscopes.
Device design is a key factor that contributes to reprocessing challenges. In
agreement with the conclusions from the 2015 Panel, the best solution to reducing the risk
of disease transmission by duodenoscopes is through innovative device designs that make
reprocessing easier, more effective, or unnecessary. In August of 2019, FDA issued a Safety
Communication in which we recommended transition to duodenoscopes with innovative
designs to enhance safety. We've also asked each duodenoscope manufacturer to
transition away from fixed endcap duodenoscopes to those with more modern design
features that facilitate or eliminate the need for reprocessing.
FDA recognizes that a transition away from conventional duodenoscopes to the
newer, innovative models will take time due to cost and market availability. We encourage
health care facilities purchasing new duodenoscopes to begin developing a transition plan
and work to replace their conventional duodenoscopes with newer models.
That leads us to our third question, which is posed in two parts. For new
technologies intended to reduce the risk of infection from reprocessed duodenoscopes, the
Panel is asked to comment on the potential for new designs to reduce the observed
contamination rate, and considering that potential, the urgency with which the transition to
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new duodenoscopes should be made.
These new designs are predicted to improve reprocessing outcomes. In August of
2019, FDA ordered the manufacturers of duodenoscopes with disposable endcaps to
conduct new postmarket surveillance studies to verify that the new designs reduce the
contamination rate. Upon completion of these postmarket surveillance studies, we expect
the labeling to be updated with contamination rate data.
And that leads us to our next question. FDA cleared disposable cap duodenoscopes
and then ordered those devices to be studied postmarket. For technologies that are
intended to reduce contamination rates for duodenoscopes, what is the appropriate
balance between demonstrating the effectiveness of the technology prior to marketing
versus the benefit of having the technology available for use that much sooner?
I'll now move on to discuss duodenoscope reprocessing.
Reprocessing is defined as validated processes used to render a medical device,
which has been previously used or contaminated, fit for a subsequent single use. These
processes are designed to remove soil by cleaning and to inactivate microorganisms by
disinfection or sterilization.
Whether a device is disinfected or sterilized is based on the Spaulding Classification
system for identification of the appropriate microbicidal step based on the risk of infection
from the device. Duodenoscopes are considered semi-critical devices, and high-level
disinfection has been commonly conducted for these devices. Duodenoscopes are not
compatible with steam sterilization or autoclaving.
On this slide I'm providing a very high-level overview of duodenoscope reprocessing.
Duodenoscope reprocessing begins with a pre-cleaning or point-of-use step to wipe off
excess soil and flush all channels. The duodenoscope is then tested for leaks before
undergoing thorough cleaning, where the device is immersed in detergent and the channels
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and elevator recess are flushed and brushed. After rinsing and removing excess water or
drying, the device may be subjected to high-level disinfection, which involves immersing the
device in high-level disinfectant and flushing all channels with high-level disinfectant and/or
sterilization. Please note that we are talking about small-scale ethylene oxide sterilization
in a healthcare facility and not industrial sterilization. At that point the device is dried, if
applicable, and stored.
In the past few years, there have been many publications on duodenoscopes and
reprocessing, and I'd like to take some time to discuss a handful of these publications.
As I mentioned earlier, in August of 2015 FDA released a summary of Supplemental
Measures to Enhance Duodenoscope Reprocessing. Thaker and colleagues conducted a
survey of healthcare facilities that use duodenoscopes, and of those 249 facilities, 90%
implement one or more of the supplemental measures, suggesting that many health care
facilities are actively looking for strategies to reduce the risk of infection for their ERCP
patients; 63% conduct repeat manual cleaning and high-level disinfection; 53% conduct
some type of surveillance microbiological culturing; 35% conduct liquid chemical
sterilization; and 12% utilize ethylene oxide gas sterilization.
As discussed in the previous day and a half, concerns have been raised about the
environmental risk of ethylene oxide sterilization in general.
There have been many publications in the past few years that have found that some
percentage of duodenoscopes remain contaminated after reprocessing. Because different
studies have different methods and different definitions for what is contamination, we're
not able to directly compare results, but in larger studies, a contamination rate of 2 to 5% is
frequently observed, which is consistent with the results of the postmarket surveillance
study that FDA ordered.
There have also been reports that indicate that double high-level disinfection does
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not improve contamination outcomes relative to single high-level disinfection. There are a
few reports that touch on sterilization, but before discussing those reports, I'd first like to
review the differences between high-level disinfection and sterilization
On this slide I'm showing cleaning and the three different microbicidal options that
are currently available for reprocessing duodenoscopes, high-level disinfection, liquid
chemical sterilization, and ethylene oxide sterilization.
FDA's reprocessing guidance document defines high-level disinfection as a lethal
process utilizing a sterilant under less than sterilizing conditions. The process kills all forms
of microbial life except for large numbers of bacterial spores. In contrast, sterilization is a
validated process used to render a product free from viable microorganisms. Liquid
chemical sterilization falls somewhere in the middle.
A sterility assurance level has not been demonstrated for existing liquid chemical
sterilization methods, in contrast to the sterility assurance level of 10¯⁶ for low-temperature
sterilization methods. In terms of testing, there are some significant differences. The types
of test organism are different, the soil challenge is different, and the test cycle is different.
Ethylene oxide sterilization provides a higher margin of safety than either high-level
disinfection or liquid chemical sterilization.
There are few published reports that specifically assessed duodenoscope
contamination after EO sterilization, and two of the reports that have been published had
different results. However, as was discussed at our 2015 Panel and later in published
reports, EO sterilization of duodenoscopes has led to cessation of outbreaks at at least
three different healthcare facilities. We're also aware that additional sterilization
technologies are in development for duodenoscopes, although they may cause more
damage to duodenoscope materials than high-level disinfection
That leads us to our final question which has to do with reprocessing. Our question
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is does high-level disinfection provide an adequate margin of safety? Is a shift towards
sterilization warranted, and if so, how can the inherent challenges with sterilization be
addressed?
To summarize, FDA is concerned that current practices for reprocessing
duodenoscopes are not sufficient to avoid all infections associated with the use of
duodenoscopes, and we are seeking Panel input on next steps. However, it is important to
acknowledge that in appropriately selected patients, the benefits of ERCP still outweigh the
risks.
And with that, I will be happy to take your questions. Thank you.
DR. LEWIS: Thank you for that excellent review. We now have a 10-minute period
for clarifying questions from the Panel for Dr. Haugen, and I would open the floor.
Dr. Wilcox.
DR. WILCOX: Well, the immediate question I have is, why aren't these disposable?
We have highly sophisticated harmonic devices and bipolar devices that are disposable.
Why aren't these disposable?
DR. HAUGEN: FDA has not yet cleared any disposable duodenoscopes, although we
are aware that those are being developed. One of our Panel questions is asking about the
urgency with which the transition to disposable duodenoscopes should be made. I think
that some of our professional societies may comment on the challenges that may be
associated with the use of switching to disposable duodenoscopes.
DR. LEWIS: I might add that, it hasn't been raised, but the cost of these scopes, my
understanding, is $30,000 to $40,000 each. And so that's a significant obstacle, too. FDA
obviously is not allowed to address cost issues, which is perhaps why we don't hear that,
but it's clearly relevant to the question.
Dr. Burr.
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DR. BURR: Quick question. Are there identifiable patient factors that increase the
likelihood of infection from a contaminated scope? If that were true, then there would be
strategies like, you know, periprocedural antibiotic administration that might reduce the
risk without actually addressing the duodenoscope itself.
DR. HAUGEN: Well, these patients, in general, are sicker than many other patients.
CDC published a paper on the first outbreak of infection in suburban Chicago in which they
looked at different factors that may have contributed to infection. Among those were
things like stent delivery and antibiotic use. And so I'm not sure, perhaps we should have a
clinician address this type of question, whether antibiotic use would address this type of
issue.
DR. LEWIS: I think if some of the gastroenterologists on the Panel would like to
comment, I'd invite that, but as a surgeon, I think it's worthwhile noting that, for the nonphysicians in the audience, the group of patients for whom this procedure is used who have
severe sepsis is high. This is a group of people where the primary treatment is intended to
unblock the common duct, and infection in the common duct leads to systemic sepsis very
commonly.
I don't know what the overall mortality rate is for this population, but I would think
it would be in the range of 10 to 25% of very severe infection. So we're not looking at a
population that has totally benign disease. There are patients who do have relatively
benign conditions, but a significant fraction of the patients who need ERCP need it as a
lifesaving measure because the surgical procedure to deal with the same problem is much
more invasive, carries much more morbidity. And I would invite gastroenterologists who
are much more familiar with this than I to comment.
DR. GOLDMAN: So I know there is definitely, in the infectious disease literature,
information regarding risk stratifying patients who are at higher risk for infection and
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MDROs and things like that. So, you know, we had looked at doing swabbing, doing rectal
swabs on patients to see if we could identify, ahead of time, patients who might be at risk.
And, you know, although our data wasn't, you know, really robust in the small group that
we looked at, I think, you know, there is some thought about, you know, could we look at
certain at-risk populations?
Certainly not every patient who gets an ERCP has sepsis. But most of our patients,
we are doing some sort of intervention. We really don't do just diagnostic ERCPs. So these
patients do tend to have a problem. And we also know that we go through, again, the dirty
mouth and, you know, we're not in a sterile environment. So the reason that we figured
out that we were transmitting infection, I believe, is that these were resistant organisms so
we could track them and figure out that we could trace it to a scope. But, you know,
patients who have stones, those are made of bacteria, those certainly can cause infection.
So I think there are patients that are, you know, at higher, can be at higher risk of
developing serious infection, and that would be one strategy, you know, for a hospital,
depending upon how often you see multidrug-resistant organisms, of risk stratifying your
patients and thinking about doing something different maybe when you do ERCP on those
patients.
DR. LEWIS: Dr. Haugen, one of the factors that was not discussed in the Executive
Summary nor in your presentation, I think, relates to the cleaning procedures. The focus
that was adopted is purely on having better instructions, but I suggest that that 's
inadequate as a procedure because the cleaning that's done by many of the people involved
in this are probably minimum wage employees in many hospitals who are not necessarily
trained directly with hands-on. I think written instructions would be a minimal component,
but hands-on training and supervision of these people, to ensure that they actually know
how to carry out the detailed cleaning necessary, would seem to be the minimum standard.
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And that's not really discussed anywhere, in terms of both hands-on training that
goes beyond written instructions that someone might not read and continuing monitoring
to ensure that those procedures are followed, because the complex devices require really
very miniscule, compulsive, and detailed cleaning because of all the little niches and
crevasses that exist. And that hasn't been commented on. Could you remark on how that
might be implemented?
DR. HAUGEN: Yes. So for PMA products, which are the Class III high-risk devices, of
which duodenoscopes are not, FDA does have a great deal of input on training. But for
Class II products like duodenoscopes, we have authority over the labeling, and we may have
some authority over training as relates to training provided and tested as part of the human
factors study. But it is not within our regulatory purview to regulate training.
We rely on professional societies to determine what type of training is required, and
we look forward to comments from the Panel on how any recommendations regarding
training might be implemented, recognizing that training really does not fall within FDA's
purview for this type of medical device.
DR. LEWIS: Okay. Second question I have is you've asked the question of the use of
the number of 250 as a standard for durability testing. How did you arrive at that number
as opposed to 100 or 500, in terms of any assessment?
DR. HAUGEN: So we had done a brief literature search to try assess, you know, what
number is used, and we identified three publications in which about an average of 170 uses
was reported. We also made use of our MedSun network of hospitals to informally survey
them, those sites that use duodenoscope, what the average number of uses in a year might
be for a single duodenoscope. And what we saw was a bell curve of the number of uses ;
250 uses would capture 90% of the number of uses that were reported in this informal
survey of about 30 facilities.
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DR. LEWIS: Great, thank you.
Questions? Yes.
MR. COLLINS: Thank you. Jim Collins from Cleveland Clinic. I'm an educator of
endoscope reprocessing techs.
I just have a question that it seemed by your graph that in 2016 and '17 we did good
work in reducing the number of exposures and reports, and then we saw a spike in 2018.
Do you have any insight why that started to spike and remained high through 2019 despite
the enhanced measures that were given in endoscope reprocessing?
DR. HAUGEN: So I think you're referring to the green bars, which are -- oh, deaths.
I'm sorry. Which slide are you looking at?
(Off microphone response.)
DR. HAUGEN: Yeah. The green bars.
MR. COLLINS: Page 9. Yeah.
DR. HAUGEN: So the green bars are, sorry, device contamination, and we are seeing
an increase. And we think that may be due to increasing sampling and culturing that 's
conducted by facilities. In August of 2015, FDA recommended microbiological sampling and
culturing of duodenoscopes as a supplemental measure. It wasn't previously
recommended. And so that may be contributing, at least in part, to that increase.
DR. LEWIS: Dr. Saubolle.
DR. SAUBOLLE: Do we have any idea -- this is Mike Saubolle.
Do we have any idea how long between use of a scope and decontamination or
cleaning? How long does that take, about? Is it within hours, is it a day or two, or -DR. HAUGEN: I think some of our expert presenters will be able to address that
question. There may be some variability in that number.
DR. SAUBOLLE: Because then the reason we're asking is that some of the organisms
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that have been involved, the outbreaks were like KPCs. Klebsiella pneumoniae are
carbapenemase-resistant; they produce biofilms. Is the material that makes up the scopes
conducive to biofilm production, especially if the scopes sit around for, you know, a day or
two?
DR. HAUGEN: The interior of the endoscope channels tends to be things like PTFE or
Teflon, and there have been reports in the literature of biofilm inside endoscope channels.
I think some of our expert presenters will be able to speak more on biofilm in the scopes.
DR. LEWIS: Dr. Dominitz.
DR. DOMINITZ: Thank you.
I want to come back to that human factors issue, and I know we're going to talk
about that more later, but in our briefing materials, there was discussion of postmarket
studies of human factors. And for the three manufacturers, the number of steps, individual
steps is quite variable. Now, it may be difference in how they were classified. Some were
critical steps and some were just steps, but the numbers are staggering, from 33 to 111 to
522 steps. And the failure rates were quite high.
And I understand what you just said about you're not regulating training, but I think
this is really a key issue. I wonder if you have any comments on that variability of an order
of magnitude, perhaps, in the number of steps and any comments on what could be done to
improve that process.
DR. HAUGEN: So different duodenoscope manufacturers will have different
reprocessing instructions. There has been discussion in the field about standardizing
endoscope reprocessing or reprocessing of different types of medical devices. And that
type of standardization, if it's carried through with other types of medical devices, may be
beneficial towards simplifying the instructions and making the instructions more intuitive
for a reprocessing staff that have to reprocess multiple kinds of devices. But that type of
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standardization is something that, well, that we would look forward to hearing from the
Committee on how such a process could be implemented.
DR. LEWIS: Dr. Gardner-Bonneau.
DR. GARDNER-BONNEAU: I want to make a point similar to the one that Dr. Lewis
made, that the focus of a lot of the prior work was on the instructions and whether the
instructions could be carried out. I just wanted to add, from a human factors perspective,
that one of the relevant things here is not can they be carried out, but are they carried out
in practice.
And I throw this out there because the context in which the processing occurs, the
environment in which it occurs, the layout of the work spaces that can make doing these
steps easier or harder, I realize, maybe it's not in the FDA's purview to look at that sort of
thing, but I heard a presentation last week from people who were, you know, working in a
healthcare facility about all of the human factors problems that are related to the facility or
the part of the space in the hospital that they are using to do the reprocessing. It's not
optimal.
And as a result of the fact of its not being optimal, steps can get skipped or they 're
just too difficult to do and you can't position yourself the way you need to be positioned.
And as Dr. Lewis said, you're a lot of times talking about minimal wage employees and
sometimes under great time pressure. And I just wonder if there is anything that the FDA
can be doing to look at like facility requirements for reprocessing and some how to be able
to look at whether these in-facility reprocessing centers are laid out and optimized so that
you don't get mistakes.
MS. FERRITER: So I think we're going to have a speaker coming up from the Joint
Commission soon who can help us. As you noted, it's outside of FDA's authority, but who
do we need to collaborate with? How do we really understand the problem? I think this
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will be great discussion for the Panel. And I know we have some experts sitting across from
me who can weigh in as well.
DR. LEWIS: We have time for two more questions. Dr. Kim first.
DR. KIM: Thank you. So, you know, these are very complex instruments with a lot of
moving pieces, and it would seem to me that one answer might be just having a
certification process to clean this and to require the actual companies who make these
scopes to show people and make sure that they are certified. A lot of times, bad techniques
are propagated from generation to generation. And a lot of times these particular roles in
the hospital are low pay, high turnover, and so you've got a new person coming in, and then
you've got people who end up training people who don't know. And so I think that's one
idea.
DR. LEWIS: Dr. Gualtieri.
DR. GUALTIERI: Lisa Gualtieri.
When you talked about the durability, I wondered if there was any correlation
between the age and condition of the device and the contamination rates.
DR. HAUGEN: I'm not aware of that analysis in the postmarket studies having been
done, but one of our invited speakers may be able to speak to that.
DR. LEWIS: I apologize for not recognizing others that I know want to ask questions,
but we have to move on. We're a little over time already, and perhaps we'll be able to get
back to it as we go. We now need to proceed.
Thank you very much for your presentation, Dr. Haugen.
We now need to proceed to the Open Public Hearing portion of this program. Public
attendees are given an opportunity to address data. As we've said before, this greatly helps
the FDA in formulating their positions. Commander Garcia will now read the Open Public
Hearing disclosure process again.
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CDR. GARCIA: Thank you, Dr. Lewis.
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, 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 relationships that you may have with any company or
group that may be affected by a topic of this meeting. For example, this financial
information may include a company 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 have not had any
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. Lewis.
DR. LEWIS: As before, I want to emphasize that the FDA and this Panel place great
emphasis on the importance of this public hearing process, and we therefore invite frank
presentation by the participants today in this process. We want to give everyone a fair and
open opportunity to present their points of view.
As before in this meeting, we will have a 6-minute allocation for each of the speakers
today. We have five different speakers scheduled for the 30-minute process, so the
schedule requires that each of you maintain your time strictly at 6 minutes. And we 'll have
a brief period for questioning at the end of those presentations, but we do need to ask
everyone to be punctual.
The first Open Public speakers are Dr. Erin Kyle, from the Association of
periOperative Registered Nurses (AORN), and Ms. Catherine Bauer, from the Society of
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Gastroenterology Nurses and Associates.
You have 6 minutes for your combined presentation. Please proceed.
DR. KYLE: We thank you for this opportunity to speak with you today. I'm Erin Kyle;
this is Cathy Bauer. Neither us have anything to disclose.
AORN and SGNA thank you all and the FDA and this Committee for the opportunity
to speak today. We believe that we can achieve effective solutions to problems of
duodenoscope-related transmission of pathogens -DR. LEWIS: Excuse me. Can you speak more directly into the microphone, please?
It's a little hard to hear you.
DR. KYLE: Yes. I'm so sorry.
If we all commit to consistent communication and meaningful collaboration among
all key stakeholders, in order to ensure that we are not solving one problem and
unknowingly creating different problems, we urge the FDA to act both decisively and with
caution. We believe that decisions directing actions should be firmly rooted in scientific
evidence.
Since 2015, we believe that we have made progress in the way that we understand
the magnitude of the problem with complex endoscopes. Through scientific study, we
better understand the effectiveness of the enhanced measures recommended by the
Advisory Committee in 2015, but what we have done is not enough. We still see issues with
endoscope contamination and transmission of pathogens to patients.
We would like to begin by showing you images taken from a 2019 study in which
researchers worked with manufacturers to investigate the root cause of an outbreak where
two duodenoscopes, which are pictured, were implicated in the outbreak. These two
duodenoscopes were disassembled by the manufacturer. The following slides are images of
those disassembled duodenoscopes. And we thank the authors for their permission to
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share these images with you.
These images are the areas of the duodenoscope that we cannot see as clinicians. It
is our duty, as nurses, to prepare duodenoscopes for safe patient use using validated
processing instructions provided by manufacturers and cleared by the FDA. Recent
outbreaks where no breaches in processing were found cause us concern. We depend on
manufacturers of medical devices and the FDA to provide clear and safe and effective
duodenoscopes. It is essential that processing personnel receive clear and effective
processing instructions that they can actually understand and use.
MS. BAUER: We believe that for any solution to be effective, it cannot impede
patient access to care. Some solutions could be cost-prohibitive for some organizations.
Patient access should be central to finding solutions. It should never be an afterthought.
Requiring sterilization of scopes could result in facilities to stop providing the procedures
and cause our sickest patients to travel farther for care.
Safety: It is possible that fully disposable duodenoscopes could be clinically inferior
and result in failures during procedures that are greater than infection incidents associated
with contaminated duodenoscopes. We need to focus on the method of manually cleaning
these scopes, simplify the steps for the lowest paid and least educated staff in the
department. Disposable components do not eliminate the need for thorough manual
cleaning of these scopes.
Sterilization is costly. Low-temperature sterilization has been shown to be an
effective option for processing; however, many organizations do not have the resources to
sterilize endoscopes. Many organizations would require major renovation and major capital
expense to sterilize endoscopes. With EO, the turn-around time for sterilization can be up
to 16 times longer than the current HLD processes. Additionally, adding another instrument
that is required to be EO sterilized adds to the problem discussed yesterday and this
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morning.
DR. KYLE: AORN does support sterilization of duodenoscopes.
The second issue we'd like to discuss is improving duodenoscope design and
processing instructions for use. We think that the susceptibility to endoscope damage
during use is something that is real and should be investigated. We urge the FDA and
manufacturers to work together to perform systematic analysis of duodenoscope
processing failures to identify root causes and address those as they occur.
We believe that duodenoscope manufacturers should, at little or no cost, be
supported in updating and validating processing instructions for use that keep up with the
scientific literature. That's not happening right now. We look to the FDA to continue to
hold manufacturers accountable for evaluating the complexity of IFUs and considering
human factors in their development.
MS. BAUER: We believe that changes related to duodenoscope reprocessing should
include a thorough environmental impact. Many nursing guidelines are based on research,
and we would like to see a synthesized scientific literature in these areas, the most recent
studies for manufacturers on contamination rates and root causes of the contamination.
DR. KYLE: So our patients are central to all of our decisions as nurses, and they must
remain central to all of our decisions. I do have copies of the study where the images were
taken, if you're interested in seeing that.
DR. LEWIS: Thank you. Next, we will hear from Mr. Jahan Azizi and Ms. Mary Ann
Drosnock and John Whelan, representing Healthmark Industries.
You have a grand total of 6 minutes for all of your presentations.
MS. DROSNOCK: Good afternoon, and thank you to the Panel for the opportunity to
speak here today.
My name is Mary Ann Drosnock, and I am the Clinical Education Director at
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Healthmark Industries. I also co-chair AAMI Working Group 84, which is responsible for
writing the ST91 document, which is the national standard on flexible endoscope
reprocessing.
Today, with my colleague Jahan Azizi, we will discuss two novel techniques to
engineer quality into the endoscope, particularly the duodenoscope reprocessing program.
The first technology is use of a flexible borescope for internal inspections of the endoscope.
So let's follow along with the program.
A borescope is a thin tube with a camera on the end that is used to inspect the
internal channels of any endoscope, particularly a duodenoscope. So utilization of the
borescope for periodic inspection of duodenoscopes would allow for determination of
residual debris and damage inside that scope. Currently, there is no requirement for
healthcare facilities to do such, although it is a recommendation within AAMI and AORN
within their guidelines.
So let's look at some pictures. What you see on this screen is what some different
channels look like, what they're supposed to look like when they're clean and clear.
Remember, these are commonly found items when we're inspecting duodenoscope. In this
photo, you see a typical compression damage that can occur and residual debris left within
that channel.
In this slide, we see typical damage from a procedural instrument, such as a biopsy
forceps, where it scrapes along that channel and leaves shavings within there. These can be
expelled into the next patient if dislodged and not identified during inspection.
Here we see some typical staining of residual patient material. This debris, if not
removed during inspection during reprocessing, represents a risk to the next patient.
In this slide, we see retained methylene blue dye, which is used in procedures, and
potentially lubricant or simethicone left over.
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In this slide, we see compression damage and residual moisture in the channel.
These uneven surfaces represent areas that may not be accessed with a channel cleanin g
brush then.
Here we see some staining within the valve housing. Other items that we see
routinely identified during inspections are rust, staining, retained clinical items such as
stents, clips, cleaning brush bristles and lint.
So, in conclusion, a recommendation from the FDA for internal inspection of
duodenoscopes would engineer safety into the process and mitigate risk related to use of
those because we can identify internal damage and retained debris that would necessitate
further reprocessing of that scope and removal from service for repair.
MR. AZIZI: Thank you. Yeah, my name is Jahan Azizi, Special Project Manager at
Healthmart. The second novel technology that we're going to introduce is turbulent fluid
flow, or TFF.
As you know, there are many products in the market that can sample endoscopes for
cleaning verification and microbial surveillance. Current methods to take samples include,
as you see on the screen, flush-brush-flush method, where sterile water is flushed through
the scope, then the channels are brushed, and flushed again with water. All the collected
are into the one container.
Alternatively, scopes may be just flushed with water, or you can introduce a brush or
a swab. These extracted samples can be used for cleaning verification, test for protein,
carbohydrate, hemoglobin or ATP testing for after cleaning or microbial surveillance for
after sterilization or high-level disinfection. Here is one sample, how you can do the
flushing.
So TFF is turbulence flow is a new method for extracting sample from endoscope. It
is a closed loop system for sampling for cleaning verification and microbial surveillance. TFF
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uses a mixture of pressurized gas and sterile water, which is flushed through the scope at a
predetermined rate. Water droplets under pressure velocity impact the inner surface,
removing adhered contamination. An aperture which is part of a system hooks up to the
scope. It is needed to generate the TFF mix and generate compressed air to create
turbulence. This robust technology is for simple extraction, contain organic contamination
and bacteria from that part.
So this is a couple studies that we did. Here you can see a sample of TFF average
yield compared to pre- and post-sampling. So you have here TFF and without TFF. As you
can see, with TFF is much higher yield that you can see. It's on average 60 to 67% without
TFF, and with TFF is 75 to 90%. And here you can see the extraction as at a higher rate on
TFF compared with non-TFF.
Overall, in conclusion, TFF is a closed loop system with high percentage of efficiency.
And it does two things: one, reduces the need for two people to extract, and the second
one is that since it's a closed loop system, reduces the cross-contamination from
environment and technician.
Thank you.
DR. LEWIS: Thank you for your presentation.
Next we will hear from Rebecca Bartles and Dr. Jack Brandabur, representing
Providence St. Joseph Health System.
MS. BARTLES: Thank you.
Good afternoon, and thank you for the opportunity to address this Panel and
provide the perspective of a large healthcare organization.
My name is Rebecca Bartles, and I'm an epidemiologist and the Director of Infection
Prevention for Providence St. Joseph Health, the third largest not-for-profit healthcare
system in the United States. I have no financial relationships to disclose.
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Our organization provides care for over five million patients within our 54 hospitals
and in various other long-term ambulatory and home care settings. As a not-for-profit
Catholic healthcare system, our focus is the poor and vulnerable.
Each year, our health system conducts approximately 100,000 procedures using
endoscopes, and approximately 8,000 of those utilize duodenoscopes. When reports of CRE
infection transmitted through duodenoscope hit the news in 2015, our organization made a
commitment to taking a proactive approach to ensure the safety of our patients.
Since that time, we've conducted two internal studies to understand the prevalence
of endoscope contamination within our own system, and we've partnered with the FDA,
CDC, and endoscope manufacturers to participate in the postmarket surveillance studies.
We've also created a comprehensive set of minimum specifications, arrived at by risk
assessment, that are intended to proactively prevent disease transmission.
The partial list on the screen shows strategies that are used in addition to
manufacturer IFUs, some of which were included in the FDA's list of supplemental
measures. It should be noted, though, that even with these in place, our contamination
rate is not zero. This highlights the problem at hand, that current IFUs are insufficient to
ensure adequate high-level disinfection of endoscopes.
Many healthcare systems have implemented these or other safety measures within
their own silos in hopes of preventing the next outbreak. Many of these measures are labor
intensive and expensive, and none provide the margin of 100% safety that's sought.
Hospitals have been placed in a no-win situation in which we must continue to integrate a
mix of supplemental safety measures, each with limited evidence, in order to safely use a
product that's fundamental design makes it unsafe.
Although disposable endcaps may address a portion of this issue, this change alone
will not solve the larger problem, that these devices are not designed in a way that allows
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for comprehensive, error-proof cleaning and disinfection. Flexible endoscopes in general
are delicate devices with channels that cannot be visualized without additional equip ment,
and it's not uncommon for damage to occur within those channels and to other parts of the
endoscope body that create an area that harbors microorganisms. Although visual
inspection of the endoscope is part of reprocessing, it does not provide an adequate
method for assessing an endoscope's condition prior to each use.
As this Panel considers the expert testimonies and questions that will follow, please
consider the following ask. As we await manufacturer redesign, hospitals need a clear set
of guidelines for how to effectively reprocess and validate the safety of these devices. We
ask that this Panel consider making the recommendation that interim guidelines for reliable
reprocessing be produced to support hospitals while the further 522 studies are underway.
These guidelines should address the various mitigation strategies and combinations
of strategies while taking into consideration the risk, benefit, and cost of each. These
guidelines should also include consideration of a culture protocol that's feasible to use in a
clinical laboratory setting, rather than requiring the additional expense and time of an
outside reference lab.
DR. BRANDABUR: I'm Jack Brandabur. I'm a practicing interventional
gastroenterologist in Seattle and the Medical Co-Director for the Providence Digestive
Health Institute.
In large part, Ms. Bartles and I work together on these issues across our system, and
we are both here because we were given a blunt directive from our health system board to
stay on this topic and to stay ahead of the curve, and that's why we've been active in the
work.
I'd like to focus just on one or two areas, one, the recent FDA recommendations on
the transition to newer equipment with disposable endcaps, and I'd like to give you an idea
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or a window into what that means for us, trying to manage this across a 54-hospital system.
We currently have 200 ERCP and EUS scopes in our system. Roughly half of those are
Olympus 160 series, which as many of you know are going to be phased out. They can no
longer be serviced. They're not going to make replacement parts. Fifty percent of our EUS
scopes are over 10 years old.
And I mention EUS scopes for two reasons. Number one, in our studies, the linear
EUS scope, which also has an elevator similar to the duodenoscope, represents the same
risk of infection transmission as the ERCP scope. And I know that's not the purview or the
topic today, but it's germane to what we work with as clinicians in a hospital system.
The second issue is if you're going to replace duodenoscopes in a clinical system, you
also replace your EUS scopes. We use them in tandem. We use the same processors. And
so those need to be considered going forward. These are expensive capital assets, and
they've got shortening cycle times. Going forward, I would guess the cycle time's going to
be 3 to 5 years, based on what we're hearing, as opposed to the ability to buy and hold for
5 to 10 years that many institutions have used previously.
Bear in mind that we're going to CFOs in these big health systems and asking for
millions of dollars for this new equipment that we think is going to be better. We have no
data, and we actively need to start pursuing those studies. In addition, in a big system, we
have an unknown liability risk as we transition. If I replace the scopes to these newer
disposable cap endoscope, ERCP scopes, and I have an outbreak in another facility which
hasn't yet done that within our system, how do we deal with that or address it from a
liability standpoint?
And, finally, touching on the human factors, as people were doing earlier -Thank you, Becca, for the shortage.
The human factors postmarket studies have demonstrated that there are significant
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issues with adhering to manufacturer IFUs. We would wonder if it's even lower in lowervolume settings where the procedures and the cleaning and disinfection reprocessing aren 't
done as frequently. And thinking, as I'm sure Dr. Lewis has considered in the past, with
surgeons and people that do procedures, there tends to be a minimum level of procedures
you do on an annual basis to maintain competency and skill; does that number or data exist
for people that do this kind of work, and should the FDA help us with guidance in that
regard?
Thank you.
DR. LEWIS: Thank you for your presentation.
Next, we'll hear from Ms. Sylvia Garcia-Houchins representing the Joint Commission.
MS. GARCIA-HOUCHINS: I'd like to thank the Panel for inviting us to present today.
First thing I'd like to talk is an overview of the Joint Commission. We survey about
22,000 healthcare organizations across the country and also do international work. Our
focus has been disinfection and sterilization for over 10 years. It is something we have been
diligently working to improve in healthcare.
The number one cited standard in hospitals is the one that relates to reprocessing of
medical devices, particularly disinfection and sterilization of medical equipment. When we
call immediate threats to health and safety, the number one reason is related to high-level
disinfection, failure to follow part of the process that would protect our patients.
So the first thing I'd like to do is go over briefly the survey process, to make sure
everybody understands the limits of the survey process and the oversight that we are
providing, and then talk about some of the challenges that our healthcare facilities are
facing.
This is the flow of a typical unannounced survey that occurs every 3 years at a
facility. So the first thing is every 3 years is the time that we have to go to see this facility.
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And you can see, what may happen is they pick a sample patient or a sample process and
follow that process through. Depending on what the surveyor sees or does not see may
lead them down different paths. So reprocessing is just one of those possible options. Even
though we will visit areas that perform sterilization and high-level disinfection, we may
never see the reprocessing of a duodenoscope during our survey process. It 's very
important that this group understand that.
The other thing I'd like to talk about is the limitations on our survey from an
infection control standpoint. This is a hierarchy that was published in April of 2019 in
prospectus for our customers. And what it outlines is how the surveyor can approach
infection control related standards and requirements. And the first thing you will notice is
that it requires compliance with rules and regulations. Some organizations have state
requirements that would require reprocessing in a certain manner.
So, for example, in New Jersey, they require SGNA compliance. So by default, and
reference, we as surveyors would survey against the requirements of SGNA as our first level
of look at compliance. If an organization is deemed, and we are there as their accrediting
organization, we would then look at the conditions of participation, which are also very
general. Require compliance with manufacturers' instructions and high-level disinfection of
semi-critical devices, which as you've heard previously, they are semi-critical devices. So at
minimum, we would require high-level disinfectant.
The next level of scrutiny would be the manufacturers' instructions for use, and as
you've heard, this is really where the rubber meets the road. It is the interpretatio n of the
surveyor and the organization in how they are reading these documents. What we often
find is misreading of instructions for use, not only for the duodenoscopes but all of the
accessories that are used to reprocess the duodenoscope, flushing devices, brushes,
disinfectants, detergents. All of these come with their own complicated manufacturer s'
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instructions for use that put this process at risk.
After an organization has looked at the first three levels, those are the basic
requirements. Then an organization, unless required by regulation, can choose their
evidence-based guidelines. They can choose to follow all or a portion of the evidence-based
guideline. We do not require, unless required by regulation, that they use an entire
guideline, which means people can hunt and peck. Based on that, they develop their
policies, their procedures, and their process.
What is the result? Lots of challenges. Physical space and design may be governed
by state boards that say how the organization must build. Many of those state regulations
are old and may not be current. They may be using very old versions, and they don 't apply
unless the organization does renovation and construction.
Staff: Many organizations do not even know how long it takes to reprocess a
duodenoscope. I have been to organizations where one person is reprocessing up to 60
scopes in their shift, including 10 duodenoscopes. That cannot be physically done.
Training and competency is left to the organization, unless there is some governing
body that is requiring it by regulation. CMS and the Joint Commission standards require
that the organization define their training and competency. You will be hearing much more
about human factors. And as I said, equipment and supplies that are used in conjunction
with this process are very difficult.
We also find that preventative maintenance is an issue. Using automated
reprocessors, sometimes organizations can have recontamination of their product, of their
duodenoscope, which they think is nicely reprocessed, and what we find is they haven't
done the preventative maintenance of the machine or the filters that they may be using for
automated reprocessing, and in the end, they end up with a contaminated scope because of
failure to maintain the process.
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Quality monitoring is really the ultimate step. Again, the facility decides what type
of quality monitoring that they would like to do. As you can see, from a survey process, this
is a real challenge.
Thank you.
DR. LEWIS: Thank you for your comments, confirming our worst fears.
We had a request for a fifth speaker, but we're already over time, and we really
don't have time for any further discussion in this open forum. I therefore declare this
second session of the Open Public Hearing closed.
We now will turn to a series of guest speakers. The first of these is Dr. Michelle Alfa,
who will discuss Endoscopes: Reprocessing Challenges and Quality Assurance.
Dr. Alfa, please proceed.
DR. ALFA: Thank you, and I'm pleased to be here at the opportunity to have this
discussion.
I'm a clinical microbiologist by training, but my focus for research has been
healthcare-associated infections and the prevention of those. And near and dear to my
heart is infections transmitted through contaminated organisms.
So in terms of today's topic, I'm looking at the reprocessing challenges and quality
assurance for endoscope reprocessing in general, but obviously specifically regarding some
of the duodenoscope nuances.
These are my disclosures. I consult for many different companies, but I want to
make it clear, the information that's to be presented today is my personal opinion and is
not representative of any company that I do consulting for.
So the objectives really are to look at cleaning, critical challenges related to the
cleaning of flexible endoscopes, in particular duodenoscopes, the challenges that I believe
are presented by residual moisture during storage, and we're going to talk about the dirty
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word "biofilm" in this process, and then the whole issue of reusable endoscopes and the
quality assurance component of it.
So let's have a look quickly at the manufacturers' indications for use, or the MIFUs.
If you look at manual cleaning, generally speaking, the larger channels which are the suction
and instrument channels that are 3 mm or greater in internal diameter, the basic
requirements are a detergent is used, enzymatic or nonenzymatic, and that friction is
provided, most commonly by the use of bristle brushes.
If you look at the narrow channels, the 1 to 2 mm internal diameter channels like the
air/water or the auxiliary water channels, detergents are obviously still required, and there
is nothing beyond fluid flow in terms of providing friction for cleaning these channels. You
can see the scene is already set for the difference between the removal of material from a
narrow lumen versus a wider lumen.
Now I want to point out, because I think it is an important consideration, that the
validation testing required of the endoscope manufacturers, up till this point, does not
require assessment or removal of biofilm or buildup biofilm. And the reason for that is that
the expectation is that if a scope is fully reprocessed, properly disinfected, and stored
totally dry, biofilms should not form. And we're going to delve into that misconception
during the process of this presentation.
Now, the borescopes have already been introduced, and I'm really happy about that
because what you're going to see in my presentation is some borescope videos. And the
idea is using the borescope to scope the scope, and it gives us an opportunity to see what 's
actually going on inside the endoscope channels. So I'm going to take you on a little
journey, and I hope this is going to work. It doesn't look like it's going to. Oh, yes, here we
go.
This is a narrow water channel that was taken from a colonoscope that had over 100
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patient uses. And it was removed -- oh, sorry. It was actually removed, not because there
was a problem with it but because it was for research purposes. As we go down, we're
going from the control head down to the biopsy port portion, and you can see all the
encrustations that are present in this actual channel as we go down. And it doesn 't take
rocket science to realize that this, obviously, material has accumulated over time and hasn't
been adequately removed by the cleaning processes, despite having gone through that for
more than a hundred procedures.
A portion of this channel was removed, and it was subjected to energy dispersive
x-ray surface analysis, which allows in situ determination of the chemical composition. And
you can see, the gray image in the background is actually the scanning electron micrograph,
and the silicone-containing deposits are color-coded green, and the oxygen-containing
components are colored red. And when you superimpose this, you see that each of the
encrustations along that channel contain both of those chemical markers. And that is the
hallmark of simethicone residuals.
For those you not familiar with simethicone, it's used to break foam and bubbles at
the mucosal surface to facilitate evaluation and detection of polyps at the mucosal surface.
The use of this got integrated into endoscopy without guidelines realizing this was
happening. And the endoscopist that started using it -- we are more familiar with this as
baby gripe drops, and the idea that it relieves colic in babies. And the thought process was
if it's safe in babies, it should be safe enough to actually use in this type of a procedure.
And what is interesting is it took a number of years before there was recognition
that this type of product was being used. The endoscope manufacturers have pointed out
that the manufacturers' instructions for use for cleaning may not reliably remove these
compounds because simethicone is insoluble in water and it's insoluble in alcohol. And so
there's been a dialogue and a number of publications put out, and basically it does pose a
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risk in the cleaning because it is not easily removed. But at the same time, the clinical
necessities of this for the gastroenterologist I think is without doubt. And we want our
gastroenterologists to be able to do their procedures and detect polyps in a good manner.
So here is one of the challenges is the cleaning of narrow channels, in particular those that
might become encrustated with simethicone residuals.
Okay. And it's not just the narrow channels. I mean, Cori Ofstead's done a ton of
publications, as have many others, and documented these brown stained streaks of
material that exist within instrument channels, and the concept that, without being able to
visualize the channels, you don't know that this actually exists in the channel because
everything works properly, the instruments go through it, and you're doing the reprocessing
as you think is appropriate. So both sizes of channels have their own challenges.
Now, I want to introduce the concept that I think the technology that we use for
cleaning of endoscope channels has essentially not changed since the beginning of time for
use of endoscopes. And bristle brushes are still one of the main sources of providing
friction. Bristle brushes have limitations and challenges.
The channel on the left had been coated. It was a PTFE channel, the equivalent of
one used in an endoscope. It was coated with a buildup biofilm. The model is described in
the reference I put on the right. And then it was processed following the manufacturer 's
instructions for use and then visualized using electron microscopy. And you can see there's
a track of material that's remaining in that channel, and at higher magnification you can see
it's actually the buildup biofilm material that hasn't been adequately removed.
And interestingly enough, if you look at the space between the tracks that are shown
there, that is the size of the bristle brush. So the bristle brush is contacting the surface. It
does provide friction. And it is the mainstay method of using, but it does have limitations in
that it might not contact all of the surface.
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

344

Okay. So the other one was duodenoscope lever mechanism, that little bending
component. The manufacturer's instructions for use from the endoscope manufacturers
clearly states that that position of that lever should be at the 45° angle position when the
endoscope has been fully manually cleaned and is going to be place in the automated
endoscope reprocessor. And I asked some of the supervisors from endoscopy reprocessing
clinics, and I said, you know, are you sure that this is actually happening all the time? And
they said, well, they, the technicians get trained in it, but we have no way to document, and
they don't record whether or not that lever is in that position when it comes out of the AER.
So in 2017 we published a study that was looking at this issue. What is the margin of
safety in terms of how that lever is positioned and whether microbes can survive if that
lever is in the wrong position. So what we did is we put a drop of material behind the lever
at the 45° angle position. We had a high load of both Enterococcus faecalis and Escherichia
coli. We allowed it to dry for a couple of hours. We put the lever in the wrong position, the
down, flat position, and we processed it through an automated endoscope reprocessor that
had a cleaning cycle plus a high-level disinfection cycle.
And the question we were trying to ask is, if you do that, which means improper
cleaning and improper position of the lever, is it likely that organisms can survive under
those conditions? And, indeed, you can see the results for the 140 type of duodenoscope
that actually has an unsealed elevator guidewire and the 180 that has a sealed elevator
guidewire; in both circumstances, both E. faecalis and E. coli survive. And that's after one
round of doing this. The data I'm presenting is the average or the mean from three
replicate experiments that we did in this case.
So the challenge of the lever position is huge. It is currently not documented. And it
can actually be one of the underlying root causes, if it's not done properly, for microbial
survival.
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Okay. Rapid manual cleaning monitoring: There are many commercial cleaning
monitoring tests, and I'm not going to go into them. The reality is they tend to be broken
into two large categories: detection of ATP, which is present in organic secretions and to a
lesser extent in microbes; and organic residuals, such as protein, hemoglobin , or
carbohydrate.
The survey by Thaker showed that only about 34% of the U.S. sites actually monitor
their manual cleaning, and the frequency of that was unknown. So it's like we are doing a
manual cleaning process. We're trusting that this multi-step process is being done
absolutely correctly every time, hundreds of times in repetition. And the reality is we have
no way of knowing or no way to give feedback to our endoscopy staff that do this
reprocessing whether they're doing it properly or not. This is one way to do it, but it's not
something that is required, and obviously many sites are not doing it.
The other component that I think contributes to the contamination that we're seeing
in endoscope channels is actually the drying of endoscope channels for storage. The
endoscope manufacturers clearly state that endoscopes must be dried prior to storage and
that all channels must have an alcohol flush and forced-air drying.
Now unfortunately -- and I've put a reference at the bottom. There's a review article
that we just published in 2019 that actually delves into a lot of these particular issues.
There is widespread belief by endoscopy clinic staff that the automated endoscope
reprocessor cycle, if there's an alcohol flush and a forced-air dry, that is sufficient to allow
you to put that scope into a regular storage cabinet. Okay. And, in fact, AAMI ST91, the
existing 2015 version actually states that. It said the alcohol flush and the forced-air dry can
be achieved manually or it can be achieved if it's part of the cycle in the AER. And I want to
show you data that absolutely disproves that. And despite many healthcare facilities
thinking they are following the manufacturers' instructions for use, you're going to see that
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I would put to you that unknowingly they are not following the manufacturers' instructions
for use.
So this is an example. This is Barakat's study that was looking at the drying of
endoscopes. This is a borescope image in the instrument channel, and it was taken
immediately after this patient-used scope had been fully reprocessed. It had been put
through an AER that had an alcohol flush and forced-air drying. And you can see, it's maybe
hard to visualize -- I'll try not to laser anybody -- but this is a huge accumulation of fluid at
the bottom here, with the red arrow pointing to it, and these are droplets of fluid that are
still in the instrument channel. This scope, by no means, is dry enough to put in a regular
storage cabinet.
And what the study was looking at was whether the automation of drying, using a
small air-flushing pump, or staff standing there for 10 minutes, putting forced air through
the channel, and they concluded that automated drying was more effective than manual
drying.
Now, these small pumps are one way to do it, and maybe it's an interim step, but in
my opinion, the way to engineer safety is the use of channel-purge storage cabinets.
Channel-purge storage cabinets, how can you tell what the difference is? It's the fact that
they have sterile tubing that connects every channel in the endoscope to a source in the
cabinet that will flush those channels with HEPA-filtered or medical grade air. And
engineered safety in the sense that you don't have to have staff trying to stand there,
flushing air down the channel for 10 minutes, being stressed out because they should be
doing other things. It can go into the cabinet, and basically they can forget about it until
they need to take it out on the next patient use.
It's a requirement in Australia. It's a new change to their guidelines. They are
requiring channel-purge storage cabinets. They are commonly used in Europe, but they're
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not commonly used in North America.
So, again, and okay, this is my opinion, but I was so happy to see Perumpail's data
that was recently published in 2019 that addressed this issue specifically. And what they
show in this diagram is for colonoscopes, duodenoscopes, and bronchoscopes. The bars,
the blue bars represent colonoscopes, the gray bars, duodenoscopes, and the green bars
represent bronchoscopes. They inoculated a low level of Pseudomonas aeruginosa into the
instrument channel of each of these types of endoscopes. And what they monitored was,
what happens to those microbes when they get put in an automated or channel -purge
storage cabinet versus a standard cabinet.
So this inoculum, I want to point out, three logs of organisms. If I put that on the
surface here and let it dry, you would never visually detect that. You could not see that
level of contamination. If you look at the red arrows, that's what happens to the
Pseudomonas aeruginosa levels in a channel-purge storage cabinet. And what you'll notice
is that even after 3 hours, Pseudomonas is a gram-negative organism, and that lipid bilayer
cannot take the dehydration and it does drop in numbers. But the scope, channel-purge
scope storage cabinets are not there to kill organisms. They're there to ensure they're dry,
to make sure they don't replicate.
Look what happens in a standard cabinet, which is the set that doesn't have the red
arrows on it. Within 3 hours, those bugs are still there at the same level they were when
they were inoculated, and over the remaining 12, 24, and 48 hours, they go from 3 logs up
to over 9 logs in 24 hours. Turbidity starts to be visually visible at 8 logs. So we 've gone
from undetectable visible levels of organisms up to those that are going to make the
solution actually be turbid.
And I think this is such excellent data, and I hope I convince you that we do not want
to be putting scopes into storage cabinets that will sit 24 hours or 48 and with moisture in
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the channels that is actually going to allow microbes to replicate, especially given that our
FDA postmarket clinical studies have clearly documented that about 5% of duodenoscopes
being used on the public are culture positive for high-concern organisms. So we're setting
the perfect storm. We have high-concern organisms that are surviving the high-level
disinfection process. And right now they're being stored in regular storage cabinets that do
not facilitate ensuring they're dry.
Okay. So the key issues are inadequate cleaning. I think they're -- the idea that
there's no friction provided in 1 to 2 mm channels is a challenge, a real challenge,
particularly since that's a channel that simethicone types of compounds often are flushed
down. There is inadequate friction, in my opinion, because the bristle brushes don't have
continuous contact with the surface, and they may leave tracks of material, and that might
be representative of those brown stain tracks that we see in some of the borescope images ,
and the fact that the lever position is very, very critical, and yet it's an undocumented step
in terms of whether it's accomplished.
And, finally, I think a big factor, a big challenge is wet storage, unknown to
endoscopy reprocessing personnel, that the adequate drying really has not been achieved
and that microbes replicate, and that's the beginning of biofilm or buildup biofilm.
So Thaker's surveys show that about 34% of endoscopy sites are monitoring
cleaning. About 48% say they use forced-air drying. And how they do that is not clearly
identified, and about half are doing culturing. So we have huge challenges in the
reprocessing. And I think, I would like to put to you that these are some of the basic things
that really need to be corrected in the system, in addition to the other things that we're
going to talk about, because our endoscopy clinics are suffering from the phenomena you
don't know what you don't know. You are doing manual cleaning, but there's no feedback
about the efficacy or the compliance with that. You are doing storage, but there is no
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feedback or assessment of whether it's truly dry storage or not. And I think that we have to
empower our people and give them data that they can use to internally determine how
good a job they're doing.
So what can endoscopy sites do? Truly, truly, we need a quality system reprocessing
program implemented, and it needs to be a requirement, not a guideline thing that 's there,
and if you can do it, you know, you can do it. It needs to be in place. And I would propose
to you that this type of quality systems reprocessing program, there is a 2017 reference
there, the CDC has identified essential elements of a reprocessing program for flexible
endoscopes. And, minimally, sites should comply with that and utilize that document.
I would point out, though, it's already out of date in that it doesn't talk about the
drying component. It doesn't talk about, you know, the monitoring of manual cleaning, to
give feedback to the reprocessing personnel. I believe specific audits, with data, not
punitive, to provide feedback to people so they know how they're doing, test the
compliance with manual cleaning, and give feedback to your staff. You don 't have to do it
for every scope, but periodic, to give them feedback.
I do think testing the dry storage is a critical component. And there are ways to do
that, either through a borescope or the humidicator strip paper that Cori Ofstead described
in her publications, and also the concept of testing with cultures, to have an idea in your
facility what's going on in terms of contamination of your scopes.
So it's a very depressive presentation I've given you. It's like so much is wrong, and
we need to change this. But I want to give you hope because I am hoping there will be
development of novel technologies that will dramatically improve our approach to cleaning.
I'm going to show you an example of one of them. This technology is not commercially
available. It hasn't gotten FDA clearance. But I want to give you hope that there are bright
people out there that should be able to come up with new methods. So NanoClean is a
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name -DR. LEWIS: Dr. Alfa, we have to ask you to please try to conclude here shortly.
DR. ALFA: Yes. I'm just going to show the video. And what I want to show is the top
panel is a lumen, a narrow-lumened one that is actually flushed with a micro nanofiber
product. The bottom one is an enzymatic detergent. And it's got buildup biofilm in it that's
stained a dark black-blue. And you can see that it's being removed in one top one and not
in the other. So I'm hopeful that we will get some novel technologies that will come out.
Conclusions are:
•

Improved cleaning for all channels needs to be robust, all channels, including narrow
ones;

•

Dry storage and HLD/sterilization and a disinfection or high-level disinfection are
essential for dry storage; and

•

Minute residuals do have a problem if they remain in place; and that

•

Quality system monitoring is urgently needed.
Thank you.
DR. LEWIS: Thank you.
We next will hear from Ms. Cori Ofstead, who will discuss Human Factors and Quality

Assurance.
Ms. Ofstead, please come to the podium and continue.
MS. OFSTEAD: Thank you for the opportunity to present our findings to the Panel
today.
My name is Cori Ofstead, and I'm an epidemiologist. I have a team that designs and
conducts real-world studies.
My disclosures are on this slide, and I'd just like to say that for this presentation, I'll
be presenting data that our team collected during studies that we conducted, 10 studies
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conducted in 19 healthcare facilities in 11 states. We've also conducted audits of more
than 60 institutions, and in 2017 and 2018 we did surveys of IAHCSMM members, and
IAHCSMM is the association for sterile processing professionals.
In the last five studies we've done, we've detected microbes in more than 50% of
endoscopes that have been reprocessed with high-level disinfectant. And in a study of
ureteroscopes, we detected microbes in 13% of scopes that had been sterilized with
hydrogen peroxide gas. Those studies also detected ATP and protein levels that were quite
high after manual cleaning, which really reinforces what we've heard today, that it's
absolutely essential to get the endoscopes clean before attempting high-level disinfection
or sterilization.
Now the data that I'm showing you today are just a subset of data from our studies,
and there is a list of references at the end if you'd like to see the full-length studies. All the
data are published.
So when we do visible inspections with borescopes or with a magnifying glass, to
look at the outside of endoscopes, we find that there are visible defects or debris on 100%
of endoscopes in every institution that we visit. I'd like to show you some examples of the
visible defects that we've seen so you get a sense of what we're finding. And all these
photos come from patient-ready endoscopes that have been fully reprocessed.
These examples are discoloration on insertion tubes, and the numbers should be
white, but you can see that it's yellow or orangish-brown.
Here we have an example of white residue and yellow residue on the instrument
port area of a ureteroscope that has been sterilized.
This is a colonoscope that has multiple defects, including brown residue that 's
packed into and around the water jet channels.
When we looked inside this particular endoscope using a borescope, just inside the
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distal end, we could see that there was brown stuff inside the distal end as well as deep
scratches filled with brown stuff and fuzzy channel lining.
This next photo shows you, on the right, what the distal end of an endoscope should
look like that, and right next to that is the distal end of a scope with bad defects with the
adhesive. In fact, chunks of it have fallen off, and there are sharp edges that can injure the
patient during the procedure and also can injure the reprocessing technician. The thing
that's important to note here is we find scopes like this in every institution we visit.
This is an example of a gastroscope that was in use and was ready to go into a
procedure. It had been reprocessed with high-level disinfectant, and the distal endcap has
horrible defects, including what we called "whiskers" poking out of the distal end. Those
are wires from the inner scaffolding of the scope that have popped through the defect ive
adhesive. And the FDA has reports in their files of patients that have been scratched or torn
with their tissue on those sorts of defects in endoscopes.
This is our example of a colonoscope that has filaments of debris dangling into the
channel, presumably when the channel lining is torn up by the instruments used during
procedures or for reprocessing.
And because we're talking about duodenoscopes today, I gave you a photo, one of
our favorites. This is the distal end of a duodenoscope that exploded during an EtO cycle
because a technician forgot to put the vent cap on properly. And so it was inadequately
vented. Now, that endoscope had been put through an automated system of cleaning and
high-level disinfection before being put in the EtO sterilizer. But the explosion blew the
elevator area off, and you can see that there's brownish-red crud built up under where the
elevator was, which means that manual cleaning did not remove any of that soil under
there.
I'd like to turn now to some data from our drying study. During this study, we
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assessed a total of 45 endoscopes in three hospitals in the U.S. Five of those endoscopes
we looked at for drying effectiveness were duodenoscopes, and the scope with the highest
level of contamination found in this entire study was a duodenoscope in use at one of the
sites. In that duodenoscope, there were colonies too numerous to count and an extremely
high ATP level on the distal end.
We used a chemical indicator to detect water in the channel and that detected
water, but we could also see it when we did a borescope exam. There were visible droplets
of fluid in the channel and also under the elevator mechanism. The fluid under that
elevator mechanism was white and thick, and we believe that it was simethicone b ecause
that was in use during the procedure.
Now, when we do studies at sites, in addition to gathering samples for testing, we do
audits of their practices. And this is a slide that shows you the results of audits done in six
hospitals that were part of our studies for drying bronchoscope and ureteroscope. And you
can see here that in all of the sites, critical steps were skipped or done improperly, and in
four of the sites, virtually none of the steps were done in accordance with the manufacturer
IFU and guidelines.
That doesn't work out so well because when we took the cultures, these sites had
extremely high levels of residual bioburden in the scopes, up to 92% in one of the hospitals
that skipped or cut corners on every step.
So I find this type of situation extremely troubling, and we've tried to find out more
about the human factors that are contributing to these sorts of inadequate reprocessing
situations that we're finding in the field. And so I'll share my perspectives in some data
about human factors now.
The first thing I'd like you to consider is that the technicians responsible for
reprocessing duodenoscopes are also generally responsible for reprocessing many different
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types of endoscopes used in many different parts of the body. And each of these
instruments is quite different and has different instructions for use, which the technicians
generally have to memorize.
And so just to give you an example, a ureteroscope is very different from a
cystoscope or a bronchoscope or a colonoscope. And then there are the scopes that have
ultrasound probes on the distal end, like an EBUS endoscope or the linear EUS endoscope
that's used along with ERCP many times, which also has an elevator mechanism.
So we're here today to talk about the complex issues related to ERCP scopes, and I
will admit that the distal end of this is extremely complex and difficult to clean, absolutely,
particularly in light of the fact that these technicians are expected to understand guidelines
and IFUs that are extremely lengthy documents, and they have different IFU for each
instrument that they're reprocessing. So you're asking people who are potentially low
literacy or not inclined to read to understand hundreds of pages of documents and
incorporate that into their daily activities.
I think that's really challenging, and so last year we worked with IAHCSMM, which is
the association of sterile processing professionals, to do a survey of their membership, to
find out how things are going in the real world with reprocessing endoscopes. We sent out
a survey to their membership, and 2,334 individuals chose to invest 20 minutes in
completing a lengthy survey on their practices regarding endoscope reprocessing. Oops.
That went backwards.
I'd like to point out that the healthcare professionals who responded were actually
high educated professionals; 87% of them were certified, 89% worked in hospitals, and 91%
worked in the central sterile department; 70% were technicians, while others were
supervisors, managers, or nursing staff. And 62% of the respondents personally reprocess
endoscopes on a daily basis.
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An important thing to note here is that these respondents to this survey are the
best-case scenario. These folks are frontline personnel who are certified professionals who
are active in their professional association and see themselves as career professional
reprocessing technicians. So among that population, we learned that they generally get less
than 1 week of training before they are asked to reprocess endoscopes independently,
without anyone assisting or supervising them. And, in fact, 25% received less than 1 day of
training before they were expected to do these complex tasks.
Unfortunately, we also found that there's competency testing for only 46% of the
individuals on the specific models of endoscopes, which are hugely different from each
other. And 17% said there was no competency testing done whatsoever.
We learned that 84% of the individuals who responded had personally read the
instructions for use for flexible endoscopes, and they said that those instructions were
understandable, feasible, and evidence-based only about two-thirds of the time, which
means for these highly educated professional reprocessing technicians, they cannot
understand or follow the IFU about a third of the time.
Seventy percent of the respondents said that they're under pressure to go quickly
when they're reprocessing endoscope, and in fact, 17% of the respondents admitted, in
writing, that they personally skipped steps in order to go quicker when they are
reprocessing endoscopes.
I'd like to share a little bit of information about two studies we did to assess the cost
and time involved in reprocessing endoscopes. One involved colonoscopes and one
involved bronchoscopes. In these studies, to properly reprocess one endoscope took more
than 90 minutes. And this is extremely important because institutions are often expecting
the staff to turn around a fully reprocessed endoscope in less than an hour, and it simply
cannot be done. Duodenoscopes are presumably more complex than either a colonoscope
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or a bronchoscope, which means that we need to be allocating more time for them to do
those tasks.
What happens when they don't get enough time? Back to the survey. We learned
that they cut corners, and one place that they cut corners on is this quality management
type of testing. So visual inspection should be done with a magnifying glass for every
endoscope every time it's reprocessed. Yet only 36% were doing any visual inspection at all,
and only 18% were using a magnifying glass to inspect the endoscopes, 14% were using a
borescope, and about half reported that they sometimes do some sort of a cleaning
verification test, but generally they're doing that on a monthly or quarterly basis, not before
every endoscope is put into an HLD or sterilization system.
We also learned that the technicians are extremely frustrated because there are
frequent AER cycle failures, for a variety of reasons that are covered in the publication with
these data. We also learned that they do not test the concentration of the disinfectant for
every cycle, as recommended in the manufacturer IFU. About 20% of the time, they skip
that step.
The work environment for these technicians is horrendous. And we learned that
47% were bothered by odors caused by working with the high-level disinfectants. Forty
percent had varying degrees of physical pain, related to reprocessing endoscopes, and many
of these individuals, when we put the number of individuals who reported this, you can see
hundreds of individuals reported significant or extreme pain related to leaning over the
sink, standing for extended periods of time, or brushing and scrubbing the endoscopes, with
many of these individuals indicating that they can no longer do these tasks any longer
because it hurts their bodies so much.
We included a block of questions about bullying in the survey because my colleague
John Eiland, who's here with me today, and I were doing audits for our drying and
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bronchoscope study, and we personally witnessed the reprocessing technicians being
verbally abused while we were present in the room standing there with clipboards. And
they were being told to move it up, get things done, and they were threatened in terms of
their continued employment if they didn't speed things up.
Now, when we included these questions on the survey, we never anticipated that
40% of respondents are observing or experiencing bullying on a daily basis in their
institutions. In my view, if we're expecting people to understand and follow complex
procedures, they cannot do it if they're under the kind of duress that I'm describing, and we
need to deal with this type of human factor in order to provide an environment where they
can do these complex tasks correctly.
So, in summary, endoscope reprocessing technicians are expected to memorize and
perform complex tasks involving hundreds of steps. They're often subjected to hostile work
environments where they're not provided with adequate training. They're bothered by
odors and the pain they feel when they're reprocessing endoscopes. They're frustrated by
AER malfunctions and problems with MEC testing, and they're dealing with problems that
they identify during visual inspection or cleaning tests, which just make t heir jobs that much
harder when it shows a problem. They're under pressure to move quickly, and so they're
cutting corners. And that makes sense, given the environment they're working in, but we
absolutely must address these human factors if we're going to improve the quality and the
outcome of reprocessing.
So I have a couple of suggested solutions. The first one comes from my experience
driving on the highways. And as a public health person, I do notice that all highways and
bridges have guardrails because we don't assume that the individuals driving cars are going
to stay within the parameters. In my vehicle, there is a dashboard that provides me with a
continuous stream of data that shows me how fast I'm going, how I'm doing, am I staying in
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the lanes, etc. If I deviate at all, the car is giving warning lights and honking and shaking the
wheel, etc.
So we need to engineer for safety, and we need to provide a dashboard with
feedback to the individuals about how they're doing, and what's working and what's not,
and a warning if they're going out of the lane.
There are other solutions that I think might be helpful, including improving the IFU.
We need simple and clear text, but I think we need to say how much time should be
allocated per cycle so that the technicians are protected in spending the time required to
do a good job. We should be confirming the feasibility of the steps in the instructions
before we disseminate that to the field, and we should make it evidence-based, with
validation that it actually works.
For the staff on the frontline, we need detailed checklists, with step-by-step
instructions that are visual and available to them while they are doing their tests, not in a
book that's got a hundred pages that they should read. And we need to design and
disseminate high-quality training programs. In my opinion, the core curriculum should be
established by the manufacturers, and there should be centralized hands-on training for
trainers. We should not leave it to one technician to train the next technician, using
whatever method they have been using all along.
We need to have centralized high quality, and we should be deploying simulation
programs, like we do for surgeons and endoscopists, where the reprocessing technicians
can practice in a simulated environment to make sure that they're doing it correctly and
getting feedback before they are launched into the field to do this incredibly complex task.
And then we should have standardized competency tests that are done by a qualified
expert, rather than having workers check each other off.
And, lastly, we need the manufacturers to provide guidance about preventive
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maintenance and those essential quality management steps that are absolutely essential for
the success of the reprocessing and for patient safety.
So thank you very much, and my references are at the end.
DR. LEWIS: Thank you, Ms. Ofstead, for your presentation.
We do not have time for the questions, since we're already a little over time. We
will take a 10-minute break and return and reconvene at 2:15 promptly.
Thank you.
(Off the record at 2:03 p.m.)
(On the record at 2:14 p.m.)
DR. LEWIS: Could I ask everyone to please return to their seats, and take their seats,
please? We have several more presenters before we get to the opportunity for the Panel to
address the FDA questions. And I would please ask that all of those presenting adhere to
their time limits. We're infringing on the time that the Panel needs to address the
questions, and the issues of Panelists who have airplane flights and otherwise are going to
need, so we need to maintain the timeline. And I would specifically ask that all the
presenters strictly adhere to the time that they've been allotted.
We will now reconvene and hear the perspectives from the stakeholder professional
societies who are the predominant individuals actually carrying out the endoscopic studies.
We'll first hear from Drs. Michael Kochman and Bret Petersen, who represent the principal
organizations of physicians that are involved in endoscopy procedures. Those organizations
are the American College of Gastroenterology, the American Gastroenterological
Association, American Society for Gastrointestinal Endoscopy, and the Society for American
Gastrointestinal and Endoscopic Surgeons.
Gentlemen, would you begin?
(Off microphone remarks.)
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DR. LEWIS: You need to turn on your microphone, I think. That's it.
DR. KOCHMAN: Hello. I am Michael Kochman. I'm the Wilmott Professor of
Medicine and Surgery at the University of Pennsylvania, where I perform advanced
endoscopy, including approximately 300 ERCPs per year and 7,500 lifetime. I currently
serve as a councilor of the AGA governing board, and I'm a past governing board member of
the ASGE.
I have potential conflicts due to consulting with Boston Scientific, Olympus, and
PENTAX. I have stock options and pending interests in Dark Canyon Labs, Virgo Systems ,
and Mind Genomics Advisors. My attendance here is funded by both the AGA and the
University of Pennsylvania.
DR. PETERSEN: Hello. I am Bret Petersen. I'm a professor of medicine and advanced
endoscopist at the Mayo Clinic in Rochester, Minnesota, where I perform about 500 ERCPs
per year. I serve as secretary and governing board member of the American Society for
Gastrointestinal Endoscopy, and I've served as the lead author on the 2011 and 2017 MultiSociety Guideline for Reprocessing of Flexible Endoscopes.
I have served as a consultant and am currently a co-investigator for the Boston
Scientific single-use duodenoscope and also as a consultant to Olympus in the reprocessing
arena. My attendance here is funded by both the ASGE and my employer.
We thank you for the opportunity to speak today. Our primary goals in representing
these four organizations are to ensure patient safety and access to indicated procedures.
We also wish to enhance both patient and physician trust in the devices used for these
procedures. Our comments will focus on duodenoscopes.
Our societies' collaborative initiatives have included drafting and adoption of the
Multi-Society Guidelines from 2003, '11, and '17, adopted most recently by nine societies
and organizations. We have provided representation on the workgroup that is currently
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

361

developing an updated version of the ANSI/AAMI Reprocessing Guideline, ST91. We've
participated in the CDC's HICPAC Advisory Committees in addressing the processes for
reprocessing. We've had extensive societal programming for members and staff education,
request for proposals, grant awards for research into reprocessing and infection control
with subsequent publications. And we have convened multiple summit meetings for all
stakeholders in reprocessing and infection control, related to duodenoscopes in 2015, 2017 ,
and coming up in December of 2019.
As you have heard this afternoon, duodenoscopes are employed in more than
700,000 ERCP cases per year, as the accepted first-line therapeutic modality for numerous
hepatic, biliary, and pancreatic diseases. In many cases, these are critical lifesaving and
life-extending interventions. The alternative therapies, principally surgery and
interventional radiology procedures, are associated with greater morbidity and mortality,
making them poor substitutes in most instances.
DR. KOCHMAN: Before addressing suggested principles for future guidance, we'd
like to reflect on the recent FDA-directed 522 study data. We do applaud the FDA for
ensuring completion of these studies, and we wish to fully understand the acquisition and
implications of the recently released data in order to guide our interpretation, member
communications, and future study designs and funding.
For the societies, the utility and messaging of the data requires a clear
understanding of the practice sites, the methods for reprocessing, and the equipment
utilized. Experience with this type of study indicates that culture results may not fully
reflect the reprocessing outcome and may reflect the sampling process and the conditions
under which the cultures were obtained. The 522 preliminary result contrasts with other
studies from groups in Indianapolis, Washington State, Philadelphia, and Vienna, who had a
0 to 0.6 enteric pathogen rate. The 522 results also deviate from those of Dr. Ross at the
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Virginia Mason Clinic, which demonstrated utility of serial incremental interventions,
including enhanced training, and also reinforce the importance of device assessment with
refurbishment or retirement as indicated.
These simple interventions drove their pathogen culture rate down from 2.9% to
0.19%. We propose several overarching principles for the future evolution of our clinical
practices, focusing on patient safety and outcomes. First, we encourage embracing multiple
solutions, using a measured stepwise approach to the transition, with both iterative and
novel devices and processes. We have concerns that prescriptive guidance with singular
solutions may limit implementation in some practice environments, thus restricting timely
access to these lifesaving procedures.
Second, we encourage database solutions, addressing real-world efficacy while
incorporating ongoing surveillance of processes and performance to ensure that early
trouble signs are detected. We need all solutions to be implementable, cost-effective, and
measurable across a wide variety of practices and locations, while being sensitive to the
needs of our patients. We are agnostic as to the manufacturers and technologies, as long
as they are shown to provide increased safety across all clinical domains.
Third, we believe that device reprocessing transitions can be incorporated over the
life cycle of current instrumentation, to eliminate potential gaps in accessibility of care and
to ensure that there is adequate efficacy and safety data to support the adoption of the
new technology. Many factors contribute to realistic, achievable timelines for the transition
to newly cleared technologies, including guidelines supported by peer-reviewed data, peerreviewed papers with data-driven outcomes, institutional capital planning, training of all of
the personnel in the proper handling and maintenance of the devices, and potential facility
alterations that would be required.
Ideally, transitions should include meaningful postmarket monitoring for valid data
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analysis. For those devices lacking pragmatic preclearance efficacy studies, introduction
should also be followed by prospectively planned postmarketing assessment, whether the
change is truly an improvement over prior iterations and technology. Cost issues are
corporate R&D and marketing responsibility and require the companies to develop an
appropriate level of evidence to convince the payors in markets that the innovations and
iterations are able to be adopted, while maintaining access to care.
Fourth, we accept minimizing extensive premarket studies, while expecting vigilant
postmarket surveillance for technologies that are without significant changes in mechanism
or function and intended to be safer. We recommend a careful risk assessment and data
generation be required so as to avoid inadvertent introduction of inferior technology, as has
occurred in other therapeutic areas such as cardiology .
DR. PETERSEN: Fifth, we support the addition of durability testing for devices and
undergoing both standard reprocessing and those devices in particular undergoing
sterilization. We have insufficient data to support a definitive number of cycles for this
testing. We recognize that durability through a specific number of cycles should not be
interpreted as a limitation of the device to that number. It is not clear if the cycle number,
in-service duration, age, or model generation, or all in combination should drive preventive
maintenance cycles or potentially retirement of the device.
Sixth, our societies are prepared to support and participate in continued discussion
regarding mandatory servicing and inspections, mandatory device retirement for reusable
devices, and assessment of the role and standards for third-party inspection and repair.
Seventh, our societies strongly support the importance and oversight of succinct,
practical, reproducible, user-friendly guidance in IFUs, which should incorporate
postmarketing validation studies and updates. These resources should, of course, be
accompanied by rigorous training and oversight to ensure optimal adherence.
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Eighth, we recommend that devices that incorporate programmable features, such
as automated endoscope reprocessing machines, washers, and sterilizers, should have
lockdown mechanisms in place to prevent both user and manufacturer deviations from the
IFU parameters for the devices.
Ninth, our societies, as well as numerous guidelines, include high-level disinfection
as a currently acceptable option for endoscope reprocessing, assuming use of enhanced
washing and drying standards of practice, as we've heard this afternoon. As both novel and
iterative endoscopes and reprocessing technologies are developed and introduced,
including those for cleaning, verification, drying, and sterilization, along with postmarket
surveillance data demonstrating reduced contamination rates, a reappraisal of what is an
acceptable practice for reprocessing can be considered in the future.
Finally, we support the FDA in its efforts to convey to companies the necessary
endpoints and goals for performance and expectations relative to postmarket review and
development of new data to ensure efficacy. Further, we appreciate the FDA's proactive
outreach, seeking collaborative input from our societies, end users, and disease experts.
Our societies appreciate the opportunity to comment on the complex and critical topic at
hand. Our overarching goal as physicians remains that of ensuring patient safety and ready
access to clinically indicated procedures employing duodenoscopes and other elevator
channel endoscopes.
Thank you.
DR. LEWIS: Thank you very much for your comments. Ensure that your written
recommendations are submitted to the FDA.
Next, we will hear from Ms. Susan Klacik, who is representing the International
Association of Healthcare Central Service Materiel Management.
Ms. Klacik, would you please proceed?
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

365

MS. KLACIK: Thank you. I am Susan Klacik. I have nothing to declare, and I do work
for the sterile processing organization known as IAHCSMM. And I'm here to talk about
some of the issues that we have with duodenoscopes.
My earlier colleagues, I think, have done a fabulous job outlining some of the issues
that we have, and so some of those I will skip over because you've already heard them.
Some of the problems that we have, though, are that the materials are very difficult
to thoroughly clean, again, the complex design that you've heard over and over again, the
internal scratching of the channels. The other issue that I hear from some of our members
talks about, you can't see the dirt on the scopes. The scopes are black. And so if there's
debris on the scopes, it's difficult to see if there's no contrast. So that's an issue.
The materials also deteriorate over use, like the adhesives start to fail, and we have
complex instructions for use. As you've heard earlier, there are numerous, very numerous
processing steps.
There is a problem with the lengthy processing time. And as you heard earlier, it 's
well over an hour, sometimes an hour and a half, depending on the scope, to process that.
Many of our members have, you know, expressed concern that they're not given adequate
time to process these scopes.
We need more technology for checking the scopes. Currently, we have
bronchoscopes, some cleaning verification tests, that there are drying devices and cle aning
implements. And some of our members have mentioned that they are not able to access
those either because their facility -- in most cases, their facility will not buy them for them.
We do feel that these are critical devices that we need when we're processing the scopes so
that we can inspect them to make sure that they are, in fact, clean before we go on to the
further processing. Another issue that I hear is that the scopes are very large and they 're
awkward to maneuver.
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

366

We talked a lot, earlier, about training and education, and IAHCSMM does have a
certification program. That was a question that came up during one of the Panel members.
And in 2017 IAHCSMM did implement a certification program that was developed with a lot
of the stakeholders involved in processing flexible endoscopes. Because the scopes are
difficult to clean because of all the steps, the competency in this area range from expert all
the way down to beginners. And as Cori said, there are times when people are just not
given adequate time for education.
Employees talk about, you know, the problems that they feel physically. And I think
Corey did a fabulous job talking about, you know, the repeated motions, how it gives techs
physical pain and also the odors. We have some scopes, not so much duodenoscopes, there
are scopes that can't undergo sterilization. And our hope is that we can get some new
sterilization modalities to move duodenoscopes from high-level disinfection to sterilization.
Not to discount the critical factor of cleaning, cleaning is still the most important
factor, but we feel that sterilization provides a higher level of quality assurance. Some
research is now showing that some pathogens are becoming resistant to high-level
disinfectants. Looking at the steps for high-level disinfection and sterilization, high-level
disinfection has many more steps than sterilization.
Another benefit to sterilization is that when an item has undergone sterilization, it 's
packaged, so it resists contamination and it can easily be transported from storage to the
point of use without contamination because, again, it is packaged. There is a high overkill
with sterilization, and sterilization has a sterility assurance.
There are more rigorous quality monitors for sterilization. We have the physical
parameters. We use biological monitors and chemical indicators, all of which undergo
validated studies.
The other advantage to sterilization is that it is available for use all the time. If we
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perform high-level disinfection on a scope, many times the shelf life is only 5 to 7 days,
depending on the hospital facility and how they're stored.
Sterilization is what is really the preferred method. I think you've heard that earlier.
We do have some issues with ethylene oxide. Not all hospitals have it. In some parts of the
country, it's very, very burdensome, and the cycle time is about 16 hours. It's very, very
long. And so currently, at this point in time, flexible endoscopes can only undergo ethylene
oxide low-temperature sterilization. As users, we wish we could also have other
sterilization modalities that are validated for sterilization of flexible endoscopes. It would
really be great if we could steam them, but I'm not going that far.
Some of the sterilization problems is that implementation of EtO is extremely costly.
You know, we have the cost of the sterilizers, the infrastructure costs, and also we would
need additional endoscope inventory. Currently, sterilization is not required, so that is a
problem that we've run into in hospitals. Mandating sterilization may not be quickly
implemented, although many facilities want to go that way. And there is a concern of these
other low-temperature modalities, the effect on materials in the scopes.
So what are some of the resolutions that we could do? We have talked about
disposable scopes. That may be a good resolution. There are disposable tips, and although
that helps with the elevator channel, we still have the issue of the channels themselves still
having debris in them. It does help with the elevator tip but again not the channels because
of the cleaning issues that you heard earlier.
We also think the processing time should be included in the IFU and then clearly in
the marketing materials, so as the scopes are purchased, the user knows that it's going to
take an hour and a half to process this scope. We should mandate processing time be
allocated with additional scopes. Increase the use of quality control monitors, addition of
new, low-temperature modalities for these flexible duodenoscopes, routine scheduled
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service inspections as the doctors recently talked about.
We'd also like to encourage new innovations, development of new products, less
complex to process. Design scopes that can be disassembled. That would be great. Use
materials that can be thoroughly cleaned, materials and designs that can undergo steam
sterilization. And use materials that we can easily see the debris on so that we can make
sure that the debris is removed. Provide education and training as the new scopes are
purchased. And recommend sterilization for duodenoscopes over a period of time.
And with that, I'd like to thank you for your time and look forward to the resolutions
of this issue.
DR. LEWIS: Thank you very much for your suggestions.
We'll now hear from Ms. Michael Anne Preas, who is representing the Association
for Professionals in Infection Control and Epidemiology, the Infectious Diseases Society of
America, and the Society for Healthcare Epidemiology of America.
Would you proceed?
MS. PREAS: Thank you.
My name is Michael Anne Preas. I am a practicing infection preventionist at a large
academic center with a very busy endoscope reprocessing department.
Today my comments are, as stated earlier, I'm representing the Society of
Healthcare Epidemiology of America, the Association for Professionals in Infection Control
and Epidemiology, and the Infectious Disease Society of America.
Thank you for the opportunity to present the combined views of SHEA, APIC, and
IDSA this afternoon. Our organizations represent infection preventionists, epidemiologists,
and infectious disease physicians who work to keep patients safe from the risk of multidrug resistant organisms. IDSA, SHEA, and APIC all remain highly concerned about persistent
duodenoscope contamination and the slow pace of progress on this issue.
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We come before the Panel this morning with the knowledge that there are many -- I
should say this afternoon, sorry -- that there are many patients for whom the benefit of
ERCP can be lifesaving, and the benefits of the use of duodenoscopes outweigh the risks.
However, we cannot ignore the fact that these scopes continue to pose a risk for serious
infections with MDROs.
Having implemented more rigorous guidance, transmissions have still occurred. In
short, what we thought would be enough to prevent transmission is really not enough.
Twenty-five outbreaks have been molecularly linked, despite staff following processes
properly and no evidence of damage to the devices or human error. And as you all know,
earlier this year, the FDA indicated that the actual rates of scope contamination were far
higher than predicted, with 5.4% testing positive for high-concern organisms.
We believe that reducing the risk for the patients who need these lifesaving devices
requires either sterilization or single-use devices. We must either assure the public that
sterilization is possible, or if sterilization is not possible, single-use devices eliminate the
problem of transmission between patients. Lead time is certainly required for
manufacturers to validate the devices can be sterilized and to develop single -use devices;
however, this problem has gone on unacceptably long, and risk to patients remains
untenable. Manufacturers should be given a hard deadline of January 2021, after which
reusable duodenoscopes that cannot be sterilized are removed from the market.
Low-temperature sterilization methods should be studied for effectiveness, effects
on medical device materials, and validated for use for devices on the market. Ethylene
oxide is a short-term solution for selected facilities; however, it is not feasible for the
majority of facilities for the following reasons:
1. Facilities have limited stores of ethylene oxide, if any, and it's currently often
dedicated to other devices;
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2. Existing users are challenged to maintain scope inventories due to lengthy
turnaround times. As stated many times today, a typical turnaround time is 16 hours
versus approximately a 1-hour sterilization process.
3. Regulatory barriers are insurmountable in some states, and finally, because of
possible damages to scopes, again, the harshness of ethylene oxide on scopes in
general.
Other low-temperature sterilization methods may be a short-term solution in some
places. Available low-temperature methods include vaporized hydrogen peroxide, with or
without ozone, and liquid chemical sterilization methods using peracetic acid, as has been
stated earlier.
Finally, until sterilization can be implemented or single-use devices are developed,
we welcome continued short-term solutions like protective seals for scopes and disposable
components. However, effectiveness of protective seals and disposable components in the
real-word setting is not really well known. Ultimately, we feel strongly that it is only
through the movement toward the level of assurance provided by sterility that we can feel
confident that patients who need these devices can feel safer in the long run.
Again, thank you for your time to share our thoughts with you, and we thank you for
your efforts to help keep us to help keep our patients safe from the risk of infection. Thank
you.
DR. LEWIS: Thank you, Ms. Preas.
We now will turn to comments from the device manufacturers themselves. These
presentations will be 10 minutes each, and we have five of them to hear. Mr. Randy Vader,
who's representing FUJIFILM Medical Systems, will be the first speaker.
And we would ask you, Mr. Vader, to proceed when you're ready.
MR. VADER: Good afternoon, Panel. My name is Randy Vader, and I'm with
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FUJIFILM Medical Systems, U.S.A.
I would like to discuss strategies to reduce risk of infection associated with
reprocessed duodenoscopes. The importance of ensuring adequate reprocessing is clear.
FUJIFILM's mission is to contribute to society and the advancement of patient health by
providing high quality medical devices to support physicians' diagnosis and treatment of
patients.
With respect to duodenoscopes, we are specifically committed to providing highquality scopes with exceptional clinical utility and performance that also facilitate
consistent and effective reprocessing. FUJIFILM recognizes the importance of
duodenoscopes, which are used in more than 500,000 potentially lifesaving procedures
each year. At all times, the health and safety of patients is FUJIFILM's number one priority.
Ensuring adequate reprocessing: While efforts continue to advance reprocessing
effectiveness, it is worth noting that we are already seeing improvements in duodenoscope
reprocessing. Improvements are attributed to several key factors:
1. Overall increased awareness of multidrug-resistant organisms and renewed
commitment to facility hygiene;
2. Closer adherence to manufacturers' reprocessing instructions and increased staff
training;
3. Robust, validated reprocessing instructions; and finally,
4. Implementation of quality control programs at healthcare facilities, including
microbiological culturing.
As we evaluate additional strategies for improving reprocessing effectiveness, the
above key factors should continue to be reinforced and supported.
FUJIFILM has a new device design. It is the ED-580XT. FDA's August 2019 Safety
Communication recommended transition from duodenoscopes with fixed endcaps to those
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with removable endcaps. FUJIFILM's ED-580XT duodenoscope features a removable, singleuse distal endcap. Consistent with FDA's recommendation, FUJIFILM has committed to
transitioning its customers to this new device by the end of April 2020.
The features of the ED-580XT are:
•

With the distal cap detached, the 580XT allows for direct brush access to the scope
elevator mechanism and surrounding recessed distal tip surfaces;

•

Robust reprocessing instructions. FUJIFILM employs rigorous worst-case testing
protocols in the development and validation of the ED-580XT manual cleaning and
reprocessing instructions;

•

Finally, Quick Reference Guides as well as enlarged 3D device training models
increase user understanding and adherence to manual cleaning recommendations.
FUJIFILM's current reprocessing recommendation is manual cleaning and high-level

disinfection, or 100% ethylene oxide gas sterilization, requiring 12 hours aeration before
subsequent patient use.
This screen shows, on the left-hand side, the conventional model, with a fixed distal
tip endcap. On the upper right shows the ED-580XT, with a removable single-use distal
endcap design, and as you can see, on the lower right, the direct brush access to the
elevator mechanism.
Additionally, the ED-580XT comes with new Quick Reference Guides, which are going
to be important for users to understand how to clean properly. We also provide to users
enlarged 3D device models, which you'll see on the right-hand side.
Now, discussing the FUJIFILM ED-580XT postmarket surveillance, FUJIFILM will be
conducting a postmarket sampling and culturing study for the new 580XT with removable
distal endcap to better understand real-world contamination rates for this device. FUJIFILM
has submitted its study plan to FDA for review and expects to commence sampling
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immediately upon FDA approval.
While FUJIFILM fully expects that the results from this postmarket study will
demonstrate contamination rates appropriately in line with study assumptions, increased
hospital participation is critical to the prompt completion of the study. FUJIFILM welcomes
the Advisory Panel's encouragement of hospital participation in the study.
State of the art sterilization technologies: New, low-temperature sterilization
technologies such as gas, plasma, and vapor are available for sterilizing various medical
devices with a shorter turnaround time. However, material compatibility with flexible
endoscopes remains a challenge, as many of as these sterilization processes are hydrogen
peroxide-based and adversely react with current materials used in the construction of these
scopes, causing premature deterioration and scope damage.
FUJIFILM plans to continue to work with other stakeholders, including sterilization
technology manufacturers, to evaluate and address material compatibility issues a fter
repeated sterilization. New low-temperature sterilization technologies may be a potential
strategy for reprocessing, provided that the device integrity and performance can be
assured.
FUJIFILM's commitment and recommendations: FUJIFILM remains committed to
working closely with healthcare facilities, FDA, and industry stakeholders to increase
duodenoscope reprocessing effectiveness. Specifically, FUJIFILM will continue its efforts to:
•

Promote awareness, understanding, and adherence to manufacturers' reprocessing
instructions, including by providing enhanced training with 3D device models and
user-friendly instruction materials such as Quick Reference Guides;

•

Facilitate the transition from FUJIFILM fixed endcap device to the ED-580XT with a
removable, single use endcap by the end of April 2020;

•

Conduct postmarket surveillance studies for the ED-580XT; and
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•

Evaluate new sterilization technologies.
Further, FUJIFILM recommends facilities strictly adhere to manufacturers'

reprocessing instructions and ensure scope integrity via inspection before each use, as well
as observe manufacturer's maintenance recommendations, reinforce or establish quality
control programs, including monitoring of reprocessing procedures, and transition away
from fixed endcap duodenoscopes to devices with removable, single-use endcaps.
FUJIFILM's commitments and recommendations, continued, we encourage the
Advisory Committee to:
•

Include manufacturers in the evaluation of sterilization technologies to ensure
device material compatibility;

•

Foster hospital participation in the 522 postmarket surveillance studies;

•

Recommend certification of reprocessing technicians by accredited training
programs.
FUJIFILM thanks FDA and the Advisory Committee for the opportunity to discuss

these strategies today. We are fully dedicated to working together to advance patient
health and safety.
Thank you.
DR. LEWIS: Thank you, Mr. Vader.
We will next hear from Dr. Ross Segan, who is representing Olympus Corporation of
America.
Dr. Segan, please begin when you are ready. And we would ask that you restrict
your presentation to 10 minutes.
DR. SEGAN: Good afternoon. My name is Ross Segan, and I am the Chief Medical
Safety Officer for Olympus Corporation.
I come from the background as a general surgeon, with experience in minimally
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invasive GI surgery as well as surgical endoscopy. I also bring 12 years of experience as a
physician executive in multinational medical device companies, leveraging medical science,
insight, and evidence to ensure the clinical relevance, economic value, and safety of a
portfolio of products in 20 major therapeutic areas around the globe.
On behalf of Olympus, I would like to thank the Panel and the Advisory Committee
for the opportunity to contribute to the public discourse on infection prevention.
Olympus has been involved in designing, manufacturing, and supporting endoscopes
for nearly 70 years. Today our company and the medical community are challenged to
balance the need for robust treatments with high clinical performance with the increasing
risks of infections, such as those posed by multidrug-resistant organisms. Patient infection
is a serious issue, and Olympus, along with stakeholders in the healthcare community, is
working diligently to minimize infection risks.
We agree with the FDA that the benefits of medical procedures enabled by devices
such as duodenoscopes far outweigh the risks. Our commitment is to continue our
enhanced focus on patient safety by reducing the factors that contribute to infection s.
ERCP saves lives by addressing serious clinical conditions. Optimal ERCP outcomes
require expert clinicians with good technical skills, sound clinical judgment, who are
enabled by advanced duodenoscopes and the devices that go through them. Olympus has
been a trusted collaborator with the clinical community, jointly identifying important unmet
needs and designing robust solutions around them. The result has been a long track record
of real benefits for millions of ERCP patients worldwide.
We do know, however, that unmet needs still exist. We hear from the clinical
community, asking for endoscopes with more precise maneuverability, enhanced
visualization, and improved bile duct access, all on a platform designed to minimize
infection risk. As the market leader, we are committed to innovation that will deliver both
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optimal clinical performance and enhanced patient safety.
We have incorporated feedback from customers, physicians, scientists, and
regulatory agencies globally. We have consulted multi-society guidelines and learned from
existing and ongoing studies to make recommendations based on evidence. We know that
reducing variability in the way these devices are reprocessed is a key tenet to an effective
risk reduction strategy. Our strategy for risk reduction involves a series of short and longterm actions that includes simplifying IFUs, advancing training, and improving design.
We are working with experts in human factors engineering to revise our
duodenoscope IFU, removing text, replacing with more visuals, and improving readability
and comprehension for all those responsible for reprocessing these devices.
The Olympus Care Program is a comprehensive training and service program that we
are launching. I would like to highlight the enhanced training aspect, which includes three
components: training seminars, monthly webinars, and on-demand web-based training. We
will host more than 25 reprocessing training seminars over the next 12 months throughout
the country. These seminars will include live demonstrations along with hands-on training
of reprocessing duodenoscopes. We will also implement monthly webinars, with additional
online training available, recognizing differences in adult learning with built-learning checks.
Additionally, our team of our 80 endoscopy specialists throughout the country are
available to provide reinforcing training and on-the-spot help at our customers' locations
directly. Our goal is to deliver this enhanced training to all of our ERCP customers.
The comprehensive solutions we are working on go beyond IFU and training and
include enhanced service and inspection, product design improvements, and process
development. Olympus has been requiring annual preventative maintenance on its
TJF-Q180V duodenoscopes since 2016.
To encourage transition to the latest technology from the TJF-160F and VF models,
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which are nearly 20 years old, earlier this year Olympus launched a buyback program,
offering customers $10,000 cash or credit to upgrade to the latest technologies.
Additionally, we are simplifying scope design for more efficient and effective
reprocessing by working on a duodenoscope with a single-use detachable distal endcap that
makes the duodenoscope easier to clean.
Regarding process improvements, we are incorporating human factors engineering
into our process improvement efforts. We are working to automate and simplify manual
cleaning by evaluating the use of different detergents, brushes, and methods. We are also
evaluating automated endoscope reprocessors during high-level disinfection and the role of
drying and storage conditions of our duodenoscopes.
Olympus believes that improvement of the cleaning process will reduce the overall
duodenoscope contamination rate. Olympus duodenoscopes are currently indicated and
validated for sterilization through EtO. However, in recognition of evolving needs, we are
exploring non-EtO sterilization methods and the utility of offering sterilization services.
The bar for effective innovation is high. It must accomplish improved clinical
outcomes and reduce the infection risk. With this in mind, as we develop new technologies,
we have to consider the risk versus benefit versus available alternatives. Major GI societies
have said we cannot adopt new technologies such as disposable duodenoscopes without
first understanding the new and unintentional risks we may be introducing to our patients,
such as increased risk of procedural failure, perforation, or pancreatitis.
Working individually and collectively, we must all continue to look for improvements
that do actually reduce the risk of patient infection while at the same time we must listen to
our customers' additional priorities, which include the need for high clinical performance
without negatively impacting care, as well as the overall cost of healthcare for these critical
procedures.
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The work this Panel is doing to foster innovation while recognizing the benefits of
existing technologies is very important to the entire medical community and literally vital to
all the patients we serve. We look forward to working with you in the months ahead to
ensure continuous improvements are made, to keep saving the lives of millions of people in
the U.S. and around the globe.
Innovation can and should take many forms. We agree with the medical societies
that there is a need to continue developing safe and effective solutions that eliminate the
risk of infection transmission. We also agree that this cannot happen overnight.
Thank you very much.
DR. LEWIS: Thank you very much.
We'll now hear from Dr. J. Hudson Garrett representing PENTAX Medical.
DR. GARRETT: Good afternoon. and thank you for inviting us to participate in this
Panel.
The intent of my short discussion is really to talk about our experiences with the 522
study and also what we're seeing in the field. As you can see from this slide, we've made
two iterations to address directly the FDA's request for continued device innovation. The
ED34-i10T is already a cleared device, and we have a second device that is currently within
clearance.
Much of this information was based on recommendations from HICPAC and FDA. As
you can see here from this slide, we focused on items that we could not see, that could not
be cleaned. And so by allowing visibility of those items, we can actually see those, clean
those, and disinfect those appropriately.
Next, we looked at what were some of the device designs that we needed to
re-engineer. You'll see later in the presentation that we focused not just on the device
itself, but if we could look at disposable components as one sort of segue into developing a
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better device design that's more reliable.
One of the interesting things that we saw in the 522 study was this list. If you see
here, we have human factors reprocessing, which was an interesting study to look at, sort
of the variability that exists out there in the process. We can report that the sort of findings
that we've seen were that there was a lot of variability in what people actually followed,
what their interpretation was, and I was pleased to see IAHCSMM here because they are
some of the most unsung heroes that exist out there.
Secondly, when we look at third-party repair, this is an area where we really need
more help from both the Panel and FDA, to look at regulation of this area. When we look at
third-party repair, we recognize that there may be alterations made to the devices that are
not regulated by a global quality system.
The third on the list here is non-OEM-validated cleaning brushes. I personally, about
3 months ago, saw a hospital that was using a toothbrush to actually reprocess a
duodenoscope. To say that that's concerning, I think, is an understatement, and this was a
generic toothbrush. And so when staff are brought to the attention of what was in the IFU,
they certainly immediately changed.
The third is material incompatibility. This is an area where we're continuing to do
more work and will continue to invest more resources.
The next one is AER use. This is another area that we've seen great variability in.
Just as recently as a few weeks ago, we were notified by a facility that was using an AER in
the diagnostic cycle. And so they were not actually achieving high-level disinfection.
The next one on the list here is environmental contamination during sampling. This
has been an area of struggle, initially in the 522 that we identified where sampling
technique was not properly followed. We also see this routinely with healthcare facilities
that are implementing the 522 protocol as well. One thing to note for CDC is that there are
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a lot of facilities that we've run into that actually still think the interim protocol is still in
place related to culturing and sampling.
And the last two, I think, really focus strongly on personnel. You've heard a lot of
discussion today on device design. We've heard some great discussions from ARN,
IAHCSMM, SGNA, and others related to personnel, and I'd like to focus on some of those.
When we think about communication, one of the things that we have identified i s
that there is a general lack of communication amongst the device manufacturers,
healthcare facilities, sometimes regulators, and also clinical societies. You 've noticed here
today that all of the clinical societies are around improving patient safety, but we have to
get those recommendations in the hands of those that actually perform the work.
For example, 2 weeks ago I had the opportunity to present a continued education
program in California. And I asked, by a poll of the audience, I said, how many of you have
ever seen the CDC recommendations for reprocessing? It was about 10%, out of 200
people, and this is routinely what we find. And so if we can get those recommendations in
the hands of the users, I think we'll see a marked improvement.
You'll notice here that PENTAX has taken what we call the 3-P approach: people,
process, and product. And so FDA has diligently worked with us collaboratively to develop
better device design. You'll notice that you'll see some of the iterations there. The one on
the very bottom is the one that's currently in clearance. But if you look under the people
bucket, better clinical education, moving away frankly from training to competency.
I know many of you on the Panel talked about actually coming up with role-specific
competency. Our new training program is designed to do that. You cannot do reprocessing
training in 1 hour. We routinely are asked by hospitals to do reprocessing training in 1
hour. It's simply not possible. It's not safe, it's not reproducible, and it's not reliable. And
so we really need a recommendation out there for that.
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The second two pieces are on training and certification, right. And I think we 've
heard a lot, and I commend IAHCSMM and others for developing certification programs t hat
address this, but we've got to go further. Certification is sort of that baseline entry level of
competency. I think, as manufacturers, we can play a bigger role in this by delivering
standardized training to the marketplace.
From a process standpoint, we've been very pleased with the outcomes of the
human factors study. You know, when you look at these multiple steps for these complex
devices, removing a lot of that text, adding more pictorial warnings, and also creating some
caution steps in there that help the user understand frankly the why behind what the
efforts are.
When we look at this list, this is the one that gives me the greatest sort of pause.
We have so many stakeholders involved in this puzzle. If you notice, with the 522 study, it 's
been mainly OEM manufacturers of endoscopes, and FDA and of course CDC and others, but
we need to get the AERs involved. We need to get third parties involved. We need to get
the other personnel that are altering, changing, or handling the scope involved. I really
want to commend the professional societies for trying to step up and figure out how we can
better train and we could do a better job collaboratively.
In the middle, though, you'll see the patient. I'm glad to see a patient representative
here, but we've got to focus more on how do we actually derive the benefit for the patient
every single time?
And then what are we committed to at PENTAX? We have the triple aim philosophy
of improving clinical outcomes, reducing cost, and improving the overall patient experience
of care. I think we've heard from the societies, specifically the physician societies, that we
can't take the procedure away. We don't want to do that. So we want to improve safety.
We want to improve the device design. We want to also ensure that we can do it reliably,
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and that's something that we've been looking forward to with FDA.
Lastly, human factors studies have told us a few things. One is that we have
unreliable processes that exist out there. A lot of that can be fixed by training, training
that's based on competency for the role. We can also continue to collaborate with
organizations like CDC. I hope it's very evident that PENTAX has taken the list from FDA and
CDC and directly innovated the device to address that.
And then, lastly, how can we actually, as a stakeholder group, comprehensively,
collaboratively, in a non-biased manner, if you will, standardize the process to ensure that
it's as safe as possible?
Thank you very much for the opportunity to present.
DR. LEWIS: Thank you very much, Dr. Garrett.
We will now hear from Dr. Patrick Hurley, who is representing Ambu, Incorporated.
DR. HURLEY: Greetings, all. My name is Patrick Hurley. I'm the senior market
manager for GI in the U.S., and on behalf of the Ambu organization, thank you for allowing
us the opportunity to participate in this important discussion today.
I'd like to take the allotted time to discuss two things that the Ambu team believes
are important considerations for the FDA, the GI community, patients, researchers in the
field, and for industry as a whole to think about.
The first is the Spaulding Classification. This system was created several decades ago
and was instrumental and important in classifying devices with regard to how they are
treated after a procedure. I don't think anyone can argue that its rational approach and its
lucidity have helped the field of infection control increase patient safety. Spaulding set up
three main categories for devices, the so-called critical devices, semi-critical devices, and
non-critical devices. For the sake of time, I'm only going to focus on critical and semicritical devices and definitions today.
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Critical devices are devices that are introduced directly into the bloodstream or
which contact normally sterile tissue during use. There is likelihood of microbial
transmission and risk of infection if the device is not sterile. Users should be instructed to
disassemble, if applicable, thoroughly clean and sterilize critical devices. This cate gory
includes surgical instruments, cardiac and urinary catheters, implants, and various other
things, and it's not a complete list. Most of the items in this category should be purchased
as sterile or be sterilized with steam, if possible. Heat-sensitive objects can be treated with
other methods, as we've discussed in the last two days. Instruments that are used in ERCP
and pushed through the duodenoscope working channel are considered critical.
Semi-critical devices are devices that come into contact with mucous membrane or
other non-intact skin. They do not normally, ordinarily penetrate tissues or otherwise inner
sterile areas in the body. Intact mucosal surfaces are relatively resistant to small numbers
of spores. However, these devices should be reprocessed to be free from all
microorganisms. Users are instructed to thoroughly clean these devices and then reprocess
them by sterilization. If the device design does not permit sterilization, then high-level
disinfection should be used.
This category includes respiratory therapy and anesthesia equipment, some
endoscopes, esophageal manometry probes, cystoscopes, and various others. GI
endoscopes, including duodenoscopes, have been classified as semi-critical.
The issue we'd like to raise is the lack of uniformity in classification between the tool
used in ERCP and the duodenoscope. We all know well the documented issues associated
with duodenoscopes and contamination, leading to infections in come cases. While the
issues are complex related to causes of contamination and infection, we'd like you to
consider that instruments used in ERCP come into contact with tissues that could leave
deposits in the areas that come into contact with the scope, such as the working channel,
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

384

the elevator, and the biopsy port. Those deposits could be difficult to clean with just HLD.
This dichotomy between tool and endoscope classification could be rectified if the scopes
are reclassified as critical.
Some other considerations that we would like to chat, to talk to you all about, are
other approaches with technologies. So these points are something to consider, given that
we, as a single-use company, believe that are challenges for the industry and community.
Ambu believes single-use endoscopy is a major part of the solution to eliminate
reprocessing concerns and help reduce contamination rates on endoscopes.
First, it is has been documented that reprocessing guidelines have been difficult to
follow when companies have analyzed the human factors. We know that instructions and
guidelines from GI societies, the FDA, the CDC, and the manufacturers have been getting
updated regularly and have added steps. This increase in the number of steps adds
complexity, potentially making it even more burdensome to staff and could lead to errors.
Second, research has shown that even with enhanced HLD, sterilization, or both of
duodenoscopes, that contamination rates do not decrease with these additional cycles or
methods. This could suggest that even diligence to current reprocessing standards may not
be enough to reduce contamination of duodenoscopes.
And, third, there is renewed interest in updating design of conventional
duodenoscopes. These design updates will try to reduce the chances of biofilm buildup and
contamination by microorganisms. And some of these updates, which include creation of
disposable endcaps, may indeed reduce contamination, but their ability to assist in
reduction in biofilm formation is unproven, and the disposable endcaps will have no effect
on concerns in the working channel.
So at Ambu, what are we planning to do to address some of these concerns? We are
building a full suite of single-use endoscopy products. Our plan is to have single-use
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endoscopy endoscopes in otolaryngology, urology, and gastroenterology. In fact, we are
working hard to launch a sterile and single-use duodenoscope in the U.S. in 2020. The plan
is to produce hundreds of thousands of these duodenoscopes. This will be followed by
sterile and single-use gastroscope and a colonoscope.
Since the duodenoscope is not cleared just yet by the FDA, I would like to mention
our successes in pulmonology. The aScope 4 bronchoscope is a sterile, single-use
endoscope on its fourth iteration since 2008. The aScope was the first single -use flexible
videoscope, and we now sell into more than 2,500 hospitals and over 200,000 scopes every
year. These hospitals see its cost-effectiveness and the increase in efficacy with the aScope
4 bronchoscope.
Our growth in the space has been tremendous over the past 3 years, and the proof
of concept that single-use endoscopes can perform quality procedures is proven. This
shows that the change to single-use endoscopes is possible. Naturally, we need to prove
effectiveness in GI as well, and we are working towards that goal today.
So, lastly, I would like to conclude with just a few points. Ambu believes that sterile,
single-use flexible endoscopes are a key part of the solution to the dilemma that we are
facing today with reprocessing of conventional endoscopes. Our mission is to help provide
products to assist with that solution. It is important that we in industry, the GI community,
and the governing bodies look at various solutions to increase patient safety by reducing
the risk of infection.
This could come in a variety of ways:
•

New single-use endoscopes;

•

Design changes to conventional scopes;

•

Updates to materials where other sterilization methods have proven, have been
made; and
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•

Updating the Spaulding Classification as well as updates to changes in reprocessing,
as we've discussed today.
Lastly, Ambu is new to the GI space. We are eager to become a useful supplier and

resource to the GI community and to the Government entities. Working collaboratively,
industry, GI, the GI community, and the FDA can have a mutually beneficial partnership and
accomplish great things. And we hope to work together to arrive at solutions that satisfy
everyone's needs.
Thank you for your time and attention today.
DR. LEWIS: Thanks very much, Dr. Hurley.
We will now hear from Dr. Brian Dunkin who is representing Boston Scientific
Corporation.
DR. DUNKIN: Good afternoon. On behalf of Boston Scientific, I'd like to thank the
Committee for the opportunity to participate in the discussion today.
I'm Dr. Brian Dunkin. I'm a general surgeon and therapeutic endoscopist, and I serve
in the role of Vice President for Medical Affairs for the Endoscopy Division of Boston
Scientific.
It's been a significant journey since 2013, when FDA was first notified by the CDC
about a duodenoscope-related E. coli outbreak. A lot has been learned and communicated
over that period of time. And, in fact, there have been 12 communications from the FDA
around this issue alone over that period of time, more than any other device on the m arket.
One of the exciting things about this journey is we are now at a point where a
number of medical device manufacturers are bringing to bear new technology that can help
mitigate or eliminate the problem of endoscope-acquired infections from reprocessing. So
we'd like to spend some time talking to our perceptions of potential challenges to adoption
of new technology into the space. And I'm going to focus on four: a perception for a need
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for a change in the healthcare community, performance of new technology, cost concerns,
and limited supply.
In regard for a need for change, it is our perception that the healthcare community is
still catching up with the significance and magnitude of this problem. The reasons for this
are multifactorial. The infections themselves are hard to detect. The symptoms they cause
in patients can be variable. And the time course between when the procedure is performed
and those symptoms developed can sometimes be long, which causes a loss of linkage
between the procedure and the presentation of symptoms, even presenting to other
healthcare providers.
Adding to this is a belief by many endoscopists that the enhanced reprocessing
methodologies that they've put in place in their endoscopy unit has already mitigated this
problem. And we believe there's a bit of information fatigue in the healthcare community.
Lots of communications from lots of organizations, none of which that have been able to
give a definitive solution, and so some have adopted a bit of a wait-and-see attitude.
We believe that continued vigilance around precise communication, as the FDA has
done, is important, communicating the underlying root cause of this problem, which is
related to biofilm formation, and also communication around the data-supporting
recommended solutions.
In regard to performance, any technology introduced into the market, there needs
to be a reassurance about performance. Many know that our company is pursuing the
development of a single-use duodenoscope, which we believe gets at the root cause of the
problem, which is again biofilm formation. The scope has not been cleared by the FDA yet,
but ours is a company that has deep experience in the ERCP space. In fact, most of the
clinicians in the U.S. use our devices for performing ERCP. We understand the nuance of
performing these procedures and the technical challenges.
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We're also the world's largest manufacturer of single-use scopes, when you look at
both the urologic space and in the colo/ductoscopy space. And so we have leverag ed those
two competencies in order to develop this endoscope. We believe, through diligent
development and testing, that this scope meets the requirement of being equivalent to its
predicate device already on the market.
And part of performance also includes the entire life cycle of the device, and so
there's an environmental responsibility that's important for this as well. Boston Scientific
has part of its DNA, environmental stewardship, and we will be proactive in ensuring that
any endoscopy unit that wants to use this device will be able to participate in a recycling
program.
Cost is also of concern. Any new technology introduced into the space is going to
introduce cost. There's a bit of a lack of appreciation for the cost of doing things as we are
today. Most endoscopy units have had to increase inventory in order to maintain
throughput. Compliance training, we've heard a lot about today, adding additional
technicians, training them in order to be competent and then maintaining that competence
and then the cost of investing in enhanced reprocessing efforts. There's also significant cost
to patients who have an endoscope-acquired infection, personal cost to them and their
loved ones and also the cost to the healthcare of managing that.
One potential for helping to mitigate cost is a device-specific payment. As FDA
knows, CMS has two mechanisms in order to allow for a device-specific payment for a
technology that has been shown to provide substantial clinical improvement. We believe
that a single-use device that is sterile every time the package is opened to use it meets the
requirement of clinical improvement, and we would hope that there would be
communication between FDA and CMS around these findings.
Finally, a bit about limited supply: Any device manufacturer that is bringing new
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technology into the space will not be able to supply the 700,000-plus procedures done per
year in this company right out of the gate. So there needs to be a scaling-up strategy. Part
of that strategy is going to revolve around segmentation of patients and helping the
healthcare community understand which patients are particularly vulnerable to endoscope acquired infections and how new technology may be able to help those patients, or which
patients are most likely to potentially contaminate a reusable duodenoscope inventory and,
again, perhaps bringing enhanced technologies to their care as well.
So, again, we appreciate the opportunity to participate in the Panel today and focus
on these four potential challenges for adoption. I look forward to the discussion section
and any questions.
DR. LEWIS: Thank all the presenters. Could we ask all of the presenters in this area,
last five, to come to the table so that we can have a brief period for question and answer
from the Panel?
We have about 10 minutes for the Panel to direct questions to these before we go
into our formal FDA question session, so I open the session now to the Panelists and ask
that they proceed.
Susan. Sandra, sorry.
DR. MYERS: My question is for Mr. Vader. I like your Quick Reference Guide with
the pictures. Does that also include the time necessary for each of those steps?
MR. VADER: I'd like to bring -- am I on? I'd like to bring up my technical expert at
FUJIFILM, Keith Nelson.
MR. NELSON: Hi. My name's Keith Nelson, Director of Infection Control for FUJIFILM
Medical Systems. And the answer to your question is no, we don't specify times. We have
four different Quick Reference Guides for precleaning, leak testing, manual cleaning , and
manual high-level disinfection, but no times specified.
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DR. GOLDMAN: I have a question regarding the disposable endoscope. So I have a
vision of our landfills, if we're going to do -- I mean, bronchoscopy is one thing but, you
know, they do two a day in the afternoon in our suite at the VA. We do, you know, 7,000 in
our three-room suite at the VA a year, or 8,000. So, you know, there is this whole myth of
recycling that we've sort of recently learned about, where we all thought at home we were
putting our stuff in to be recycled, and it turns out they're sitting on barges somewhere and
actually not getting recycled.
So I guess I really want to know, like what really is the recycling? Are they getting
melted down and made into park benches, or is this just sort of this, you know, feel good,
we're recycling, we're taking them back, but they go into landfills? Because that would be a
concern if we are going to go to disposables.
DR. DUNKIN: So it's a great question, and it's definitely one that we get frequently
and we take very seriously. Rest assured, the plan is not to have them on barges
somewhere, piling up, and that this is a true recycling program. There are different
variations of recycling. The plan is that these scopes will be recycled down to their
component elements. They will never become a medical device again. And at those
elements, will be managed in a responsible recycling program. It's not going to end up in a
landfill, as you say.
DR. HURLEY: And as far as what Ambu is up to, yes, it's an excellent question. I echo
his comments as well. We are currently piloting a study with another supplier, who does
the recycling for our bronchoscopes. And we're in the middle of that evaluation and
understanding of how that can be done, and we will broaden that out to all the GI scopes as
well.
DR. LEWIS: Any of the other speakers wish to address that question?
(No response.)
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DR. LEWIS: All right. Let's move on to Dr. Dominitz.
DR. DOMINITZ: Jason Dominitz. I have a couple of -- oh, I have a question for the
manufacturers of reusable duodenoscopes.
Can you please comment on the impact of sterilization on the function and durability
of your scopes?
DR. SEGAN: So, hi, it's Ross Segan from Olympus. Thank you for the question.
So all of our devices are validated for the mechanical use, for high-level disinfection
cycles as well as for sterilization. And for Olympus, we are only validated for EtO. The EtO
sterilization, as we look to push the envelope to more cycles of steriliz ation, it tends to have
material compatibility issues, particularly with the sealants and glues and the polymer parts
that prevent the transmission of liquid into the component parts.
So the sterilization does, in all forms, do actually present durability challenges for
the reusable devices. And as stated previously, we are evaluating other methodologies to
do that.
DR. DOMINITZ: And does it impact flexibility of the scope as well?
DR. SEGAN: From performance standpoint, once a scope is deemed damaged, it
comes out, so but for the mechanical performance is much more durable. It's really the
polymer component parts and seals that are most impacted by sterilization.
DR. DOMINITZ: So can you comment on how many times? You know, are we talking
10 sterilizations, 100, before you start having problems?
DR. SEGAN: I can't comment on the specific number of those, but it's not in the
order of 10. It's significantly higher than that.
DR. DOMINITZ: Do any of the other companies want to comment?
MR. NELSON: Keith Nelson from FUJIFILM.
The answer's going to be very similar. We also provide high-level disinfection and
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100% EtO gas sterilization instructions. And as we know, any type of sterilization process is
going to be harsher than a high-level disinfection process. So we would expect to see
material degradation over repeated use.
DR. LEWIS: Dr. Gualtieri.
DR. GUALTIERI: Lisa Gualtieri.
We heard about disposable tips, and we heard about fully disposable devices. Are
there any hybrid solutions that any of you are investigating that go beyond the disposable
tips but are not fully disposable devices?
DR. HURLEY: We are fully committed to a fully disposable device. We have not
looked at a hybrid device as of yet.
DR. GARRETT: So from the PENTAX side, we have looked at that. We're looking at
that tradeoff with functionality as well as getting to a safe device, so we are and actually
have multiple active development projects in that area.
MR. VADER: FUJIFILM, we're considering all options.
DR. LEWIS: Ms. Wells.
MS. WELLS: So just a question -DR. SEGAN: I would just -- just to quickly finish that answer, yes, we're evaluating all
options at Olympus as well, and we want to make sure we broadly meet the customer
needs, which may be a range of solutions based on populations and provider preferences.
DR. LEWIS: Thank you.
MS. WELLS: So just quick question on especially the -- I love the idea of the sterile
disposable, because I do think that GI needs sterility. I know we say it 's a dirty place, but I
don't want my dirty stuff with your dirty stuff. I want my own dirty stuff. But anyway -- just
kidding.
So my concern is, is I battle on a regular basis with companies that come in and they
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want to refurbish single-use devices and call it recycling. How would you prevent that from
happening? Because it is a battle. You know, I am constantly -- and this would be a huge
fear. If we think we got problems now, let them start redoing that. That 'll be interesting.
DR. DUNKIN: Again, a good question. When I mentioned being proactive about
recycling, that means that anybody who wants to use that device, we'll be having
discussions with them about participating in a recycling program that we've helped to
implement. That program, for sure, is not going to allow for a device to come back in some
reprocessed form, as I just mentioned.
If they want to go outside of that, that would be, I guess possible, but unusual.
Devices that are recycled now that, for instance, I see in the OR all the time. We have many
things that are recycled, laparoscopic ports and things like that. That's an approved
process, done by an outside vendor. And we would do everything we could not to allow
that and really by pushing a recycling program. I think going outside of that would be a
little bit unusual.
DR. LEWIS: Question for any of you. No one's talked about any innovative cleaning
techniques, and I don't know if they would apply or not. What about, for example, the use
of ultrasound for cleaning the distal head, to overcome some of the technical problems?
Ultrasonic cleaning is used in a number of other industries to do a better job than simple
manual or conventional brushing. Would ultrasound damage the scopes? Or is it a
possibility, to improve the cleaning of the distal end of the scope?
DR. GARRETT: I think, without getting into a specific technology, our goal would be
to automate any and all processes that we could, to remove that human element. So
something that would provide for that with a validated outcome would be certainly within
our objectives.
DR. LEWIS: Anyone else? Other questions?
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Yes, Dr. Wilcox.
DR. WILCOX: Yeah. Steve Wilcox.
There's an analogy here with jet engines, and that is, the jet engine manufacturers,
there are basically two now, Rolls Royce and GE, they concluded that their engines were not
being adequately maintained by their customers. So they took over the maintenance, and
in effect, they changed their business model from selling devices, of selling engines, to in
effect, selling propulsion. So they take responsibility for selling the service of propulsion
and maintaining the engines. Their customers don't own the engines.
Is there a possibility -- this, of course, is for the -- I mean, for the reusable folks, is
there a possibility for that kind of change in the business model?
DR. GARRETT: So I know for us, we've introduced a program called Service Works
that is sort of that shared risk model. The other piece that has been highly successful for us
over the last 6 months is a physician-driven education program that looks at facility-specific
data of preventable repairs and maintenance that is associated with that, so sort of going
beyond the CDC FDA recommendation of every year inspection, but driving it down to t he
practitioners that are using the devices, specifically the third-party accessories. And we
found a marked decrease in preventable repairs, which we know can be linked to infection,
so that would another piece to consider as well.
DR. SEGAN: So I'd say, for Olympus, we feel a special responsibility because we have
about 90% of the duodenoscope market share, so we have a lot of customers who are
depending on us. And we've already started to implement different changes, such as
programmed service and maintenance, as well as providing more efficient ways to do
upgrades. I think we have to evaluate all business models, but you know, basically we're
trying to listen to our customers, while helping them ensure the care of their patients, both
from a performance and safety standpoint. But we are doing some things that are highly
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service oriented.
DR. LEWIS: Dr. Kim.
DR. KIM: Thank you.
So for the reusable manufacturers, Dr. Sagan, Dr. Garrett, you both mentioned your
programs towards teaching, hands-on, and demonstrations, I think that's definitely a step in
the right direction with regards to reprocessing. It's been a major focus, the instruction of
this particular Committee.
And then, Dr. Garrett, you mentioned that you cannot process a duodenoscope in 1
hour. It's not safe, you say. I think, to close the circle with regards to reprocessing, I think
some guidelines need to be established, to get out to the hospital and say, listen, you 're not
expected to do this in 30 minutes. We recommend -- we feel that it should take a certain
period of time. And what period of time do you think that is? And I'd be interested in
hearing from the others as well.
DR. GARRETT: So just to clarify for the record, I was referring to the training. So all
too often we will be called in by a healthcare facility and they will say you have 1 hour to
train 10 people in the reprocess of these devices, and that is simply impossible and
irresponsible in my opinion. So I think we need some type of formal guidance out there.
Even the FDA Safety Communication is wonderful, but if we could take it a step further and
actually require healthcare facilities -- because it's already in the CDC guidelines. It says,
sufficient human resources to reprocess these devices.
And no different than we page anesthesia in for cases, we need to page reprocessing
in. We need to empower our IAHCSMM members and stakeholders that are doing this task
to have the resources and respect necessary to do that.
DR. SEGAN: So we're taking kind of a two-pronged approach. So we have this
existing body of scopes out there that is servicing the population today, and we are doing
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

396

active steps to simplify existing instructions for use, provide enhanced training, with multi educational modality, including hands-on, web-based checks, because we have to
immediately address our biggest variable, which is the reprocessing today.
As we move forward, we're also working heavily with industrial design and human
factors as well as our engineers and customers, to design simpler steps, and that includes
our central supply folks, who are so burdened with a lot of different things. So on a go forward basis, we're trying to streamline the process, and potentially as part of the
validation, we will have some, the ability to provide some guidance on time. Because we've
heard loudly today, and we've also heard before walking into this room, that it is a time
crunch.
So ensuring today is as simple as it can reasonably be, as well as going forward,
trying to make it much more user-friendly and importantly reproducible and effective.
DR. LEWIS: Dr. Benowitz, last question.
DR. BENOWITZ: Thank you.
Isaac Benowitz, CDC. Some of the presentations and studies that we've heard
discussed earlier this afternoon really raise the concern that these reusable duodenoscopes
are getting damaged fairly frequently and fairly often, and that end users are really not able
to readily determine when these devices need to go back for maintenance or when
reprocessing hasn't been performed adequately, other than to rely on a culturing and
sampling protocol.
So I'm wondering what the manufacturers of reusable scopes are doing to help end
users determine when these scopes need to go back for maintenance, or when they have
not been adequately reprocessed. I hear concerns about, you know, people can't
determine whether these scopes are still dirty because they're black. I'm concerned about
what's going on inside the channel, that they just can't visualize at all.
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DR. GARRETT: So I think Mary Ann brought one solution, which was a borescope.
I'm somewhat hesitant about that because it's like teaching someone how to read a chest xray that's not a radiologist. So we need to be careful and provide some type of parameters
as to what that is. But I think a preventative maintenance class that's driven towards the
physicians is very helpful because it gets to the users and it talks to them about what types
of things -- if you feel this type of resistance, as an example. Then this is an opportunity to
take that scope out of service and scope it or send it in to the manufacturer. So starting
there with individual data-driven processes will help us drive down potential risk.
DR. LEWIS: I thank all of the presenters for the response to questions. We 'll now
terminate this phase of the Panel and move on to the Panel Deliberations for the FDA
Questions.
Dr. Haugen, will you be presenting the questions? So would you please approach
the podium?
And, Dr. Ferriter, do you have any comments to give to the Panel before we begin?
MS. FERRITER: No. I look forward to an interesting discussion. I think you've
already been raising great points. Thank you.
DR. LEWIS: Thank you.
Dr. Haugen.
DR. HAUGEN: Thank you.
As a reminder, our first question sets the stage and will impact the discussion of the
remaining questions.
FDA presented the currently available MDR data and the current results of the
postmarket surveillance studies. FDA would like the Panel to comment on the progress
made towards reducing the risk of infections from reprocessed duodenoscopes since 2015,
and whether the trajectory that FDA has taken, which includes incremental improvements,
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

398

such as the release of newly validated reprocessing instructions, and clearance of
duodenoscopes with disposable components, continues to be appropriate to address this
public health issue, or whether the data indicate that more substantial changes to
duodenoscopes and reprocessing methods are needed.
DR. LEWIS: Open for comment.
Yes, Ms. Dunn.
MS. DUNN: So I am the Patient Representative, and I've been sitting here now for
two days and listening to all of this, and I'm a little confused because these devices, what
we just concluded here, talking about, manufacturers assemble these and put these
together and bring them before the FDA for approval. I'm perplexed why there's still debris
and bacteria inside of these, and they're not designed more user-friendly in the field.
I kind of look at the manufacturers, that they should be taking more care in the
design. As a patient -- and again, I'm a patient, I'm not a medical professional, but if I go in
for a procedure, and it is not sterile -- I can tell you firsthand that I was compromised in a
surgical procedure. I have a biventricular ICD device. I am on number 7. I had a device
switch-out, and in the pocket, I got an infection. I don't know where the sterile field was
compromised. That was not shared with me. But my life changed substantially. And the
infection traveled down the leads, and I had to have lead extraction. If anybody is familiar
with that, it is a very dangerous procedure. I suffered a cardiac tamponade, and I also had a
1-inch tear put in my septum of my heart. So I have another closure device in my heart,
which also has a risk of infection.
I am very grateful for my devices. I would not be here today, and I certainly would
not be a patient advocate. But we've danced around and talked about infection, and it is
very real from the patient perspective. And I'd like all of you in the room to take off your
professional hats and realize that you're all patients. You're all going to be subjected to this
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in one way or the other at some point in your life.
So I don't have an answer to what we've been talking about, but I would like my face
to signify to all of you that this is a very serious, serious problem. And it appears to be in all
facets. But there's got to be some working together or some answer on sterilization and
product design. An hour, I'm hearing, for somebody in a hospital setting to sterilize
something, where I know time is money and turning and the demand and cutbacks. I
understand all of that.
So I implore all of you to please, step forward, and let's try to make this a little bit
safer for us patients, because we trust. We trust our physicians. We trust our facilities. We
trust our device manufacturers to be there for us and to protect us.
So thank you.
DR. LEWIS: Dr. Dominitz.
DR. DOMINITZ: I think the FDA has, you know, taken this issue very seriously, as h as
the professional community and the manufacturers. And, you know, I think it is going to be
incremental steps toward improvement, because you can't turn on a dime here. I mean,
going to disposables is not something that can happen overnight, if that's a decision that's
made.
I do think there's things that can be done. The FDA had a meeting a year or two ago
about third-party repairs, and we heard a little bit about that today. I think that's a major
issue for us to contend with. There's no real regulation that I'm aware of. I don't know if
anything came out of that FDA meeting that may have occurred. But I think we need to be
careful about how third-party repairs are being done. I don't know how much that's
contributing to some of the infections we're seeing.
And I think we need to work with the Joint Commission or other bodies like the
AAAHC on certification processes for people washing scopes. I know Ms. Wells has done a
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lot of work in the VA to make sure that we have very tight oversight of endoscope
reprocessing. And our endoscopy unit gets audited about 10 times a year, I think. It's
amazing how frequently our technicians are audited on their ability to wash scopes, and I
don't know how much that happens outside of the VA.
And I think preventive maintenance programs from the manufacturers are also a
critical element. The VA used to buy endoscopes, and there was some problem some years
ago with old scopes that had -- and I don't know how much of this was in the VA or outside
the VA, but third-party repairs and other issues with scopes, and so the VA requires that we
lease scopes rather than buy, so that we turn over the inventory more regularly, so we get
away from some of these issues that we saw demonstrated earlier today.
So I do think the FDA can do a little more, perhaps, you know, especially around
third-party repairs and finding solutions there.
DR. MORGAN: This is Charity Morgan on the phone.
I wanted to comment on some of the postmarket surveillance data. I noticed in the
Executive Summary that the postmarket studies were powered to attack the 0.4%
contamination rate. And what we're seeing -- I know the data is limited so far in what we
have, but what we're seeing so far is, are contamination rates that are well above that. And
the newly designed scopes that have the disposable caps or the sealed elevator wire
channels, we don't have any data yet so far, I don't believe, on if the contaminations are
going down for those new devices.
So I guess I would just caution us to think about these incremental improvements
that have been sort of discussed about in terms of design. We don't really have the data
yet to show if that stuff is working.
DR. LEWIS: Thank you.
Dr. Li.
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

401

DR. LI: Yes. I just have a comment on the use of the MDR data. In other areas,
other Panels that I've been on, such as Orthopedics, we generally come, as a rule of thumb,
to think that the MDR data reports less than 1% of the actual device failures that come
about. We've heard, I think, as one of the earlier presentations said, there were 700,000
procedures a year. So if the FDA estimate of 5% infection is correct, there should be 35,000
contaminated devices. If they reported 1% of that, there should be 350. But if you looked
at the presentation of the MDRs, there was nothing over 120 in any given year, and
sometimes it was less than 100.
So, again, the MDR data, I think, as Dr. Haugen suggested, is just an indicator that
maybe there's something there, but I don't think it can be used as actually an indicator of
how bad the problem is. And I think my problem here, that I heard today, was I heard -- I
saw some great presentations about how the cleaning procedure reprocessing should be
improved, because those were really kind of dramatic pictures of what was left behind.
But the flip side of that is, our ability to detect this, as using the MDR is almost
impossible. Right. So the question is, if we go through all these things and we make a
perfectly clean device, are we actually going to be able to see the answer?
The flip side of that is -- and I don't mean to be flip about this, but as bad as those
look, if the infection rate is still really 1%, they look bad, but they're not affecting the
patient. I drive a 2002 car and the engine looks horrible, but it drives me and it's not
harming me. So I'm not trying to downplay the ugliness of what we saw in the reprocessed
devices. But I think it might be -- the data doesn't really say, if it looks bad it will be bad.
And so conversely to that, if we make it look good, that doesn't mean it'll be good.
And I think it was Dr. Lewis said, there's maybe a 25% infection rate with these procedures
anyway. And so -- and actually, in the 25 outbreaks, I went back and tried to look as many
of the actual literature references to the 25 outbreaks that have occurred over the last
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decade or so, and in over half of them, it was actually not identified that the infection was
the same that was found on a duodenoscope. So although there were 25 outbreaks
assigned to a duodenoscope, in less than half the cases, it was actually proven.
So, again, in no way am I trying to underplay the problem. And in no way am I
suggesting we shouldn't do all the improvements that have been said. But I am saying that
it's possible that if we do all this stuff, we'll have no measure of its benefit, because the
numbers we're looking at are so low. Seventy-nine deaths is horrible, but that was since
2015. So if it's 700,000 a year, that's 79 deaths out of 350,000 procedures. That's a pretty
small number to detect on an annual basis.
So I think there should be some adjustment or some thinking about what we would
expect to see if we carry out all these wonderful suggestions that we do. And I 'm actually
not speaking against doing them. I'm just saying, we might not be able to see the result of
it if we do it.
DR. LEWIS: There's an issue here that seems to me a bit of a disconnect, which is not
reflected in the questions, and I'm not quite sure how we address it. But we've had
multiple presentations today, which clearly indicate the difficulties of the cleaning process,
and the human factors which are operative there. And every one of those presentations -they vary some, but every one of those presentations has presented a dramatic problem
with the personnel who are cleaning these, with the training they receive, with the
oversight of their activities, etc.
And so it seems to me that has been really the dominant factor we've heard about,
that is lacking in the reprocessing of the scopes. And yet -- and from the manufacturers, we
hear that they're moving toward the possibility of disposable scopes, or we have the
possibility of sterilization of the scopes. But we haven't really posed anything here in
regard to the training, and whether certification of these individuals or some other method
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would be appropriate. I think we have to think about -- the difficulty is, and I don't know
how to resolve this, that the FDA has no jurisdiction over training.
And so we're facing the issue that perhaps the greatest remediable problem about
all this is not subject to FDA control. And I'm not quite sure how we address that, but I
would invite those of you who have greater experience to comment on it.
Ms. Wells.
MS. WELLS: Thank you for bringing that up because that is essential to this issue
that we have been working so hard in the VA on bringing about professionalism into the
world of MSTs. We struggle with -- we do great orientation. We are very stringent, as
Dr. Dominitz has informed you, in that we have really -- not just for endoscopes, but for all
of it, our difficulty is, is we can't pay the smart people enough to stay. Smart people come
in, they learn it, do a good job, and then they're gone. They could go into -- for my arena,
they go into logistics, and get paid almost twice as much as what our people get paid, and
we have an extraordinary burden on us to do the job right.
That's where we do need the FDA, and my organizations, AAMI, AORN, IAHCSMM, to
say, we need to start progressing to professionalism. I do believe we can do this right, and
we do an excellent job in the VA. I know at times it doesn't feel that way, but we have
made extraordinary advancements. But there's still more that needs to be done. And I do
think that through education and training, but also through manufacturing guidelines -saying you're going to do a quick guide, and not give how many minutes for the quick guide,
don't bother with the quick guide. Because the problem is, they don't know how many
minutes they need to do for soaking, for scrubbing, for the AER. I think all of that has to
play in. And I do think that employees, in themselves, we've got very intelligent MSTs. We
just don't pay them enough to stay.
DR. LEWIS: Dr. Arduino.
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DR. ARDUINO: So I'm going to give you an example. About 10 years ago, the State of
Texas required dialysis techs to become certified. And they gave the facilities, okay, you 're
got X many months. Well, that then, CMS then turned around and said, same thing for
national. So all dialysis facilities, the technicians, from reuse tech to water tech, all have to
have national certification. They just mandated it.
So, you know, it's not FDA's responsibility. It falls on CMS, and possibly Joint
Commission maybe, or the accrediting but -- no?
DR. LEWIS: Yes. Dr. Collins.
MR. COLLINS: Well, I'm just a nurse, but that's all right.
DR. LEWIS: Excuse me.
MR. COLLINS: I total agree that oversight of our reprocessing staff is mission critical.
And if we can have our colleagues of CMS write into their conditions of participation, the
orientation, the structure for our reprocessing techs to be certified, then it will become
necessary for accreditation agencies to ensure that that standard is met then. And I really
think that accreditation agencies could help us by enforcing the leadership standards at our
component of the accreditation process as well, due to the leadership responsibility for the
overall functionality of that facility.
DR. LEWIS: Yes. Next comment.
MS. WELLS: To answer the question is exactly that's here, I think you have to pursue
other things, as well as what you're doing now. I appreciate the emphasis on instructions,
but was really glad to hear that many of the manufacturers are talking about training when
they don't have to. I mean, they don't have to do the training, and we know, for a lot of
devices, people farm out the training to third parties who really don't know how to do it
right.
But the other thing I wanted to mention is that I'm not sure even moving to the
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

405

training, I can -- like she said, I can train you great, that doesn't mean I can keep you. But
the only thing that I would say to that is that it is not just the pay that 's making these
people go. It's -- they need to have a work environment conducive to doing the work well,
and one that isn't obnoxious to them. And I'll just make one quick comment in an analogy.
This is not an unusual problem.
You could take assembly of circuit boards for computers. It's very much like the
reprocessing thing. Time pressure, poor pay. You got to assemble multiple kinds of things,
each of which has different instructions, and you don't have workstation set up. And so
these people get carpal tunnel syndrome, musculoskeletal disorders, and that 's another
reason why they leave and turn over.
It seems to me, like maybe the FDA, but maybe the manufacturers could -- even if
you just want to call it a guidance, but just -- things to think about, for example, for
healthcare facilities, about your reprocessing area, and about how it should be set up.
DR. LEWIS: Dr. Wilcox.
DR. WILCOX: Yes. This is Stephen Wilcox.
Just from a human factors point of view, I'm all for training and better IFUs. And, in
fact, in our materials, we saw that PENTAX had made a remarkable success by changing the
IFU, so that's all important and makes a difference. But at least -- and I recognize there are
many other constraints. I don't always get my way. But our first choice, as speaking for us
human factors types, is to get rid of the human interface altogether.
So in this case, the disposables would be the first choice. The second choice would
be to have the manufacturers take responsibility for the reprocessing, so again, at least
taking that all, just taking that away because, you know, from one perspective, do you want
a easy-to-use insulin pump or do you want a pancreas, you know? It's always better to get
rid of the interface altogether if you can, rather than trying to make it easy to use.
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And it seems to me, what we've got now is we've got people in an almost impossible
situation, that in that, the reprocessing is so complex, that it's very difficult to do well. So
number one, get rid of it altogether. Number two, simplify -- and I'm pleased to see that
the manufacturers were talking about simplifying the devices themselves, so that they're
easier to reprocess. But the other thing that someone mentioned is good feedback and
immediate feedback.
So, you know, that's another thing we -- in terms of thinking of ease of use, what
kind of feedback are you getting, and how quick is that, how immediate is that feedback?
And the borescopes are one way of getting better feedback. That's another problem, that
people don't, are not getting feedback. All those things you showed us, they don't see. So
that's another problem.
And then, finally, after you get through that, at least from a human factors
perspective, then we can start talking about IFUs and training. That's never the first choice.
DR. LEWIS: Dr. Saubolle.
DR. SAUBOLLE: I'd like to add to that. I think, in terms of training, what I've found in
my training, when I train people is that, are the trainers well trained? What I've found
oftentimes is that when you talk to the trainer, they haven't been trained well to begin
with. So they're just passing on what they are doing.
And I think, you know, so second of all, there's also that, I guess the question is, do
we give them background of why we're training them? Oftentimes I've found the training is
just a menial, step by step. They don't discuss the contamination rate, what we've found
with the tissues and all that stuff. I've learned that when you talk to nurses, for example,
you tell them why they're doing blood cultures the way they are, and they learn and they do
it better. If you don't tell them what the background is, you know, how to collect a urine
culture for microbiology, big difference between clean catch and midstream, but they don 't
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know that, unless you tell them. So I think maybe that's what we also should make sure,
that we tell the people exactly why they're supposed to be doing that, not just step by step.
DR. LEWIS: Dr. Faulx.
DR. FAULX: I just wanted to reiterate what Dr. Li said about the infections. So we're
seeing all this, we're seeing these borescopes, everything looks terrible, but really, we do
hundreds of thousands of these procedures a year, and we have seen so few infections. So,
you know, we are very lucky at our VA. We have great techs who've been with us for, you
know, a decade, and know what they're doing, and why they're doing it. And I realize not
everybody has that, but nonetheless, we do -- you know, the majority of these scopes are
processed well enough that we're not making people sick. We're making people better.
So I think, you know, in an area like Cleveland, we have very few multidrug-resistant
organisms. Maybe that's not going to push us to -- I mean, it's really expensive to get new
scopes, even removable tips, which I -- you know, sounds like a fabulous idea, or disposable
scopes. But places where they've had these outbreaks or the cities have high levels of drugresistant organisms, maybe those are the people that are going to switch over to these new
technologies and make that change.
But to mandate that everybody does it, I think, would be a really bad idea. As we
know, access to ERCP will go down. And I think it's even gone down just because of the
higher risk of the procedure. There are fewer people doing it in the community, so already
the academic centers are, tend to be the ones that do it the most. And, you know, just
concerned about sort of pushing something.
And I think that there have been improvements that, you know, have been made.
And it's interesting, they've been out for a while, and I don't know how many places have
these new, you know, disposable caps. We actually don't have them at our institution. So,
you know, there is a big cost associated with that. And so far, you know, we're doing pretty
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well, we think. Now, I realize that there is that, you know, very low risk, but I think it's very,
very low compared to the benefits for these procedures.
DR. LEWIS: Mr. Socola.
MR. SOCOLA: Thank you, Mr. Chairman.
I've got a little experience with certification. IAHCSMM does an extremely good job
in training central service technicians. There's only four states in the country that require
central service technicians to be certified. In New York, it took us 4 years of dealing with
our state health department and our legislature to get a law written, to get it voted on, to
get it passed.
So certification is not an expensive project. My scientists and technicians that we
utilize to validate these cleaning processes, they have 4 and 5-year degrees. So I thought to
myself a year ago, why don't I send these guys to be certified through the IAHCSMM
program, and let them get an idea what's really going on in a central service department in
a hospital?
So I sent three of them. It cost me less than $200. We can find $2,000 -- excuse me,
we can find $20,000 to buy a scope, but we can't find $200 or $2,000 to send 10 central
service technicians to be certified and be trained? So there's very good training out there,
and it's available. And people want to learn. And we just have to make that possible for
them.
Another thing I wanted to touch on is, we talked about cleaning processes, some of
them being very complex, 20 steps, 35 steps, 99 steps. If you're a device manufacturer,
what do you have to do when you file your 510(k)? You have to show equivalency. When
you show equivalency, are you going to choose your competitor's device? No, you're going
to choose your device. Your device from 1990 had 99 cleaning steps, so every generation
from that point on, you're going to go with 99 cleaning steps. Why is that? Because you
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

409

have to show a chart in your summary statement, and the FDA loves charts. And they want
a check box that says, you know, the IFU is identical.
So the Agency needs to kind of show some reassurance to these quality individuals
and the regulatory people, and these medical companies, to let them know, hey, we want
you to reduce these numbers of steps. You know, 99 steps is ridiculous. If it 's not required,
we don't want it. And I think that could be a way to at least reduce some of these
reprocessing steps.
Thank you.
DR. LEWIS: We have to move on, in order to get through the other questions.
So I would say, in trying to summarize the comments, Dr. Ferriter, the first issue is
that we've had some emphasis on the fact that the difference between the incidence of
reported contamination and the incidence of infection is a few orders of magnitude, and
that 500 or so infections were reported over a 5-year period, but in the 3 most recent years,
those numbers were down to about 20 a year, or less.
So in comparing that with a 4 to 5% incidence of contamination overall, it obviously
indicates that there's somewhere between, I guess, a 1 in 300 and 1 in 700 relative
incidence of contaminations leading to infection. And so the clinical problem we're facing is
perhaps not nearly as large as the contamination would indicate, given the caveat Dr. Li
emphasized, that the under-reporting in the MDRs is significant.
And I think the second thing is that the dominant factor which has been identified in
most of the speakers is a human factors and cleaning issue. And while it 's recognized that
that's not exactly within your domain, it clearly appears to be the major factor which
obviously needs improvement at multiple levels, in terms of better training, better
environmental conditions, better oversight, etc. So in whatever way you might work with
manufacturers, with the Joint Commission or with other agencies to try and effect
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improvements in that, would probably lead to far greater positive effects than otherwise.
And in the last part of the question, more substantial changes to duodenoscope s, I
think we're limited in that by what the manufacturers are doing. We've heard that two or
three of the companies are actively working on improvements, either disposable scopes or
disposable techniques, and it would probably not -- I think they recognize the need for this,
and it would be difficult to probably accelerate that beyond what they're doing.
So I would -- I think those would represent the conclusions of the group, as I see
them.
MS. FERRITER: Thank you. I really appreciate the rigorous discussion and the great
ideas around the human factors and how to best address them. Thank you.
DR. LEWIS: Thank you.
Could we move to the second question, Dr. Haugen?
(Off microphone comment.)
MS. WELLS: Sorry. An actual correction for number 1. I just want to recommend
that, I know there's been some discussion in some of the associations about eliminating
manual cleaning, and going to just AER cleaning. And I'd like to recommend that we keep
manual cleaning, and mandate that the AERs keep -- put that manual cleaning cycle as a
phase.
Now, we have a, we have hands-on, and we have a AER, that can back up and
double, just in case they miss something from your human factors. So that would be my
recommendation.
Thank you.
DR. LEWIS: You may proceed, please. Dr. Haugen.
DR. HAUGEN: The Panel is asked to comment on FDA's proposal to standardize
duodenoscope durability testing as a premarket bench test. FDA's proposal is to include
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250 cycles of simulated use, cleaning, high-level disinfection, and terminal sterilization, to
simulate use in a single year.
DR. LEWIS: I guess, speaking for myself, and what I've heard is that again, we've
seen multiple examples in multiple presentations today of problems with the scopes,
ranging from defects in the tubes to disruptions in the outer surface and whatever. We 've
heard multiple descriptions of that. The issue of 250 cycles, I think, is a r andom number,
that comes out of looking at it. It may be too high.
But it would seem, I would state, at the risk of being corrected, that what we have
heard would clearly indicate that there are mechanical failures in scopes that are a
reasonable problem, that are generally inadequately recognized unless very explicit
evaluations have been done for them. And that being the case, from what we've heard, we
haven't had anyone say that those are unnecessary, or that they don't exist. This proposal
would seem to be a minimal level of change, that would help to identify those earlier, and
potentially lead to either correction or removal of scopes.
So it would seem to be, in fact, a very appropriate recommendation, would be my
synthesis at this time. Now I invite comments from the Panel that may diverge from that.
Mr. Socola.
MR. SOCOLA: I would encourage industry and the Agency, when we validate
cleaning processes, the 2015 reprocessing guideline wants us to do it under worst
conditions. So in cleaning, worst case conditions are, if there is a minimum level of
detergent, that's what we use. If you recommend 40 to 45° water, we use 40° water, all of
those things.
However, I think we could go a step further, and let me explain that. We talked
about 10⁶ yesterday quite a bit, and today. We've got that additional safety factor built in
to sterilization. We don't have a safety factor in cleaning. We have an endpoint, and we
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have a way to get there. There's no safety factor. So a lot of the cleaning steps require
flushing, they require brushing. Let's just say we flush with 500 ml of critical water. Why
don't we flush with 400? If we're supposed to brush for 2 minutes, maybe we brush for 90
seconds. Because if we did that, we would come inherently to build in a safety factor. And
we know that those, some of those steps are going to be missed.
So that would be a recommendation that I think that industry may want to do when
they're validating their processes. And if the Agency could make those types of
recommendations, I think in time we could build in somewhat of a safety factor. We have
the chairman from the Endoscope Reprocessing, this could be something that could be
looked at, at the standards level. But I think that there's ways for us to build in additional
safety factors without a lot of additional work.
Thank you.
DR. DOMINITZ: I just have a question for clarification. Are you saying 250 cycles of
all of these steps, high-level disinfection and sterilization or -- You know, based on what we
heard from the reusable endoscope manufacturers, it's -- I don't know if it would last 250.
They were talking about breakdown of the equipment, so -- But most of our scopes are
going through HLD and not terminal sterilization, so I mean, I would like to see what
happens, if you just did HLD, does it survive 250? I suspect it does. And maybe you would
have two separate standards, you know, testing for 250 cycles of HLD and some number of
terminal sterilizations that may or may not be 250.
DR. LEWIS: Dr. Haugen, do you want to respond?
DR. HAUGEN: Yes. So when I posed this question during the presentation I noted
that as an alternative for duodenoscopes that are not compatible with 250 terminal
sterilization cycles, duodenoscope manufacturers might identify the number of sterilization
cycles that the device is compatible with, and then use the labeled number of sterilization
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cycles in the durability testing.
DR. LEWIS: Dr. Li.
DR. LI: Maybe it's a little late for this question. I'm sorry if it's kind of a stupid
question, but what do you mean by durability? Do you -- you know, as an engineer,
durability means you use it -- you know, how many times can you use it before it breaks. So
when you say, how many times can it go through sterilization, what are you evaluating at
the end of that time? A physical thing, that it's still sterilizable? What do you actually mean
by durability?
DR. HAUGEN: Mostly mechanical durability as well as performance. So a durability
test after going through these multiple cycles, there would be leak test, there would be
visual inspection, other types of inspections. There would be mechanical angulation of the
device, angulation of the elevator, an optical performance check.
DR. LI: So have we seen, and maybe I've missed it, have we seen any data that says
that the elevators break after so much, or it leaks after so many cycles? I mean, are there
known failure points for these devices? And how do those correspond to 250 cycles of
simulated use?
DR. HAUGEN: Sure. I believe the earlier speakers commented on the types of
damage that is seen. So it may be damage of epoxies and adhesives. There might be
material breakdowns. We also -DR. LI: I'm looking for the times of these things to happen. In other words, if those
things happen in 6 months, then 250 cycles is too long. If they happen in 3,000 cycles, then
250 cycles is too short. So without knowing when the failure occurs, it's a little hard to say,
250 cycles is a good choice.
DR. HAUGEN: So to be clear, 250 cycles was used to estimate an annual use for
duodenoscopes, which do have less frequent usage than something like a colonoscope or a
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gastroscope. To answer your question, we would like to see the data. And we believe that
obtaining this type of premarket -- of this type of data, premarket, would help us better
understand the relationship between use and the durability of the device.
DR. LI: I understand. Thank you. I guess my quick concern is, I'll use my car again.
When I bought the car, they basically say, you have a 50,000 mile warranty. Well, the
reason they pick 50,000 is, they typically don't break down until you're over 50,000 miles an
hour [sic]. So if it takes 300 cycles or 350 cycles for these mechanical failures to start
occurring, then you're not going to catch any failures at 250 cycles.
DR. LEWIS: I think what you're addressing is that there needs to be ongoing data
collection to look at the 250 number and see if that, in fact, is borne out by actual
experience, in terms of postmarket reporting.
DR. LI: Yeah. And especially if that 250 cycles, everything passes. Right. Then
basically you have not actually found how many cycles you can go to before the device fails.
DR. LEWIS: All right. Dr. Burr.
DR. BURR: So I have -- I'm feeling this misses the point. So, rather, what you want to
do is be sure that the endoscope is functional and safe to use in actual use. So to go back to
the aircraft analogy, what do they with an aircraft engine? In service, every now and then
it's torn down and rebuilt, and ensured that it's functional.
So a suggestion would be that the endoscopes, in order to be used, would have to be
certified by the manufacturer periodically. And I am not sure what the correct interval is, 3
months, 6 months, not a year, for continued use, which would require a level of inspection
that would be well beyond the healthcare facility's ability to inspect, and -- you know, and
perhaps repair, perhaps replacement. But that way, the differential wear, the different
endoscopes in the hands of different operators doing different things is accounted for. So
that would be my thought as to the, a reasonable approach.
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DR. LEWIS: Mr. Socola.
MR. SOCOLA: I'm going to jump in here and help out the FDA. The FDA cannot tell
the device manufacturer how many cycles they need in their durability testing. It 's up to
the device manufacturer. I believe the Agency is looking for a starting point here, and
because my lab does durability testing, I'll give you an example how it happens. We're
going to go ahead and we're going to soil the device and go through the IFU identically as
the device manufacturer wants us to.
And if we're going to do 250 cycles, at cycle number 50, we're going to send that
device back. The engineers at the device manufacturer are going to put it through all the
testing and make sure that it meets the original specifications. They're going to send it back
to us. We're going to go to 100, then we're going to go to 150. And we're going to note
device degradation, whether it's visual. They're going to notice device degradation if it's
mechanical. And the 250, I think, is only chosen because it was kind of representative of
maybe what a device may be processed or used in an annual year.
I don't think the Agency is saying, test it to 250 and then you've got to throw your
device out. They want a number that they can provide to validation labs like myself, to
industry, as a starting point. And if 250 works out just fine, they're not going to tell a device
manufacturer, you have to throw your device out at 250, if it's fine.
DR. LEWIS: Dr. Dominitz.
DR. DOMINITZ: And to follow on that, I think the idea was that if it lasts to 250, and
that's the -- you know, that's get 90% of annual use, and you have an annual preventive
maintenance program, you should be catching problems before they are serious. Is that my
understanding -- is that correct? Yeah. So it is like the airline maintenance program. You
want to check the engines before you have a problem.
DR. LEWIS: So it sounds as if the consensus of the Panel, Dr. Ferriter, is that the 250
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is somewhat arbitrary, and that FDA needs to work with the manufacturers to potentially
look at the devices on a more frequent basis and have them examine the devices to actually
ascertain what the data reflects, in regard to failure of the devices, or in regard to the
development of defects in any way.
So rather than suggesting specific numbers, whether it's 50, 100, 150, it sounds as if
you need to talk to the manufacturers, collectively, and see what seems to work out, in
order to try and define that issue, and see better what the actual failure rate is, for the
various components.
MS. FERRITER: And should this durability testing include both high-level disinfection
and terminal sterilization, or should we have two separate tests that we're gathering data
on?
DR. LEWIS: It sounds, at this point, like terminal sterilization would not be a current
standard that should be employed, since that's not currently being done, but that the
currently used procedures of high-level disinfection would be appropriate.
Dr. Haugen, you have the next question?
DR. HAUGEN: Our third question is posed in two parts. For new technologies
intended to reduce the risk of infection from reprocessed duodenoscopes, the Panel is
asked to comment on the potential for new designs to reduce the observed contamination
rate, and considering that potential, the urgency with which the transition to new
duodenoscope models should be made.
DR. LEWIS: I think the first point that occurs to me is that we've basically only heard
about one real design modification from the manufacturers, and that is the development of
removable endcaps to facilitate access to the elevator and the distal compon ents. We have
not heard anything about whether doing that, using disposable endcaps, and potentially
having better cleaning procedures would actually lead to any difference in the outcome. So
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it's a little difficult to answer this question, because we have no data indicating that that
design change will have effects. It theoretically would seem to allow better access, since
cleaning of those areas is difficult.
On the other hand, and what we've heard from multiple people is that other issues,
in particular, the channels through which instruments are passed, and through which air
passes, or suction, in fact are at least as big a problem, in terms of contamination and
cleaning. So it's not at all clear that changing the endcaps are going to have any influ ence
on that. And other than the possibility of fully disposable scopes, we haven 't really heard
any proposals about other changes to design.
So when you comment on new designs, it's kind of a limited option at this point in
time. In terms of the urgency with which the transition could be made, it would appear that
that's going to be a market-driven issue, largely for the manufacturers, and that it would be
hard without completely denying access to these in many ways, for that to be changed.
So that's my initial synthesis, and I would invite comments.
Dr. Faulx.
DR. FAULX: Yeah, I agree. We don't have the data yet on those new removable caps,
so we'll, you know, see what that shows.
The other thing that Dr. Brandabur had brought up is the linear FNA scope had
similarly an elevator channel. And, you know, I don't think we've figured out how to make a
disposable EUS probe. So, you know, I think again, our focus on reprocessing, and maybe
different ways to reprocess scopes is probably equally important, and I just don't think we
have the data to be able to push people to make these changes until we know, you know,
how good they are.
DR. LEWIS: Dr. Dominitz.
DR. DOMINITZ: Yeah, I think this is a tough question to answer. You know, I work
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for the Federal Government, and contracting can take 6 to 18 months. I think it took us
about 18 months to change our lease for our endoscopes. So, you know, it would be
challenging to turn on a dime. So yeah, I don't know -- I'd like to see some data. I don't
know if you have preclinical data on the disposable caps or the proposed other modification
that the entire endcap comes off. I haven't seen any of that data.
DR. LEWIS: Dr. Saubolle.
DR. SAUBOLLE: Well, I agree. And I think we're moving toward the right direction,
from a microbiology standpoint. The duodenoscope is a haven for microbes, every single
nook and cranny. So if we can get away from these nooks and crannies, make everything as
smooth as possible, it will do a lot of good in the future. I'm not talking about now, but as
we move forward. So I think that would be -The other thing is, consider looking at what's being used for microbial biofilms. Is
the material -- there's certain materials that are better for biofilms than others, and have
they looked at what that is? And also potentially focus on areas that are used, like the
different -- use some antimicrobial material there, about the endpoints that might help too.
I don't know the answer to that. Those are just some suggestions.
DR. LEWIS: Yes. Ms. Wells.
MS. WELLS: So one of the things that I would like to see, you know, when we're
talking about designs, that I think would help, especially since we did identify training, is if
we could make those ports color-coded, and match brushes, have our vendors get the
correct brush that will go down at the correct ratio and pressure, to clean that whole scope.
And that way, it's simple for the end user. It's simple for the MSTs. They can match up the
red brush with the red hole, the blue brush with the blue hole. That would make
extraordinary differences in how we're cleaning and what biofilm we're leaving behind.
DR. LEWIS: Yes.
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DR. MYERS: I would just say, and maybe adding time limits for the flushing, you
know, making that kind of a mandatory thing in the IFU.
DR. LEWIS: Thank you.
Dr. Benowitz.
DR. BENOWITZ: Hi, thanks. Isaac Benowitz, CDC.
So yeah, I mean, the disposable endcap endoscopes are new. We don't have a lot of
data on them, but the introduction of those was driven by the finding that fixed endcaps
were retaining biomatter. You know, I think there is a lot of space to explore these other
options and generate data on whether they are safer.
We've heard a lot of concerns that the flexible -- that the elevator mechanisms are
another area that's really hard to clean, and I saw the suggestion, in at least one
presentation, about single-use elevator channels, or single-use elevator mechanisms. Is
there a potential for these to change the safety profile? Yes, there is. What is that change?
We don't know, but I think that to say that there isn't any potential would be to say no,
we're just going to focus on, you know, training and all these other things. So I would
encourage us to, you know, move in a direction of continuing to explore these other
options.
DR. LEWIS: Thank you.
Yes.
MS. PEKAR: One of the most concerning things I heard was how we're putting
duodenoscopes away wet, even when you're following the instructions for use. So I think
that that has to be, you know, either put into the instructions for use, which the FDA does
have control over, and/or is there a way to be designing so that they're not going to retain
as much moisture?
DR. LEWIS: So I would add to what I stated at the outset, from the comments made,
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is that there's also room for improved development of user-friendlier techniques in the
cleaning process so that the process -- the cleaning materials to be used are, in any way
that could be done, color coding or otherwise, made easier for the people who are doing
the cleaning.
And, secondly, that some of the recommendations we've heard in regard to different
cabinets or ways of using cabinets to improve the drying of the devices which would be
environmental factors in the cleaning process rather than human related factors, are worth
looking into as well, to see if improvements could be made there.
Can we go to 3(b)?
DR. HAUGEN: Okay. FDA cleared disposable-cap duodenoscopes and then ordered
those devices to be studied postmarket. For technologies that are intended to reduce
contamination rates for duodenoscopes, what is the appropriate balance between
demonstrating the effectiveness of the technology prior to marketing, versus the benefit of
having the technology available for use that much sooner?
DR. LEWIS: Are there initial comments? I would offer my own opinion at the outset
that it would seem, given the uncertainty of much of the data around all these things we 've
discussed, that there is a need for better demonstration of effectiveness prior to
implementation. But I invite other comments.
DR. BURR: Yeah. Well, I'd agree with that. I mean, the whole point of
demonstrating effectiveness is that it then becomes marketable. If they're just making
changes of the benefit, that seems, you know, missing the whole point.
MS. FERRITER: So we're reviewing bench data now, or manufacturer data, but we're
not using real-world evidence in the premarket. We're using that, postmarket. And so it's
that real-world evidence, it's the use in the healthcare facility. Should we be collecting that
premarket, in an IDE? Or is it -- is using our current paradigm of collecting that postmarket
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acceptable?
DR. BURR: Well, I think the data that you get post market's not that good. So I think
an IDE is an obvious way to go. That way it's going to be carefully controlled. You'll have
confidence in the data. It will be collected under appropriate, you know, GLP, GCP
conditions. And you can put a stamp of approval on it. Whereas the postmarketing world is
kind of random system that vastly underreports. So from my point of view, IDE. Yes.
MS. PEKAR: I guess I have to jump in as the Industry Rep here. You know, these are
510(k) devices with a very long history. The appropriate thing is to do a risk/benefit
analysis, and let that drive the need. You know, an IDE is human clinical data. I would hate
to walk out thinking any change we made in duodenoscopes needs human clinical data
before they can go ahead when that has not been the case so far. I think it depends on the
magnitude of the change, and the risks associated, and I think that's an individual decision.
DR. LEWIS: Dr. Ferriter, do you have enough information?
DR. MORGAN: This is Charity Morgan on the phone again.
I think there's a benefit to both premarket and postmarket data. The premarket
data kind of tells you what the contamination rates would be, in the best case scenario,
where the postmarket data sort of tells you how the contamination rates look in the real
world.
And I also have a comment that, you know, the postmarket studies on the, that are
ongoing for the current duodenoscopes were started 4 years ago, and we still don 't have
the results from those studies. So I think we can expect any postmarket studies started on
new designs to take at least that long as well. So I think it makes sense to get that data
before approval.
MS. FERRITER: So we have put a structure in place to get the data more quickly
postmarket, and it is a rigorously controlled study, not MDR data collection. But I
Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947

422

understand the points made. And I'd encourage folks to participate in the post-approval
studies that are ongoing, if possible.
DR. LEWIS: Thank you.
Can we move to question 4?
DR. HAUGEN: Does high-level disinfection provide an adequate margin of safety?
Considering the challenges and benefits of sterilization for routine duodenoscope
reprocessing, is a transition toward sterilization warranted? And if so, how can the inherent
challenges with sterilization be addressed?
DR. LEWIS: Yes, Ms. Myers.
DR. MYERS: I'm Sandra Myers.
Speaking from a hospital system that has zero EtO sterilizers, it would be a great
challenge.
DR. LEWIS: Dr. Arduino.
DR. ARDUINO: Okay. So if -- here's where we have a problem. Regardless of highlevel disinfection or sterilization, if you can't clean the device adequately, they both fail.
DR. LEWIS: Sure.
DR. ARDUINO: It doesn't matter.
DR. LEWIS: And that seems to me to be a critical point, is that the central issue
we're dealing with here is foreign matter, and potential defects in the scope, mechanical
defects that lead to issues with contamination. And so sterilization, I suppose would
improve, but if they aren't clean to start with, there would also be a failure rate. So -DR. SAUBOLLE: There's one issue here, though, and that is that if you sterilize, you
lower the bioburden. Even though you might get organisms, it won't be as heavy or as high.
And if I remember the FDA data, once sterilization came onboard, the outbreaks stopped ,
whereas before they were still going on. Am I remembering correctly?
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DR. FERRITER: At facilities that implemented sterilization, the outbreaks stopped.
DR. SAUBOLLE: So there is some identification, I think, that that can happen. And
the other thing I'd be concerned about is using these scopes in immunocompromised
patients, because I think I'd rather see a lower bioburden in immunocompromised patients.
If I was one, I'd want a sterile scope used on me.
DR. LEWIS: Dr. Kim.
DR. KIM: Thank you.
I believe this concept of sterilization was probably more perhaps added on as a way
of overcoming poorly cleaned or poorly reprocessed scopes. And so I don't want that to be
a failsafe for not doing the right thing in the first place. And from what I've heard and from
the data that we've seen, I don't think high-level disinfection is necessarily the problem
here.
DR. LEWIS: Dr. Li.
MR. LI: Yeah, just to follow up on some of those papers again, on an outbreak, and
what those centers did to correct their problem, there were several -- I think there was
three of the outbreaks where they did, in the abstract, basically they said they ridded the
problem with ethylene oxide. But if you actually read the discussion section more closely,
they also retrained their people in cleaning, as well as doing ethylene oxide. And there -- in
several of the outbreaks actually did not switch to ethylene oxide and simply retrained and
refocused their people.
So in my looking at the, just study on the outbreaks, it wasn't clear to me that you
had to switch to EtO to get rid of the problem. So basically, kind of, that 's a long-winded
agreement that high-level -- there's nothing that says that you need to go, that I could see,
you need to go to sterilization to get rid of the problem.
DR. SAUBOLLE: Can I answer that too?
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DR. LEWIS: Just a moment.
Dr. Dominitz?
DR. DOMINITZ: Yeah, I just want to echo the point that was made before. I think
there'll be an access problem if we require sterilization. This is a lifesaving procedure. We
do 500,000 of them a year. If we require sterilization, we'll limit access.
DR. LEWIS: Dr. Saubolle.
DR. SAUBOLLE: If we decontaminate, high-level, would we still require cultures?
And since cultures don't catch all of the positives, what does that really mean? If we don't
have any problem with decontamination.
DR. LEWIS: Ms. Wells.
MS. WELLS: So, you know, once again, I really believe in high-level disinfection, and
I'm one that, you know, I want the highest level possible, you know, for me even, but I
believe in the high-level disinfection as long as it's done correctly.
I also believe that, as our proposal, that if we make -- I hate to use the word make, if
we propose that the AERs must put a manual cleaning phase, to which they've already got
developed, but make it that that's one of the mandated phases according to the FDA, we
can drastically reduce the human error. And I think that is really what will support our high level disinfection. And that does include the duodenoscopes, as long as it's in the correct
position. But adding that extra phase, that manual cleaning that we know, the science is
there already. They have it. We can implement this tomorrow, and we would increase our
safety.
DR. LEWIS: Well, I believe the consensus, Ms. Ferriter, is that high-level disinfection
is the appropriate standard. Moving to sterilization would entail a number of issues in
regard to access and cost, and is probably not warranted at the present time, given the
other problems which need to be addressed.
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DR. FERRITER: Thank you.
DR. LEWIS: I think we've answered the questions.
Dr. Benowitz, did you have a comment?
DR. BENOWITZ: Thank you. Isaac Benowitz.
I would love to believe that high-level disinfection is the only answer, and it's robust
enough. It's great when it's done properly. All the data I see suggest that it's rarely done
properly. And I think we just need to accept that that is the real world situation. We 've
been making incremental changes and improvements in cleaning and high-level disinfection
in devices for decades, and we're still here talking about it.
DR. LEWIS: Well, we're -DR. SAUBOLLE: I agree with you, and think I'd feel much safer if we were to use like,
borescopes to make sure there's no kinks or anything, or there wasn't residue left in that
scopes, then I'd go ahead with that. But without that, I still feel uncomfortable.
DR. LEWIS: All right. I think we need to begin to wrap up here. So I would like to
invite comments from any of the FDA staff, beginning with either Ms. Ferriter or
Dr. Schwartz.
MS. FERRITER: Thank you for the Panel's rigorous discussion. I realize many of you,
this may be the first time that you've engaged on an FDA Panel. And the diversity that you
brought to this discussion was fantastic. We did not anticipate the directions, and the
advice, and you went above and beyond FDA's mandate, so we appreciate that, and we'll
work towards working through your suggestions.
Thank you.
DR. SCHWARTZ: Suzanne Schwartz.
I want to echo my colleague's remarks. We're very appreciative of the insights and
the perspectives that you've shared over the past 2 days, particularly on a complex issue
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such as the ethylene oxide sterilization issue that we're currently challenged with. And so
the recommendations that this Panel has provided will be reviewed very carefully. We 're
going to go back and look at everything very thoughtfully. And we are grateful for, you
know, what you've shared in terms of your individual as well as collective insights. So thank
you.
DR. LEWIS: I want to thank all of the members of the Panel for their time and their
dedication and close attention to this. It's been quite valuable to have such diverse input to
all of the questions, and hopefully it will be helpful to the FDA, moving forward.
I would also thank all of the guest speakers, the representatives from industry, and
the other Open Public Hearing officials who commented. The information you presented
was incredibly helpful to the Panel in educating us about a number of obscure issues that
we otherwise would not have known. So thank you for that.
I now declare that the November 7 session of the General Hospital and Personal Use
Devices Panel is adjourned, and wish my safe travels to everybody on your way home.
(Whereupon, at 4:36 p.m., the meeting was adjourned.)
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