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DISPOSABLE DIALYSIS DEVICES: IS REUSE
ABUSE?

THURSDAY, MARCH 6, 1986

U.S. SENATE,
SpeciaL COMMITTEE ON AGING,
Washington, DC.

The committee convened, pursuant to notice, at 10 a.m., in room
SD-628, Dirksen Senate Office Building, Hon. John Heinz (chair-
man of the committee) presiding.

Members present: Senators Heinz, Chiles, Johnston, Pressler,
Grassley, and Hawkins.

Staff present: Stephen R. McConneil, staff director; Robin Kropf,
chief clerk; James Michie, chief investigator; David Cunningham,
investigator; David Schulke, investigator; Isabelle Claxton, commu-
nications director; Sara White, communications assistant; Diane
Lifsey, minority staff director; Chris Jennings, legislative assistant;
Kimberly Kasberg, hearing clerk; Diane Linskey, staff assistant;
and Dan Tuite, printing assistant.

OPENING STATEMENT OF SENATOR JOHN HEINZ, CHAIRMAN

Chairman HEeiNz. Ladies and gentlemen, good morning. This
hearing of the Special Committee on Aging will come to order.

Our committee, the Senate Special Committee on Aging, has just
completed a 4-month investigation into the reuse of disposable dial-
ysis devices. Copies of the full committee staff report ! are avail-
able here today.

For the 78,000 Americans with end-stage renal disease, this plas-
tic filter and these plastic tubes symbolize a $13 circle of life. Three
times a week, 52 weeks a year, dialysis patients hook up with these
devices to kidney machines for life-saving dialysis treatment.

In each 4-hour session, blood flows through this filter, the dialyz-
er traps the toxins, salt, and water and pure blood is returned to
the patient.

Congress established Medicare funding for dialysis patients of all
ages in 1972. T was privileged to be a member of the conference be-
tween the House and Senate that wrote that legislation.

Today, Federal spending runs over $1.5 billion on this program.
Clinics are reimbursed under Medicare on the basis of one-time
use—and [ emphasize one-time use—for single use, only, as it says
right on the labels, of these disposable filters, blood lines, and other

! See appendix, p. 99.
43}
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devices. The manufacturer labels those items very clearly, as we've
Jjust seen.

An investigation by this committee indicates that more than 60
percent of dialysis clinics reuse filters up to 30 times, flushing out
and disinfecting them with a chemical solution. Reuse creates a fi-
nancial windfall for many clinics.

An Office of Technology Assessment study indicates clinics
pocket $80 million per year in excess profits through reuse of fil-
ters alone. So you could say that simple greed gives birth to a
standard practice, and one of modern medicine’s greatest achieve-
ments of life emerges as a machine, as we will hear, for suffering
and even death,

The truth about reuse is that it does expose tens of thousands of
dialysis patients to dangerous and unnecessary risks. Over 85 per-
cent of reuse clinics disinfect dialysis devices with formaldehyde, a
potent toxin. It’s known to cause cancer, liver damage, and destruc-
tion of red bleod cells.

Residue of formaldehyde left behind in a so-called sterilized dia-
lyzer can leach out into the patient’s blood stream, silently con-
taminating even clean blood. Exposure to deadly bacteria—plastic
particles eroded from the tubing—and reduced efficiency with re-
peated sterilization are other risks inherent in reuse.

Given these risks, it is unconscionable to me that some dialysis
clinics actually blackmail patients into reuse, threatening to end
treatment if they refuse to submit. Well, with that kind of ghoulish
greed, clinics pocket the profits and let the patient be damned; and
that's not right.

Almost 8 years ago Congress mandated a study by the Natxonal
Institutes of Health of reuse of dialyzers to determine safety. The
National Institutes of Health has yet to deliver a final study to the
Congress, 8 years later.

The Food and Drug Administration and the Health Care Financ-
ing Administration, as well, have thoroughly abdicated their re-
sponsibilities to insure safety, efficacy, and quality in care in dialy-
sis. For almost 25 years, we've been operating a national program
without clinically validated guidclines; and, lacking clear guide-
lines, we risk the lives of individuals already living in fear for life.

There seem to be no explanation for this dilemma beyond the
blatant unwxl}mgness of the Federal agencxes involved to say some-
thing as simple as “The buck stops there.”

In the midst of this turmoil and uncertamty, the Health Care Fi-
nancing Administration is considering reducing reimbursement
rates by roughly $10 per dialysis treatment. This proposed reduc-
tion would work out to about 80 percent of cost of this $13 kit that
is reimbursed for each dialysis treatment by the Medicare through
the Health Care Finance Administration. Such a reduction, based
predominantly upon audits of centers which practice reuse, tight-
ens the vice on patients caught between the need for informed
choice and Federal policy driving profits.

This committee was pleased to learn that the Food and Drug Ad-
ministration is considering, at some considerable delay, applying
the good manufacturing practice regulations to those who reprocess
disposable dialysis devices. That’s an important beginning, but it's
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not an end to the FDA’s fulfilling its obligation to these very vul-
nerable dialysis patients.

We have a full morning of witnesses. I'm very pleased to see that
my friend and colleague, Senator Bennett Johnston of Louisiana, is
here to welcome a constituent, who is one of our witnesses. First,
Senator Johnston will deliver his opening remarks.

Then what I would propose to do, Senator Johnston, is call the
witnesses to the table and afford you the opportunity to intreduce
someone that is here from Baton Rouge.

STATEMENT BY SENATOR J. BENNETT JOHNSTON

Senator JoHNSTON. Yes. Thank you very much, Mr. Chairman. I
do have a short opening statement.

Mr. Chairman, I am pleased that the Special Committee on
Aging has scheduled this hearing to explore whether the reuse of
disposable dialysis devices is dangerous under existing clinical
practices; and whether uniform Federal standards should be devel-
oped to control both the reprocessing and reuse of these devices.

I would also like to take a moment to welcome my constituent,
Malcolm Shuman of Baton Rouge. Mr. Shuman’s mother passed
away as a result of an infection she acquired while undergoing di-
alysis treatment in a Louisiana clinic.

I look forward to hearing his testimony and hope that the com-
mittee’s interest in this matter will encourage Federal officials to
issue regulations which will deter such accidents from occurring in
the future.

Today, more than 78,000 individuals who suffer kidney failure re-
ceive dialysis treatment in over 1,200 clinics across the Nation.
More than one-half of these clinics reusc dialyzers and many times
this equipment is reused 20 to 30 times despite the fact that it is
clearly marked, as you pointed out, “For single use only.”

These clinics sterilize the equipment after each use with a solu-
tion of formaldehyde and water. Tests have shown that formalde-
hyde causes cancer and liver damage, and oftentimes formaldehyde
residue remains in the dialysis equipment and is subsequently
leached into the patient’s bloodstream.

It may very well be that our Medicare reimbursement schedule
encourages the practice of reuse. Under current law, a dialysis
clinic is reimbursed the same rate regardless of whether it reuses
the disposable equipment. As you point out, Mr. Chairman, every
reuse saves the clinic approximately $10 for a new dialyzer and $3
for new blood lines.

Unfortunately, it appears that the Federal Government has
simply dropped the ball on this issue. Over the years, a number of
agencies, including the FDA and the HCFA, have begun to study
whether it is safe and efficacious to reuse dialysis equipment. How-
ever, none of these studies has been completed and neither regula-
tions nor guidelines for reuse have yet been promulgated.

Mr. Chairman, I fear that these practices are exposing many di-
alysis patients to unnecessary risk. At the same time, with proper
regulation, reuse may constitute a medically acceptable and cost-
efficient procedure.
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Hence, at the very lcast I hope that this hearing will impress
upon the agencies the need to revisit this issue. I look forward to
reviewing today’s testimony and working with the committee in ex-
ploring this issue in further detail.

Thank you, Mr. Chairman.

Chairman HEINZ. Senator Johnston, thank you very much. We
are delighted to have your constituent, Dr. Shuman, here from
Baton Rouge.

Senator Glenn could not be with us, but he has asked that his
opening remarks be made a part of our record.

[The prepared statement of Senator Glenn follows:]

STATEMENT OF SENATOR JOHN GLENN

I'am pleased that the Senate Special Committee on Aging is holding today’s hear-
ing on the reuse of hemodialysis devices in the treatment of Medicare beneficiaries
suffering from End Stage Renal Disease.

Over 60 percent of the more than 1,200 dialysis clinics in this country reuse dialy-
sis devices. However, therc are no uniform medical or federal standards regarding
how these clinics should sterilize dialysis equipment for reuse. Consequently, differ-
ent mixes, strengths of solution and types of protocol are used for sterilizing dialysis
devices, and this raises quality of control concerns.

After months of study, the Aging Committee has uncovered some disturbing find-
ings which question the federal government’s commitment to ensuring that the care
of thousands of dialysis patients is not being compromised by the practice of reusing
dialysis devices. Two central questions that consistently and logically cmerge are:

(1) Why have the Food and Drug Administration (FDA} and the Health Care Fi-
nancing Administration (HCFA) neglected to carry out a proper clinical study on a
widespread practice that impacts thousands of dialysis patients?

(2) Why aren’t there uniform federal standards which govern the reuse of these
devices?

Before turning to today’s witnesses in an atlempt to answer thesc questions, it is
important to place this hearing in its proper perspective. Clinics across the country
have been reusing dialysis devices for years. With the exception of a number of
deaths at one Louisiana clinic that may be associated with improper sterilization
practices, we are not aware of other similar problems. In fact, medically speaking,
some patients respond more positively to reused devices than to new products. The
great number of patients who receive dialysis in clinics that reuse devices should be
assured that we are not holding this hearing to condemn reuse. We simply would
like to know why the FDA and HCFA have taken the position that funding a clini-
cal study is unnecessary. From what we now know, it appears obvious that such a
study would answer many of the questions which will be raised today.

This is not a new issue. Congress has been concerned about possible problems as-
sociated with the reuse of dialysis devices since the late 1970s. The Social Security
Amendments of 1978 mandated that the Secretary of Health and Human Services
study the medical appropriateness and safety of cleaning and reusing dialysis filters.
Congress still has not received a complete report which includes clinical trials of
resterilized dialyzers.

Dialysis is a life-saving medical technique which has been practiced for over two
decades. This procedure now serves 78,000 patients and costs the Medicare program
in excess of $2 billion a year. At a time when we are spending so much money to
help this many people, doesn’t it make sense to ensure that the services provided to
these patients are safe and effective?

I look forward to today's testimony, and thank the witnesses for their participa-
tion and assistance.

Chairman HEeINz. Let me ask if the witnesses—Melinda McFad-
den from Philadelphia, Robert Rosen from Bensalem, Dr. Shuman,
and Mr. Vagn Vogter—would please come forward and take their
places at the witness table.

I would like to welcome, especially, two of my constituents: Me-
linda McFadden from Philadelphia and Robert Rosen from Bensa-
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lem. We are privileged to have both of you from the Philadelphia
area.
Mr. Vagn Vogter, you have come almost as far as Dr. Shuman.
You have come from St. Petersburg, and we welcome you as well.
I think what I would like to do is ask Ms. McFadden to please
proceed with your testimony, and then we will go through the
panel in turn.

STATEMENT OF MELINDA McFADDEN, PHILADELPHIA, PA

Ms. McFappeN. Good morning, everyone. My name is Melinda
McFadden. I have been a dialysis patient for 8 years.

Five years ago, my unit decided to go to reuse without any warn-
ing. We were not told of alternative means of dialysis. We were
told that every unit across the country and the hospitals would be
reusing.

I made the decision to stay at that unit because I had been there
3 years. I had a brother who was there for 10 years.

When I began to gquestion the reuse, how it made me feel, I was
told if I did not like it there I had to go someplace else. I was told,
on numerous occasions, that formaldehyvde did not get into the
bloodstream; that the Federal Government did not pay for dialysis
payments, but the State government did; so, therefore, they had to
reuse in order for us to come there.

I was told that if I did not agree to reuse I would have to leave
right then and there. When I was asked to sign the paper for per-
mission to reuse, I asked the head nurse, could I take the paper
and read it over with my doctor. I was not allowed, no, I could not.
If I did not sign then, I had to leave the unit right then.

I needed my treatment so I went on and signed, and got on the
machine. In November I was given an increased dose of heparin be-
cause I have a bleeding problem and I went from 2,000 milligrams
to 6,500 milligrams in the first hour and 1,000 in the second hour,
whhich caused my side to bleed up to 1 hour when I got off the ma-
chine.

I asked a doctor, I said, why save the dialyzer? Why not save me?
He told me if I did not like reuse, I had to leave the unit and look
for someplace else to go. I asked him where could I go? He told me
he did not know, but I could not stay there if I did not want to
reuse.

T have seen many problems with reuse. I have been very sick
with reuse. When 1 first started on dialysis, I used to work and go
to school. I had to give up my job. Now I just attend school and it is
really too much for me, but I go anyhow.

I don’t have the energy that I used to have. When I get off the
dialysis I have to call home and have someone meet me at the door
to help me up the steps into the bed because I cannot stand up.

I have severe headaches every Monday, Wednesday, and Friday.
I take strong medication right after dialysis. I have to take a pill as
soon as I get off because 1 have such a bad headache from the
reuse.

We were not told of side effects until later. As I said, I have been
on dialysis 8 years; 5 years we have been reusing. We have never



6

been given a piece of paper that says reuse causes these side
effects.

What we were told was that all clinics and the hospitals were
going to reuse, and we could go someplace else if we did not want
to stay there. ~

I am not the only patient who suffers from reuse. I have itching
problems from reuse. I faint a lot from reuse. In reusing the dialyz-
er, they have to turn the machine up higher in order to get more
poison and more fluid off of me, and that makes me weak, sick,
nauseated, and dizzy.

Chairman Heinz. Ms. McFadden, thank you very much for your
testimony.

Ms. McFappeN. You're welcome.

[The prepared statement of Ms. McFadden follows:]

STATEMENT OF MELINDA McPADDEN

Good Morning. My name is Melinda McPedden, I have been a
dialysis patient for the last eight years. I have attended the same
unit for the same period of time. Five years ago, in 1981, this
unit decided to use kidney dlalysis reuse, with very little werning
to the patients. The only information we received was that we
really had no choice, but to accept reuse. Because eventually every
unit in Philadelphia would switch to reuse. We were not given a
choice, nor were we informed of alternate programs to reuse.

Neither were we provided with a 1ist of centers that did not reuse.

In addition, we were not informed of possible side effects. We
were not asked to sign a consent form until July, 1985. By this
time T 31d not feel as well as I had been feeling prior to reusing.
I refused to sign the form until I had spoken with my physiclan,
since after reading the form, there were certain things I d4id not
agree with. One of which was the statement that eny doctor could
examine and administer to me in a c¢risis. This wes on a Monday, two
deys before my scheduled doctor's appointment. I was not given the
form, but was allowed to get my treatment. On Wednesday, when I
walked into the unit, I was confronted by the head nurse who tock me
into the hallway and informed me that the nursing director said I
could not get my life-saving treatment, unless I signed the form
right then. I could ncot discuss 1t with my doctor and, if I didn't
sign I had to leave the unit. I signed the form because I didn’'t
feel well and I needed my treatment. I have been complaining about
the way reuse makes me feel to the doctors, but they have informed
me that this was a reuse unit and if I did not 1like it I could leave
and go someplace else. I have not been as well as I was when I 41d
not reuse, and I belleve with all my heart that reuse 1s meking me
sicker. Thank you.

Chairman Heinz. Mr. Rosen.

STATEMENT OF ROBERT ROSEN, BENSALEM, PA

Mr. RosenN. My name is Robert D. Rosen. I am chairman of the
National Kidney Patients Association in Feasterville, PA.

I would like to open my remarks with a statement regarding my
views on the reuse of medical disposables. I am not here to scek a
ban on the reuse of these devices. I believe that if they can be re-
processed or remanufactured in a way that produces an end prod-
uct which is sterile and unadulterated, then I can see no reason
that it would not be acceptable.
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I am a patient and 1 have been tied to an artificial kidney ma-
chine for over 15 years. Three times a week for the rest of my life 1
must receive my dialysis treatments. I am frustrated, disgusted,
and upset about the Government'’s role in this very costly program
known as ESRD.

Medical devices are being used contrary to the manufacturer’s
recommendations and there are no verifiable safe standards in the
entire country which can guarantee the safety, sterility, and effica-
cy of these products once they are reused.

In light of this, patients are being forced to accept substandard,
blackened, and otherwise adulterated devices as opposed to the
sterile items being paid for by the Government. Patients are not
given a choice.

They are being coerced, threatened, intimidated, and finally
denied their life-sustaining treatment.

One of the patients in Pennsylvania who was questioned in the
reuse in his unit was forced to have his treatment performed for 4
hours, three times a week while he was facing the wall. This type
of complete sensory deprivation is a common practice to force pa-
tients to succumb and accept reuse. .

I became interested in the reuse in medical devices in 1982 when
my unit began to discuss the possibility of instituting that program.
I was concerned because prior to that time my physicians had
warned me that reuse was considered by them to be dangerous and
it would shorten my already-impaired life span.

I started to write governmental agencies. I corresponded with all
levels of the FDA, Health and Human Service, HCFA, my network,
and the Department of Health in Pennsylvania. I was astounded.

The answers to my letters were an insult to my intelligence. Gov-
ernmental agencies that were established in order to protect the
people took great pains to mislead and confuse me.

After a short while, it became obvious that all my letters were
being sent to the same person or group, and no matter what ques-
tions I asked the same word-for-word answer was being set, espe-
cially the letters received from the FDA, Health and Human Serv-
ices, and HCFA.

They were demeaning and condescending.

No one can attest to the volume of formaldehyde entering a pa-
tient’s bloodstream after a treatment with a reused dialyzer, yet
Dr. Villarroel, in his letter of October 22, 1982, tried to assure me
that trace amounts of formaldehyde do not pose a danger to pa-
tients; yet NIOSH states that formaldehyde is a dangerous carcino-
gen and mutagen.

Most of my letters from these agencies state that enough infor-
mation for the FDA to approve reuse is not available. So until re-
sults of continuing studies are received, they will not establish a
policy. That makes the patient an unwilling victim of a medical ex-
periment, a guinea pig: nothing more.

How would you like to be told that if you do not become part of a
medical experiment your physician will let you die? Furthermore,
how would you feel if when you tried to appeal to the various Gov-
ernment agencies you were informed it was an unaccepted, but
common practice, and they have no authority; but if something bad
were to happen that I should sue my physician.
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Corporations have completely taken over the renal field. In
Pennsylvania, Washington, DC, Delaware, Florida, and most other
States, there exists a medical monopoly.

Reuse is a corporate decision based upon nothing more than prof-
its. Quality care has become a thing of the past as decisions are
being made for cutting services to get a few dollars more.

I wish to remind this committee that the reuse of dialyzers has
spread to the reuse of other medical disposables. It has become
gcimmon practice to reuse items such as blood lines and transducer
iters.

In the case of the transducer filters, no attempt is even being
made to clean them after being used. They remain on the machine
from patient to patient.

The purpose of that device is to protect the machine from the pa-
tient’s blood entering in the case of a malfunction. It costs a mere
26 cents.

In all cases, the Government is paying the same rate for new and
used. There is no saving whatsoever for anyone other than the cor-
poration or the physiciun-owner who ends up cutting costs and,
therefore, increasing profits. There is no provision in the system to
return the savings to the Government or the third-party payer.

Under the current set up, quality providers are penalized for
their use of sterile items in accordance with its labeling. Therefore,
we must have Federal standards that are enforceable, verifiable if
we are to permit the reuse of medical disposables.

If a product is to be reused, then it must measure up to certain
standards. Good manufacturing practices, which are dictated by
the FDA, are essential.

The patient must be granted informed consent without the fear
of reprisals or denial of his life-sustaining treatment. I am not
speaking for myself, alone, but for the 78,000 patients in the coun-
try whose very lives are in jeopardy.

Our organization corresponds and speaks to patients throughout
the United States. The problems are real and they are duplicated
in each and every State.

Thank you for your attention and giving me this opportunity to
speak openly and freely today.

Chairman Heinz. Mr. Rosen, thank you.

Dr. Shuman.

STATEMENT OF MALCOLM SHUMAN, BATON ROUGE, LA

Dr. SuumaN. Good morning. My name is Malcolm Shuman.

In 1974, my mother, Elaine Menville Shuman, was diagnosed as
suffering from polycystic kidney disease. She was, at that time, 61
years old, a widow and living alone. In June 1980 she began hemo-
dialysis treatments at a local clinic.

For the next 2 years, my mother was dialyzed thrce times a
week. While there were some periods of debility owing to the need
to have fistulae surgically created in her limbs for the dialysis
treatments, on the whole my mother was an active and productive
person, and more often than not drove herself to the dialysis unit.

During this period, however, scveral things occurred to gradually
turn my impression of this facility from one of trust to one of
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severe apprehension. From the first, there was evidence of poor su-
pervision of technical staff. Further, the technicians frequently ex-
perienced difficulty inserting the dialysis needles into my mother’s
veins.

On December 4, 1981, my mother was misconnected to the dialy-
sis machine: that is, venous and arterial tubes were reversed. On
May 26, 1982, while my mother was hospitalized to have a new
shunt installed, personnel from the dialysis unit forgot to come to
the hospital on her scheduled day and she was not dialyzed at all.

My mother’s records indicate that in late March 1982 she began
the reuse of her dialyzer and the practice of reuse continued into
August 1983. During the week of July 4, 1982, my mother devel-
oped a low-grade fever that persisted on and off for the next 6
months.

Investigation by the Centers for Disease Control later revealed
this to be part of a widespread Mycobacterium chelonei infection at
the facility in question. My mother was treated by antibiotics into
early 1983 at which time she developed anorexia, nausea, and gas-
trointestinal complaints that caused her to become hospitalized.

Thereafter, with the exception of a few weeks out of the hospital
with 24-hour nursing care in the summer of 1983, my mother’s de-
cline was gradual but clear. She died on September 12, 1583.

It was only in July 1983, 2 months before my mother’s death,
that I read an article in the local newspaper that revealed the
extent of the Mycobacterium outbreak in the local clinic. It was
then that I became acquainted with the issue of dialyzer reuse.

It was also only then that I learned, through a July 26 television
news report, that the dialysis facility had apparently recently ter-
minated one of its technicians for negligence. If that were not
enough, in July 1983 the clinic’s air-conditioning unit failed.

Senator Johnston, I don't have to tell you what it is like in July
in Louisiana. For several weeks, anyone visiting that facility was
treated to the incredible spectacle of seriously ill people lying on
the floor in the waiting room in 100-degree heat while small table
fans directed hot air at them.

Interestingly, the only reason given for such a long period with-
out air-conditioning was the offhand comment of one of the nurses
that the company was “* * * too cheap to have the unit fixed.”
Not surprisingly, this was the same company that in the spring of
1982 saw fit to send scare letters to each of its patients, including
my mother, warning them that if administration proposals on the
reduction of hemodialysis benefits passed, they, the patients, could
be left without treatment.

After communication with my Congressman, I was enlightened
to discover that what was really at risk was this company’s profit
structure.

It is no easy matter to care for a loved one who is in constant
pain and to see that person’s once-splendid mental faculties dete-
riorate. It is painful to see a person waste away before one’s eyes.

What is more difficult, however, is knowing that this situation
might have been averted or at least delayed significantly had it not
been for the factors of human incompetence and greed.

I am certain that my mother was never fully apprised of the pros
and cons of dialyzer reuse, but even had she been, what option did
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she have? When the story of the 13 deaths at this clinic first erupt-
ed in the news media and 1 brought the morning paper to my
mother’s bedside, her reaction was one of amazement followed by
abject fear.

“Malcolm, for God's sake, be careful,” she warned. “I'm in the
power of these people.”

There could be no more eloquent testimony of the duress under
which she felt herself. Like the proverbial gambler, she was forced
to play in the only game in town except that her weakness was a
biological one over which she had no control. The same cannot be
said of the clinic’s administrators.

Courts of law can accord redress for injuries, but they cannot re-
store human life or erase the memory of pain. How very much
better it would be if the disciples of greed could be removed from
the practice of medicine. How much better it would be if the clients
of dialysis clinics could be treated as patients and not as prisoners.

How much better if, in the future, some semblance of uniformity
and vigilance could be brought to bear to protect those who have
nowhere else to turn.

Thank you.

Chairman Heinz. Dr. Shuman, thank you very much for that ex-
traordinarily eloquent testimony.

Mr. Vagn Vogter.

STATEMENT OF VAGN VOGTER, ST. PETERSBURG, FL

Mr. VoGTter. Thank you. Prior to undergoing a kidney transplant
11 months ago, I was a dialysis patient for 27 months in an in-
center dialysis unit in Florida. The machines were more than 10
years old, which caused daily breakdowns. This can be compared to
an overused aircraft with no Federal standards and controls of this
high-risk equipment.

The stamped ‘“‘one-time-only use kidney” is used 20 times or
more resulting in poor blood chemistry and overload of fluid when
leaving the unit after 4 hours of treatment. I have a chart that I
have made up for that, which toock me about a year and a half.

In the old reused kidney, many of the fibers are blocked with old
blood which can be seen as dark colors and streaks. The blood lines
are reused 30 times or more resulting in poor connections and tiny
holes in the lines which can let air enter slowly into the system
with devastating effect on the patient.

Furthermore, tiny pockets of formaldehyde are often left in old
kidneys and require a longer washing time on the machine. Not
always is the formaldehyde completely removed.

I had a severe reaction from an old kidney which had been
stored for a week and then reused on me. When I asked the nurse
to limit the reuse of kidneys and blood lines, I was told to go some-
where else for treatment.

blloﬂ"ered to pay for the new kidney, but she said this was not pos-
sible.

It is important to have Federal standards to combat this careless
treatment of patients, and it should be required to have the pa-
tients’ informed consents for reuse.
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In the center | hardly ever saw a doctor. I have my own nephrol-
ogist whom I saw once a month. I complained about the 12000
units of heparin the nurse gave me and the doctor put me on tight
heparin which resulted in fewer kidney reuses.

I have a transplanted kidney now and I am doing very well.
When I first wanted a transplant, I was told I was too old—61
years old. Then I found out a 63-year-old woman had been trans-
planted. So I told my doctor and he finally agreed to recommend
me.

I think the modules of different treatments should be explained
to the patient in detail so they can make their own decisions.
Thank you.

Chairman HEeinz. Mr. Vagn Vogter, thank you very much.

Before we proceed to questioning, I want to recognize another
very important member of this committee, a very active member of
this committee, Senator Larry Pressler of Scuth Dakota.

Ssnator Pressler, if you have an opening statement, please pro-
ceed.

STATEMENT BY SENATOR LARRY PRESSLER
Senator PressLEr. Thank you very much, Mr. Chairman. I shall

place my opening statement in the record and ! ask unanimous
consent to do so.

Chairman HEeinz. Without objection, your entire statement will
be a part of the record.

[The prepared statement of Senator Pressler follows:]

PREPARED STATEMENT OF SENATOR LLARRY PRESSLER

We are here today to examine the risks associated with reusing disposable kidney
dialysis devices. In my State of South Dakota, approximately 150 individuals are
currently dialyzing in facilities or at home. That may not be a great number of
people, but it js of grave importance to those 150 and their families. We have six
Medicare certified dialysis units, of which only one is practicing reuse. In this facili-
ty, a device is reused, on average, eight or nine times. However, in South Dakota
and around the Nation, reuse is increasing. Therefore, it is essential that we look at
the possible effects of this increasingly popular, yet potentially dangercus practice.

In Jooking over the testimony, I would have to agree with Dr. Wolf's endorsement
of the “‘uncertainty principle.” That is, if we are not sure whether reuse is right or
wrong, we should not be practicing it. This certainly applies in this case, where
human lives could be at stake.

As I understand it, units are reimbursed as if they were purchasing a new device
each time. Also, these devices clearly state “for single use only.” I must believe that
manufacturers have a better reason than outright greed for issuing this warning.
Given the fact that the devices being reused cost about $13, it does not seem unrea-
sonable to provide patients with new dialyzers for each treatment—especially given
the reimbursement rates: $131 for hospital based clinics, and $127 for nonhospital
based clinics.

In closing, a controlled clinical study by the Department of Health and Human
Services on the effects of reuse should be undertaken immediately. The FDA should
adopt uniform minimum standards for reprocessing and reuse of disposal dialysis
devices. And, most importantly, patients should not be forced to reuse.

Senator PressLER. Let me commend Senator Heinz for his leader-
ship on this issue and commend the staff for this fine report, which
I have just read. The recommendations of the staff should be ad-
dressed in the form of questions to the witnesses here today. If the
Department of Health and Human Services cannot establish a uni-
form Federal standard for the reprocessing and reuse of the dispos-
able dialysis devices, then I believe we should require that they not
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be reused. It is an abuse that we need to correct if we find that it is
true.

Let me also say that in my State of South Dakota we have six
Medicare-certified kidney dialysis units, of which only one engages
in reuse. I am not in any way criticizing that one, because it may
use procedures that are acceptable.

But I am reminded of years ago when I was in the Army in Viet-
nam. To economize, certain medical services to soldiers were elimi-
nated. At a time when we were spending money hand over fist on
new weapons, $15 a soldier was saved by not giving a gamma glob-
ulin shot to certain troops.

The reason for it was that it was cost-saving; we do save money
in very funny places. This situation is analogous: saving $13 on sick
people—and money is lost elsewhere.

So I do want to commend our witnesses. I am going to ask them
some questions based on the staff recommendations.

Again, I want to commend the staff who worked on this report; I
think it is excellent.

Chairman Heinz. Senator Pressler, thank you very much.

Ms. McFadden, you have testified that you did not feel well after
your treatment with the reused dialyzer; that you felt very tired
and drained of energy; that it has been very difficult for you to go
to school and get the education and training you want; that you
really feel quite sick at times after reuse; that you have experi-
enced some difficulties so that your heparin dose has had to have
been increased so much so that you even bleed at times for long
periods; and all that you indicated in your opening statement.

Were you made aware of the fact—did anyone tell you that Fed-
eral guidelines provide for a grievance procedure at your clinic and
at all dialysis clinics? Did your clinic tell you about this right to
have your complaints addressed?

Ms. McFappen. No; they did not. They don’t tell us anything.

If we get any information, it is sent out in a flyer and left on the
desk. Anyone can come in and pick it up.

What we were told was that everyone was going to reuse. We
had no choice. We could reuse there or go someplace else.

About 3 months ago there was a flurry of activity about reuse
and getting patients to sign for reuse. I had never signed, but yet [
was on reuse. When I refused to sign, I was told that I had to leave
the unit right then or sign.

I said, “Well, my doctor’s appointment is this afternoon at 4. Let
me take the slip there, go over the contract with them, and then I
will sign it after he explains it to me.” “No,” the head nurse said,
“you”carmot do that. You sign it now or you leave off our property
now.

Chairman Heinz. Every piece of medical equipment, whether it
is the dialyzer or, if you will, the artificial kidney, the filter, or this
plastic tubing is clearly marked “For single-use only.”

Do you ever have a chance to see these labels? Have you ever
seen them around the clinic?

Ms. McFappen. We sce the tubes after they have been opened
and taken out of the plastic. They take them out in the bag and tie
them up, and then bring them to the unit and hand them to the
technicians to put on the machines.
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Chairman HEeinz. But they never let anybody see that label that
is on every single piece of equipment.

Ms. McFabpen. No.

Chairman HEeiNz. Mr. Vogter, in your testimony you stated that
the reuse of blood tubing can have devastating effects on the pa-
tiex;t. Can you share with us what some of those devastating effects
are’

Mr. Voarer. What happened, after 30 reuses or more the lines
become hard and inflexible, and the connection that is normally a
fitted connection becomes very locse and it is only held together
with a piece of tape.

I have seen many times in this 27-month period that these lines
bust apart in the connection because they are so rigid, and the pa-
tient loses a lot of blood.

Chairman HEeinz. Now, while you were a dialysis patient, I un-
derstand that you collected data on the lab work done on your
blood chemistry. Could you tell us what you learned from that?

Mr. VocTeR. First of all, I learned that when I left the unit I was
not really dialyzed clean, and it also posed a health hazard in addi-
tion to the other hazards posed by being dialyzed.

Chairman Heinz. How did vou learn that?

Mr. VogTer. Well, when I came home I was a pound over what |
should be and, also, I compared by bloed chemistry before and
after; and, also, when I had a brand new kidney, my blood chemis-
try was at the level where it is supposed to be.

After 20 uses or more, my blood chemistry was too high for a
person to have, much too high.

Chairman HEeinz. Also in your written testimony, you stated that
patients should be provided with informed consent for reuse of
their devices. Could you tell us what you think should be in such
an informed consent document?

Mr. VogTER. The most important thing is to make the patient
aware of the risks involved by reusing the lines and the kidney.

Chairman Heinz. Dr. Shuman. By the way, Senator Johnston in-
forms me that you are an anthropologist, not a medical doctor.

Dr. SHUMAN. Yes, sir.

Chairman HEeinz. You are a very acute observer of your fellow
man. Perhaps that accounts for the clarity and articulateness of
your testimony.

Could you tell us or remind us how soon after your mother began
dialysis at the clinic the bacteria outbreak occurred?

Dr. SHuman. Well, Senator, from the medical records it would
appear that the doctors’ orders for reuse were first issued, in my
mother’s case, on March 29, 1982 and she began reuse very early in
April. According to the CDC report, the first illnesses began to
show up in April 1982.

Chairman HEeiNz. So almost immediately after she began to
reuse, people there began to get ill. .

Dr. SHUMAN. Yes; other people. Her illness did not become mani-
fest until July 1982.

Chairman HeiNz. When your mother began to rcusc her dia-
lyzers, can you recall anyone discussing this with her or, for that
matter, with you?
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Dr. SuuMan. I don’t recall it, Senator. I am her only child and,
therefore, we discussed most important issues very thoroughly. 1
feel that the case was probably that the consent form was given to
her with a very brief explanation such that she did not consider it
significant to mention it to me because I believe, had she consid-
ered it significant, that she would have said something.

Chairman Heinz. Mr. Rosen, in your very thoughtful and com-
plete statement, for which I thank you, you made references to
Federal agencies. You have written letters to all the Federal agen-
cies and the Department of Health and Human Services concern-
ing their policies on reuse.

Could you share with us, in your own words, what the policies of
these agencies are?

Mr. RoseN. The common thread that 1 found running through all
of their answers is that we do not have any policies or guidelines
on the reuse of these devices. It is just everyone is let go in their
own direction to do what they want to do as far as the physicians
in the units are going.

The thing that upset me more than anything was that the FDA
and Health and Human Services informed me that I, as a dialysis
patient, in the issue of reuse am out of the jurisdiction.

I would like to know whose jurisdiction it is in.

Chairman HEeinz. In your statement, you emphasized that reuse
is a corporate decision based on nothing except greed. Could you
please elaborate and tell the committee what you mean by that
statement?

Mr. Rosen. Yes. Let’s say that we have unit A that they reuse
and we also have unit B that they do not reuse. They are being
paid exactly the sume for both per treatment.

Now, for the units that they are reusing they are pocketing the
difference. It is going right into their pockets. The facilities that
don’t reuse are doing a good job.

T have been alive on dialysis for 15 years and I have very few
complications from it, and I am very active and I go all over the
lcol\;mltry about this. The facilities that do not reuse do it by the
abel.

What I heard you say earlier was that we may have to cut the
reduction by $10. I certainly hope you mean two reimbursement
rates: one for the ones that reuse and one for the ones that do not
reuse. They should not be touched.

Chairman HEeiNz. What [ said was that it was my understanding
that the Health Care Financing Administration was considering a
reduction in reimbursement rates and, as I understand it, across
the board.

Mr. RoseN. But that would be unfair to that particular group of
units that do not reuse, and that would punish those patients dra-
matically. Then you are forcing the entire country to go to a proce-
dure that we don't have any standards for.

Chairman HeiNz. That is the reason for this hearing.

Mr. Rosen. I would like to see two reimbursement rates and |
would like to cut the hell out of the reuse ones. They have undue
profits.

I am not against profits. Profits are great; but not at the expense
of my blood and my boedy. When I go in there, I have to put my
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arm out to them and they put two large needles in there, and
that’s painful enough; and to know that I am not going to live my
full life is painful enough.

But to know that they are going to poison me—what more do 1
have to say? I am sure you realize the dilemma that the patients
are in and I appreciate your time and effort. I do.

Chairman HEeinz. Mr. Rosen, thank you. I think you have sum-
marized it well.

Senator Pressler.

Senator PressLER. [ join in the staff recommendations. I want to
ask the panel for a brief comment on each of them.

First of all, recommendation No. 1, “* * * require the Depart-
ment of Health and Human Services to conduct the necessary pre-
clinical and clinical studies to determine whether reuse or dispos-
able dialysis devices is safe and efficacious * * *.” Well, I guess ev-
erybody would agree with that one.

“The DHHS,” Department of Health and Human Services,
“should withhold issuance of its proposal to establish lower confi-
dence rates for dialysis services which assume reuse until the
safety and efficacy of reuse is determined.” I am sure everybody
would agree with that.

Is that correct? These recommendations might be too mild, if you
have more, please let us know.

Recommendation No. 3, “* * * the Department continue to allow
individual physicians and clinics to decide whether or not to reuse.
It should establish a two-tiered reimbursement system for dialysis
facilities to reflect the difference in cost between the facilities that
reusc devices and those that do not reuse. Such a system would
allow Medicare to reduce payments to reusing facilities. It would
not create undue pressure to reuse at clinics where physicians have
decided reuse is unsafe or inappropriate for patients.”

Would you agree with that?

Recommendation No. 4, “The Department regulations should be
amended to include provisions that would require dialysis clinics to
énform their patients in writing about potential risks * * *” and so
orth.

There is one question I have about recommendations three and
four. The equipment already says it is for single-use, only. We
would have to change that, would we not?

You just had it there in your hand, John.

Chairman HEeinz. Yes. It says “For single use only.”

Senator PressLer. We would have to change that, would we not?

Chairman Heinz. To my mind, Senator, the key issue is the set-
ting of standards for reuse if reuse is to take place. So that if a
device is going to be reprocessed, it is reprocessed in a safe manner.

Second, an issue related to that which you have just touched on,
1s the issue of freedom of choice where an informed judgment
needs to be made. Right now, as we have just heard, our witnesses
have told us that they are not being informed of any of the risks;
and, indeed, they are being told at the equivalent of medical gun-
point to “Hook up or shut up.”

Senator PressLer. The next recommendation is that the FDA
should “* * * adopt uniform Federal standards for the reprocess-
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ing and reuse of disposable dialysis devices in accordance with the
provisions of the Food, Drug and Cosmetic Act.”

What is your feeling about that? Do you think that there can be
a way that these can be safely reused?

Go ahead, anybody; or should we say that none of them can be
reused?

Mr. Vocter. Of course, you all know I am in favor of no reuse;
but if the reuse question comes in and they can find out a good
way to clean it, I would recommend a limit of the reuses—in other
words, not unlimited. For instance, I would recommend no more
than three reuses of the kidney.

For instance, say on Monday morning where we have a long time
between dialyses, usually the patient has an overload of fluid. A
new kidney is more readily taking off the overload of the fluid than
a used one.

So if they come in Monday morning they should get a real good
start of the week. Even if they have to use them the three times, it
is like a compromise; but I prefer a new kidney every time.

Some doctors have brought up the question that they have what
they call the new kidney syndrome. In other words, they say some
people may feel sick, but they can have a choice. They can say,
“OK, we will limit it three times for you,” if that is the case.

Senator PRESSLER. So a recommendation that would go beyond
what is in the report here is that if reuse is allowed that there be
some limitation of two, three, or four reuses.

Mr. VoGTER. Yes. :

Senator PressLER. That is something that staff might look into.

Mr. VoGTER. Also all the lines’ which is very important. The
blood lines’ reuse because they fail. I forgot to mention when you
asked me about it, also the blood lines develop tiny air holes in the
lines and air, if it gets into your blood system, can be fatal. We
have had cases where air is in the lines where they had to revive
the patient with oxygen and did all kinds of emergency procedures.

So the rest of the patients just sit therc with no guidance or
nobody to help them. So this is very dangerous.

Dr. SHumaN. May 1 say something, sir?

Senator PRESSLER. Yes. Go ahead.

Dr. SuumaNn. Generally, what we are speaking about here is
taking some actions that would affect these companies where |
think they are most vulnerable, which I think is in their profit
structure.

I think that everyone in the Congress and in the Senate should
be prepared to be deluged, if you tamper with these companies’
present structure, with letters from their constituents who are on
dialysis who have been pressured and manipulated by these compa-
nies into protesting anything that affects the profit structure of
these companies because this has been done before and I think you
should be prepared for it to happen again.

Senator PressLER. OK.

Do either of you have anything on the reuse or the recommenda-
tions of the staff which seek possible uniform Federal standards al-
lowing reuse, or do you think we should not allow reuse at all?

Mr. RoseN. First of all, after I leave here today and I go back to
my organization and my phones continue to ring off the hook with
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complaints about reuse and I tell them that we are starting to look
into this, from today on we still have no standards. Obviously, I am
not expecting any from this hearing.

But it is still unsafe; it is unproven; and it is being done right
now while we are speaking. It is going to be done tomorrow and
the next day.

I would like to address the issue of the label. The devices are
manufactured under testing for one use only. They are not tested
for multiple uses. They are not labeled as such.

There is no tensile test, no strength test. These units have decid-
ed to take it upon themselves to just reuse them at their whim.
The manufacturer, who I have spoken to on many occasions, tells
me that that label is his protection, that “We state to the physi-
cian, if you want to reuse it, it is on your head.”

I am not looking for a lawsuit. I am just looking to be safe.
That’s all.

It is hard enough to be on dialysis. They are never going to
change the label. The manufacturer will never change the label be-
cause they don’t want the responsibility.

We are going to have to come up with someone in the Govern-
ment, in the FDA or in Health and Human Services, who is going
to have to say, “Yes, we are going to take this in our jurisdiction.
We are going to control it and we are going to police it.” That is
the only way that it can be done.

With two reimbursement rates, as Dr. Shuman said, they are
going to lobby like hell. They have spent millions of dollars in
Pennsylvania to block a little informed consent bill that T tried to
get passed in Pennsylvania. They just came in and bought so many
lobbyists that no matter where I turned in Harrisburg there was a
lobbyist there to follow me in the office; and I am just one man.

I am trying to speak for all of them and I feel that T am absolute-
ly justified in what I am saying. Let me pay for my own dialyzer.
Let me pay for my own lines. They say, “No, you are not allowed.
Get the hell out. Go home.”

When 1 first brought it up, I was told while laying on the ma-
chine with my blood in the machine, that if I open my mouth,
“You have a wife and a daughter. You better watch out when she
goes to school. You won’t be there. You better shut your mouth.”

That kind of abuse is disgusting.

Mr. VoGTER. Sir?

Senator PRESSLER. Yes.

Mr. Vogrer. Coming back to the standards—I am an engineer,
that is why I think about these things—we should have some
standards for quality control of the machines—the number of years
they have been used and how effective the machines are—because
many times when I was there two machines would break down si-
multaneously and that is devastating because the nurses cannot
handle it.

For instance, say that we have one nurse for three patients,
which means three machines. Now they have gone to one nurse for
four machines. However, when the one nurse is on break or lunch,
we have one nurse for eight machines; and when two machines
break down simultaneously, she cannot handle it and she screams
for help. Before help arrives, things are happening very quickly.
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So we need the standards for the machines and alsc how many
machines or patients a nurse can take care of. It is very important.

Senator PressLer. But those should be done by the Department
of Health and Human Services at the Federal level, rather than de-
pending on the States.

Mr. Rosen. All right.

Senator PressLeEr. This is what these hearings are for: to get
some recommendations on the table. I think that you witnesses
have expanded on the six recommendations that the staff has very
ably put forward.

If you think of more specific things that we should consider as a
committee—and I presume we will be sending something over as a
committee and taking some steps to establish an action program to
solve this problem—please let us know.

Chairman Heinz. I want to thank all four or our witnesses who
have traveled with some difficulty considerable distances. I know it
must be difficult in each and every one of your cases to tell your
stories.

You are probably wondering what is going to happen when you
get back to your friendly dialysis unit. I think you should have no
fear of retribution.

If you do have any problems with your dialysis unit, please let
me know directly. I will take whatever steps are necessary to see
that you are properly treated with the respect that you deserve.

I think you have also been extraordinarily helpful to the commit-
tee. I think both Senator Pressler and I, thanks to your testimony,
have a very clear understanding of exactly what the needs are.

You have been very specific and you have not minced your
words, and you have been very reasonable as well in terms of what
you think arc the proper ways for your Government to proceed.
Lest anybody neglect the point, I gather that all of you pay or have
paid taxes to your Government, and all you expect in return is for
gour Government to accept and fulfill its responsibilities to you. So

o we.

Again, thank you for your testimony. _

Our second panel consists of three expert witnesses. I want to
welcome at our witness table Dr. James R. Beall of Gaithersburg,
MD. He is a toxicologist who has written several papers on toxici-
ties of formaldehyde, including a paper on “Formaldehyde in Dialy-
sis Patients;” Dr. Charles Wolf of Philadelphia, chief of the section
on renal diseases at Pennsylvania Hospital and part owner of a for-
profit dialysis clinic; and Dr. Terry Oberley, associate professor of
pathology at the University of Wisconsin and a dialysis patient
himself.

Gentlemen, on behalf of the committee, I want to thank you for
assisting us in understanding and appreciating the potential risks
of reusing these disposable devices. Each of you has provided writ-
ten statements, which will be made a part of the recoerd. Let me
begin with Dr. Beall. Would you please proceed.
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STATEMENT OF JAMES R. BEALL, PH.D., BOARD-CERTIFIED
TOXICOLOGIST, GAITHERSBURG, MD

Dr. BraLL. First of all, I guess I should make clear that while 1
am a Federal employee and have been for some time the state-
ments that I present today are my own opinions as an expert on
formaldehyde toxicity.

Chairman HEinz. I want to apologize. I may be mispronouncing
your name. Is it Beall or Bell?

Dr. BraLL. It is Beall sir.

Chairman HeiNz. As you may be aware, for many years Mary-
land had a Senator Glenn Beall, who spelled his name exactly the
same way as you did and I mispronounced it his entire life. [Laugh-
ter.]

Dr. BeaLL. Well, there is some indication that the families may
be the same, but have attempted to disown each other over the
years.

Senator, committee members, my name is James Beall. 1 ob-
tained a doctor of philosophy degree in physiology from the Univer-
sity of Oklahoma Medical Center in 1970 and I am board certified
in toxicology and currently am president of the Association of Gov-
ernment Toxicologists, a scientific association whose membership is
drawn exclusively from senior toxicologists in the Federal Govern-
ment.

As part of my professional experience both as a Federal employ-
ee and as a private citizen and consultant, I have investigated the
toxicity of formaldehyde, including the use of formaldehyde in dia-
lyzers. Copies of articles that 1 have published and my CV have
been made available to your staff.

If dialysis patients in the United States are to receive the highest
quality medical care at the lowest cost, we must address serious
questions concerning safety and efficacy in the reuse of disposable
equipment. Answers to these questions will involve defining and
balancing the benefits and the risks that are attendant with the
use of new as well as reused disposable products in dialysis
therapy.

In the last 20 years, formaldehyde has become the most widely-
used sterilant in the reuse of dialyzers. For this reason my state-
ment focuses on formaldehyde in reuse.

That formaldehyde is highly toxic under certain circumstances
has been known since 1905. In the last 10 years, information about
the toxic and carcinogenic potential of formaldehyde indoors result-
ec}iX in widespread public concern about exposure to it in the atmos-
phere.

Residual formaldehyde is present in dialyzers when they are
reused and, in this manner, patients may be exposed to concentra-
tions of formaldehyde during therapy that exceed that to which
humans are exposed by way of the atmosphere. Direct exposure to
formaldehyde during dialysis therapy has been reported to reach
levels exceeding 100 parts per million and is commonly around 5
parts per million.

Such patients are placed at risk by formaldehyde’s toxicity, and
yet for a number of reasons relatively little attention has been
given to the toxicological issues involved in dialysis even though
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patients may be exposed directly to formaldehyde and other toxic
chemicals during therapy.

Some research on formaldehyde toxicity in dialysis patients has
been done in an attempt to understand if exposure to it during
therapy results in adverse effects. The results indicate that signifi-
cant quantities of residual formaldehyde following a resterilization
procedure may enter the patient during dialysis and that that ex-
posure is associated with such effects as burning at the site of
entry, possibly cytogenetic and hepatic damage, eosinophilia, hy-
persensitivity, antibody formation and even death.

Studies that have been reported can be classified into roughly
three categories: clinical reports, hematological analyses, and steri-
lization procedures and results. Clinical observations of patients
usually report acute reactions. They may range from mild and re-
versible to, as mentioned previously, fatal.

Hematological research has frequently been directed at describ-
ing and understanding immunological changes caused by cxposure
of red blood cells to formaldehyde. Such studies have shown that
dialysis Eatients develop antiformaldehyde antibodies and anti-N-
like antibodies in response to changes in their own red blood cells
caused by residual formaldehyde in reused dialyzers.

Recent research shows that formaldehyde may cause other im-
munological changes in dialysis patients as well.

As far back as 1959 Timmis and others showed that formaldehyde
may inhibit the anticoagulant effects of heparin. Such an action
would tend to increase the formation of blood clots and may neces-
sitate the use of larger-than-usual doses of heparin in dialysis
patients.

Collectively, the studies have shown that a variety of significant
changes occur in patients as a result of their exposure to formalde-
hyde. Because those changes occur, procedures for sterilizing and
reusing dialyzers have been evaluated and reported.

However, a single best method, if one exists, has yet to be proper-
ly evaluated in clinical tests or accepted into general use. This is
not to imply that there have not been attempts to standardize
reuse procedures. Panels of experts over the years have made sev-
eral serious attempts to standardize the procedures.

For example, a study supported by NIH in June 1981, which was
never completed, was an attempt to standardize the process. Much
of the research in that study indicated that sterilization might be
appropriate. But one of its conclusions states that “The clinical ex-
perience does not provide the information that could appropriately
lead to a standardized protocol * * *.”

In June 1982, the Executive Committee of the National Kidney
Foundation also attempted to derive standardized procedures. In
August 1985, the Association for the Advancement of Medical In-
strumentation proposed recommended practices for the reuse of he-
modialyzers.

This panel report offered suggestions to be followed by physicians
and others involved in the reuse of dialyzers. But, no epidemiologi-
cal or clinical studies were presented to substantiate that the pro-
cedures suggested do, in fact, produce safe and effective equipment.
Instead, the report relies to a significant degree on the three re-
ports that I mentioned just a while ago, none of which contain con-
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trolled prospective studies to establish the safety and efficacy of
reuse.

Dialysis is life-saving therapy. However, like most treatment, it
entails risk. The research to date has demonstrated that important
risks are associated with the sterilization and reuse of dialyzers.
However, it has not established whether the sterilization and the
reuse of dialyzers and other disposable equipment produce signifi-
cant hazards in subsequent use or whether they result in therapy
that is as safe and efficacious as is the single-use of new dialyzers.

What is lacking? There is a notable lack of epidemiclogical and
clinical research in this area. To the best of my knowledge, there
has not been one well-designed prospective study with sufficient
power to address questions about the safety and efficacy of sterili-
zation and the reuse of disposable dialyzers and associated equip-
ment.

Until the risks of dialyzer reuse are defined, decisions concerning
reuse are at best educated guesses and, at worst, wrong. Without
this critical research, dialysis patients have little hope of receiving
the highest quality medical care at the lowest cost.

Thank you.

Chairman HeiNz. Dr. Beali, thank you very, very much for a
very careful summarization of the research and its conclusions or,
unfortunately, lack of conclusions in much of the research.

[The prepared statement of Dr. Beall follows:]
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TESTIMONY OF DR. JAMES R. ERALL
/ " CONCERNING PORMALDENTDE AND DIALTSIS

My same i Jazes R. Beall. I obtained a Bachelor of Science degree in
natural science from Oklahoma State University in 1963, a Master of
Science degree and a Doctor of Philosophy degree in physiology from the
University of Oklahoma, Medical Ceater in 1965 and 1970, respectively.

I an certified Iin genersal toxicology by the American Board of
Toxicology, Inc.. I either serve or have served on the Board of
Directors of several health related corporations, including the American
Board of Toxicology, Inc., and the Toxicology Laboratory Accreditation
Board, Inc. both of which are not-for-proff{t corporations engaged in
getting standards for the practice of toxicology. I am President of the
Association of Goverament Toxicologists, Inc., & scientific association
vhose membership is drawn exclusively from senior toxicologists ia the
FPederal Govermmeat.

Prior to joining the govermment, I was senior toxicologist and section
leader for Schering Corporation, a manufacturer of pharmaceuticals.
There 1 designed and conducted toxicological studies on drugs, and
evaluated health data to determine the potential risk of exposing inmans
to toxic chemicals. I slso participated in desigring c¢linical studies
for evaluating the effects of pharmaceuticals in human subjects.

Since 1977, 1 have been an employee of the United States Goverament, and
have served as a senior level sclfeantist {a the Envirommental Protection
Agency and in the QOccupational Safety and Health Administration. I am
now with the Department of Energy. In each of these positions, I have
evaluated the toxicological potantial of chemicals and managed research
to address toxicological problems. My assignments Included serving as &
United States representative to various expert workgroups on toxicology
in the Organization of Economic Cooperation and Development. At the
request of other agencies, I served on the Consumer Product Safety
Commissfon”s Federal Panel on Formaldehyde and as a Panel Member in the
Consgensus Workshop on Formaldehyde.

During sy professional careex, 1 have written several scientific
arcticles and reports, and piven many presentations and public speeches
on the toxicity of a variety of chemicals. As a private comsultant, I
have, when appropriate, provided advice regarding toxicology to clieants,
including, some with an interest in formaldehyde toxicity and
hemodialysis. As part of these experiences, both as a FPederal employee
and as a private citizen, I investigated the toxicity of formaldehyde
and wrote articles on the topic. The activities included investigating
the use of formaldehyde in the reuse of dialyzers and writing a recently
published scienti{fic article on that topic.

A copy of my C.V., sttached, conrains greater detasil sbout those and
other educational and professional experiences.
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DIALYZER REUSE

1f dialysis patients in the United States are to receive the highest
quality medical care at the lowest cost, we must address serious
questions concerning safety and efficacy in the reuse of disposable
equipment. These questions cover di{verse areas and issues such as
economics, informed comsent and toxicity. In this nation, there are
over 75,000 patients undergoing regular dialyeis. 1f ome considers the
pstieats” lost time from work and the expenses of therapy, education,
and 411 other sctivities assoclated with dialysis, the annual cost of
such care to the patients, to the medical care community and to society
totsls billions of dollars. Direct cost to the Federal Goverazent alonme
exceeds 1.5 billion dollars per year. In an {ncreasing attempt to
reduce the cost of dialysis et therapy centers, more and more patients
are being dialyzed with systems that incorporate reused disposable

. equipment, including dimlyzers. Such reuse occurs even though the
equipment was designed and menufactured to be used only once before
disposal. Answers to questions of safety and efficacy involve deffning
and balancing the benefits and risks that are attendant with the use of
new as well ag reused disposable products in dfalysis therapy.

There are many procedures for the resterilization of disposable dialyzer
equipment. Ino the last 20 years, formaldehyde has become the most
widely used sterilant for the reuse of dialyzers. Its use has grown
with {vcreasing mumbers of patients on dlalysis and with economic
precsure te reduce therapy costs. For this reason, my statement focuses
on formaldehyde and the reuse of dialyzers.

That formaldehyde is highly toxic under certain circumstances has been
know since 1905. 1In the last 10 years, information about the toxic and
carcinogenic potential of formaldehyde indoors resulted in widespread
public concern about expogure to it in the stmosphere, and in regulatory
actions by various State and Federal authorities. Three colleagues and
I wrote an srticle in 1984 that summarizes many health effects of
formaldehyde and some of these actions (1, copy appended). Residual
forzsldehyde is often present in dfalyzers when they are reused. In’
this @aoner, patients may be exposed to concentratfons of formsldehyde
during therapy that exceed that to which mmans sre exposed via the
ataosphere. Direct exposure to formaldehyde during therapy has been
reported to reach levels exceeding 100 ppz and is commonly around 5.0
Ppa.  Such patiente are placed at risk by formsidehyde s roxiecity (2).
Yet, for a number of reasons, relatively little atteation has been given
to the toxicological issues involved in dialysis, even though pstients
say be exposed directly to formaldehyde and other toxic chemfcals during
therapy. :

Some resesrch on formaldehyde toxicity in dialysis patients has been
done is an sttempt to understand if exposure to it results in adverse
effects in them. The results fndicate that significant quantities of
residual formaldehyde following a resterilization procedure may enter
the patient during dialysis and that the exposure is assocfated with a
variety of adverse effects. Such effects include burning at the site of
entry, possible cytogenetic and hepatic damage, eosinophilia,



24

hypersensitivity, antibody formation, snd even death. Becsuse many of
the adverse effects are descridbed in two of my review articles (2,3
copies appended), I need not discuss them 4n detail at this time. It
wmay, hovever, be useful to summarize categories of stud{es that have
been teported.

Studfes that have been reported could be classified into roughly three
categories: clinical reports, hematological analyses, and sterilization
procedures and results. Clinical observations of patients and
occurrences of adverse reactions have been reported by many physicians
and health workers who are associsted with dialysis. They usually
teport acute reactions in patients that range from mild and reversible
to fatal. In some {nstances the reports establish the cause, in others
they do not. Clinical reports may raise questions about the toxic
potential of using formaldehyde in resterilization, but because of thelr
nature they are rarely conclusive.

Hematological research has frequently been directed at describing and
understanding immunclogical changes caused by the exposure of red blood
cells to formaldehyde. Such studies have shown that zany dialysis

patients develop Anti-formasldehyde antibodies and Anti-N-like antibodies in
responge to changes in their own red blood cells caused by residual
formaldehyde In reused dialyzers. Recent research shows that

formaldehyde may cause other immunclogical changes in dialysis patients.
For example, they may develop antibodies to serum albumin-formaldehyde
conjugate (4). In 1959, Tiommis, et al. showed that formaldehyde may inhibit
the antfcoagulant effects of heparin. Such an action would tend to
increase the formation of blood clots and may aecessitate the use of

larger than usual doses of heparin in dialysis patients (5). Their work
has been confirmed by others. Collectively, these studies show that a
variety of significant changes occur in patients as a result of their
exposure to formaldehyde in reused filters.

Because these changes occur, numerous procedures for sterilizinmg and
reusing dialyzers have been reported and evaluated. These reports often
describe the characteristice of residual formaldehyde, show rinsing
rates and times, and explore the efficacy and value of various
sterilizatfon techniques. The sterilizatfon procedures are generally
the ones that are in current use by the group reporting the data. A
single best method, if one exists, hss yet tc be properly evsluated in
clinical tests and accepted inro general use. This 18 nor to imply that
there haven”t been attempts to standardize reuse procedures.

Panels of experts have made several serious attempts to standardize
procedures for reusing dialyzers. A few examples may {llustrate the
limitations of these sttempts.

In June 1981, the Natfonal Nephrology Foundation (NNF) fssued a report
to the National Institute of Arthritis, Diabetes and Digestive and
Ridney Diseases {NIADDKD) on the multiple use of dialyzers (6). The
study, wvhich was in partial fulfilliment of 8 contract with NIADDKD, was
to develop conclusions regarding the safety and efficacy of procedures
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that are employed in the multiple use of hemodialyzers. The study
included a gurvey of the literature on the topic and testing a varfety
of procedures iavolved in the function, disiafection, and cleaning of
dialyzers that had been stored for tepeated use. Much of the research
vas done under subcontract, none of it was confirmed by appropriate
elinical trials. Indeed, this report concludes that, "..The clinfeal
experience doees not provide informatfom which could appropriately lead
to & standardized protocol for dialyzers with suitable quality coatrosl
and process control. There 1s no published prospective randomized
clinical trial which confirms the satisfactory clinical experience."(6).

In 1981, Arthur D. Little, Inc. under subcontract to the National
Nephrolegy Foundation, Inc. issued a final report in support of the NNF
contract mentioned above (7). Under thisg subcontract, a literature
reviev and a combined program of physical tests en dialyzers and in
vitro research was dome. It included conducting a number of i{n vitro
experizents to address several important issues in the sterilization and
reuse of dislyzers. After reviewing the !Mterature and conducting the
research, Arthur D. Little stated, “Any clfaical implications of the
results of the combined program must, of course, be confirmed by
appropriately controlled clinical trial before implementation.” (7).

In June 1982, the Executive Committee of the National Kidaney Poundation
{NKF) convened a group of physicians, nurses, patients, industry
representativeg, and microbiologists to formulate standards of the reuse
of hemodiaslyzers (8). These NKF “"standards” suggest that each facility
which practices reuse of dialyzers should develop specific written
procedures concerning all elements of reuge. It states, "These aspects
of reuse are appropriately individuslized to the particular facility,
but should be directed to achieve an effective, safe, system, and a
uniform product.” The NKF document offers mo advice on how to conduct
follow-up evaluations to determige if, in fact, the written procedures
or the use of the standards produced “An effective, safe, systex” or
unifore reusable products. The document presented no epidemiological
data or controlled clinical studies to demonstrate that the standards
suggested were capable of producing reused products that were safe and
effective.

In August 1985, the Association for the Advancement of Medical
Ingtrumentation proposed recommended practices for the reuse of
hemodialyzers (9). This panel report offers suggestions to be followed
by physicians and others involved in the reuse of dialyzers. No
epideniological or clinical studies are presented to substantiate that
the procedures suggested do, in fact, produce safe and effective
equipment. lInstead, this report relies to a significant extent on the
three reports mentioned sbove, mose of which contained controlled
prospective studies tc egtablish the safety or efficscy of reuse.

Dialyeie {s 1ife saving therapy. However, 1ike most treatments it

entails rigk. The research to date has demonstrated that {mportant
risks are sssociated with the sterilization and reuse of dialyzers.
However, it has not established vhether sterilization and reuse of
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dialyzers (and other disposable equipment) produce 8 significant hazard
in subsequent use, or whether they result in therapy that is as safe and
efficacious as is the single use of new dialyzers.

What fs lacking? Answers to the questions of risks of dialyzer reuse
require additional research. There are studies which should be dome
soon to reduce as quickly as possible the mumber of patients who are at
risk. The research to date has been done largely on an ad hoc basis.
While clinical observaticms, hematological studies, in vitro studies,
and literatute reviews have been reported, there is a notable lack of
epideniological and clinical research.

To the best of my knowledge, there has not been one well-designed
prospective study with sufficient power to address questions about the
safety and effficacy of sterilization and reuse of disposable dialyzers
(and associated equipment). Much research is needed to answer questions
of efficacy and safety of dialyzer reuse; it includes conducting proper
prospective studies involving clinical trials. Such studies are needed
to examine dialyzer usec and Treuse, standardized sterilization
procedures, patient reacrions, clinical chemistry, and & variety of
other endpoints. Many sclentists who have looked at this questicn have
come to the same concluasion. For example, in 1978, 8 collaborative
study by several agenclies of the Federal Govermment was undertaken to
evaluate dialyzer reuse and address questioos of safety and ecoumomy.
That project had several objectives; 1t included conducting appropriate
clinical trials to evaluate various dialyzers and reuse procedures.
Unfortunately, it was wes stopped prematurely, before the climical
rrials were iniriated. They remain to be done,

Until the risks of dialyzer reuse are defined, decisions concerning
reuse are at best educated guesses and at worst, wrong. Without this
critical research, dialysis patients have little hope of receiving the
highest quality medical care, at the lowest cost.
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PARTIAL LISTING OF CONFINENTIAL REPORTS ON CHEMICALS

Produced at Schering Corporation
Repartment of Toxicology and Pathology
196%-1977

Reall, J.R. and Raker, F., {1977},
SCH-14714-NMG fn DNogs.

8eall, J.R. and Neimann, A., {1977).
SCH-2Nn14R 1in Monkeys,

Beall, J.R.
in Mice and Rats.

Beall, J.R. and Klein, M.F,, (1977},
in Rabbits

Reall, J.R. and Xlein, M,F,, (1977).
in Rats.

Beall, J.R. and Klein, M.F,, {1975},
Given Orally to Rabbits,

Beall, J.R. and Raker, F,, {(1976).
Reall, J.R. and Morgan, W., {1975).

Beall, J.R. and Klein, M,F,, {1976},
in Mice,

Reall, J.R. and Klein, M,F,, {1976},
in Rats.

Beall, J.R, and Klein, M.F,, (1976},
in Rats.

Reall, J.R. and Klein, M.F,, {1976},
in Long-Evans Strain Rats.

Reall, J.R. and Klein, M,F,, (1976},
SCH-15A9R ¢n Rats.

Beall, J.R. and Klein, M.F,, {1976},
Given Nrally to Rats.

Beall, J.R. and Klein, M.F,, {1976),
in Rabbits.

and Costellano, R., {1977}.

Subacute {4 week) Study of

Subacute {13 week) Study of

Acute Study of SCH-1R927
Teratology Study of SCH-20148
Teratology Study of SCH-2014R
Teratology Study of SCH-14714-§HG

Subacute Study of SCH-1R638 in Nogs.
Subacute Study of SCH-1R638 in Rats.
Teratology Study of SCH-18638

Teratology Study of SCH-1RA3R
Teratology Study of SCH-1RA3R
Teratology Study of SCH-20R69
perinatal and Postnatal Study of
Teratology Study of SCH-14947

Teratology Study of SCH-1RA38
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Reall, J.R. and Costellano, R,, {1976}, Acute Studies of SCH-18538
{anti-obesity agent} in Rats and Mice.

Reall, J.R. and Xlein, M.F,, {1975). Subacute {6 week) Study of
SCH-14714-NMG in Monkeys.,

Beall, J.R. and Neimann, A., (1975). Subacute (4 week}) Study of
SCH-14714_NMG in Rats,

Reall, J.R, and Klein, M.F,, (1975). Muscle Irritation Study of
SCH-14714-8MG 1n Rabbits,

Beall, J.R. and Raker, F., (1975). Chronic Study of SCH-13521 in
Male Reagles,

Beall, J.R. and Klein, M.F., (1975). fNominant Lethal Effects of
SCH-13521 in Rats.

Beall, J.R, and Morgan, ., {1975), Acute Inhalatfon Study of
SCH-114A0 Aerosol in Mice,

Beall, J.R. and Neimann, A,, (1975). Dermal Study of SCH-1146N
{betamethasone dipropriate) Aerosol in Monkeys.

Reall, J.R. and Baker, F,, {1975). Acute P.0. Study of SCR-20148
4n Nogs.

Beall, J.R. and Costellano, R,, {1975), Acute Study of SCH-13521
{n Rats and Mice.

Beall, J.R. and Klein, M,F,, {1975). Teratology Study of SCH-13521
in Rabbits,

Beall, J.R. and Morgan, ¥,, (1974). OChronic Study of SCH-13521 in
Rats,

Reall, J,R. and Klein, M.F, {1974). TYeratology Study of SCH-15A9%8
in Rabbits,

Beall, J.R, and Klein, M,F,, {1974). Teratology Study of SCH-1569R
in CO Strain Rats,

Reall, J.R. and Raker, F,, [1874), Acute Study of SCH-14714.KMG
Given Intramuscularly to Nogs.

Reall, J.R. and Costellano, R,, {1974}, Dermal Study of SCH-13K21
{antf-androgen) in Rabbits.

Beall, J.R. and Klein, M,F,, (1976). Perinatal and Postnatal Study
of SCH-14714_NMG Given Intramuscularly to Rats,



Reall, J.R. and Klein, M,F,,
in Rabbits,

{1975},

Beall, J.R. and Klein, M.F,,
in CD Strain Rats.

(1975).

Beall, J.R. and Klein, M.F.,
in Rabbits,

{1975).

Beall, J.R. and Klein, M.F.,
{n Rats,

{1975).

Beall, J.R. and Klein, M,F_,
in Nistar Strain Rats.

(1975).

Beall, J.R. and Klein, M.F., {1975).
Given Intramuscularly to Rats,

Beall, J.R. and Klein, M.F., (1975).

Given Intramuscularly to Rabbits,

Beall, J.R. and Klein, M.F., [1975).
Given Intramuscularly to Rats,

Beall, J.R. and Klein, M.F., {1874},
of SCH-0190 in Rats.

Beall, J.R. and Klein, M,F,, {1974).
Rabbits,

Beall, J.R. and Klein, M.F,., {1974).
in CK Strain Rats,

Beall, J.R, and Klein, M.F,, (1974).
Given Orally to Rabbits,

Beall, J.R, and xlein, M.F,, (1974).
Given Orally to Rats.

Beall, J.R. and Klein, M,F,, {1973).
Rats.

8eall, J.R. and Klein, M.F_ (1973},
fiven Orally to Rats,

Beall, J.R, and Kietn, M.F,, (1972).
in Mice,

Beall, J.R. and Klein, M.F,, {1970},
in Rabbits.
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Teratology Study of SCH-20569

Teratology Study of SCH-20569
Teratology Study of SCH-16134
Teratology Study of SCH-15134
Teratology Study of SCH-15698
Teratology Study of SCH-14714-NMi
Teratology Study of SCH-14714.NMG
Reproduction Study of SCH-14714
Perinatal and Postnatal Study
Teratology Study of SCH-0190 in
Teratology Study of SCH-15698
Teratology Study of SCH-15280
Reproduction Study of SCH-15698
Teratology Study of SCH-0190 in
Teratology Study of SCH-15280

Nominant Lethal Study of SCH-15713.M

Reproduction Study of SCH-139494



Beall, J.R. and Klein, M,F,, {1974}, Teratology Study of SCH-13949H
{n Rats.

Reall, J.R. and Klein, M.F., (1974). Teratology Study of SCH-13521
fn Rats.

geall, J.R. and Klein, M,F,, (1973}, Dominant lLethal Effects of
SCH-10585 {n Mice.

Reall, J.R. and Klein, M, F,, {1673}, Reproduction Study of SCH-13521
{anti-androgen) in Rats.

Beall, J.R. and Klein, M,F,, {1972}, Teratology Study of Perphenazene,
Chloromazine, firphenadrine, LSN-25 {n Rats,

Beall, J.R. and Klein, M,F,, (1972}, Teratology Study of SCH-12650
{n Rabbits.

Beall, J.R. and Klein, M,F,, (1972)., Teratology Study of SCH-12A50
in Rats.

Beall, J.R. and Klein, M.F,, (1972}, Reproduction and Chronic Toxicity
Study of Megesterol Acetate fn Cats,

Reall, J.R, and Klefn, M.F., {1871}. Reproduction Study of Griseofulvin
{n Rats,

Beall, J.R. and Klein, M.F., (1971). Teratogenic Study of Griseofulvin
in Rats.

Reall, J.R, and Klein, M_F,, {1971). Teratology Study of SCH-12n4}
and Niazepam {valfum) in Rabbits.

Beall, J.R, and Klein, M.F,, (1971). Teratology Study of SCH-12041
and Nfazepam (valium) in Rats,

8eall, J.R. and Klein, M,F,, {1971}, Teratology Study of SCH-B4GS
{hetamethasone phosphate} in Rabhits,

Reall, J.R, and Klein, M.F,, (1971), Teratology Study of SCH-R4RS
(betamethasone phosphate) in Rats.

Reall, J.R. and Klein, M.F., {1871), Teratology Study of SCH-114A0
(betamethasone diproprionate) in Mice, Rats, and Rabbits,

Beall, J.R. and Klein, M_F., (1969}, Teratology and Reproductive
Study of SCH-10n15 (anti-fertility agent),
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Chairman Heinz. Dr. Wolf.

Again, I note I have the pleasure to introduce another Pennsyl-
vanian. I don’t think there was any intent to load this hearing with
Pennsylvanians; it is just that we have a lot of talent in Pennsylva-
nia.

STATEMENT OF DR. CHARLES J. WOLF, HEAD, SECTION ON
RENAL DISEASES, PENNSYLVANIA HOSPITAL, PHILADELPHIA,
PA
Dr. Worr. We are also pretty close. First of all, let me say that 1

am often put in the position of giving a balanced view here. I hope

1 don’t offend any of the dialysis patients, and I also hope I don’t

offend my fellow nephrologists who do reuse. I will try to be fair to

both sides.

I am the co-medical director and part owner of an outpatient for-
profit dialysis facility which currently has 60 hemodialysis patients
treated at the facility and 20 patients treated with peritoneal dialy-
sis at home. We currently do not reuse any disposable equipment.

I have been asked to address the Committee on three aspects of
hemodialysis reuse. First, is reuse safe? Second, is informed con-
sent necessary and desirable? Third, should there be uniform Fed-
eral standards?

The first question: Is reuse safe? Let me state that [ am not in
the least opposed to the concept of reuse. It is quite possible that
reuse is every bit as safe as single-use, perhaps even more safe. The
problem is that we simply do not know.

There has never been a controlled prospective clinical study com-
paring the use of new versus reused hemodialyzers. Compare this
with the current NIH-sponsored investigation the efficacy of a
treatment called plasmapheresis for kidney diseases caused by sys-
temic lupus erythematosus.

The lupus study is multi-centered, clinically based and properly
blinded so that individual investigators’ biases are shielded from
the interpretation of the study. By contrast, the only NIH-funded
study which addresses the methodology involved in reprocessing
dialyzers, the so-called Dean report, does not contain a clinical
component. Although a clinical arm of the study was called for in
the original proposal, it was not delivered.

Even if one accepts the results of the Dean report, it is at best a
laboratory comparison of various methods for cleaning and reproc-
essing dialyzers. )

Clinical studies of dialyzer reuse are uncontrolled and, for the
most part, have been conducted by those who are intent on proving
the safety of reuse. At best, these studies claim short-term safety
and efficacy equivalent to first-use. At worst, claims are made
which cannot be substantiated even in the context of the study’s
own data. Such is the case with the Dean report in my opinion.

In the absence of adequate data, then, we are left with the ques-
tion of ethics. Most ethical systems handle this type of problem
under the uncertainty principle. This principle states, quite simply,
that if you are not sure whether an action is right or wrong, you
should not do it.
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No one disputes that reuse would not be practiced as widely
today if it cost as much as, or more than, single-use. While dialyzer
reuse had its origins in the necessity to rebuild and sterilize the
earliest artificial kidneys on site—such as the Kiil dialyzer—this
practice has continued in the modern era of readily available, eco-
nomically priced, single-use dialyzers only for economic advantage.

Dialysis providers, therefore, are being asked to embrace reuse
not out of concern for the health of the dialysis patients, but for
the financial health of their units and perhaps even of the Health
Care Financing Administration itself. Certainly if reuse were
proven safe, it could be mandated by HCFA directly or indirectly
through a reduction in reimbursement rates.

If left unproven, as we now have it, those of us who support the
uncertainty principle will continue to have a great deal of uncer-
tainty to support.

The second question: Should there be informed consent? The
answer to this is certainly yes; however, and as we have heard this
morning, the implementation of informed consent and the absence
of coercion in this circumstance is problematic.

For example, if I advise a patient on the merits of home peritone-
al dialysis versus standard hemodialysis and if the advantages and
disadvantages of each method are presented fairly to this person
and to his family, and if this person is free to choose either method
solely on the basis of these factors, we have a basis for a reasonable
informed consent contract. The person involved can weigh the ad-
vantages and disadvantages of either choice, and make a decision.

Alternatively, he or she may ask me to make the decision, which
Ibcan do in conscience after explaining the factors elaborated
above.

How may I transfer this principle to the reuse of dialyzers? First
of all, as stated in my first answer to the question on safety, 1 have
no good clinical data upon which to base my discussion.

The person can only choose to accept the reused kidney and save
the center—certainly not himself—some money, or demand a new
kidney with each use. In that circumstance why would anyone
choose reuse except for that small percentage of patients who expe-
rience some adverse reactions with first-use syndrome? What other
compromises might be employed?

He could agree to reuse kidneys in this center or go somewhere
else. Where else would a patient go?

Many centers are already overutilized. In the city of Philadel-
phia, for instance, most centers are running at 150 percent of ca-
pacity. If a patient called me today requesting a transfer from a
center which practices reuse to my center—this occurs quite fre-
quently—I could not accommodate him.

What other compromises? Should a center that reuses publish its
criteria for reuse, thereby informing the patients of minimal stand-
ards for the practice of reuse in that unit? Should the center invite
the patient to join in the policing of these standards? This is rea-
sonable if there were some sort of uniform standards.

This brings us to the last question. Should there be Federal
guidelines for reuse?

The answer to this question again, in my view, is yes. There have
been several reasonable standards published for reuse of dialyzers. .
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California has adopted a set of mandatory standards which assures
at least the short-term efficacy and safety of dialyzer reuse. The
National Kidney Foundation has published voluntary standards
which are less specific and less stringent, but nonetheless serve to
address the problem of reuse in light of the current knowledge and
state-of-the-art technology.

These standards contrast starkly to States such as Pennsylvania
which have no reuse legislation and where kidneys are reused as
many as 40 or 50 times in some centers.

In the absence of uniform standards compiled by a multidiscipli-
nary committee, proposals for such standards become progressively
more arbitrary, more political and less scientific. This can threaten
the entire practice of dialysis.

As an example, I will read to you in part, without comment, a
copy of a recent proposal for reuse legislation before the Pennsylva-
nia State Legislature. This is Pennsylvania Senate bill No. 1154,
October 1985:

Section A: The General Assembly finds that providers of kidney dialysis services
in the Commonwealth increasingly require patients to reuse single-use dialyzers.
Medical evidence conflicts as to the health effects of dialyzer reuse. No Federal or
state standards for safetv and performance for reprocessing the dialyzers exists.

Section B: The General Assembly further finds that the data regarding the reuse
of single-use hemodialyzers by patients and facilities in the Commonwealth is insuf-
ficient to determine appropriate action in this issue.

Section C: The General Assembly thereby directs the Department of Health to col-
lect data relating to the use of new and reused dialysis filters.

Section D: The Department shall make a report to the General Assembly, includ-
ing a summary of data collected, and an analysis of the following issues: legal liabil-
ity of reuse, cost containment, health effects, risk/benefit ratios, performance of
new versus reused dialyzers, occupational health problems to employees, and the
need for the state to adopt standards.

Section E: No facility providing kidney dialysis to patients shall be reimbursed by
the Department unless each invoice submitted to the Department shall certify that
a new dialyzer was used in each dialysis treatment.

End of Senate bill 1154.

In conclusion, the practical way to answer these three questiens,
in my mind, is in reverse order. The modern-day proponents of
reuse claim that the practice is not inherently evil just because it
is done to save money any more than the earliest reuse was good
because it was done out of necessity. They may well be correct.

However, we have an obligation in the meantime to protect the
rights of the hemodialysis patients, whose very lives depend on the
quality of the dialysis treatments they are given, until this issue is
settled.

A set of uniform Federal guidelines agreed upon by a multidisci-
plinary committee—including physicians and nurse clinicians,
basic scientists and patient advocate groups—would be a first step
in assuring the safety in light of our present-day knowledge.

Second, some sort of equitable informed-consent policy, including
freedom of choice, should be made part of these Federal guidelines.

Finally, a federally mandated controlled prospective study look-
ing at the practice of reusing dialyzers should be organized. If Med-
icare and other third-party payers can rightfully withhold reim-
bursement for procedures such as plasmapheresis until they arc of
proven efficacy, it is reasonable to expect that the question of dia-
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lyzer reuse—a major part of the end-stage renal disease program,
which has already cost billions of dollars—can be scrutinized.

Ironically, if strict Federal guidelines are approved but a reuse
study is not mandated, the question may never be answered. The
cost of buying a new dialyzer is decreasing every year while per-
sonnel costs, which are a major component of reuse systems, are
increasing.

It is quite possible that the costs of reprocessing a dialyzer in
compliance with strict standards may become so high as to pre-
clude any savings whatsoever. In that case, the reused dialyzer,
even if it is a better device, may disappear.

Thank you.

Chairman Heinz. Thank you very, very much, Dr. Wolf.

Dr. Oberley.

STATEMENT OF DR. TERRY OBERLEY, ASSOCIATE PROFESSOR
OF PATHOLOGY, UNIVERSITY OF WISCONSIN MEDICAL
SCHOOL, MADISON, Wi

Dr. OserLEY. Thank you for inviting me here. I have submitted a
statement to the committee. I would like to just briefly summarize
what that statement says.

Chairman HEiNz. Very well, and your entire statement will be
part of the record, Dr. Oberley.

Dr. OBerLEY. I have been concerned about the safety of the reuse
of dialyzers for a number of years. This concern developed because
of anecdotal accounts by dialysis patients who werc experiencing
physical difficulties when dialyzers were used in their treatments
whereas, previously, they had been feeling well on dialysis.

I have, therefore, spent some time scarching the literature for
documentation on the problems associated with the reuse of dia-
lyzers. These problems can be divided into two major categories.

No. 1, those associated with loss of dialyzer efficiency; and, No. 2,
those associated with the use of formaldehyde for reprocessing
dialyzers.

The loss of dialyzer efficiency with reuse is well known. It should
be the goal of cvery nephrologist taking care of dialysis patients to
dialyze as efficiently as possible. It is, in fact, efficient dialysis
which [ feel has led to my remarkable success as a dialysis patient.

I have been on dialysis for 13% years and have been hospitalized
for 4 days.

I feel that the process of extensively reusing dialyzers is provid-
ing less than optimal care. The long-term consequences are, in fact,
going to be increasing costs rather than reduction since patients
who are less than optimally dialyzed are going to have serious
health side effects.

The second important consequence of reuse is the side effects of
using formaldehyde as a sterilizing agent. First, it is not known
what an optimal level of formaldehyde is for adequate sterilization.
The consequences of this are contamination and this leads to bacte-
rial infection.

Second, formaldehyde has severe acute side effects, including he-
molytic and autoimmune diseases including anaphylaxis.
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Finally, formaldehyde itself is a very potent compound which has
mutagenic and carcinogenic effects.

Because of these concerns with their use, I feel a number of steps
should be taken to resolve some of the problems. First, I must men-
tion that I will continue to refuse to reuse dialyzers because I feel
the loss of efficiency will seriously impair my functioning as a full-
time pathologist and researcher.

However, for those who are forced to reuse, I would advocate the
installation of informed consent with freedom of choice. I would
think a study should be performed to determine the optimal
number of times a dialyzer may be safely reused.

We must seek alternate ways to sterilize dialyzers to avoid the
use of formaldehyde. If formaldehyde must be used, we must estab-
lish a safe level below which toxicity will not occur and we need a
grievance mechanism to protect patients who are not being ade-
quately dialyzed because of reuse.

In summary, I feel that reuse can be safe only if we develop
standards for safer use, and this includes most importantly the
number of times that a dialyzer may be reused, and a safe way to
sterilize dialyzers. I should mention that research is being conduct-
ed on alternate ways to sterilize dialyzers and I am convinced that
many of these ways are, in fact, safe.

Thank you.

Chairman Heinz. Dr. Oberley, thank you very much.

[The prepared statement of Dr. Oberley follows:]
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STATEMENT OF TERRY D. OBERLEY, M.D.

This letter 1z to state my position on the reuse of dialyzers
during kidney dlalysis., The first question of interest 1s whether
this procedure 1s safe and efficacious. It 18 known, in fact, that
there are a number of side effects from reuse. Some of these are
side effects of the formaldehyde used in sterilization. These
include acute hemolysis and anti-N antibodies, There are alsc side
effects of the reuse process. These include contamination and loss
of dialyzer efficlency. Contamination has been a seriocus problem in
some dialysis units since the "safe" level of formaldehyde required
for sterilization 1s not known; 1in at least one dialysis unit
patients died from the use of contaminated reused dialyzers. The
number of side effects and the consequences of reuse of dialyzers
has never been adequately studied in a controlled clinicel
situation. Concerning formaldehyde side effects, the acute effects
would be relatively easy to demonstrate by comparing patients whe
reuse versus those who do not reuse, However, assessing the effects
of dialyzer reuse 1s much more difficult since we do not have good
biochemical and physiological parameters to determine the adequacy
of dialysis. It 1s well known from the literature that with
increasing dialyzer reuse, the efficlency of the dlalysis goes down,
and therefore certainly there reaches a point at which optimal
efficlency is not obtained. I would think that the number one goal
of any physician treating a dlalysis patient would be to make the
dialysis process as efficient as possible.

I am most concerned in the whole issue of dialyzer reuse with
the role of formaldebyde as a sterilizer., 1In fact, it 1s well known
from laboratory studies that formaldehyde is a carcinogen in
laboratory animals {references include Cancer Research, Vol. 43, pp.
4382-4392, 1983; Toxicology, Vol. 24, pp. §-14, 1982; Gann, Japanese
Journal of Cancer Research, Vol. 45, p. 451, 168%4; and Cancer
Research, Vol. 40, pp. 3390-3402, 1680). As a member of the
Toxicology Research Center of the University of Wisconsin, I have
been trained in the basic principles of toxicology and know several
important facts about chemical ‘carcinogenesis. These include: (1)
The intrinaic carcinogenicity of a chemical does not depend on dose
level, although the proportion of animals developing cancers at the
earliest time that tumors are detected are usually related to
dosage. (2) Metabolic studies have shown that most differences
between humans and experimental animals are quantitative rather than
qualitative and support the idea that animal results can be used to
predict human responses. ({3) Exposure to any amount of carcinogen,
however small, must be regarded as an addition to the totel
carcinogenic risk. (4) There is a time lag between exposure and
appearance of cancer. These facts demonstrate that formaldehyde 1is
a potential risk in dialysis patients. Unfortunately, they also
demonstrate the chief problem with the areas of assessing
formaldehyde risk in d1alysis patients, That is, it requires a long
period of time between éxposure and subsequent development of overt
disease. Therefore, most nephrologist will say that formaldehyde
reuse 1s safe since, over the short run, it 1s relatively safe,
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This, of course, does not take into account those patients who
develop allergic responses.

It 18 most pecullar in light of the seriocus carcinogeniec
potential of formaldehyde that this compound has not been banished
in the United States. This issue has been addressed recently in
Science megazine, (Vol. 216:1285-1291, 1382). This article mentions
that most broad based scilentific panels have established the
following principles: (1) Confirmed positive animal data are
presumptive evidence of carcinogenicity in humans. (2) With current
information and methods, it 1s not possible to establish thresholds
or no effect levels that can be reliably applled to the human
population. (3) Positive human epidemiologic data are not necessary
to conclude that a chemical substance poses a significant human
risk. These principles are consistent with the accepted sclentific
policy that it is preferable to err on the side of caution iIn
interpreting the available scientific data in order to avold fallure
to regulate a8 serious health hazard. Wwhat these principles mean 1is
that there 18 no evidence demonstrating that there is a dose level
below which it 1s certain that formaldehyde will not cause cancer.
{Reference: FPederal Reglster, Vol. 46, pp. 11188, 1981).

The potential risks of cancer to dlalysis patlients exposed to
formaldehyde are increased when one considers that the formaldehyde
i8 injected directly into the bloodstream and that these patients do
not have kidneys which are able to detoxify these substances., 1In
conclusion, I think the facts are inescapable that dlalyzer reuse 1is
not safe and efficaclous. It 1s not safe both because of acute
effects and because of the long-term risks of cancer. It 1s not
efficacious because it hes been well documented that with reuse, the
efficiency of the dialyzer goes down. A question of concern is
whether dialysis patients who reuse dialyzers should be allowed to
choose between reuse and non-reuse and should not reuse dialyzers
unless he has been given informed consent since there are risks
involved, I also believe that because there are risks involved,
patients should have the option to say no to their physicilan
concerning reuse.

Should there be uniform Pederal standards? The answer 18 yes:
but what these Federal standards are 1is not at present certaln. We
need to know what the safest ways to sterllize dlalyzers are, and
that most certainly it is a subject that could be easily studied.

We also need to know the optimal number of times that a dlalyzer can
be reused before it starts to lose efficiency. That also is a
question that could be studied scientifically.

I would like to mention that in the United States in 198C the
cost for dlalysis was $1.4 billion (Dialysis and Transplantation,
vol. §, p. 23, 1980) {per telephone). 1In 1982 the cost of dialyzers
was approximately $150 million (Artificisl Organs, Vol. 6, p. 208,
1982). These figures allow one to calculate that the total cost of
dialyzers 18 a relatively small portion of the total diaslysis cost.
Indeed, the number one costs are the costs that go to the hospitals
and to the doctors, I really have always questicned whether the
burden of trying tc save money should come from the patients, when
thelr contribution to the total cost is relatively small,

What are the besat sclutions to address these problems? The
best sclution would be to develop a safe way to reuse dialyzers.
This 18 currently being worked on by a number of groups. A second
solution 1s that a Pederal study must be performed to determine
guldelines for the optimal number of times that a dialyzer may be
reused. Third, the installation of informed consent with freedom
of cholice would ensure that physicians would think twice before
using a procedure that has potential side effects.
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Chairman HEeinz. I must say, we have had some very insightful
analyses of the studies that you all have mentioned.

Dr. Wolf, I think you mentioned one related issue here which has
been cited as a reason to reuse dialyzers, and that is first-usc syn-
drome. Let me ask you, to what extent is this phenomenon of first-
use syndrome common or rare in your experience?

Dr. Wovr. In my experience, it is very rare. I think if you take a
review of the literature it is probably fair to say maybe 3 percent, 5
percent of paticnts might experience this to a greater or lesser
extent.

I don’t see it that often and 1 think the reason for that is that we
have gotten more and more biocompatible membranes as time goes
on. I think some of the studies that showed first-use syndrome pre-
viously were with other membranes that have now been discontin-
ued.

Dr. Oberley, what is your experience with this phenomenon?

Dr. OBerLEy. Well, personally I have ne problem with first-use
dialysis and in our dialysis units in Madison it is a very rare thing.

Chairman Heinz. Do any of you believe that first-use syndrome,
as some have argued, justifics reusing disposable dialyzers, blood
lines and their transducer filters? It is used as a justification by
some people.

Dr. Worr. I don't think anything would justify the reuse of the
blood lines and the transducers. First-use syndrome is a problem of
the filter itself.

I think if you have someone who does have a severe first-use re-
action and that person choovses to reuse because he feels better on
reuse, I think that is part of the informed consent. That would be
fine with me.

Chairman Heinz. Dr. Oberley.

Dr. OserLEY. I would have to agree. There are reports in the lit-
erature of patients with severe reactions to first-use of dialysis.
They obviously should reuse; but, again, those are very rare occur-
rences.

Chairman Heinz. Dr. Beall, in your testimony you referred to
the NIH report of June 1981. Is that the Dean report that Dr. Wolf
referrcd to, or is that the National Nephrology Foundation Report?

Which report is that?

Dr. BeaLrL. I assume that it is the one to which Dr. Wolf referred.

Dr. Worr. It is one and the same. The Dean report is the Nation-
al Nephrology Foundation Report.

Chairman Heinz. You, Dr. Beall, referred to an NIH report in
June 1981.

Dr. Brarr. NIH, in June of 1981, had a report from the National
Nephrology Foundation that was done under contract. So it is es-
sentially the same report.

Chairman Heinz. I think the answer is that we are really talking
about the same report. The report was funded by NIH and written
by the NNF, as I understand it. That report stated:

The utilization of the specified procedures with suitable process and quality con-

trol would result in a reprocessed hollow-fiber hemodialyzer cquivalent, in terms of
functions, cleanliness and sterility, to a new hollow-fiber hemodialyzer.
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Is this conclusion an accurate representation of the findings of
that study?

Dr. BeaLL. The report is based on information from the subcon-
tractor Authur D. Little, Inc. [ADL] that specifically states that
there is a need for clinical validation of the work that was done. It
was a combination of chemical analyses and in vitro studies. It had
never been applied in a prospective clinical study and the ADL
report, itself, indicated that it should be before being——

Chairman HEeiNz. So that is a misleading conclusion; what [
stated was a misleading conclusion because there were no clinical
studies.

Dr. BearL. That is correct.

Chairman Hzinz. Now, there is a recent report entitled “Repeat-
ed Use of Dialyzers is Safe: Long-Term Observations on Morbidity
and Mortality in Patients With End-Stage Renal Disease” which 1
understand is a private study. That report will be cited in testimo-
ny later this morning as showing that there are no problems with
reusing disposable dialyzers.

Wm;ld you give us a brief assessment, if you have it, of that
paper?

Dr. BeaLr. If you will let me get the paper out of my attaché, it
would be helpful.

Chairman Heinz. Yes; by all means.

By the way, while Dr. Beall is getting that paper, I want to rec-
ognize the presence of Senator Hawkins of Florida who is a very
active and concerned member of this committee. Earlier Senator
Grassley was here. How he managed to get here 1 don’t know be-
cause he was testifying before the Senate Banking Committee
when I was up there between 9:30 and 10.

So we have some very versatile members here and some very in-
terested ones, as well.

Dr. Beall.

Dr. BeaLL. That particular report that I believe you are referring
to is the “Repeated Use of Dialyzers Is Safe” report that came out
this year?

Chairman Hrinz. That is right.

Dr. BraLL. There are several problems with this report that need
addressing before one should logically base on it their conclusions
that reuse is safe. For example there were no controls in this par-
ticular report. It is a reporting of incidences that have occurred in
two different units; there are no statistical analyses of the inci-
dences. There is no comparison of incidences to those occurring
with new use. All the dialyzers were reused. There are no analyses
over time——

Chairman HEeiNz. So, first, there is no controlled sample.

Dr. BeaLr. That is correct. What they are doing is reporting inci-
dences that have occurred in two different dialysis units or situa-
tions.

Chairman Heinz. So apart from the fact that they don’t compare
new first-time use versus reuse, which is a serious problem, are
there any other preblems in addition to that?

Dr. BraLL. Well, there are indications that dialyzer function de-
creases with multiple reuse and there is no comparison over time
of reuse. The type of analysis that needs to be done——
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Chairman HEeinz. Se what you are saying is they have not ana-
lyzed the extent to which multiple use 1mpairs, or not, the ability
of the filters to function effectively and the consequence effects on
the patient.

Dr. Bearr. That is correct.

Chairman Heinz. For example, reuses 1 through 10 may bring
outcome x, reuses 40 through 50 may bring outcome z, and that
was not studied.

Dr. Bearr. That is correct. Also there were no statistical analyses
of the data that they did have so that the level of probability of
change was never reported. And there was no real presentation of
clinical data, clinical information.

It is more of a mortality/morbidity study of reactions; and,
indeed, if you look at the data you can see that there is a numeri-
cal difference between the two dialysis centers. One wonders why
two lcenters reusing dialyzers come out with apparently different
results.

Chairman Hrinz. Since there are some 1,200 or 1,300 centers, if |
remember correctly, would you consider two would be a sufficiently
broad random sample? As I recollect from statistics, there is a com-
{)lica;ted formula 1 never did quite master involving confidence
evels.

My gut feel would be that a study of this kind using data {rom 2
of some 1,300 centers would have a confidence level well below 30
percent.

Dr. BeaLL. You can place whatever percent you would like on
the confidence. Mine is very low. I cannot quantitate it, though.

Chairman Heinz. Maybe below 10 percent. [Laughter.]

Dr. BeaLw. Clearly, the two centers were using a procedure that
they felt confidence in and they report their incidence of occur-
rences, but there is really no study here.

Chairman Heinz. I think that sums it up.

Dr. Wolf, you are really in an extraordinary position. You own a
dialysis clinic. It is a for-profit clinic. You do not reuse. You actual-
ly follow the labels or, as you point out more importantly, you
follow ethical practice,

Are you going broke?

Dr. Worr. No. We are not making a whole lot of money either. I
think if they were to take that last $10 away from me, I would.

To give you an example, we are a very small place. We have 10
stations, 60 patients running three shifts a day. That is small by
most standards. There are places that have 20 or 30 chairs.

Even with our size unit, we do 10,000 treatments a year. That is
$100,000 you are talking about, that's $10 a treatment.

Chairman Heinz. As they say, that is real money.

Dr. Wovrr. That is real money. That is $100,000 that I don’t have
that somebody else might have.

By the way, to go back, I think it is unfair to say that you save
all the money on reuse. There is a fair cost associated with reusing
a kidney.

Chairman Heinz. How should we put numbers on that? What
are the economics of reuse?

Dr. WoLr. First of all, I can buy a pretty good kidney for $10 or
$11, a real good kidney. It is not a hollow-fiber dialyzer, it is a flat



49

plate. It is not the kind you can reuse, but I don’t have to buy that
kind because I don’t have to reuse.

You might spend $3 or $4 more for a hollow-fiber kidney. If you
use that 10 times, which I think most people who ethically reuse, if
you will allow me to use that assumption—I would say that 10
reuses is about the best you can do, any more than 10 and you are
seriously impairing the efficiency of the dialyzer: that is the short-
term efficacy—I think it probably cost somebody about $5 a reuse.

So you are cutting the cost by two-thirds. If you are paying, say,
$14 or $15 for the equipment, it cost you about $5 each use to reuse
it 10 times.

Chairman Heinz. Now, Medicare reimburses you the same fee as
somebody who reuses.

Dr. WoLr. Exactly.

Chairman Heinz. Is there anything stated or implied in that re-
imbursement that one should or should not reuse these medical de-
vices?

Dr. Worr. No. As a matter of fact, every statement that I have
ever seen on the topic of reuse starts out with an apologia, the first
sentence, “We do not encourage or discourage reuse,’ and then
they go on and say what they have to say.

Chairman HEiNz. One last question. In your statement, you note
that:

If Medicare and other third-party payers can rightfully withhold reimbursement

for procedures such as plasmapheresis until they are of proven efficacy, it is reason-
able to expect that the question of dialyzer reuse can be scrutinized.

Let’s assume that is something of an understatement. Would it
be appropriate for Medicare to withhold reimbursement of the
reuse of this kind of medical equipment until standards are estab-
lished, or is that too severe?

Dr. Worr. I honestly think that would be too severe inasmuch as
you have half the country reusing right now. They could stop reus-
ing tomorrow, I think; but I think that, again to be fair to the
people who reuse, there are people who reuse and believe in it.

As [ stated before, I have no absolute data that says that reuse is
bad. I am just not sure and I think that would be unjustified.

Chairman HEeinz. 1 think that is the consensus: Nobody has any
studies that prove anything one way or the other.

Dr. Worr. Nobody knows.

Chairman Heinz. The reason I asked the question is that—and
onc always hopes to be surprised by future events—it has been
some 8 years since the FDA’s good manufacturing practices were
first enacted into law. To say it is going slowly in this area is to say
that water runs downhill.

How do we force the attention of the Federal agencies involved
to do something unless we have a forcing device. I would like to
think that as a result of your informed testimony and the examples
of our earlier witnesses the Federal bureaucracy will get itself off
its posterior and in gear. This does not always happen. -

Should we say, well, 2 years from now unless standards are pro-
mulgated the Health Care Financing Administration will have to
pick a time—2, 3, 4 years, 12 months; the Health Care Financing
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Administration will have to withhold reimbursement until the
studies are completed? Should we do something like that?

Dr. Worr. Well, my own view is that it would take at least 5
years to show something. The reason I am saying that is I think
that, again, the people who practice reuse well have shown to my
satisfaction that, in the short term, you can reprocess a dialyzer
and make it work as well as a new one; and you can do that, in
optimum circumstances let's say, up to 10 times.

So I don’t need anybody to prove that to me. I think I under-
stand that.

What I don’t understand is what is going to happen to a matched
population of used dialyzers and new dialyzers over the long term,
and the long term is 5 years, I think, at the shortest.

Chairman Heinz. Well, here is my question. I address it to all of
you.

We all agree studies are needed; we all agree standard proce-
dures and so forth are necessary. It may take a long time to get the
clinical results we need.

Should we just sit back and wait and let current practice take its
course for the next 5 years, or is there something that should
happen in the meantime, such as interim guidelines?

Dr. Beall, do you want to tackle that one? '

Dr. BeaLt. Well, I have few thoughts on it. I feel a little ambiva-
lent since I am part of the bureaucracy that we are talking about,
except that I work for a different agency that has no interest——

Chairman Hrinz. So do we. [Laughter.] ‘

Dr. BearL. That is true.

1 think clearly there are steps that can be taken prior to waiting
for data to come in. I think in terms of lead poisoning, which the
Romans knew about and of which we are still studying the mecha-
nism, I don’t think we could wait forever on this particular issue. I
think the dialysis patients certainly have a right to informed con-
sent and choice. I don't think we need to wait too much longer for
that even if the best we can inform them is we are not certain
what the outcome might be under the two choices.

1 think that steps can be taken to eliminate the coercion that
occurs in some dialysis treatment centers. Studies can be initiated
and interim reports of them may be useful.

I know that a literature review and a number of fundamental or
foundation types of work have already been done. So in a sense we
can pick up in the middie on some of these things and carry on
with them. ‘

So I would suggest that some actions be taken relatively soon
and studies be initiated, and appropriate follow up occur in a
timely fashion so that we can see the progress of these studies and
capitalize on the information they produce as readily as possible.

Chairman Heinz. Dr. Oberley.

Dr. OBerLey. I think the first rule of any physician is to do no
harm, and I think we have breached that violation with many of
the things we are doing in reuse.

I would like to point out, No. 1, that we could establish informed
consent immediately; and, No. 2, I think we could stop what 1 con-
sider the worst thing: the continued reuse of dialyzers over a safe
level. That would not take 5 years to find out.
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We could find out what a safe level is to reuse dialyzers in the
next 6 months. I submit that it is unacceptable to reuse dialyzers
30 times. I don’t care who it is and how good they are reusing dia-
lyzers, the creatinine, the waste products, are going to go up after
that much reuse and the patient is going to be at risk.

So I think we can establish, in 6 months, what is the safe
number of times to reuse dialyzers, and then we could institute
that as a law. I submit that would be the best thing we could do for
the patients right now.

Chairman Heinz. Do any of you disagree with that last recom-
mendation?

Dr. Worr. I submit that we already know that. I think that we
have already reasonable data saying what short-term procedures
should be used.

I also submit that all of the people who 1 know—who, again if
you will forgive me, practice ethical reuse—have no trouble meet-
ing those standards right today. So I don’t think you will be hurt-
ing anybody who is doing a good job by establishing standards.

In fact, you will be helping them because then you don’t have
the guy down the street doing a worse job and the rest of us getting
the blame for it.

Dr. OBerLEY. But I would like to submit that I have here the
record of a patient who routinely reused dialyzers 21 times in 1984.
What do we do about that?

Dr. Worr. I agree. I think that we need to establish standards. I
think that most of the data around, just as a rough number, shows
that after 10 reuses the efficacy of the filter falls by 10 percent, 20
percent at the most. That is it.

Now, you can find an occasional kidney that can go out 20 times,
but why should you?

Chairman Heinz. Senator Hawkins, I yield to you for any open-
ing statement or questions, or both.

STATEMENT BY SENATOR PAULA HAWKINS

Senator Hawkins. I have been conducting a subcommittee hear-
ix(lig myself which both Senator Grassley and Senator Dodd attend-
ed.

Why would you wait 5 years? I am so tired of studies. We are
Jjust weighed down with studies. I mean, that is the oldest business
in this city and you are talking about lives, you are talking about
safety.

We will just say that if you use the dialysers more than 5 times
or 6 times, the economies of scale they will not cost you as much,
therefore we just will not reimburse you as much. If you are a
clinic that does it 50 times, you just don’t get as much money as if
you are one that does it like yours, just a single time.

We can implement the reimbursement schedule immediately. I
am also concerned about the issue of informed consent. What are
you going to tell the patient? This may or may not be safe, there-
fore, we want you to sign off on liability.

How long until you have some statistics? What are you going to
say to the patient? [ mean, informed consent, everybody is using
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that word so wonderfully here—informed consent. T don’t know
what it is going to say on the informed consent form.

What you are doing is talking about liability. I think there is a
lot of liability to go around here, just walking in and seeing what is
going on and the total number of these clinics across the United
States. There are two things I am concerned about.

I don’t think we could even word what an informed consent form
could say today that would put all the liability on the patient’s
side, which is where we like to shove it.

No. 2, I don’t know whether the patient has freedom of chotce to
go to another clinic. When you- are saying that the patient can go
to a clinic that uses it once or they can choose one that does it 10
times or 30 times, you are assuming both clinics are easily accessa-
ble. I don’t think they have that freedom of choice yet.

When you deal with the reality of it today, what are you going to
do tomorrow? It is great to have hearings. We have them all over
this building in all this Capitol. You could go to a hearing any time
you want to.

But the results should be, after the hearing, we act on this prob-
lem. I would rather err on the side of caution while we are doing
the 5-year study. I don't want to wait until the 5-year study is com-
pleted to act.

I think that bureaucrats like to do 5-year studies. I don't think
we should. T think we have evidence, from just the little bit I have
read here and letters we have gotten in Florida where we have
probably our fair share of people that have had this problem, that
we should lock at the reimbursement schedules, Mr. Chairman, of
those clinics that use it more than one time; and I think you have
to get more than Philadelphia lawyers who could write an in-
formed consent that would be real informed consent to this prac-
tice.

Chairman Hrinz. Now, easy there, Senator Hawkins. [Laughter.]

That is a very large number of Philadelphians.

Senator Hawxkins. I spoke to them once.

Chairman HEeinz. While I might, in secret, share some of your
reservations about lawyers, please don’t single out Philadelphia
lawyers.

Senator HAwKINS. I spoke Lo the Philadelphia lawyers once and I
was intrigued: they had to meet in Atlantic City. [Laughter.]

Chairman Heinz. Our next panel of witnesses will be representa-
tives of the administration, with a number of administrative and
bureaucratic responsibilities concerning these issues.

As he says, Dr. Beall is a little nervous about being here. He
wears two hats: one as a public servant and one as an informed cit-
izen, which is the main hat he is wearing here today.

I hope you are still wearing two when you get back.

Dr. BeaLi. Oh, I will be. T work in the Department of Energy and
that agency has little interest in dialyzers, as far as I am aware.

Chairman Heinz. Then you are all right, I think.

By the way, | am intruding on Senator Hawkins——

Senator HAwKINS. It is on my time.

Chairman Heinz {continuing]. And I apologize.

Senator Hawxkins. It is all right. He does all the time. Go ahead.
[Laughter.]
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Dr. Bearr. All T wanted to indicate is that I had investigated this
as an academic subject of interest to me as a toxicologist. That is
the information I have provided.

Senator HAwkins. We appreciate it.

Chairman HEiNz. Any other questions, Senator?

Senator Hawkins. No.

Chairman HEeinz. | would like to thank our three witnesses for
some extraordinarily informed testimony. I think you have given
us some very specific concrete suggestions as to freedom of choice,
informed consent, specific standards that can now be set as well as
studies that can and should be donc now to fine tune over the long
term the ultimate decisions on the question of reuse standards for
reprocessing and reuse of these devices.

These are all issues that do, as you have all indicated, need to be
addressed; but they are not an excuse for not taking some very im-
portant steps right now.

We thank you all very much.

Our last panel of witnesses represents the administration. Dr.
John E. Marshall is the Director of the National Center for Health
Services Research and Health Care Technology Assessment; Mr,
Bart Fleming is the Acting Deputy Administrator of the Health
Care Financing Administration, which has been mentioned numer-
ous times here today.

Gentlemen, we welcome you. Dr. Marshall, it is my understand-
ing that, in a sense, you are here representing both your center as
well as the Food and Drug Administration. You are really the wit-
ness designated by the Public Health Service, of which you are a
distinguished part, to testify on behalf of the Public Health Service.
So let me ask you to please proceed.

STATEMENT OF JOHN E. MARSHALL, PH.D.. DIRECTOR, NATION-
AL CENTER FOR HEALTH SERVICES’ RESEARCH AND HEALTH
CARE TECHNOLOGY ASSESSMENT, PUBLIC HEALTH SERVICE,
ACCOMPANIED BY DR. JOHN VILLFORTH, DIRECTOR, CENTER
FOR DEVICES AND RADIOLOGICAL HEALTH, FOOD AND DRUG
ADMINISTRATION

Dr. MarsHALL. That is correct, Senator. Thank you. I appreciate
it.

I am accompanied by Dr. John Villforth who is the Director for
the Center for Devices and Radiological Health of the Food and
Drug Administration. So to the extent that we get into questions
where some of the details or some of the observations might more
appropriately come from him, I will ask him to make responses.

He and I are both here as representatives of the Assistant Secre-
tary for Health’s Office for the Public Health Service. I have a
statement which we have submitted for the record.

Chairman Heinz. Without objection, your entire statement will
be a part of the record.

{The prepared statement of Dr. Marshall follows:]
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PREPARED STATEMENT OF JOHN E. MaRsHaLL, PH.D.

MR, CHAIRMAN AND MEMBERS OF THE COMMITTEE, | AM Joun E. MarsuaLL,
Pu.D., DIReCTOR OF THE NATIONAL CENTER FOR HEALTH SERVICES
RESEARCH AND HEALTH CARE TECHNOLOGY ASSESSMENT, THE NATIONAL
CENTER PROVIDES THE FOCAL POINT WITHIN THE PuBLiC HEALTH SeRvVICE
{PHS) FOR SYNTHESIZING SCIENTIFIC AND CLINICAL INFORMATION FROM
THE Nationat [nstitutes of Heaitw (NIH), Foop anp Drus
ApmiNisTRATION (FDA), Cenvers For Disease Contror (CDC), awnp

© OTHER PHS ELEMENTS FOR USE BY THE HEALTH CARE FINANCING
ApMINISTRATION (HCFA) IN DETERMINING MEDICARE POLICY. WITH ME
ToDAY 15 DR, Jown C. VILLFORTH, DIRECTOR OF THE CENTER FOR
Devices AND RADIOLOGIC HEALTH, WHICH 1S THE OPERATIONAL ARM OF
THE FDA CHARGED WITH REGULATING MEDICAL DEVICES, WE ARE TODAY
REPRESENTING THE ASSISTANT SECRETARY FOR HEALTH AND TO DISCUSS
PuBLIC HEALTH SERVICE ACTIVITIES REGARDING THE REPROCESSING AND
REUSE OF DISPOSABLE HEMODIALYSIS DEVICES. MR, CHAIRMAN, | WOULD
LIKE TO ASSURE THIS COMMITTEE THAT WE SHARE A MUTUAL CONCERN FOR
THE SAFETY AND WELL BEING OF AMERICANS UNDERGOING CHRONIC
MAINTENANCE HEMODIALYSIS. THE Pumtic HEALTH SERVICE HAS BEEN
INVOLVED IN PROVIDING THE SCIENTIFIC AND CLINICAL SUPPORT FOR THE
END-STAGE RENAL DISEASE PROGRAM FROM THE VERY BEGINNING AND WE
ARE PREPARED TO ASSESS AND ACT PROMPTLY ON ANY SCIENTIFIC DATA
WHICH SUGGESTS THE NEED FOR CHANGE IN CURRENT POLICIES,

BACKGROUND
THE REUSE OF DISPOSABLE HEMODIALYSIS DEVICES WAS FIRST PROPOSED
BY SHALDON IN 1963 AND REPORTED BY SCRIBNER IN 1967, SHaLDow
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PERFORMED DAILY DIALYSIS IN BRITAIN BUT WAS ONLY ALLOWED 3
FILTERS A WEEK BY THE HOSPITAL. THIS NECESSITATED REUSE OF THE
DIALYZER, AT THAT TIME HE NOTED THAT 1T WAS FEASIBLE, SAFE, AND
ASSOCIATED WITH FEWER COMPLICATIONS THAN WAS THE FIRST USE OF &
NEW D1aLYZER, Davip OGDEN LATER REPORTED THE “PHENGMENON OF
REACTION TO NEW DIALYZERS,“ WHICH HE ASSOCIATED WITH THE
DEVELOPMENT OF RESPIRATORY DISTRESS, WHEEZING, MALAISE, BACK OR
CHEST PAIN, FEVER AND CHILLS AT THE BEGINNING OF TREATMENT. WITH
RECENT IMPROVEMENTS IN DIALYZER TECHNOLOGY, THIS SYNDROME IS MUCH
MILDER AND ASSOCIATED WITH WEAKNESS, DIZZINESS AND MALAISE,

ASIDE FROM VIRTUALLY ELIMINATING THE EFFECTS OF FIRST USE
SYNDROME, REUSE HAS BEEN ASSOCIATED WITH LOWER COST,

FOLLOWING THE PASSAGE OF THE SoClaL SECURITY AMENDMENTS oF 1972
WHICH EXTENDED MEDICARE COVERAGE TO PATIENTS WITH END-STAGE RENAL
DISEASE, REUSE DROPPED OFF SLIGHTLY, BUT BY 1981 THIS FIGURE HAD
RISEN TO OVER 27 PERCENT. [N THE MEANTIME, SUBSTANTIAL
EXPERIENCE WITH REUSE WAS REPORTED FROM 5 COUNTRIES IN EUROPE.
THAT EVIDENCE REVEALED NO DIFFERENCE IN SURVIVAL BETWEEN PATIENTS
FOR CENTERS WHERE HEMODIALYSIS DEVICES WERE REUSED. [N FACT
THERE WAS A SLIGHT TREND TOWARDS A LOWER MORTALITY WITH REUSE AS
OPPOSED 7O SINGLE USE. A RECENT stupy (PoLLak, ET AL, 1986)
INvoLVING 1300 PATIENTS OVER SEVEN YEARS SHOWED NO DIFFERENCE IN
MORBIDITY, MORTALITY OR DAYS OF HOSPITALIZATION BETWEEN SINGLE
AND MULTIUSE PATIENTS,

WHILE REUSE OF HEMODIALYZERS HAS BECOME STANDARD MEDICAL PRACTICE
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IN OVER G0 PERCENT OF DIALYSIS CENTERS, ACCORDING To 1983
STATISTICS, ANNUAL MORTALITY AMONG PATIENTS ON HEMODIALYSIS
REMAINS CONSTANT DESPITE THIS INCREASING TREND, THIS RATE OF
MORTALITY HAS NOT CHANGED OVER THE LAST SEVERAL YEARS,

REUSE SAFETY

THE PusLic HEALTH SERVICE VIEWS REUSE OF HEMODIALYZERS A4S A
CLINICAL JUDGMENT DECISION ON THE PART OF THE PHYSICIAN, AND
BECAUSE WE SEE NO HEALTH HAZARDS ASSOCIATED WITH THIS PRACTICE IF
DONE PROPERLY, WE NEITHER ADVOCATE NOR RECOMMEND AGAINST REUSE.
Qur POSITION 1S BASED ON A NUMBER OF STUDIES ON THE SAFETY OF
DIALYZER REUSE. 1IN RESPONSE TO CONGRESSIONAL INTEREST, THE
NATIONAL INSTITUTES OF HEALTH 1IN 1979 EMBARKED ON A PILOT STUDY
TO “OBTAIN INFORMATION ON PROCEDURES FOR MULTIPLE USE OF
HEMODIALYZERS” PARTICULARLY WITH RESPECT TO STERILIZATION AND
FUNCTIONING. THAT STUDY, ENTITLED, “MuLTiPLE Uses oOF
HEMODIALYZERS” CONCLUDED THAT “,..THE CARE WITH WHICH A
REPROCESSING PROCEDURE WAS APPLIED WAS CRITICAL FOR SATISFACTORY
CLINICAL RESULTS. WHERE ATTENTION TO DETAIL SLACKENED OR THE
METHOD WAS INADEQUATE, EVIDENCE OF COMPLICATIONS OF THE TECHNIQUE
WERE ENCOUNTERED.” THE REPORT FURTHER STATED THAT “UTILIZATION
OF THE SPECIFIED PROCEDURES WITH SUITABLE PROCESS AND QUALITY
CONTROL WOULD RESULT IN A REPROCESSED HOLLOW FIBER HEMODIALYZER
EQUIVALENT IN TERMS OF FUNCTION, CLEANLINESS, AND STERILITY TO &
NEW HOLLOW F1BER HEMODIALYZER,”

IN ADDITION TO THIS STuDY, FDA IN 1980 SPONSORED A $TUDY TO
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INVESTIGATE THE RISKS AND HAZARDS ASSOCIATED ¥ITH HEMODIALYSIS
SYSTEMS, THAT STUDY ALSO FOCUSED ON DIALYZER REUSE AND
REPROCESSING AND FOUND THAT PATIENTS UNDERGOING DIALYSIS
TREATMENT WITH REUSED DIALYZERS WERE AT NO GREATER RISK THAN
PATIENTS BEING TREATED WITH NEW DIALYZERS IF ADEQUATE
REPROCESSING WAS PERFORMED. FINALLY, IN 1981-1982, vHE NatioNaL
Center For HeaLth CaRe TecHNoLOGY, WHOSE FUNCTIONS NCHSR HAs Now
ASSUMED, COORDINATED A PUBLIC-PRIVATE SECTOR CONFERENCE CO-
SPONSORED BY THE FDA. [T RESULTED IN THE FIRST CONSENSUS ON
GUIDELINES FOR THE REUSE OF DISPOSABLE DIALYSIS EQUIPMENT, THE
FORERUNNER TO THE GUIDELINES NOX UNDER DEVELOPMENT BY THE
ASSOCIATION FOR THE ADVANCEMENT OF MEDICAL INSTRUMENTATION, THE
CONFERENCE GUIDELINES WERE DESIGNED TO ASSIST THOSE WHO UNDERTAKE
THIS PRACTICE TO ENABLE THEM TO DO SO IN A MANNER THAT WOULD
PROTECT DIALYSIS PATIENTS.

In 1982, THE DEPARTMENT CONVENED AN INTER-DEPARTMENTAL END-STAGE
RENAL DISEASE STRATEGIC WORK GROUP, THIS GROUP EVALUATED A RANGE
OF ISSUES PERTAINING TO END-STAGE RENAL DISEASE., WHERE THEIR
REPORT PERTAINED TO REUSE, THIS GROUP RECOMMENDED THAT CLINICAL
TRIALS BE PERFORMED TO ASSESS THE PROCESS, THE SAFETY AND
EFFICACY OF THIS PRACTICE. A SECOND WORK GROUP DESIGNATED THE
Pustic HeaLTH Service ESRD CoGRDINATING COMMITTEE WAS
SUBSEQUENTLY FORMED BY THE ASSISTANT SECRETARY FOR HEALTH., THis
COMMITTEE REPORTED BACK IN 1983 SUGGESTING THAT CLINICAL TRIALS
WERE UNNECESSARY, BUT INSTEAD A DATA BASE SHOULD BE DEVELOPED
JOINTLY BY THE HEALTH CARE FINANCING ADMINISTRATION AND THE
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PuBLIC HEALTH SERVICE IN ORDER TO OBTAIN INFORMATION ON A WIDE
RANGE OF ESRD-RELATED ISSUES INCLUDING REUSE. LAST SEPTEMBER,
NIH ENTERED INTO AN INTERAGENCY AGREEMENT wiTh HCFA To DEVELOP
SUCH A JOINT DATA BASE AIMED AT ANSWERING QUESTIONS IN A NUMBER
OF CATEGORIES, ONE OF WHICH RELATES TG THE REUSE OF HEMODIALYSIS
DEVICES.

IN TERMS OF REGULATORY POLICY, WHICH | kNoW MR, CHAIRMAN FROM
YOUR LETTER 7O FDA ComMiSSIONER YOUNG IS OF PARTICULAR INTEREST
TO YOU, LET ME POINT OUT THAT TRADITIONALLY, FDA’S POLICY HAS
BEEN THAT THE DECISION TO REUSE A DIALYZER IS UP TO THE
PHYSICIAN. THIS POLICY WAS OUTLINED IN A GUIDE PUBLISHED IN 1977
AND REVISED IN 1981, [T PLACES THE RESPONSIBILITY FOR REUSE ON
THE USER, T STATES THAT THE INSTITUTION OR PRACTITIONER REUSING
ANY DISPOSABLE DEVICE SHOULD BE ABLE TO DEMONSTRATE THaT: (1)
THE DEVICE CAN BE ADEQUATELY CLEANED AND STERILIZED; {(2) THE
PHYSICAL CHARACTERISTICS GR QUALITY OF THE DEVICE WILL NOT BE
ADVERSELY AFFECTED; AND {3) THE DEVICE REMAINS SAFE AND EFFECTIVE
FOR ITS INTENDED USE. THE POLICY ALSO STATES THAT THE
INSTITUTION OR PRACTITIONER WHO STERILIZES OR REUSES A DEVICE
LABELED AS DISPOSABLE MUST BEAR FULL RESPONSIBILITY FOR ITS
SAFETY AND EFFECTIVENESS,

AT THE TIME THESE POLICIES WERE ENUNCIATED, THE REUSE OF
HEMODIALYZERS WAS RELATIVELY INFREQUENT, ON THE ORDER OF 16
PERCENT ACCORDING TO THE 1380 REPORT PREPARED FOR FDA. AT THAT
TIME, THOSE FACILITIES WHICH REUSED DIALYZERS GENERALLY HAD
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SUFFICIENT EXPERIENCE AND EXPERTISE IN THIS PROCEDURE SO THAT
PROBLEMS WERE THOUGHT TO BE MINIMAL. CURRENTLY APPROXIMATELY 60
PERCENT OF DIALYZED PATIENTS ARE TREATED WITH REUSED DIALYZERS.
THIS INCREASES THE POTENTIAL FOR PROBLEMS RELATED TO INADEGUATE
REPROCESSING TECHNIQUES FOR TWO REASONS: THE SHMEER INCREASE IN
THE NUMBER OF REPROCESSING PROCEDURES BEING CONDUCTED, AND AN
INCREASE IN THE NUMBER OF FACILITIES PERFORMING THESE PROCEDURES,
SOME OF WHICH MAY HAVE LITTLE EXPERIENCE IN REPROCESSING,

BeCAUSE OF THE INCREASING TREND IN REUSE, FDA IS ALSC DEVELOPING
A COMPREHENSIVE POLICY ON REUSE FOR MEDICAL DEVICES ACROSS-THE-
BOARD. | SHOULD EMPHASIZE THAT THIS POLICY STATEMENT IS IN ITS
EARLY FORMATIVE STAGES, FDA IS EXAMINING A VARIETY OF OPTIONS,
INCLUDING WHETHER TO IMPOSE ADDITIONAL LABELING REGUIREMENTS ON
MANUFACTURERS, AND WHETHER ITS EXISTING AUTHORITY APPLIES TO
THOSE WHO REPROCESS MEDICAL DEVICES SUCH AS DIALYZERS,

LET ME ADD THAT THERE ARE SEVERAL OTHER FACTORS THAT MAY AFFECT
PATIENT OUTCOME, FOR EXAMPLE, THE PURITY OF WATER USED IN
DIALYSIS TREATMENTS MAY HAVE A FAR GREATER IMPACT THAN ANY
CONSIDERATIONS OF REUSE. IN ADDITION, HUMAN ERROR SUCH AS THE
USE OF IMPROPER DIALYSATE MIXTURE AND IMPROPER FLUID TEMPERATURES
CAN HAVE FATAL EFFECTS. FDA IS TAKING ACTION TO ASSESS POTENTIAL
PROBLEMS IN THE FIELD OF DIALYS!S AND TO MAKE THE PROCESS AS SAFE
AS PossiBLE. FOR ExaMPLE, FDA HAS COLLABORATED wiTH AAM] IN THE
DEVELOPMENT OF A VOLUNTARY PERFORMANCE STANDARD ON HEMODIALYSIS
SYSTEMS, WHICH WAS PUBLISHED IN 1981, AND WHICH INCLUDES
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REQUIREMENTS FOR, AMONG OTHER PARAMETERS, WATER QUALITY.
ADDITIONALLY, THE FDA HAS CONTRACTED WiTH THE HEALTH DEPARTMENTS
OF THREE STATES AND THE DisTRICT oF COLUMBIA TO INVESTIGATE THE
NATURE AND FREGUENCY OF PROBLEMS THAT CAN BE LINKED TO USER
ERROR. THE FINDINGS OF THIS INVESTIGATION WILL HELP IN THE
DEVELOPMENT OF SPECIFIC EDUCATIONAL PROGRAMS FOR DIALYS!S
FACILITIES.

THe CeNTERS FoR Disease CONTROL HAS ALSO BEEN INVOLVED IN
EVALUATING EVENTS SURROUNDING THE REUSE OF HEMODIALYZERS. [N
1982, AN OUTBREAK OF NONTUBERCULAR MYCOBACTERIAL INFECTIONS WAS
REPORTED IN LOUISIANA AT A DIALYSIS CENTER ENGAGED IN REUSE OF
DISPOSABLE DIALYZERS. OF THE 140 PATIENTS TREATED AT THE
FACILITY, 27 PATIENTS DEVELOPED INFECTIONS, SOME SEVERE, OF
THESE, 14 PATIENTS DIED. WATER CONTAMINATION BY MYCOBACTERIA WAS
FOUND TO' BE THE CAUSE OF THIS OUTBREAK AT THAT fFaciLiTy, CDC
THEN PERFORMED STUDIES AIMED AT UNDERSTANDING WHAT LEVELS OF
GERMICIDE WERE REQUIRED IN THE RINSING WATER TG PREVENT INFECTING
DIALYZER FILTERS THROUGH WHICH HUMAN BLOOD WAS TO BE EXPOSED. IT
WAS NOTED THAT WITH FORMALDEHYDE AT 2 PERCENT, SOME BUT NOT ALL
BACTERIA WERE ELIMINATED. AT CONCENTRATIONS OF 4 PERCENT ALL
INFECTING ORGANISMS WERE ELIMINATED, [N 1983, SCIENTISTS FROM
THE CENTERS FOR DiSEASE CONTROL WHO PARTICIPATED IN AN AAMI
TECHNOLOGY ASSESSMENT CONFERENCE ON REUSE OF DISPOSABLES
INDICATED THAT “BY APPLYING GOOD TECHNIQUES, ADHERING T RIGID
PROTOCOLS, AND BY USING HIGH-LEVEL DISINFECTANT PROCEDURES, WHICH
NOW MEANS U PERCENT FORMALDEHYDE, IT SEEMS THAT DIALYZERS CAN BE
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REUSED WITHOUT UNDUE RISK OF INFECTIONS OR PYROGENIC REACTIONS TO
DIALYZING PATIENTS.”

In 1984 A FoLLOW UP NATIONWIDE SURVEY WAS PERFORMED By CDC N
CONNECTION wITH THE HCFA FaciLities SuRvEY. A RANDOM SAMPLING OF
115 CENTERS WAS CONDUCTED UNDER FUNDING BY THE HEALTH CaRf
FINANCING ADMINISTRATION. AFTER INSPECTING WATER SaupLES, 70
PERCENT OF LOCAL CITY WAYER, AND 48 PERCENT OF RESPECTIVE
DIALYSIS CENTER WATER USED FOR DIALYSIS SAMPLES WERE FOUND TO
CONTAIN MYCOBACTERIA, DURING THIS SURVEY ONLY 3 PATIENTS FROM
THE 115 CENTERS WERE FOUND TO BE INFECTED WITH THE CONTAMINATING
ORGANISM. THIS WAS NOT A SIGNIFICANT RATE OF INFECTION. ANOTHER
SURVEY WAS CONDUCTED BY CDC IN CONNECTION WITH HEPATITIS B AIMED
AT DETERMINING WHETHER THE INCIDENCE OF HEPATITIS B IN PATIENTS
AND STAFF WAS GREATER IN CENTERS THAT PRACTICED REUSE. No
GREATER INCIDENCE NAS FOUND IN THOSE CENTERS WHERE REUSE WAS
PRACTICED AS COMPARED TO THOSE WHERE 1T WAS NoT. THe CDC
CONTINUES TO PERFORM AN ANNUAL FACILITY SURVEY IN CONNECTION WITH
THE SURVEY PERFORMED BY THE HEALTH CARE FINANCING ADMINISTRATION
TO DETERMINE WHETHER THE RATE OF DIALYSIS CENTER INFECTION
INCREASES WITH REUSE OR 1S GREATER IN CENTERS THAT REUSE AS
COMPARED WITH THOSE THAT DO NOT, TO DATE NO DIFFERENCE HAS BEEN
DEMONSTRATED.

THE NATIONAL INSTITUTES OF HEALTH CONDUCTS RESEARCH ACTIVITIES

RELATIVE T0 ESRD. In OctoBer 1985, tHE NATIONAL INSTITUTE oOF
ARTHR1T!S, DIABETES, DIGESTIVE &ND KIDNEY DiSEASES AND THE HEALTH
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CARE FINANCING ADMINISTRATION FINALIZED AN INTERAGENCY AGREEMENT
TO COLLABORATE IN A NATIONAL END-STAGE RENAL DISEASE PATIENTS
REGISTRY. THIS AGREEMENT COVERS THE SHARING OF PATIENT-SPECIFIC
DEMOGRAPHIC AND MEDICAL INFORMATION ON THE ESRD PoPuLATION FOR
THE PURPOSES OF RESEARCH, AND FOR THE PRODUCTION OF PROFILES ON
ESRD PATIENTS AND PROVIDERS AND OF RELATED ANALYSES,

UNDER THE TERMS OF THIS AGREEMENT, HCFA WiLi BE RESPONSIBLE FOR
DATA ACQUISITION, VALIDATION AND MANAGEMENT AND WiLL MAKE
AVAILABLE, ON AN ONGOING BASIS, DEMOGRAPHIC AND MEDICAL
INFORMATION COVERING ESRD paTIENTS TO THE NJADDK CHRONIC RENAL
Disease ProorRaM. NIADDK wiLL PROVIDE BIOMEDICAL AND
BIOSTATISTICAL EXPERTISE AS NECESSARY TO DEVELOP AND IMPLEMENT
THE NaTionNAL ESRD PaTiENT RegisTRY,

APPROXIMATELY 15 TYPES OF RESEARCH QUESTIONS AND/OR DIRECTIONS
WILL BE ADDRESSED. EXAMPLES INCLUDE: BIOCOMPATIBILITY, THAT 1§
RELATIONSHIP OF BLOOD PRODUCTS, MACHINERY, AND MATERIALS;
DIALYSATES; DIALYSER REUSE; DETERMINANTS OF LONG-TERM SURVIVAL;
ACUTE-PHASE REACTANTS; POST-DIALYSIS SYNDROME; AND VASCULAR
ACCESS PROBLEMS.

THE PHS HOPES THAT THE ESTABLISHMENT OF & NaTionaL END-Stace
RENAL DiIsease PATIENTS REGISTRY WILL ALLOW THE IDENTIFICATION
AND/OR FURTHER EVALUATION OF INDIVIDUAL AREAS IMPORTANT TO THE
MANAGEMENT oF ESRD,



FORMALDEHYDE

MR, CHAIRMAN, FORMALDEHYDE WAS THE MOST COMMONLY USED
DISINFECTANT FOR REPROCESSING HEMODIALYZERS IN 1983, Two PERCENT
WAS THE MOST COMMON CONCENTRATION, (DC LABORATORY INVESTIGATIONS
OF THE OUTBREAK OF MYCOBACTERIAL INFECTIONS ASSOCIATED WITH
REPRGCESSED HEMODIALYZERS FOUND THAT THE MYCOBACTERIA IMPLICATED
IN THE OUTBREAK WERE HIGHLY RESISTANT TO FORMALDEHYDE
DISINFECTANTS., [N LABORATORY TESTS, THESE ORGANISMS COULD
SURVIVE A 9B-HOUR EXPOSURE TO A 2 PERCENT FORMALDEHYDE

SOLUTION, THESE FINDINGS INDICATED THAT STORING HEMODIALYZERS IN
2 PERCENT FORMALDEHYDE COULD NOT RELIABLY PRODUCE A
MICROBIOLOGICALLY ACCEPTABLE HEMODIALYZER, QUR STUDIES HAVE
INDICATED THAT HIGH CONCENTRATIONS OF GERMICIDE-RESISTANT
MYCOBACTERIA ARE KILLED BY 24 HOURS OF EXPOSURE T0 4 PERCENT
FORMALDEHYDE,

STUDIES HAVE SUGGESTED THAT FORMALDEHYDE PRODUCES TUMORS IN RATS
WHEN INHALED, HOWEVER NO EVIDENCE EXISTS TO SUGGEST THAT VERY
LOW DOSE EXPOSURE TO THIS SUBSTANCE IN THE BLOOD HAS CAUSED A
SIMILAR EFFECT. | SHOULD EMPHASIZE THAT MR, CHAIRMAN,
FORMALDEHYDE IS PRESENT AT PHYSIOLOGIC LEVELS [N HUMAN BLOOD AS A
RESULT OF METABOLISM AND THE BREAKDOWN OF FAT AND OTHER
SUBSTANCES. THIS SUBSTANCE 1S RAPIDLY DEGRADED BY THE BODY.

WHEN FORMALDEHYDE IS USED TO DISINFECT DIALYZERS, THE RINSING AND
STORAGE PROCESS RESULT IN MINUTE RESIDUAL AMOUNTS OF FORMALDEHYDE
IN FILTERS, PROCEDURES HAVE BEEN WORKED OUT THAT WOULD ENABLE
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THOSE WHO REPROCESS DIALYZERS TO PROPERLY RINSE AND REMOVE
RESIDUAL FORMALIN FROM THE DIALYZERS TG LEVELS CERTAINLY BELOW 5
PARTS PER MILLION, ADVERSE REACTIONS TO RESIDUAL FORMALDEHYDE
HAVE BEEN INFREGQUENTLY REPORTED.

THE PRESENCE OF ANTI-N-LIKE ANTIBODIES HAS BEEN OBSERVED IN
PATIENTS IN WHOM THE EFFLUENT FROM THE DIALYZERS PREPARED FOR
REUSE WAS GREATER THAN 10 PARTS PER MILLION. ANTI-N-LIKE
ANTIBODIES RARELY DEVELOP BELOW THAT LEVEL AND WERE NEVER SEEN
BELOW 3 PARTS PER MILLION. THESE ANTIBODIES HAVE BEEN ASSOCIATED
WITH DEVELOPMENT OF ANEMIA, LOW BLOOD PRESSURE, AND GRAFT WASTING
IN SOME RECIPIENTS OF RENAL TRANSPLANTS IF THE KIDNEY WAS NOT
WARMED PRIOR TO IMPLANTATION, ANEMIA REQUIRING INCREASED
REQUIREMENTS OF BLOOD TRANSFUSIONS HAS BEEN SUGGESTED TO BE A
COMPLICATION OF ANTI-N-LIKE ANTIBODIES BUT | WANT TO EMPHASIZE
THAT THESE ANTIBODIES HAVE NOT BEEN OBSERVED WHEN CONCENTRATIONS
OF EFFLUENT FORMALDEHYDE ARE BELOW 3 PARTS PER MILLION.

OTHER REACTIONS TO RESIDUAL FORMALDEHYDE HAVE BEEN REPORTED,
THESE RANGE FROM LOCALIZED BURNING, NUMBNESS OF THE LIPS AND
TONGUE, BURNING EXTREMITIES, AND TIGHTNESS IN THE THROAT.
ANALYSIS OF MOST REPORTS OF SUCH REACTIONS SUGGESTS THAT IN ALL
CASES, THE FORMALDEHYDE INFUSED ®AS SIGNIFICANTLY MORE THAN IS
RECOMMENDED AT PRESENT. MONITORING OF FORMALDEHYDE IN THESE
CENTERS INVOLVED THE USE OF “CLINITESTS, DIP STiCKS" TO DETECT
FORMALDEHYDE IN THE EFFLUENT SOLUTION. THIS METHOD OF TESTING IS
RELATIVELY INSENSITIVE TO THE DETECTION OF FORMALDEHYDE, WHEN



ACCURATE DETERMINATION OF FORMALDEHYDE HAS BEEN PERFORMED WITH
THE “SHIFF REAGENT® FOR WHICH SENSITIVITY 1S 1000 TIMES GREATER
THAN THE CLINITEST, NO REPORTS OF CLINICALLY ADVERSE EFFECTS OF
FORMALDEHYDE HAYE BEEN REPORTED,

In sumMary, Mr. CHAIRMAN, APPROXIMATELY 78,000 PATIENTS ARE
TREATED ANNUALLY BY CHRONIC MAINTENANCE HEMODIALYS]S AT 1400
DIALYSIS CENTERS NATIONWIDE AND AT A COST OF SOME $2 BILLION PER
YEAR NOT INCLUDING HOSPITALIZATION., SOME 12 MILLION DIALYZERS
ARE SOLD EACH YEAR OF wHicH 90 PERCENT ARE SUPPLIED BY §

MANUF ACTURERS, THE PRACTICE OF REUSING DIALYSIS DEVICES HAS
INCREASED FROM 16 PERCENT IN 1978 70 overR 60 PERCENT IN 1983,
DESPITE DRAMATIC INCREASES IN THE RATE OF REUSE, NO CHANGE IN THE
ANNUAL MORTALITY AMONG DIALYSIS PATIENTS HAS BEEN OBSERVED.
WHILE THE PUBLIC HEALTH SERVICE NEITHER ENDORSES NOR CONDEMNS
REUSE, IT HAS PARTICIPATED IN THE DEVELOPMENT OF YOLUNTARY
GUIDELINES BEING PROPOSED BY THE ASSOCIATION FOR THE ADVANCEMENT
oF MEDICAL INSTRUMENTATION, THESE GUIDELINES WILL ADDRESS THE
REUSE, REPROCESSING AND DISINFECTION/STERILIZATION. THE
INCIDENCE OF COMPLICATIONS ASSOCIATED WITH REUSE APPEARS LOW,
INFECTION, WHETHER HEPATITIS B OR PYROGENIC, APPEARS TO BE NO
GREATER AMONG RECIPIENTS OF REUSED DIALYZERS THAN AMONG THOSE
ALWAYS DIALYZ2ED WITH NEW DIALYZERS., OVERALL MORBIDITY AND
MORTALITY 1S NO DIFFERENT BETWEEN THE TWO GROUPS. THERE APPEARS
TO BE A DIFFERENCE IN THE DEVELOPMENT OF ANTI-N-LIKE ANTIBODIES
WHICH OCCUR IN LESS THAN 30 PERCENT OF PATIENTS ON REUSE.
HOWEVER THESE ANTIBODIES APPEAR TO CORRELATE WITH FORMALDEHYDE



66

LEVELS EXCEEDING 10 PARTS PER MILLION AND HAVE NEVER BEEN
ASSOCIATED WITH LEVELS BELOW 3 PARTS PER MILLION.

REPORTS OF PARTICULATE CONTAMINATION OR PYROGEN REACTION HAVE
BEEN SEEN IN 22 INSTANCES OF REUSED DIALYZERS, THE INCIDENCE IS
SIGNIFICANTLY HIGHER IN FIRST USE DIALYZERS AND APPEARS TO BE
ASSGCIATED WITH THE LEECHING OF TOXINS AND/OR PYROGENS FROM
CUPROPHANE AND fELLULOSE ACETATE FILTERS., TWENTY-TNO YEARS OF
EXPERIENCE WITH DIALYZER REUSE IN LARGE NUMBERS OF PATIENTS HAS
NOT PRODUCED RESULTS THAT WOULD WARRANT ADDITIONAL REGULATION.
VOLUNTARY GUIDELINES SOON 70 BE PUBLISHED BY THE ASSOCIATION FOR
THE ADVANCEMENT OF MEDICAL INSTRUMENTATION, WHICH WERE DEVELOPED
JOINTLY BY PUBLIC-PRIVATE PARTICIPATION, APPEAR TO BE A STEP IN
THE RIGHT DIRECTION,

MR. CHAIRMAN, WE CONSIDER THAT AMPLE EXPERIENCE EXISTS TODAY TO
SUGGEST THAT NO HEALTH HAZARDS FOR DIALYZER REUSE HAVE BEEN
DEMONSTRATED. HITH THE DEVELOPMENT OF REVISED STANDARDS FOR THE
REUSE oF HEMODIALYZERS PRODUCED BY THE NATIONAL KIDNEY FOUNDATION
AND THE NEW AAMI GUIDELINES FOR THE PROPER REPROCESSING,
RESTERILIZATION AND REUSE OF DIALYZERS, ADEQUATE SAFEGUARDS WOULD
EXIST TO ASSIST THOSE WHO PRACTICE REUSE IN ASSURING THE SAFETY
OF BOTH PATIENTS AND STAFF. HOWEVER, IN ORDER TO ASSURE THAT ALL
EXISTING SCIENTIFIC {NFQRMATION 1S THORQUGHLY CONSIDERED, THE
AcTING ASSISTANT SECRETARY FOR HEALTH HAS DIRECTED NCHSR To
COMPLETE A FORMAL ASSESSMENT WITH RESPECT TO SAFETY, EFFICACY AND
COST-EFFECTIVESS OF DIALYZER REUSE.

MR. CHAIRMAN, THIS IS THE END OF MY FORMAL STATEMENT. MR,
VILLFORTH AND | WOULD BE PLEASED TG RESPOND TO ANY QUESTIONS YOU
OR OTHER MEMBERS OF THE COMMITTEE MIGHT HAVE,
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Dr. MarsHALL. We will just summarize it a bit and then we can
get on with whatever questions you may have.

The issue of first use versus reuse is one that has been around
for a long time, since 1963, and there have been observations with
respect to the advantages and disadvantages of both and the bene-
fits that might accrue from both. These are issues that we probably
will want to revisit some in the question period, although you have
covered them somewhat with some of the other witnesses.

QOur view, to summarize it, is that while we neither advocate nor
oppose use or reuse, we do observe that it is safe and efficacious,
and we base that not on controlled clinical trials, but on the extent
to which it has been used and on the low incidence of reports of
problems with it when the proper procedures for reprocessing the
dialyzer are observed.

The observation that has been made, that I would reinforce, is
that the growth of rcuse has been very dramatic from 1980 to the
present so that we are now in a situation where about 56 percent
of the centers and 65 percent of the patients who are dialyzed in
this country are dialyzed in settings where they are reusing the fil-
ters.

In spite of that phenomenal growth, the mortaiity and morbidity
rates for dialysis patients have remained amazingly constant over
that time.

Chairman Heinz. What is your basis for that statement?

Dr. MarsHaLL. For which statement, Senator, that the——

Chairman Heinz. That the morbidity and mortality rates have
remained constant? What is the basis for that statement?

Dr. MarsHaLL. Reports in the literature and lack of reports in
the literature.

Chairman HeiNz. Well, we had a report earlier today from a wit-
ness, Dr. Shuman, that the morbidity and mortality rose markedly
at a clinic in Baton Rouge, LA.

Dr. MarsnarL. Well, that was an isolated instance, 1 think, and
wfe 1,\;vill speak to that in a bit. I think we have looked at the details
of that——

Chairman Heinz. Well, let me understand——

Dr. MARsHALL [continuing]. And that was——

Chairman HEeinz. Dr. Marshall, just let me understand. You are
saying the literature and I am asking you: What literature?

Dr. MagrsHarL. The journals in which——

Chairman Heinz. What journals?

Dr. MarsHaLL. The nephrology journals.

Chairman HEeinz. I would appreciate the specific citations.

Dr. MarsHaLL. We would be glad to——

Chairman Heinz. Can you cite one study——

Dr. MagrsHALL. Yes.

Chairman HEeinz [continuing]. One specific study?

Dr. MarsHALL. Yes; the 1986 study published by Pollack, which
was described——

Chairman Heinz. Which one?

Dr. MarsHaLL. It was described by Dr. Wolf as lacking in scien-
tific controls.

Chairman HgiNz. Which one?
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Dr. MarsuarLL. The Pollack study which appeared in January
1986. It compared 1,300 patients over a 7-year period in two dialy-
sis centers. It is the one that you discussed with Dr. Wolf a few
minutes ago.

Chairman Heinz. Dr. Beall.

Dr. MARrsHALL, Oh, OK. I could not always tell from the back of
the room who you were talking to about which one.

Chairman Heinz. Dr. Beall. Is that the only study you can cite?

Dr. MarsHALL. That is the most recent one. We can provide addi-
tional ones for the record.

Chairman Hgeinz. 1 just want to understand. Is there another
study that you can cite?

Dr. MarsuaLL. I don't recall which it would be. I would also look
at the mortality——

Chairman Heinz. Please proceed. 1 am sorry for interrupting
you.

Dr. Marssair. OK.

I would like to summarize a chronology of some of the efforts of
the Public Health Service in support of the end-stage renal disease
program that pertain to this particular issue.

In 1977, the Food and Drug Administration did issue guidance,
which they revised in 1981, with respect to conditions under which
reprocessing of these devices could be presumed to lead to a satis-
factory conclusion. In 1979 and in 1980, a study was undertaken
which has also been referred to here—the NIH study or the Deane
study, however you wish to characterize it—which was intended to
obtain information on procedures for multiple use.

Again, the finding was that depending on the adequacy of the re-
processing procedure, there was equivalent functional capacity
found there.

In 1980, the Food and Drug Administration did a problem assess-
ment study and they found, in that study, that there was no great-
er risk for patients for whom the dialyzer was reused.

In 1981 and 1982, the predecessor to my organization, the Nation-
al Center for Health Care Technology, as one of its dying acts as it
was going out of business, cosponsored with the Food and Drug Ad-
ministration a public/private conference which yielded the first set
of consensus guidelines with respect to reprocessing and reuse.

In 1982, the Assistant Secretary for Health, Dr. Brandt, estab-
lished an end-stage renal disease strategic work group. That was
followed by a 1983 Public Health Service end-stage renal disease
coordinating committee.

The first of those committees recommended more study; the
second of those committees did not except in the area of long-term
effects; and both were in agreement that it would be good to have
more data with respect to the long-term effects of dialyzer reuse.

CDC has been involved and their involvement became much
more active following the 1982 episode to which you referred earli-
er in Louisiana where there was an outbreak in a center where 27
patients became infected and 14 of those patients died.

The problem there was clearly found to be one of contamination
of the water supply by a nontubercular mycobacteria and that has
led to CDC doing work, which led to identification of proper levels
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of disinfectant which could avoid that problem in the future; and
there have not been subsequent outbreaks of that sort since 1982.

CDC has also continued, as has the Food and Drug Administra-
tion, to interact and consult and coordinate with national groups
that were attempting to develop voluntary standards.

In 1984, the Centers for Disease Control, in conjunction with the
Health Care Financing Administration’s facility survey, surveyed a
random sample of 115 centers. They found mycobacteria in the
water supplies for 70 percent of the city water supplies that were
being used and 48 percent of the water supplies of dialysis centers
that had their own, but they only found three infected patients.
This was considered by their epidemiologists to not be a significant
rate of infection.

Again, I believe this suggests the safety of this procedure, when
done properly according to the instructions and according to the
state of the art, that is generally accepted.

They also looked at hepatitis rates and found no difference be-
tween single-use and multi-use centers in the rate of hepatitis, for
either patients or staff, working in the dialysis center, and they are
continuing to do that kind of survey and providing the feedback in-
~ formation to the Health Care Financing Administration.

The Food and Drug Administration has been interested not only
in the reprocessing situation, because they recognize that there has
been an increase in the use of reprocessed dialyzers, but they have
been looking at other issues that are important for the safety of pa-
tients who were being subjected to this procedure.

These include the purity of water, mixtures of dialysates that are
used, and temperature control during the process. Based on a study
that they are presently supporting in three States and the District
of Columbia, they are developing a comprehensive policy state-
ment; and Mr. Villforth can speak in more detail to that if you
would like to pursue that later.

In October 1985, the Health Care Financing Administration com-
pleted an agreement with the National Institute for Arthritis, Di-
gestive Diseases, Diabetes and Kidney Disease to establish a regis-
try. This registry for dialysis will make it possible to do long-range
research as well as to provide patient and provider profiles.

HCFA’s responsibility will be to provide the demographic and
medical data, and to evaluate it; and NIADDK will do the biomedi-
cal and biostatistical analysis. This data base will allow us to look
not only at dialyzer reuse, but at a number of other interrelated
issues such as biocompatibility of blood products, machinery, and
materials, the characteristics of various dialysates, determinates of
long-term survival, acute-phase reactions, postdialysis syndromes,
and access problems to the vascular system.

So we believe this to be an important piece of work that will pro-
vide an out-year knowledge base for adjusting policies if that
proves to be necessary.

There is considerable interest in the question of the effects of the
formaldehyde disinfectants which are most often used for reproc-
essing this equipment. The most recent CDC survey data suggests,
of course, that formaldehyde is by far the most-used substance.



70

About a third of the centers are using a 4-percent solution; about
a third of the centers are using a 2-percent solution; and about a
third are using other concentrations or other disinfectants.

Part of the variation that we see and part of what the literature
suggests is that the temperature at which you do the disinfecting
makes a difference as does the use of certain other additives, such
as ethanol. So it is an issue where I think we prefer to talk about
procedures that are the equivalent of a 4-percent formaldehyde
solution.

I think the state of the art in that is evolving. It is hard to say
where we will go next with the use of things that might represent
the best tradeoffs of safety versus hazard.

Chairman Heinz. Let me interrupt.

Dr. MarsHALL. Sure. ,

Chairman HEeinz. When you use the term “state of the art,” who
is the artist?

Dr. MarsHaLL. | think we are talking——

Chairman Heinz. In medical practice, there are a lot of innova-
tions, but the innovations are always limited, at first, very careful-
ly: doctors who want to perform certain kinds of new procedures
are licensed with the Food and Drug Administration with an exper-
imental identifying number to do certain kinds of operations until
they are found to be safe and effective.

Indeed, that is one of the principal standards that we use: safe
and effective.

Is there a process by which people who are experimenting on pa-
tients are, in fact, licensed to perform those state-of-the-art experi-
ments?

Dr. MarsuaLL. That depends on the circumstances under which
they are——

Chairman Hrinz. Well, in the case of reuse of kidney dialysis
medical equipment. Is there any supervision or license, or is any-
body licensed?

Dr. MarsHaLL. It is my understanding that that is probably not
well supervised—Dr. Villforth can speak to that in more detail—
but basically——

Chairman Hrinz. Well, just so we understand what the term
“state of the art” means. It means, in this case, that these people
arc experimenting on other people without supervision.

Dr. MagrsHaLL. I think it means both things.

Chairman Heinz. That is a funny term. To me, that is not art.

Dr. MarsnarL. Well, you would probably also agree it is not sci-
ence, either, necessarily——

Chairman Heinz. Certainly, we do lack in that regard as well.

Dr. MarsHALL [continuing]. But it is better than voodoo because
people will experiment within limits with changing the mix, chang-
ing the temperature, and see what happens. Practitioners do that
all the time and there is not much of a way you can control it.

I think if they were using new equipment or using a complete
new substance, then that comes under the statutes regulating those
things. Then they are likely to proceed with approval and formal
review of protocols; but maybe you could speak to that.

Mr. ViLLrorTH. Well, I think the type of thing you might be talk-
ing about comes under the practice of medicine, which would not
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fall under the Food and Drug Administration’s regulatory responsi-
bility for devices.

Chairman HEiNz. Just so I understand your comment, what does
washing devices have to do with medical practice?

Mr. ViLLrorTH. Well, let me say washing of devices does not
have anything to do with the manufacturing of devices. That latter
is the responsibility of the Food and Drug Administration.

?Chairman Heinz. Well, that is what we are talking about, isn't
it?

Mr. ViLLForTH. It is not the responsibility of the Food and Drug
Administration how the physician cleans the tools that he or she
uses.

Chairman HEeINz. Let me just ask something about that.

What are good manufacturing practices all about?

Mr. ViLLrorTH. Good manufacturing practices are the procedures
that we have developed and published in the Federal Register de-
signed for manufacturers to help them produce quality products.
They are directed at the manufacturing of medical devices.

Chairman Heinz. Would you care to recite what the definition is
of a “manufacturer” in the statute?

Mr. ViLrrortH, Well, the manufaciurer includes all of those obvi-
ous things that we understand, such as the factories that make it
and produce devices. The definition can be extended to people——

Chairman Hrinz. How about what it says as opposed to whether
it is extended or not?

Mr. ViLLForTH. I cannot quote you the definition of what it——

Chairman Heinz. Well, let me quote it to you——

Mr. ViLLForTH. Fine.

Chairman HEeiNz [continuing]. Because it includes remanufac-
ture. It says:

Any person, including any repacker or relabeler, who manufactures, fabricates,
assembles or processes a finished device.

Now, is somebody who is taking that equipment and washing it
in formaldehyde solution processing that device? It is a finished
device, is it not? ‘

Mr. ViLLrortH. We have not in the past considered that to be
manufacturing or remanufacturing under the intent of the medical
device amendments.

Chairman Heinz. That is not what the statute says. The statute
says “* * * who manufactures * * *” a finished device, “fabri-
cates” a finished device, “assembles” a finished device, “* * * or
processes a finished device.” It does not say it has to be processed
by the manufacturer.

In fact, those are discreet terms and they are discreet for a
reason: Because there are many stages and many hands through
which a device may pass. Let me go on and just note that 21 CFR
820.155 states that:

Reprocessing procedures shall be established, implemented and controlled to
assure that the reprocessed device meets original specifications.

Now, you have just said that that is not your job. The statute
says it is.
Who is right?
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Mr. ViLrorTH. I have just said that it has been our interpreta-
tion in the past that we would not get into the practice of medicine
as a clinician or a——

Chairman Heinz. But this is not the practice of medicine. This is
the reprocessing of a device.

Please don't try and wiggle off the hook.

Mr. ViLrrorTtH. | am trying to describe how we have treated this,
in the past, as the practice of medicine. We are examining the
question of whether reprocessing by medical institutions or com-
mercial firms in connection with kidney dialysis would fall under
the definition of our act.

We have opinions on that. The general counsel has reviewed——

Chairman Heinz. You know, 1 hear what you are saying and I
appreciate it; and thank God you are saying, ‘“Well, we are taking
a second look because we might be wrong.”

Let me just also add, though, that when you say—and as the
record will be for everyone including the general public to see—
that, “Well, we have been considering this as medical practice,”
which sounds and implies that it is a doctor operating in the oper-
ating room on the patient having to make real-time decisions about
what to suture and what to cut and what to clamp, it is going to
look pretty ridiculous. ’

Can you not just say, in English, “Look, we overlooked this"'?

Mr. ViLLrorTH. No; I don't——

Chairman HEeinz., “It is time we got serious about it. We are
sorry.” Or is that unreasonable for me to expect a plain English
answer?

Mr. ViLLFORTH. I can appreciate what you are saying. Let me ex-
plain about good manufacturing practices before I answer that
question of how guilty we are, if I may.

Chairman Heinz. Why is it so hard to get a straight answer?

Mr. ViLLrorTH. Because the good manufacturing practice regula-
tion, as written, is a very general kind of a thing, but specific for
the manufacturer. The mere fact that we would somehow include
this type of a process under the definition would not be very useful.

We would have to go back and go into a lot more detail. We
would have to develop—and we probably could, some very specific
applications to the kind of problem that has been described here
under the GMP because I don’t think the GMP, as written, is going
to be very helpful for this particular application.

Chairman Hrinz. Now I think most of you have heard most of
the testimony today, did you not, both of you?

Dr. MagrsHALL. Yes.

Chairman Heinz. Now, you are both reasonable men and would
you not conclude that there arc some problems?

Let me sharpen the question to this extent: That first it has been
testified to that there are clinics reusing dialyzers, this device—the
hollow-fiber kind—30, 40, and 50 times. That is true.

Do you maintain that that is safe?

Dr. MarsHALL. | do not think we can answer that question with
a general statement. There might be situations where it could be
safe and there might be situations where it would not be. I think
you have to look at the data.

Chairman Heinz. What does the data suggest?
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Dr. MagrsnaLrL. The data would suggest that that would probably
be out at the outer limit of what is safe, but that is an interpreta-
tion.

Chairman Heinz. Is that at the outer limit of what is safe?

hDr. MagrsHALL. Right; at the outer limit or beyond it because
there——

Chairman Heinz. Or beyond it.

You are not a medical doctor.

Dr. MarsHALL. I am not a physician; no, sir.

Chairman Heinz. If it is at or beyond the level of what is safe,
should not someone who is paying for it—that is Mr. Fleming at
the Health Care Financing Administration—someone who is regu-
lating it from the Public Health Service, should not someone in
Government who is paying for it and who the taxpayers are paying
tg rggulate it for safety and effectiveness be doing something about
this?

Dr. MarsHALL. It seems to me that the person who is responsible
for that should be the physician wheo is responsible for that pa-
tient’s dialysis, and if that patient is not showing adverse clinical
sffects then I don't think there is a problem that you ought to ad-

ress.

Now, when I made the statement——

Chairman Heinz. Now, if the clinic says to the patient, “We
don't care if you don't feel good,” or “if you break out,” or “if you
bleed,” or “if we have to increase your dose of heparin two or three
or four times to 15,000 units three times a week when you come in
here, that is tough. If you don’t like it, you can go from Baton
Rouge three times a week down to New Orleans,” is that the way
we ought to kind of just sit back and relax——

Dr. MarsHALL. No; that is——

Chairman HEriNz [continuing]. And say, “That’s the marketplace
of medicine.”

Dr. MarssALL. I am not making an argument for doing that. I
am not suggesting that is appropriate.

Chairman Heinz. Well, that is what is happening. What do we
do about it?

Dr. MarsHALL. Let me try to answer the questions in sequence
and try to clarify what I said about outer limits. The statement I
made about outer limits was a statement derived from engineering
models of what the decay function and the filtering capability of
the device is likely to be; and that is why I qualified that by saying
that might well be at or beyond the outer limits for what would be
safe from an engineering perspective.

If a patient is showing that kind of adverse reaction, then I think
that is a medical issue and it is not ethical medical practice to
ignore that. Now, there may be a problem there in the communica-
tion or a conflict of interest between the physician who is responsi-
ble for that patient’s monitoring and those people who are operat-
ing the dialysis center, but that is a whole different issue.

It is an important issue and it is one that needs to be addressed,
but it needs to be addressed in the context of the quality of medical
care.

Chairman Hginz. Let me ask you a hypothetical question.
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Suppose the Government, suppose Mr. Fleming at the Iealth
Care Financing Administration—we will get to your testimony
eventually, Mr. Fleming—which is very concerned about saving
money because they pay all the bills says that they are going to
reduce the reimbursement rate per treatment by about $10: Such
regulations are being considered.

Does that not force reuse? Don’t we know pretty well that if they
cut that everybody will have to go to reuse and that the people who
do only first-use will go out of business? Don’t we have a pretty
good sense of that? '

If that were to happen, would Government not be preempting
the choice of the doctor that you say the doctor should make?

D}x;. MaRsHALL. Let me give you a somewhat-hypothetical answer
to that.

I don’t think we know what that effect would be at this point be-
cause the data that I have reviewed on dialyzer reuse and relative
costs suggests that for some centers, depending on the size of the
center and the number of patients they have, it may be economical-
ly more feasible for them to use a new one each time. This is be-
cause, as one of the earlier witnesses observed, the cost is coming
down for the purchase and the personnel costs for reprocessing are
going up. )

Those curves appear to be getting very close together and they
may well cross at some point. So, we may be at a situation where
what would drive that would be the relative size of the clinic.

I think the other part of that probably Mr. Fleming should re-
spond to even though it is not his turn, but he has been waiting
patiently, T know.

Chairman HeiNz. He has.

Let’s, at this point, give Mr. Fleming his opportunity to testify.

Mr. Fleming, thank you for being so patient. If you would like to
give us your opening statement, we would be pleased to hear it.

Mr. FLemiNGg. Mr. Chairman, before 1 give my testimony, per-
haps 1 might just respond to the question of whether or not it
would necessarily force reuse. :

First of all, the regulation is only in a consideration stage. If it is
published, it would be published as an NPRM and there would be
ample time for all interested parties to comment on it. Then we
wo(xlxld look at the comments and make a determination as to what
to do.

As to whether or not a $10 reduction would necessarily force
reuse, [ don’t think that can be stated for certain. We estimate that
about 25 percent of the reimbursement cost is in supplies. The dia-
lyzer itself would be something less than that. :

Labor, alone, is about 36 percent, administration and general ex-
penses about 21 percent of the cost, laboratory and drugs about 7
percent. So there are other areas where a center could look for
economies if that were to come about.

Chairman HEeiNz. We both understand that the reimbursement
rate has been based, up until 2 years ago, on a cost-based method of
reimbursement, which agency has been very careful for the most
part about scrutinizing and paring down and being very accurate.
Although inflation has not risen as rapidly as previously, nonethe-
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less, (a) it still exists and, (b) in health care there is more of it than
anyplace else, unhappily.

Notwithstanding your tender ministrations of the Health Care
Financing Administration—and this is not entirely your fault, of
course; it may not even be your fault at all—that $130 rate has
been around for a number of years. It is $131 for hospitals and
$127, I think, for clinics.

A dialyzer costs anywhere from $10 to $13 depending on use. 1
guess the key question is: Is there a lot of fat in here? I don’t think
that even you would contend there is a lot of fat because for you to
contend that would suggest that HCFA has not been doing its job.

Mr. FLemING. Senator, on the issue of the rates, what we try to
do at HCFA is reflect the current practice, pull together the com-
posite elements of the practice—in this case of ESRD treatment—
and then the rates simply reflect that practice.

Chairman Heinz. Well, please proceed with your testimony, Mr.
Fleming.

STATEMENT OF BARTLETT S. FLEMING, ACTING DEPUTY ADMIN-
ISTRATOR, HCFA, WASHINGTON, DC, ACCOMPANIED BY
CIHUCK BOOTH, OFFICE OF REIMBURSEMENT POLICY, HCFA

Mr. FLemiNGg. Thank you very much. We share a mutual con-
cern, obviously, for the health and the safety of Medicare benefici-
aries that are served through the Medicare ESRD Program. The
Health Care Financing Administration’s role in the ESRD Program
is that of ensuring safe and effective and efficient methods of treat-
ment for all beneficiaries involved.

At the present time, we believe the question of reuse of dialyzers
and other disposable hemodialysis devices to be a medical practice
issue which should be decided by the patient’s physician. Our cur-
rent ESRD reimbursement methodology does encourage facilities to
operate more efficiently, which, in some facilities, may prompt an
increase in the reuse of disposable hemodialysis devices as a choice
of one choice among several possibilities.

However, the decision to reuse should not take place until the
physician first determines that it is medically appropriate for his
or her patient.

Before I discuss the reuse of disposable hemodialysis devices
more fully, let me first provide you, Mr. Chairman, with some of
the background of the ESRD Program to put this in perspective.

As you are aware, with the enactment of the Social Security
Amendments of 1972, Congress extended Medicare coverage to
most people suffering from end-stage renal disease. Coverage began
on July 1, 1973. Since that time, the most significant change in the
program has been through the ESRD Program amendments of
1978, which were designed to promote efficiency and economy in
the delivery of services by encouraging home dialysis and trans-
plantation.

Since the implementation of the original ESRD law, the program
has experienced rapid growth both in the population served as well
as in program costs. In 1974, the first full year of operation, Medi-
care expenditures for 16,000 beneficiaries covered under the pro-
gram were about $250 million; 10 years later, in 1984, over 78,000
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beneficiaries received dialysis treatments and another 7,000 re-
ceived renal transplants.

Chairman Hrinz. Mr. Fleming, I apologize. Those five lights and
those five bells mean that I have less than 7 minutes to go and
vote.

Mr. FLeming. Let me dispense with my remarks.

Chairman Hrinz. No; don't. I must go and vote. I can be back in
about 6 or 7 minutes if you will bear with us, and I hope you will.

Mr. FLeminG. Certainly.

Chairman HeiNz. The hearing is recessed for approximately 7 or
8 minutes.

[A brief recess was taken.]

Chairman HEeinz. The hearing will come to order.

Mr. Fleming, please proceed.

Mr. FLeming. Thank you, Mr. Chairman.

To achieve the goals of the original ESRD legislation, the Secre-
tary is given broad authority to establish requirements and regula-
tions in connection with payments for dialysis and transplantation
services under Medicare. The law and regulations also contain spe-
cific requirements that must be met by approved providers or renal
dialysis facilities that enter into agreements with the Secretary to
provide dialysis services.

For example, the facility must have a written long-term program
representing the selection of a suitable treatment modality and di-
alysis setting for each patient to be reviewed and revised as neces-
sary by a professional team comprised of appropriate medical per-
sonnel and the physician/director of the dialysis facility.

A patient care plan must also be developed which reflects the
psychological, social, and functional needs of the patient, and indi-
cates the care required and the methods to reach long- and short-
term goals.

State health agencies under contract with HICFA survey and cer-
tify all ESRD facilities within their jurisdictions. Periodic Federal
monitoring surveys are a backup check to this procedure.

The survey process has been very effective since it began shortly
after the enactment of the ESRD Program. Surveyors review all fa-
cilities for compliance with regulations and, when deficiencies
arise, appropriate actions are taken including termination from the
program if necessary.

State surveyors also check Medicare facilities that reuse dispos-
able hemodialysis services to determine if these facilities are, in
fact, following a written policy covering the number of times dia-
lyzers can be safely reused including procedures for the cleaning,
sterilizing, and storage of those dialyzers.

One last area of background discussion that I think is necessary
before we get into the issue of reuse is that during the first decade
of the program’s existence Medicare provided reimbursement to
hospital-based facilities on the basis of reasonable costs for dialysis
treatments, and to freestanding facilities on the basis of reasconable
charges, subject to a payment cap.

Faced with rapidly increasing program expenditures, Congress,
through the ESRD Program Amendments of 1978 and the Omnibus
Budget Reconciliation Act of 1981, authorized the establishment of
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an incentive reimbursement system to cncourage more cost-effec-
tive delivery of services, consistent with quality care.

In 1983, therefore, a new reimbursement system went into effect
whereby facilities were paid on a prospective basis for treatment.
This payment rate, or composite rate as it is known, is calculated
based on cost reports of hospital based and freestanding dialysis
centers weighted by average of facility mix.

Under current national average rates, freestanding facilities are
paid about $127 per treatment and hospital-based facilities are paid
$131 per treatment with adjustments as appropriate to reflect area
wage rates.

The current composite rates are based on a 1977-78 survey of di-
alysis facilities’ costs which, at that time, indicated a facility reuse
rate of 11 percent. As part of our 1987 budget, we are proposing
that the composite rates be adjusted to reflect current operating
practices in the dialysis industry.

Our proposed rates will be based on a 1982-83 national survey of
facilities’ costs which indicate that approximately 50 percent of fa-
cilities were practicing the reuse of disposable hemodialysis de-
vices.

Mr. Chairman, now that I have provided you with some of the
background on the ESRD Program and our composite rate pay-
ment structure, let me discuss the reuse of dialyzers.

First, I would like to note that the reuse of dialyzers is not a new
practice. In fact, reuse or the practice in which hemodialyzers are
used for multiple dialyses without a replacement of membranes or
other surfaces in contact with the blood, has been practiced since
the early days of the dialysis era.

In these early years, reuse was a generally common and accepted
practice. With the passage of the 1972 law extending Medicare cov-
erage to ESRD paticnts, the practice of reuse declined brought
about by an increase in the availability of improved dialyzers at a
lesser cost and the advent of cost-based reimbursement.

In recent years, there has been a renewed interest and, indeed, a
growth in the reuse of disposable dialyzers, as I mentioned earlier.
This increase has most likely been motivated by two factors. First,
clinical data show that the reuse of dialyzers is safe and effective
when they are properly reprocessed; and, second, facility incentives
to reduce health care costs.

As you are aware, the safety and efficacy of reuse has been a
topic of intense debate and concern for some time. These concerns
prompted Congress to mandate a study of the issue as part of the
ESRD Program Amendments of 1978. The National Institutes of
Health commissioned a study in this area and, in 1982, they con-
cluded that reuse was safe and effective given that proper cleaning
methods were employed.

These positive results have been supported by other profession-
als, in particular those who attended the 1984 International Con-
ference on Disposable Medical Devices.

It should also be pointed out that the first use of hemodialyzers
is not free of medical complication. That has been discussed today
already.

Since the ability to treat with reused dialyzers varies consider-
ably with patients, our position is that the physician must first
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decide if reuse is appropriate based on the medical condition of the
patient being treated. In short, then, we regard reuse as a medical
practice decision and this policy rightly preserves the Govern-
ment’s role as outside the practice of medicine while, at the same
time, encouraging efficient operation of the ESRD Program.

I believe, Mr. Chairman, that the ESRD Program in general is
operating efficiently and effectively. Over the years, the program
has experienced many positive changes and improvements, such as
the increased physician/patient choice regarding treatment setting
and modality.

We will continue our efforts to assure that ESRD services are
provided in the most cost-effective manner possible without sacri-
ficing the safety and quality provided to patients.

I would be happy to answer any questions.

[The prepared statement of Mr. Fleming follows:]

PREPARED STATEMENT OF BARTLETT S. FLEMING

INTRODUCTION

Mr. Chairman and members of the Subcommittee, 1 am Bartlett S. Fleming,
Acting Deputy Administrator of the Ilealth Care Financing Administration. I am
pleased to appear before you today to discuss Medicare’s policy regarding the re-
processing and reuse of disposable hemodialysis devices in the End Stage Renal Dis-
ease (ESRD) program.

Mr. Chairman, we share a mutual concern for the health and safety of Medicare
beneficiaries being served through the Medicare ESRD program. The Health Care
Financing Administration’s role in the ESRD program is that of ensuring safe, effec-
tive, and efficient methods of treatment for all beneficiaries involved. At the present
time we believe the question of reuse of dialyzers and other disposable hemodialysis
devices to be a medical practice issue which should be decided by the patient’s phy-
sician. Our current ESRD reimbursement methodology does encourage facilities to
operate more efficiently, which in some facilities may prompt an increase in the
reuse of disposable hemodialysis devices as one choice among several possibilities.
However, the decision to reuse should not take place until the physician first deter-
minesd that it is medically apropriate for his or her patient.

BACKGROUND

Before I discuss the reuse of disposable hemodialysis devices more fully, let me
first provide you with some background on the ESRD program. As you are aware,
with the enactinent of the Social Security Amendments of 1972, Congress extended
Medicare coverage to most people suffering from end stage renal disease. Coverage
began on July 1, 1973 and since that time the most significant change in the pro-
gram has been through the ESRD Program Amendments of 1978 which were de-
signed to promote efficiency and economy in the delivery of services by encouraging
home dialysis and transplantation.

UTILIZATION AND COSTS

Since the implementation of the original ESRD law, the program has experienced
rapid growth, both in the population served and in program costs. In 1974, the first
full year of operation, Medicare expenditures for 16,000 beneficiaries covered under
the program were $250 million. Ten years later, in 1984, over 78,000 beneficiaries
received dialysis treatments, and another 7,000 received renal transplants, with a
total cost of over $1.8 billion.

SURVEY AND CERTIFICATION

To achieve the goals of the original ESRD legislation, the Secretary is given broad
authority to establish requirements and regu%ations in connection with payments
for dialysis and transplantation services under Medicare. The law and regulations
also contain specific requirements that must be met by approved providers or renal
dialysis facilities that enter inlo agreements with the Secretary to provide dialysis
services, For example, the facility must have a written long-term program repre-
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senting the selection of a sutiable treatment modality and dialysis setting for each
patient, to be reviewed and revised as necessary by a professional team, comprised
of appropriate medical personnel and the physician-director of the dialysis facility.
A patient care plan must also be developed, which reflects the psychological, social,
and functional needs of the patient and indicales the care required and the methods
to reach long-term and short-term goals.

State health agencies, under contract with HCFA, survey and certify all ESRD
facilities within their jurisdictions. Periodic Federal monitoring surveys are a
backup check to this procedure. The survey process has been very effective since it
began shortly after enactment of the ESRD program. Surveyors review all facilities
for compliance with regulations and when deficiencies arise, appropriate actions are
taken, including termination from the program if necessary. State surveyors also
check Medicare facilities that reuse disposable hemodialysis devices Lo determine if
these facilities are following a written policy covering the number of times dialyzers
sjanl be safely reused, including prodecures for the cleaning, sterilizing and storage of

ialyzers.

REIMBURSEMENT

One last area of background discussion is that of dialysis reimbursement. During
the first decade of the program’s existence, Medicare provided reimbursement to
hospital-based facilities on the basis of the reasonable costs for dialysis treatments
and to free-standing facilities on Lhe basis of rcasonable charges, subject to a pay-
ment cap.

Faced with rapidly increasing program expenditures, Congress, through the ESRD
Program Amendments of 1978 and the Omnibus Budget Reconciliation Act of 1981,
aunthorized the establishment of an incentive reiinbursement sysiem o encourage
more cost-effective delivery of services, consistent with quality care. In 1983, there-
fore, a new reimbursement system went into effect whereby facilities are now paid
on a prospective basis per treatment. This payment rate, or composite rate as it is
known, is calculated based on cost reports of hospital-based and free-standing dialy-
sis centers, weighted by average of facility mix. Under current national average
rates, frec-standing facilities are paid $127 per treatment and hospital-based facili-
ties are paid $131 per treatment, with adjustments as appropriate to reflect area
wage rates.

The current compoesite rates are based on a 1977-78 survey of dialysis facility
costs, which at that time indicated a facility reuse rate of 11 percent. As part of our
1987 budget we are proposing that the composite rates be adjusted to reflect current
operating practices in the dialysis industry. Our proposed rates will be based on a
1982-83 national survey of facility costs which indicated that approximately 50 per-
cent of facilities were practicing the reuse of disposable hemodialysis devices.

DIALYZER REUSE

Mr. Chairman, now that I've provided you with some background on the ESRD
program, and our composite rate payment structure, let me discuss the reuse of dia-
lyzers. First T would like to note that the reuse of dialyzers is not a new practice. In
fact, reuse, or the practice in which hemodialyzers are used for multiple dialyses
without replacement of membranes or other surfaces in contact with blood, has
been practiced since the early days of the dialysis ERA. In these carly years, reuse
was a generally common and accepled practice. With the passage of the 1972 law
extending Medicare coverage to ESRD patients, the practice of reuse declined,
brought about by an increase in the availability of improved dialyzers at lesser cost
and the advent of cost-based reimbursement.

In recent years there has been a renewed interest and indeed a growth in lhe
reuse of disposable dialyzers, as [ mentioned earlier. This increase has most likely
been motivated by two factors: Clinical data which show that the reuse of hemaodia-
lyzers is safe and effective, when they are properly reprocessed, and facility incen-
tives to reduce health care costs.

As you are aware, the safety and efficacy of reuse has been a topic of intense con-
cern for some time. These concerns prompted Congress to mandate a study of the
issue as part of of the ESRD Program Amendments of 1978. The Naticnal Institutes
of Health commissioned a study in this area and in 1982 concluded that reuse was
safe and effective, given that proper cleaning methods were employed. These posi-
tive results have been supported by other health professionals, in particular, those
who attended the 1984 International Conference on Disposable Medical Devices.

It should alsc be pointed out that the first-use of hemodialyzers is not free of med-
ical complication. Some experts have even addressed the issue of patients whe suffer
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from “new dialyzer syndrome”, that is, respiratory distress, backache, chills, and so
forth. Because of this syndrome, many facilities precleanse the dialyzer before it is
used for treatment.

Since the ability to treat with reused dialyzers varies considerably with patients,
our position is that the physician must first decide if reuse is appropriate, based
upon the medical condition of the patient being treated. In short, then, we regard
reuse as a medical practice decision. This policy rightly preserves the government’s
role as cutside the practice of medicine, while at the same time encouraging the
efficient operation of the ESRI) program.

CONCLUSION

In conclusion, I believe that the ESRD program, in general, is operating efficient-
ly and effectively. Over the years the program has experienced many positive
changes and improvements, such as the increased physician/patient choice regard-
ing treatment setting and modality. We will continue our efforts to assure that
ESRD services are provided in the most cost-effective manner possible without sacri-
ficing the safety and quality provided to patients.

I will be happy to answer any questions that you may now have.

Mr. FLeminG. I would like to introduce Mr. Chuck Booth who is
with the Office of Reimbursement Policy in HCFA. He is at the
table with me to help answer questions of detailed reimbursement
issues.

Chairman HeiNz. Very well.

Mr. Fleming, how long have you been with the Health Care Fi-
nancing Administration?

Mr. FLEmiNG. Three years, Mr. Chairman, in June.

Chairman Heinz. Three years. You have been the Acting Head
of HCFA for how long?

Mr. FLEMING. About 5 weeks, I believe as Acting Deputy.

Chairman Heinz. Now, in your testimony you point out, correct-
ly, that renal dialysis facilities must agree to conditions of partici-
pation for the Medicare Program. We all know that virtually ev-
erybody who seeks dialysis is covered by the Medicare Program.

Mr. FLEMING. Yes, sir.

Chairman Heinz. It does not just cover senior citizens; it covers
everybody.

We have had testimony today that the notion of either informed
consent or freedom of choice seems to be absent at a lot of clinics.
What do you require as standards in your conditions of participa-
tion with respect to either informed consent or freedom of choice?

Mr. FLEMiNG. There is nothing in the condition regarding those
issues, Mr. Chairman.

Chairman Heinz. Now, let me see if I get this straight, then. The
Department’s condition is that a medical judgment is being made
by doctors and that you don’t want to interfere in that. Decisions
are being made by clinics that you reimburse that the doctor pre-
scribes that the patient go to the clinic.

The clinic is saying to the patient, “You have no choice. It is
reuse here or don't come here.” The doctor may or may not either
know about that policy or agree with that policy.

Arc you contending that doctors need to know not only what the
{)olicg is, but how a specific facility goes about disinfecting the dia-
yzer?

Mr. FLEMING. Mr. Chairman, yes, we are.

Chairman Heinz. So, doctors now have to be experts on a variety
of different kinds of medical equipment.
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Now, I go to a general practitioner. If I should have kidney dis-
ease, the first judgment he would make would be whether I need to
go to a nephrologist; but you don’t have to go to a nephrologist to
be treated with dialysis and a general practitioner has enough
trouble keeping up with the new drugs that the FDA is licensing.

Does it seem at all unreasonable to you that a medical practi-
tioner should be able to know, first, whether or not the dialyzer is
being reused, whether or not the blood tubing is being reused,
whether or not the transducer filter is being reused, whether or
not those caps are being reused?

How is he to know that? Does that not seem a little unreason-
able, that he should know the ins and outs of how a specific clinic
operates?

Mr. FLEMING. Senator, T am not a physician.

Chairman Heinz. I am not either.

Mr. FLeming. If | were a physician and responsible for the lives
and welfare of my patients, I believe I would want to know that.

Chairman HEeiNz. And the physician would want to know all that
while he is treating people who have heart problems, cancer prob-
lems? Are you saying that the physician should know how that hos-
pital maintains all the equipment? He should know who handles
that equipment in the hospital or clinic—and he may operate in a
half?a dozen or a dozen different places—he is supposed to know all
that’

Mr. FLeMING. Senator, given the concern that was pressed today,
I would assume that patients are going back to their physicians
and saying, “This is a real problem,” and the physician being re-
sponsible for those patients, having taken his or her professional
oath, I would think would want, posthaste, to find out exactly what
was going on there and see if the treatment that was being utilized
was commensurate with what that physician felt was a prescribed
and correct course of treatment.

Chairman HEeINz. Let’s assume that it is really humanly possible
for the average physician to do that. Let us make that assumption.
I think it is a fairly shaky assumption, and let’s assume it.

That physician is practicing medicine in Baton Rouge, LA, where
there is exactly one dialysis unit. He has a patient that if she does
not get dialysis she will die. He takes that patient to the clinic and
the clinic says, “We would love to treat your patient,” and he is
smart enough to know that a clinic that reuses a dialyzer 40 or 50
times is going to inflict some serious side effects on his patient.

The clinic says, “Look, we are certified by the Medicare Pro-
gram. We meet their standards of participation. We have our way
of doing things and if you don't like it go to another clinic.”

How is that doctor, who may have been actually allowed in the
door to check how they do it, but I doubt it, supposed to deal with
that problem? You are telling us that he is responsible for dealing
with it?

Mr. FLemiNnGg. I think the same way that physicians relate to
other practitioners in the medical community when there is a dis-
agreement about prescribed treatments. They discuss it, they work
through professional associations.



82

Chairman Heinz. And the facility says, “We have discussed it.
We have a waiting list. We don’t need your business. Take them to
New Orleans.”

Mr. FLeminG. I am sure, Mr. Chairman, that there are backup
hospitals which have dialysis treatment on emergency bases to
take care of that patient until it is ironed out.

Chairman HEeinz. We know that there are an awful lot of facili-
ties, more and more and more, that are reusing. Some of them may
be doing a good job reusing. Let’s hope most of them. ,

But what about the cones that really are not and which people
are really locked into? Are you saying that Government has no re-
sponsibility there? Because that is what it sounds like to me.

Mr. FLEMING. No; I don't think so.

Chairman Heinz. Both you and Dr. Marshall, have stated with
emphasis that for the Government to be doing anything would be
to intrude on the sacred area of the way a physician practices med-
icine.

Now, what I have described is a limitation imposed by others on

the way either the physician practices medicine or the patient has
choice; but let’s take it one step further. The patient is supposed to
have some say in these matters.
. Let’s assume we have a doctor who knows everything there is to
know about all of that plus all the other things. Let’s assume that
the doctor is willing to fight the clinic. Let’s assume that he wins
and the clinic says, “Right, we will take this patient on your
terms,” and the clinic does take the patient originally on those
terms.

Then 6 months or a year later, the clinic decides that they are
going to do something different. They go up to the patient and they
say, “Well, we have to do things differently.” The patient says,
“Well, I am going to see my doctor”’; and they say, “‘Oh, if you com-
plain about this to your doctor or anybody else, you are out.”

Is that the doctor’s problem?

Mr. FLeming. I think it is time for the inspector general, then,
Senator. 1 think it is time for the regional office to take a look at it
and for our State survey and certification people to go in and see
exactly what is being done there.

Chairman HriNz. But under the conditions of participation there
is nothing wrong with that.

Mr. FLeminG. Well, we have to look at the situation and see
what is surrounding it. There may very well be. We require the
centers to lay out the way they are going to apply the dialysis
treatment and the way that they are going to clean the dialyzers.

It is very likely that a facility that is practicing that kind of a
treatment or which has those kinds of treatment practices may not
have the very best interests of their patients at heart. We may find
some other areas where they have taken some shortcuts.

I think we would be very concerned about that condition. I also
would like to say to you and to the witnesses that appeared on the
first panel that we do intend to have our regional offices look at
those situations which were reported this morning and see if there
are any problems that need further investigation.

Chairman Hgeinz. Let me ask you this, Mr. Fleming. Has HCFA
provided specific standards to dialysis facilities on reprocessing and
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re;use? of not only dialyzers but blood lines and other disposable de-
vices?

Mr. FLEMING. I don’t believe so, Mr. Chairman.

Chairman Heinz. Now, you have provided State survey and certi-
fication agencies with guidelines to ensure that clinics have appro-
priﬁtg written procedures governing reuse and reprocessing. Is that
right?

Mr. FLEMING. That is correct, Mr. Chairman.

Chairman Heinz. I am a little puzzled by that. On the one hand,
you say it is the doctor’s business. On the other you say, no, it is
not the doctor’s business. You have to have standards irrespective
of what the doctor thinks.

I don’t understand that.

Mr. FLemiNG. Mr. Chairman, I don’t see that being in conflict.
What we are saying to them is that in order for you to provide this
service to Medicare beneficiaries we have to be sure that you are
organized and professional.

To do that, we are going to lock at your written standard operat-
ing procedures. We are going to be sure that you have them and
that they are reasonable.

Chairman Hrinz. Now, as I understand it—and tell me if I'm
wrong——

Mr. FLEMING. And that you follow them, Mr. Chairman.

Chairman Hrinz. Pardon?

Mr. FLEMING. Not only that they are reasonable, but that you
follow them; not just that they are written down, but that you
follow your own procedures that you have written down on paper
that you said you are going to use in treating your patients.

I am sorry to interrupt.

Chairman HEeiNz. Now, Mr. Fleming, is it not the case that your
agency has not yet formulated policy and standards on reuse be-
cause HCFA is waiting for FDA to formulate its policy and stand-
ards? Is that not the case?

Mr. FLEMING. Not exactly. We have not formulated any stand-
ards because we do believe it is up to the practice of medicine.
Clearly, if the FDA formulated standards—and I understand that a
private organization, the Association for the Advancement of Medi-
cal Instrumentation, is in the process of doing that very thing—we
would trust that once that happens that then the medical commu-
nity would fall into line and regulate itself.

If that failed to be the case, then we would ultimately probably
have to take a second look at it.

Chairman HEinz. So what you are really saying is that you don’t
maintain, philosophically, there is something wrong here. It is just
that FDA has not told you to do something here yet.

Mr. FLeminG. No.

Chairman HEeinz. If they tell you, you will do it.

Mr. FLeMING. | think if the FDA said, “Here is a set of standards
that need to be applied,” we would then look at that in a policy-
setting environment and say, “Is this something that we want to
require as a condition of participation?”

Philosophically, I cannot tell you where we would come out on
that. We would look at it from a policy perspective.
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Chairman Heinz. Have there been any instances of concern on
the part of the State agencies that they are not getting the guid-
ance they need from HCFA?

Mr. FLeMinG. T cannot tell you that there has been. I am not
aware of any.

Chairman HEINZ. Let me urge you to review correspondence that
HCFA has had with the District of Columbia. | have a July 3, 1984
memo to HCFA concerning complaints from the District of Colum-
i}ia here it is—regarding the reuse of disposable dialysis blood
ines.

The memo states that, “CDC does not have a reuse blood line
policy. We feel that the health and safety issues involving reuse of
the dialyzer are similar in this situation. There should be a nation-
al policy disposition regarding the reuse of blood tubing in order to
ensure the protection of the health and safety of patients.”

Do you or your associate, Mr. Fleming, know if this request was
ever acted upon?

Mr. FLEmING. T cannot answer that, Mr. Chairman. 1 would be
glad to furnish that to the record for you.

Chairman Heinz. Could you let us know?

Mr. FLEMING. Certainly.

[Subsequent to the hearing, the following information was sub-
mitted for the record:]

The memorandum of July 3, 1984 was reviewed by components of HCFA’s Health
Standards and Quality Bureau (HSQB) and the Bureau of Eligibility, Reimburse-
ment and Coverage (BERC). On August 28, we advised regional officials that it was
IICFA’s position that it was premature to consider any change in the regulations
unti} the results of the Association for the Advancement of Medical Instrumentation
project were available. However, all ESRD networks were asked to advise regional
officials of any problems that arose because of reuse. At the same time, HCFA for-
warded to all regional offices F.D.A. material on reuse. In addition, on October 22,
1984, in a memorandum directed Lo the Philadelphia Regional Office, we instructed

regional officials to continue to verify that specific procedures for sterilization exist-
ed and to continue to report any incidents of potential problems.

Chairman Hgeinz. | have another memorandum from August
1984, concerning policy guidance regarding the reuse of disposables
for renal dialysis. The author, in the Office of Coverage Policy of
your agency, wrote to your Office of Survey and Certification:

“Your memo mentioned the need for interim policy guidelines to
address recent complaints about the reuse of dialyzers and blood-
line tube sets.” The memo goes on to say:

“It is premature to consider any change in the regulations, as
you suggest, until the results of the Association for the Advance-
ment of Medical Instrumentation project are evaluated.”

Has there been any movement on this suggestion for mterlm
guidelines?

Mr. FLEMING. The AAMI final report is due this summer. There
was a draft report, I think, a year or so ago; but the final report is
due and we are waiting to see what that report says, yes.

Chairman IIeinz. There was another letter from the District
Government to HCFA in October 1985, about a year later. This
memo reiterates the same concerns of a year before regarding
“* * * the need for clear guidelines from HCFA on reuse. Federal
ESRD regulations do not have clear guidelines on reuse so we are
unable to enforce or persuade the facility to follow the Association
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for the Advancement of Medical Instrumentation or the Kidney
Foundation.

“Per the District’s letter of September 12, 1984, once again clear
direction from HCFA is requested on the position of HCFA on
rcuse.”’

Was there any action on that letter?

Mr. FLEmING. | cannot answer, but 1 will provide it for the
record, once again.

[Subsequent to the hearing, the following information was sub-
mitted for the record:]

The memorandum for the District Government of HCFA in October 1985 request-
ing a policy statement concerning reuse of hemodialyzers and blood lines was re-
viewed by Philadephia Regional Office. On November 26, 1985, regional officials re-
sponded by restating the HCFA position that it was premature to issue a policy

stalement. Surveyors were again instructed in the interim to verify that facilities
had specific sterilization procedures.

Chairman HeiNz. In December 1985, HCFA responded to ques-
tions regarding the agency’s policy on reuse by saying “The FDA is
currently examining the AAMI recommended practice for reuse of
hemodialyzers. When we receive the FDA comments, we will con-
sider what steps, if any, should be taken by HCFA "

Now, it seems pretty obvious to me that there was not much of a
policy in 1984 or 1985; and I gather at this point you still don’t
have a policy.

Mr. FLEMING. That is right.

Chairman Hrinz. You are still waiting. Is that right? OK.

I guess the bottom line is how far are we from a policy? If you
have no policy, I don’t see how we can assure patients that they
are going to receive safe and efficacious dialysis therapy.

Mr. FLeming. Well, I am not sure I would agree that we do not
have a policy.

Chairman HeiNz. Maybe I misunderstood what you said a
moment ago. You said you did not have a policy.

Mr. FLeming. The policy is for HCFA not to interfere in the
practice of medicine and prescribe practice procedures for physi-
cians and people providing this service.

We don’t know yet what AAMI, FDA, and others are going to
say in terms of the need for such a policy. When we hear that, then
we will respond to it, Mr. Chairman.

[Pause.]

Chairman HEeinz. I have here HCFA Form 3427. It is a lengthy
check list for nursing home inspection and concerns certain stand-
ards that must be met. For example, here is a standard under pa-
tients’ rights in the Federal Code of Regulations, 42 CFR 405.2138,
subparagraph (b):

“All patients are afforded the opportunity to participate in plan-
ning their medical treatment.” Does the testimony given earlier by
panel I indicate that we are doing well in fulfilling this condition?

Mr. FLeminGg. Mr. Chairman, 1 think there is a difference be-
tween participating in the planning of and the patient having the
final say as to what the treatment will or will not be.

Chairman HEinz. Is there a problem as you see it with a clinic
saying, “You either do it our way or you die?”

Mr. FLeming. Certainly.
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Chairman Heinz. When you only have one clinic in town—and,
remember, there are only 1,200 clinics nationwide and we have
many times that in the way of cities and towns—would you not say
that that goes a little far beyond whatever interpretation you want
to put into participation and planning?

I mean, there is no participation in anything under these circum-
stances.

Mr. Fueming. Surely. I would not disagree with that. I would say
that the option, though, is not to die: the option is to go to the local
hospital, community hospital, that has the backup facilities to
handle that.

Chairman Hgeinz. If there is one. If they have a dialysis unit.

Mr. FLEMInG. Certainly, in Baton Rouge I am sure there is one.

Chairman HEeinz. What about patients being treated with consid-
Zration8and respect? That is covered by subparagraph (c) of 42 CFR

05.2138.

Mr. Freming. We have heard this morning circumstances that
would lead us to believe people have not been considered in that
way. That is why I said I would like to refer those cases to our re-
gional offices to see if it warrants further investigation by us or
even, perhaps, the inspector general’s office.

Chairman Hrinz. And then there is a standard covering patient
grievance, 42 CFR 405.2138, subparagraph (e): Briefly, it provides
for a “‘grievance mechanism” under which patients can participate
“without fear of discrimination or reprisal.” Do you have any data
from the State survey agencies with which you contract as to
whether or not any of these standards for participation are being
adhered to? Do we have information on this?

Mr. FLeming. We can provide information, Senator,-and I can
say that we have had one center that has been terminated, 3 years
ago I believe—I may be off in the number of years. Just 2 weeks
ago, two facilities were given notices of termination and have since
moved to change their practices in order to comply with the condi-
tions of participation.

Chairman Heinz. What standards of inspection do you have for
the State agencies?

Mr. FLeminG. It would be in a State agency manual, Mr. Chair-
man.

Chairman Heinz. You have no standards for inspection require-
ments. You pay them money to do this, but you have no standards
for whether or not they should inspect and on what terms and con-
ditions.

Mr. BooTH. Well, Mr. Chairman, there is a whole manual of pro-
cedures that the State agencies are required to follow in their
survey and certification process. '

Chairman Heinz. I am just asking, what are the requirements
with respect to inspection?

Mr. BootH. They are required to periodically inspect ESRD facili-
ties. They are required to inspect other health care providers, li-
censed as you put it, to deliver health services for Medicare benefi-
ciaries.

Chairman Hrinz. What standards are they supposed to apply in
inspections?
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Mr. BootH. They are supposed to inspect the conditions of par-
ticipation.

Chairman HEeiNz, Aha.

Mr. BootH. They are supposed to inspect to see whether or not
f.he cfi'acility is meeting the conditions, some of which you have out-

ined.

Chairman Heinz. Well, 1 would be very interested in that infor-
mation. I think a lot of the people who are kidney dialysis patients
would like it, too.

Mr. FLemIiNG. Let me restate, Mr. Chairman, if I may, though.

We are equally concerned about it and, based on the testimony
that we have heard today, we not only will be checking on those
specific incidents, but redouble our efforts to communicate with cur
State contractors to ensure that these are being watched.

Chairman HEeinz. I guess what worries me is that we know, ac-
cording to recent-published reports, that there are 900 substandard
nursing homes. Those facts have been around for a while, except
they have not come to public light.

Now, for all we know, we have an equal or worse proportion of
substandard dialysis facilities. I think the answer is nobody up
here knows. Is that not right?

We don’t know. We don’t have the facts. The issue of substand-
ard nursing homes has been around for decades. I mean, that has
been focused on with spotlights and curtains going up and crashing
of cymbals. That is not a new one for anybody.

If I had to guess, I would say you are probably in far worse shape
with dialysis units than you are with nursing homes. I hope that is
not the case; but after what I have heard today, I have every
reason Lo believe it would be strictly luck, great luck if it were not
the case.

Mr. FLeming. We have received lots of communications about
nursing homes from patients and families of patients. I cannot tell
you that we are inundated on ESRD issues.

We obviously get them and we check them out when we do re-
ceive them, and we want to know about them.

Chairman HEeinz. Well, I would like just to get one other item
here on the record for Dr. Marshall and also you, Mr. Fleming.

You have stated that the position of the department is that it is
not opposed to nor does it advocate reuse of these disposable de-
vices. That is up to doctors.

Just so we are clear, I would like to know your positions on the
coercing and forcing of dialysis patients to reuse these devices and
the even more outrageous practice of threatening patients with ex-
pulsion from the clinic if they do not submit to reuse.

Dr. Marshall, what is the position of the Public Health Service
on that practice?

Dr. MarsHaLL. I think we would say that when that occurs that
represents a serious dereliction of duty on the part of the medical
community.

Chairman Heinz. What should the Public Health Service do
about it?

Dr. MarsHarL. I think that what the Public Health Service
should do about it is to continue to educate the practicing commu-
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nity with respect to what are the best options, what are the stand-
ards of practice.

Chairman HEeinz. Your answer is, take this person who is dere-
lict in their duty and educate them.

Dr. MarsHaLL. No; well, that is the first part of my answer.

Chairman Hrinz. All right.

Dr. MarsHALL. The studies that we have show that a lot of the
times when physicians do things that are considered to be not con-
iistent with medical standards, it is becausc they don’t know any

etter.

Chairman Heinz. All right. They are derelict in their duty so you
try and educate them; and then what? Do you have a no-pass/no
play policy? [Laughter.] ‘

Dr. MarsHaLL. Well, historically the Federal Government has
left that to the States. I think the second level of our effort ought
to be—and I think that Mr. Fleming has already spoken to that—
to be sure that the State survey agencies are aware of where there
are changes in standards and what good practice is.

- They have mechanisms for alerting them to things for which
they should do better.

Chairman HEeinz. So the policy of the Public Health Service is let
somebody else worry about it.

Dr. MarsHALL. It is that regulation of medical practice is most
appropriately done at the State or local level; yes, sir.

Mr. FLeminc. Mr. Chairman.

Chairman Heinz. Mr. Fleming.

Mr. FLEMING. Where we have found that to be the case, I would
say it is intolerable and we would move, through the State survey
and certification process, to find out if there are violations of condi-
tions of participation; and, if that is the case, move to decertify the
unit as an eligible facility to participate in the Medicare Program.

Chairman Hrinz. So your answer is if the State will tell us that
there is a problem we will do something about it.

Mr. FLEmiNnG. Mr. Chairman, it is a State’s responsibility
through the contract to do so. It is also the responsibility of citizens
who are aware of problems to report those.

I would hope that our citizens would not be the least bit shy
about contacting the Health Care Financing Administration and
their Congressman who, I am sure, would in turn contact us and
let us know so that we can follow up and investigate those charges.

When we get a report of a problem, such as you have described,
we have the authority to go in on that problem.

Chairman Heinz. 1 think if there was an effort being made to
ensure that the people that you were contracting with, the State
survey agencies, are in fact doing what you are paying them to do,
I could really run up the flag and salute you.

Neither you nor I have much that we can put on the record as to
our confidence that what you just described is, in fact, being care-
fully reviewed and looked at by the State and local agencies. So I
am going to withhold running the flag up the pole and saluting.

Right now, it is flying at half-mast.

Mr. FLEMING. Yes.

Chairman Heinz. I want to come back to a line of questioning
that 1 had with Dr. Marshall earlier which really disturbs me. 1
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worry that when you take all the agencies down at DHHS—wheth-
er it is HCFA or the Public Health Service or the Food and Drug
Administration or your center or NIH—that we have serious confu-
sion on our hands; and that everybody is running around saying,
“There is a problem, but it is somebody else’s problem.”

One of the specific laws we have on the books is the good manu-
facturing practices. I pointed out earlier to you, Dr. Marshall, that
the citation I mentioned—which is 21 CFR 823(k)—defines a manu-
facturer as “* * * any person who processes a finished device
* * *.” and that 820.115 states that “* * * reprocessing procedures
shall be established and implemented and controlled to assure that
the reprocessed device meets original specifications.”

Your answer to that was, well, this is neither.

Dr. MarsHaLL. | believe, Mr. Chairman, that Mr. Villforth indi-
cated that this was an issue that the FDA is considering and is
willing to consider, and that—although he did not say it, I will say
it—we will take your concerns and interests into account in doing
that review.

But making that kind of analysis and translating that into policy
is something that needs to be done in the context of a long history
of how FDA’s legislation has been interpreted both by the depart-
ment’s general counsel and by the courts; and those things really
occur in that context.

But we will, in this specific instance, consider that as one of the
issues to be addressed in our assessment of the situation at the
present.

Chairman HEeiNz. I am kind of puzzled as to why there is so
much disagreement over something that has been on the regula-
tory books since 1978. Is there an organization in the Public Health
Service called the Reuse Committee?

Mr. ViLLrorTH. There is an organization within the Center for
Devices and Radiological Health which is involved with reuse, yes,
sir.

Chairman Heinz. You have a reuse committee at your Center.

Mr. ViLLrorTH. That is right.

Chairman Heinz. What is the position of the reuse committee on
this issue?

Mr. ViLLrorTH. The committee has completed a document which
suggests that we need to investigate the problem of expanding the
definition of reuse to include reprocessing centers. That document
has not been staffed completely within the Center. It is still in the
draft stage and no final action has been taken on it.

But, yes, there has been the study and that is a preliminary
opinion of that group.

Chairman Heinz. What is the position of the reuse committee on
the Federal regulation that I just cited.

Mr. ViLLrorTH. You have the copy in front of you. I am not sure
exactly what it says, but let me readdress the question of reprocess-
ing you asked me earlier. Under 820.115—the good manufacturing
practice regulation, the intent was directed to the reprocessing at
the manufacturing level. It was not intended for the reprocessing
as you describe here.

Processing and reprocessing refers to those kinds of products
where sterilization or packaging is of concern in terms of a finished
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product. By this I mean a product not yet in commercial distribu-
tion that has to be resterilized as a result of its failing to meet
some aspect of the good manufacturing practices, or if it had to be
repackaged.

So the question of reprocessing came up in this context of the
good manufacturing practices regulation. Although I understand
the words that you read could be interpreted to that, I don't think
it was originally intended to get into this question of getting the
Food and Drug Administration into the practice of medicine. To
put us in the operating room, so to speak, or to check on the physi-
cians to sce if they are resterilizing equipment properly, is not
what is intended.

1ﬂ]&})irman Heinz. Has the reuse committee been around for a
while?

Mr. ViLLrorTH. For several years. I don’t know how long.

Chairman Heinz. Based on what you just said, one would be led
to believe that any standardsctting for reuse of anything would
have been considered by your agency and others intrusion into the
practice of medicine that the doctor has a particularly hallowed
place in practicing.

Is that the position?

Mr. ViLLrorTH. From the standpoint of regulating the physician
as a manufacturer.

Chairman Hrinz. Or how about regulating some other manufac-
turer besides the physician?

Mr. ViLurortH. That is one of the concepts that the reuse com-
mittee has come up with, and we have to make a determination as
to how far one goes into that practice of medicine versus commer-
cial reprocessing firms.

Chairman HEeiNz. You know, here is where the problem is. The
problem is that that regulation has been on the books for 7 years.

Mr. ViLLFORTH. Intended for manufacturers, yes, sir.

Chairman Heinz. 1978.

Mr. VirLForTH. Again, intended for the manufacturing of medi-
cal devices.

Chairman Heinz. The same regulation that you are debating
today has been on the books since 1978. You are saying, “Well, al-
though we have been debating this for a while, we are finally now
thinking about maybe possibly getting to a decision.”

What you have described is a rationale—namely, this is strictly a
physician area—in spite of the fact that you would have to be a
total dolt, and you are not, to believe that a physician is going to
be able in a dialysis clinic to understand what is happening to all
of the elements of the equipment on that machine there.

Now, can you take that machine apart and put it back together?

Mr. ViLerorTH. No, sir.

Chairman Heinz. Can you run it?

Mr. ViLLrorTH. No, sir.
hCl})airman Heinz. Do you expect a physician to be able to do
that’

Mr. ViLLFORTH. Yes, sir.

Chairman Heinz. You expect him, a general practitioner, to be
able to run that machine and take care of it and plug people in and
clean all the equipment. You expect that of a general practitioner.
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Mr. ViLLrorTH. 1 don’t know about a general practitioner, but [
would assume that the individual responsible for the dialysis clinic
would understand the apparatus, as does an anesthesiologist who is
responsible for anesthesia equipment and other professivnals are
responsible for the equipment they use.

Chairman HEeiNnz. What you are saying is you are assuming that
a third party—a third party: Not the physician who is treating the
patient, a third party, a for-profit corporation, and I am not against
for-profit corporations but it is still a third party—with other moti-
vations is really interested in doing everything you have just de-
scribed even if the doctor is powerless to ask them to do it.

Mr. ViLLrorTH. I don’t know about the third party. I am assum-
ing that a clinician is responsible for that particular operation. 1
am assuming that a radiologist is responsible for the radiology
clinic and knows about the aspects of its equipment. And as I said,
an anesthesiologist is responsible for the anesthesia equipment he
or she uses.

Chairman Hrinz. Well, let me tell you what the trouble is with
the assumption. That assumption has kept the Public Health Serv-
ice and your Center going round in circles for a number of years
because it is a matter of common sense to, 1 think anybody—and I
am not a doctor, but I know a lot of them and some of them still
treat me and speak to me—realizes that what we have described
today is just something you cannot rely upon a doctor to be inti-
mately familiar with; what you have described as a reason not to
adopt a policy.

I guess my question is: When are you going to adopt the policy?

Let me tell you what the reuse committee believes you ought to
do for a reprocessed used device Lo be considered safe and effective.
They belicve that:

The reprocessor must demonstrate that the device to be reprocessed has not been
demenstrated to be a single-use device by the original manufacturer.

Now, we have had testimony that the manufacturers develop
these tubes for single-use; they are not tested for multiple use.
Right?

Mr. ViLrortH. That is right.

Chairman HEeinz. That is why that is important, is it not, that if
the manufacturers are making things that are only safe and effec-
tive for one use, that if they are used multiple times they may be
unsafe. We have had some testimony that explains how they
become unsafe.

They come apart; blood leaks out and air leaks in. I have not
tried an injection of air in my bloodstream lately, but it is not good
for you. Right?

Mr. ViLLrortH. That is my understanding, yes.

Chairman Heinz. No. 2, “The characteristics of the reprocessed
device is not altered by the reprocessing to such an extent that the
device cannot be used by a patient in the manner intended by the
original manufacturer.”

The original manufacturer, 1 assume, who labels this clearly
“single-use only” has the intent that his device do the job—namely,
cleaning the toxins, salt, and water out of the blood of the pa-
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tient—and that it reaches certain standards of effectiveness: 98
percent removal, whatever it is.

When a device falls to 80 percent efficiency or 40 percent effi-
ciency, maybe that is a problem because the patient walks around
sick and is likely to get sicker; and apparently some of them have.

So that is a problem, is it not?

Mr. ViLLFORTH. It can be a problem, yes. Recognize, also, that we
are coming from a situation where there is not a large record of
problems with reuse. In fact there are some indications that it is
better than single-use. The first-use syndrome is one.

The mortality and morbidity study done in 1976 and 1978 in the
United Kingdom and in Europe suggests the mortality is lower in
reusc patients.

Chairman Heinz. Was there a clinical component to that study?

Mr. ViLLrorTH. There was observation of patients in the clinic.

Chairman Heinz. When [ say a clinical component, what I mean
is a clinical study. I am not an expert on research, but we all know
that for studies to be meaningful you have to have control groups,
you have to have a number of safeguards, you have to have——

Mr. ViLLrorTH. The controlled clinical trial question that you are
raising was not done in these sorts of studies.

Chairman Heinz. All right.

, Mr. ViLLrortH. These were patient observations, not necessari-
y——

Chairman Heinz. Can one come to conclusions about safety and
effectiveness without doing those kinds of clinical studies?

Mr. ViLLrortH. I think we have based our conclusions on the fact
that there is a long——

Chairman Heinz. I did not ask whether you had.

Mr. ViLLFORTH. Yes.

Chairman Hrinz. I said can you come to sound conclusions about
safety and effectiveness about any kind of medical procedure with-
out clinical studies?

Mr. ViLLrortH. I think clinical medicine does.

Chairman Heinz. No; I meant you.

Mr. ViLLrorTH. The ideal, of course, is under controlled clinical
studies. You are right.

Chairman HEeinz. Beg pardon?

Mr. ViLLrorTH. | say you are right, in that the ideal way to do
things is under controlled clinical studies. But those take time. We
have a lot of history with the use of formaldehyde. There has been
this information that we have reported.

I wanted to emphasize also that we have a device-reporting net-
work, a device-experience network, and a medical-device-reporting
network which reports to us problems—the device-experience net-
work by clinicians, the medical-device-reporting network by manu-
facturers—with devices or problems with their use.

Over the 1 year that we have operated the medical-device-report-
ing network and several years of the DEN study, we have only
about eight observations of problems with formaldehyde, as an ex-
ample. Those problems have been clearly attributed to misuse on
the part of the operators in which there were misconnections of
water lines causing excessive doses of formaldehyde into patients.
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These are serious problems—but we have not seen anything in the
area of reuse.

So there are pieces of evidence that have come in that suggest
that reuse has not been a chronic problem.

Chairman Heinz. We keep talking about our knowledge of prob-
lems. First, we have established that we don’t know the extent to
which the State agencies are checking standards of participation,
which we have been through—we just don’t know—going to clinics
and actually sampling and spot checking.

Let me ask, how many clinics has the Public Health Service, the
FDA specifically——

Mr. ViLLrorTH. Well, the Food and Drug Administration, as you
know, has a study with four States—California, Ohio, Massachu-
setts, and the District of Columbia—in which we have asked State
inspectors to go out into dialysis clinics.

Chairman Heinz. But how many inspections has FDA done?

Mr. ViLLrorTH. I don’t think FDA has done very many other
than to follow up particular complaints that might have been re-
ceived about some problems. I don’t have that exact number.

Chairman Heinz. Could the number be three?

Mr. ViLirorTH. T don't know.

Chairman Hrinz. T think you will find, on checking, that it is.

What we are really saying here is that we don’t really have any
information from the States that we can use.

Mr. ViLrorTH. As I said, have contracted with those four States
to collect this information.

Chairman HeiNz. I am delighted to hear that you have. Let me
read you something from 1980. This is an FDA paid-for report. I
quote from page 344, and that is not all there is to this report. It
goes on.

C. Recommendations. The issue to be resolved is whether standards, whether per-
formance or disclosure, can be written for the reuse of dialyzers. At the present
time, such standards cannot be proposed for two reasons.

First, in the absence of definitive studies the necessary criteria to establish stand-
ards cannot be formulated. Second, at the present time manufacturers label dia-
lyzers as being intended for single-use only.

Unless these issues are resolved, standards related to reuse are not relevant. No
devices to accomplish reuse are commercially available in the United States. The
development of such devices in the future will depend upon establishing reuse pro-
cedures proven to be safe and effective.

Until that has been accomplished, proposa! of standards is not indicated.

The inference, by the way, is that reuse is not justified.

Mr. ViLLrorTH. I think the collaboration that we have had—the
various Public Health Service agencies and with others on the
AAMI reuse document, and prior to that on the AAMI standard,
are indications of the need to get those procedures down.

As was said before, the hemodialysis reuse recommendations of
AAMI should be out in a matter of months or this summer.

Chairman Heinz. What you are saying is that something which
was never contemplated—that is to say the reuse of those single-
use-only piece of equipment—is presumed to be safe and effective
until standards are set. That is what you have just described FDA
policy as being.

Mr. ViLLrorTH. FDA did not set policy on or require manufactur-
ers to label products single-use or multiple-use.

59-769 O—86——4
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Chairman Heinz. I am not talking about labeling. I am talking
about FDA findings, conclusions, recommendations.

The FDA, in 1980, was saying, these are single-use only. There is
no basis for allowing them to be reused. Reuse standards are mean-
ingless until it is found that reuse is safe and effective, and under
what terms and conditions.

What you are saying is that the FDA’s policy is where reuse is
not contemplated and is not proven to be safe and effective it is all
right for reuse to take place until some standards are established
that prove that it is or is not safe and effective.

Mr. ViLLrorTH. The purpose of the document that you have—the
“Problem Definition Study,” was to determine whether it was ap-
propriate for the FDA to contemplate regulatory performance
standards for the manufacturers. That is how that evolved.

The decision was that it is not appropriate for us to regulate the
performance at the manufacturing level.

Clearly out of that emerged a concern about all aspects of hemo-
dialysis, both in terms of reuse and some other aspects in which
there have been problems, such as water supply monitoring and so
forth, which are separate from the issue of reuse. We have seen
deaths in those areas. We have had problems in other areas of he-
modialysis separate from reuse.

So the question of the need for information to the medical com-
munity was raised. We determined that the best way and the fast-
est way to have that done was through the work of AAMI, a volun-
tary group.

Chairman Heinz. Your other policy is that until a voluntary
group establishes standards, that we need not have any.

Mr. ViLLrorTH. Noj that is not necessarily true.

We recognize it is a lot faster——

Chairman Heinz. Is it true in this instance?

Mr. ViLLrorTH. We feel it is a lot faster and a lot more efficient
to use the voluntary standards route. We have encouraged that.

Our experience in the few areas where we have had regulatory
performance standards for some radiation products—x ray ma-
chines, for example, is that for the nine different standards that we
have promulgated, it took us an average time of something like 38
months, and that was in an environment when it was a little bit
easier to get some regulations out. In addition to this, we have had
to make an investment of about 40 person-years or full-time
equivalents, to get each of these standards out.

Once those standards are out and we have to enforce them, it
takes us another 23 person-years per year to enforce them. Estab-
lishing performance standards under the requirements of the Ad-
ministrative Procedures Act and so forth is slow. They are thor-
ough, and in fact, very resource intensive.

If we can accomplish the same goal through the consensus proc-
ess, we encourage that process. Thus, the “Problem Definition
Study,” which you read from, resulted in feeding that information
to AAMI and in AAMI developing the standard which was talked
about earlier.

Chairman Heinz. We have had testimony citing studies in 1980,
1981 several times over, 1982, It is 1986 and in spite of the fact that
those earlier studies all said there is a need to find additional infor-
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mation, there is a need to have a variety of clinical studies so you
can set standards, what you are saying is we have ignored all of
that for 4 years; we do not have a policy today; and we are hoping
to get one, hopefully some time soon, in the future.

Why have we delayed for a minimum of 4 years in coming to
grips with this? Is it the budget? I mean, are people’s budgets just
being cut? Is that what it is?

Dr. MagrsHALL. No, Mr. Chairman. Let me answer by trying to
make a distinction, and that is a distinction between our position
with respect to reuse and our position with respect to reprocessing.

We have talked about both of these, but I think we react differ-
ently to these issues. On the reuse, 1 think there has been clear,
unanimous opinion that this -procedure, reuse, is safe and effective
if the reprocessing is done according to stundards that are not per-
haps as tight as some people would like them to be, but which are
general and which are wellknown and have been communicated to
the field.

There has been an effort—and it is a slow effort, but it is an
effort that is close to coming to fruition—that will consensually
validate those standards. The Government has participated with
the private sector in that.

Now, 1 think that there is a principal reason why there has not
been more of a sense of urgency and I will not hide behind the
budget because I don’t think it is primarily a budget issue, al-
though that certainly impacts on it.

I think it is because as we have looked at the data there has not
been a sense that there is a major problem out there. There are
78,000 people on dialysis at the present time and there is not evi-
dence, as I indicated at the beginning, that there is an upward
trend in mortality or morbidity.

There clearly are situations where clinics are not doing the right
thing. We have heard testimony today of people who feel as if they
have been coerced, and that is not acceptable.

Whatever the Federal bureaucracy’s response to that might be a
clinic that tells somebody “We are not going to treat you anymore”
is subjecting themselves to criminal liability in terms of State stat-
utes for abandonment and to civil litigation. I think that there are
mechanisms that people ought to be able to use to pursue those
that don’t necessarily focus in Washington or Baltimore.

But I think the main reason why we followed a deliberate pace
in this has been the absence of any kind of compelling evidence
that there are serious problems. That is the same basis——

Chairman Heinz. If you don't have information, how can you
have evidence?

Dr. MarsHAaLL. Mr. Chairman, I believe we do have information.
We have information that there are lots of people being dialyzed—
there has been a dramatic increase in the reuse of the dialyzers—
and there have not been reports of untoward effects except in iso-
lated instances.

Chairman Heinz. Let’s get down to cases with what endstage
renal disease is.

It is a condition that ultimately is going to shorten your lifespan
substantially.

Dr. MARrsHALL. Yes, sir.
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Chairman HEeiNz. It would seem to me, particularly since there
have not been controlled clinical studies done, that as you improve
a technology with the improvement and more frequent use of that
technology that, on the one hand, you will be helping people pro-
long their lives. So you have that particular trend going for you.

There was a time, back when I was a Member of the House of
Representatives immediately before 1 helped write the legislation
that created this program, that I remember visiting in the munici-
pality of Avalon in my congressional district. There was a woman
who could only go once or twice a week to be dialyzed, OK? Now,
three times a week is standard practice.

At the same time, there are crosscutting trends, such as the one
we are talking about, such that the studies you have, which are not
clinical and carefully controlled, which show no increase in morbid-
ity or mortality don’t mean anything because there are other
trends. This is precisely what clinical studies where you have care-
ful control groups are meant to isolate, including even the bias of
the observers who are doing the studies: the socalled doubleblind
studies.

I must tell you, when you say there is no evidence, boy, I will tell
you there is no evidence. There is no evidence that we have any
facts at all.

To have people in our Public Health Service who I know arc able
and smart sit before this committee and say that, well, the evi-
dence is that there is no problem, when the people sitting before
this committee know just how statistics can be misleading is really
shocking.

What do you have to say to that?

Dr. MarsHaLL. Mr. Chairman, I have not said that there are no
problems with either individual patients or that there are no prob-
lems with individual centers.

Chairman HEeinz. I am not talking about individual patients. You
know I am not talking about individual patients.

Dr. MarsHALL. Well, I am talking about the studies and the liter-
ature. There are a variety of forms of the scientific method and not
every instance requires a carefully controlled, prospective, random-
ized, clinical trial.

Chairman Heinz. I think we all understand that. I will just
?ugte something you said earlier, “Reuse is OK if it is done proper-
y.

Dr. MarsuaiL. That's right.

Chairman Heinz. If it is done properly. That is the big if, and
that is what we have not looked at. That is what at least, at long
last, you are beginning to look at.

I just hope that as a result of this hearing we will look not only
at those standards, but we will look at the possible violations of the
conditions of participation.

I commend you at least on one thing. You all agree it is wrong
for patients to be coerced, and I think you all believe that we ought
to do something about that: that there ought to be freedom of
choice.

I think you are actually coming around to the point where you
believe there ought to be standards to be consistent with your own
regulations.
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Dr. MarsHaLL. | believe, Senator, we have always believed that
there should be standards for the reprocessing. The question is
whether they should be Federal regulations or whether they should
be developed as voluntary standards with all of the parties who are
at interest; and we have taken the position that the voluntary
trend is the better onc.

Chairman HEeinz. Now, as I understand, when you say ‘“devel-
oped voluntarily by parties at interest,” are you saying let every
clinic set their own standards?

Dr. MagsHaLL. No, sir; absolutely not.

Chairman Heinz. But is that not present policy?

Dr. MarsHALL. Present policy is that there has to be a written
policy for each clinic with respect to what standards they follow.

Chairman Heinz. Right. Is that not letting every clinic set their
own policy?

Dr. Magrsnarr. I don't believe it is quite that freeform, Mr.
Chairman.

Chairman Hrinz. Why is it not?

Dr. MarsnaLL. Because all of those clinics are likely to be aware
of what the standards of practice are that are considered accepta-
ble in that particular business and they realize—if the operators
don’t realize, I am sure that their attorneys realize—that they are
increasing their litigation risk if they have set a standard that is
very much different from those that are considered to be appropri-
ate,

Now, the Public Health Service——

Chairman HEeinz. All of that may very well be true, but it still
boils down to the same thing: they are responsible, it is freedom of
choice for them in setting their own standards.

They may be aware; they may be ethical; or they may not care.

Dr. MarsnarL. The State survey agencies are kept abreast by the
Centers for Disease Control, for example, of what the Centers for
Disease Control find to be acceptable standards for the high level of
disinfection that is necessary to maintain patient safety.

Chairman HEeinz. Dr. Marshall, 1 don't know why we are beating
around the bush on this point. You can say that there are these
pieces of information and this kind of education available, but the
fact is—yes or no, please—that each clinic sets its own standards.
All it has to do is write them up and hand them in to the State
agency, and it has complied.

Is that not right?

Dr. MarsHaALL. At one level, that is correct.

Chairman Hrinz. Well, I did not think it was that tough a ques-
tion, but it proved to be extremely difficult.

I don’t have any more questions right now. I may have a few
more for the record. I appreciate your being with us today. You
have been very patient.

I hope that out of this hearing there will be a heightened sense
of urgency on a variety of fronts that we have mentioned. I think if
we fail to take note of what is going on out there in the real world
and we all hide here in Washington—it is all to easy to hide here
in Washington—we don’t advance our own careers; we don't ad-
vance the war against the budget deficit.



98

I mean, heavens, if people get sick and have to be hospitalized
because we are allowing unethical providers, hopefully whe are
few, to reuse these devices, make people sick, have them go to the
hospital, we know who pays for the hospitalization: the taxpayers,
ultimately.

I was interested in the testimony of Dr. Oberley who had been on
dialysis for a very long time and had only been in the hospital 4
days. I suspect there are a lot of people who have not been so lucky
who may have gone to the hospital for far longer and more fre-
quent periods because of the reuse of this equipment.

If economy is simply saving in one area and inflicting costs in
another, that is a false economy.

So I thank you all. Mr. Fleming, welcome to your new job. Don't
worry, it can only get tougher.

Mr. FLEMmING. | expect so.

Chairman Heinz. Very well.

Dr. Marshall and your associates, thank you very much.

This hearing is adjourned.

[At 1:40 p.m., the committee was adjourned.]



APPENDIX

MATERIAL RELATED TO HEARING

Item 1

ISSURS IN REUSE OF KIDNEY DIALYSIS DEVICES: IS REUSE ABUSE?

A Staff Report

Special Committee on Aging
United States Senate
John Helnz, Chairman

March 6, 1986

Stephen R. McConnell, Staff Director
Diane Lifsey, Minority Staff Director
Robin L, Kropf, Chief Clerk
Jim Michie, Chief Investigator
David H. Cunningham, Investigator

{99)



100

Starr Report

United States Senate
Special Committee on Aging
John Heingz, Chairman

ISSUES IN REUSE OF KIDNEY DIALYSIS DEVICES: IS REUSE ABUSE?

TABLE OF CONTENTS
Table Of CoONteNntB.vseereerssreseserserscscsssvensassssapagE
Executive SUmMMAIrY.sscsessscscssscoscsssvssssssssssssoecs o DAEE
INtroduction.eecececceccscococcscoccccccccsesssssssssssspPBBe
What Problems are Asscclated with Reuse?.......cecs....page
Causes of the ProblemM..sescesescscssssersssessssrsesssapPBEE
Staff RecommendationB....cesesssssssssessccissssesssesPage

APPeNAiceB.cceececssconsescoccsccoscsssosossoscsvsscssssPBBE

EXHIBITS and TABLES

Examples of Manufacturers!' Labeling
of Dispoeable Dlalysis DeviceB...cvesesesssasessesscssPAgE

Geographical Diatribution of Frequency
Of D18lyZer ReUB@..csesevsvsesrssresaccccaccsacaccasssPBRE

Selected Bstimates of Savings PFrom Dialyzer Reuse......page

Summary of 1983 Survey of Dialysis
Patients' Reuse EXperlencesB....scsscecssssssssssssesspage

Draft Informed Consent Statement from
the State of California (Appendix l}.....cceeseveesq.pBEE

Bibliography on Pormaldehyde,
Reuse, & Dialysie (AppendiXx 2)....cccececccssssesesssopage

i.

i1.
1.
i,
10.
18.

20.

20.

24,



101

ISSUES IN REUSE OF DISPOSABLE KIDNEY DIALYSIS DEVICES

A Starf Report of the Senate Special Committee on Aging.

United States Senate
Jobn Heingz, Chairman

EXRCUTIVE SUMMARY

INTRODUCTION.

This report summarizes the findings of a four month inves-
tigation by Committee staff. In the course of this
investigation, interviews were conducted with sclentists,
clinicians and patients involved in hemodialysis study, prac-
tice and treatment., Staff also interviewed scores of managers
and personnel 4in dialysis device menufacturing firms, standard-
setting organizations, and in three federal agencles--the Food
and Drug Administration (FDA), Heelth Care Financing
Administration (HCPA) and the National Institutes of Health
{NIH). Published research and information papers were reviewed
as well as thousands of internal records from the three federal
agencles.

WHAT IS DIALY3IS, AND HOW IS IT PRACTICED?

Dialysis 13 a critical life-sustaining treatment required
to remove toxins, salt and water that accumulate in the blood
of & person whose kidneys have ceased to function because of
end-stage renal disease (ESRD).

Life-saving dialysis has been practiced for more than 20
years and today is provided by Medicare at a cost of over $1.5
billion dollars to more than 78,000 patients in over 1,200
dialysis clinics across the nation, Medicare funds B0%Z of
dialysis costs.

A growing practice in dialysis clinies in recent years has
been the reuse of certain dislysis devices that are labeled by
manufacturers for "single use only". All dialysis clinlcs are
reimbursed by Medicare at the same rate, regardless of whether
they reuse disposables or not. '

More than 60% of the diaslysis clinics are reprocessing and
reusing disposable dislysis devices as many as 20 and 30 times
by flushing cut and "disinfecting®” them with & soclution most
often consisting of formaldehyde and water.

11.
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WBAT PROBLEMS ARE ASSOCIATED WITH REUSE?

PROBLEM #1: Tens of thousands of dialysis patients may be
exposed to dangerous and unnecessary risks in the multiple
reuse of disposable dlalysis devices.

[ Formaldehyde, a potent toxin known to cause cancer and
liver damage, is utilized by most reuse clinies to
"disinfect™ disposable dialysis devices.

o Formaldehyde residue 1s trapped in the deviges after
reprocessing and leaches out into the blood of dialysis
patients,

) Dialysis patients are threatened with infection from deadly
bacteris that may contaminate water supplies used in
reprocessing disposable dlalysis devices.

[, ] Dialysis patients complain of severe to minor formaldehyde
reactions and overuse of blood thinning drugs to maximize
the number of reuses of & dialysis device,

PROBLEM #2: Dialysis patients who submit to reuse often are
not adequately informed of the risks, and many are denied
freedom of cholce on whether to reuse or not,

] Dialysis patients often are intimidated and coerced into
reusing thelr disposable dialysis devices,

] Seldom are the potential risks of reuse provided to
patients in writing 86 that the patient can make an in-
formed decision on whether to reuse,

] Seldom are patients given the freedom of choice on whether
or not to reuse their disposable dialysis devices.

PROBLEM #3: There are no uniform and enforcesble standards to
ensure the safety and efficacy in the reprocessing and reuse of
disposable dialysis devices.

] FDA has falled to apply its good manufacturing practice
(GMPs) regulations to reprocessors of disposable dialysis
devices.

o Lack of uniform standards for reuse has resulted in sub-
stantial varilance in reprocessing techniques and procedures.

o Both PDA and HCFA have taken a hands-off attitude toward
reusing dislysis clinicas by labeling it as a matter of "medical
practice.™

111.
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CAUSES OF THE PROBLEN,

CAUSE #1. Pederal agencies have falled to do research necesg-
sary to assure the safety and efficacy of reuse,

Federal study of the safety and efficacy of reuse has been

Incomplete, has drawn questionable conclusions, and has
Talled to Tulfill the mandate of Congress.

The Health Cere Pinancing Administration (HCFA) has failed
to malntain en adeguate ESﬁﬁ data base to monitor the

health ocutcomes of patlents gubjected to reuse.

Cause #2: The Pederal government has failed to ensure that
dialysis patients' rights are respected.

Cause #3: PDA and HCFA have relinquished their respon-
sibilities to ensure safety and efficacy and quality of care in
dialysia.

The FDA has substantially weakened its compliance policy in

regulating reuse of dIsposable medical devices.

FDA has failed to provide standards or guidelines for reuse
of disposable dlalysis devices.

HCPA has falled to provide guldance and standards concern-
ing reuse of disposable dialysis devices,

STAFF RRCOMMENDATIONS.

Recommendation #1: Require DHHS to conduct the necessary
etudies, Including randomized clinical trials on reuse of
dialysis devices, {including dialyzers, blood tubing,
transducer protectors and caps) to determine the safety and
efficacy of this practice, as 1t is presently conducted.

Recommendation #2: The DHHS should withhold 1ssuance of its
proposal to establish lower composite rates for dialysis serv-
ices {which assume reuse) until the safety and efficacy of
reuse is determined.

Recommendation #3: If DHHS continues to allow individual
Physiclans and clinics to decide whether or not to reuse, 1t
should establish a two-tiered reimbursement system for dlalysis
facilities to reflect the difference in the cost between
facilitiea that reuse devices and those that do not reuse.

This will save money paid for excessive profits at reusing

iv.
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facilities, while it will aveoid putting undue pressure to reuge
on physicians and clinics that have decided reuse is unsafe or
less effective,

Recommendation #8: DHHS regulations should be amended to
Include provisions that would require dialysis clinics to
inform their patients in writing about potential risks as-
sociated with reuse and allow the patientg the freedom to
decide whether to reuse or not to reuse their disposeble
devices. Additionally, DHHS regulations regarding patients!
rights and responsibilities should be amended to include provi-
sions for requiring such informed c¢consent and freedom of cholce
for patients.

Recommendation #5: The PDA should adopt uniform federal stan-
dards for the reuse of dialysis devices in accordance with the
provisions of the Pood, Drug and Cosmetic Act.

Recommendation #6: In accordance with and as provided in long
standing law and regulation {21 CFR 820.3(k)), FDA should
immediately impose FDA's Good Manufacturing Practices on all
reprocessors of disposable dlalysis devices.
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ISSUES IN RRUSE OF KIDNRY DIALYSIS DEVICES: IS RRUSE ABUSR?

A Staff Report of the Senate Special Committee on Aging.

INTRODUCTION.

This report summarigzes the rindings of a four month inves-
tigation by Committee staff, 1In the course of thisg
investigation, interviews were conducted with scientists,
clinicians and patients involved in hemodialysis study, prac-
tice and treatment. Staff also interviewed scores of managers
and personnel in dlalysis device manufacturing firms, standard-
setting organizations, and in three federal agencies--the Food
and Drug Administration (FDA), Health Care Financing
Administration (HCPA) and the Nationel Institutes of Health
(NIH), Published research and information papers were reviewed
a8 well as thousands of internal records from the three federal
agencies,

WHAT IS DIALYSIS, AND HOW IS IT PRACTICED?

Dialysis 18 a critical life-sustaining treatment required
to remove toxins, salt and water that accumulate in the blood
of & person whose kidneys have ceased to function because of
end-stage renal disease (ESRD). The treatment requires the
patient to be connected three times a week for four hours to a
dialysis machine which filters out these life-threatening
toxinas. The only alternative to d4ialysis for treating ESRD 1is
kidney transplantation. Medicare funds 80% of dlalysis costs.

Life-saving dialysis hes bdeen practiced for more than 20
years and today is provided by Medicare st & coat of over $i.5
billicn dollars to more than T8,000 patients in over 1,200
dialysis ¢linics across the nation, More than half (né,ooo) of
the patients are 55 and older; over 26% (27,000) are 65 and
older; and 343% of new patients annually are 65 and older.

A growing practice in dialysis clinlics in recent years has
been the reuse of certain dialysis devices that are labeled by
manufacturers for "single use only® (please see examples of
manufacturer labeling, and table deplcting frequency of reuse
4n the U.S., pages 2-3). Reused most often are the plastic
oylindrical dialyzer blood fllter and the plastic blood lines
through which the patient's blood flows to and from the
dialyzer. Other equipment subjected to reuse includes the
transducer filter and dialyzer ceps.
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Ceographical distribution of the freq v of dialyzer
reuse a3 & percentage of patients treated by reprocessed
hemodialyzers, 1984.

Source: The Asscociaticn for the Advancement of Medical
Instrumentation, November 1985.

Some dialysis c¢liniclans believe that reuse of the dialyzer
combats "first use syndrome", an allergic reaction to & new
dialyzer, An estimated 99% of the reports on this "syndrome"
have involved hollow fiber dialygers, which are most often used
in treatment today. An PDA analysis of data collected over @
two year period showed that there are about 3,3 such reactions
per 1000 patients. The PFDA, however, discovered that in over
60% of the reported cases of firat use syndrome, the dialysis
facility failed to follow the manufacturer’s instructions for
preparing the dialyzer for patient use.  Cliniclans also have
disgovered that certain types of membranes used in dialyzers
may cause allergic reaction, and switching the patient to
another dialyzer with a different type of membrane solves the
problem.

All dialysis clinics are reimbursed by Medicare at the same
rate, regardless of whether they reuse disposables or not.
Hospital-based clinics receive $131.00 per dlalysis treatment,
and non-hospital-based facilities, $127.00. A new disposable
dialyzer costs about $10.00 and ig the most expensive dis-
posable device in dialysis. Blood lines cost sbout $3.00.
Reprocessing of theae two disposables saves about half to one-
third the cost of buying new ones each time they are reused.
Figures generated by the Office of Technology Assessment indi-
sate that reuse of the dialyzers alone may result in excess
prorit; of $80 million or more per year. (Please see Table,
dbelow.
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Selected Estimates of Savings
From Dialyzer Reuse
Savings per patient year‘
Source of estimats {$ current)
Fawcett and Mangles {1974} . $3,000
Foxen (1983°............... 1,800
Holfstein, et al. (1878} ....... 1,600-2,400
Scribner (1977).......... ... 2,500-6,000
U.S. DHHS, HCFA (1881)® . ... 2,000
SRounded to nearest 3100.
baumnn-nfwauwufnwnwmmmnnuofuunumhg
SOURCES: 8. 2 heart Mmux.nmdnoomon-
tatives, Subcommittes on Health of the Commitiss on and
Maeans, Apr. 25 1977; P. A. Hoffstein, ot ol., Costy ts
of 8 Sampls Study,” Kid. Inl. 0:200-203, 1078; and K. C. Fawcett and
M. D. Mangles, of the Gamdro Lundia 17-Laysr Diaiyzer,”
Oiatysis and Tranapiantation X 153840, 1574, Figures are derived from
the summary In Q. 7. Wilingmyre, Rsuse of.
(Wash! OC: Health Manuf A kK
Data from Fawostt end {above) and L_ . Foxen, “iy Reuse
o o T i S el
Assessment Report No. §83, gton, VA,
CO8t savings per by ing ¥ per yeur.
m&mm_muawamnumm.

Hemo-
W:MMMLMWIOMKMJW&

Source: Office of Technology Assessment, December 1984, "The
Hemodlalysis Equipment and Disposables Industry"”

When new, these disposabdle, or throw-away, devices are
sterilized by manufacturers prior to shipping toc dialysis
clinics in accordance with the FDA's good manufacturing prac-
tices (GMP's). More than 60% of the dialysis clinics, however,
are reprocessing and reusing these devices as many as 20 and 30
times by flushing out and "disinfecting” them with & solution
most often consisting of formaldehyde and water. Although
widespread, these "reprocessing” procedures are not regulated
and checked under the FDA's GMP requirements for quality con-
trol.

WHAT PROBLEMS ARE ASSOCIATED WITH REUSE?

PROBLEM F1: Tens of thousands of dialysis tients may be
exposed to dangerous and unneceasary Plsks ?n the muI%I Te
reuse of di 1 {al d

sposable dialysis devices.

More than 85% of the reuse ¢linics continue to reprocess
and "disinfect"™ dialysis devices with formaldehyde, a potent
toxin. Pormaldehyde 18 known to cause cancer, liver damage and
destruction of red blood cells. Research has shown that for-
maldehyde can cause the formation of antibodies in the blood
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that may encourage rejection of a kidney transplant, In addi-
tion, formaldehyde reportedly causes allerglc reactions,
centrel nervous system and menstrual and reproductive
disorders. These adverse effects are enumerated and discussed
in research papers that are listed in an attached bibliography.

. Although there are other, and perhaps less toxie, disinfec-
tants on the market, formaldehyde continues to be the germicide
of cholice for two reasons: (1) clinicians have used 1t for many
years; and (2) 1t 18 inexpensive.

Study has shown, however, that formaldehyde residue 1s left
behind in the dialyzer after "reprocessing”, and that this
residue leaches out into the petient’'s blood. Manufaecturers
indicate that repeated reuse of the blood lines causes spalla-
tion, or the breaking off, of small particles of plastic from
the inner wall of the tubing and into the patient’s bdblood.
Acute and long term effects of the formaldehyde and the plastic
particles on dialysis patients are not known; clinical studles
needed to determine these effects have not been conducted,

The Centers for Disease Control recommends that & disinfec-
tant solution containing at least 4% formeldehyde is needed to
properly safeguard against bacterial contamination in
reprocessing disposable d1alyais devices, The toxic nature of
formaldehyde, however, causes many clinies to use a disinfec-
tant solution containing less than 4% formaldehyde, While
these lower levels may lower the risk of adverse effects from
formaldehyde, such practices increase the potential for bac-
terial contamination and infection in patients,

Patients who reuse their disposable dialysis devices face
the risk of their devices being contaminated with virulent and
life-threatening strains of dbacteria, The CDC knows of at
least several instances where the "reproctessing™ water supplies
in reuse clinics became contaminated with these deadly and
infectuous non-tuberculous mycobacteria.

In one such tragedy several years agc, 27 patients in a
dialysis center in Loulsiana were infected with rapidly growing
mycobacteria, The CDC reported that "one factor common to all
patients was exposure to [relprocessed dialyzers." The CDC
hypothesized that "patients became infected when their blood
eirculated through [relprocessed dlalyzers that contalined
viable rapidly growing mycobscteria." According to the CDC,
Sbetween June 1982 and June 1983, 14 of the 27 patients ###
died.™ The extent to which the bacterial contamination con-
tributed to their deaths 1s unknown; an autopsy was performed
on only one of the 14 patients who died.

CDC investigation revealed that the Loulslana dialysis
clinic had been reprocessing their dialyzers with & 2% formal-
dehyde solution, which the CDC, in 1981 or earlier, had
determined to be ineffective in killing off these virulent
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bacteria. In fact, the CDC had recommended in a June 1981 .
National Institutes of Health report that a 4% formaldehyde
solution was needed to adequately protect against these deadly
bacteria,

5 Moreover, 8 CDC survey last year of 115 dialysis c¢linics
-fieross the nation showed that "over 80f of these centers had
‘mycobacteria in water assocliated with the clinie,™ A CDC
scientist stated: These organisms cannot be ignored. How many
outbreaks of non-tuberculous mycobacteria among dialysis
patients are needed to indicate that 2% formaldehyde is an
inadequate procedure for disinfecting hemodialyzera?"

Nonetheless, despite the longstanding CDC recommendation
for a Uf formaldehyde solution, a full two-thirds of the reuse
clinics continue to use less, some as little as 2% and even
lower.

In 1983, the National Assoclation of Patients on
Hemodlalysis and Transplentation (NAPHT) conducted a survey
among its members concerning reuse of disposable dialysis
devices, The Associlation for the Advancement of Medical
Instrumentation (AAMI) Reuse Subcommittee analyzed some of the
patient responses and found that "a majority of the responses
reflected serious, negative experiences with reused devices."
Results of the AAMI analysis were presented in table below in
the Association's November 1985 report, "Hemodialyzer Reuse:
Issues & Sclutions.”

Summary of 1883 NAPHT Responses on Reuse Experiences

1. Negative Experiences (the majority fell into this category)

A. Formaldehyde reactions (ranging from severe to minor).

B. Over-heparinization. The report implied that this was done
deliberately to improve the reuse characteristics of the device
and to the detriment of the patient.

C. Non-disclosure of risks. Patients were evidently intimidated
into signing releases.

D. Hostile, punishing staff. Patients who objected to reuse were
allegedly punished.

I1. Positive Experiences (very few reported)

A. No first-use syndrome.

B. Full risk disclosure.
C. Sensitive, caring staff.

The AAMI report stated pointed that the NAPHT survey was
not statistically valid and, therefore, "could be challenged as
being the result of a 'biased sample’.”
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PROBLEN #2: Dialysais tients who submit to reuse often are
not adeguately IE*oFiES of the rIaEa, and mAny &re dénled :
om of choiece on ether to reuse or not.

Under Medicare's existing rtimbursement rates, 1t is still
economically feasible for dialysis clinics to operate without
reusing disposables, and 30% to 40% continue to do so,
primarily for two reas¢ns:

1. Many of the physiclans in charge, the clinician-
nephrologists, belleve that there are too many unknowns
assoclated with reuse, that 1t has yet to be proven safe and,
therefore, choose not to include it in their medical practices;

2. Some of the non-reuse clinics have too few patients to make
reprocessing and reuse of disposables cost-effective,

To date, however, there are no federal policies or
guidelines on whether patients should be given freedom of
cholice on whether to reuse, nor on the exact nature af the
information provided regarding potential risks of reuse.

Consequently, heated debate continues over whether patients
who dlalyze in reuse clinlies should be asdvised ¢of the potential
risks and given freedom of choice on reuse,

All dialysis clinics, whether they reuse or not, regquire
their patients to sign & "consent fora"™ prior to beginning
treatment, These consent forms vary in content and detail, but
frequently provide only scant information on the risks and
procedures in reprocessing and reusing disposable dialysis
devices. A typical "consent form" might contain a single
sentence referring to "multiple use® of diglyzers, The follow-
ing are several examples:

1. ", . I understand that techniques for use of artificial
kidneys including multiple use of artificial kidneys are
employed for this treatment. .";

2. ", . The procedure of dialyzer reuse has been explained
to me and I understand this process. ."; and

3. ". . The risks involved in reprocessing include ex-
posure tc the sterilant and not receiving ocne's own
dialyzer. ."

The examples of "consent forms" collected during the
Committee's investigation fail to mention any specific poten-
tiel risks associated with formaldehyde exposure--cancer, liver
damage, etc, Not even is the name of the
"aterilant®,formaldehyde, mentioned. Nor do any of the these
forms inform the patient that their doses of the drug heperin,
a blood thinner, may be increased to maximize the number of
times the dialyzer can be reused (As the dialyzer 1s reused,
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blood clots are trapped in the filter fibers and increasingly
reduce the efficiency of the dialyzer).

None of these "consent forma™, except for one, provided the
patient with freedom of choice on whether to reuse or not. The
ene exception, & form obtained from a clinic in
Colorado,statea: ®, ., I understand that if I refuse to allow
the reprocessing of my dialyzer for multiple usage, my refusal
will in no way affect my continued treatment in the
hemodialysis progrem, ,"

It 18 not uncommon for ataff at some clinics to tell
patients that, if they refuse to submit to reuse, they must
£ind treatment elsewhere, There alsc have been cases where
patients have been coerced and forced into submitting to reuse.

The State of Californies has drafted strict new regulations
for its dialyeis clinics concerning reprocessing and reuse of
disposable dialysis devices, Mendated by the Californila
Legislature, dialysis clinics in that atate will be required to
provide patients with a detailed ®"informed consent®™ atatement
similar to the example in Appendix 1.

PROBLEM #3: There are no uniform and enforceable standards to
ensure the aufefx and eff!cac! In the regrocesa!gg and reuse of
BPOBA! (] aiysis evices. .

PDA, the federal agency charged with ensuring safety and
efficacy of medical devices since 1976, enforces the "food
Manufacturing Practices"” (GMP's), The GMP's are contained in
the Code of Pederal Regulations (21 C.F.R, B20) and require
manufacturers to prepare and implement a "quality assurance

program.”

The GMP regulations specify procedures for manufacturing
and reprocessing of devices: (a) written manufacturing :
specifications and processing procedures shall be established,
implemented, and controlled to assure that the device conforms
to its original design (21 C.F.R., 820.100); and (b) reprocess-
in rocedures shall be eatablished, implemented and controllied
To assure that the reprocessed device meets original specilica-

tions (21 C.F.R. 820.115).

The PDA, however, has never applied thess regulations to
the more than 700 dialysis clinics who reprocess and reuse
disposable dialysis devicea. Instead, the FDA has taken the
position that reprocessing and reuse of these devices 1s a
matter of "medical practice™--not tc be interfered with.

In a December 1, 1984 letter to the Kidney Patients
Association, Dr. Edward Brandt, the then Assistant Secretary
for Health, DHHS, stated: "this is not an area in which FDA or
DHHS should properly be invelved." A year later, in December
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1985, a HCFA official wrote the same patient organization: "the
general question of reuse is a medical) practice 1ssue and one
which should be decided by the patient's physiclan."

The consequence of the "hands-off" attitude of both the FDA
and HCFA has led to widespread variance in reproceasing and
feuse practices. Over the past decade, scores, perhaps
Bundreds, of different "recipes" for reprocessing disposable
dialysis devices have been devised and used. Some nonspecific
guldance on reprocessing has been published by such organiza-
tlons as the National Kidney PFoundation and the Association for
the Advancement of Medical Instrumentation in an effort to
bring some standardization to the procedure. These guldelines,
however, provide extremely broad latitude to the practitioner
and are far from matehing up to the FDA's GMPs.,

Although some of these "recipes" for reprocessing may be
effective, there 18 no data base on which to make Judgements
since the PDA has yet to apply GMPs to the 700 or more
reprocessors of disposable dlalysis devices.
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CAUSES OF THE PROBLEM,

Cause #1. Pederal agencies have failled to do research necessary
.to assure the safety and efficacy of reuse.

deral study of the safety and efficacy of reuse has been
Shcomplete, has drawn uee%!onaSIe eonc*ua!ons and has failed
u dat T

ne mandate O ongress,

The Congress in 1978 mandated that the Secretary of the
Department of Health and Human Services (DHHS) study the medi-
cal appropriateness and safety of cleaning and reusing dialysis
filters by home dialysis patients. The law required a full
report to be made to the Congress by October 1, 1979. A com-
plete report has not been submitted to Congress.

In an attempt to meet the Congressional mandate, & coor-
dinated plan for determining the medical approprilateness and
safety of reuse was developed by the National Institutes of
Health (NIH), Food and Drug Administration (FDA) and Center for
Disease Control (CDC). The plan resulted in the National
Inatitute of Arthritis, Diadetes, Digestive and Kidney Diseases
(NIADDKD), under the auspices of NIH, issuing a contract to
study dialyzer reuse. The NIH study was to be conducted in
three phases:

Phase I Research of the published llterature on reuse.

Phase II In vitro testing of resterilizetion procedures
to qualify resterilized dialyzers for humen use.

Phase III Clinical trials of resterilized dialyzers, to
determine the health effects of reuse.

A contract for completion of Phase I and Phase II of the
study on the "Multiple Use of Dialysis Devices" was awarded to
the National Nephrology Poundation (NNF). NNF selected Arthur
D. Little, Inc. (ADL) as 1ts primary subcontractor to perform
the actual research.

The critical third phase of the NIH study, however, was
never begun. In a January 7, 1981 letter to HCFA, an NIH
official asserted

®___ In some cases the fundamental research contribution
[of these projects] to medical science would be fairly
low. ¥Nith this factor in mind, ... 1t would be relatively
unlikely that NIH would fund some types of research that
might have great interest to HCPA because of 1its economic
impact....Clinical Trial of Multiple Use of Hemodialyzers
... [would have] a significant economic impact but a low
contribution to basic medical science. Potential coopera-
tion from HCPRA: (a) Full funding of the needed clinical
trials.,..."
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This decision by NIH relegated the congressionally mandated
report to "orphan® status, without an agency to fund or oversee
i1ts development during a critical phase, Concerned that the
study was in jeopardy, the DHHS Inapector General's office
wrote to NIH on January 15, 1981,

"It hag come to our attention that [NIH) had discontinued
«+. research into the efficacy and safety of kidney
dialyzer reuse. Under the 1978 Amendments to the [Social
Security Act], Congress mandated ... this research ....
Now it appears unclear whether [NIH] or [HCPA) 18
primarily reeponsible for financing and administering the
continuation of dialyzer research beyond Phase I ....
Unless HCFA and NIH can ... resolve this issue, we plan to
notify the Congress,..."

The 1G requested a "formal, written explanation which
outlines your position on this issue", presumably to assist in
the preparation of & report to Congress on HHS' progress in
meéeling the requirements of the 1978 amendments. The following
responses were sent to the I.0,

o NIH: ",,.No funds were made available for dialyzer reuse
studies, nor was responsibility assigned formally to any
[Public Health Service (PHS)] Agency .... [HCPA and NIH] concur
that since the issue about dialyzer reuse 18 one of SAFETY of
dialyzer reuse, it would appear to belong more appropriately
within PDA's sphere of responaibilities...”

o HCPA: "... The Department divided responsibility ... between
HCPA and PHS.... PHS indicated that they expected to be reim-
bursed by HCPA for all research perteining to their
responsibilities under the legislation., HCFA responded to PHS
that we expected PHS °to errange for obtaining funds to conduct
studies'.... PHS did not respond to this memorandum....”

o FDA: "... The FDA disagrees with [NIH's] statement that the
responsibility for conducting dialyzer reuse research [belongs]
within FDA's sphere of responsibilities.... The FDA position on
reuse (18] ... When an institution or practitioner chooses to
reuse a single-use [dialyzer] the responsibility for the safety
and effectiveness of the reused device shifts from the manufac-
turer to the party responsible for the reuse.... A well-
designed clinical study addressing the overall safety of reuse
versus single-use might be desireable, however, such & study is
not within the mission of the PDA...."

ADL released it's final report to NNF in Pebruary 1981,
without any date from clinical trials, The final report on the
study was released toc NIH by NNF in June 1981.

The NIH (NNF) study has been cited repeatedly in numerous
research documents and offical correspondence as authoritative
evidence that reuse is safe. The report contains confusing and
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contradictory language, however, which suggests 1ts findings
are inconclusive and incomplete. For example, the key conclu-
sion of the NIH report states that 1t resulted in the
development of "protocol processea” {procedures) for "each
gcomponent of the multiple use procedure™. Further, the report
gontends that

wfultilization of the specified procedures with sultable
proceas and quality control will result in a reprocessed
hollow fiber hemodialyzer equivalent in terms of function,
cleanliness and sterility to a new hollow fiber
hemodialyzer.”

Of this finding, ADL later stated "[wle believe that clini-
cal studies are required to substantiate this conclusion.”

Moreover, at the end of its chapter entitled "History of
Clinical Experience" the NIH report draws & seemingly con-
tradictory conclusion:

n__.clinicel experience does not provide information which
could appropriately lead to a standardized protocol for
reprocessing dialyzers with sultable quality control and
process control.”

Leter, at the end of a sectlon describing the "History of
Technicel Experlence", the NIH report further concludes

n{tlhe technicel experience in the published reports does
not provide a suiteble data base for eritical analysis of
the parameters of importance for reprocessing of
dialyzers. A definition of conditions to effect satisfac-
tory rinsing, cleaning, sterilization and preparation for
use of & reprocessed dialyzer 1s necessary.”

In October 1981, when the principal subcontractor for the
project, Arthur D, Little, Inc. (ADL), eriticized the final
report and NNF as misrepresenting their work., ADL, which had
peen responsible for conducting both the research on the
1iterature and the in vitro testing of dielyzers, wrote to NNF
on October 9, 1981,

n_..[c]liearly ... the interpretations and conclusions
presented in the final report to [NIH] are those of the
National Nephrology Poundation and not of Arthur D. Little,
Inc....

n_ .. we urge that conclusions which could be applied to
clinical practice, such as those relating to the concentra-
tion of formaldehyde used for sterilization, be
subatantiated where appropriate by clinical trials, as wes
envisaged in the original request for proposal for this
essignment....
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"The final report omits most of the limitations which
attended data and statistical statements in the ADL report,
for those ADL-generated data and statements which were
selected. 1In particular, the final report tacitly asserts
that the dialyzers which NNF submitted to ADL for testing
were sufficient 1in number and representation to permit
conclusive statistical comparisons. The ADL report makes
no such assertion, and in fact advises in several places
that 'more extensive testing dbe performed to substantiate’
its qualified findings.®

In 1981, there was renewed interest at both HCFA and NIH in
conducting clinical trials to determine the safety of reuse of
disposadble dialysis devices., A joint NIH/HCPA "ESRD Strategic
Work Group" was formed and, on Pebruary 18, 1982, this body
released its findings to the Secretary of HHS. The Work Group
identifled "four areas of critical importance®, including the
"initiation of clinical trials to determine the effects of
hemodialyzer reuse®™, To date, no such ¢linical trials have
beenn initiated,

The Health Care Pinancing Administration (HCFA) has failed
to malntaln an adequate ESRD date base to monitor the health
outcomes of patlents subjecte 0 _reuse.

In addition, the HCPA/NIH Work Group 1list of "eritical
areas™ included a recommendation calling for

"...8 change in the focus of the Department's ESRD data
strategy .... During the initial operating phase of the
ESRD data system, several problems have impaired our
ability to produce meaningful information. Some of the
most critical weeknesses [include the fact that the] ...
primary focus of the Medicare billing process is
information needed for reimbursement - not medical
statistics ..." [emphasis in originall.”

In December of 1982, however, the ESRD work group's recom-
mendation was rejected and prevented from reaching the
Secretary of HHS, because ",.. HCFA appears to have developed
its recommendations in the subject issue paper without atten-
tion to their potential bdudgetary impact.”

A successor work group, established by the Assistant
S8ecretary for Health in Pebruary 1983 "to develop a coordinated
response to the recommendations contained in the Pebruery 1982
Report ...", in October 1983 reaffirmed the need for sig-
nificant improvements in the HCFA deta base. This "PHS
Coordinating Committee for End Stage Renal Disease®™ cited "the
lack of systematic data on long-term morbidity or benefit in
the reuse of dialysis of dialysis consumables™ and called upon
HCFA to "include information on dialyzer reuse" in its ESRD
data base. The PHS Committee further asserted that such a data
base was needed so studies can be initiated which would
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"compare the outcome of patients treated with dialyzers used
once vs, multiple times."

In July 1985 nine experts representing providers, academisa,
NIH and HCPA met "to consider the establishment of & nationwide
BSRD patient data system™. In calling for a national ESRD
patient reglistry, the participants noted

"The history of the ESRD data system has been fraught with
problems, both outside and inside HCFA. Despite the
accumulation of large quentities of deta by HCFA, it is
only in the last two years, with the help of the ESRD
Networks, and in particular during the last year with the
aid of specifically interested HCPA staff, that reliable
analyses, other than purely demographic information, have
become avallable,"

The ESRD Reglstry, the participants agreed, 1s needed

"To provide appropriate selected naticnal samples of
patients to permit clinical studies leading to conclusions that
may be generalized for national policy formulation.”

In August 1985 a Joint HCFA/NIH memorandum called for an
initiative and issuance of a Request for Proposals entitled
"Epidemiological Survelillance of ESRD Treetment in the United
States™. The objective of the proposed initiative was the
establishment of a National ESRD Patients Reglstry, which would
have as one of its goals assessment of "medical safety, ef-
ficacy, and the overall impact of current and newly developed
interventions for the management of ESRD." The memorandum
observes

®.,.. there 18 scant documentation on the comparative effec-
tiveness of the variocus treatment modalities. There is
only a limited amount of information currently available
to physicians and health planners regarding medical (and
fiscal) 1ssues surrounding ESRD therapy. Therefore, a
properly collected and analyzed data base must be gener-
ated to provide information to guide rational medical
decisions.

Cause #2: The Pederal govermnment has failed to ensure that
dialysis patients' rights are respected.

Federal law, enforced by the States under supervision from
HCPFA, requires that dialysis clinics which receive Medicare
funds must observe certain fundamental patients' rights, in-
cluding the following requirements found in the Medicare
Conditiona of Participation for ESRD providers:

"The patient care plan is developed by a professional team
and the patient.... The patient care plan 1is personalized
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for the individual, reflects the on-going psychological,
soclal and functional needs of the patient.®

"All patients ere fully informed of their rights and
responsibilities....®

"All patients are afforded the opportunity to gartlcigate
in planning their medical treatment, and are transferre
only for medical reasons, for the patient’s welfare or
that of other patients, or for nonpayment of fees {except
as prohibited by the Medicare program), Patients are
given advance notice to ensure orderly tranafer or
discharge.”

"Patients are treated with consideration, respect, and full
recognition of their individuality and personal needs."

"Patients are assisted in understanding and exercising
their rights, There is an established grievance mechanisn
under which patients can participate without fear of

reprisal.”

Evidence and testimony gathered during the course of the
Committee's investigation, summarized in Problem #2 above,
suggests strongly that these guarantees are often little more
than empty promises.

Cause #3: PDA and HCFA have relinquished their
reaponsibilities to ensure safety, efficacy and quality of care
in dialyais,

The FDA has substantially weakened its compliance policy in
reguiating reuse of disposable medlcal aevgces.

Prior to July 1981, FDA compliance policy regarding reuse of
disposable medical devices was as follows:

", . [Tlhere is a lack of data to support the general reuse
of disposable medica evices e Institution or
practitioner who reuses V¥V ghould be able to, demonstrate:
(1) that the device cen be adequately cleaned and steril-
ized, (2) that the ##% guality of the device will not be
adversely affected, and (3) that the device remailns safe
and effective for 1ts intended use. ®®##FDA considers dis-

gosable devices which are being reused, and which have not
een demonstrated to be capable of complying with the
requirements in the above { sentence], to be
adulterated¥¥¥and In viciatlion of 21 U.3.0. 331(k)."
On July 1, 1981, however, FDA published a rew compliance
policy gulde which deleted the possible finding of

"adulteration®™ prosecutadble under 21 U,S5.C. 331{(k). That
language was replaced with the following:
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". . The reuse of disposable devices represents a practice
which could affect both the safety and effectiveness of the
device., Information developed regarding this practice
should be referred to the [FDA's] Bureau of Medical Devices
for review and evaluation."

Since 1981, the PDA has conducted only three field inspec-
tions relating to reuse of dispomable dialysis devices. One of
the cases involved a reported inerease in patient deaths fol-
lowing a Texas clinic's decision to reuse blood lines. The
informant was an employee of the clinic. An FDA inspection
concluded that it could "not document any apecific increase in
deatha.” The report further gtated: "A review¥##reveals a
cyclic expiration rate with increased numbers of deaths each
fall and winter. We have not conducted any indepth statistical
analysis, but [a] preliminary review of data [was performed].”
Committee investigation determined that the FDA closed the
investigation without interviewing the informant or any of his
fellow workers,

FDA has falled to provide standards or guidelines for reuse of
disposable alysis devices.

Review of FDA documents indicates that the first mention at
at that agency of the need for standards in reuse of dispossble
dialysis devices was in a June 1980 report, "Investigation of
The Risks And Hazards Assocliaeted with Hemodialysis Devices.”
The report, which was prepared by an PFDA contractor, advanced
two goals: ". . to provide [FDA] with the information reguired
for writing and implementing standards; lan o provide
additional data [for] evaluation of

system component devices."

The reported further stated:

". . The principal jfustification for reusing dialyzers is
an economic one.##* [Tlhe practice of reuse 1s largel
unregulated and therefore does constitute a potentia

threat to patlent safely. ¥¥¥ The 18sue to be resolved *4#
Is whether standards, e¥ther performance or disclosure, can
be written for the reuse of dialyzers. At the present

time, such standards cannot be proposed for two reasons:
Pirst, in the absence of ae?InIEIve Tciinical] atudies,
such as the one contemplate y the NIH, € necessar
criteria to establish standards cannot be formulated.
econd, & e presen e, manufacturers labe alyzers
#%#% for single use only. Unleéss these issues are resoived,
standards related to reuse are not relevant,¥
However, as was discussed earlier in this report, the
"definitive clinical studies™ were dropped by NIH and have yet
to be done. Purther enslysis of FDA, NIH and HCPA documents
indicate that, by 1983, FDA apparently had given up on promul-

gating standards and shifted to discussion of "possibly
develop[ing] guldelines on reuse procedures,”
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An PDA official's memo of July 6, 1983 atated: "Quidelines
will ##% provide assurance to patients ®##% that the government
has studie e matier an a8 endorsed certaln prinelples
and/or procedures &8 adequate.”

- Later, in November 1983, the FDA decided to shift the
‘esponsibility for drafting guidelines away from itself to a
ﬁgzngovernmental group, the Associastion for the Advancement of
Nedical Instrumentation (AAMI). One month later, in December
1983, AAMI convened its Reuse Committee "to initlate work on a
national consensus guldeline for reuse of [dlalyszers]".

To date, the S56-member AAMY committee, consisting of repre-
sentatives of dlalysis manufacturers, elinicians, patient
organizations and federal agencies, has been unable to finalize
its draft "Recommended Practice For Reuse Of Hemodialyzers,”

.There continues to be controversy and disagreement over provi-
sions for informed patient consent and various and sundry
reprocessing 1ssues. A vote by the membership on a 1985 draft
of the AAMI "Recommended Practiced® prodused 20 votes in faver,
3 opposed, 4 abstentions, and 20 not voting.

Representatives of both the FDA and CDC esit and vote on the
AAMI Reuse Committee, Drafts of the AAMI "Recommended
Practice” note, however, that "participation by federal agency
representatives ##% does not constitute endorsement by the
federal government or any of {ts agencies,”

HCFA has falled to provide guidance and standards concernin
reuse of disposable dTalysls devices. :

HCPA has delayed formulation of policy end standards on
reuse in anticipation of FDA formulating its policy based upon

the AAMI Reouse Committee's finel draft of its "Recommended
Practice Por Reuse of Hemodialyzerse,"

HCFA internal documents indicate that there has been dis-
cussion, beginning in July 1984, about the need for a an sgency
policy on reuse. & July 3, 198% HCPA memo addressed
"complaints from the [Washington] D.C. state survey agency
concerning reuse of blood lines in a dialysies center.®™ The
HCPA memo stated:

*[Centers for Disease Control] CDC does not have & reuse
blood line policy %#% ¥e feel that the health and safety
issues involving reuse of the dlalyger are similar in this

eituation. There should be a national policy disposition
regarding the reusé of blood EuSIng In order to ensure the
protection o e hea and safety of patients,

A second internal HCPA memo in August 1984 concerned
®Policy Guidance Regarding the Reuse of Disposables for

Renal Dialysis.” This memo addressed a suggestion for the
"need for interim poliecy guidelines to address recent
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complaints about reuse of dialyzers and blood line tubing
sets.® The memo dismissed the need for an interim policey,
stating: "[Rlesults of [the AAMI study] are expected to be
released in January 1985.%%#% Ye belleve it is premature to
consider any change in the regulations until the results of

The | AAM1] project are evaluated.”

HCFA received yet another complaint from the D.C.
Government regerding the "need for clear guidelines from HCPRA
on reuse.” A D.C. Government letter to HCFA stated:

#[Tlhe federal ESRD regulations do not have clear
gpidelines on reuse [and] we are unable to enforce or
persuade the [dialysis] facility to follow the standards of

practice on reuse established by AAMI or the Kidney
Foundstion. Per the district's letter of September 12,

1984, once again clear direction from Region ITI [HCFA] 1s
requested on the position of HCFA on reuse, ™
Again, in December 1985, HCPA responded to questions from

the National Kidney Patlents Association regarding policy on
reuse:

nThe FDA is currently examining [AAMI's Proposed
Recommended Practice for Reuse of Hemodialyzers]. When we
eceive the FDA comments, we will consider what steps, if

r
any, should be taken by HCFA."

As was discussed earlier in this report, AAMI has yet to
finalize its "Recommended Practice" and, therefore, there is
continued in HCPA drafting standards and guidance concerning
reuse of disposable dialysis devices,

STAFFP RECOMMENDATIONS.

Recommendation F1: Require DHHS to conduct the necessary
preclinical and clinical studles to determine whether the reuse
of disposable dlalysis devices 1s safe and efficacious,

Recommendation #2: The DHHS should withhold issuance of 1ts
proposal to estabilish lower composite rates for dialysis serv-
{ces {which assume reuse) until the safety end efficacy of
reuse is determined.

Recommendation l%: If DHHS continues to allow individual
physicians and clinics to decide whether or not to reuse, it
should establish a two-tiered reimbursement system for dialysis
facilities to reflect the difference in cost between facilities
that reuse devices and those that do not reuse, Such a system
would allow Medicare to reduce paymenta to reusing facilities,
but would not create undue pressure to reuse at clinics where
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physiclans have decided reuse 1is unsafe or inappropriate for
patients.

Recommendation #4: DHHS regulations should be amended to
nciude provisions that would require dialysis clinics to
inform their patients in writing about potential risks as-
soclated with reuse and allow the patients the freedom to
decide whether to reuse or not reuse their disposable devices.
Additionally, DHHS regulations regarding patient rights and
responsibilities should be amended to include provisions for
requiring such informed consent and freedom of choice for
patients.

Recommendation #5: The FDA should adopt uniform federal stan-
dards for the reprocessing and reuse of disposable dialysis
devices in accordance with the provisions of the Food, Drug and
Cosmetic Act.

Recommendation #6: 1In accordance with and as provided in long
standing Taw and regulations {21 CPR 820.3(k)}), FDA should
immediately impose FDA's Good Manufacturing Practices on all
reprocessors of disposable dialysis devices.
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APPENDIX 1.

Draft Informed Consent Statement from the State of California.

DRAFT - FUR UISCUSSIUN ONLY JumE lygs
Page 48, n-#¥.83

73209. Informed Consent Text for KemodialyZer Reuse.

The foliowing text shall pe used by the dialysis facility in any

consent form used for the purpose of securing patient consent for the reuse

of hemodialysis filters:

My name is (patienr's name) and I am a dialysis patient at (name of dialysis

facility), & dialysis racility wnicn practices dialyzer reuse. {Name of

person wno has expiained the reuse procedures) has explained to me tne

procedures for the reprocessiny of dialyzers at this faciiity. 1 understand

that if | consent to dialyzer reuse, my dialyzer will pe reprocessed priofr

10 use 0n me each time.

it has been explained to me that if | consent to reuse, a specific dialyzer

will be assigned only for my use and that tne dialyzer may be used to treat

me as mahy 3s {mumber of maximum dialysis trealmenls}) times before deing

replaced with 8 new dialyzer. | understend thal the manutacturers of

dialyzers 46 not recommend tneir reuSe. However, there is a lony histroy of

reuse of dislyzers. Some people who have Studied reuse dotumenl adverss

effects and others indicele reuse is a sete and effective practice.

] understand tnat if tnis dialysis facility reprocesses my dialyzer

according to the reprocessiny procedures available for my review 3t tairs

unit, the disadvantayes associated with or claimed tur reuse are:
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ORAFT - FOR UISCUSSIUN ONLY JUNE 198>
Page 49, H-BE-43

{8} Enrry of formsldenyde, a chemical used to disinfect didiyzers,

into my blood system. The long-term effects of at the levels whicn may

enter oy bOGy are unknown.

(b} Increased possidbility of infection and/or fever progucing

reacrions.

Further, the advantages associated with or ¢laimed for reuse are:

{2] Llower incidence of back and chest pain, cramps, fever, sweating,

blood pressure problems, naused ang vomiting often associatea with the

initiel wuse of a new diaiyzer.

b} Reduced ¢ust to the renal aialysis Prograim at this diatysis

facility wnich may or way not result in adoed patient service benefits or

will result in the following patient service benefits: {space tor additional

factors to be added by tne dialysis facility).

I understand that | nhave the right not tu participete in tne dialyzer reuse

program at this dislysis facility fur sny resson whatsoever. 1 also

undersiand that | will not lose my rights or priveleges now or in tne future

if | decige not to participate. | am aware tnat | have certain rignts as a

participant in reuse, and tnese rights include:

{e} _Tne rignt to ask gueslions gt any time ADOUL dlaliysis reuse 3na

reprocessing procedures, and tne right to recelive from {ne $upervising

58-768 O—86—>5
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DRAFT - FUR DISCUSSIUN ONLY JUNE 198y
Page SU. R-88-83

practioner andfor his/her assistant answers which ful Iy, fairly, and

ungerstandsbly respond to such guestions.

(o} The rignt to withdraw my authorization for aislysis reuse by oral

request, followed by a written notice, to the supervising practitioner for

any redson, and tnat 1 do not have to expldin why to anyone. | furiner

understand that none of my rights or privileyes related or unrelated to

dialysts will be negatively affectea or denied.

{c) Tne right to a copy of tnis consent form after | siygn it and thst

the original will de kept with my meaical record.

{4} Tne right to file a written complaint with tae dialysis facility

and the Departweny of Healtn Services Licensing and Lertification Division,

and expect 2 resolution of that complaint by the cialysts facility.

{e) The rignt to expect safe and effective reprocessing of my

dgialyzer.

1f}_Tne right to know the number of times my dialyzer nas been

reprocessed prior to my dialysis treatment,

1 have recd this cynsent form and | do hereby AGREE to tne reuse of

dialyzers during the course of my treetiment atr tnis diglyssis facility.
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ORAFT - FUR DISCUSSION ONLY JUNE 1985
Paye 51. R-88-83
{Siynature of patient gur guardian or conservator ang
bate)

1 have read this consent forw and I do hereby NOT AGREE to the reuse of

dialyzers during the course of my treatment at this facility.

{Signature of patient or guardian or conservator ana

Date}

NUTE; Authority cited: Sections 208{a), 417.10, 1225, ang 1275, Health and

Safety Code.

Reference: Sections 417.10 - 417,15, 1226, ang 1276, Heaith and Safety

Coce,
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Formaldehyde in Dialysis Patients

A Review

JAMES R. BEALL

Health Effects Research Division, U.S. Department of Energy, Washington,
DC 20545

Exposure to formaldehyde (s associated with ¢ variety of effects
in diolysis patients. mncluding sensitization, eosinophilc. and
chromosomal damage. Most natably formaidehyde stimulates anti-
genic changes in erythrocytes that cause the development of anti-
bodics. With new and reused filters, residual formaldehyde left af-
ter sterilization is leached from the filter during dialysis and enters
the patient. As formaldehyde contacts the erythrocytes, it appar-
ently forms an active hapten that stimulates the production of
antiformaldehyde and anti-N-like antibodies. Anti-N-like antibod-
fes may develop in more than 30% of the patients who are exposed
to formaldehyde during dialysis. Antibodies related to formalde-
hydc cxposure have been associated with hemolysis, anemia, and
changes in the hematocrit. In a few patients who had received renal
transplants, erythrocyte apglutination, caused by the antigen-anti-
body reactions, probably blocked microcirculation in the kidney
end caused its rejection by the host. Perhaps by uniderstanding the
ways that patients are expased to and affected by formaldchyde
during dialysis, systems for dialysis and paticnt protection may be
improved. This information may also help elucidate formalde-
hyde’s potential 1o elicit reactions in healthy people when the expo-
surc accurs by other routes.

THE PROPENSITY OF FORMALDEHYDE (HCHO) to cause irritation, sensitiza-
tion, cancer, and mutations following dermal or respiratony contact has
received much attention (I-5). By contrast, the potential of HCHO to
cause organ changes or effects by other routes of exposure has received little
attention (6). Since 1872, information has been developed about the effects
of HCHO in patients who receive dialysis therapy (7). This therapy may
result in exposure to HCHO by intraperitoneal and intravenous injection.
Although personnel who administer dialysis therapy, as well as the patients
themselves, may touch or breath HCHO (8, 9), this chapter focuses on the

Thiuéhaéﬂer not subject to U.S. copyright.
Published 1985 American Chemical Society
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effects in patients following the injection of it during dialysis. Perhaps by
reviewing studies of these patients, new insights may be gained into HCHO
toxicity and ways to improve dialysis therapy.

W. Kolff developed the first artificial kidney for human use in 1843; it
was successfully used in 1945 (10). During the 1950s and 1960s, dialysis as a
therapeutic procedure was conducted on 2 limited scale. In 1961, develop-
ment of the Teflon shunt for repeated circulatory access (hollow fiber arti-
ficial kidney) permitted therapeutic dialysis of patients with renal failure
to become more common. By 1970, dialysis was generally available for
commercial use (11). Since 1970, although hemodialysis therapy has been
simplified and extensively epplied, the hollow fiber dialyzer has remained
commonly employed. In December 1982, 65,765 patients received regular
dialysis therapy in the United States at an annual cost of more than $1.6
billion or approximately $25,000 per year per patient (12, 13). By assuming -
that the incidence of new patients in the United States is similar to that of
Australia, some 7000 people each year may start on dialysis therapy for the
first time (14).

In the United States, patients either self-administer therapy at home
or receive it in one of the 1218 service or health centers (13, 15). In both
situations, the therapy is expensive. Because it is expensive, health centers
and patients search for ways to reduce the costs of dialysis (11, 12, 16). One
common way to save money is by reusing dialyzers. Although reuse of dial-
ysis filters started before 1964 (12), it is becoming more common because of
economic pressure (I7). For example, in 1978 and 1979, approximately
15% of the patients reused dialyzers; in the fall of 1981, 27.5% reused
them: and current estimates are that 50 % of patients now reuse filters (18).
Because a new dialysis filter may cost up to $30 and recycling a filter costs
$4-10 (18), reuse has the potential to save significant sums. The more times
a filter can be reused, the more money is saved (]9). Some filters have been
successfully reused for 3 years (12). To further illustrate this point, one
health center with 45 regular hemodialysis patients saved approximately
$85.000 annually or $2000 per patient per vear (14). Others report similar
savings (16). Most patients receive treatments three times per week. There-
fore, if the number of new filters purchased was reduced by 50% (14, 16),
and if each patient saved $25 per treatment, potential savings for the
United States alone might exceed $250 million per year. If the cost of new
filters decreases, savings from reuse may also decrease.

Sterilization

Whether a dialysis filter is new or reused it must be sterile. Without proper
maintenance of sterility, infectors (bacteria and virons) might be intro-
duced directly into the patient. Mcthods for sterilizing dialyzers that have
been tried include the use of cold storage: y-radiation (20); proteolitic en-
zymes (11); and solutionsof benzalkonium chloride (21), ethyvlene oxide
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(22), hydrogen peroxide (11), hypochlorite, and formalin or formaldehyde
(23, 24). Of these, HCHO was recommended as the sterilant with several
advantages in 1963 (21). It remains widely used today (25). The current
trend is to use sterilizing solutions having concentrations of 2.0-4.0%
HCHO. However, concentrations of up to 12% formaldehyde (30% for-
malin) have been used (21, 26, 27).

New and used dialyzers contain materials that operate as “chemical
sinks.” These may collect formaldehyde during sterilization and storage
and release it during use (25). The commonly used hollow fiber dialyzer
illustrates this point. During its fabrication the cellulosic fibers interact
chemically with the polyurethane potting material and partially inhibit the
hardening or curing of the polyurethane. The situation causes a thin film or
cuff of polymethane gel to form around each fiber (25). During storage,
HCHO diffuses into the gel film (25); during use, it leaches out and enters
the patient. Although polymethane gel appears to be the primary chemical
sink. dialyzers contain others, such as gaskets, potting material, tubing,
and fibers (24, 25). HCHO may enter a patient from nondialyzer sources in
the dialysis system as well. For example, in one hospital a water filter con-
taining cotton fibers bonded with melamine-HCHO resin was inserted be-
tween the water tap and the dialvzer. In this instance, HCHO from the
resin in the water filter leached through the dialyzer into the patients (28).

Exposure Concenfrations

Easy, accurate, and reliable methods for measuring low concentrations of
HCHO in blood or in dialyzer compartments have not been generally
available {23, 29). Consequently, exposure concentrations that have been
reported in the literature were either obtained in laboratory experiments
and then used to predict exposure during dialysis or represented less accu-
rate measurements at bedside of residual HCHO in dialyzers prior to use.
Primarily because of its convenience, the clinitest has been commonly used
at bedside to measure residual HCHO in dialyzers to which patients would
be exposed (30). Its use did little to protect patients from exposure to form-
aldchyde because the lowest concentration that it can accurately measure
may exceed 50 ppm {29, 31).

By using methods other than the clinitest, detection of HCHO at the
concentration of 5.0 ug/mL (5 ppm) is done in some health clinics (16).
These methods are not generally available to patients who dialvze at home.
Methods for routinely and accurately measuring HCHO concentrations of
1.0 ppm at bedside bave recently heen dev cloped and should gain w xder use
soon (32).

Many factors affect the amount and concentration of HCI1O to which
a patient is exposed during dialysis. These include the type of filter used
and the number and frequency of dialvsis treatments. These three factors
depend in part on the paticent’s needs and availability of service resources.
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However, additional factors include the concentration of formalin that is
used to sterilize and store the equipment, the extent to which HCHO is
rinsed from the equipment prior to use, and the length of time that flow
through the dialyzer is stopped between rinsing and use, or during use itself
(15, 23-25). Although these additional factors may be controlled, proper
rinsing of equipment requires consideration of more than just removing the
excess HCHO or sterilant.

If the sterilant is removed over too long a period of time or if inade-
quate concentrations of sterilant are used, potentially harmful infectors
may grow in the filter or equipment (15, 27). If the rinse is inadequate and
too little HCHO is removed, the residual amount may be sufficient to cause
toxicity.

To rinse all HCHO from the sinks within a dialyzer is extremely diffi-
cult. Lewis et al. (24) flushed a dialyzer with saline for 3 h and found that
even after the procedure HCHO was leached from it. Shaldon et al. (33}
found that 100 L of H,O failed to rinse &ll “C-formaldehyde from a dia-
lyzer that had been sterilized with it by a standard method that they used to
prepare dialyzers for patients. In addition to the difficulties in rinsing
HCHO from the dialyzer, the time that patients will devote to rinsing it is
limited. Lewis et al. (I5) suggest that a patient should not be expected to
spend more than 1 h rinsing a dialyzer before each use.

If flow through the dialvzer stops, the concentration of HCHO that is
available to the patient increases. This result occurs because HCHO from
the sink equilibrates in time with that in the blood and dialysate compart-
ments. The extent of the increase depends partially on how long the flow is
stopped. When flow is restarted, a bolus of HCHO enters the patient in the
first few hundred milliliters. In this situation, exposure concentrations
reach easily 40 ppm (24). Koch et al. (34) studied the HCHO concentration
in the effluent of Kiil dialyzers at the start of 220 dialyses during home use.
They found the concentration ranged from 0.3 to 108 mg/dL (mean = 6.7
mg‘dL). This finding means that some patients were infused with more
than 100 ppm of HCHO. Lewis et al. (24) estimated that even after a com-
plete rinsing process, 13 mg of HCHO was leached from a hollow fiber
dialyzer during a routine cycle of use.

Newer rinsing procedures and sensitive convenient methods to mea-
sure HCHO have helped reduce most exposure concentrations to the range
of 2.0-5.0 ppm (25). Perhaps more sensitive detection methods and better
construction of dialyzers can reduce this exposure to HCHO even more in
the future.

Effects of Exposure

For many patients, exposure to low concentrations of HCHO during dialy-
sis has not caused any observable effects. Indeed, hemodialysis was once
used to maintain blood pH levels by removing excess formic acid from a 58-
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year-old man who drank 8 oz of formalin in a suicide attempt (35); it prob-
ably saved his life. For other patients, exposure to HCHO has been associ-
ated with a variety of toxic effects. These include a burning sensation at the
site of injection (24), possible cytogenetic damage (36, 37), inhibition of
ATP production by erythrocytes (RBC) (28), development of anti-N-like
(ANL) and antiformaldehyde (anti-F) antibodies (38, 39), hemolysis of
RBC, decrease in the life of RBC (T '), and changes in the hematocrit (40).
In a few patients, the exposure to HCHO was associated with eosinophilia,
hypersensitivity, possible anaphylactoid reactions (41, 42) or formalin re-
actions (12) and, at high concentrations even death (43).

Physicians with experience in dialysis report that hepatomegaly and/
or persistently high concentrations of liver-related enzymes develop in the
sera of some patients (32, 44, 45). These changes in seemingly healthy dial-
ysis patients may be due to several factors including, in part, a direct or
indirect effect of formaldehyde on the liver (6).

Chromosomal damage in dialysis patients has been related by Goh
and Cestero (36, 37) to exposure to HCHO. These workers examined 1187
metaphase specimens of cells that they took directly from the bone marrow
of 40 dialysis patients. Preparations obtained from relatives of the patients
served as controls. They found a “marked” increase in chromosomal abnor-
malities including aneuploides, breaks, and structural changes in dialysis
patients. Measurements made during a mock sterilization of a dialyzer in
the laboratory indicated that patients had received 126.75 = 50.84 mg of
HCHO during each treatment (36, 37). Because their studies did not in-
clude groups of similar dialysis patients without exposure to HCHO, more
research is needed to understand the possible relationship between HCHO
and chromosomal damage in dialysis patients.

The effects of HCHO on RBC probably occur through at least two
processes: (1) changes in their metabolism and (2) changes in their immu-
nogenic potential. Orringer and Mattern (28) associated the installation of
a water filter between a tap water outlet and several dialyzers with an out-
break of hemolytic anemia among hemodialysis patients. Because the wa-
ter filter’s construction included melamine-formaldehyde resin, they in-
vestigated the effects of HCHO on RBC metabolism. They exposed RBC to
HCHO for 5 min and then incubated them in vitro for 2 h with inosine as
the only substrate. Pretreatment of RBC with HCHO inhibited glycolysis
by reducing nadide (NAD) to NADIT and thereby caused a 90 % reduction
in cellular adenosine triphosphate (ATP) concentrations during the 2-h in-
cubation. Exposure to as little as 0.1 mM HCHO was able to reduce glyco-
lysis and ATP content in RBC. When pyruvate was also present, a HCHO-
related decline in ATP did not occur. The maximum effective amount of
HCHO was 1.0 mM. According to Orringer and Mattern, this amount was
only one-tenth of the concentration of HHCHO that wasin 1 L of fluid that
they obtained from a dialvzer filter. These workers also showed that, using
the same systems, melamine did not affect RBC metabolism.
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Belzer et al. (46) described a medical case involving a man in whom RBC
“cold” agglutinins caused localized infarcts and rejection of a transplanted
kidney. The patient had received dialysis therapy for a year before the re-
nal transplant was attempted. The antibodies that caused the infarcts re-
acted with N-positive RBC. The next year Howell and Perkins (7) de-
scribed for the first time the development of ANL antibodies in patients
who received chronic hemodialysis. They contrasted the incidence of 12 in
416 patients who had ANL antibodies with an extremely rare occurrence of
anti-N antibodies per se in healthy people. Several researchers have subse-
quently confirmed the frequent presence of ANL antibodies in dialysis pa-
tients (29, 38, 39, 47-49).

Workers also subsequently substantiated the work of Belzer et al. (46).
For example, Gorst et al. (50} related formaldehyde-induced ANL anti-
bodies to renal graft failure.

Howell and Perkins {7} listed several potential causes for ANL anti-
body production and included exposure to HCHO as one possibility. Al-
though they did not specifically establish HCHO as the cause, they elimi-
nated pregnancy and prior transfusions as possible stimuli for ANL
formation. Crosson et al. (49) eliminated other chemicals, bovine implant
materials, prior serum transfusions, and bacterial and viral infections as
stimuli for ANL antibody production. Ultimately several workers showed
that HCHO alone stimulated the production of ANL antibodies (Table I)
(33, 48, 49).

Table 1. Anti-N-Like Antibodies in Dialysis Patients Exposed
to Formaldchyde
No. with Anti-N-
No. Studied Like Antibodies Percent Reference

416 12 3 7
40 6 15 48
430 38 8 49
288 37 13 33
111 18 16 5}
117 42 36 34
239 14 6 75
22 6° 7 39
71® 3 18 38
82 15 18 15
186 60 31 29
*Twenty patients {81 % ) showed a separate antiformaldehyde
antibody.
*Nincteen patients were exposed during resterilization with
HCHO. .

*Seventecn patients (89% ) showed a separate antiformaldehyde
antibody.
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Howell and Perkins (7) speculated correctly that the incidence of 12 in
416 underestimated the proportion of patients who would develop ANL
antibodies. Subsequent studies report a 12-24 % incidence of ANL antibod-
ies in patients who were dialyzed at health centers (48, 51, 52). Moreover,
the incidence of patients dialyzed at home is generally greater than that of
patients in dialysis centers and may reach nearly 50% (15, 53). Lynen et al.
(54) showed that the incidence of patients with formaldehyde-dependent
antibodies increased with time on dialysis therapy, and that all patients
who had been treated for 5 years or longer had the antibodies. Table II
shows the incidence of anti-N antibodies in people with normal renal func-
tion. In one study, only 8§ of 45,000 people had auto-anti-N antibodies (55).
Other researchers project that approximately 0.3% of a normal population
would possess auto-anti-N antibodies (33).

ANL antibodies are producible by patients having MM, MN, or NN
antigenic RBC (7, 48). The order of the potential for agglutination with
ANL is NN > MN > MM (54). Because ANL antibodies react with N anti-
gen and because MM-type RBC also react with ANL, HCHO seems to be
capable of altering M antigens to become N-like. Also, it seems as if either
N or N-like antigens may stimulate ANL production.

Little is known about the characteristics of ANL antibodies. Kaehny
et al. (51) suggested that inactivation of ANL antibodies by 2-mercaptoeth-
anol suggests that they may be of the immunoglobulin M (IgM) class. More
recently, Lynen et al. (54) found that the antibodies that agglutinate native
NN cells are exclusively of the IgM fraction of immunoglobulins, whereas
antibodies directed against formaldehyde-altered NN red cells are mainly
immunoglobulin G (IgG) in additicn to IghM. Depending upon the titer,
the ANL antibodies will agglutinate RBC at temperatures ranging from 4
to 37 °C (49, 56, 57). Some have found that the optimal reaction tempera-
ture range for the agglutination of ANL with RBC is between 12 and 18 °C
(57). However, recent studies demonstrate a considerable amount of
warmer antibodies (IgG) that could react at body temperature in dialysis

Table I1. Incidence of Auto-Anti-N Antibodies in People
Who Did Not Receive Dialysis Therapy

Cases No. with
Examined Anti-N Percent Reference
45,000 8 0.0178 S5
50 0 0 33
71 0 0 38
74 0 0 29
1366° 19 1.39 74

* People with abnormal antibodies.
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patients (54). Although ANL antibodies are probably not species specific,
they may be specific for RBC (47).

In one study, only 6 of the 22 patients who were exposed to HCHO
developed anti-N-like activity, but 20 of the 22 specifically agglutinated
HCHO-treated RBC. Thus, the agglutination of HCHO-treated RBC did
not depend only on the formation of ANL (39). This result raised the possi-
bility that another factor was involved in a progression of immunogenic
changes in RBC. Sandler et al. (38) named this new agglutinating factor
antiformaldehyde antibody (anti-F). To these workers anti-F seemed to be
a high-titer IgG immunoglobulin that reacted with formaldehyde-treated
RBC independently of whether they were of the MM, MN, or NN pheno-
type (38). In 1981, Sharon et al. found that the removal of ANL antibodies
by absorption onto RBC antigens with ONN did not affect the activity of
anti-F (47).

The mechanism by which HCHO causes ANL antibodies to form in-
volves a multi-step process and the MN antigen system on the RBC mem-
brane (7, 54, 58). Lynen et al. (54) described a three-stage time-related
process for the development of formaldehyde-dependent antibodies. The
stages were defined according to the agglutination of different cell types by
the patient’s sera. In Stage I, the patients own RBC agglutinated only after
pretreatment with HCHO, and the reaction had no relation to the MN sys-
tem. In Stage II, NN RBC also aggliutinated if they had been pretreated
with HCHO. In Stage 111, agglutination of native NN RBC also occurred
(54). Undoubtedly, HCHO reacts with the N antigens on the RBC surface
and probably also reacts at other sites on the RBC (38). In 1981, Sharon
speculated that formaldehyde might exert an effect by neutralizing a nega-
tive charge on the RBC membrane. Because HCHO induces ANL antibod-
ies in MM-type patients, it apparently has the ability to convert the anti-
genicity of MM on the RBC membrane (29). RBC M and N antigens behave
as simple codominant alleles at a single locus (59). An important difference
between the two antigens is the existence of a terminal sialic acid on the M
antigen, but not on the N one. Recent studies show that in healthy people,
HCHO reacts with the terminal sialic acid moiety on the RBC M antigen
and thereby converts it to an N-like antigen (60). Perhaps the sialic acid is
the source of negative charge on the RBC membrane that becomes neutral-
ized, as Sharon (47) speculated.

The fact that HCHO-N RBC are agglutinated by anti-N antibodies in
dialysis patients but not in healthy people indicates that differences in the
N and N-like antigens are found (61). The HCHO-modified N and/or M
antigens apparently stimulate the production of or develop in association
with anti-F, an 1gGC antibody (47). The production of anti-F apparently
precedes production of ANL antibodies by approximately 6 months (47).
This finding means that during the process of immunization, a shift in pro-
duction from IgM- to IgC-type antibodies occurs (51); Lynen et al. {54)
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suggest that this shift may occur by their Stage II. Anti-F appear to cross-
react with the N-antigen on the RBC membranes (39, 47). The cross-reac-
tion develops slowly, but leads to & type of “spreading sensitivity.” Larger
titers of anti-F seem to yield a greater extent of cross-reactions. Anti-N anti-
bodies may also cross-react with the M antigen sites on the RBC (62). The
extent to which this cross-reaction between M antigen and ANL antibodies
occurs is not known.

The in vitro incubation of sera with HCHO not only stimulates the
production of specific antibodies but also reduces the activity of other anti-
bodies. Specifically, a 1-h incubation of sera with a 1.0% solution of
HCHO at a dilution of 1: 1 {(sera to HCHO) reduced the titers of anti-A and
anti-B isoagglutinins (47). In this study, 110 of 200 sera samples showed a
HCHO-induced decrease in selected antibodies (47). The effect was gener-
ally more pronounced in sera with inherently low antibody titers, although
the response depended in part on the specific antibody that was aggluti-
nated. This effect of HCHO may already be important in some patients
because antibodies may play a role in inhibiting infections and promoting
healing. Even without exposure to HCHO, these health-promoting events
may be less than desirable in patients with renal failure.

In 1975, Cestero et al. (42) reported that anaphylactoid-type reactions
occurred in two otherwise stable dialysis patients. These reactions included
nasal congestion, rhinorrhea, conjunctival injection, circumoral paresthe-
sias, pallar, dyspnea, laryngeal constriction, and marked hypotension that
was unresponsive to volume replacement. Both patients had marked eosin-
ophilia, and both had been dialyzed chronically with hollow fiber filters
that were originally sterilized at the factory and, later, between uses with
formaldehyde. The reactions did not occur when the same patients were
dialyzed on two different coil filters that eliminated exposure to formalde-
hyde (42). These researchers related the eosinophilia and reactions to
repeated exposure to formaldehyde. In 1979, Hoy and Cestero (41) again
reported that anaphylactoid-type reactions that were related to formalde-
hyde occurred in two patients. These were the same two patients who were
in the earlier report by Cestero et al. (42, 45). Nevertheless, in one patient,
the anaphylactoid reactions did not develop until the man had received
dialysis therapy for 3 years. Then the reactions became progressively more
marked with time, as did his eosinophilia. This patient has subsequently
developed severe reactions on dialyzers that were not sterilized with form-
aldchyde (45). _

Hakim et al. (63) reported that two patients suffered cardiovascular
collapse within 2 min after the start of dialysis. They related the occurrence
of chest pain, dyspnea, and hypotension in certain dialysis patients to new
cuprophane-membrane dialyzers and complement activation (63).. Hakim
et al. (64) found that the reuse of filters decreased the capacity of the cu-
prophanc membrane to activate complement, but did not alter the capac-
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ity of cellulose acetate membranes to activate complement. Thus, comple-
ment activation in their studies did not increase, as does the formation of
ANL antibodies, with repeated reuse of dialysis filters.

Charytan et al. (65) reported that allergic-type reactions occurred in
5% of dialysis patients without eosinophilia, but in 22% of the patients
with it. Hoy and Cestero (41) found that 20 of 37 patients who used hollow
fiber filters and formaldehyde resterilization had eosinophilia. In contrast,
none of the nine patients who used coil filters and were therefore unexposed
to formaldehyde had eosinophilia. These workers later documented 2 38%
incidence of eosinophilia in a group of dialysis patients who were exposed
to formaldehyde. This incidence was significantly greater than that in ei-
ther a group of azotemic patients or in a group of control patients who were
not exposed to HCHO (41). The incidence of eosinophilia in HCHO-ex-
posed patients increased with time. Several potential causes were found for
eosinophilia in chronic dialysis patients including exposure to ethylene ox-
ide, plasticizers, poly(vinyl chloride), and various drugs (22, 41). But, for
some patients, exposure to formaldehyde seems to be the cause (41).
Discussion
Some of the effects in dialysis patients that occur after their exposure to
formaldehyde seem similar to those that occur after exposure to it by other
routes. For example, separate reports in 1982 by Spear (66) and by Suskov
and Sazonova (67) associate the exposure of humans to formaldehyde by
inhalation with increased incidences of cytogenetic abnormalities. Formal-
dehyde is also mutagenic to human cells that are cultured in vitro (68).
These data are consistent with the findings by Goh and Cestero (36, 37) of
an unusually high incidence of chromosomal abnormalities in patients who
were exposed during dialysis to formaldehyde. Together these data support
the proposition that formaldehyde may be mutagenic in humans under cer-
tain circumstances.

Several reports discuss the development of dermal and respiratory sen-
sitization reactions upon exposure to formaldehyde or related products (3,
69). A recent report (69) suggests that dermal sensitization reactions to
formaldehyde are Type 1 allergic reactions. Based on such reports, one
might predict that sensitization reactions would develop in people whose
blood is exposed to formaldchyde. The studies of dialysis patients substanti-
atc the development of such immunologically based changes. The aggluti-
nation of ANL antibodies with RBC ¢ idences a Type II allergic reaction,
and the anaphylactic changes suggest Type 1 allergic reactions (69). It
would be interesting to know whether or not immune responses involving
ANL antibodies, anti-F antibodies, or cosinophilia might also develop after
chronic exposure to formaldeliyde by inhalation.

The chronic exposure of rats and mice to 5.6 and 2.0 ppm of formalde-
hyde by inhalation is associated with nasal carcinoma, metaplasia, or ade-
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nomas (70, 71). Although detailed mechanisms of the development of nasal
cancer have not been described, formaldehyde initiates and promotes cer-
tain carcinogenesis processes in vitro (72, 73). Many dialysis patients have
been chronically exposed to formaldehyde in concentrations exceeding 5.6
ppm. These data raise the possibility that exposure to formaldehyde places
dialysis patients at an increased risk of developing cancer. Additional re-
search is needed to help define the nature and extent of that risk as well as
the risks associated with its mutagenic potential.

Exposure to formaldehyde by inhalation has been associated with sys-
temic changes in laboratory animals and humans; these include changes in
the reproductive and central nervous systems and various organs (2, 3, 4,
6). Some untoward changes that seem to occur without apparent cause in
dialysis patients could be related to their exposure to formaldehyde. One
example of such changes is the unexplained hepatomegaly and/or elevated
concentrations of liver enzymes in the sera of dialysis patients. Additional
research could help elucidate formaldehyde’s role, if any, in such change.

Perhaps the development and widespread use of accurate and sensitive
methods of measuring residual formaldehyde in dialyzers will help answer
some of these questions and provide safer therapy for dialysis patients.
Other questions mayv be answered only by additional research.
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FORMALDEHYDE AND HEPATOTOXICITY: A REVIEW

James R. Beall 4
Heaith Effects Research Division, US. Department of Energy,
Washington, D.C.

Andrew G. Ulsamer

Heaith Effects Division, U.S. Consumer Product Safery Commission,
Bethesda, Maryland

Exposure to formaldehyde appears to de oxsociared with repatoxicily in many species,
including humeons, foliowing injectien, ingestion, or inhkaistion. Macroscopic, micro-
$6opic, and biochemical menifestations in the liver include alterations in weight, centri-
lobuiar wacuolization, focal callular necrosis, and increased oihaline phophatase concen-
trations. Timavelated changes in the pattern of the effects are suggested as one goes
from gcute exposure by inhalation gt greater concenuations (0 reneqied exposure gt
fesser 7 ithough the hepelTc changes are genercily not extansive and
can be reversibie foilowing acute exsosure, the potantial exists for them to progressively
betome mare serious with repegied exposures.

There are several poss/bie mechanisms for the toxicity. Depending on the routs of
exposure, thess couid include direct effecry on hesatocytes andfor indirsct effects
through the circuiatory and immune systems. The wtabol, el %o yde includes
conversion to CO, by rsactions inwolving gluiathione. Many hepatotoxic chemicals
reguire glutattions for detoxiflcation. Formaldehyde may then have the potentiai to
cause additive toxicity with such chemicals in some circumsiances,

INTRODUCTION

Before 1975, concern about formaidehyde {HCHO) toxicity genenily
focused on its ability to cause irritation and sensitization {U.S. Dept. of
Health, Education and Weifare, NIOSH, 1976a, 1976b; Public Heaith
Service, 1945; National Research Council, 1981). On October 8, 1979, the
Chemical industry Institute of Toxicology (CI1T) announcad the preliminary
results of their chronic toxicity study, which showed that HCHO causes
nasal cancer in rats (Chemical Industry Institute of Toxicology, 1979), After
that, atention focused more on understanding the carcinogenic and muta-
genic properties of HCHO. Several groups of scientists subsequently reviewed

The opinions expressed herein are those of the uthors and do not necsssarily reflect official
policies or positions of the U.3. Department of Energy or the Consumer Product Safery Commission,
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thank Dr. Richard Griesemer and Dr. John Doull for their review and constructive comments.
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GTN, US. Department of Energy, Washington, D.C. 20545.
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these properties {Federal Panel on Formaldehyde, 1980; |ARC Monographs,
1982; Ulsamer et al., 1984; Swenberg et al., 1980).

In contrast to the extensive amention paid to the carcinogenic effects of
HCHO, little attention has been paid to its potential to cause organotrophic
effects on the liver and kidneys, as well as the circulatory, hematopoietic,
and nervous systems (Skog, 4950; Battelle Columbus Laboratory, 1981;
National Research Council, 1980; IARC Monographs, 1982; Lynen et al.,
1983). In racent years, a few instances have been reported that invalve people
who developed hepatitis while being exposed to HCHO (Paimero, 1982;
Associated Press, 1982; U.S. District Court, 1983). To understand these
and other reports, information is nceded about the reiationship berween
exposure to HCHO and liver changes. In this review article, we attempt t0
summarize the available information and to draw attantion to some of the
reported biological consequences of expasure to HCHO which have passed
largely unnoticad. In so doing, creative research in this area of toxicology
may be stimulated.

HEPATIC EFFECTS IN ANIMALS
Historical Studies

Between 1897 and 1914, several scientists studied the acute toxicity of
HCHO in 2 variety of species (Bower, 1909; Fischer, 190S5; Harrington,
1898; Iwanoff, 1911; McGuigan, 1914), Befors 1900, at least two scientists
had reported on the hepatotoxicity of HCHO, In 1898, Hansen injected
1.5 ml of 0.5-4% formalin into the gall bladder of cats and produced changes
in the liver ranging from cioudy swelling to total necrosis. In ail cases slight
inflammatory changes and evidence of hepatic regeneration were found
{(Fischer, 1905). Harrington (1898) studied the disinfecting potential of
HCHOQO gas. He exposed two rabbits to HCHO gas from 4-8 mi of a2 40%
solution of formalin, which he vaporized during 2 overnight attempts o
disinfect a room. One rabbit was found dead on the second morning; the
other was found dead 36 h later. Harrington said that the liver of the first
rabbit “Shows marked injection, with granular and fatty degeneration of
cells around the veins of lobules.” Of the second rabbit, he wrote, “in the
liver there is considerable dilatation of hepatic veins, with some degeneration
of liver ceils in the center of the lobules” {Harrington, 1898). Harrington
also found epithelial degeneration in the bronchioles and renal degeneration
and congestion.

Fischer (190S5) probably conducted the first systematic studies of the
hepatotoxicity of HCHO. He used a 10% solution of formalin and para-
farmaldehyde as the sources of HCHO for gavage or injection and for inhala-
tion, respectively. His research included the acute exposure of rats, guinea
pigs, cats, rabbits, and dogs by inhalation, oral gavage, and injection (pui-
monary, subcumnesus, intramuscular, extraocular, and intraperitoneal).
The acute inhalation swdies in guinea pigs and rats were accomplished by
volatilizing 3-6 g paraformaldehyde with a Schering lamp in a roem of
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5.5 m? over exposure periods of 1.5 h {3 g) to 6 h (6 g). The air exchange
fate in the room was not reported,

He found that acute exposure to HCHO caused inflammation and
cloudy swelling in the liver; this was associated with vacuolated proto-
plasm, destruction of nuclei, and focal hepatic necrosis, especially after
inhalation, Fischer exposed two rabbits, one guinea pig, and one dog to
multiple, intraperitoneal injections of dilute {1:1000 or 1:2000) formalin
for periods of time ranging from 4 d to 38 d. He pericdically adjusted the
dose volume and concentration to elicit toxicity but preserve life. These
animais developed cloudy swelling and focal necrosis in the liver. In the
dog, the liver also had marked fatty degeneration. Fischer's studies also
revealed toxic effects on the respiratory system, eyes, muscles, and kidneys
following exposure to HCHO by various routes of administration.

Fischer's research was followed by that of McGuigan {1914), who
described hyperemic changes in the liver and kidneys following the injec-
tion of HCHO into dogs. McGuigan suggested that, because some investi-
gators did not find hyperemic changes after acute exposure to toxic levels,
the interval betwesn the end of exposure and death might be critical if
such effects were to become evident. This may be the first suggestion that
time may influence the nature of hepatic change that appears after exposure
to HCHOC.

Modern Studies

Forty-five years after Fischer’s report, Skog {1950) studied the acute
fethality of HCHO. He administered 0.15-0.46 g HCHO/kg subcutanegusly
{sc} to mice and 0.30-0.64 g/kg sc or 0.6-1.7 mg/l (about 500-1400 ppm)
by .inhalation to rats. Skog found the LDS0 {over 1 3-w period) 1o be about
300 mg/kg in mice {sc), and 420 mg/kg (sc} and about 1 mgfl (830 ppm)
by inhalation in rats (based on 2 30 min exposure to the vapors of 2 35.5%
solution of HCHO). Following injection, most animals died within 24 h;
following inhalation, 18 of 49 rats died within 24 h. The oral and the sub-
cutaneous administration, as well as the inhalation, of HCHO.caused macro-
scopic and microscopic alterations in the livers of all animals {Skog, 1950).
The sc administration of HCHO caused microscopic hyperemia in the liver,
while the inhalation of HCHO caused hyperemia, perivascular edema, and
necrosis of the liver. Skog also found that these toxic levels caused bron-
chitis, slight hyperemia, edema, and hemorrhages in the lungs and hyperemia
and edema in the kidneys. These changes were similar to those reported by
Harrington (1898} and by Fischer (1505).

Salem and Cuilumbine (1960) found that the liver enlarges in mice,
guinea pigs, and rabbits after a single 10-h exposure by inhalaticn to 16 ppm
(19 mg/m*} of HCHO. These workers also reported edematous, hemorrhagic
lungs and ruptured alveolar septa in animals inhaling HCHO. Similarly,
Murphy et al. {1964) found an increase in liver weight and in the liver-to-
body-weight ratio in rats that were exposed for 18 h o 35 ppm HCHO
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vapor. The increase in liver weight following acute exposure to HCHO in
high concentrations may be accompanied by inflammation and hyperemia
{(McGuigan, 1914; Fischer, 1905; Skog, 1950).

These historical and more recent studies demonstrate that acute expo-
sure w0 HCHO in sufficiently large amounts {16 ppm and more] is associated
with systemic organ toxicity. They aiso raise a1 question as to whether
hepatic changes would occur after exposure to lesser amounts of HCHO for
longer periods of time.

One abstract was found that indicates that HCHO applied on the skin of
mice caused ‘‘considerable liver damage,” but no hepatomas (Searle, 1968).
The concentration of HCHO in the solution, the number of applications, and
the length of the study were not specified; a full report was not published.
{in Searle’s study, hepatomas were produced by dermal applications of
4-chioroquinoline+V-oxide and 4-nitropyridine-V.oxide.) Additional research
is necessary before the significance of Searie’s study will be ciear,

Several studies showed that subchronic inhalation of 3.0 ppm and less
of HCHO caused liver changes. Gofmekler {1968} placed groups of 12 female
albino rats each in inhalation chambers and exposed them either to air, or to
0.83 or 0.01 ppm HCHO, Exposures lasted 22 h/d for about 6 wk (10-15d
befors mating, 6-10 d during the mating period, and during pregnancy).
The author did not state how the exposure ¢oncentrations were determined.

Formaldehyde caused systemic effects in both the dams and their off-
spring. Pregnant rats that inhaled HCHO had 14-13% longer gestation
periods, compared 1o those of the control dams. The totai body weight and
the weight of the adrenal glands of offspring from dams exposed to 0.01 or
0.83 ppm were greater than those of the control offspring. At 0.83 ppm, the
kidneys and the thymus of offspring from dams exposed to HCHO weighed
more than those from the control offspring. These changes probably reflect
the growth of the offspring, which naturaily cecurs during a longer gestation.
In contrast, exposure to 0.01 or 0.83 ppm HCHO decreased the lung and
the liver weights of the offspring. These dose-related changes cannot be
explained by 2 long gestation.

In 1969, Gofmekier and Bonashevskaya summarized the resuits of
Gofmekler’s earlier experiments {1968) with HCHO on embryonic develop-
ment in rats and emphasized the histopathological data. They found that
the liver cells of offspring from dams exposed to 0.83 ppm HCHO had large
nuclei, more numerous and eniarged extramedullary hematopoietic canters,
and finely granulated RNA (as revealed by methyl green). Depletion of
glycogen in peripheral parts of lobules, numerous segmented forms in the
sinusoids, and a mild hypertrophy of Kupffer’s cells were also noted {Gof-
mekler and Bonashevskaya, 1969).

inhalation of small concentrations of HCHO affecis the liver in male
rats. Fei'dman and Bonashevskaya {1971) exposed 4 groups of 25 male
aibino rats each continucusly for 3 mo to atmospheric conceatrations of
HCHO of 0.0012, 0.035, 1.0, and 3.0 mg/m* (0.001, 0.03, 0.83, or 2.45
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ppm] in dynamic-flow exposure chambers. The authors did not state how
the exposure concentrations were determined. A fifth group of 25 rats
served as the controls. The lungs of rats exposed to 0.83 or 2.45 ppm
HCHO had microscopically visible moderate hyperemia and proliferated
lymphohistocytic elements in the interaiveolar walls and in the peribronchial
and perivascular spaces. By microscopic examination, the livers of rats in
these two groups had nuclear poiymorphism, a profusion of binuciear cells
around the triads, focal hyperpiasia, and activation of the elements of the
reticuloendothelial system. Liver celis had moderately decreased glycogen
content and coarsened and less dense RNA granules. They did not report
any of these liver changes in rats exposed to concentrations less than 0,83
ppm, or in the control rats. These authors also reported mild changes in the
kidneys, adrenals, and cerebral cortex of rats exposed to 0.83 or 2.45 ppm-
HCHO (Fel'dman and Bonashevskaya, 1971).

Biodynamics, Inc., exposed rats, hamsters, and monkeys to congentra-
tions of 0.2, 1.0, or 3.0 ppm HCHO for 22 h a day, 7 d/wk for 26 wk. The
study was conducted in two phases, which wers separated in time by about
& mo {Biodynamics, inc., 1980; Formaidenyde institute, 1982). In phase i,
animals were exposed to 0.2 or 1.0 ppm HCHO. In phase i1, animais were
exposed 10 3.0 ppm oniy. Both phases had control groups for each species
and sex. The tissues in phase | were examined § mo before thase in phase i
(J. Clary, 1982, personal communication). At 3.0 ppm, both the liver weight
and the liver-to-body-weight ratio were significantly decreased in rats. Focal
hepatic necrosis was reported for 4 of the 5 rats whose livers were axamined
in the 1.0-ppm group. However, it was not seen in rats in whose livers were
examined microscopically in the control and other treatment groups
{Formaldehyde Institute, 1982). The significance of this and other sporadic
liver changes that were reported to have occurred in the 1.0-ppm group is
unciear.

In 1978, Battelle Columbus Laboratory, under contract with the Chemi-
cal Industry Institute of Toxicology, initiated a carcinogenic study of HCHO
{CHT study). This inhalation study involved 240 rats and 240 mice (120 per
sex} in each of 3 dose groups (2.0, 5.6, and 14.1 ppm HCHO) and a control
group (for each species). It included gross, morphological, histological,
and biochemical analyses of major crgan systems at preset times over a
30-mo period (Battefle Columbus Laboratory, 1981). The CHIT generously
provided us with a complete set of data on all animals.

The CUT data reveal many changes in the liver {Table 1). As part of this
review, we used a Fisher exact test {one-wiled) 10 statistically compare the
incidence of livers having one or more pathological change(s) in control mice
and in mice exposed to 14.1 ppm HCHO. Our analysis was limited to mice
{both sexes) that had been killed for examination at 6, 12, 18, and 24 mo,
In the controi group, 37 of 108 (40%) mice had at least one |iver change, and
in the 14.1-ppm group, 55 of 104 {53%) mice had at least one change; the
difference between the groups is significant (p < 0.005). Because this super-



YABLE 1. Summary of Changes in Liver Ia the CHT Siudy Following Expostge by tabalatlun 1o F ormaldchyde

Dlrcciion of change vs.

Specles Exposure Time Change soncurient consrols Comment
Mice
Females 5.6 ppm 24 mo Absolute lives welght Decrsased (p < 0.05) Possibly a random event
Femnales 14,1 ppin 6 1m0 Redarbve Hver welght Decreased (P < 0.05) Measured in selation 10 body welght
Fauales 14.1 ppin 18 mo Histologlc appearance For 12/19: hepatocellular, centrilobular, Sigalficanily different fsom e
cytoplasmic vacuolar degeneration. For Incldence In the concursent controf
Foc 9119: had muliifocal arcas of group, 0420 {p < 0.0001)
hepatocelular degeneraton with
nccrusls. .
Mates 4.1 ppmn 6 mo Histologle changes Fos 6/10: had centsllobular cysoplasmic Slgnificanily different fsom
vacuolizatlon, concurrent control group, 0/10
{p < 0.005)
Rats?
Fanales 14.1 ppm 18 mo Histologic chvanges increased tlepatic clear cell foch
Females 14.1 ppm 0-24 mo Grossly visibla hepatic mases Necropsles alter unscheduled deaths
Males 14.1 ppm 12 mo Liver weight Occreased (o < 0.05)
Mualcs 14.1 ppm 12 mo Relative llver weight Decreased (p < 0.05) Measured In relatlon 10 body welght
Muales 14.1 ppiu 18 mo Liver welght Decreased (p < 0.05)
Mules 14.1 ppm 24 mo Liver weight Decreased (p < 0.05)
Males 2.0 ppm 0-24 mo Motded appcarance ' ' Grossly visibla changes at necropsy
. afles unscheduled deaths
Maler 5.6 ppmt 0-24 o Moutled appsarance Grossly visible changes at necropsy
after unscheduled deats
Malcs 14.1 ppun 0-24 mo Mot appearance Grossty vhsible changes at necropsy

after unscheduled deaths

YMany of the rirs shiowed nasdd cances and varlous other upper sesplratory elfects. These changes vbscure the slgnlflcance of these Hver alterattons, which could
have beon secondary to the other somatic eflects.

ast



153
FORMALDEHYDE AND HEPATOTOXICITY 7

ficial analysis reveals nothing about the nature of the difference, the groups
were examined further for patterns of change. For purposes of these analyses,
we assumed that the pathological evaluations applied the same criteria to ail
animals in aill groups.

Much of the difference in incidence of mice with liver changes between
the control and 14.1-ppm~groups could be accounted for by the develop-
ment of centrilobular cytoplasmic vacuolization, hepatocellular degenera-
tion, and necrosis after 6 mo of exposure to HCHO. At 6§ mo only, 6 of 10
male mice exposed to 14.1 ppm HCHO had centrilobular cytoplasmic
vacuolization. According to CHT scientists, this lesion was characterized
histomorphologically by small inwracytoplasmic vacuoles with indistinct
borders. There was an occasional hepatocyte with an eniarged nucieus in
the centrilobular area. These lesions were not present in the 10 controi
males. Our comparison revealed a significant difference in the incidence of
this lesion between males in the control group and those in the 14.1-ppm
group (p < 0.005),

At 18 mo, 12 of 19 female mice that were necropsied in the 14.1-ppm
group had livers with centrilobular cytoplasmic vacuolar degeneratien.
Because male mice were not killed at 18 mo, their tissues were not available
for microscopic examination. The alteration in the females tended to invoive
all the lobules. Cells were characterized by small vacuoles that filled the
cytoplasm. The vacuoles were surrounded by a thin, delicate, eosinophilic-
staining membrane. Swenberg (1980b) described these changes as compound
refated ‘“‘central lobular fatty degeneration” and ‘“hepatocellular degenera-
tion.'’ The final report states that 9 of these 12 females alse had multifocal
areas of hepatocellular necrosis. |t also states that necrotic hepatocytes were
randomiy distributed and were associated with acute inflammatory response.
These lesions did not oczur at that time in mice from the other groups,
inciuding the controis {Batteile Columbus Laboratory, 1981}, The differences
in incidence between females in the control and the treatment groups {12/19
versus 0/20) is statistically significant {p < 0.0001). These liver changes are
reminiscent of those reported by Fischer {1905} and by Gofmekler and
Bonoshevskaya (1969).

At several times during the CHT study, livers of mice and rats exposed
to HCHO weighed significantly (p < 0.05) less than those from the respec-
tive control groups (Table 1). The report states that in male rats at 12 mo
the “‘decrease in absolute kidney and liver weights, may be the resuit of
exposure to 14.1 ppm of HCHO"' (Battelle Columbus Laboratory, 1981).

Macroscopically visible hepatic changes occurred in more rats that were
exposed to HCHO and died before 24 mo than they did in controls which
died in the same period. Hepatic masses were seen at necropsy in 8 of 67
female and in 8 of 57 male rats that were exposed at 14.1 ppm HCHO.
Hepatic masses were not reported to have occurred in the control rats that
died before 24 mo. Mottled architectural patterns of the liver deveioped
in 5 of 16 female rats at 2 ppm, 7 of 19 females at 5.6 ppm, 7 of 67 femnales
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at 14.1 ppm, and 4 of 57 male rats at 14.1 ppm. This macroscopic alteration
occurrea in 1 of 19 control rats that died during the same period {Batrelle
Columbus Laboratory, 1981). Although gross and microssopic changes in
the livers were seen in both species in the study, the concentrations of serum
enzymes {SGOT, SGPT, LDH} in the animals varied greatly and showed no
consistent patterns of change and few differences among the groups. Many
of the rats in the CHT study developed extensive nasal cancer (Swenberg
et al., 1980a). Because of this, it is difficult to refate liver changes in these
animals direcdy ©w HCHO per se. Interestingly, the Biodynamics swmdy
also noted that the livers of some rats which were exposed to 0.2 or 1.0
ppm HCHO had a mottied discolored appearance at necropsy. The change
developed in 7/40 rats (0.2 ppm) and 35/40 rats (1.0 ppm). Discolored
livers were not seen in the 40 concurrent control rats (Formaidehyde Insti-
wte, 1982},

In other studies, exposure to HCHO 3t toxic concentrations elicited only
minimal changes in the liver. Rats and mice were exposed to HCHO by
inhalation at 4.0 or 12.7 ppm for 6 h/d, 5 d/wk, for 13 wk (Barzeile Colum-
bus Laboratory, 1979). A control group was also maintained for 13 wk. A
third group was expased to 38.6 ppm HCHO, but it had to be terminated
after 9 exposures because the toxicity was excessive, Microscopic examina-
tion of the tissues revealed several lesions that resuited from nine 6-h expo-
sures t0 38.6 ppm HMCHO. In rats, these included uiceration and necrosis of
the nasal turbinates and traches, pulmonary congestion and hemorrhage, and
congestion of the hepatic sinusacids.

After 13 wk the liver weights were significantly increased in female mice
sxposed to 12.7 ppm, When corrected for body weights, the liver weight to
body weight ratios were significantly reduced in the male and female mice
exposed to 4.0 ppm HCHO.

Battelle Northwest Laboratories {1981) reported the resuits of 3 study
in mice exposed to lethal amounts of HCHO by inhalation. Six groups of 10
male and 10 female mice were exposed 6 h/d, 5 d/wk, for 13 wk (65 expo-
sures) to concentrations of either 0, 2, 4, 10, 20,.or 40 ppm HCHO. There
was a significant depression of weight in both sexes at 20 ppm and an 80%
mortality rate at 40 ppm. Although the toxicity was marked, the only
hepatic effects were a decrease in the liver-to-body-weight ratio (females
only) and focal necrosis in two mice, at 40 ppm (Batzelle Northwest Labora-
tories, 1981).

As one might expect, the macroscopic and microscopic changes that
occur in the liver after exposure to HCHO are associated with biochemical
changes as weil. Murphy et al. (1964} exposed 8 male rats to air contining
35 ppm of HCHO for 18 h; 8 control rats received clean air only. Twenty-
four hours after the suart of exposure, the livers were subjected to macro-
scopic examination and biochemical analysis. The livers of rats exposed to
HCHO had significantly greater alkaline phosphatase activity than did those
of the controls {(Murphy et al.,, 1964). These workers found that other
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irritating chemicals, including acrolein, NO,, and SO, also increased alkaline
phosphatase activity in the liver of rats. Although the authors did not mea-
sure alkaline phosphatase or glucocorticoid concentrations in the serum,
they suggested that the changes in the alkaline phosphatase in the liver re-
suited from a reaction 1o stress {Murphy et al., 1964).

In addition to changes in"alkaline phosphatase, other biochemical changes
have been reported to occur in the livers of animals exposed to HCHO.
Sanotskii et al. (1976) exposed pregnant and nonpregnant rats to 6 mg/m?
(5 ppm) HCHO for 4 h/d for 20 d. They used the Quick-Pytel test to evalu-
ate liver function. This test is based on the ability of the liver to synthesize
glycine and to conjugate it with benzoic acid to form hippuric acid. In non-
pregnant rats, but not in pregnant ones, exposure to HCHO decreased the
urinary excretion of hippuric acid from 143 mg/d to 106 mg/d {p < 0.05),
following administration of sodium benzoate. The authors interpreted this
as indicating that the effect of HCHO on liver function is greater in non-
pregnant animalis than in pregnant ones {Sanotskii et al., 1976). The reasons
for this apparent difference in toxicity to pregnant rats is unknown, but
may relate to an increased capacity in them to metabolize formaidehyde.
Nagornyi et al. {1979} reported that sxposure to 0.5 mg/m?® (0.4 ppm)
HCHO for 2 mo decreased hippuric acid excretion by 24% in rats. The
abstract available to us contained few details,

In two reports, Gofmekler and colleagues (Gofmekler et al., 19€8;
Pushkina et al., 1968} presented the resuits of biochemical analyses of the
livers of pregnant rats and their offspring after exposure (described above)}
to 0.83 or 0.01 ppm HCHO. They found a statistically significant, dose-
related decrease in the concentration of DNA {and ascorbic acid) in the
livers of dams and offspring. Based on this, they concluded that expaosure
to HCHO reduces the synthesis of hepatic nucleic acids in the rat. A de-
crease in O, consumption by liver tissue has been reported to occur in some
rats that were exposed to 0.03 ppm HCHO for 4/d for 7 d (Nikiforov et al.,
1980).

POTENTIAL MECHANISMS

Since HCHO is a highly reactive, water-soluble chemical, HCHO gas is
absorbed primarily in the upper respiratory tract {Egle, 1972; Swenberg,
1980a}. However, HCHO could migrate tc remote tissues and affect them by
direct and indirect mechanisms. When absorbed to particulates, HCHO
reaches the lower respiratory tract {Amdur, 1959, 1960). Formaldehyde
that contacts body tissues reacts with amino acids (Hemminki, 1981; Tyjihak
and Rusznak, 1980}, proteins {Feldman, 1973; Siomin et al., 1973}, nucleo-
tides {Hemminki, 1981}, and nucleic acids {Feldman, 1973; Chaw et al.,
1980). The reaction of HCHO with small molecules such as amino acids and
nucleotides produces labile conjugates. These may carry HCHO to tissues
that are remote from the respiratory tract. It is possible that the changes in
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various c©-gans, such as the liver, kidney, and hemopoietic tissues, that
deveiop after HCHQ is inhaied reflect such a process. However, 3 recent
study indicates that the formaidehyde concentration in the plasma of rats
is not altered immediately after a 6-h exposure to 15 ppm HCHO {Heck and
Casanova-Schmitz, 1983}, This finding does not rule out the possibility of
3 bonding of HCHO 1o carrier compounds that are not detected by the
method, or of transient increases in HCHO concentrations.

Formaldehyde may also cause effects in remote tissues by indirect
mechanisms, such as depletion of available giutathione {GSH). Liver and
other tissues rapidly metabolize HCHO following a reaction with GSH
{Uotila and Koivusalo, 19743, 1974b} or tetrahydrofolic acid (THFA])
{Blakiey, 1960; Kallen and Jencks, 1966}. The reaction with GSH is parti-
cularly important because many drugs and other chemicals require GSH for
detoxification {Chasseaud, 1979).

Exposure of isolated rat hepatocytes to HCHO, or to substances that
produce HCHQ by oxidative demethylation (ethyimorphone, benzphet-
mine, or aminopyrine}, causes a 26-85% reduction in cellular GSH {jones
et al., 1978). Formaldehyde alone, when added at ¢concentrations of 0.2-1
mM 1o the incubation medium, reduced GSH in the hepatocytes by 20-50%.
Neither methanoi {10 m#) nor formic acid {2 m#) had any effect on GSH
levels when added to the incubation medium. A similar decrease in GSH
occurs in vivo in guinea pigs when they are exposed to 10 ppm HCHO for
4 h{d, § dfwk, for 13 wk and sacrificed 3 d after the final exposure {Mecler,
1978). Under these conditions, GHS concentrations decreased in the liver
and kidney by 26 and 10% respectively, while lung GSH increased by 38%.
Inhalation of 10 ppm NO; in the same study did not affect liver GSH levels.

Concentrations of GSH in liver can also be depleted by exposure to a
variety of drugs and chemicals. For example, GSH decreases by 22% in the
liver of mice 2 h after the ingestion of ethanol (4.1 g/kg); similar effects
occur in rats and in baboons after chronic ingestion of alcohol {Videla and
Valenzuela, 1982}, These authors suggest that ethanol-induced liver damage
may be related to the stimulaticn of liver lipid peroxidation coupled with
decreased levels of liver GSH,

Exposure to atmospheric polluants such as diesel engine exhaust (DEE)
¢an also decrease the concentration of GSH in the liver (Chandhari and
Dutta, 1982). Thus, a subchronic (8 wk} exposure to rats to § mg DEE/m?
decreased the concentration of hepatic GSH by approximateiy 14%, whereas
exposure to DEE for 2 or 4 wk did not decrease it. The authors suggested
that the decrease in GSH concentration may be related to the presence of
polycyclic aromatic hydrocarbons in DEE. The possible role of HCHO
{(which is also in DEE) was not examined.

Drugs such as phenacetin and thiophene or sclvents such as trichlero-
ethylene, 1 1dichioroethylene, and methylchloride aiso lower liver GSH
{Videla and Vaienzueia, 1982; Dodd et al., 1982). .

Ku and 8illings {1982) showed that the toxicity of HCHO to isolated
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hepatocytes /n vitro increases when liver GSH is depleted by diethylmela-
mine. Other chemicals and drugs that increase their hepatotoxicity by
depleting GSH include acetaminophen, aniline, aspirin, bromobenzene,
furans, vinylchloride, aromatic hydrocarbons, and styrene {Plummer et al,,
1981; Benedetti et al., 1975; Buttar et al., 1977; Kaplowiz et al., 1980}.

Species vary in their responsiveness to GSH-depleting agents. For ex-
ample, Vainio and Mikinen (1977) tested rats, guinea pigs, mice, and ham-
sters for their response to GSH-depleting chemicals. Rats and guinea pigs
were most responsive to the GSH-depleting effects of acrylonitrile (ad-
ministered ip) whereas mice were most responsive 1o styrene {administered
ip}. Davis et al. {1974) studied the effects of acetamincphen on the liver
of guinea pigs, rabbits, rats, mice, and hamsters following an ip injection of
150-1500 mg/kg. Hamsters and mice were the most susceptible to the
hepatotoxic effects of this drug, The severity of the damage {centrilobular
necrosis) was positively related to the depletion of liver GSH. At 300 mg
acetaminophen/kg, mice and hamsters had an 80% decrease in liver GSH;
guinea pigs and rabbits had a 30% decrease, and rats had a 10% decrease.
People may be more susceptible than are rats to chemicals that depiete liver
GSH, since they have only about onc-eighth the concentration of liver GSH
that rats have {Lauterberg e al., 1982).

in humans, acetaminophen also decreases GSH leveis in the liver by as
much as 50% and causes hepatotoxicity. Lambert and Thorgevisson {1976)
used bromosuifophthalein {BSP) excretion to measure liver function; they
found that acetaminophen in high doses increased the retention of BSP in
humans by 16.8%. Therapeutic doses of acetaminophen increased BSP reten-
tion by 2-10%.

Plummer et al. (1981) proposed that the depletion of GSH to less than
30% of the narmal concentration in liver increases the toxicity of many
chemiais by aitering detoxification mechanisms and aliowing the amount of
electrophilic metabolites to increase. it is not clear whether smaller reduc-
tions in GSH will exert a similar effect,

As shown above, exposure to many drugs, chemicals, and poilutants,
including HCHQ, can affect GSH levels in the liver. Exposure to any one of
these GSH.requiring chemicals could, therefore, increase the toxicity of
another such chemical. Together they could produce liver damage at levels
at which either alone may be ineffective. These include some drugs (such as
acetominophen) that may be aken to relieve symptroms of HCHO toxicity.
For many of these substances the lower effective doses are unknown,

Theoretically, HCHO need not necessarily reach the liver to cause
hepatotoxicity. Oxyphenisatin, halothane, and other chemicais can cause
autoimmune types of reactions that may lead to chronic hepatitis {Zimmer-
man, 1978). Formaidehyde has been used as a sterilant in some hemodia-
lyzers {Gorst et al.,, 1977). Consequently, patients using these dialyzers
have been exposed directly to HCHO and as a result have developed RBC
antigens that cause strong reactions with anti-V-like antibodies in them

53-768 O—86——6
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{Boeticher et al., 1976; Fassbinder et al., 1976; Gorst et al., 1977}, Recent
work (Lynen et al., 1983} shows that the dialysis patients also have elevated
levels of igG and that there are stages of formaidehyde-dependent RBC
immunization in humans, The data also show that dialyzed patients ap-
parently develop autcantibodies from their exposure to HCHO (Lynen et al.,
1983}. The literature confirms that dermal {and probably pulmonary) sensi-
tization reactions develop in experimenm! animals and in humans exposed
repeatedly to HCHO (U.S. Dept. of Health, Education andWelfare, 1976a;
1976b; Ulsamer et al., 1984}. In highly sensitive individuals, smail amounts
of HCHO may initiate adverse reactions (National Research Council, 1980;
Slater, 1981). Since HCHO reacts readily with amino acids, protein, nucleic
acids, and nuycleoproteins, it might cause immunological-based hepatotoxicity
by several possible mechanisms or stages (Zakin and Boyer, 1982; Lynen
et al., 1983). For example, it could form HCHO-protein haptens, or it could
cause rearrangement of the protein structure jtself. If HCHO reacted with
an organspecific protein, the result might be a localized rsaction to that
organ. Any of these reactions might lead to possibie immunoiogical-based
or an autoimmuncicgical-ty pe hepatotoxic reaction, such as those caused by
oxyphenisatin, halothane, and other chemicils in susceptible individuals
{Zimmerman, 1978; Zakin and Boyer, 1982). If they occurred, the reactions
would be expected to be progressive and potentially severe.

HEPATOTOXIC POTENTIAL IN HUMANS

There is information that suggestws that HCHO is associated with hepa-
wotoxicity in humans. The data are limited, as wellcontroiled prospective
epidemiological studies of the hepatotoxicity of HCHO in humans have not
been done. The information is included in this article to give a perspective
to the studies that were reviewed in the preceding sections and to illuminate
possible areas of research.

Hayes ct al. (1982) reviewed the hepatotoxic, effects of 38 chemicals in
animais and in humans. They found that for most of the cases in which
histological or clinical chemistry changes occurred in humans and in animals,
the changes were qualitatively similar. The most predictable hepatotoxic
reactions were degenerative changes associated with the interaction of
electrophilic intermediates with cellular macromolecuies (Hayes et al.,
1982). These findings would seem to apply to the data about HCHO, 2
highly reactive chemical which can combine with many body chemicals. The
preceding sections reveal that exposure o HCHO is associated with effects
on the liver of animals in various experimental situations. Consumer com-
plaints and medical and legal records reveal several exampies where the
development of liver changes in humans is associated with exposure to
HCHO. The following cases provide examples,

Mr. A, was a 55-yr-old male with a history of high bicod pressure, high
blood glucose, gout, and renal stones (U.S. District Court, 1982). To treat
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these conditions he took Zyloprim {allopurinol; 300 mg tid), Diuril {Chioro-
thiazide; 500 mg tid), Indocin {indomethacin; 50 mg tid), thyroid {5 g/d},
Organidin (icdinated glycercl; 1 tablespoon PRN) and Anturane {sulfinpyra-
zone; 100 mg tid}). Mr. A. took these drugs for over 2 yr before exposure to
HCHO and had no indication_of liver toxicity.

In April 1978, Mr. A. and his wife moved into a new maobile home. Scon
thereafter, they developed headaches, itchy skin, and other symptoms of
acute irritation/hypersensitivity that may foilow exposure to HCHO (U.S.
District Court, 1982). On June 15, 1978, Mr. A’s direct bilirubin level was
0.6 units (the normal range for the laboratory was 0.2-0.4 units) and his
lactic dehydrogenase (LDH} value was “high normal.” Because the biood
glucose concentration was also high, 250 mg tid of Diabenese (chiorproa-
mide) was prescribed 1o Mr. A,

Between july 6 and July 12, the daily temperature outdoors exceeded
100°F. Four months later the U.S. Department of Labor, Office of Occu-
pational Safery, used the National Institute of Qccupational Safety and
Health {NIOSH)} chromatropic acid method to measure concentrations of
0.97 ppm HCHO in the mobile home. On July 12, Mr. A, became jaundiced
and had clay<olored stools and orangecolored urine. Analyses of serum
chemistry revealed abnormaily high total bilirubin, alkaline phosphatase,
glutamic oxaloacetic transaminase, and LDH concentrations, The concen-
tration of cholesterol in serum remained unchanged from previous readings.
A complete gall bladder and upper gastrointestinal X-ray series revealed the
absence of gall stones or other blockages of the bile duct. Mr. A. was diag-
nosed by three physicians as having toxic hepatitis caused either by the
drugs and/or by HCHO, Between July 25 and August 1, Mr. A moved out
of the mobile home and recovered in 2 wk from the hepatitis. He later re-
turned to the home for a few days, but moved out when he began 12 feel ill
again {U.S. District Court, 1982).

- Chlorpromamide causes choleostatic hepatitis in about 0.4% of peopie
who tke it (Larner and Haynes, 1975). indomethacin and thyroid are also
hepatotoxic {Zakin and Boyer, 1982; Zimmerman, 1978). The clinical signs
and the chemistry data ingdicated that Mr. A. had a partial choleostatic
response {perhaps from chlorpropamide) and a partial hepatotoxic response.
The chronology of events indicates that exposure to HCHO was associated
with the toxic hepatitis.

Another case illustrates the development of hepatitis in association with
higher concentrations of HCHO, without exposure to drugs (U.S. District
Court, 1983). . B. was a healthy, 10-yr-old female in April 1980, when she
and her mother and sister moved into a mobile home. Within 2 4, all family
members experienced acute irritation due to HCHO in the home. Between
June and july 1980, the family purchased a total of 4 pet birds, all of which
died within 24 h after putting them in the mobile home. Over a period of 7
to 10 d in late August 1980, |. B. developed jaundice, fever, nausea, a slight
pain in the upper right quandrant of the abdomen. She was hospitalized.
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Clinical chemistry tests showed elevated SGOT and tatzl and direct bilirubin
concentrations in the serum and bilirubin in the urine, Because there was no
history of exposure to viruses or other drugs or chemicals, she was diagnosed
as having toxic hepatitis. She recovered quickly in the hospital and was sent
home in 4 d. Within 1 wk she became ill again, but without hepatitis, and the
family permanently moved out of the mobile home. in November 1980, the
Department of Health, State of Texas measured, using Draeger tube analyses,
7 ppm HCHO in a storage area under the mobile home and 10 ppm in the
living room. The air in the house was 87°F and the windows were closed.
Subsequent analyses of serum for hepatitis B surface antigens and antibodies,
hepatitis B core antigens and antibodies, and hepatitis A antigens and anti-
bodies were conducted on two separate occasions. All values were negative;
there was no evidence of infection of J. B. by A or B virus. Serum analyses
done at the same times revealed no evidence of continuing liver disease
{Central Medical Laboratory, Inc., 1982, 1983).

A limited number of cccupational studies have also been performed.
After one man died of HCHO poisoning following chronic exposure by -
inhalation, Spassowski investigated its toxicity in 113 of the deceased
man’s co-workers, who manufacture bakelite and adhesives from carbamide
HCHO (Spassowski, 1965). The urine of 30 of these workers contained 2
o 4 times “a normal concentration of HCHO” {0.003 mg/fi). In 16 of 31
other workers who showed skin hypersensitivity to HCHO, the urine con-
tained an average of 40 mg/l. Twelve of the 16 workers showed delayed
blood coagulation, which, according to Spassowski, suggestsd involvement
of liver function.

Matanoski {1981) analyzed, by a log-linear regression modei, the inci-
dence of certain diseases in groups of radiclogists and pathologists. Each
group contained about 1500 people. Based on limited data, she found a
significant excess of primary liver cancer in the pathologists compared to
the radiclogists. She aiso compared the disease incidences in a second group
of experimental pathologists to the standard values for the U.S. white maie
population and again found a significant increase in primary liver cancer in
the pathologists. Pathologists are commonly exposed to the tissue fixative
formalin, However, its role in these cases of fiver cancer is not known. = =~

Repeated hepatic reactions to chemicals may, under some circumstances,
iead to cirrhosis of the liver (Zakin and Boyer, 1982; Zimmerman, 1978).
In rare cases, this may happen following exposure to HCHO over extended
periods of time. In a recent epidemiological study, Levine {19821, 1982b)
examined the death certificates of 337 male undertakers in Ontaric for
several causes of death that might be associated with chronic exposure to
HCHQ, The incidences for various causes of death in the 309 undertakers
were compared with those for a "‘control, normal’’ population. There was a
significant increase in deaths related to nonmalignant diseases of the diges-
tive tract {p < 0.001). Cirrhosis of the liver accounted for 18 of these deaths;
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its incidence was significantly greater in the undertakers than it was in the
control population {Ontario, SMR-172) (Levine, 1982a, 1582b). Levine
(1982b} postulated that ethanol consumption is greater in Canadian under-
takers than it is in ‘2 normal population’ and that ethanol caused the
cirrhosis of the liver in the undertakers. We searched for, but did not find,
data that show that the incidence of alcoholism in Canadian undertakers is
greater than that in 2 normal population. There is, however, 2 medical case
in which repeated exposure to HCHO was associated with chronic hepatitis,
followed by cirrhosis of the liver and death (Palmero, 1982).

On December 14, 1876, Mrs. C. P., her husband, and their two c¢hildren
had urea-formaldehyde foam insulation {UFF]} installed in their home of
14 years. The next day all members of the family had symptoms of HCHO
toxicity. None of the family members smoked. However, Mrc, C. P, had had
a history of allergies. It included a reaction to penicillin in 1974 that re-
quired hospitalization. Within 3 d after the instailation of UFFI, Mrs, C. P.
had flu-like symptoms that required medical attention (Palmero, 1982).

In March 1977, Mrs. C. P. had multipie complaints that included jaundice
and pain near the right costai margin. The famiiy was advised by the poison
center at the University of Connecticut that their illnesses were caused by
HCHO and to move out of the house (Palmero, 1983, personal communica-
tion}. In April 1977, the atmospheric concentration of HCHO in the home
was between 10.0 and 15.0 ppm (Fleming, 1977; Paimero, 1982).

In May 1977, a medical evaluation revealed no blood or pulmonary
abnormalities, but showed demographism and 3 swollen throat {Lanzi,
1980). Nevertheless, Mrs. C. P. continued to have “episodes’ of respiratory
difficulty and/or signs of systemic allergic reactions whenever she was
exposed to situations associated with environmental chemical agents and
odors {Mandell, 1977). For example, new ciothes, household cleaners,
cigarette smoke, and auto exhaust caused her breathing difficulties {Palmero,
1983, personal communication).

In the summer of 1977, she developed extreme breathing difficulties
which threatened her survival and in 1979 her reactions included severe
hepatitis {Palmero, 1982). There had been no history of prior liver disease,
viral hepatitis, or alcoholism (Hom, 1982a}. After 1979, her liver disease
worsened and on April 29, 1982, Mrs. C, P. died from hepatic cirrhosis
{Hom, 1982b; Chambers and Galvm 1982).

SUMMARY AND CONCLUSIONS

The data in this review indicate that exposure to HCHO by inhalation,
injection, or other avenues of contact is associated with liver changes in
mice, rats, hamsters, guinea pigs, rabbits, dogs, and humans. Qualitative
changes in the liver range from alterations in size and color to microscopic
and biochemical manifestations. These gualitative changes do not seem to
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be species-, age-, or sex-specific. The lack of more pronounced changes
following exposure o obviously toxic concenwations {about 38 ppm) in
two studies underscores a need for additional resaarch.

For several reasons, quantification of doseresponse relationships be-
tween these hepatic changes and exposure requires additional information.
For example, the purity of the test substance was not always reported and
probably varied among the studies. Also exposure concentrations, or the
methods used to measure them, were not always reported. Some of the
hepatic changes were probably caused by secondary mechanisms, including
passive hepatic congestion, serum pH fluctuations, or tissue damage at other
sites within the test animals. Also, some of the less extensive or more com-
monly occurring changes, such as centrilabular vacuciization or mild necrosis,
may have been underreported in studies that were not specifically designed
to examine the hepatotoxicity of HCHO.

Although quantification of dose-response is not practical with the dam
reviewed, 3 qualitative pattern is suggested as one moves from effects oc-
curring after acute exposurs to greatsr amounts or concentrations of HCHO
to those occurring after protracted exposure to lesser amounts. Acute expo-
sure by inhalation to high concentrations of HCHO causes an increase in
the size or weight of the liver within a2 few hours. Although the increase
in weight could be due partiy to passive congestian, it also invoives swelling
of hepatocytes and perhaps hepatic inflammaticn, hyperemia, and edema.
The increase in liver weight is either accompanied by, or soon followed by,
biochemical alterations such as clumping of nucleic acids and an increased
concentration of hepatic alkaline phosphatase. Associated with these early
changes may be hepatic inflammation or hyperemia and, within a few days,
fatty infiitration and scartered necrosis.

After 2 10 3 wk of exposure, the effects on liver function may include
a decrease in the formation and excretion of hippuric acid. Longer expaosure
to lower concentrations may cause similar effects. More prolonged exposure
can lead to the development of hepatic necrosis, which may persist or be
followed by regeneration, seen as focal hepatic hyperpiasia (Fel'dman and
Bonashevskaya, 1971). Other subchronic changes include coarsened and
less dense RNA granules, changes in DNA, focal hypertrophy, decreases in
hepatic ascorbic acid, and’a decrease in the formation and excretion of
hippuric acid. -

After 6§ mo of exposure to HCHO, the microscopic changes in the liver
include centrilobular vacuolar degeneration, formation of cytopiasmic
vacuoles, and hepatocellular degeneration. Although the nature of cyto-
plasmic vacuoles has not been defined, they may be due to fatry degenera-
tion or o 2 depletion of liver glycogen, or both {Fischer, 1905; Gofmekler
and Bonashevskaya, 1969; Swenberg, 1980b). Scattered areas of necrosis
are 2lso seen. These longer term changes are associated with a decrease in
liver weight or 1 decrease in the ratio of liver weight to body weight, perhaps
due to necrosis and loss of parenchyma, and in some instances macroscopic
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changes in the hepatic coloring and/or architecture. Limited evidence indi-
cates that the hepatotoxic changes associated with HCHO in some individuals
may develop into chronic disease, such as cirrhosis. This is of particular
interest in light of the studies that demonstrate the development of anti-V-
like antibodies in patients who are expased directly to HCHO.

The hepatic effects associated with HCHO may result from some non-
specific mechanisms, such as changes in blood flow, pH, or the immune sys-
tem. Formaldehyde may also induce hepatotoxicity through more direct
metzbolic mechanisms as well as through indirect means, Because HCHO
may conjugate with various biclogical chemicals, it may reach the liver in an
active form following inhalation. The need for GSH in the metabolism of
HCHO and other chemicals raises the possibility of additive toxicity when
medication is taken, or exposure 1o other chemicals occurs, in conjunction
with exposure to HCHO. Clearly, more research is needed in these areas.

The data we reviewed indicate that exposure to 3.0 ppm or less for
periods of up to § mo is not without effects and that higher exposures for
shorter periods of time also have effects. Because humans may be exposed
under similar conditions to formaldehyde, its role as 2 potential hepatotoxin
in humans should be considersd,

The data summarized in this article indicate that a relationship exists
between exposure to formaldehyde and changes in the liver. However,
additional research is needed to define this relationship and the human
populations that may be affected by it.
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L. INTRODUCTION

Formaldehyde (H,CO or HCHO),? first prepared by Butlerov in 1839 is
today one of the most widely used chemicals in commercial production (/70). In
1981, about 5.9 billion pounds of a 37% aqueous solution of formaldehyde
{formalin) was produced in the United States. Approximately one-haif of the
annual production is used in the manufacture of urea—f{ormaldehyde (UF) and
phenol—formaidehyde (PF) resins for boading of pressed wood products, es-
peciaily plywood and particle board. Lesser amounts of UF resins are used in
permanent press fabrics and, until recently, for UF foam insulation (UFF1). Fora
more detailed discussion of the chemistry, uses, and history of development of
UF resins, see Meyer (160).

Formaldehyde is released by some wood and other products containing UF and
related resins (/70). Such formaldehyde initially may be present in small
amounts in the manufactured product or may subsequently resuit from the hydro-
lysis of the UF resin bonding or coating the wood or other products. Wood

2Abbreviations: BCME. bis(chioromethyl) ether; CNS, central servous sysiem; CVq, closing
volume expressed as percentage of the vital capecity; DEN. diethylnitrosamine: DNA, deox-
yribonucieic cid; FEF29.7es. same as MMEF; FEV, ,, foreed expired voiume in | sec; FEVa,
(FEV, o + FVC) x 100; FH,, wozhydrofeiic acid FVC, forced vital capacity: GSH. glutsthions;
HCHO, formaidehyde: HMPA, hesamethyl phosphoramide; KMT, hexamethylenetetramine: HR,
hexamethylenetetramine~resorcinol; LCso, median lethal concentration: LDso, median lethal dose:
MEF sy, maximum expiratory flow rate at 50% FVC; MMEF, maximum mid-expiratory flow
calculated as the mean forced expiratory flow during the middie half of FVC: MMF, same as MMEF,;
NAD, nicotinamide adenine dinucicotide: PF, phenol-formaidehyde: PMR, proportionaie mertalicy
ratio; RE. reticuloendothelial; RNA, ribonucleic xid: SMR, standardized mortality mtio: TBA,
umor-bearing animals; TPA, tetradecanoyiphorbol acetate; TLV, threshoid limic value: TWA. ame-
weighted average: UF, urea—formaideivde; UFFI, urea-formaldehyde foam insulaticn.
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products containing UF resins emit more formaldehyde than wood products
containing PF resins. Formaldehyde may be released also from UFFI, a product
used for retrofitting insulation primarily in older structures (45). UFFI was made
on site by mixing the liquid reactants and spraying them into small holes in the
walls. Success with UFFI varied due to a number of factors that could not be
predictably controlled. For example, mixing conditions of the liquid reactants
and the temperature both were critical factors affecting the quality and at times
resulted in poor formation of foam and release of unreacted formaldehyde. Even
when the mixing conditions were ideal, some formaldehyde was released. The
formaldehyde thus released permeated the walls into the living spaces wherein
the  occupants were exposed to concentrations that varied widely. Increasing
numbers of consumers of formaldehyde-releasing products complained to both
state and federal agencies about formaldehyde causing irritation of the eyes,
nose, throat, and skin, and about persistent cough, dizziness, nausea, and
headaches.

Many of the data on the noncarcinogenic effects of formaldehyde have been
reviewed in the National Research Council’s two reports (169, 170): one pre-
pared by the Committee on Toxicology (1980) for the Consumer Product Safety
Commission (CPSC) assessing the adverse health effects of formaldehyde (169),
and the other by the Committec on Formaldehyde and Other Aldehydes in 1981
assessing the health and certain environmentai effects for the Environmental
Protection Agency (EPA) (170). Both these studies extensively reviewed the
published literature on formaldehyde and discussed the irritation, the sensitiza-
tion, and the other data on adverse health effects, but found a lack of adequate
data to assess the risks of carcinogenicity. The reports pointed out that a substan-
tial portion of the people exposed might react adversely even to low concentra-
tions, and recommended that exposure be kept at the lowest practical concentra-
tion in indoor residential air.

In October 1979, concerns about the adverse health effacts from exposure to
formaldehyde grew considerably when the Formaldehyde Institute announced
preliminary findings from the Chemical Industry Institute of Toxicology (CHT)
study of carcinogenicity in rats and mice experimentally exposed to formalde-
hyde gas. These findings, which are reviewed in more detail in Section X,
showed that formaldehyde produced nasal squamous cell carcinomas in animals
exposed to 14.3 ppm.? '

Data on the mutagenicity, teratogenicity, carcinogenicity, and other chronic
effects of formaldehyde were reviewed by the Federal Panel on Formaldehyde (a
panel of 16 senior scientists established by CPSC and other agencies with the
cooperation of the National Toxicology Program) (70). The panel concluded in

Yonversion factor: 1 ppm = 0.82 mg/m3.
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its report that formaldehyde has been demonstrated to be mutagenic and car-
cinogenic under laboratory conditions and should be presumed to pose a cancer
risk to humans, although data were not available for direct assessment in exposed
humans. Similar conclusions were reached by the National Instirute for Occupa-
tional Safety and Heaith (NIOSH) (235) and the Intemnational Agency for Re-
search on Cancer (117). )

This article presents a review of the major findings of the available published
research. The published literature on formaldehyde is too voluminous to be
covered comprehensively in this overview. It is our intent therefore to character-
ize 1o the extent possible the adverse heaith effects of and the hazards posed by
exposure to formaldehyde. To accomplish this objective, we shail discuss some
of the relevant chemical reactions, sources of human exposure, its metabolism
and metabolic fate, its irritation and sensitization properties, the carcinogenic,
mutagenic, teratogenic, and reproductive effects, and what is presently known
about epidemiologic studies, some of which are in progress.

II. REGULATORY ACTIVITIES

The state of California has banned the sale of urea—formaldehyde foam insuta-
tion (UFFT) unless the free formaldehyde content of the foam is less than 0.01%
by weight. The city of Cincinnati, Chio also has banned the instailation of UFFI
as have the states of Connecticut and Massachusernts. [nstailation of the product is
banned for schools, nurseries, and certain other institutions in the state of Colora-
do. The states of New Hampshire and New York require that installers of UFFI
warn potential buyers of the potential heaith effects of formaldehyds. The states
of Minnesow and Wisconsin have established standards of 0.5 and 0.4 ppm,
respectively, for formaldehyde ievels in mobile homes. The state of Taxas re-
quires that retailers or manufacturers of mobile homes wam consumers of the
potential health effects of formaldehyde. On the national level, instailation of
UFF1 was banned in residences and schools by the CPSC on August 9, 1982. The
ban was overturned by the Fifth Circuit Court of Appeais in April 1983, and the
Commission’s request for reconsideration was denied in June 1983. The Com-
mission’s request to the Justice Department to appeal the case to the Supreme
Court was turned down in September 1983 despite numerous scientifié errors
contained in the Fifth Circuit decision.

With regard to other residential standards and guidelines. the American Soci-
ety of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE) has
recommended that formaidehyde levels not exceed 0.1 ppm. Denmark, The
Netherlands, and West Germany have residential standards for formaldehyde of
0.12, 0.10, and 0.10 ppm. respectively.
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. CHEMICAL PROPERTIES

A. Chemical Forms

!. Monomeric Formaldehyde

Formaldehyde is a colorless gas that is usually manufactured by reacting
methanol vapor with air in the presence of a catalyst. It is designated by its
molecular formula HCHO or the structural formula

H
~

Commercially, it is not available in the monomeric form but is commonly sold
as an aqueous solution of from 30 to 56% formaldehyde by weight with from 0.5
to 15% methanol added to prevent polymerization.

it has a characteristic pungent, suffocating odor, and it is highly irmitating to
exposed membranes of the eyes, nose. and respiratory tract. Some of its physical
properties are density, 1.067 (air = 1.000); vapor pressure, 400 mm Hg at 33°C;
flash point, 430°C; boiling point, —19°C; and melting point. —118°C. In addi-
tion, formaldehyde polymerizes slowly at temperatures below 80-100°C.

2. Trioxane

Formaldehyde is available commercially also as the cyclic trimer trioxane
{(wioxymethylene). designated by the molecular formula C,H0, or the structural
formuia

In pure form, trioxane is a colorless crystalline solid that has a nonimitating
chloroformlike odor. It boils at 115°C and melts at 61-62°C.

3. Paraformaldehyde

This commercial form of formaldehyde is a colorless solid prepared by con-
densation of methylene glycol (methanediol) and is designated by the formula
HO—HCHO);—H. It has the same characteristic odor as monomeric formalde-
hyde and melts over a wide temperature range (120-170°C). Thus, heating
paraformaldehyde on a hot plate releases formaldehyde. This is a procedure
commonly used for disinfecting large areas.
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B. Chemical Reactivity

Polymerization of double-bouded methylene compounds and of simple methyl
derivatives is the principle mechanism by which formaldehyde reacts with other
chemicals 10 form some of the resinous products mentioned elsewhere in this
article.

It is beyond the scope of this article to discuss in depth all of the chemical
reactions involving formaldehyde. The reactions given below were selected w©
show some of the more important ways in which formaldchyde reacts with other
chemicals.

1. Industrial Preparation

Although cheaper reagents may be used by manufacruters, the general method
for preparation of formaidehyde from alcohols (methancl) is oxidation with air or
dehydrogenation over hot copper or silver catalyst. For example:

cx,ox—'ii-ﬂaio + Ha

2. Reacrion with Urea

Formaldehyde's high degree of chemical reactivity has been attributed o the
direct attachment of the carbonyl carbon to two hydrogen atoms. It is because of
this strongly reducing reactivity that it has found widespread commercial use in
reactions with urea and resinous substances 10 produce a wide variety of prod-
ucts. This abbreviated illustration shows the basic reaction used in forming the
urea—formaldehyde polymer.

B HCHO
1
HCHO + B,N—S—NB, HOCX,—N—-iC’ - ex,—L—
Q Q
Ex‘ ? HCHO + urea
HOCH, ~N— ¢ ~ N— CH,OR ;— —CH,~N-
0 CIZH,
~N=CH,=N—C—N—
o=C

|
—N—CHy=N—=C-N-—
0
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3. Reaction with Hvdrochloric Acid

This reaction is important owing to the possible formation of the known
carcinogen bis(chloromethyl) ether where human exposure to both chemicals
may OCcur.

2HCHO + 2HC! - CIH,C—O—CH,Cl + H,0

4. Reactions of Biological Interest

The following reactions of formaldehyde are important since they can invoive
nucieic acids, proteins, and other amine-containing molecules within the cell,

Hydration:
HCHO + H,0 — CH,(OH),
Amines:

HCHO + R,NH — R—N—CH.OH
|
R
HCHO + RNH, — R—NH—CH.OH

HCHO + R—C—NH; = R— C —NH—CH,0H
{ il
o] G
R—NH—CH,OH + RNH; — R—NH—CH,—NH—R + H;0
Acetal:

HCHO + ROH — R—O—CH,OH

IV. SOURCES AND EXPOSURE

The sources of formaldehyde to which humans may be exposed have been
reviewed extensively (44, 45, 160. 169, 170, 229, 230). These sources can be
divided into two basic classes: (1) commercial manufacturing processes and
products, and (2) natural processes. For 1978, it was estimated that approx-
imately 68% of the total formaidehyde production of 1,580,000 X 103 kg was
due to commercial processes: natural processes accounted for the remainder. All
of the formaldehyde produced by natura] processes was released into the
atmosphere. .

The primary sources of formaldehyde released by natural processes are the
incomplete combustion of fossil fuels and refuse (65%) and the photochemical
oxidation of hydrocarbons released by automotive exhaust. Sources of formalde-
hyde from combustion processes outdoors include incinerators, refineries. power
plants. houses, and businesses. as well as automobile, bus, truck. and jet ex-
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hausts. The amount of formaidehyde released in automobile exhaust has been
decreasing steadily with the increasing use of catalytic converters. Gas stoves,
ovens, and unvented heaters are major indoor combustion processes that are
sources of formaidehyde.

Almost all (94%) commercially produced formaldehyde goes into the man-
ufacturing of various resins and plastics. The remaining 6% is used for embalm-
ing fluid and tissue fixation, and as a preservative in various products. Over haif
(55%) of all commercially produced formaldehyde is used to produce urea—
formaidehyde and phenol-formaldehyde resins.

Most of the urea-formaldehyde (UF) resins produced (28% of commercial
formaldehyde production) are used as bonding agents in the manufacture of
products such as interior grades of plywood, particle board, and fiber board, and
for paper and textle treating and coating resins, protective coatings, and lami-
nates. Additionally, untii banned by the CPSC in August 1982, a small amount
of UF resin production was used to make urea—formaldehyds foam insulation for
homes, schools. and commercial buildings (70). Press time, temperature, and
moisture content influence the release of formaldehyde from wood products as
do ambient humidity and temperanre loading and background levels of formai-
dehyde. Release of formaldehyde from urea-formaldehyde foam insulation is
affected by temperature and humidity, age of chemicals, mixing of compor.2nts,
and other factors. :

Phenoi-formaldehyde (PF) resins are produced in quantities approximately
equal to urea~formaidehyde resins. They are used as adhesives for exterior
grades of plywood and particle board, and as friction material, foundry and shell
moldings insulation, molding compounds, protective coarings, and laminates.
The release of formaldehyde from PF products using PF resins is much less than
that from those containing UF resins. Meyer (/60) has estimated that PF resins
are 1000 times more stable than UF resins.

Formaldehyde is used also to produce melamine and acetal resins (11% of
commercial formaldehyde production). These resins are used predominantly in
plastics and molding compounds: release of formaldehyde from products using
these resins is considered negligibie.

Other uses of formalidehyde include production of the chemical intermediates
pentaerythritol, 1,4-butanediol, trimethylpropane, and hexamethylenetetramine
(HMT). Production of these chemicals consumes approximately 20% of com-
mercial formaldehyde. It is uncertain how much formaidehyde is reicased by
products synthesized from these chemicals.

Formaldehyde (or a derivative) is used at low concentration as a disinfectant
and preservative in a variety of cosmetics, including shampoos. makeup, eye-
shadow, and bubblebath. Formaldehyde is used also for the preservation and
hardening of biological specimens and as a topical fungicide. A partial listing of
products coptaining formaldehyde is shown in Table 1.



176

Heatth Effects of Formaidehyde 345

TABLE
Product Uses of Formaldehyde

Adhesives Insulation and fiberglass
Concrete Intermediate chemicals
Cosmetics Laminates

Deodorants Leathers

Detergents Lubricants

Dry cleaning solutions Mothbails

Dyes Paints

Embalming fluids Paper

Expiosives Polishes

Fertlizers Photographic developing solutions
Fiberboard Particleboard

Food Pharmaceuticals

Food packaging materials Plastics

Friction materials Plywood

Fuels Rubber

Fungicides Textiies

Fumniture Water softening chemicals

Many formaldehyde-containing products have the ability to release formalde-
hyde during and after manufacture, thereby exposing workers and consumers to
the chemical. These data, although not exiensive for many exposure settings.
indicate that exposure is widespread and can be significant for certain popula-
tions. Table I identifies the sources of human exposure to formaldehyde and
provides an estimation of the size of cach subpopulation, the mean exposure
level and standard deviation to which each is exposed, and the duration of
exposure in hours per week.

Although data are limited, workers in many different occupations can be
exposed to formaldehyde. Formaldehyde production workers, resin production
workers, veneer panel production workers, textile workers, embaimers, and
pathologists appear to be exposed to higher concentrations of formaldehyde than
other types of workers. '

The most extensive data bases exist for two types of consumer exposures.
These are houses that have been insulated with UFF] and mobile homes.

Houses with UFFI have been found to have significantly higher formaldehyde
concentrations than non-UFF1 homes (70). On the basis of data collected on
UFF! installed in panels under near ideal conditions, it has been estimated that
UFFT at 25°C can contribute 0.05-0.4 ppm to the formaldehyde burden of the
home. When similar panels were tested at 23, 33, and 40°C (temperatures that
may be encountered in wall cavities), the average concentration of formaidehvde
emitted from the panels increased 6-fold at 33°C and 13-fold at 30°C. compared
to that emiited at 23°C. Emission may continue over a period of several years.



TAULE I}
Human Exposure to Formuldehydes

Estinuted Mean enposure level Estimated
) number Number of (ppin) duration
Exposure source exposed observations * standurd deviation (week)
1. Occupational
A, Disens pruduciion of formaldchyde 420 3 1.34 £ 0.27 40
B.  Commercial use of fonmaldehyde and fomialdehyde products
1. Urcu—formuldchyde foam installers 2,000-15,600 42 0.25 + 0.09 40
2. Manufacturers
8. Resin producess 2,000-45,000 165 0.31 2 0.04 40
Urca-fe Wchyde foam producers 30-80 28 0.68 = 0.4 40
b.  Mualded prod prod () Unknowan 1] 0.2)  0.04 40
¢ Pumilure, production of vencered pancly Usknown 41 0.92 2 0.36 40
d. Teaule producers 360-6,000 84 0.39 2 0.09 40
e Teanle saruge . Uiknowa 22 0.28 2 0.08 40
f.  Feailiger producers SU00- 900 1" 0.82 = 035 30
3. rhers
3. LEmbulmers 70,000 12 104 2 036 20
b, Puthologists 12,000 i 219 £ 1.45 30

LLT
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c.  Biology instructors

d.  Students
Collegeluniversity
Medical school
High school

15 Residential and commercial building levels, use of
A.  Plywood/particle board
I. Conventivnal homes
i Denmark
b.  Unitcd States
2. Mobile homes
B. Uréa-formaldehyde foam insulation
i.  Homes
2. Shopping center, offices, and slores

M. Ambicnt tevels
A. Air
B. Non-UFF] homes

35,000

1,200,000
60,000
Unknown

Unknown
Uaknown

2,200,000

1,750,000
Unkaown

220,000,000
Unkaown

21

2l

2

25
12
836

751

41
51

032 £ 0.17

0.32 2 0.17
1.56 £ 0.74
0.32 £ 0.07

0.53 £ 0.15
0.28 £ 0.16
0.37 = 0.02

0.12 £ 0.02
1.17 £ 0.41

0.02 = 0.018
0.03 = 0.004

100-150
100150
100-150

100-150

168
100150

# From Ulsamer et al. (230).

8L1
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Mobile homes, which use particie board and plywood extensively in their
construction, are well insulated (but not with UF foam insulation) and are rela-
tively air dght. Mobile homes were found to contain an average of 0.37 ppm of
formaldehyde (230). Levels in new homes were higher than those in older
homes. Emission may continue for a period of years.

V. METABOLISM

Formaldehyde is an important intermediate in the biosynthesis of amino acids,
lipids, and nuclectides. It also alkylates nucleic acids and proteins and is convent-
ed to formate and CQO, (Fig. 1). Following acute inhalation exposure, formaide-
hyde gas is absorbed primarily via the upper respiratory tract in dogs (63) and in
rats (223). Formsaldehyde can penetrate into the lower respiratory tract when
adsorbed to particulates (5, 6).

When rats inhaled [“leormaidchyd: nasal tissues were found to contain the
highest concentration (10- to 100-fold greater than other tissues) of radiolabel;
most of the isotope remaining in the body was distributed throughout body
tissues (J02, 103). The chemical form of the radiolabel was not defined but,
based on what is known about formaldehyde's chemical reactivity and metabo-
lism, it is unlikely that any of the radiolabel remained as formaldehvde.

Dermal absorption of [}*Clformaldehyde has been demonstrated in several
species of laboratory animals, including rats and monkeys (//8), guinea pigs
(236), and rabbits (/95). The chemical form of the radiolabel has vet to be
determined but preliminary data from in virre diffusion studies using rabbit skin
(100) indicate that formaldehyde per se cannot be detected snzymatically.

Formaldehyde that enters the body is rapidly metabolized to formate. Intra-
venous (iv} infusion of formaidehyde into dogs demonstrated that formate levels
in blood rapidly increased whezreas formaidehyde could be detected only during
infusion (748). The rapidity of this conversion was demonstrated by the finding
that the peak in blood formate concentration occurred within the same time
frame, and was of the same magnitude, regardless of whether formaldehyde or
sodium formate was infused into dogs. The plasma half-life of formate was also
the same following injection of either chemical (between 80 and 90 min). Fol-
lowing infusion of formaidehyde into cynomoigus monkeys, the half-life of the
formaldehyde in the blood was estimated to be 1.5 min (/57). Similar estimates
of half-life have been made for cats, guinea pigs, rabbits. and rats (/94). More
recently, Heck (702) has shown that {'“Clformate diswibutes similarly o
[1“C]formaidehyde in rat blood cells and plasma following iv injecticn, and
follows the same decay curve.
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Several studies have described the metabolic fate of formaidehyde once it
enters the body. DuVigneaud et al. (60) found that approximately 80% of sub-
cutaneously (s¢) administered formaldehyde is converted 1o CO,, while 2 small
amount remained in body tissues incorporated into choline. Neely (/72) admin-
istered ['“C]formaldehyde intraperitoneally (ip) to rats at doses of 7 and approx-
imately 70 mg/kg. At the higher dose, 82% of the radiolabel was expired as CO,
after 24—48 b and 14% was recovered in the urine. Most of the radioiabel in the
urine was found to be incorporated into methionine and a cysteine adduct with
lesser amounts as serine and ‘‘formaldehyde.”” *‘Formaldehyde™ was deter-
mined by a chemical method of analysis. Since no radiolabeled peak correspond-
ing to formaldehyde could be detected when a sample of urine was chro-
matographed, '‘formaldehyde’™ may be an artifact resulting from cleavage of 2
conjugate during chemical analysis. Neither the cysteine adduct nor serine could
be detected following administration of the 7 mg/kg dose. The nature of the
cysteine adduct was not defined, but Neely found that a chromatographically
ideatical product could be formed by adding formaldehyde to cysteine or to
unine. Edwards ¢r al. (67) identified the cysweine adduct as N-formylcysteine in
rats and mice following ip administration of (“Clformaldehyde. Methionine and
serine were also found in the urine of both species. The reaction of formaldehyde
with cysteine occurs nonenzymadcaily and in preference to that with glutathione
(GSH) (97). More recenty, Mashford and Jones (155) demonstrated that in rats
administered 4 mg/kg of formaldehyde ip, 82% of the dose was exhaled within
48 b1 as CO., while 5.5% was excreted in the urine. At 40 mg/kg, 78% of the
dose was exhaled as CO, after 48 h and 11% was cxcreted in urine. The
metabolites in urine were the same at either dose: N-(hydroxymethyilurea, N.N'-
bis(hydroxymethyl)urea, and formate. The authors postulated that the urea con-
jugates are formed in the urine by chemical reaction with free formaldehyde, and
that 3-3% of the higher dose may therefore have been excreted in the urine as
free formaidehyde: no formaldehyde was found in expired air. It is uncertain
whether the formaldehyde in the urine is free or exists in the form of a labile
conjugate. The excretion of formarte contrasts with resuits obtained by other
investigators and may be related to the strain of rat used. When formaidehyde is
inhaled by F344 rats (102), rather than injected, 40% of the radiolabel is retained
in the animal, while 40% is exhaled and 20% appears in the urine. In the nasal
mucosa of these rats, RNA contained the greatest amount of radiolabel with a
lesser amount in protein and a small amount in DNA (/03). In WI-38 human
fibroblasts exposed to {!*Clformaldehyde, most of the radiolabel is incorporated
into RNA with lesser amounts in DNA and protein (/90). The purine bases of the
nucleic acids were labeled most heavily. Formate appeared rapidly in the blood
and urine of humans exposed to formaidehyde gas (64). Einbrodt aiso found a
smail amount of formaldehyde in the urine by chemical analysis but this may
have resulted from the breakdown of a labile conjugate. Eels er al. (62) noted 3
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rise in formate in the blood following ingestion of formalin by a 41-year-oid
woman. In addition to being converted rapidly to formate and CO, as well as
being incorporated into various body chemicals formaldehyde also can alkylate
amino acids, such as cysteine (/07) and lysine (228), proteins (72, 215), nu-
cleotides (J07), and DNA (36, 72). The reaction of formaldehyde with DNA to
form stable linkages is enhanced by the presence of amino acids (especially
lysine) and histones {2/5). Linkages between protein and DNA have been re-
ported in formaldehyde-exposed rats (10/) and in mouse Jeukemia L1210 cells
(196}.

The conversion of formaidehyde to formate is catalyzed by formaldehyde
dehydrogenase (231). This enzyme catalyzes an easily reversible reaction be-
tween GSH, formaldehyde, and NAD to yield S-formylglutathione. The actual
substrate for formaldehyde dehydrogenase is probably the hemimercaptal of
formaldehyde and GSH which forms nonenzymatically (238). Hydrolysis of
S-formyiglutathione to formic acid and GSH is catalyzed by $-formylgiutathione
hydrolase (232). This reaction is described as being very fast, highly specific,
and apparently irreversibie; it is not inhibited by formate. In human liver, hydro-
lase activity is present in great excess over formaldehyde dehydrogenase activity.
Both cnzymes are of cytoplasmic origin in liver (204, 23/, 232). Human
erythrocytes (148) and brain, sheep liver, rat brain, kidney, and muscie, rabbit
brain, and bovine brain and adrenal (232) also can rapidly convert formaldehyde
to formate. In human liver, S-formylglutathione can be hydrolyzed also by
glyoxalase II to formic acid and GSH (232). The authors noted that the activity of
this enzyme is equivalent to that of formaldehyde dehydrogenase in liver. For-
maldehyde is also oxidized to formic acid by a nonspecific aldehyde de-
hydrogenase and by the tetrahydrofolic acid (FH,} pathway (//5). The aidebyde
dehydrogenase that oxidizes formaldehyde to formate is found primarily in
mitochondria of liver cells; the microsomal aldehyde dehydrogenase has not been
found 1o be reactive with formaldehyde (733).

Formaldehyde, as well as formate, is converted to CO,. This can occur via the
FH, pathway (Fig. 1) or via deamination of serine {formed from formaldehyde)
to form pyruvate, which is then oxidized to CO, by the mitochondria. Finally,
formate can be converted to CO, via catalase, but this pathway is apparently of
much less importance than the FH, pathway (157, 181, 244). Den Engelse er al.
{37) have shown that lung is less efficient than liver in converting formate to
CO,.

Formaldehyde that enters the FH, pathway does so by nonenzymatic reaction
with FH, to form an NJ-carbinolamine (/26). The carbinolamine proceeds
rapidly through an imine to N3 N'%-methylene-FH, in a reaction with an equi-
libnum constant of approximately 10 in favor of the formation of the end
product {126, 177). The equilibrium constant for the dissociation of N3 N10-
methylene-FH, has been reported to be 3 x 10~5(2/). The reaction is inhibited
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by thiols, such as 2-mercaptoethanol, which react preferentiaily with formalde-
hyde (/26).

The efficiency of these processes in metabolizing formaldehyde was demon-
strated by the infusion studies discussed above (/48, 157, ! 94). A more recent
study by Heck er al. (104) has actually quantitated labile formaldehyde in various
tissues of F344 rats before and after inhalation of either formaldehyde or chlo-
romethane. The method used by Heck measures both free and bound formalde-
byde (the formaidehyde derivatives of both glutathione and FH, react) without
distinguishing between the two forms. **Labiie formaldehyde ™ levels range from
0.42 pmol/g for nasal mucosa to 0.097 pmol/g for brain; liver contains 0.20
nmol/g. Inhalation of 6 ppm of formaldehyde for 6 h/day for 10 days did not
significantly alter the concentration of labile formaldehyde in the nose (the oniy
tissue measured postexposure). A similar finding was made following inhalation
of 15 ppm of formaldehyde (103). Glutathione levels were likewise unchanged
following inhalation of 15 ppm of formaldehyde in this study. Previous work
from the same laboratory demonstrated that CO, production from inhaled for-
maldebyde is directly proportional to dose at 0.5 and 13.1 ppm in rats (86).
When chioromethane was inhaled by rats, the formaidehyde concentrations in
liver and testes approximately doubled while increasing sevenfold in brain; no
data were given for the nose (/94). Whether this increase represents formation of
a conjugate not seen when formaldehyde itself is inhaled or whether it is related
to depletion of GSH as postulated by the author is unclear.

Formaldehyde in tssue can result from a number of sourcss. The primary
source of endogenous formaldehyde is the degradation of serine (/5) with some
contribution from the degradadon of other amino acids (see Fig. 1). Oxidative
demethylation of N, N-dimethylglycine (from choline degradation) also contrib-
utes significantly to endogenous formaldehyde. Cytochrome P-150-dependent
N-demethylation of drugs can contribute additional formaldehyde (1, 244).
Using aminopyrine as the substrate for the demethylation reaction, Waydhas er
al. (244) found that the rate of formaldehyde oxidation to formate exceeded the
rate of formaldehyde production in parfused rat liver by a factor of 12. Other
xcaobiotics including dihalomethanes (2), methanol (157), dimethylnitrosamine
{119), hexamethylphosphoramide (HMPA) (30), bis(chloromethyl) ether
{BCME) {213), dibromoethane (!0}, and dimethylsulfoxide (73]} lead to the
production of formaldehyde. Formaldehyde is also formed in vitro in the pres-
ence of an amine acceptor, apparently by nonenzymatic breakdown of 3 N10-
methylene-FH, (137, 140, 226). This reaction produces alkaloids from biogenic
amines or drugs in vitro and probably in vive (/45). Formaldehyde resulting from
the mewbolism of HMPA, and dibromoethane (50), dimethylnitrosamine (//9},
and bis(chloromethyl) ether (2/3) may be the active species for these car-
cinogens. Using rat liver microsomes, formaldebyde production 3nd accumula-
don could be demonstrated from HMPA (50) and dimethylnitrosamine (/19).
The accumuiation of formaldehyde in microsomal preparations is not unexpected
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since microsomes have no detectable aldehyde dehydrogenase of the type capa-
ble of oxidizing formaldehyde (/33), whereas formaidehyde dehydrogenase is
primarily cytoplasmic in origin (231). Dodd ef al. (58) have shown that labile
formaldehyde also accumulated in vivo in tissues following inhalation of chlo-
romethane. In contrast, when monkeys were administered methanol (which aiso
metabolized to formaldehyde) by a nasogastric tube, no increase in formaidehyde
concentrations could be detected in body tissues (157). Alcohol dehydrogenase,
which converts methanoi to formaldehyde, is cytoplasmic in origin (/85) as is
formaldehyde dehydrogenase. These findings raise the possibility that formalde-
hyde derived from xcnobiotics metabolized by the microsomes may lead 10
accumulation of formaldehyde conjugates in tissue and pose a greater nisk of
carcinogenicity than formaldehyde derived from xenobiotics metabolized in the
cytoplasm.

Exposure to formaldehyde may also cause additive toxicity to that caused by
chemicals that require glutathione for detoxification (/36). Chemicals with the
potential for additive toxicity by this mechanism are numerous and include
acetaminophen and corticosteroids (52, 53, 128, 147). Exposure to these chemi-
cals may increase during periods when toxic exposure to formaldehyde occurs
since they could be used to treat acute symptoms, such as headaches and skin
rashes.

VI. GENERAL TOXICOLOGY

The acute toxicity of formaldehyde has been studied in several animal species
by different routes of administration. The reported LD, and LC,, values are
summarized in Table lIl. These studies indicate that when formaldehyde is

TABLE IO
Acute Toxicity

Species/ Observation

straing Medium tested Route period Measure Reference
Rats 2% solution po 14 days LDso. 800 mg/kg 217
Guinea pigs 2% solution po 14 days LDy, 260 me/kg 217
Albino mice  Vaporized aqueous  Respiratory 45 days LT, 100 min. i9-

solution (320 ppm)

Rabbit Solution Dermal — L.Dsg. 270 myg/kg 144
Rat Solution iv - LDyo. 87 mgkg i41
Rat 35.5% solution ¢ - LDs. 420 mp'kg 216
Mice 35.5% solution < —_ LDep. 300 merkg 216
Rat 35.5% solution Respiratory — LCys. 1.0 mgiliter 216

(830 ppm)}, 30 min




TABLE IV

Lowest Elfcctive Concentrativn of Formuldeliyde: tiusman and Antmal Cootrolled Studles<

Concentration
{ppm) Lengih of exposuie Specics Effect Reference
0.01 5 min Muman Eye isvitation 206 %
0.05-  Minutes Human Odos theesbold M, 159, o
0.06 237
0.07 Minutes Hlunun Optical chronsxy threshold 159
0.08 1.5 monthis Rubbit Chunges in evoked potentisl of optic nerve 23
0.08 Minutes Human Threshold to affect the functional state of bra) cortex 159
0.2 th Human Eye, ause, and throal ismitation 192
0.25 Sh Human Dryncss uf nose and thrvat, decrease in mucous flow rate 9
0.3 1h Guinca pig Increused nirway flow sesistance, decreased compliance 3
0.55 10 min Rat Reduction in sespiratury rase 127
0.83 3 months Rut flistologic uad bistochemical changes in cerebral umygdiloid complex 24
.83 1 min livnwun Altered functinnal stute of cesebral conex 7t
0.83 90 days Ra Peribronchiul and perivasculas hyperemia, lymphohistiocytic proliferation in 71
tung, focul hyperplasis and RE sysiem aclivation in liver and changes in
cerebral conex
0.83 10 min Humun lentution of upper tract and cyes, accelerated breathing, EEQ changes such 209

us ulpha rhyt h . chauges in avtomatic nervous system




0.83

0.83

1.4
1.67

38

4.4

4.2
15.5

41.5

482

10 manths over two
generations

Continwws, begin-
ning 10-15 Jdays
befose mating

1 min

Continuous or
intermittent

6 Wday, 5 day/week
for 18 months

90 days continuous

t h on days 1-19 of
gestation

I min

10h

1 Wday, 3 day/week
for 35 weeks
4h

Rat

Rat

Human
Guioca pig, rat

Rat

Rat, dag, rabbit,
monkey, guinca pig
Rat

Human

Mouse, rabbit, guinca
Pig

Mouse

Rat

Maorpholugical changes in upper respiratory tract, decreased liver weight

h

tab h

Increase in size snd of exir poictic centers, in-
creased epithelial proliferativa of common bile duct, increased abnor-
malities of renul epithelinm

Eye seasitivity 1o light lowered in unacclimated group

Sensitization {inhalation), leukocylosis, and change in blood choli

Epithelial hyperpl

-+ ¥

ws cell |asia of nasal turbinates, rhinitis
Deathh in 1145 rats, sume influnmation of lungs in all specics

lacrease in threshold of neuromuscular excitability, pecipheral white blood
cells, decreased hemoglobin and rectal temperature in pregnant animals

Unbearahle without sespiratory protection

$77 mice, 35 rabbits, 820 guinea pigs dead; closed eyes, slow deep respira-
tion, convulsions

Upper tespiratory tract inflummation, basal cell hyperplasia, cpithclial strati-

bronch

1.Cs0 (appmximalc)'

161

88

159

178

223

45a

211

246
20/

13

168

@ from Gupla et al. {94a), with pcnmission.

981
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administered by subcutaneous or intravenous injection to rats it is more lethal
than when administered orally. This may be because formaldehyde reacts with
chyme, thus decreasing the amount available for absorption. The effects ob-
served following exposure of experimental animals and humnans to formaldehyde
by inhalation include tissue irritation, sensitization, and CNS effects (169, 170,
233, 234). These effects, summarized in Tables IV and V (from Gupta er af.
(84a)], include eye, nose, throat, and pulmonary irritation and hyperemia, skin

TABLE V

BMWMWWMMFWCMNM

Glving Adverse Effects®

Concenraticn Type of
(ppm} Effect exposure Reference

0.01-10 Nauses; eye, nose. and throm irriration; head- Resideatial 4

0.02-4.1% Diamriiea, cye and upper respiratory wact imrita-  Residentiaj 29. 85,
tion. headache, nansea, vomiting 201, 249

0.09-5.6 Buming of eye and nose; sneezing. coughing, Occupationai 129
and headaches; 3 out of 7 suffered from agh-
ma or sinus problems

0.3-2.7. Annoying odor, consiant prickling of mucous Occupational 212

mean, 0.68; membranes, disurbed sleep, thirst, heavy
median, 0.4 tearing :

0.13-0.45 Buming and stinging of eyes, tose. and throzr; Oceupational 27
beadaches

0.43 Loss of oifactary sense, incressed upper respi-  Occupational 250
ratary disease, subsgophic and Rrypermophic {greater than 5
aiterarions in nose and throat, ciliostasis of oL 10 less
assel mucoss, inkreased absomptive function thaz 10 years)
of nasal mucoss

0.9-1.8 liching eyes, dry and sore twoanm, dismrbed Occupational 164
slesp, unusual thirst upon awakening in mora-
L {

0.9-2.7 Tearing of eyws, imitation of noe and throat Occupational, 2

1966

Uninown Chronic 2irway obstruction, respiratory tract and Qecupational 208
¢ye iriztion, smuil decrease in puimonery
function during workday apd workweek

{.3-3.8 Menstrual disorders, pregnancy complicarions, Occuparional 214
low binth weight of offspring

4 or less Inflammadon. reactions of upper respiratory Occupationai i34
wact, chronic bronchitis, conjunctivitis, and  (7-year meap
skin changes exposure)

° From Gupta e al. (94a), with permission.
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rashes, changes in cerebral cortex. development of headaches. and many other
effects.

In many instances, the changes that occur in animals that are exposed to
formaldehyde are similar to those that occur in humans who are likewise ex-
posed. This may be illusirated by the effects on the airways. Amdur (5, 6)
exposed guinea pigs to formaldehyde and found, even at .07 ppm in the pres-
ence of NaCl particles, significantly increased airway resistance and decreased
lung compliance. Murphy er al. (167) noted similar changes after exposure to
higher concentrations of formaldehyde in rats; they also found signs of eye and
nasal irritation. dyspnea, and an increase in liver alkaline phosphatase. When
exposed to low concentrations of formaldehyde, humans often experience nose
and throat irritation (8, 169, 170). In humans, pulmonary irritation may be
characterized by cough, a feeling of tightness in the chest. and wheezing (signs
of bronchial constriction) (84, 169, 170, 189). A protective mechanism against
the respiratory effects of inhaled formaldehyde appears to exist in mice. which
are able to decrease their respiration rate by up to 50% when exposed to formal-
dehyde (127). Barrow (/2) also reported similar results in mice and to a lesser
extent in rats. Formaldehyde is also a severe eye irritant in rabbits (35) and in
humans (8, /92). Significantly, humans experience conjunctival imitation when
exposed to as little as 0.20 ppm of formaldehyde alone (/92) or 0.01 ppm of
formaldehyde in antificial smog (206). Formaldehyde causes skin irritation in
guinea pigs (39) and in humans (87, 186).

The NAS report “"Formaldehyde and Other Aldehydes’ {/70) mentions vari-
ous effects of formaldehyde on the central nervous system in humans. For
example, CNS effects such as thirst, dizziness and apathy, and inability to
concentrate have been reported in workers using formaldehyde resin (169). Elec-
woencephalographic (EEG) changes have been reported in human subjects ex-
posed to 0.044 ppm of formaldehyde (71).

Formaldehyde causes hyperemia or inflammation in liver and kidney in rats
(71, 73, 88, 216). Microscopically, formaldehyde also causes cloudy swelling,
cytoplasmic vacuclization. and necrosis in the liver, and hyperemia. edema, and
necrosis in the kidney. Macroscopic changes in the liver have also been produced
by formaidehyde. When exposure is repeated over a period of weeks. changes
include a mottled appearance and a decrease in liver weight (/3, 77). Following a
single high exposure, liver size may increase (20/). Similarlv, Murphy et al.
{167) found that liver weight (absolute and relative to body weight) increased in
rats following a single inhalation exposure 10 35 ppm of formaldehyde for 18 h.

The toxic effects on liver that occur in response to high levels of exposure are
usually more pronounced and occur more frequently than those caused by lower
levels (13, 73. 77). Conseguently, a general dose-response relationship may
exist for organ toxicity caused by formaldehyde. For example, in the study



189

358 Andrew G. Ubiamer o af.

conducted for CIT, inhalation of formaldehyde caused changes in liver weight
as well as microscopic changes in the livers of mice at 14.3 ppm. but caused only
significant decreases in relative liver weights at 6 ppm in mice (J3). Similarly, in
the Formaldehyde Institute study, inhalation of 3 ppm of formaidehyde caused a
decrease only in liver weight (77). At 6 and 12 months, in the COT sudy,
hepatic centrilobular vacuolization and necrosis occurred in mice receiving 14.3
ppm but not in the control groups (p <0.001) (73). Similar changes occurred in
rats that inhaled 0.8 ppm of formaldehyde in a reproductive study (88, 89). An
abstract of ope study reported that dermaily applied formaldehyde caused liver
changes (208).

Transient effects on the hematopoietic system occurred in rats and mice after 6
months of exposure to formaldehyds by inhalatioa (/3). These effects were
reflected by statistically significant decreases in (1) reticuiocytes in female mice
exposed to 2.1, 5.6, or 14.3 ppm:; (2) mean corpuscular hemoglobin in male and
female rats exposed w0 14.3 ppm of formaldehyde: and (3) mean corpuscular
hemogiobin concentration in male rats cxposed o 2.1, 5.6, or 14.3 ppm of
HCHO (/3). Male and female rats had significant {p < 0.05) increases in mean
corpuscilar hemoglobin, mean corpuscular hemoglobin concentration, and my-
¢loid to erythroid ratios after 13 weeks of exposure by inhalation 10 12.7 ppm of
formaldehyde (/63). This could indicate myeloid hyperplasia or erythroid
hypoplasia.

Microscopic cxamination of the dssues in this study (which involved three
exposure concentrations: 4.0, 12.7, and 38.6 ppm) revealed several lesions that
resulted from exposure to 38.6 ppm of formaidehyde (/63). In rats, the lesions
included ulceration and necrosis of the nasal turbinates and achea. congeston
and hemorrhage in the lungs, congestion.of hepatic sinusoids, and cytoplasmic
vacuolation and congestion of the adrenal cortex. Some of these microscopic
changes could have resulted from secondary effects of formaldehyde. Formalde-
hyde-refated changes in mice included necrosis of the nasal wrbinates and ma-
chea, and pulmonary congestion and hemorrhage.

The effects of subchronic exposure to formaldehyde have also been examined
in a study in which mice were exposed to formaldehyde by inhalation (139). Five
groups of 10 male and 10 female mice each were sxposed for 6 h/day, 5
days/week for 13 weeks to concentrations of either 2. 4, 10. 20, or 40 ppm of
formaldehyde. Although the study was designed only to help establish exposure
levels for a subsequent chronic toxicity study, which was never done, it produced
some interesting findings. At ¢ ppm and above, 1 dose-related increase in squam-
ous meraplasia of the nasal cavity developed. At 10 ppm and above. epithelial
hyperplasia, squamous metapiasia, and inflammation of the trachez aiso devei-
oped. In addition to these changes. at 40 ppm bronchial inflammation, epithelial
hyperplasia, metaplasia, and granulation were observed. There was aiso an 80%

53-769 O—86——7
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morality rate at 40 ppm. The study revealed a significant depression of weight in
both sexes at 20 and 40 ppm.

Interestingly, a few systemic effects at 40 ppm were sex related. These in-
¢luded ovarian involution and endomerrial atrophy and a decrease in the liver to
body weight ratio in female mice. These findings are particularly interesting
because Shumilina (2/4) reported that several menstrual and reproductive altera-
tions occurred in women who were exposed to formaldehyde during their work.
(Details of Shumilina’s findings are presented in Section XI.) Both sexes showed
atrophy and necrosis of the thymus.

This study shows that 65 days of cxposure to formaldehyde with weekly
recovery periods of 48 h will produce significant changes in the upper respiratory
tract at 4.0 ppm and serious systemic effects and death at 40 ppm (/3).

In a study conducted for Biodynamics, the subchronic toxicity of formalde-
hyde was studied under contract by the Synthetic Organic Chemical Manufactur-
ers’ Association (77). They exposed rats, hamsters, and monkeys to concentra-
tions of 0.2, 1.0, or 3.0 ppm for 22 h a day, 7 days a week, for 26 weeks. The
summary table of microscopic findings in rats exposed to 0.2 or 1.0 ppm of
formaldehyde revealed that aibuminous degeneration of hepatocytes, hyperplasia
of the bile duct, and focal hemorrhage developed in the livers of several of them.
These changes did not occur in the concurrent control group. Four of the five rats
exposed 10 1.0 ppm and whose organs were subjected to microscopic examina-
ton also had hepatic necrosis. The necrosis did not occur in the other groups. At
3.0 ppm, the liver weight and the liver to body weight ratio were significantly
decreased in rats, but necrosis of the liver was not seen.

VII. HYPERSENSITIZATION

Formaldehyde solution and probably gas, as well as polymers containing
formaldehyde, have induced and elicited hypersensitivity reactions in humans.
Dermal reactions may follow dermal or inhalation exposure and may be immedi-
ate or delayed in nature. Immediate reactions are characterized by urticaria,
while the more common delayed reactions lead to erythema, edema, and ves-
iculation. Respiratory reactions result from exposure to airborne formaldehyde
and are characterized by rhinitis or asthma. Asthmatic responses may be immedi-
ate or late, with present data indicating that at least late reacuons to formalde-
hyde are of immunologic origin.

Early work by Horsfail (7/2) demonstrated that formaldehyde produced de-
layed contact dermatitis in a sensitive patient when tested by immersion of the
hand in formaldehyde solution as low as 0.2 ppm. When the patient inhaled
formaldehyde through a mouthpiece, a delayed dermal reaction was also pro-
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duced. Rostenberg er al. (197) confirmed Horsfall’s finding that formaldehyde
could cause a delayed contact dermatitis. These investigators studied nurses who
developed dermatitis from repeatedly handling thermomerers sterilized in 0%
formaldehyde. Positive reactions were clicited by parch tests with 0.5% formal-
debhyde. More recent studies involving dermatologic patients from many coun-
mies, including the United States, have shown that 1-7% of these patients were
sensitive to 2% formaldehyde by paich testing (34, 47, 81, 105, 198, 199, 222).
Approximately 5~8% of subjects without dermarologic complaints (selected
from the San Francisco area) became sensitized following dermal exposure to
formaldechyde in conceawations of 0.37-3.7% and challenge concengations of
0.3% (154). Later work by Jordan (125) showed that positive delayed reactions
were found to occur in dermatologic patients by patch testing with 30 ppm of
formaldehyde (four of nine patients). However, spraying 28 ppm of farmalde-
hyde in water on exposed skin did not produce a positive reaction.

Positive dermal sensitization reactions to formaldehyde have been caused by
many products including textles (17, 47, 114), paper (20. 75), cleaning agents
{80, 132), coolants (10, 96), nail hardeners (47, 162, 183), photographic chemi-
cals (47, 75), and embalming fluid (¢7). Delayed contact dermaritis reactions
have also been produced by resins contaiping formaidehyde. These include
meiamine-formaldehyde (79, 1465, 146¢), urca~formaldehyde (771), and phe-
nol-formaldehyde resins (47, 49, 78, 149, 150). Immediate dermal reactions to
formaldehyde or products containing formaldehyde have also been reported (74,
106, 125, 156).

Exposure to formaldehyde vapor has produced rhinitis in exposed individuails
(205, 240}, as well as bronchial asthma (3, 14, 108, 174, /88). The development
of bronchial asthma following exposure 10 formaldehyde vapor is perhaps best
demonstrated by the study of Hendrick and Lane (/08). They included five staff
members of a hemodialysis uait, two of whom developed wheezing, chest tight-
ness, and cough after several months of repeated exposure o formaldehyde.
Symptoms were delayed and worsened at night. Various hematological changes
including eosinophilia were also noted. Provocative inhalation tests, io which
either 25 or 10% formalin was painted on a board in a chamber, produced similar
late asthmatic symptoms in these individuals. Later work (/09) showed that
formaldehyde concentrations during these exposures approximated § and 3 ppm,
respectively. The several-month exposure period required for development of
symptoms, the delayed onset and recurrent nocturnal pattern of the asthma, and
the development of eosinophilia are all consistent with an immunological reac-
tion as opposed t0 an imitation reaction. A late asthmatic reaction has also been
reported (3) to occur in a painter who was exposed to 2 ppm of formaldehyde ina
provocative inhalation test. This individual initially experienced rhinitis and then
asthma while spraying paint later found to contain formaldehyde.

Inhaled formaidehyde vapor can also produce an immediate reaction in ¢x-
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posed individuals {14). In another case, Frigas e al. (82) reported an immediate
response following provocative inhalation tests with pulverized urea—formalde-
hyde foam insulation: the response did not occur with formaldehyde gas deliv-
ered through a face mask. Aluminum oxide dust did not produce a reaction in this
patient who had developed asthma following insulation of her house with
urea—formaidehyde foam insuiation. The immunological nature of the immediate
reactions is more open to question since IgE antibodies have not been isolated
from exposed humans as they have in some cases for other chemical allergens
such as isocyanates (76) and trimeilitic anhydride (7/84). Demonstration of asth-
matic responses at low formaldehyde exposures may depend upon the presence
of particulates. Respiratory symptoms have also developed in workers exposed
to hexamethylenetetramine -resorcinol (HR) resin (84). More recently, work by
Frigas er al. (82) has shown that 37 other individuals with respiratory symptoms,
following formaldehyde exposure at home or on the job, did not develop asthma
following inhalation of formaldehyde gas in compressed breathing air. Since
previous investigators {3, /08, I88) used room air rather than compressed
breathing air, the presence of naturally occurring particulates in the room air used
by these previous investigators may have allowed formaldehyde to penetrate into
the lungs. It is known that particulates aid formaldehyde in reaching the lower
respiratory tract (5, 6, 139).

VIII. TERATOGENIC AND REPRODUCTIVE EFFECTS

The potential of formaldehyde to interfere with embryonic and fetal develop-
ment has been reviewed previously (70). Since then, studies on the toxicity of
formaldehyde have been completed that provide additional information about the
reproductive and teratogenic effects of this chemical. This section discusses the
main findings of the earlier studies and relates them to the resuits of more recent
research.

A. Inhalation Studies

In a series of four publications beginning in 1968, Gofmekler and colleagues
reported on the toxic and teratogenic effects of formaldehyde (88-90, 191). All
of these publications appear to be based on an experiment in which 36 female rats
{12 per group) were exposed to 0, 0.01, or 0.83 ppm of formaldehyde from 1010
14 days before impregnation through gestation. Three male rats per dose level
were also exposed for 6 to 10 days before mating.

In 1968, Gofmekler (88) reported the effects of formaldehyde on fentility. fetal
weights, and organ weights. At 0.01 and 0.83 ppm. formaidehyde increased the
duration of gestation by 14-15% as well as the average body weight of offspring
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and their heart, adrenal, and kidney weights. In conaast, the liver and lungs from
pups in the treated groups weighed less than those from the control pups. This
finding likely represents direct or indirect effects of formaldehyde on developing
fetal lung and liver. Although Gofmekler reported a decrease in the liner size,
data in the article show that exposed groups had average litter sizes of 19.6 and
17.3 pups, as compared to the control value of 11.2, which is nearer 2 'normal"’
size. For these calculations, Gofmekler apparently assumed that all females in
each group became pregnant.

Gofmekler er al. (89) published additional results related to the effects of
HCHQO (0.0 and 0.83 ppm) on the developing embryo {identical data were
reported by Pushkina er af. (/9)]. Significant decreases in ascorbic acid con-
centrations occurred in the whole embryo and in the maternal liver at both dose
levels. A significant increase in the ascorbic acid concentration in liver occurred
in offspring from dams exposed to 0.01 ppm only. The lack of a similar change
in the group exposed to 0.83 ppm, however, raises questions about the signifi-
cance of this finding. RINA concentrations in maternai livers were greater at both
dose ieveis than they were in controls. RNA concentrations of fetal brain were
similar in control and treated groups. DNA content was significantly lower in
maternal and fetal liver in both treated groups and control animals. The authors
concluded that formaldehyde ‘‘significantly inhibited the synthesis of nucleic
acids.”* However, because the RNA concentration in the liver increased as the
DNA concentration decreased, this conclusion is not completely supported by
the data in the article.

The above publication (89) also describes microscopic changes in the liver,
kidneys, and other organs of fetuses from dams exposed to 0.0! or 0.83 ppm of
formaldehyde. Changes in the liver included an increased proliferation of epi-
thelial ceils in the bile duct and segmented forms in the hepatic sinusoids.
Changes in the kidney included renal epitheliai cells with polymorphic nuclei,
casts in the lumina of some tubules, and functional alterations in the renal wbule
apparamis. Also, exposure 10 0.83 ppm decreased myocardial glycogen, involu-
ted thymic lymphoid tissue, and disintegrated lymphocytes. Histologicaily, the
testes of aduit males exposed to formaldehyde were similar to those of the
controls. In contrast, formaldehyde inhalation by pregnant dams did not cause
macroscopically discernible changes in embryonic or fetal development; there
were no terata.

Sheveleva (211) studied the teratogenic potential of formaldehyde in pregnant
albino rats. The dams were exposed by inhalation to 0.004, 0.0004, or 0.0 ppm
of formaidehyde for 4 b cach day on days | through 19 of gestation. Fifteen
femaies per group were killed on day 20, while six were kept to obtain progeny.
Exposure to 0.004 ppm of formaldehyde decreased neuromuscular excitability,
spontaneous mobility, rectal temperature, and hemoglobin concentration in the
dams.
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On day 20, the number of preimplantation deaths was higher in both groups
exposed to formaldehyde than it was in the controls. The number of live fetuses
was approximately the same in all groups. If added together, these data indicate
that the number of zygotes was grearer in dams that were exposed to formalde-
hyde. If that is correct, the dara provide indirect support for the findings of
Gofmekler (88) showing an increase in litter size. Until more research is done.
the potential effect of HCHO on litter size will remain uncertain. In Sheveleva's
study, no external maiformations were observed in the offspring that were re-
moved by hysterotomy. This finding is similar to that of Gofmekler and his
colleagues (88, 89) as well as other researchers (/52, 179, 180).

On day 22, six dams from each group delivered offspring; all progeny ap-
peared to be normal at birth (217). At | month postnatal, the female offspring
from control dams were larger than the female offspring from treated dams. For
male progeny, the opposite was true. At | month, the spontaneous mability of
progeny from treated dams was less than that of control progeny. By 2 months.
the hemoglobin and leukocyte concentrations were decreased in progeny of dams
exposed to formaldehyde, but not in a dose-related manner (211).

Guseva (95) measured the nucleic acid content in the testes of rats exposed o
formaldehyde. During a 6-month exposure period, three groups of male rats
mceived formaldehyde orally and by inhalation as follows: Group 1, 0.1 mg/liter
in drinking water and 0.4 ppm by inhalation: Group 2, 0.01 mg/liter in drinking
water and 0.2 ppm by inhalation; Group 3, 0.005 mg/liter in drinking water and
0.1 ppm by inhalation. Group 4 served as untreated controls. Exposure in the
drinking water was continuous. Simultaneous exposure to formaldehyde by both
routes occurred five times per week for 4 h sach time. Reproductive function was
evaluated by pairing each treated male with two virgin untreated females and
evaluating the resulting pregnancies. On day 20, an unspecified number of
pregnant females were killed and their offspring were removed and examined.
The remaining dams were allowed to produce offspring. Guseva did not report
the results of the examination of the fetuses. The number and weight of newbom
rats were recorded. Observations of their subsequent development extended over
1 month. The time of eye opening and other developmental indices were re-
corded for the offspring of males in Groups | and 3 only.

There was no effect of formaldehyde on the weight of the fetuses or the size of
the liners. The offspring were morphologicaily normal at birth and developed
normally thersafter. Gonadotropin levels were not significantly different be-
tween males in the control group and those in the treatment groups. However, the
amount of nucleic acid in the testes of males exposed to 0.4 and 0.2 ppm of
formaldehyde was significantly less than the amount in the testes of the controls
(95).

Sanotskii et al. (202) studied the effects of formaldehvde on reproduction in an
unspecified strain and number of albino rats. They exposed groups of pregnant
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and nonpregnant rats to 0, 0.4, or 0.5 ppm of formaldehyde for 4 b per day for 20
days. Nonpregnant rats responded more to the effects of formaldehyde than did
pregnant ones. {n nonpregnant rats, exposure to formaldehyde at 5.0 ppm altered
renal function by decreasing daily diurests and urinary chlorides, and increasing
uripary protein concentrations. The increase in concentration of protein in urine
may have simply reflected decreased urinary output. Altered hepatic function
was manifested by a decrease in urinary excretion of hippuric acid. At 5 ppm
only, blood hemoglobin decreased in the pregnant rats. This finding suppons the
findings by CUT that exposure to 2 ppm of formaldehyde and above in rats
decreases mean corpuscular volume and mean corpuscular hemoglobin con-
centration after 6 months of exposure (/3). Exposure to 0.4 ppm did not affect
the parameters that were estimated for either pregnant or nonpregnant rats.

B. Dermat Studies

We found ons teratology study of formaldehyde in which exposure was by
dermal application. In a pilot study, Overman (/79) applied formalin to the
denuded back of pregnant hamsters for 2 h per day on days 7-11 of gestaton.
This treatment resuited in a potentially meaningful increase in resorptions and
birth defects. To determine if the changes were significant, he repeated the study
using larger numbers of animals. {n this laner study, exposure o HCHO did not
affect the survival or development of the offspring of hamsters {130}.

C. Ingestion Studies

Although human exposure to formaldehyde occurs most commonly by the
respiratory and dermal routes, it may occur by the ingestion of formaldehyde-
based preservatives, One teratogenic sudy of HCHO following oral ingestion
has been done. Marks er al. (/52) intubated pregnant albino mice on days 6-15
of gestation with 0, 74, 148, or 185 mg/kg/day. On day 19, the mice were killed
and the offspring were examined. At 185 mg/kg, HCHO was toxic 10 22 of 34
pregnant mice. At 74 mg/kg, there was a significant decrease in average weight
gain during pregnancy. Treatment with HCHO did not resuit in maiformed
offspring. Because formaldehyde reacts with or binds to chyme and intestinal
contents, as well as to tissue, the amount of HCHO that test animals are exposed
to following ingestion is unknown.

Hexamethyleneteramine (HMT), an antimicrobial food additive as well as a
medicarion used to treat chronic bladder infections, degrades o formaldehyde
and ammonia in an acid medium or in the presence of protein (93). Reproductive
studies using orally administered HMT have produced information that heips us
to understand the potential effects of formaldehyde.
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In 1970, Della Porta er al. (55) reported on the effects of orally administered
HMT in rats. Females and males were given 1% HMT in the drinking water,
beginning when the rats were 8 wecks old. Two weeks later, the animals were

. mated, and treatment of the females was continued during pregnancy and nurs-

ing. A group of 24 male and 24 female progeny was randomly selected for
continued exposure to HCHO until they were 20 weeks oid. Groups of 12
untreated dams and 48 pups were used as controls.

Treated females and control females produced 124 and 118 offspring, re-
spectively. The progeny of the treated dams were not malformed aithough mean
body weights of the treated males and females were significantlyless than those
of controls, The weights remained depressed for up to 9 weeks for males and up
to 13 weeks for females before becoming comparable to those of the contols.
When the offspring were autopsied at 22 weeks. no macroscopic or microscopic
lesions were seen. Body weights and organ weights (liver, kidneys, spieen,
thymus, pituitary, adrenals. and testes) of offspring were similar for reated and
control groups.

A second experiment reported in this article involved exposure of rats 0 HMT
in the drinking water over three generations. F, and F, animals were given HMT
until week 40 postnatal; F; animals were given HMT until week 20. F,. F,. and
F, animals were observed for 130 weeks; survivors were sacrificed at 3 years of
age. The survival rates of all the generations of offspring were not affected by
HCHO. Mean body weights obtained during the experiments showed no signifi-
cant differences between control and treated groups.

One year later, Natvig er al. (17]) reported findings similar to those of Della
Porta et al. (55) when they gave HMT in the feed to Wistar rats. Male and female
rats were fed a diet containing either 0.0 or 0.16% HMT starting at 2 months of
age and continuing for 3 months, then mated with group mates. Their offspring
were fed the same diet. The offspring were weighed at 7 and 15 weeks, measured
for voluntary muscle activity at 6 weeks. and killed when they were 123 davs
old. There were no detectable differences between rats in the test and control
groups. The fertility of the treated animals was similar to that of control animals.
The offspring from both groups had similar muscular activity, body weights,
general health, and organ weights.

Formaldehyde administered in the diet had no effect on reproduction in
beagles (1/6). From 4 days after mating to day 56 of pregnancy. pregnant bitches
were fed concentrations of 600 or 1250 ppm HMT, or of 125 or 375 ppm
formaldehyde in the diet. Control dogs ate unadulterated chow. Neither formal-
dehyde nor HMT affected the pregnancy rate. Maternal body weights increased
normally during pregnancy in all groups. The duration of gestation was not
affected by formaldehyde or HMT. Mean litter sizes were within the normal
range for all groups. The group that received 1250 ppm of HMT had a greater
percentage of stillborn pups than any other group; this was due mainly to one
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liver in which seven of nine pups were dead. The stillborn pups were not
malformed. At 1250 ppm of HMT, there were some signs of neonatal toxicity.

During the first month after parturition, the pups from bitches given 1250 ppm
HMT grew less than normal. The retarded growth coincided with increased
neonatal mortality. Consequently, the percentage of pups that survived (o wean-
ing was lower than it was in the other groups. Neverthsless, pups that survived
for up to 9 mouths exhibited normal behavior, appearance, mobility, and muscu-
lar coordination.

D. Injection Studies

Palkovits and Mimo (/82) studied formalin-induced stress in neonatal rats.
They injected one group of newbom Wistar rats with 0.02 mi of 2% formaide-
hyde ip once on the day of birth. A second group was injected daily for the first 4
days after birth. Control animals were untreated. All neonates were decapitated
24 h after the last injections.

In the nconates injected for 4 days, degenerative cellular atrophy occurred in
the ventromedial arcuate of the hypothalamus. Single injections of formaldehyde
did not cause degenerative changes but did cause decreased ceilular activity in
the medial field of the ventromedial nucleus and in the arcuate nucleus and an
accumulation of granules in the neuronal cytoplasm. In both groups, formalde-
hyde injections increased nuciear volume in the adrenals. These changes indicate
that the hypothalamus of the neonatal rat is sensitive o corticoid fesdback
induced by formaidehyde administration.

Cohen (38) studied the response to formaldehyde injection of fetal rats by
measuring ascorbic acid levels in the adrenais. The first fetus from =ach litter
served as the control. During a hysterotomy, approximately 6 ul/g body weight
of 2% formaidehyde was injected sc into one or more litter mates. Fetuses were
injected with formaldehyde af either 18.5, 19.5, 20.5, or 21.5 days of gestation.
Injections of formaldehyde at 20.5 days of gestation resuited in decreased ascor-
bic acid levels in the adrenals. Injections on other days of gestation did not cause
this response in femses,

Conner er al. (42) studied the contragestarional properties of formaldehyde.
On day 3 or 7 after mating, 0.05 ml of 40, 20, 10, 7. 3.5, 2.0, 0.5, 0.05, or
0.0005% formaidehyde was instiled into one uterine horn and 0.09% saline into
the other hom (control) of pregnant Sprague-Dawley rats. All solutions of
formaidehyde also contained 12-15% methanol. On day 15, dams were
sacrificed.

Injections of 40 and 20% formaidehyde produced matemnal toxicity and death.
Injections of 7.0 through 0.5% on day 3 tarminated most pregnancies. When
these concentrations were injected on day 7, most pregnancies continued. The
authors concluded that the conmagestational properties of formaldehyde were
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simiar to those of other protein denaturing agents, including ethanol, methanol,
and siiver nitrate. Because methanol solutions alone were not tested, contragesta-
tional effects of methanol could not be clearly distinguished from those of
formaldehyde.

E. In Vitro Studles

Johnson (/22) used an ir virro assay involving hydra to evaluate the terato-
genic potential of formaldehyde. The minimal concentration of formaldehyde
that was toxic to the adult hydra was aiso teratogenic. More importantly, the
maximal concentration of formaldehyde that was not toxic to the adult hydra was
also not teratogenic. This in virro assay system with hydra has been used to
evaiuate nurmerous chemicals (/23). It accurately predicts the rario of weratogenic
doses to maternally toxic doses for several mammalian species in vivo. From the
results of this assay, a chemical would probably not be expected to cause terata at
an exposure that was not also toxic to the aduit. Such a prediction is consistent
with results of in vivo assays (152, 180).

IX. GENETIC EFFECTS

Formaldehyde has been found to be mutagenic to viruses, Escherichia coli,
Pseudomonas fluorescens. Salmonella typhimurium. and to strains of yeast,
fungi, Drosophila, grasshopper, and mammalian cells (J1, 70, 117, 225). k
produces gene mutations and chromosomal aberrations, including deficiencies,
duplications, inversions, and translocations. In most experiments, aithough the
results were positive, dose—response relationships were difficult to demonstrate
(70). In the presence of other mutagens, such as X rays, ultraviolet radiation, and
hydrogen peroxid  frrmaldehyde increases the frequencies of observed mutants.
In E. coli and S..ccharomyces cerevisiae, the lethal and mutagenic effects of
formaldehyde are greater in the test systems using excision repair-deficient
strains than in those with normal repair mechanisms (69). The mutations or DNA
damage caused by formaldehyde may be related to its ability to cause crosslinks
in nucleic acids (36).

The recent work of Temcharoen and Thiily (225) showed a positive relation-
ship between the time and concentration of formaidehyde exposure and the
mutagenic and toxic effects observed in S. nvphimurium (strain TM 677) in vitro,
both with and without rat liver microsomes. Connor er al. (43) recently found
positive results using formalin in the Ames assay. thus confirming the mutagenic
effects of formaldehyde. They also found the mutagenicity expressed over a
narrow range of exposure concentrations.

In vivo assays using mammalian cells showed that formaldehvde induces
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sister-chromatid exchange in hamster ovary cells and in human lymphocytes
(175). Formaldehyde also causes cell transformation in the mouse BALB/¢ 3T3
cells (117). Brusick (32) used the BALB/c 3T3 call to demonstrate that formal-
dehyde acts as both an initiator and a promoter of cell transformation. Other data
indicate that formaldehyde can imitiate C3H/10T1/2 cell wansformation with
tewadecanoylphorbol acetate (TPA) as 2 promoter and that formaidehyde can act
as 2 promoter in C3IH/10T1/2 cells initiated with N-methyl-N’-nitro-¥-nitroso-
guanidine (26).

Whole animal systems have been used to evaluate the mutagenic potential of
formaldchyde. It caused chromosome breaks in the spermatocytes of the grass-
hopper (/5/) and mutations in early larval spermatocytes of Drosophila
melanogaster (11). Formaldehyde did not induce dominant lethal mutations in
mice (66). More recently, Foatignie-Houbrechts (76) reported increased domi-
nant lethality during weeks | and 3 after treatments of male mice with 50 mg/kg
(ip} of formaldehyde; the effect was marginal, however, and may not have been
treatment related. At all matings in this study, treated and control dams averaged
less than 1.0 resorption each. To reveal statistical differences between control
and treatment groups, preimplantation losses were added to postimplantation
losses. The accurate determination of preimplantation losses, however, depends
upon an accurate counting of corpora lutea, which is difficuit and subjcct toa
10-15% error.

Daza are becoming available that demonstrate that formaldehyde induces mu-
tagenic changes in human cells in vitro and possibly in humans themselves.
Goldmacher and Thilly (9/) grew lymphoblast TKS6 cells from a human donor in
vitro and expaosed them to formaldehyde for 2 h. At 4.6 ppm (150 1), formal-
dehyde induced a significant number of mutations in the cells. The minimal
concentration of formaldehyde that induced a detectable number of mutations
was 4.0 ppm. Between 4.0 and 4.6 ppm. there seemed to be a simple linear
dose—response relationship betwesn the concentration of formaldehyde used and
the number of mutations induced. Data on other chemicais that have been tested
using the same system indicate that a simple linear dose—response relation shouid
exist for formaidehyde at even lower concentrations. Thus, according to the
authors, 10 exposures at 0.2 ppm would probably cause a mutagenic response of
similar magnitude to that caused by | exposure at 2.0 ppm.

Evidence is beginning to appear showing that chromosomal effects observed
in virro following formaldehyde exposure could also occur in human leukocytes
in vivo. Preliminary data were recently obtained on eight medical students who
were exposed intermittently to about 1.0 ppm of formaldehyde during a 10-week
anatomy course (221). As compared with conmol students, the students who
were exposed to formaldehyde had an increase in sister-chromatid exchange rates
in the chromosomes. If additional research validates these preliminary data, the
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findings could provide important insight into the potential chromosomal effects
of formaldehyde on humans.

X. CARCINOGENICITY

Over the past 30 years, numerous animal studies have been reported in the
literature concerning the carcinogenicity of formaldehyde. These include studies
conducted with rats (4, 13, 56, 242, 243), mice (13, 56, 113}, hamsters (51), and
rabbits (/66) by various exposure routes. With the exception of a few recent
studics (4, 13}, the interpretation of earlier studies is complicated by z variety of
limitations relating to the extent of histopathology, dose. duration, number of
animals tested and survived, lack of controls, route of administration, and chemi-
cal form tested.

By far the two most important carcinogenesis studies conducted to date with
formaldehyde are the recently completed Chemical Industry Institute of Toxicol-
ogy study (/3) and the New York University (NYU} study reported by Albert er
al. (4).

In the recent CIIT study (/3), F344 rats and B6C3F, mice were exposed by
inhalation to0 0, 2, 5.6, or 14.3 ppm of formaldehyde for 6 h/day, 5 days/week
for up to 2 years. Initially, 240 animals (120 males and 120 females) were
exposed at each level. Randomly selected animals were sacrificed at 8, 12, 18,
and 24 months. Additional rats from each group were also sacrificed at 27 or 30
months of the experiment. Over 50% of the rats exposed to 14.3 ppm of formal-
dehyde experienced an early unscheduled death, many due to squamous ceil
carcinoma of the nasal cavity, whereas in other exposure groups proportions of
unscheduled early deaths ranged from 13 to 22% of the total number of rats
exposed. Approximately 40 tissues were evaluated histopathologically from all
animals except the 2- and 5.6-ppm animals sacrificed at 6 and 12 months. All
gross lesions were histopathologically examined, and, for the nasal cavity exam-
inations, multiple sections were evaluated.

At about month 12 of the study, the first nasal cancer was noted in a rat
exposed to 14.3 ppm formaldehyde. By month 18, it was reported that 37 rats
exposed to 14.3 ppm of formaldehyde had nasal cancer: 28 squamous cell car-
cinomas and 1 spindle cell sarcoma among 44 rats dead or moribund. and $
squamous cell carcinomas among 40 rats sacrificed at 18 months (224). Other
dose-related changes observed in rats at this time were squamous metaplasia and
dysplasia of the nasal mucosa. After 24 months of exposure. the number of rats
with nasal cancers at 14.3 ppm increased to 108: 103 squamous cell carcinoma, 2
nasal carcinoma, 2 undifferentiated carcinoma or sarcoma. | carcinosarcoma. Of
the rats exposed to 5.6 ppm. two had squamous cell carcinoma of the nasal
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cavity. Tracheal metaplasia and bone marrow hyperplasia were also observed in
rats exposed to 14.3 ppm. In addition, in all three formaldehyde-exposed groups,
polypoid adenomas in the nasal cavity were observed. The incidence of the
adenomas among animals that survived until 24 months appeared to increase in 2
dosa-related manner (/3).

In mice, squamous cell carcinoma occurred in the nasal cavities of two males

at 14.3 ppm formaldehyde exposure in the CUT swdy. In additon, a significant
increase in the incidences of some of the nonneoplastic lesions {epithelial dys-
plasia, squamous cell metaplasia} was observed in mice exposed to 5.6 or 14.3
ppm formaldehyde. Mortality was substantial in all groups of male mice, but this
was primarily atributed to fighting for dominance among the group-caged male
mice. Wounds inflicted by cage mares resulted in infection and subsequent
death.
In light of the exaemely low spontaneous incidence rate of this type of cancer
{235), and the high incidence of the same type of cancer in rats exposed to
formaldehyde, the nasal cancers in mice are believed 1o be related to formalde-
hyde exposure. It should be noted that mice were abie (o decrease their rate and
volume of respiration such that the dose of formaldehyde received by mice at 15
oprm was approximately equivalent to that received by rats a1 5.6 ppm (/2). Thus
the carcinogenic respoase of these two species may be very similar.

The CITT study protocol and sections of nasal cavities and other tissues from
exposed and control rats sacrificed at 6, 12, and {8 months of the study were
reviewed by a panel of pathologists formed by the Interagency Regulatory Liai-
son Group (25). All tissues of exposed (14.3 ppm) and control mice sacrificed at
& and 12 months also were examined by the panel. The members of the panel
generally concurred with the observations, diagnoses. and interpretations of the
CIUT pathologists (25). It was found, after histopathological analysis of the nasal
cavities of formaldehyde-exposed animals, that no ulceration occurred in the
nasal cavities at 6 or more months.

The methodology for formaldehyde generation and measurement was also
reviewed by a panel of experts, which agreed that “‘the Battelle approach 10
formaidehyde vapor generation was a suitable adoption of accepted methods and
principles and. therefore. it was sound and based upon the best available technol-
ogy. The same type of assessment applicd to the chamber air monitoring system,
which also combined two well-established procedures’” (94).

Two experiments conducted at NYU produced findings similar to those re-
ported by CUT (4). In the first experiment, 99 male Sprague—Dawley rats were
exposed to a2 mixture of formaldehyde and hydrogen chloride (HCl) at concentra-
tions of 14.7 and 10.6 ppm, respectively, for 6 h/day, 5 days/week for life.
Groups of 50 air sham-exposed and 50 untreated rats were used as controls.
Histologic sections were taken from the nasal cavity, larynx, trachez, puimonary
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lobes, liver, bladder, kidney, spleen, and other organs with gross pathologic
alterations. Bis(chloromethyl) ether (BCME) levels in the exposure chamber
were (00 low 10 measure but were estimated to average about 1.0 ppb. Of the 99
rats exposed to the gascous formaldehyde and hydrogen chioride, 28 developed
nasal tumors: 25 squamous cell carcinomas and 3 papillomas. The first car-
cinoma was seen at 223 days. No tumors were observed in the respiratory tract of
the controis.

Formaldehyde and HCI can combine to form BCME. BCME can cause lung
and nasai cancer in rats upon inhalation. The most common type of nasal cancer
induced by BCME in rats was esthesioneuroepithelioma (a tumor of the nerve
tissuc) and not squamous cell carcinoma as actually observed (738, 142). It was
unlikely that BCME was involved in the development of the nasal cancer ob-
served in this experiment becausé (1) it normally induces esthesioneuro-
epithclioma and (2) its concentration in the exposure chamber (1.0 ppb) was
estimated to be far below that which previously produced carcinoma in rats. This
experitnent appears to support the findings of the CIIT study but was complicated
by the presence of minute amounts of BCME and by the unknown effects of HCI
alone or in combination with appropriate contol groups.

In the second experiment, 100 male Sprague-Dawley rats were used in each
of the following exposure groups: (1) gaseous mixture group as in Experiment I;
(2) combined exposure to HCHO and HCI, in which the two gases were not
premixed at high concenmrations but fed separately into the infet air supply of the
exposure chamber; (3) formaldehyde alone; (4) hydrogen chloride alone; and (5)
air sham-exposed controls. Formaldehyde concentrations ranged from 14.1 to
14.3 ppm, while HCI concentrations in groups ranged from 9.5 10 10.2 ppm. No
BCME measurements had been made at the time of the reporting. The experi-
ment had been in progress for 588 days at the time of the report, Therefore, the
tumor data reported include only nasal lesions in rats that produced grossly
evident nasal swelling. The number of nasal cancers in each group is as follows:
Group 1, 12; Group 2, 6; Group 3, 10; Group 4, 0; Group 5, 0. Final resuits are
yet to be reported. A significantly greater degree of irritation was observed in rats
exposed to formaldehyde plus HCI as opposed to rats exposed to formaldehyde
alone.

The resuits of the CIIT and the NYU studies provide adequate evidence that
formaldehyde gas is carcinogenic in two strains of rats. In addition, formalde-

_hyde appears to have induced nasai cancer in B6C3F, mice.

The carcinogenic potential of formaldehyde was tested also in hamsters and
mice in combination with the known chemical carcinogens diethylnitrosamine
(51} and coal tar (/13). Dalbey (51) studied the potential carcinogenicity of
formaldehyde and the possible tumor-promoting activity of formaldehyde in
hamsters. In the first experiment, male Syrian golden hamsters were exposed to
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10 ppm formaldehyde for 5 h/day, 5 days/week for life. Histopathologic exam-
inations were made on two sections of the nasal turbinates, larynx, trachea, and
lung: nasal sections were not copsistently cut. No tumors were observed in
histologic sections of respiratory tract tissues in either control or treated animais.
Both hyperplastic and metaplastic areas were observed in the nasal epithelium of
5% of the hamsters exposed to formaldehyde, whereas none was observed in
conerol animals. Survival in both treated and control groups was very poor: over
40% of the animals died within 30 weeks of the study, and over 80% of the
animals died within 100 weeks.

The second experiment involved groups of male Syrian goiden hamsters. The
first group was exposed to 20 ppm formaldehyde for S h/day, | day/week for
life. The second group received injections of 0.5 mg of diethylditrosamine
(DEN) once weekly for 10 weeks. The third group was exposed to 30 ppm
formaldehyde 48 h prior to each of 10 weekly DEN injections, followed by
weekly HCHO exposures for lifetime, but beginning 2 weeks after the last DEN
injection. Survival of hamsters in all groups was again poor: over 40% of the
animals died within 60 weeks of the study. No tumors were observad in untreated
animais or in those receiving only formaldehyde. Tumeors in one or more sites in
the respiratory tract were observed in 77% of DEN-treated controls. Lifetime
exposure to formaldehyde either prior to or after DEN injection did not signifi-
candy increase the number of tumor-bearing animals (TBA) above those DEN-
only controls. However, the ratio of the number of tacheal tumors/TBA was
almost doubled in the group given formaldehyde prior to each DEN injection
over DEN-only conwols. The author suggests that under these experimental
conditions formaldehyde may enhance the carcinogenicity of DEN in the respira-
tory tract.

In the study reported by Horton er al. (1/3), groups of 42-60 C3H mice werc
exposed 1o coal tar acrosol and/or formaldehyde at concentrations of 40, 80, and
160 ppm for three |-hour periods/wesk for 35 weeks, The 160-ppm group was
exposed for only 4 weeks because of toxicity. Mice that survived 35 weeks at 40
ppm were subsequently exposed o 122 ppm of formaldehyde for another 35
weeks. Survival after | year was poor in all groups. There is no mention of
histopathological evaluation of nasal tissues, so presumably no grossly visible
tumors were observed. Coal tar-exposed mice developed lung cancer. However,
in formaldehyde-exposed mice, no tumors were reported in lungs and wachea.
The major limitations of this study for assessing the carcinogenic potential of
formaldehyde are that too few animals survived beyond ! year, exposures were
too short, and histopathology was not adequately reported.

The carcinogenic potential of formaldehyde has aiso been tested by a variety
of other routes of exposure, including oral (56), subcutaneous injection (242,
243}, application to the buccal mucosa (/66), and skin painting (/35, 219).
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Because of the limitations in the study design and lack of detailed description of
study protocols. these studies could not provide firm evidence regarding formal-
dehyde carcinogenicity in animals. Notwithstanding the limitations, some of the
studies suggest that formaldehyde may be carcinogenic in tissues other than nasal
epithelium and in other species. These studies are discussed below.

Hexamethylenetetramine (HMT) is a urinary tract antiseptic that owes its
activity to formaldehyde. HMT decomposes in vivo to generate formaldehyde
and ammonia. The following two studies utilized HMT and are relevant for the
evaluation of the carcinogenic potential of formaidehyde.

Delia Porta er al. (56) administered HMT to the drinking water of CTM,
SWR, or C3Hf mice at 1.25-12.5 g/kg body weight/day for up to 60 weeks
while Wistar rats received HMT at 1.5-2.5 g/kg body weight/day for 104
weeks. No treatment-related tumors were observed either in mice or in rats.

In the second experiment, Watanabe and Sugimoto (243) injected rats sub-
cutancously with 1-2 mi of a 9-40% solution of HMT once a week until umors
developed. Of the 20 treated rats, 8 developed tumors: 7 sarcomas at the site of
injection and | adenoma. Subcutaneous injection of formic acid, a metabolite of
formaldehyde, did not induce tumors. Watanabe er af. (242) also injected rats
subcutaneously with 0.4% formalin (1 ml/week for 15 months). Of the 10 rats
treated, 4 developed sarcomas: 2 in the skin of the injection site, 1 in the liver,
and I in the peritoneal cavity. The studies indicate that subcutaneous injection of
formalin and HMT induced tumors. However, it is not certain what role the
repeated injury to the subcutaneous tissue may have played in the induction of
the sarcomas, even though resuits of formic acid injection were negative.

The other study suggesting formaldehyde-induced tumors at the site of ap-
plication was reported by Mueller er al. (/66). Rabbits were fitted with oral
cavity tanks designed to continuously expose the palate to 3% formalin with
minimal mechanical irritation. Six rabbits were exposed to formalin, 4 rabbits
were fitted with oral tanks that did not contain formalin, and 10 rabbits served as
controls. Each exposure lasted to 90 min and was repeated five times per week
for a period of 10 months. Animals were sacrificed at | month after the last
exposure. Of six rabbits treated with formalin, two developed grossly visible
leukoplakias that, according to the authors, showed histological features of car-
cinoma in situ. In animals that were fitted with tanks without formalin, no lesions
were apparent.

Two skin initation/promotion studies in mice were reported recently. Kri-
vanek et al. (135) tested formaldehyde for its ability to imritate and/or promote
skin tumorigenesis in CD-1 female mice. No treatment-related nodules were
observed. A similar study by Spangier and Ward (2/9) also produced negative
results. Preliminary data from the first 48 weeks of an ongoing 78-week study
with female Sencar mice show no treatment-related tumors. It should be noted
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that in both studies it is uncerain as to how much of the highly volatile formalde-
hyde applied to mouse skin is actually being absorbed, and how much could
penetrate the safum corneum 1o reach a target.

Since formaldehyde causes cancer in experimental animals, the question of
mechanism becomes important. Formaldehyde most likely acts through 2 gen-
otoxic mechanism, although its ability to act as a promoter may piay a role in the
cxpression of its carcinogenicity. The genotoxic properties of formaldehyde are
clearly indicated by its mutagenicity in viruses, bacteria, insects, and cuitured
mammalian cails (including human cells); it can also initiate mammalian cel
ransformation. Swenberg ef al. (223) reported that exposure o0 6 or 15 ppm of
formaldehyde (but not to 2 ppm) for 6 h/day for 3 days increased cell rumover in
the nasal cavity of rats. The increased cell munover observed may in um increase
the likelihood of DNA damage becoming fixed, thus leading o rumor develop-
ment. To what extent. however, increased cell umaver occurs beyond this very
brief period is unknown. It can be surmised that squamous cells are more re-
sistant to the toxic effects of formaldehyde and thus would tend to be less likely
o underge incr imover.

There is also evidence that formaldehyde can act as a promoting agent. As
Dalbey (51) reported, exposure of hamsters 0 30 ppm of formaldehyde 2 days
prior to each of 10 weekly injections of a2 known carcinogen, DEN, resulted in an
increased aumber of racheal adenomas per tumor-bearing animal as compared to
hamsters given DEN only, whereas no tumors were found in the group treated
with only formaldehyde. Additionally, it has been shown that in cell Tansforma-
ton assays formaldehyde can promote ceils initiated by N-methyl-V'-ni-
tro-¥-nitrosoguanidine, and formaldehyde-initiated cells can be promoted by
tetradecanoylphorbol acetate. Thus, formaidehyde may exert its carcinogenic
cffect by one mechanism or a combination of mechanisms.

Some suggest that the celluiar response to formaldehyde irritation is the direct
angd necessary precursor to development of cancer of the nasal cavity. Studies,
however, have shown that not all chemicals capable of inducing epithelial hyper-
plasia, a specific irritant effect, cause cancer. For example, in the NYU study
reported by Albert o1 al. (4), formaidehyde with or without irritant hydrochloric
acid vapor produced similar numbers of nasal cancers, aithough the degree of
irritation with hydrochloric acid was greater than with formaldehyde alone.
Furthermore, nasal cancer has not been observed in rats exposed to hydrochioric
acid alone. In Dalbey's sudy of hamsters, hyperpiastic and metaplastic areas
were observed in the nasal epithelium of 5% of animals exposed to formaidehyds
and none in contols, but no wmors were observed in those hamsters receiving
formaldehyde. The Federal pane!l also considered the same issue and concluded
that there was no evidence that “‘irritation.”” or induction of epithelial hyper-
plasia, is sufficient to account for the formaldehvde carcinogenicity (70). How-
ever, the panel did recognize that the inductdon of epithelial hyperplasia may
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contribute, to some extent, to cancer activity by enhancing stages of car-
cinogenesis such as tumor promotion or tumor growth.

X1. EPIDEMIOLOGY

Information on the acute and chronic health effects of formaldehyde in humans
comes largely from (1) controlled human exposure studies, (2) case reports of
individuals who were exposed to formaldehyde, and (3) cross-sectional studies in
which measurement of exposure (formaidehyde) and effects (prevalence of
symptoms, signs, and disease} were made at the same time among individuals
repeatedly exposed to formaldehyde in residential or occuparional sertings. In
addition, limited information on the carcinogenicity of formaldehyde is available
from cohort and case-control studies in which the ascertainment of exposure and
effects relate to two different points in time.

A. Controlled Human Exposure Studies

Several controlled experiments with increasing concentrations of airbormne for-
maldehyde have been conducted on healthy volunteers to investigate its acute
effects.

Andersen (8) studied the effects of formaldehyde on airway function. comfort
perception, and leaming capacity in 16 healthy young men exposed for 53 h to
cither 0.25, 0.42, 0.83, or 1.6 ppm formaldehyde. The exposures occurred in a
climate chamber at 23°C and 50% relative air humidity. No significant changes
in pulmonary functions (vital capacity FEV, ;, FEF,,_4) or in performance on
mathematical tests were reported between the control period and the period of
exposure to formaldehyde. However, there was a significant reduction in
mucociliary function at all concentrations except for 0.83 ppm. Subjective per-
ception of discomfort, namely eye irritation and dryness in the nose and throat,
was reported even at the lowest exposure, and the number of complaints in-
creased with increasing formaldehyde levels. After exposure 10 0.25. 0.42, 0.83.
and 1.6 ppm formaldehyde, 3, 5, 15, and 15, respectively, of the 16 volunteers
had complained of eye irritation and dryness of the nose and throat. The author
concluded that the formaldehyde concentrations should be lower than 0.25 ppm
in order for a 5-h exposure not to cause mucous membrane imtation and reduc-
tion in the natural clearance mechanisms of the mucous membranes.

In a second study, two separate experiments were conducted using a 30 m?
climatic chamber {245). In the first experiment, 33 healthy students {24 men and
9 women) were exposed for 37 min to formaldehyde concentrations continuously
rising to a maximum of 3.2 ppm. Every 5 min the subjects filled out question-
maires and their eve blinking rates were measured. In the second experiment. 48
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healthy students (35 men and 13 women) were divided into four groups and
subjectzd to five exposures of 1.5 min each and varying formaldehyde concentra-
tons (0, 1. 2. 3. and 4 ppm). Between two exposures, the subject could recover
for 8 min in the well-ventilated room. In both experiments, eve, nose, and throat
irritation increased as a function of increasing formaldehyde concentration. The
authors concluded that, on the average, significant changes in physiological
parameters and comfort perception occurred at the following concentrations of
formaldehyde: eye irritation, i.2 ppm; nose irritadon, 1.2 ppm; throat irritadon,
2.1 ppm: annoyance (desire to leave the room), 1.2 ppm: eye blinking rate, 1.7
ppm. They also reported that at 2.1 ppm of formaldehyde exposure, 10% of the
subjects experienced moderate cye imritation, 7% of the subjects had szong or
very strong eye imitation, 33% of the subjects sxhibited a doubling of eye
blinking rate, and 20% expressed a desire to leave the room. In light of these
observations, . the authors suggested that a TLV of 2 ppm might be o0 high.

In a third study (7192), a oumber of volunteers (5 or 10 ar each exposure level)
were exposed 10 0, 0.1, 0.2, 0.5, 1.0, 3.0, or 5.0 ppm of formaldshyde for 1 h.
Predominant complaints were ¢ye, nose, and throat irritation, tear flow, nasal
secretion, and awareness of objectonable odor. The total sum of complaints
{frequency times intensity) was clearly dose dependent and at 0.2 ppm and above
the responses differed significantly from control values.

These experimenta] studies demonstrate that upper respiratory tract irritation
and eye irritation occur at formaldehyde concenmadons of 0.2 ppm and above.
The subjects of the experiments were heaithy young adults, who may be less
susceptible to the irritant effects of formaldehyde than people with ailergy,
children, and the elderly who are already suffering from respiratory tract illness.
Also, the duration of exposure was short compared to consumer and industrial
exposure.

On the basis of the studies by Andersen (8) and Weber-Tschopp er al. (245)
and other available animal and human studies, the National Academy of Sciences
concluded that there is no population threshold for the irritant effects of formal-
dehyde (169).

B. Case Reports

Numerous case reports of iil heaith associated with formaidehyde are avail-
able. Contact urticaria was described in a 28-vear-old woman who worked as 2
carver and model serter in a factory in which leather dresses were manufactured
(106). The leather contained smalil amounts of formaldenyde. She had unticania
almost daily (severely on the hands, with cccasional edema of the lips) durning the
work week. During weekends and vacatjons, when she did not come into contact
with leather, there was no evidence of urticaria.
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A second case of contact urticaria was reported by Lindskov (/46). A 26-year-
old female who worked in a pathology laboratory for 8 years suffered daily
outbreaks of urticaria of the face, neck, forearms, and dorsa of the hands. This
occurred whenever she fixed tissue specimens. The rashes developed 15 min
after she started working at the fume cupboard and disappeared a few hours after
work was finished. The tissues were fixed in 10 and 20% solutions of buffered
formaldehyde. The woman was transferred to other work in the laboratory and
the urticaria disappeared. Similarly, Harmis (99) described four persons who
developed acute papulovesicular eczema following contact with urea—formal.
dehyde resins. The condition persisted until the workers were reassigned to areas
without formaidehyde.

Sakula {200) reported 2 case of acute respiratory distress in a hospital laborato-
ry technician following exposure to formalin. Severe bronchial asthma followed
the slightest inhalation of formalin vapor, but the worker was free from attacks
on weekends and holidays. A case of pneumonitis following heavy exposure to
formaldehyde by inhalation has been reported (/89). The case involved a 27-
year-old neurology resident who spent 15 h exposed to high concentrations of
formaldehyde vapor during preparation of brain specimens for student demon-
strations. The following week, after only 2 h spent at the same activity, he
developed acute respiratory distress including progressive dyspnea and chest
tightness over a period of 15 h. Chest X rays showed increased interstitial
merkings with carly edema. Decreased pulmonary function as measured by
FVC, FEV, ,, and MMEF was also noted on day 2 and day 24 after the onset of
symptoms. This is said to be the first report describing a clinical picture of acute
pneumonitis in man following formalin inhalation.

A number of employees of a dress shop reported burning, stinging eyes, nose
and throat irritation, and headaches (25). Formaldehyde was found to off-gas
from wrinkle-proof apparei and its concentrations in the shop ranged from 0.13
to 0.45 ppm. Similar symptoms were reported among workers involved in a
paper conditioning process. The workers processed wood pulp paper which was
previously treated with urea—formaldehyde or melamine~formaldehyde resin for
shrinkage control. Air samples collected in the breathing zone of the workers
revealed formaldehyde concentrations ranging from 0.9 to 1.6 ppm (/64).

The United States Consumer Product Safety Commission has received over
3000 complaints involving formaldehyde vapor released from building materials:
about 2000 involve urea—formaldehyde foam insulation and the remainder in-
volve plywood, particle board, paneling, and other wood products. Predominant
symptoms reported in the compiaints were nausea, eye, nose, and throat irrita-
tion, headache, vomiting, and stomach cramps. Exposure data compiled by the
CPSC on average formaldehyde levels in homes are as follows: homes without
UFFI. 0.03 ppm; homes with UFFI, 0.12 ppm; mobile homes, 0.38 ppm: am-
bient air, 0.01 ppm.
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C. Cross-Sectional Studies

Numerous cross-sectional studies of workers, volunteers, or residents exposed
to formaldehyde reported heaith problems. Adverse health effects associated
with formaldehyde exposure include eye. nose, and throat irritation. sneezing,
shortness of breath, sieeplessness, tight chest, nausea, and excess phlegm (7.
85, 129, 192, 203, 205).

A recent smudy of Wisconsin mobile home residents reported that some of the
above symptoms were significantly associated with the leve! of formaidehyds in
the hames (7). Residents of 137 randomly selected mobile homes were enrolled
for a 6-month prospective double-blind observation. Each month the residents
filled out health questionnaires and after about 6 months the residents filled out a
more detailed comprehensive health questionnaire and were asked to attend one
of three clinics for a physical examination. Spirometry and single-breath diffus-
ing capacity tests were also performed on all the participating residents over the
age of 12. Formaldehyde levels in the homes were measured every month.
Prevalence of buming cyes increased significantly with increasing mean formal-
dehyde levels in the homes. However, the presence of cough was not associated
with the level of formaldehyde in the homes. The prevalence of clinical signs of
irritation correlated with increasing mean formaldehyde levels in the homes:
<0.4 ppm, 10%; >0.4 ppm, 24%; >0.8 ppm, 56%. The mean formaldehyde
level in the homes of those who had clinical signs of irritation was 0.7 = .3 ppm.
while, for those without signs. the mean level was 0.4 = 0.3 ppm. This dif-
ference was statistically significant. Results of spirometry were not associated
with formaldehyde levels.

Similar effects were reported at even lower concsntrations among German
school children (33). The children were exposed to formaldehyde from urea—
formaldehyde resin used for panels, acoustic ceilings. and school furniture. The
mean formaldehyde concentrations ranged from 0.13 to 0.57 ppm. The study
group (n = 1594) had a significant increase in upper respiratory irritation, eye
irritation, and funcrional disturbances (headache. lack of concentration. dizzi-
ness, nausea) compared to a control group (n = 497). A substantial reduction of
symptoms (71%) was reported 8 months after removal of the formaldehyde
emission sources.

The irritant effect of formaldehyde on the upper respiratory tract and eyes was
also reported in a recent study of New Zealand workers (/8). The exposure group
consisted of 110 workers empioyed in particle board manufacturing plants (n =
30), furniture manufacturing (n = 18), pathology laboratories (n = 28). chemi-
cal manufacture {(n = 13}, fibergiass products (1 = 14). and other industry (7 =
7). Formaidehyde levels, when measured in a few workplacss, ranged from 0.1
to 2.4 ppm: but total aldehyde levels for most workplaces were generally less
than 1.0 ppm, A contwol group consisted of 56 government emplovees who were



210

Health Effects of Formaldehyde 379

free of known formaldehyde exposure. Significant differences between the two
groups in the prevalence of cye, nose, and throat irritation were reported. How-
ever, prevalence of lower respiratory tract symptoms with the exception of
breathiessness, was not significantly different between the two groups.

An outbreak of hemolytic anemia among patients on hemodialysis was de-
scribed in a recent report (/76). The outbreak occurred shortly after a new system
using filters impregnated with formaldehyde resins was installed. When the
filters were removed, hematocrit values retumned to previous levels, The sevenity
and incidence of some responses were related to the concentration of exposure.

Other health effects attributed to formaldehyde from cross-sectional studies
include respiratory problems, dermatitis, neurclogic difficulties, and menstrual
and reproductive disorders. Schoenberg and Mitchell (205) studied five groups
of employees from a filter manufacturing plant to determine adverse effects of
exposure to phenolic (phenol-formaldehyde) resin fumes. Groups of workers
currently exposed o phenolic resins showed an excess of chronic cough and/or
phlegm when compared to previously exposed workers or ‘‘never-on-line’”
workers who had never been production-line workers or supervisors. In addition,
after adjustments were made for differences in total cigareme consumption,
workers on the present production line for more than § years had a significantly
lower FEV, //FVC and MEF,,, /FVC ratio {p < 0.05) than the never-on-line
group. These results suggest that long-term exposure to phenol—formaldehyde
resin fumes may lead to chronic airway obstruction. No systematic measurement
of formaldehyde concentration was made during this study but, based on mea-
surements by others, levels of formaldehyde were estimated to be in the range of
0.4 t0 0.8 ppm. Exceptionally high levels (8.8—13.5 ppm) could occasionally
occur when cross-current fans were turned off. In this piant. even never-on-line
workers were occasionaily exposed to resin fumes, which may explain the high
prevalence of acute symptoms such as eye imritation (80%), nose irritation (53%),
and lower respiratory tract symptoms (47%) among these workers. As noted by
the authors, the limitations of this study include small numbers of exposed
subjects, probable formaldehyde exposure among the never-on-line workers, and
the potential for selective bias commonly associated with cross-sectional studies.
In addition, the possible role of the parent resins, phenol, and other exposure
from the industrial process prevent a clear determination that long-term exposure
1o formaldehyde may lead to chronic airway obstruction.

In a study of rubber workers exposed to hexamethylenetetramine-resorcinol
{HR) resins, Gambie er al. (84) found more seif-reported symproms (itch. rash,
cough, chest tightness, bumming eyes, running nose, and persistent- cough and
phlegm) among HR-exposed workers than among nonexposed workers. Contrary
to the previous findings of Schoenberg and Mitchell (205), there were no dif-
ferences in lung function between HR-exposed workers and nonexposed work-
ers. There were, however, significant differences in lung function measurements
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before and after the regular work shift for HR-exposed workers, but not among
the nonexposed workers. The resin investigated in this study was composed of
resorcinol as the phenol donor and hexamethylenetemramine (HMT) as both a
formaldehyde donor and a catalyst. There was 0o association between decreases
in lung functon and ambient levels of resorcinol, formaldehyde, hydrogen
cyanide, or ammonia. Mean concentrations of formaldehyde were 0.05, 0.01,
and 0.04 ppm for HR-exposed, non-HR-exposed, and control groups, respec-
tvely. The decrease in pulmonary function was related to the quantity of respira-
bie particulates obtained from personal samples. Chemical analysis of particu-
lates, however, was not performed.

In a study of 73 workers exposed to phenolic (phenol-formaldehyde) resin
dust in the textle industry, Sparks and Peters (2/9a) repored a swmtisticaily
significant acute drop in FEV, 4 and FVC over the shift in garment-line workers
exposed to the phenolic resin dust. Workers exposed only to processed cotton
dust did not show a significant drop in FEV, , and FVC over the work shift. The
limitations of this study include no measurement of formaldehyde levels, small
pumher of smdy subjects, a high rate of absence and refusal, mixed-dust ex-
posure, and use of respirators. In spite of these limitations, the study suggests the
possible role of formaldehyde in inducing chronic obsguctive effects on lung
function.

A significant reduction in FEV, , and other pulmonary functions after a day of
work was reported among 47 workers exposed to formaldehyde (¢a). Exposurc
to formaldehyde (mean, 0.36 ppm: range, 0.04—1.25 ppm) occurred in the area
where sawdust and wood chips wers cemented together under high pressure in
the process of manufacturing chipboard. Another 20 workers from the same piant
{at the carpentry works). but not exposed to formaldehyde or other agents known
to irritate the lung, were also examined. In addition to the usual symptoms such
as irritation of eyes, nose, and throat, workers exposed to formaldehyde dis-
played a significant reduction in lung function irrespective of their smoking
status: FEV, , decreased by an average of 0.17 liter, FEV 4 decreased by 2.4%,
MMF decreased by (.39 liter/sec, and CV 4 increased by 3.4%. These findings
are consistent with signs of airway obstruction, which apparently subsides over
the weekend of nonexposure, as evidenced by the normal lung function on
Monday moming before work. v

A study of 199 workers involved in the manufacture and processing of formai-
dehyde did not show any significant difference in lung function, nor did the
workers demonstrate abnormal lung X-ray or biood biochemical parameters as
compared to a control group consisting of 91 stesl construction workers (92).
The majority of formaldehyde workers in this study was exposed to less than 0.2
ppm formaildehyde. Under this exposure condition, the study couid not demon-
strate that the workers suffered from chronic impairment of heaith.

Eight cases of occupational asthma (three smokers and five nonsmokers) were
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reported among 28 members of the nursing staff of a hemodialysis unit where
formalin was used to sterilize the amificial kidney machine (/08). Recurrent
episodes of productive cough accompanied by wheeze were a prominent feature
and, for five persons, attacks had extended over the previous 3 years. Inhalation
provocation tests were performed on the five subjects with histories of recurrent
attacks of wheezing. In two of these subjects, the test resulted in asthmatic
antacks like those experienced at work. Peak expiratory flow rates fell approx-
imately 50% and wheezing began 2 and 3 h after exposure to formalin and lasted
for 10 h to 10 days. Three of the five subjects had ne respiratory reaction to
inhalation of formaldehyde similar to that experienced in the dialysis unit. Two
of the five had no symptoms, and one developed conjunctivitis. This latter
patient developed redness, weeping, and sensations of grittiness of the eves when
heavily exposed to formalin. In the absence of symptoms and exposure, there
was no apparent reduction in lung function. The authors suggested that aithough
formalin may not have been the etiologic agent in all cases, it may have increased
the susceptibility to other agents, which could, perhaps, explain the high inci-
dence of bronchitislike symptoms. In the absence of a comparison group, an
alternative explanation of the asthma being attributable to chance alone still
exists. However, the explanation is unlikely because of the high proportion of the
staff that developed the symptoms and because of the positive responses ob-
served after the inhalation provocation test.

Formaldehyde-related asthma and dermatitis were also reported by Kerfoot
and Mooney (729). A survey of six Detroit area funeral homes conducted by the
authors showed that embalmers were generally exposed to formaldehyde at mean
levels ranging from 0.25 to 1.39 ppm, with a total range of 0.09-5.26 ppm.
They experienced acute toxic effects including eye and nose burning, sneezing,
coughing, and headaches. Asthma or sinus problems were reported by three out
of seven morticians. In addition, two workers experienced dermatitis, with one
case being so severe that the worker discontinued working for a period of time
until he recovered. Embalming agents contain formaldehyde as well as a variety
of other chemicals such as tissue moisturizers, smooth muscle relaxants,
bieaches, an auxiliary antiseptic agent {phenol), dyes, buffers, wetting agents,
water conditioners and/or anticoagulants, perfumes and odor suppressors, and
vehicles (methanol, ethanol, and glycerin). In light of the possible mixed ex-
posure to a variety of the above chemicals during embaiming, and the lack of an
appropriate control group in the study, the relationship of formaldehyde exposure

-among embalmers to development of asthma and dermatitis remains
inconclusive.

In a mail survey of 20 funeral homes in Los Angeles. 57 of 80 embalmers
responded {/87). Nine (16%) reported symptoms comparible with acute bron-
chitis and 17 {30%} were considered to have chronic bronchitis. The 31 asympto-
matics, however, had worked longer than the bronchitics (18 vs 11 years). In the
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absence of a control group and in light of the possible mixed exposure to other
chemicals, these findings are, at best, only suggestive of the role of formalde-
hyde in development of bronchitis.

Engle and Calnan (65) reported an outbreak of dermatitis in a car factory. A
total of 50 cases of dermatitis was observed in 3 years (1962-1965) among 150
empioyees who handled rubber weather stips coated with phenol-formaidehyde
resins. The workers who developed dermatitis had been exposed to the adhesives
containing phenol-formaldehyde resins for from 1| day to 2 years before the
onset of the eruption, with an average period of contact of 17 weeks. The average
duration of the eruption was 12 weeks; however, in three cases it persisted for up
to 2.5 years. The eruption was generally an erythematous vesicular rash of the
fingers and hands. Three materials were handled by these employees: (1) the
rubber weather strips, used for some years, (2) adhesives A and B introduced 4
years before in 1962 and supplied by the same manufacturers, and (3) toluene,
which was the solvent used to activate the adhesive. The rubber weather stips
alone were ruled out as a cause because they came from various suppliers and
had not changed in compositcn for a long time: toluenc would not be expected to
cause sensitization. Among the 29 patch-tested dermatitis patients, 4 (14%) gave
2 weak reaction to phenol alone, while 65% had a positive reaction to the
adhesive resins. It is, therefore, probabie that formaldehyde in the resins was a
causal agent.

Qutbreaks of dermadtis in several industries using formaldehyde resins were
reported by Schwartz er al. (207). In a factory in which plywood was laminated.
600 cases of dermatitis were reported among about 800 workers during the first 6
months of operation. In a second reported outbreak, over 40 workers out of a
total of 100 developed dermaritis in a factory in which tool handles were made
from laminated glass fabric and phenoi-formaldehyde resins. Although no unex-
posed group was available for comparison, the high proportion of formaldehyde-
exposed workers developing dermatitis is quite impressive.

In a hemodialysis unit in which formalin was used as a sterilant. 6 of 13 staff
membets developed dermatitis within 3 wesks (218). Four of the six gave posi-
tive patch tests to 3% formalin. It was not clear why only the hemodialysis unit
was affected since other uits also used formalin. The author speculated that it
might be due to the use of a detergent that lowered the resistance of the skin to
formaidehyde vapors and to the high temperature and concentration of formalin
in the preparation room.

Shumilina (2/4) reported a high incidence of menstrual and reproductive
function disorders among 446 women workers (130 finishers and 316 inspectors)
exposed to urea—formaldehyde resins. Formaldehyde concenmations of 1.2-3.6
ppm were often found in the finishers’ work area of the fabric trim shop. while
levels from 0.04 10 0.06 ppm occurred in the inspectors’ work area. A group of
200 saleswomen not exposed to formaldehyde was used for comparison. The



214

Health Effects of Formaldehyde 383

reproductive disorders reported to be more common among those exposed, pri-
marily in finishers, included menstrual disorders, increased complications during
pregnancy, and a higher percentage of neonates with low birth weights. The role
of formaldehyde in the development of these disorders is uncertain, however,
because of the 