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MATERIALS SUPPLIER LIABILITY AND THE
COMING CRISIS IN AVAILABILITY OF LIFE-

SAVING MEDICAL DEVICES

FRIDAY, MAY 20, 1994

U.S. Senate,
Subcommittee on Regulation and Government
Information, Committee on Governmental Affairs,

Washington, DC.

The Subcommittee met, pursuant to notice, at 9:35 a.m., in room
SD-342, Dirksen Senate Office Building, Hon. Joseph I.

Lieberman, Chairman of the Subcommittee, presiding.

OPENING STATEMENT OF SENATOR LIEBERMAN
Senator Lieberman. Good morning, and welcome to the hearing.

This morning our Subcommittee on Regulation and Government
Information turns its attention to what could be a major threat to

many of the miracles of modern medicine. Over the next 2 years,

health care as we know it in America could be radically trans-

formed, and I am not talking for the moment about health care re-

form legislation that is being considered in this Congress. I am
talking about the fact that the makers of many of the life-saving

medical devices that we take for granted today may no longer be
able to buy the raw materials and components that are necessary

to produce their products. This is a public health time bomb, and
it is ticking, and the lives of real people are going to be lost if it

explodes.
What could cause such a public health catastrophe? I am afraid

that the answer is our product liability system, out of control,

which makes it too easy to bring lawsuits against raw materials

suppliers and too costly for those suppliers to defend themselves
even if and when they ultimately win. Now those suppliers are con-

cluding that the costs of defending lawsuits involving medical prod-

ucts is too high in comparison to the money they are making by
selling those products to the manufacturers of implantable medical
devices. In other words, for the raw materials suppliers, it just is

not worth it to be in this business anymore.
How could this be? Well, a recent study by a group called AronofT

Associates paints what I would describe as a clear but dismal pic-

ture. That study surveyed the markets for polyester yarn, resins

such as DuPont's Teflon, and Polyacetal resin such as DuPont's
Delrin. Aronoff found that sales of these raw materials for use in

manufacturing implantable medical devices was just a tiny per-
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centage—0.006 percent—of the overall market, $606,000 out of

total annual sales that equal over $11 billion.

In return for that extra $606,000 in total annual sales, however,
raw materials suppliers have faced potentially huge liability-relat-

ed costs, even if they never lose a lawsuit. Let me give you one ex-

ample, and it is a notorious example. A company named Vitek
manufactured an estimated 26,000 jaw implants, using in each im-
plant 5 cents' worth, a nickel's worth of DuPont Teflon. The device

was developed, designed, and marketed by Vitek, which was not at

all related to DuPont. It was a separate company. But when those
implants began to fail, Vitek declared bankruptcy, and the patients

sued DuPont. DuPont's record in court on Vitek-related claims so

far has been astounding, 258 wins and only 1 loss, but the cost has
been equally astounding and staggering.
AronofF Associates estimates that DuPont alone was spending at

least $8 million a year over the past 5 to 6 years to defend these
lawsuits, based on the sale of an item worth a nickel for each im-
plant.

To put this in perspective, DuPont's estimated legal costs in
these cases for just 1 year would buy a 13-year supply of DuPont
Dacron polyester, Teflon, and Delrin for all U.S. makers of all

implantable medical devices, not just the makers of jaw implants,
which were the source of the lawsuit.
Now, faced with this cost-benefit picture, as we will hear, DuPont

decided in January of 1993 to stop selling its products to manufac-
turers of permanently implantable medical devices. At that time,
DuPont said it would only permit manufacturers to purchase a
year's supply, based on historical buying patterns. DuPont has sub-
sequently allowed manufacturers to purchase up to 3 years of raw
materials.

One supplier's decision—that is, DuPont, as I have described it

—

might not be so troublesome except that there is no reason to be-
lieve that the economics will be any different for any of the suppli-
ers around the world. One of our witnesses today, in fact, has al-

ready contacted 15 alternate suppliers of polyester yarn worldwide.
All were interested in selling raw materials, except for use in prod-
ucts made and used in the United States. Now, that is an out-
rageous result, and unacceptable.
What is at stake here? Well, without raw materials, you cannot

make a final product. I have a heart valve here that I want to
show, if it is visible. The valve is the metal part in the middle.
Around the edge of the valve is a sleeve of polyester fabric. It is

this sleeve—here you have a tag that is sewn into the sleeve. It is

this sleeve that, as I understand it, is the point of connection be-
tween the valve and the rest of the heart. In other words, the sur-
geon sews through the fabric to attach this valve to the heart.
Without the valve, the patient will probably die prematurely.
Take, for example, a pacemaker. Pacemakers are installed—

again, I do not know how many have seen a pacemaker. This is a
pacemaker which is installed, as I understand it, under the skin.
They are installed in patients whose hearts no longer generate
enough of an electric pulse to get the heart to beat. To keep the
heart beating, a pacemaker is connected to the heart with wires.
These wires have silicone rubber insulation. This is literally a life-
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saving wire. It is a simple piece of silicone rubber that connects the

pacemaker to the heart. Unfortunately, the suppliers of this rubber

insulation have begun to withdraw from the market for the same
reasons that I have just cited: worry about legal liability costs.

Without the pacemaker and its leads, again, sadly, the patient will

probably die prematurely. With the pacemaker, the patient can live

for decades.
Take still a third example. We are going to hear today from

Thomas Reily, a 9-year-old boy from Houston, Texas, who suffers

from hydrocephalus, a condition in which fluid accumulates around

the brain. A special shunt enables Tom to live a pretty normal life.

But continued production of that shunt is in doubt because of the

raw materials suppliers who are concerned about the potential cost

of product liability lawsuits.

We are also going to hear today from Peggy Phillips of Falls

Church, Virginia, whose heart has stopped beating twice, I gather,

because of fibrillation. Today, she also lives an active, normal life

because she has an implanted automatic defibrillator. Again, criti-

cal components of the defibrillator may no longer be available be-

cause of potential product liability costs.

We simply cannot allow Tom Reily and Peggy Phillips and the

7.4 million other people who owe the quality of their lives to mod-
ern medical devices to become casualties of an outmoded legal li-

ability system. If the economics of supplying raw materials to the

implantable medical device makers is as bad as it seems, then I

think it is imperative that we act. We cannot expect raw materials

suppliers to continue to serve the medical device market out of the

goodness of their hearts, notwithstanding the liability-related costs.

We need to reform our product liability laws, to give these raw ma-
terials suppliers some assurance that, unless there is real evidence

that they were responsible for putting a defective device on the

market, they cannot be sued simply in the hopes that their deep
pockets will fund legal settlements.

I have long believed that the liability reform that we are talking

about here in Congress could be both pro-consumer and pro-busi-

ness. I believe that the testimony we are going to hear this morn-
ing proves this once again. When fear of liability suits and litiga-

tion costs drives valuable life-saving products off the market be-

cause their makers cannot get the raw materials to make those

products, consumers obviously lose. When companies must divert

money from developing new life-saving products to replace old

sources of raw materials supply, consumers again lose. When one
company must spend millions to defend itself in lawsuits over a

product it did not design or make, for which it simply provided a

very inexpensive raw material ingredient, consumers are the ones

who suffer. I think this morning's hearing dramatically illustrates

that efforts to increase compensation for the injured, if the system
is allowed to go out of control, can come at an unacceptably high
cost to society.

Based on the testimony that we will hear this morning, which I

have gone over in some detail, I am committed to forging a solution

that will head off this threat to our national public health. This
morning the Subcommittee is, in fact, releasing a staff draft of a

possible legislative response to this crisis. I plan to introduce a bill
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shortly, a final bill, after the Memorial Day recess, with the hopes
that Congress will be able to act quickly.

In my opinion, the patient, which in this case is the miraculous
modern medical device industry, is in critical condition, and we
really need to perform some emergency legislative surgery. Delay
could quite literally be deadly.

PREPARED STATEMENT OF SENATOR LIEBERMAN

Good morning. This morning the Subcommittee on Regulation and Government
Information turns its attention to what could be a major threat to many of the mir-

acles of modern medicine. Over the next 2 years, health care as we know it could

be radically transformed, not by health care reform legislation, but because the

makers of many of the life-saving medical devices that we take for granted today

may no longer be able to buy the raw materials and components necessary to

produce their products This is a public health time bomb—and it is ticking.

What could wreak this public health catastrophe? The answer appears to be an
out-of-control product liability system which makes it too easy to bring suits against

raw materials suppliers, and too costly for those suppliers to defend themselves
even when they ultimately win. Those suppliers have begun to decide that the costs

of defending lawsuits involving medical products is too high to justify selling raw
materials to the makers of implantable medical devices. For those suppliers, it just

isn't worth it.

How could this be? A recent study by Aronoff Associates paints a pretty clear, but
dismal, picture. That study surveyed the markets for polyester yarn, resins such as

DuPont's Teflon, and polyacetal resin such as DuPont's Delrin. Aronoff found that
sales of these raw materials for use in manufacturing implantable medical devices

was just a tiny percentage (0.006 percent) of the overall market, $606,000 out of

total sales of over $11 billion.

In return for that extra $606,000 in total annual sales, however, raw materials
suppliers face potentially huge liability-related costs, even if they never lose a law-
suit. To take one example, a company named Vitek manufactured an estimated
26,000 jaw implants using about 5 cents of DuPont Teflon in each device. The device
was developed, designed and marketed by Vitek, which was not related to DuPont.
When those implants failed, Vitek declared bankruptcy, its founder fled to Switzer-
land, and the patients sued DuPont. DuPont's record in court so far has been envi-

able—258 wins and one loss—but the cost has been staggering. Aronoff estimated
that DuPont alone was spending at least $8 million per year over the past 5 to 6
years to defend these suits. To put this in perspective, DuPont's estimated legal ex-

genses in these cases for just 1 year would buy over a 13 year supply of DuPont's
lacron polyester, Teflon and Dalcrin for all U.S. makers of implantable medical de-

vices.

Faced with this cost/benefit picture, DuPont decided, in January 1993, to stop sell-

ing its products to manufacturers of permanently implanted medical devices. At that
time, DuPont said it would only permit manufacturers to purchase a year's supply,
based on historical buying patterns. DuPont has subsequently allowed manufactur-
ers to purchase up to three more years worth of raw materials.
One supplier's decision alone would not be troublesome except that there is no

reason to believe that the economics will be different for other suppliers around the
world. One of our witnesses today has already contacted 15 alternate suppliers of

polyester yarn worldwide. All were interested in selling her raw materials—except
for use in the United States.
What is at stake here? Without raw materials, you cannot make a final product.

Take this heart valve, for example. Around the edge of this valve is a sleeve of poly-
ester fabric. This fabric is what the surgeon sews through when he or she installs

this valve. Without this valve, the patient will surely die.

Take another example, a pacemaker. Pacemakers are installed in patients whose
hearts, because of heart attacks or for other reasons, no longer generate enough of
an electrical pulse to get the heart to beat. To keep the heart beating, a pacemaker
is installed on the left side of the chest. It is connected to the heart with wires.
These wires have silicone rubber insulation. Unfortunately, the suppliers of the rub-
ber have begun to withdraw from the market. Without this pacemaker and its leads,
the patient will surely die. With that pacemaker, the patient can live for decades.
Take still a third example. We have in the room today a 9 year old boy who suf-

fers from hydrocephalus, a condition in which fluid accumulates around the brain.
Without a hydrocephalitic shunt, that boy's head would have expanded until he was
killed. With that shunt, he has been able to live a normal life.
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We will also hear today from a woman who has already "died" twice when her

heart stopped beating. She was lucky enough to collapse in the midst of people who

could sustain her with CPR until she was revived. Today, she lives an active, nor-

mal life. She has some assurance that she will not keel over dead at any moment
because she has an implanted automatic defibrilator.

We cannot allow this woman, the 9 year old boy, the person with a pacemaker,

and the patient with the heart valve to become casualties of our liability system.

If the economics of supplying raw materials to the implantable medical device mak-

ers is as bad as it seems, it is imperative that we act. It is irrational and unfair

to expect raw materials suppliers to continue to serve the medical device market

as an act of charity, notwithstanding the liability-related costs. We need to rational-

ize our product liability laws in this area, to give raw material suppliers some as-

surance that unless there is real evidence that they were responsible for putting a

defective device on the market, they cannot be sued simply in the hope that their

deep pockets will fund settlements in lieu of spending money on litigation costs.

I have long believed that the fight for liability reform was as much a pro-

consumer fight as it was a pro-business one. I believe that the testimony we will

hear this morning proves this once again. When fear of liability suits and litigation

costs drives valuable, life-saving products off the market because their makers can-

not get raw materials, consumers cannot possibly come out ahead. When companies

must divert money from developing new life-saving products to replacing old sources

of raw materials supply, consumers cannot possibly be coming out ahead. When one

company must spend millions just to defend itself in lawsuits over a product it did

not design or make—for which it simply provided a raw material ingredient—con-

sumers do not come out ahead. This morning's hearing dramatically illustrates that

efforts to increase compensation for the injured can sometimes come at an unaccept-

ably high cost to the rest of society.

We must find the right balance. We cannot tolerate a situation in which suppliers

of some of our country's most sophisticated raw materials feel they must refuse to

make those materials available to manufacturers of life-saving and life-enhancing

medical devices simply to protect themselves against the cost of defending liability

suits.

Based on the testimony we will hear this morning, I am committed to forging a

solution that will head-off this threat to our national public health. This morning
the Subcommittee is releasing a staff draft of possible legislation. While I do not

expect our witnesses to be able to comment on this draft this morning, I plan to

introduce a final bill shortly after the Memorial Day recess. It is my hope that Con-

gress will act on this bill before the end of the year. The patient is in critical condi-

tion, and we need to perform emergency surgery. Delay could, quite literally, be

deadly.
We have three panels of witnesses to assist us in exploring this problem this

morning. The first panel consists of medical device manufacturers and raw mate-

rials suppliers. On the second panel are patients, physicians and medical research-

ers who will tell us what the current situation means for medical care. Our third

panel is Ms. Kristen Rand, counsel for Consumers Union.

Senator Lieberman. We have three panels of witnesses to assist

us in exploring this problem this morning. They are a superb group

of witnesses. I appreciate very much their willingness to be with

us today, and I look forward to their testimony at this point.

Let me say to all the witnesses that in the cases, which are most
of you, where you have submitted testimony for the record, we will

include it in the full record of the hearing. We are going to run the

lights here as a way to try to—we have 10 witnesses and a long

hearing, and so we want to give everyone a fair chance to speak.

The lights are going to run on a 5-minute cycle. I hope you can

speak in that time. If you feel that there is something particularly

important that you have not had a chance to say in the 5 minutes,

do not feel that your First Amendment rights to petition to Con-

gress are unduly restricted.

We will begin with Mr. Paul Citron, who is the Vice President,

Science and Technology, of Medtronic, Incorporated, and we are

going to hear on this panel from people who are in what I would
call the medical device industry.
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Mr. Citron, thanks for being here, and we look forward to your

testimony now.

TESTIMONY OF PAUL CITRON,1 VICE PRESIDENT, SCIENCE
AND TECHNOLOGY, MEDTRONIC, INC.

Mr. Citron. Thank you, Mr. Chairman. Among my responsibil-

ities at Medtronic is assuring that our company is technologically

positioned to develop and produce high-quality, innovative products

that treat disorders of the circulatory and neurological systems.

Senator LlEBERMAN. Let me ask you to move the mike as close

as you can, because it is very directional.

Mr. Citron. Sure. Medtronic, by the way, is a leader in produc-

ing therapeutic medical devices to improve cardiovascular and neu-

rological health of patients around the world.

It has only been 40 years since the first development of medical

device technology which has allowed physicians to effectively re-

place body parts which have become damaged by disease. A pro-

gression of innovative therapeutic technologies has restored health

to literally millions of patients around the world.

The brief history of medical device breakthroughs begins in the

1950's when large-diameter vascular grafts permitting the replace-

ment of dangerously weakened major blood vessels were first devel-

oped. In 1958, the first electronic device, the cardiac pacemaker,

was implanted in a patient. This revolutionary technology stimu-

lated hearts that had too slow a heart rate—to a rate approximat-

ing normal. With this technology, the heart was once again able to

pump sufficient quantities of blood to meet the majority of the pa-

tients' hemodynamic requirements. Without pacemakers, patients

typically experience sharply limited ability to conduct daily living

tasks, suffer from fainting episodes, and experience premature
death.
The 1960's saw the emergence of the mechanical heart valve as

a practicable replacement for defective natural valves. Implanted
medical devices such as these offer therapy where previously none

was available. In many instances, they offered patients the possi-

bility of saving and enhancing their lives. Perhaps the clearest ex-

ample of the life-saving capacity of medical devices has been the

development of the implanted defibrillator that you alluded to a

few moments ago. This emerging technology is capable of detecting

dangerous heart rhythms which can lead to fibrillation—or detect-

ing fibrillation itself—and automatically delivering a precise shock

to the heart to restore normal rhythm. Carefully selected patients

who receive such devices would have been likely victims of what is

very aptly known as "sudden cardiac death syndrome." Instead,

they have been able to lead longer, productive lives. But the in-

creasing imposed unavailability of materials used to produce these

critical technologies jeopardizes their availability.

It is important to note the hostile environment in which im-

planted medical devices must function. The body has created a for-

midable set of defenses against foreign materials. The body recog-

nizes these materials as being potentially dangerous and vigorously

sets out to consume, destroy, or isolate them. These defenses work

1 The prepared statement of Paul Citron appears on page 45.
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very well. Unfortunately, the body does not recognize medical de-

vices as allies and seeks to destroy them as if they were deleterious

rather than beneficial. Only a limited number of specialized mate-

rials such as certain polyurethanes, a small number of other poly-

mers, solid silicone rubber, and an equally small number of inert

metals and exotic alloys have been found, when used in properly

designed devices, to be clinically acceptable for direct implantation

and contact with tissue. These materials are used to construct the

implant itself or serve as the protective barrier to shield other com-

ponents which are not themselves clinically acceptable for implan-

tation. Without such materials, therapeutic implants would not be

possible.

As if the requirement of clinically acceptable tissue responses

was not enough, implanted materials must also be biodurable.

These are challenging requirements which are being met with to-

day's technologies. Even though performance is excellent, there is,

however, room for improvement. The perfect implant has yet to be

developed. The industry must have access to new and better mate-

rials and components to continually advance performance and, in

this way, improve health care.

The impact of medical devices has been profound and far reach-

ing. A 1994 study shows over 5.5 million U.S. patients annually are

affected by life-saving or life-enhancing medical device technology.

In the cardiovascular arena alone, over 1.2 million procedures are

performed each year to open blocked arteries with balloon

angioplasty, restore heart rhythms with implanted pacemakers and
defibrillators, provide respiratory and circulatory support during

open-heart surgery, and repair blood vessels with synthetic grafts.

This industry has global significance and is one of the few in which
the United States has a positive trade balance. Current estimates

are that the United States medical device industry will produce a

$4.1 billion favorable trade balance on $40 billion of annual sales.

The best measures of the effect of medical device technology,

though, is in terms of how it improves and sustains patients' lives.

We must never forget this.

In spite of the enormous contribution medical devices have made
to the public health, the manufacturing of these products is a busi-

ness that frightens many. This fear is largely a consequence of the

possibility of liability exposure in the event a device malfunctions

or fails. As with other business enterprises, the specter of product

liability in medicine is peculiar to the United States. Its influence

is growing and is having a chilling effect on innovation. Ironically,

the shadow of product liability may actually be serving to keep bet-

ter performing products from the market rather than being a force

for improvement for the following reasons:

First, medical device manufacturers must rely on components
and raw materials manufactured by other firms in order to produce

their end-products. The majority of devices integrate a broad range

of technologies. In many instances, these are components which are

being produced for other commercial applications but have also

been qualified by device manufacturers for use in medical applica-

tions. For example—and you spoke to this earlier—the mechanical
heart valve has a sewing ring which allows the surgeon to attach

the heart valve to the heart. This sewing ring is made out of a pol-
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8

yester material, Dacron in this case, and that material has become
unavailable to us.

To the best of our knowledge, there have been no clinically ad-

verse events associated with a fabric or fiber, and yet, as I said,

a key manufacturer of the fibers has notified the heart valve indus-

try that it will actively discourage the use of its material in perma-
nently implanted products. The company concluded that selling

raw material could not be justified in light of the risk of litigation

associated with having their raw material in these valves.

As other witnesses will testify to, raw material suppliers are

named in product liability cases even when they had no direct in-

volvement in the design, specification, or manufacturing of the
product, simply because they are another possible source of com-
pensation. Despite the fact that they are usually able to prevail on
the merits, the cost of proving themselves not to be liable and the
negative publicity they receive far outweighs any revenues they re-

ceive for the materials they supply.

As an illustration, the worldwide polyester yarn market is esti-

mated to be over $9 billion in annual sales, while the implant mar-
ket for these fibers for the entire medical device industry is less

than $200,000 per year.
Senator LlEBERMAN. Let me just stop you there because I think

the mathematics are so powerful. It is a $9 billion annual world-
wide market for these fibers.

Mr. Citron. That is correct.

Senator Lieberman. And the part of the market that is related
to the implantable devices is $200,000 a year.
Mr. Citron. That is correct. So it is hardly noticed by the manu-

facturers of the fibers.

Analogous ratios exist for other polymeric materials and compo-
nents. Sales to the device industry, therefore, are really incon-
sequential. On the other hand, the cost of defending against law-
suits runs into the millions of dollars.

Because of the growing proscription of materials and components
for life-saving medical devices, the industry now is engaged in an
all-out effort to find and qualify equivalent replacement materials
and sources of supply. To the extent we are successful, the re-

sources expended on these initiatives will merely get us back to

where we were. We will not have advanced the State of the art.

The flow of new materials which would permit as yet unmet clini-

cal needs to be addressed will be markedly slowed. The exiting
companies have the laboratories from which future breakthroughs
would likely have occurred.
We face a real and imminent danger that high-quality life-saving

and life-enhancing medical devices will become unavailable because
critical materials and components are made unavailable. For pa-
tients, the consequences can be tragic. A remedy must be found
which will provide the protection necessary to assure that suppliers
will continue to provide materials to manufacturers. Unless such a
remedy is put in place, we will experience inexorable declines in
medical device innovation, quality, global competitiveness, and,
most distressingly, the public health as certain patients are not
able to obtain life-saving and life-enhancing technologies.
Thank you, Mr. Chairman.
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Senator Lieberman. Thank you, Mr. Citron. I will have some
questions for you after we hear from the other witnesses, but I do

want to just punctuate something you have said, which is obviously

our main concern here is on public health and on the impact it

would have on the lives of real people if these medical devices are

not able to be manufactured because of the inability to acquire raw
materials. There is another concern, however, and that is an eco-

nomic concern or a jobs-related concern, which is that this medical

device industry is a relatively strong industry in this country. It is

a job creator. It is one of those industries in which we in the U.S.

are the dominant worldwide factor, as you stressed with the num-
ber that we have a $4.1 billion trade surplus in this area. So what
is on the line, first and foremost, is people's health, but what is

also on the line are people's jobs.

Mr. Citron. Without any question.

Senator Lieberman. I thank you.

Let's go now to Ms. Eleanor Gackstatter, who is the president

and chief operating officer of Meadox Medicals, Inc.

TESTIMONY OF ELEANOR GACKSTATTER,1 PRESIDENT AND
CfflEF OPERATING OFFICER, MEADOX MEDICALS, INC.

Ms. Gackstatter. Thank you, Mr. Chairman.
My name is Eleanor Gackstatter, and I am president and chief

operating officer of Meadox Medicals, Inc., a medium-sized com-
pany that employs 600 people. Located in Oakland, New Jersey,

Meadox has been privately owned and operated by William J. von

Liebis since 1961.

I appreciate the opportunity to testify here today, Mr. Chairman,
on an issue that threatens the future of dozens of medical device

companies and the well-being of millions of patients the world over.

I refer to the impending shortage of raw materials used in manu-
facturing many implantable medical devices. This is a major health

care crisis, and time is quickly becoming the enemy for American
surgeons in vascular, cardiothoracic, and general surgery—and,

most importantly, the patients they serve.

Meadox Medicals was involved in the early days in development
work using DuPont polyester yarns for implants, as bypasses for

arteries. Since that time, our company has dedicated its efforts to

being a specialty manufacturer of products for vascular and tho-

racic surgery. Through the years, polyester yarns have served this

area of medicine well. Today, nearly 100 percent of Meadox's line

of vascular grafts and fabrics are made of polyester yarns. Re-

search and development for improved treatment and use of those

yarns has been a major focus in our company and is closely aligned

with the requests and demands of our company's customer base

—

the vascular, cardiothoracic, and general surgeons.
In late 1992, however, medical product manufacturers such as

Meadox were given notice by their polyester yarn suppliers—in our
case, DuPont—that by January 1993 all supplies of this material
would be stopped. Why? Because raw materials suppliers no longer

wish to confront the threat of litigation that can consume millions

1 The prepared statement of Eleanor Gackstatter appears on page 47.
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10

of dollars because of products that represent a very small part of

their total business. This is the crux of the present crisis.

Meetings between Meadox and DuPont yielded agreement that a

3-year supply of DuPont Dacron polyester would be provided, based

on Meadox's traditional usage of the material. We must have poly-

ester or an acceptable substitute material in order to continue

manufacturing vascular grafts and fabrics. Since the time of

DuPont's notification, Meadox Medicals' efforts to find alternative

supply sources have been exhaustive and expensive. Those efforts

have also had a huge impact on the company's R&D resources.

In 1994, Meadox Medicals, Inc. has budgeted its R&D at double

the industry average as a percentage of sales. A significant amount
of those R&D moneys are dedicated to polyester yarn replacement.

We are spending valuable time looking for alternatives to a mate-
rial that has served the American public well for over 35 years. Re-

sources are being taken away from the search for new and better

utilization of yarns that would yield improved or innovative prod-

ucts.

As a company, survival comes before the future, but how can we
measure the loss created in the future for American surgeons and
their patients by our actions today? When supplies are vanishing,

how can we choose to provide R&D supplies for future innovative
products when the surgeon needs our products to save a life today?

If you consider the uses of the products Meadox makes, you can
easily understand the importance of our company's commitment to

this specialty: artificial blood vessels for replacing diseased arte-

ries; fabrics for patching holes in the heart; cuffs for heart valves
so that they can be sutured to the body, primarily with polyester
sutures, very much as has been discussed prior; conduits or tubes
so that valves can be placed inside of them; fabrics for repairing
hernias; and, most critically, the vascular graft used to replace a
ruptured artery in abdominal aortic aneurysms, or AAA's.
Aneurysms are the 13th leading cause of death in the United

States, and the incidence is rising as the population ages.

Senator Lieberman. Why don't you describe that in a little more
detail and how your products respond to an aneurysm?
Ms. Gackstatter. One of the situations when you have an ar-

tery that ruptures, in this case this is one of the most drastic situa-
tions that can occur, because the time—50 percent of those that
have this situation as an emergency never make it into the OR.
And when they get there, there is a traumatic situation in the OR.
An implant has to be put in very much like this. If the artery has
burst, it is open. It is like a balloon, and it breaks open. There is

a tremendous loss of blood. There is the importance of speedy sur-
gery at that point with the surgeon knowing exactly what to do. He
must get in there quickly. He must put this conduit in. He must
be able to suture it. In some cases, we also have a product that al-

lows him to do some tying without suturing and then get back into
it later to prevent all that blood from being lost, and also the trau-
ma that the patient is in. But he must put this in quickly.
At that particular time, there is no time for that surgeon to get

into the person's body and replace it with something that the per-
son has in another part of his anatomy. At that time, he has one
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choice only, and that is to go to the shelf and to find a material

that he can use as quickly as possible.

Mr. Chairman, our concern is that the day will come where that

product will not be on the shelf.

The other part of aneurysms is that early screening is something

we as a company also support, because if we can get to the part

where there are no ruptures but actually get to the aneurysm and
do the procedure in the OR, it is that much easier for us to address

this issue, because you are not getting into an emergency situation

and you are allowing earlier discovery on the part of the surgeon

to treat the ailment.

We are finding that more and more screening of this nature is

allowing us to see that aneurysms are larger than we have
thought. As a matter of fact, screening for early detection of aneu-

rysms has shown that more aneurysms of all sizes were diagnosed
from 1971 to 1980 than in the previous 2 decades. The more that

we are trying to find this screening and encourage people to go out

and get a screening, we are finding that those numbers are rising.

Senator Lieberman. This is a condition that occurs primarily in

older people?
Ms. Gackstatter. Well, actually, it can occur at any time, but

it does occur in 50-year-olds. That is primarily where a lot of the

findings as far as ruptures are concerned, and the 70-year-olds are

starting also to show higher incidence.

I think I would like at this time, if I could, just to take a passage
from one of the articles that a doctor of ours has written, which
goes to the health care reform issue about costs also.

Senator Lieberman. Let me ask you to try to be as brief as you
can.

Ms. Gackstatter. Yes, I will. "Aside from the cost in lives, rup-

tured aneurysms impose an increasingly onerous financial burden
on hospitals. On the basis of cost reimbursement data for Diag-
nostic Related Groups, one study documented that emergency oper-

ations resulted in a mean financial loss to the hospital of $24,655
>er patient. Another study estimated that 2,000 lives and $50 mil-

ion could have been saved annually had aneurysms been treated

before rupture."
As a leader in our segment of the medical device industry,

Meadox Medicals is stepping forward today to inform the public of

this supply problems because its major shareholder determined it

was critical, and ethical, to do so. Companies who use even smaller

amounts of these materials for component parts of medical devices

may not have yet felt the crunch. But they soon will. This is an
equally troublesome situation.

Meadox intends to keep working closely with its surgeon cus-

tomers as it has through the years. Internal processing for the
most efficient use of its supply of polyester yarn is a major focus.

But if there is no immediate or interim solution to this availability

issue, we must all be concerned with the gap being created—the

gap between the time required to find alternative sources and the

time required to do the testing to show equivalency to the present
polyester yarn.
Once we do the testing of the alternate materials, the time re-

quired to win Government approval of those materials can make
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the process prohibitive, not only for the small manufacturer but
also for the larger manufacturer. If, in fact, DuPont has treated all

manufacturers equally, then all implantable medical device manu-
facturers have only one-and-one-half years to overcome this crucial

gap in time. Meadox has already contacted more than 15 alternate
suppliers worldwide. They were all interested initially, and they
are willing to offer supplies for worldwide distribution, except in

the United States. Their reason is always the same: The risk of li-

ability is too high for the size of the market.
Senator LlEBERMAN. That is very powerful. Let me just ask you

to go over that again. You have literally sought out 15 different

suppliers of raw materials for your products. Fifteen said they were
interested in supplying you unless you were going to use it in the
United States.

Ms. Gackstatter. Yes.
Senator LlEBERMAN. Because of the legal liability system.
Ms. Gackstatter. Yes. The size of our market is just too small,

and particularly in our case, we are very specialized to our particu-
lar surgeon customers, and they just do not feel that the litigation

that they would have to go through in supplying us would be
worthwhile dealing with us.

They are perfectly willing to work with us overseas so we can
distribute worldwide. You have to think about us possibly having
to move our manufacturing—as a matter of fact, we did start some
of our parts of our manufacturing in Europe, and we also see the
possibility that—I mean, what this comes down to in the end is

that you are looking at less jobs manufacturing this material in
this country because you try to be close to your source.
Senator Lieberman. The other thing that this says—I do not

want to go on too long on this—just from your survey is that the
legal liability system in the United States is dramatically different
than the liability system that exists anywhere else in the world.
Ms. Gackstatter. Yes, that is correct.
Senator Lieberman. So they would sell you these materials for

use in your products if the products were going to be sold anywhere
else in the world.
Ms. Gackstatter. Yes.
Senator LlEBERMAN. OK Can you wrap up your testimony?
Ms. Gackstatter. Yes, surely. Well, I guess the thing I really

want to emphasize is that we make life-saving products. If we can-
not get the raw material, we are talking about patients losing lives.
This is what we have dedicated our entire service to the surgeons
to, and it is something that we feel—I guess even from an R&D
standpoint, it shows that there is a time in which we cannot bring
all our R&D facilities and the things that we would like to do for
the future and new products in the niture. So if we had been forced
to have this level of concern of liability risk in the years we were
developing things, I hate to think of how many people might not
be alive today or how many would have had a poor quality of life
because they would lack the products we did, in fact, develop.
Constant dedication to a very small but specialized area of medi-

cal care has been our company's pride and creed. Included in this
are the work and relationships with our suppliers that have helped
us forge ahead into previously undiscovered areas of innovation.
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I would also like to note that from standards in getting raw ma-
terial, I would encourage the ability to have access to more of

standard type products because we are the ones that make these

products implantable. It is not the items that we take off the shelf.

If we cannot preserve that spirit of innovation today, then time

may well be running out for American surgeons and their patients.

Thank you.
Senator LlEBERMAN. Thanks, Ms. Gackstatter. I appreciate that.

So now we have heard from two leading medical device manufac-
turers. Now we are going to hear from Katherine Know, who is the

business program manager, Central Research and Development at

DuPont Company, which has been referred to here as a major sup-

plier of these products to the medical implant industry.

Ms. Knox, thanks for being here. We look forward to your testi-

mony now.

TESTIMONY OF KATHERINE F. KNOX, 1 BUSINESS PROGRAM
MANAGER, CORPORATE NEW BUSINESS DEVELOPMENT, DU-
PONT COMPANY
Ms. Knox. Mr. Chairman, thank you very much for the oppor-

tunity to be here today. I am, indeed, a business program manager
for the DuPont Company. For the last year I have been working
coordinating implementation of our policy regarding use of mate-
rials in implantable medical devices.

DuPont is the Nation's largest and oldest diversified chemical
company. We are nearing the 200th anniversary of our founding on
the banks of the Brandywine in Delaware, and we feel that that
longevity is a direct result of our expertise in science and tech-

nology, especially in materials innovation and development. Du-
Pont has been a leading manufacturer of many advanced materials,

including nylon, Dacron, Teflon, Lycra, Kevlar, Mylar, to name only
a few.

These materials have found their way into literally tens of thou-
sands of products: clothing that we wear, the beds we sleep in, cars

that we ride in. It is safe to assume that DuPont materials have
touched every person who is here today.

About 50 years ago, medical researchers began looking at some
DuPont materials for use in devices that could save lives or en-
hance the quality of lives. Ultimately our materials found their way
into applications such as vascular grafts, as we have heard about,

pacemakers, catheters, and many other applications.

That brings us to why I am here this morning. First I would like

to state that DuPont is not here to ask this committee or the Con-
gress for any specific action. We are here because we want to assist

your fact-finding efforts to understand what the issue of materials
availability is all about, and we do appreciate your leadership in

this very important area.
DuPont is not in the business of designing, manufacturing, or

marketing medical implants. As background, in the 1950's, when it

became apparent that our materials were being used in
implantable medical devices, DuPont adopted a very conservative
policy which allowed sales of raw materials for implants only to

1 The prepared statement of Katherine F. Knox appears on page 48.
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those medical researchers, device manufacturers, hospitals, and
other customers who agreed to certain terms and conditions of sale.

We informed customers that the DuPont materials were designed
and manufactured for industrial and consumer markets, not spe-

cifically for use in implants or any devices that were to be im-
planted in the human body. DuPont also informed these customers
that we were not an implant manufacturers and that we did not
seek or obtain FDA approval of any medical devices made with our
materials. We required the customers to sign a disclaimer saying
that they would take responsibility for performing all of the tests

that are necessary for using materials in implants and that they
themselves would obtain all of the necessary FDA approvals.
We felt that this was a reasonable policy which would avoid

slowing or stopping medical advances.
Senator Lieberman. I presume most of this was because of the

concern of the company at that point about the potential legal li-

ability.

Ms. Knox. Well, Mr. Chairman, I do not believe at that time that
legal liability was that much of an issue. It was just simply that
the materials were designed and manufactured for industrial and
consumer uses, not designed and manufactured for implants. We
understood that the implant market is a market that requires very,
very specialized testing, very rigorous testing. We did not do that
kind of testing ourselves, and we felt comfortable that the cus-
tomers that we sold the materials to who signed disclaimers would
assume that responsibility themselves.
Senator Lieberman. OK.
Ms. Knox. But it was primarily because the materials are not

medical-grade materials.
We relied for many years on our customers, the medical experts,

and the FDA to review the safety and efficacy of the medical de-
vices. However, changes in business and legal trends occurred and
made it necessary for DuPont to adopt our current policy. As of
January 15, 1993, DuPont no longer supplies material to firms
using these materials in permanently implantable medical devices,
unless DuPont is involved in the design of the device itself.

Senator Lieberman. So that there is an exception, that if you are
involved in the design of the device, you are willing to supply mate-
rials. Is that correct?

Ms. Knox. Yes, that is correct, and I have a specific example of
that. We have a joint venture called DePuy-DuPont Orthopedics,
where we participate in a joint venture situation with DePuy in de-
signing and manufacturing materials for orthopedic implants.
Senator Lieberman. OK.
Ms. Knox. But that is a situation where DuPont is in the device

business itself.

Senator Lieberman. Right, and, therefore, feel it is appropriate
to assume responsibility because it is not just that you are selling
a raw material. You are actually making—you are participating in
the manufacture of the product.
Ms. Knox. That is correct. Our role is as the manufacturer of the

finished product, not simply as the manufacturer of the raw mate-
rial.
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Once we announced our policy, we honored our customer-supplier
relationships for 1 year until January 31, 1994, to allow our cus-
tomers time to locate alternate suppliers or alternate materials. We
additionally gave all of our customers the names of our competitors
in this area so that they would have a place to start their search
for alternate materials.

We understand that the medical devices that our products are
used in provide very high value to patients and are important life-

saving or life-enhancing products. But, unfortunately, as you indi-

cated and as the other witnesses have indicated, in America very
often disappointment in medical treatment can result in lawsuits
against any company that is even remotely connected with the
medical product.

In recent years, there has been a growing trend to sue raw mate-
rial suppliers, even though they have not been involved with the
design, the testing, or the manufacture of the device.

Generally the courts have found that raw material suppliers are
not responsible for liabilities created by finished medical implants.
Mr. Chairman, as you mentioned yourself, in the case with the
Vitek lawsuits we have a tremendously successful record of 258
cases where we have been found by the courts to not be responsible
for the liability created by the medical implants. However, as you
know also, the cost of defending these cases successfully is very ex-
pensive. It is very enormous. Litigation can involve hundreds or
thousands of cases and thousands of dollars per case, in document
production, in discovery, and in lawyers' fees. This can translate
into millions of dollars in defense costs even when the company is

only the raw material supplier.

In almost all cases, the quantity of raw materials used to make
a medical implant is minuscule. A few grams' or a few cents' worth
of raw material goes into most medical implants. Therefore, $50
worth of raw material can make a thousand implants. Those thou-
sand implants can generate 1,000 lawsuits. Those lawsuits can
generate millions of dollars in legal costs even if the company is

found to be faultless.

DuPont is a company that stands behind our products that we
manufacture and sell. However, we generally do not manufacture
and sell medical implants. A company whose only involvement with
an implant is selling raw materials cannot justify to our investors,
to our employees, and to our other constituencies the millions of
dollars in costs, court appearances, and the press coverage that
often can accompany controversies over medical implants.
The medical community has tremendous value for the thousands

of useful modern implants. However, society has not always kept
these benefits in mind when allocating responsibilities for the risks
involved.

We feel that the litigation environment with respect to medical
implants has become increasingly hostile to raw material suppliers.
The medical community many not always have the deciding vote on
highly publicized medical implant cases. The fact that the FDA ap-
proved the medical implant and frequently a majority of the medi-
cal community supported use of the implant may carry little weight
with courts, the public, and the press. Companies associated with
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the medical implant may become the object of endless lawsuits,

negative press coverage, and public disapproval.

A company whose only involvement with the implant is selling

raw materials cannot justify involvement in this area.

In summary, Mr. Chairman, we at DuPont are saddened by the

need to withhold our materials from use in permanent medical im-

plants. This was not a decision that we arrived at lightly. Since the

decision was announced, we allowed a transition period. We
reached out to our customers, even though this meant assuming
additional risk, to be sure that we were acting responsibly in giving

them time to find alternate suppliers or alternate materials. Unfor-

tunately, the realities of the American litigation system no longer

permit companies such as DuPont to supply small amounts of high-

ly valued materials for use in implants without risking involve-

ment in large-scale implant litigation.

Mr. Chairman, I would like to thank you for the opportunity to

be here today, and I would also like to thank you for your leader-

ship in this very important area.

Senator Lieberman. Thank you very much, Ms. Knox. Is it fair

to say—maybe I should ask Mr. Benson—that the decision of Du-
Pont is typical of raw material suppliers generally in this area?

Ms. Knox. Mr. Chairman, our action was a unilateral action,

taken only because it made sense to the company. I would like to

let Mr. Benson answer that.

Senator Lieberman. Fine. Let me ask you to—James Benson is

vice president, technology and regulatory affairs, of the Health In-

dustry Manufacturers Association. Perhaps you will cover this in
your testimony, Mr. Benson. If not, maybe you would just address
briefly whether—am I correct that DuPont is the largest supplier
of raw materials in this area?
Mr. Benson. I believe DuPont is the largest supplier. We are

aware of two other major suppliers that have made similar an-
nouncements. Dow Chemical, Dow Corning, and DuPont are the
three major ones. I have also seen a letter from Shell saying that
they are also cutting back or stopping supplying materials. So that
is actually four major companies that we are aware of that have
made this decision.

Senator Lieberman. Let me, while I am on this track, just ask
you, Ms. Knox: Another alternative here presumably would be to

substantially raise the price of the raw materials that you are sup-
plying to try to protect yourself, to cover the risk of the lawsuits
that you are afraid might come. Was that considered, or is the cost

so disproportionate to the legal exposure here that it doesn't work
in the marketplace?
Ms. Knox. Mr. Chairman, you are absolutely correct. The cost

really is disproportionate. We understand that there are over
20,000 medical device companies in the world. If each one of those
companies had only 10 products—and I know that companies like

Meadox and Medtronic have many, many more than 10 products
each. But even if each company only had 10 products, that could
be right there 200,000 products. Each one of those products could
have hundreds or thousands of lawsuits associated with each one.
So it is almost an endless possibility of lawsuits associated with
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using these small amounts of material—it really is not something
that could be covered as a price issue.

Senator Lieberman. OK. Thank you.

Mr. Benson?

TESTIMONY OF JAMES S. BENSON, 1 SENIOR VICE PRESIDENT,
TECHNOLOGY AND REGULATORY AFFAIRS, HEALTH INDUS-
TRY MANUFACTURERS ASSOCIATION

Mr. Benson. Thank you, Mr. Chairman.
As you pointed out, I am representing the Health Industry Man-

ufacturers Association, and that organization represents more than
700 manufacturers of medical devices, diagnostic products, and
health care information systems.

I appreciate the opportunity to testify here today, Mr. Chairman,
on a subject that is, as you have already heard, of grave concern
to our Nation's health; that is, the impending shortage of raw ma-
terials that medical device manufacturers use to produce devices
for implantation within the human body. This issue is especially
critical for many small device companies.
The medical device industry is extremely grateful to you for hold-

ing this hearing so that this problem can be brought before the
Subcommittee, the Congress, and the American people.

Basically, the problem is this: As a direct result of the liability

environment in this country, three major raw material suppliers re-

cently announced that they would limit or cease altogether their
shipments to medical device manufacturers. Those are the three
that I mentioned that you asked about earlier, and I would add
Shell to that group as well.

You have already heard why the suppliers acted as they did and
about the impact of these decisions on some medical device compa-
nies. There are those, Mr. Chairman, who might argue that suppli-
ers ought to be held liable if a manufactured product using their
materials causes an injury. But suppose a car wrecks because its

steering mechanism fails. Should the supplier who provided the
steel for that car be held accountable if the steel meets company
specifications and the failure is the result of faulty design or manu-
facturing by the car company?
Senator LlEBERMAN. That is a very powerful point, and I hope

you will just expand that a little bit here. Obviously we are not try-
ing to protect anybody from a lawsuit based on a deficient product
that, in fact, caused injury to somebody's health. And your analogy
is a brilliant one, I think, which is that if the car is defective, why
give the plaintiff the right to sue the steel manufacturer if the steel
was up to the manufacturer's specifications. Obviously the suit
should be against the automobile manufacturer.
Mr. Benson. Exactly the point.
Senator LlEBERMAN. And the same here, the suit, if it is appro-

priate, should be against the medical device manufacturer, not
against the raw material supplier.
Mr. Benson. That is exactly right. I think it speaks very well of

this industry that the device manufacturers are very willing to step
forward and take that responsibility. All they ask is that the mate-

lrThe prepared statement of James S. Benson appears on page 51.
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rials be manufactured according to whatever agreements have been

made.
Shouldn't the supplier's responsibility to defend lawsuits then be

limited to where its own wrongdoing led to the injury?

Before I discuss the history of the biomaterials availability prob-

lem and offer a suggested solution, let me say a word about the

medical device industry itself. First of all, device companies are in-

novative. More than two-thirds are small entrepreneurial compa-
nies. The fruits of their extensive investment in R&D are products

that enhance the quality and value of patient care and increase the

productivity of the U.S. health care system. Just think of the mar-
velous medical technologies that have been made available to us
over the last 20 years, from new diagnostic imaging devices and
implanted defibrillators, to lasers for intricate surgery. Many of

these breakthrough devices were developed by small companies.

Innovation by U.S. medical device manufacturers has made the

U.S. industry the world leader, with a positive balance of trade in

excess of $4 billion, as has already been pointed out. But our indus-

try's global competitiveness is clearly at risk without a steady sup-

ply of raw materials.

Our concerns about the effects of the biomaterials shortage are
confirmed in a market study conducted by Aronoff Associates. Sub-
committee members have received a copy of this report. The
Aronoff study focused on three very common materials that have
been withdrawn by DuPont from the permanent medical implant
market.
The study found that the combined size of the permanent medi-

cal implant markets for these three materials alone is $600,000 a
year, compared with the total markets for these three materials of

$10.5 billion, roughly a ratio of 1,000 to 1.

In many cases, there are no alternative suppliers for these mate-
rials. Where alternative suppliers exist, those willing to consider
supplying will insist on financially stringent indemnification agree-
ments covering as much as $1 billion. This would clearly put such
agreements out of reach for small companies, the engines of inno-
vation in the medical technology industry.

Unfortunately, for many materials, suitable replacements simply
do not exist now, and Aronoff Associates offers some startling fore-

casts. Over the short term, 1 to 3 years, the financial requirements
needed to back indemnification agreements will begin to force
small manufacturers and start-ups out of business. Some materials
will not be available at all. U.S. manufacturers will have to divert
resources from R&D to search for and qualify replacement mate-
rials. This is already happening for many companies, as you have
heard today.
Assuming manufacturers' reserves of the DuPont materials do

not deteriorate, a DuPont material shortage will not be felt by pa-
tients in the immediate future. However, they will feel the shortage
in the long term. Over the next 3 to 10 years, Aronoff estimates,
the full effect of the biomaterials crisis will be felt unless substitute
materials are found and approved for marketing. This means, quite
simply, that patients will not have access to life-saving, life-en-

hancing medical implants if suitable replacements are not avail-
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able. All together, more than 8 million patients every year could be
affected, and I believe that is a very conservative estimate.

In conclusion, Mr. Chairman, HIMA believes that the only way
to avert a biomaterials crisis is timely legislation that limits sup-
plier liability to instances of genuine fault. That legislation should
also establish a procedure ensuring that raw material suppliers
will not be brought into litigation unless there is good reason to be-
lieve they are, in fact, at fault.

The impact of this approach will be that manufacturers ordi-

narily appear in lawsuits on behalf of suppliers, thus relieving the
suppliers of heavy legal defense costs. Device manufacturers are
willing to assume this burden as a way to help ensure the contin-
ued availability of the materials they need to make their prod-
ucts—products that American patients so desperately need.
HIMA appreciates your interest in this matter, Mr. Chairman,

and we would be happy to work with the Subcommittee in any way
we can to find a suitable solution.

Senator Lieberman. Thank you, Mr. Benson. Let me just clarify
what you said at the end. Did you say that the medical device man-
ufacturers are prepared to assume the litigation costs for the raw
material suppliers as a way to try to keep them in the market?
Mr. Benson. I think this is the point that I was trying to make

earlier. Yes, the device manufacturers are willing to take that full

responsibility as long as the products, the raw materials that they
have gotten simply come up to the standards that have been
agreed upon, published standards or whatever is appropriate.
Senator Lieberm^jnt. All right.

Ms. Knox, I do not know whether you are able to answer it now,
but is that not sufficient, that promise of the medical device manu-
facturers to assume litigation costs for suppliers like DuPont? Is
that not sufficient to keep DuPont supplying those raw materials?
Ms. Knox. Mr. Chairman, we considered the possibility of using

indemnification as a form of risk management, and we felt for the
situation involving permanent implants that that is not really ade-
quate risk management because it can be very problematic in the
long run. We do accept indemnification as a form of risk manage-
ment for use of our materials in certain circumstances where the
device is only temporarily implanted.

Senator Lieberman. Let me try to draw you out a little bit on
that. The difference is that this is a permanently implanted device,
and is your concern about the long-term impact on the person who
has the device, or are you concerned about the long-term viability
of the manufacturer? In other words, will the manufacturer be
around to pick up the litigation costs?
Ms. Knox. Well, primarily we are concerned about the fact that

the situation involving permanently implantable devices is one
where we consider the risk to be astronomical, where there is al-

most an unlimited number of lawsuits possible based on the large
number of medical device manufacturers and the large number of
products that they provide. So we just feel that the risk is exceed-
ingly high and out of proportion to volume of material that is sold
into this area.

Senator Lieberman. And, again, that is the point that the mar-
ket here—that is, the money to be made—and I do not say that de-
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rogatorily—is so out of relationship with the potential exposure
that over a longer period even this indemnification is not enough
to keep you in the marketplace.
Ms. Knox. Correct.

Senator LlEBERMAN. Let me ask Mr. Citron and Ms. Gackstatter

to talk a little bit more about what you are trying to do to find al-

ternate supplies. For instance, won't you have the same problem
with whoever develops an alternate to the polyester fabric that you
are using around the heart valve? Are you thinking of trying to de-

velop something that you can make yourself and, therefore, as-

sume—in other words, you will become your own supplier?

Mr. Citron. Well, let me address the latter part of the question

first. We have looked at and considered self-supply, but, quite can-

didly, we use literally hundreds, if not thousands, of raw materials

in our product lines. The quantities of these materials that we use
are—in mass basis and weight basis very—very small. Many of

these materials, even if we were to have the know-how and were
to secure the licenses to be permitted to manufacture them, could
not be efficiently manufactured in the very small quantities we
need. Nor do we believe we could maintain the quality that is need-
ed for these products. It is not a matter of just making a pound
or two and making it of high quality. The notion of self-supply is

thoroughly impracticable. So by and large, that is not an option.

What we are doing, as other witnesses have said, is scouring the
world for alternate sources. Some of these materials are propri-

etary to only one company, however.
Senator LlEBERMAN. Right.
Mr. Citron. So we need to find a substitute rather than an alter-

native, and somebody spoke to the exhaustive testing and qualifica-

tion and time required to accomplish that.

Then I believe to the final part of your question, we are at risk
that any of our suppliers can decide at any moment that the risk

is too great for them to continue supplying us. Indeed, we have had
other companies besides the four mentioned who have determined
that they just do not feel that their risks warrant participation.
They have announced their exit as well.

So the issue is that at any point in time we are vulnerable to
having one or more additional suppliers decide to exit.

Senator Lieberman. Ms. Gackstatter, talk a little bit about what
your R&D is focused on, and see if you can answer for me the ques-
tion about even if you come up with an alternative product, why
won't the manufacturer of that material have the same dilemma
that DuPont and the other suppliers have now?
Ms. Gackstatter. Well, that is just the critical issue, Mr. Chair-

man. We did consider also self-supply. We went back—I mean, that
is very expensive for us. We are a smaller company. But we consid-
ered that, and we found that there is also a domino effect here.
That is, even if we decided to go back and make the yarns our-
selves, the raw supplier that actually supplies the resin that helps
treat the yarn is now asking us questions about whether or not this
would be used in medical devices. So the chain is going back fur-
ther and further into the line, which to us is a critical issue.
So if we took the fact that we even had any opportunity as to

availability, from an R&D standpoint one must consider again the
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time for us to go through that development stage, if we do find it,

go through the development of finding—you know, developing the
raw material, going through our own process of making it

implantable, that time will be passed the time that we have a sup-

ply from DuPont right now. And that is too late.

Many things will be happening to the patient at the time. I think
that is the crux of what we are facing right now.
Senator Lieberman. OK. I hear you.
If I remember correctly, in your testimony you talked about a IV2

year period, and then after that we will be at the crisis stage.

Mr. Benson, I think the Aronoff study talked about 3 to 10 years.

Could you relate those two numbers?
Mr. Benson. Yes, I would be delighted to. Aronoff Associates con-

cluded that there would be short-term, long-term impacts. The
short-term impact had to do with the loss of innovation, the fact

that companies already were getting out of the business, the start-

ups were not starting, the innovative process was going to be lost.

The long-term impact had to do with—at the time the study was
conducted, which is now about a half-year ago or so, said that in

the period from 1 to 3 years there were enough materials stock-

piled that there would not be impact on patients. So during that
early stage, you have companies losing the innovative edge because
new ones are not coming, start-ups are not happening. The long-

term impact would be on patients and would start about 2 years
from now, which syncs with Ms. Gackstatter's IY2 to 3 years.
Ms. Gackstatter. If I can just clarify another point?
Senator Lieberman. Go ahead.
Ms. Gackstatter. The situation within the 3-year supply is that

in some yarns there are maybe slightly more usage than others,
and the time that we had notification there was some imbalance.
So during the time we got the supply for the 3-year cycle, we were
already supplying into the back order situation. So that does not,

you know, come out evenly within the 3 years. So that brings the
product out of sync.

Senator Lieberman. I understand and I appreciate that clarifica-

tion.

A final question, if I can, to Ms. Knox. I am just wondering
whether these twin problems that we have talked about of a rel-

atively small market and high potential legal liability costs have
taken DuPont out of any other non-medical markets.
Ms. Knox. Mr. Chairman, the medical implant market is the

only market where we have a corporate policy. However, we have
on occasion in the past declined to pursue certain other opportuni-
ties because of the potential for very high liability. An example of
that is about 10 years ago we had an opportunity to do some work
with one of our customers into the possibility of manufacturing
seismic bearings. Seismic bearings are used in construction of
buildings such as houses, schools, apartment complexes, hospitals
in areas that are prone to earthquakes, such as areas in California.
At that time, we evaluated that opportunity and considered that

there was a very high potential for liability in that situation also,

so we declined to participate in that area.
Senator Lieberman. But other than that, this is unique because

of the combination of these problems?
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Ms. Knox. Yes, that is correct. This is somewhat unique.
Senator LlEBERMAN. I want to thank the four of you.

Did you want to add something, Mr. Benson?
Mr. Benson. Yes, I wanted to go back to your question of a

minute ago. I think there is another point that is important to get

on the record, and that is that the R&D energy that goes into

searching for new products has a couple of negative sides. One neg-

ative side is that that is a loss of innovation right there, innovation
that is going to be moving overseas, which is going to disadvantage
this country both economically and from a health standpoint.

Senator LlEBERMAN. Right.
Mr. Benson. We have had terrific products over the past 10

years. Just think of that accelerating technology evolution, that is

going to stop.

There is another piece to this that I think is also important, and
that is that materials like the DuPont materials are tried and true.

We know what the experience with those is. As substitute mate-
rials come in, if they come in at all, we will not have that two or
three decades' worth of history, and we will have lost that. And so
we will be moving into a much more fragile situation. So there is

a whole trend there that is moving this way, and it includes elec-

tronics, things like batteries for defibrillators and pacemakers. So
that trend has just got to be stopped.
Thank you.
Senator Lieberman. Thank you. I thank the four of you for your

testimony. It has been very helpful, and I promise you that I am
going to do everything I can to try to present a legislative solution
to the problem. I always prefer a non-legislative solution, but as I

listen to your testimony, I do not see a way to keep these medical
devices on which we rely for the quality of our lives, indeed for our
lives, without changing the rules of the game, which have just be-
come unfair and gone out of control.

So I thank you very much.
Mr. Citron. Thank you.
Mr. Benson. Thank you.
Senator Lieberman. I would call the second panel now: Mark

Reily of Houston, Texas; Peggy Phillips of Falls Church, Virginia;
Dr. J. Donald Hill, Chair of the Department of Cardiovascular Sur-
gery at California Pacific Medical Center; Dr. Bernard Stulberg,
Cleveland Center for Joint Reconstruction; and Dr. Pierre Galletti,
University Professor and Professor of Medical Science at Brown
University.
These obviously are folks who are either in the medical profes-

sion and using some of the products we have described or direct
users—that is to say, people who are beneficiaries of these devices.

I want to thank you all. Some of you came from some distance.
[ know this is of real concern to you in a very personal way, and
I appreciate the time that you are taking.

In introducing Mark Reily, I want to note for the record, as a
parent of 4 children, how impressed I am by the patience and be-
havior of Thomas Reily in the midst of this fairly unentertaining
morning, I would say.

Mr. Reily. Bribery is very effective.

Senator Lieberman. Pardon?

DR
.R

UP
NA

TH
JI

( D
R.

RU
PA

K 
NA

TH
 )



23

Mr. Reily. Bribery can be very effective. [Laughter.]
Senator Lieberman. I know the process. I want to hasten to say,

not in my legislative life. [Laughter.]
Senator Lieberman. In my parental life.

Mr. Reily, thanks very much for being here, and, Tom, thank
you. We look forward to your testimony now.

TESTIMONY OF MARK REILY, 1 HOUSTON, TX
Mr. Reily. Good morning, Mr. Chairman. My name is Mark

Reily. I am a joined by Thomas, my 9-year-old son, who is the rea-
son I am here today. Together with my wife, Jane, and three other
children, we live in Houston, Texas. I am here to highlight from
Thomas' perspective, as well as my own, how recent events which
have prompted the need for this hearing could collectively result in
an unacceptable situation that will destroy thousands of lives of
those who are dependent on implanted medical devices in order to
live. Thomas is one of those people.
When Thomas was 8 months old, in October of 1985, he was di-

agnosed as having hydrocephalus, or "water on the brain." The so-

called water of hydrocephalus is actually cerebrospinal fluid, a liq-

uid produced in the brain that cushions it and the spinal cord. In
hydrocephalus, the pint of fluid produced daily does not drain prop-
erly from the brain, thus accumulating abnormally in the head.
The fluid builds pressure inside the head, like steam building in-
side a locked pressure cooker. If left untreated, it is a well-docu-
mented medical fact that the patient will initially suffer severe
brain damage, become comatose, and ultimately die.

Fortunately, a procedure has been developed and refined over
several decades that can alleviate this condition. A shunt tube
made of a soft and pliable plastic material called silastic can be im-
planted in the brain and drained in the abdomen to relieve the
fluid build-up. Through a combination of improved surgical proce-
dures, the availability of the finest appropriate biomaterials for the
shunts, and technology such as MRI and CT scan equipment for di-

agnosis, the outlook for the hydrocephalic patient has greatly im-
proved over the last decade. However, it is critical to note that
these patients, primarily children, will require a shunt for their en-
tire life. There is no cure for hydrocephalus. Further, each patient
will inevitably require shunt revisions on a periodic basis since, de-
spite the advances cited earlier, the shunt may malfunction due to
clogging, infection, or the child-patient outgrowing the tube's
length. Thomas has had two shunt revisions since his original
shunt was put in. Each year in the United States, there are ap-
proximately 75,000 shunt implant and revision procedures per-
formed.
Jane and I will never forget the Saturday in late October 1985

that we learned that Thomas had hydrocephalus. We initially were
told that based on the level of fluid accumulated on his brain and
the resulting pressure, he would surely have brain damage, prob-
ably severe. Surgery to place a shunt in Thomas was scheduled for
the first thing Monday morning. The hours from late Saturday to

1 The prepared statement of Mark Reily appears on page 135.
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Monday morning were the longest and darkest we have ever expe-

rienced.

The thought of needing to wait even 1 day to have the surgery

was almost unbearable, for each minute that passed the pressure

was building in Thomas' head, which could further damage him.

Finally, the time came to drive to the hospital, and this act in itself

lifted our spirits, for we were beginning to take action that would
help Thomas. Modern medical technology would give Thomas a

chance, and even in our moment of despair, this fact was not lost

on us.

On Monday morning, Thomas received a shunt. Within hours, he
was showing improvement. His lethargy disappeared. He was alert.

He smiled again for the first time in weeks, and even stood up in

his hospital crib. Within 36 hours, we were back home with the

new Thomas. How different the outcome would have been for

Thomas that day without the availability of the medical device he
so desperately needed.

In the months that followed, we began adjusting to Thomas' con-

dition emotionally. It is not easy to accept the fact that your child

needs such a device as a shunt to live. But over the years, we have
come to accept that fact and to be grateful for it. It is a cruel irony
that as we have come to be at peace with his dependence on his

shunt there are events transpiring that would make his life-saving

device unattainable.
Six months after his original surgery, Thomas' shunt clogged and

required revision. In the 6 hours that Thomas waited for his shunt
revision surgery, he became violently ill, vomiting continuously and
finally becoming semi-comatose. Mercifully, his revision was suc-
cessful and immediately he regained his old form, laughing and
smiling while playing games in his hospital bed. Again, how dif-

ferent yet predictably sad and final would have been Thomas' fate
without this medical device.

Thomas went 6 years before his next revision was required, in
1992. But the scenario was the same. As the shunt malfunctioned,
Thomas' condition deteriorated rapidly and relentlessly. When a
new, properly functioning shunt was implanted, Thomas returned
to his normal activities, working hard to overcome his learning dif-

ficulties, growing and maturing, and in a child's way striving to be-
come a productive member of our society.

We had previously come to regard these shunt revision episodes
as temporary mechanical digressions, sidelining Thomas for a week
or so. If the lack of availability of required biomaterials for Thomas'
shunt becomes a reality, as it appears it might, for Thomas these
episodes will instead become a nightmare, with predictable, perma-
nent, devastating results.

As I reflect on Thomas' brief life, I see a child who has already
overcome a lifetime of medical difficulties. For in addition to the
shunt implant and revision episodes I have detailed, Thomas was
left with physical weaknesses from his hydrocephalus, requiring ex-
tensive therapy. When Thomas was 6, he was diagnosed with a
very rare seizure disorder called Landau-Klefher syndrome, which
left him unable to talk for over 1 year. But Thomas has endured
and even prospered at times in the face of all these obstacles.
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Early on, Thomas' mother and I went through a grieving process.

We were grieving for the death of our vision of our perfect child.

It was not until we left that vision go that we were able to see
something much more beautiful: a young boy with an indomitable
yet loving spirit who will not let his personal medical setbacks de-

feat him. I think that that must surely be God's spirit living inside
him.
So I stand before you today, as the guardian of that spirit, as

Thomas' father, beseeching you to do everything in your power to

ensure that the biomaterials necessary for Thomas' medical im-
plant device be readily available and of the highest quality. For
some time in the future, perhaps next month or next year, Thomas
will wake me in the middle of the night to tell me that his head
hurts and that he thinks his shunt has broken. He will ask if we
can go to the hospital to get a new one right away. I pray that I

will be able to give him the only acceptable answer.
Thank you.
Senator LlEBERMAN. Thank you, Mr. Reily. I cannot thank you

enough for your courage and grace in coming forward and telling

this story. I agree with you. These are miraculous devices, miracu-
lous events. This is really God's spirit at work here. We take this
for granted, but when you think about the way our lives would be
so much less without this help that the medical profession has been
able to give us lately, we have got a lot to be thankful for. And ob-
viously part of it is the spirit with which families like yours go at
this. So I have tremendous admiration for you, and I appreciate
very much your willingness to come forward, because it helps us
make the case that there is something very important, which is the
quality of people's lives, quality of children's lives at stake here,
and that the legal liability system has gone out of control. A system
that was based on some reasonable and noble purposes has gone
to extremes which now turn it back on families liJke yours.

I just cannot thank you enough for coming forward. I wish you
the best.

We are going to hear now from Peggy Phillips of Falls Church,
Virginia. Thanks very much for coming.

TESTIMONY OF PEGGY A. PHILLIPS,* FALLS CHURCH, VA
Ms. Phillips. Mr. Chairman, my name is Peggy Phillips. I am

grateful for having the opportunity to appear before you today
Senator Lieberman. Ms. Phillips, try to pull that mike as close

as you can. Thanks.
Ms. Phillips. Is that better?
Senator Lieberman. Yes.
Ms. Phillips. —and share with you how a medical device known

as an Automatic Implantable Cardioverter Defibrillator (AICD) has
impacted my life.

The AICD monitors the heart and resuscitates you when you ex-
perience sudden cardiac death.
November 16, 1986, started off as a normal day. At the time, nor-

mal for me was getting up about 5:30 a.m., working all day as
Chief of Congressional Affairs for the Air Force Surgeon General,

1 The prepared statement of Peggy A. Phillips appears on page 136.
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going to law school in the evening, getting home about 10:00 p.m.

and working until midnight or so on office work or school work. I

was used to the pace because I also went to undergraduate school

in the evening while working full-time on Capitol Hill. I am sure

this is similar to the schedule of a United States Senator.

However, on November 26, 1986, my life changed. I am told I col-

lapsed as I walked from my office to my car. I stopped breathing.

I had no pulse. I had no blood flow to my brain. I was clinically

dead.
Fortunately, my car was parked next to a fire house, and I imme-

diately received CPR from the paramedics. I was shocked back to

life with a portable defibrillator and taken to a nearby hospital.

This experience was very difficult to adjust to. I have been very

healthy all my life. In fact, November 26, 1986, was only the sec-

ond time in my life that I was a patient in a hospital. The first

time was the day I was born.

Medical personnel performed numerous tests in an attempt to

find something wrong with me. They found nothing. I was diag-

nosed as experiencing sudden death syndrome and sent home on
medications.

But, life was not the same. I felt fine, but my family and friends

treated me like a piece of fine crystal. I tried to understand what
they were going through. After all, I did not remember how I

looked with the tubes in my throat and nose. I did not remember
the needles in my hands and my arms. I did not remember being
tied to the bed when I tried to escape from the hospital to go study
for my law school exams.
However, I was determined to get back to my old routine. Then

on the morning of December 15, 1986, less than 3 weeks after my
first episode of sudden cardiac death, I experienced a slight chest

pain while sitting up in bed. As luck would have it, my mother was
across the hall and immediately responded to my faint call. As she
entered the room, my eyes rolled back and my head slumped. I had
died a second time. Mom began CPR and called the Fairfax County
Fire Station #18 Advanced Life Support Emergency Team.

I wish my mother could be here today, Mr. Chairman. She is a
very special lady and very determined. It is not often that a woman
saves the life of the child she brought into this world. We should
all have her strength. If anyone could convince you of the impor-
tance of finding some way of sheltering major corporations who
make raw materials so others can advance medical science, she
could.

The Advanced Life Support Emergency Team shocked me back
to life and took me to a local hospital. More tests were conducted,
but no cause for these sudden death episodes could be found. The
doctors were hesitant to discharge me from the hospital. However,
I was determined to get out of there and spend Christmas at home
with my family. So I reluctantly agreed to have an Automatic
Implantable Cardioverter Defibrillator implanted in my stomach.
Following a few minor adjustments, life with the AICD has not

been much different than life before the AICD. In preparing for

this hearing, I wrote down the positive and negative changes in my
life since the surgery.
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The negatives are somewhat silly: I had to get rid of 10 bikinis

and 7 pair of skin-tight jeans. You know, the kind you have to lie

down on the bed to zip up.

In addition, it took a while to get used to the scars, and I was
self-conscious about the defibrillator showing when I wore certain

clothes, like a swimsuit.
Finally, it is inconvenient having to have the battery checked

every 2 months and undergoing surgery every 3 to 5 years to have
the battery replaced.

The positive changes since my surgery far outweigh the nega-

tives: I am able to enjoy life without my family and friends worry-

ing that I am going to die again. I have completed my law degree

and am now a member of three bars including the District of Co-

lumbia Court of Appeals.
I am an active member of the Board of Directors of the Washing-

ton Civic Symphony.
I try to exercise at least 5 days a week, including step aerobics,

jogging, and weights.
I especially enjoy running up the 120 or so steps on the west

front of the U.S. Capitol building, and I have run in 5K races.

I have been a part of the initial response team following some
of the most devastating disasters in the history of the United
States, including Hurricane Andrew and the Los Angeles riots. I

was able to travel to these devastated areas without concern of an
electronic malfunction, thanks to the AICD.

I know that I am lucky to be here today, Mr. Chairman. I was
fortunate on November 26, 1986, when that Air Force sergeant
brought me back to life. He later told me that I was his first save
out of 10 victims.

I was fortunate on December 15, 1986, that my mother was
across the hall. If she had been downstairs attending to my sister

who was recovering from major back surgery, she would not have
heard my call.

I was fortunate that the Fairfax County Fire Station #18 Ad-
vance Life Support Emergency Team brought me back to life.

I was fortunate that doctors like Levi Watkins, Dean, Post-
doctoral Programs, Professor of Cardiac Surgery and Michel
Mirowski, Professor of Medicine, The Johns Hopkins University
School of Medicine, were persistent in developing the AICD, even
though they were criticized by their peers.

I was fortunate that there are companies like DuPont, Dow
Chemical, and others that develop new raw materials used to ad-
vance medical science, and companies like Cardiac Pacemakers,
Inc. that manufactured the device in me.

Yes, Mr. Chairman, I know I am lucky to be here today. But
what happened to me could happen to you or your loved one. Re-
member, I had no medical problems. There was no history of heart
problems in my family. I was a good candidate not to have a car-

diac arrest. But, it happened to me, and to this day, no one knows
why.

Yet, the reason does not seem important now as long as I have
the AICD. But I am concerned how much longer I will have that
luxury when top suppliers of raw materials used in these devices
are pulling out of the business.
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As you can see, I am not a senior citizen. I hope to live another

50 or 60 years.
I have thought about how my life would be without the AICD.

I think it would be similar to being in prison the rest of my life.

And, Mr. Chairman, I do not know if I could handle that.

I consider what happened to me very personal, and I do not like

to discuss it among strangers. I was told that I was one of the

youngest patients to have an AICD implanted in this area. I am
afraid that if people knew what I went through, they would treat

me differently, probably the way I was treated after my first epi-

sode of sudden death, like a piece of fine crystal. While I enjoy fine

crystal, I would prefer to be compared to a tough diamond.
For these reasons, it was difficult to appear before you today.

However, I feel very strongly about the need to examine the liabil-

ity concerns of raw material suppliers.

I am sure you have heard some horror stories of patients react-

ing to particular raw materials, or medical devices that do not op-

erate properly. When I worked for the Air Force Surgeon General,
I too dealt with many medical horror stories experienced by mili-

tary personnel and their families. I have also read some of the legal

cases filed against DuPont and the arguments presented by the
plaintiffs.

However, this is not a perfect world. We need to find incentives

to encourage the advancement of technology in the medical commu-
nity, not discourage it. If Drs. Watkins and Mirowski did not pur-

sue their idea of developing the AICD, I and 50,000 others like me
around the world may not be alive today.

I applaud the major corporations like DuPont, Dow Chemical,
and others who have done so much in the advancement of raw ma-
terials science. And, Mr. Chairman, I sincerely appreciate your tak-
ing the time to hold this hearing today and expressing your inter-

est in this critical issue. Because of my personal interest, I, too, am
working on a legal paper, trying to defend these major corpora-

tions, and your hearing will certainly help advance that.

That concludes my remarks this morning, and I will be happy to

answer any questions you may have.
Senator Lieberman. Thank you, Ms. Phillips. Again, I thank you

for doing what is not easy and is awkward, which is to tell your
story publicly. To me it is literally a phenomenal story and has all

the elements of a miracle that perhaps we take for granted these
days, but it goes right along with the Reilys' story. I find you, like

them, to be an inspiration, really, and the most vivid indication of
why it is so important to protect this industry so that others can
continue to experience the miracle. I thank you, and we will have
some questions afterward.
Now we have three doctors who are making these miracles occur.

Dr. J. Donald Hill is the Chair of the Department of Cardio-
vascular Surgery at the California Pacific Medical Center. Dr. Hill,

thank you for coming all the way out here. We look forward to your
testimony.
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TESTIMONY OF J. DONALD HILL,1 CHAIR, DEPARTMENT OF
CARDIOVASCULAR SURGERY, CALD70RNIA PACIFIC MEDI-
CAL CENTER, ON BEHALF OF THE BIOMATERIALS AVABL-
ABILITY COALITION

Dr. Hill. Thank you, Mr. Chairman.
I am Donald Hill. I am a heart surgeon, and I am here with Dr.

Stulberg representing a coalition of medical societies to address the

biomaterials availability issue. We represent our profession but,

more importantly, we are speaking as an advocate of the patient.

I will not reiterate to you how we came to these crossroads in

the availability of medical devices. Suffice it to say, being a sup-

plier of raw materials for medical devices is not a good business to

be in, and many are getting out. The exact extent of the problem
is not yet completely denned, but on a daily basis it seems to be
increasing without an alternative or practical solution.

Now the medical community can no longer treat this as some-
body else's problem. Our patients are going to be affected in as lit-

tle as 18 months when the supply of Dacron, as you have heard,
for example, runs out. Our shortages in other areas will surface in

2 to 3 years.

My only goal here today is to provide you with information on
the direct effect these shortages will have on the public who re-

quire permanent implants which contain these materials, even
though they may be present in minute quantities.

So how many types of materials and what types of implants will

be involved? Everybody will eventually be affected—you, me, your
family, and your community. In my own specialty of heart surgery,
it is estimated 700,000 patients per year needing implants will be
directly affected, and another 1.7 million indirectly. This includes
the following:

35,000 people per year need artificial heart valves to replace
their defective valves. You have already seen demonstrated this

valve has this tiny cuff of Teflon fabric on the edge which is used
to suture it into the heart. Patients who need this valve, have a
natural life prognosis of about 1 to 4 years if they don't receive it.

With it, they have, we know now, at least 3 decades of a quality
life. Not only that, the suture material that we use to sew it into

the heart is made of these same kinds of material.
140,000 patients per year need pacemakers to maintain their

heart rhythm. You were also demonstrated a pacemaker. It has
many materials in it, one of which is a minute amount of Teflon
to help protect the inner surfaces and also to protect the battery.
Without Teflon, they will not be able to produce these kinds of
pacemakers. These pacemakers allow people to live perfectly nor-
mal lives. They change heart rates of 40, 30 or into heart rates
of 70, which is perfectly adequate to have a normal life.

35,000 patients per year needing implantable defibrillators, as
you have just heard presented. Here is one of these defibrillators.

They are slightly larger than we would like to see, but with new
ones, they will become smaller. This defibrillator has a special
meaning to me. Two days ago, a professional colleague of mine vis-

iting San Francisco from the East sat beside me for 6 hours in a

1 The prepared statement of J. Donald Hill appears on page 138.
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small, intense technology discussion with six other people. He went

back to his hotel and had a cardiac arrest. Luckily, somebody was

around to resuscitate him and call 911. He is fortunately OK today,

and his brain is OK, but he will no doubt get one of these, probably

next week.
Senator Lieberman. As I understand these, when the heart—are

these performing a regular function, or do they just go into effect

when the heart fails?

Dr. Hill. They go into effect when the heart fibnlates. With this,

you do not have to dial 911. You do not need a paramedic. It does

all those things for you. It is the ambulance built into you.

Senator Lieberman. That is amazing. And it is made to essen-

tially respond at the moment of crisis.

Dr. Hill. What it does, inside of you is watch your heart every

second of every day. When it does not receive the electrical infor-

mation it wants from your heart, then it does what it has to do,

and that is electrically bring your heart back into a normal

rhythm. And not only that, it records what happened so that a phy-

sician can examine the details of the arrest afterwards.

Senator Lieberman. Amazing.
Dr. Hill. 230,000 patients will need vascular grafts, which you

have already seen a demonstrated, this material has now been

around for 30 years. It has an impeccable history of beinff useful

in the medical profession. There is nothing to replace it, and there

are millions of people to testify to its good use. It is used for ob-

structed vessels in your neck, in your heart, in your abdomen, in

your legs. Everywhere in your body it is used.

In brain surgery, as you have already heard, there are 75,000

people per year who receive these little silicone shunts. Without

these, these children—it is mostly children—will go on to be insti-

tutionalized permanently with brain damage with no likelihood

that they will ever get out of the institution. They do not die. They
just continue to live in a semi vegetative state.

In urology, a variety of 2,500 incontinence devices and 50,000

penile implants are used each year.

In one's eyes, the simple act of being able to see where you are

going and what you are eating, more than 1 million people per year

have these tiny, little silicone implants that allow them to see and
to conduct a normal life. Three thousand shunts each year are im-

planted in patients eyes who have glaucoma, which is an abnormal
pressure in your eye. Retinal detachment, a misfortune that strikes

young and old alike, 25,000 people per year.

The vast majority of these patients with medical implants will

return to a productive life, and I am confident that in this room
alone there are people or members of their families who have been
or will be the beneficiary of some of these therapies.

These numbers are pretty sobering, and I have not reiterated all

that there is. Many of my colleagues in my own specialty of cardiac

surgery have dismissed this problem as impossible because of the

huge effect it would have on patient care. They cannot conceive of

any scenario in which this would come to pass. Nonetheless, it is

happening.
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What are the cumulative effects of the shortage? Certain patients

will die in large numbers. Other patients will not die, but will have
unnecessary pain and suffering and a poor quality of life.

The cost of health care will go up. Physicians will continue to

treat their patients but will do so with less effective and more ex-

pensive technology reintroduced from the past.

We will have to spend 10 years searching and developing new
biomaterials, only to have them face the same liability risks that

exist today. Capital for innovation will be in short supply because
medical device manufacturers will be viewed as an industry that

has an unaddressed, unique societal problem—deep-pocket-moti-

vated litigation.

Large companies who are able to pay the costs of indemnifying
polymeric raw materials suppliers will gain a monopoly of the mar-
ketplace that will be more valuable than a patent position. Most
device innovation originates in small companies, so the opportunity
to extend the art and craft of medicine will suffer or come to a
standstill, as widespread competition in the marketplace winds
down.
The medical community has no motive to create an artificial cri-

sis, as has been suggested. Our desires are twofold: First, we wish
to effect a solution which will not interrupt the ready supply of cur-

rently available, high-quality implantable medical devices for our
patients; and, second, we wish to promote the innovation of worth-
while new devices.

It is certainly true that need spawns innovation. But since the
problem we face is societal in nature, any need-driven technical so-

lution would face the same product liability dilemma. Substitutes
are not the solution. They are a Band-aid. There must be a balance
struck between protecting the consumer against poor products and
not penalizing the rest of society who needs medical products to en-
hance both the longevity and quality of their lives. A legitimate
business decision by manufacturers of raw materials used in medi-
cine, which is often a small fraction of their overall business, is

now destined to have a huge effect on the public. How far back in
the chain of participation does the responsibility to the patient lie?

There is something wrong with a societal process which results in
the outcome we now have.

Solutions are not easy, but the medical community is unified in
their support of maintaining the authority and thoroughness of the
FDA in their role of controlling the safety and effectiveness of any
device used in patients. We applaud any improvement in the FDA
process but would resist shortcuts in the approval process.
We ask the members of this Committee and the Congress to be

creative in a solution that will serve all parties, and we also ask
that they act quickly because we do not have time on our side.

Thank you, Mr. Chairman.
Senator Lieberman. Thank you, Dr. Hill. Again, you make a

point, just to clarify for the moment, that not all, but most of these
devices are approved by the FDA.

Dr. Hill. They are all approved by the FDA. Many of them for

decades.
Senator Lieberman. Right. Am I right? The reason I said most

if not all—you correct me if I am wrong. I was under the impres-
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sion that some had been grandfathered, so to speak, which came
out earlier?

Dr. Hill. Yes, many are. For example, these graft materials were
grandfathered after the Rogers Act in 1976. From then on, every-

thing had to be approved. You can receive a retroactive approval

if you can demonstrate that a device is substantially equivalent to

one from before 1976. That is an FDA decision. They would make
the decision.

Senator Lieberman. And in the overall product liability reform
bill that we have before the Senate, which we have now negotiated

an agreement and will come up on the floor toward the end of

June, the third week in June, there is a provision that would not
protect manufacturers or others involved from liability for any neg-
ligence if the product had been approved by the FDA because it is

still possible there might be problems with it, but at least it would
protect them from so-called punitive damages beyond, to simplify,

out-of-pocket costs.

Dr. Hill. Well, it would show that they had probably been re-

sponsible in the process by which they did approve it.

Senator Lieberman. That is the point.

Dr. Hill. But it does not stop a person's or society's right to sue
them.
Senator Lieberman. Right. Thank you, Dr. Hill.

Dr. Stulberg from the Cleveland Center for Joint Reconstruction,
thank you for being here.

TESTIMONY OF BERNARD N. STULBERG,1 CLEVELAND CEN-
TER FOR JOINT RECONSTRUCTION, ON BEHALF OF THE
AMERICAN ACADEMY OF ORTHOPEDIC SURGERY
Dr. Stulberg. Mr. Chairman, my name is Bernie Stulberg. I am

an orthopedic surgeon, and I am pleased to say a few words to you
on behalf of the American Academy of Orthopedic Surgery.
Our specialty deals with medical care of the musculoskeletal sys-

tem and has more than a 40-year history of using implantable
medical devices. Our field has been characterized by intense basic
and clinical research into the performance of such devices, and has
been able to substantially improve the quality of life of our patients
because of these devices.

I believe that we can offer a perspective to this recent concern
relating to the availability of basic materials for the manufacture
of devices that are used for biological implantation, and I hope that
it might prove of some benefit in your deliberations.

There are three basic messages from this perspective:
The first is that any implantable device that is subjected to

stress has the potential to fail over time. This is particularly true
for devices used in load-bearing applications.

Secondly, the failure patterns of devices used in load-bearing ca-
pacity is usually multifactorial, involving varying contributions
from device-related factors, technical factors of implantation, and
biological factors, including patient usages.

Thirdly, the risk to our patients, our specialty, and to the Amer-
ican manufacturers of the products we use is quite substantial if

1 The prepared statement of Bernard N. Stulberg appears on page 139.
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we equate device failure with inadequacies of the base materials

incorporated into these devices. Until such time as new mecha-
nisms for device evaluation prior to and after implantation are de-

veloped and applied routinely, statutory protection will be nec-

essary to protect suppliers of base materials. These new mecha-

nisms will require the combined efforts of scientists, manufactur-

ers, regulatory agencies, and clinicians to establish processes of

evaluation that limit the exposure of patients to what ultimately

become poorly performing implants.

While the base materials that have been pulled off the market
by DuPont and Dow Corning have only a small impact on the or-

thopedic marketplace, we do have a number of materials that we
presently use in orthopedics for a variety of applications that might
be placed in similar jeopardy if the suppliers of these materials

choose to withdraw from the medical marketplace. Perhaps our

most exposed material is that of ultrahigh molecular weight poly-

ethylene, an important component of prostheses used for artificial

joint replacement.
Approximately 450,000 patients per year undergo replacement of

the hip or the knee joint in the United States. Each of these has
a portion which is fabricated from a high-strength metal, which ul-

timately mates to a surface of ultrahigh molecular weight poly-

ethylene. I think it could be of help in understanding our concerns

if we could use the example of hip replacement devices.

Total hip replacement surgery is used to treat end-stage arthritis

of the hip joint, used to treat fractures to the upper part of the
femur, problems related to blood flow abnormalities of the hip, tu-

mors involving the hip joint, and a host of other applications. It

provides predictable pain relief and substantial improvement in the
function of the joint and allows restoration of the patient's quality

of life. Approximately 60 percent of these procedures are performed
in patients over the age of 65. The operation itself is performed
about 250,000 times a year.

The area of greatest concern at the present time with hip re-

placements is the wearing of the polyethylene portion of the re-

placement. Prior to 1968, devices used for hip replacement looked
much like this device: a large ball mated to the patient's own sock-

et cartilage. This proved less satisfactory in that it wore the car-

tilage and could actually wear through the bone. In addition, it was
not predictably anchored to the bone itself.

The hip replacement represented by this device was initially

made of stainless steel, and it was mated with an all-plastic compo-
nent, which was of ultrahigh molecular weight polyethylene. These
components were anchored to bone using bone cement. With time,

we found that some of the devices were not strong enough, and new
materials and processes to manufacture the metal alloys were de-

vised. Now most components are made of either titanium or chrome
cobalt alloy implant.
We also discovered that cement could become brittle, fragment,

and cause debris, leading to excessive bone loss and accelerated

wearing of this plastic. In addition, the plastic could wear just from
the movement of the parts. Thus, we moved to newer devices that
would address these problems. These required substantially greater
sophistication in manufacturing, metallurgical processes to manu-
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facture these devices, and newer ways to use the polyethylene.

These approaches have resulted in markedly improved devices, im-

proved predictability of the operation, and so much so that the indi-

cation for the use of these devices has expanded. Indeed, many of

these devices can be placed in patients where the stresses on the

devices are greater than ever have felt to be reasonable for these

devices, and probably none more notable than that placed in a fa-

mous baseball player.

Polyethylene is still an extremely important component of these

devices. We have had to try new approaches to try to anchor it di-

rectly to the bone. It turns out these approaches have had a nega-

tive impact on the performance of this device from a clinical stand-

point, even though the initial laboratory testing suggested they

might perform equally well, if not better. In one series, we have
seen evidence of wearing of this particular device in as many as 50
percent of the patients by 7 years, a rate of wear that is nearly

twice as fast as what we were experiencing previously.

Now, at present, the supply of this polyethylene is from two
sources. The percentage of the polyethylene that the manufacturers
produce that goes to the medical marketplace represents about one-

half of 1 percent of its total output. If for liability reasons the man-
ufacturers were to withdraw from the medical marketplace, we
would be forced to return to approaches used before 1968. This
would have the impact of undermining the $10 billion industry as-

sociated with joint replacement activities, would likely drive most
of the industry offshore, and might make us entirely dependent on
manufacturers outside the United States.

The point we wish to make is that none of the materials we use
is perfect. As we identify problems in certain applications of these
materials and address them directly, we run the risk of compromis-
ing performance of other aspects of the devices. There is likely to

be either a biological or biomechanical consequence, or perhaps
both, to each material we use in a biological environment. It is

clear that there are factors relating to device failure that physi-
cians may not be able to completely control—the biological factors

such as infection, rejection, or corrosion. But there are also factors

that clearly can be controlled by the physician, such as the implan-
tation of appropriate components in the appropriate patients and
in the proper position. There are also steps that must be taken by
the manufacturer, such as qualification of the materials selected to

be placed in devices, proper shaping of the devices and proper char-
acterization of the devices and their materials after devices have
been fashioned.
Each of these areas has an impact on how that material will per-

form once it is implanted.
We believe it is important to identify those areas of the medical

industry that have this precarious relationship of high risk with
low return, and to provide them with statutory protection. It will

be similarly important to work toward newer methods to predict
and ensure safety of devices over extended periods of implantation
and to provide a cooperative regulatory environment that stimu-
lates their development.
Thank you very much, Mr. Chairman.

DR
.R

UP
NA

TH
JI

( D
R.

RU
PA

K 
NA

TH
 )



35

Senator Lieberman. Thank you very much, Dr. Stulberg. I look

forward to coming back to questioning you.

Finally, Dr. Galletti, who is Professor of Medical Science at

Brown University. Thank you for being here.

TESTIMONY OF PIERRE M. GALLETTI, 1 UNIVERSITY PROFES-
SOR AND PROFESSOR OF MEDICAL SCD3NCE, BROWN UNI-
VERSITY, AND PRESIDENT, AMERICAN INSTITUTE FOR MED-
ICAL AND BIOLOGICAL ENGINEERING

Dr. Galletti. Thank you, Mr. Chairman. My name is Pierre

Galletti from Brown University in Providence, Rhode Island, where
I am the head of the Artificial Organs, Biomaterials and Cellular

Technology group. Since 1957, I have been involved in artificial

organ and implant research first at the Cedars of Lebanon Hospital

in Los Angeles, then at Emory University in Atlanta, and lastly at

Brown University.

I speak here as president of the American Institute for Medical
and Biological Engineering, an umbrella organization which in-

cludes 320 elected fellows who are the senior scientists in the field

from academia, industry, and Government; 46 university-based
programs in biomedical engineering; and 12 specialized

bioengineering societies with about 20,000 members. The institute

was established for the purpose of unifying the bioengineering com-
munity and promoting the engineering approach for enhancing
health and quality of life through innovation and appropriate use
of technology. The institute focus is on development of public pol-

icy. We have concluded that the recent embargo on biomaterials
used for the fabrication of implantable devices is a major public

policy issue which threatens the care of critically ill patients, en-
dangers innovation and scientific progress in basic and clinically

oriented research, and affects competitiveness and employment in

an industry segment in which the United States currently has the
undisputed leadership.
Our position and our perspective on the biomaterials crisis is ex-

pressed in a letter to the editor of Science Magazine published in

today's issue of that journal, and allow me to quote a few words
from that: ".

. . materials which are reasonably biocompatible
with use in the human body . . . are . . . increasingly difficult to

obtain from primary producers and may soon disappear completely
from the U.S. scene. The reason is that chemical companies such
as DuPont, Dow, Dow Corning and others have determined that
unpredictable and excessive liability costs of doing business with
manufacturers of medical devices no longer justify unrestricted sale

of standard polymers to these customers. Under current U.S. prod-
uct liability laws, any remote supplier of commodity materials can
be joined in lawsuits involving medical products which are alleged
to have failed unexpectedly, not lived up to expectations, or caused
complications."

Since the sales of such materials represent but a tiny fraction of
the business of chemical companies, but account for a major part
of their legal costs, it is more expedient for them to opt out of the
medical device market.

1 The prepared statement of Pierre M. Galletti appears on page 141.
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This embargo, which already affects the main source of

fluorinated polymers such as Teflon, polyacetals such as Delrin, sil-

icone compounds, polyurethanes and polyesters such as Dacron, is

progressively extending to other elements of medical devices. For
instance, the small but essential amount of Teflon powder which
enters into the fabrication of batteries for cardiac pacemakers, the

electric components of such devices, as well as the specialty metals
used for pacemaker casings and joint replacement prostheses. The
resulting crisis could bring to a halt the fabrication of implantable
devices in the U.S., resulting in a shortage of widely used, FDA-
approved devices on the U.S. market, inadequate treatment for

thousands of patients, and the loss of jobs in a major sector of U.S.
industry. Other potential consequences include a shortage of mate-
rials for artificial organ and cell transplantation research, the loss

of engineering and medical expertise as material fabrication and
clinical trials are shifted abroad—that is currently the case—the
closing of career opportunities for graduates of U.S. training pro-

grams, and a diminished incentive to develop new materials since

the know-how of industry is needed to assure quality-controlled

production.
This is a complex situation which increasingly resembles the cri-

sis already faced by the U.S. small aircraft manufacturers, most of
whom have gone out of business or bankrupt because of liability

losses. The same crisis and the same fate threaten the U.S. medical
device industry.

In the short run, the most effective remedy would be to change
tort law to bar product liability claims against remote suppliers of
off-the-shelf commodity materials and components of devices which
have received FDA approval. The entire liability burden would
then fall on the device manufacturers, who could decide whether or
not to produce a device.

Better solutions may be generated through discussion with all in-

volved parties. However, a temporary resolution is urgently needed
if we are to avoid a shortage of chronic implants for critically ill

patients.

I would like now to dispel some common misconceptions that re-

late to the field of biomaterials for chronic implants and conclude
by suggesting some steps that could be taken to alleviate the im-
pending crisis.

First, some facts to keep in mind when addressing this issue:
The overwhelming majority of materials incorporated into chronic
implants are standard, commodity plastic, metals or ceramics wide-
ly used in non-medical products. The term biomaterial is only justi-
fied inasmuch as these materials meet definite, stable specifica-
tions and are processed and potentially modified to fabricate
implantable or blood-contacting devices. Therefore, clinical bio-
compatibility characterizes the entire assembled device and cannot
be assumed from its constituent materials.

Second, there is no such thing as a universally biocompatible ma-
terial for all applications. The very same polymers which function
satisfactorily in one type of implant—such as the Teflon mesh in
the suture ring of a cardiac valve that we have heard about—can
prove disastrous in other applications, for example, the same Tef-
lon in the articular surface of a temporomandibular joint.
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Third, the quality and reproducibility of polymeric materials

used for chronic implants—such as Dacron® polyester for vascular

grafts—is directly related to the amount produced and the experi-

ence of the manufacturer. Since the quantities used for medical de-

vices are vanishingly small compared to other industrial applica-

tions, it is not surprising that reliable materials have largely been
obtained from major suppliers of chemical products developed for

non-medical uses. It is not impossible to fabricate reliable polymers

on a small scale, but the cost will be orders of magnitude higher

than is presently the case.

Finally, we should not forget that the body environment is warm,
humid, and corrosive, and that under such harsh conditions, some
degradation is unavoidable in chronic implants. Unrealistic expec-

tations all too often cloud our evaluation of replacement parts for

the human body. Wear and aging affect the implant as much as

they affect the person who receives it. The concept of a permanent
failure-proof device is an ideal to strive for, but it is currently

unobtainable. In this regard, it is paradoxical that we should hold
chronic implants to a higher standard than drugs, where side ef-

fects and failure to achieve the desired effect are, within limits,

broadly accepted.
What recommendation can I formulate to meet the biomaterials

crisis? Ideally, measures should be taken to convince remote suppli-

ers of commodity materials or components for medical devices to

keep them available to the U.S. medical device industry. This may
require a narrowly defined change in the law to provide relief or

remedy for ultimate liability claims against providers of standard,
off-the-shelf elements of approved devices.

Second, the National Institute of Standards and Technology
could undertake collaborative programs with industry to target
R&D and create a strategic reserve of materials which are essential

for the manufacturing of medical devices and have proven life-sav-

ing for critically ill patients. This would establish reliable sources
of standardized, specifications-meeting, quality-controlled commod-
ity polymers designed to interact with blood or other body tissues.

Third, the Food and Drug Administration, in concert with other
Federal agencies, should build on the data bases which will result
from the federally mandated medical device tracking system to de-
velop a national implant data retrieval and analysis structure.

Such information will allow statistically valid evaluation of chronic
implants, and the materials and components thereof, and provide
a perspective on patient-related versus device-related failures,

which are often confused.
Lastly, the National Institutes of Health should prioritize pro-

grams that expand the science underlying the clinical use of chron-
ic implants. This would include the mechanisms of degradation of
biomaterials, the fundamental processes of the interactions be-
tween materials and body tissues, the individual and species-spe-

cific difference in bioreactivity to materials, and the development of
non-invasive implant monitoring techniques applicable to man.

Hopefully out of the present crisis will come better insights into

the success and failure of implants, better rehabilitation of criti-

cally ill patients, and preservation of therapeutic approaches for

which there are currently no substitutes.
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Thank you for the opportunity to express these thoughts to you

Senator Lieberman. Thank you, Dr. Galletti, and thank you for

those specific and I think very constructive, thoughtful suggestions

at the end. I would tell you that the legislation that we have re-

leased in draft form this morning follows quite directly the sugges-

tion that you make for a legislative remedy, but I think your other

suggestions are quite good as well. And I would invite members of

the panel and anyone else here or within hearing to take a look at

the proposed legislation, and I would welcome your advice on it.

There are a lot of different ways we can go at this. I will intro-

duce it as separate legislation. I might introduce it as an amend-

ment to the product liability bill when it comes up. And, in fact,

I might well introduce it as an amendment to the health care re-

form legislation when that comes up, because this is so fundamen-

tal to the quality of health care.

Anyway, I wanted you to know, Doctor, that I appreciate your

suggestions.
I have just a few questions for this panel because your testimony

has been excellent. Perhaps I would ask Mark and Peggy, one of

the things that has struck me as I have gotten more deeply into

this problem now, or crisis, is the number of people who are bene-

fiting from implanted medical devices, and the testimony of Dr.

Hill documented that. I saw one total number that suggested there

are almost 7.5 million people in this country with one form or an-

other of medical device that is sustaining their quality of life, if not

their life itself.

I wonder, have those who are users of the devices begun to orga-

nize as advocacy groups, particularly in response to this crisis, or

just generally to share experiences and be mutually reinforcing?

Maybe, Mark, you would start.

Mr. Reily. I would say, yes, they are beginning to organize and
have probably been aware of the problem for perhaps about a year.

And there are already groups that are formed for hydrocephalic pa-

tients in Thomas' case. So, yes, they are getting together, and they

are starting to form. Obviously their focus is on trying to alleviate

the problems we are talking about today.

But I would say it is at an early stage.

Senator Lieberman. Ms. Phillips, do you want to add anything?

Ms. Phillips. I am not aware of any for the AICD or heart de-

vices. I do know that at Washington Hospital Center, where I had
my device implanted, they have a support group. Unfortunately,

the meetings are during the day, and I am not able to go since I

work full-time.

Senator Lieberman. Right.
Ms. Phillips. But they perhaps would be a good network to start

looking into something like that.

Senator Lieberman. And if I remember correctly, you said that

to your knowledge there are approximately 50,000 people in the
country who have the AJCD's, the automatic defibrillators?

Ms. Phillips. Yes, sir. That is around the world.
Senator Lieberman. Around the world.
Ms. Phillips. Yes, sir.

Senator Lieberman. OK
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Dr. Hill and any of the other doctors, let me ask this question.

We have been talking, I think appropriately so, about medical im-

plants in a very positive way because of the obvious effect, positive

effect they have had on the lives of people who are here and mil-

lions of others who are not here. But we also know from some high

visibility cases that sometimes implants do not work, and the most
notable case that may be in the mind of the public now is obviously

the breast implant cases.

I wonder if any of you would want to talk about those to distin-

guish those from the cases we are talking about. I know, for in-

stance, that the breast implants did not receive FDA approval, so

that is one significant differential from the cases we are talking

about now. But are there any other points of distinction for people

who may be listening to the hearing?
Dr. Hill, do you want to start?

Dr. Hill. Well, one of the examples I could give, perhaps, is in

reference to the valve, and from the standpoint of the manufacturer
and the physician, this is a uniquely designed valve. And if the de-

sign was wrong or the manufacturing was wrong, that would be a
unique responsibility of the manufacturer and not related to the

primary biomaterial.

We would not want to see—the medical profession would not

want to see anything happen that would change the responsibility

of the manufacturer to what he does and how well he does it. That
is absolutely crucial, and when a bad product arises, whether or

not it was from human error, intentionally or unintentionally, it

has to be corrected, and there has to be recourse from society for

their damages.
However, when there is no human error involved and when it

goes back up the chain, I do not believe and I do not think most
of the people in the medical profession believe that those people
can be held accountable. The only thing that they should be ac-

countable for is that the material that they sell you is what they
say it is and that they tell you everything they know about it. And
then it is the responsibility of the manufacturer of the material to

be sure to qualify it to be what it is and then to use it and qualify

it in medicine. And if that manufacturer does not properly qualify

it, he should be held accountable. But the responsibility, I believe,

has to start there.

Senator Lieberman. I think you stated it very well. None of us
is trying to protect a manufacturer or, indeed, a supplier from li-

ability or responsibility for doing something negligently. It is the
excess here and the going up to the chain to people who have met
the specification. I think that is an important point.

Dr. Hill. There is one other point that might be made, because
of the success of technology in the last 40 years, the public has an
expectation that we can always do everything and nothing should
go wrong.

Senator Lieberman. Right.
Dr. Hill. Even without human error or misjudgment, things will

sometimes go wrong. When they do, it is because technology has
a limitation of what we can do, and when we bypass that limita-

tion, sometimes patients are injured.
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Senator LlEBERMAN. Yes, absolutely, and that really was my sec-

ond question to invite you to talk about. I think our discussion ear-

lier—these are miraculous. I think when sometimes we are in the

middle of an experience, obviously you do not appreciate it. When
the history of this time is written and there have been so many re-

markable achievements in our time, I think as you look across the

span of history, some of this work that is being done will be seen

as the most remarkable of the achievements in the sustaining of

life by essentially artificial devices that are implanted as a result

of our knowledge.
On the other hand, because these are such phenomenal achieve-

ments and miraculous achievements, there remain elements of risk

associated with those. And I appreciate what you said just now. I

do not know if there is anything more to say about it, Dr. Galletti

or Dr. Stulberg, but clearly when patients—you know, Ms. Phillips

did not have much of a choice, really. And thank God everything

worked out well. But how do we describe the risks to patients as

they come to this point?

Dr. Galletti. Maybe we have to teach patients that none of

those devices will render them immortal. There is a sort of an idea

that if you can replace every part of the body which fails, one after

the other, we will become like an old DC3 which is made entirely

of spare parts and keep flying 25 or 50 years after it was first built.

That is not true. We are aging. There is an inexorable process of

wear and tear in the human body, and putting devices in the

human body will not interrupt that process. It will repair or control

acute accidents which occur in the course of life, but eventually

there is not much we can do about the final decay of our body
structures. And I think we have to remain realistic.

But with all of the emphasis on the miraculous aspect of some
of those devices, which is absolutely correct, at the same time we
have to be careful not to raise undue expectations.

Senator Lieberman. Dr. Stulberg, do you want to get into this?

In some sense, we think of the work that Dr. Hill may do with the

heart valve implant as much more directly related to immediate
life and death as opposed to joint reconstruction.

Dr. Stulberg. Right.

Senator Lieberman. So the decision for you and your patients

may be somewhat more complicated.
Dr. Stulberg. I just would like to underscore two points that

have been made. One is that there is a difference and the medical
population perceives a difference between a supplier of a material

and a manufacturer of a device. While the device itself represents

use of a particular material that has been tested, it must be tested

as a device as well.

The second point from an orthopaedic perspective, most of our
devices are implanted for long periods of time, and these devices

see stresses in weight-bearing joints that can be easily 3 to 5 times
body weight, cycling a million times a year. So these devices see

enormous stresses, and it is not that scientifically they have not
been looked at. It is just that biological environment may change
the way they behave, and you cannot always predict that. So it is

going to be necessary as well to look at ways of documenting 10,
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15, 20 years down the road how devices are performing, and we are

not good at that yet.

Senator LiEBERMAN. I do not have any further questions. Mr.
Reily or Ms. Phillips, do you want to add anything based on what
you have heard?
Ms. Phillips. Mr. Chairman, I have a list that was given to me

of some materials used in implantable medical devices that are

going to be subject to withdrawal that I would be happy to provide

for the record.

Senator Lieberman. I appreciate that, and we will print it in the

record. 1

Ms. Phillips. The suppliers include Dow and DuPont and some
of the materials are Dacron and Teflon. The list also shows what
they are used for.

Senator Lieberman. Let me thank all of you. This panel has
been very helpful, and I appreciate very much that you came for-

ward. Mr. Reily, I do not know how much time you have in Wash-
ington or whether you have been here before. I do not know what
the exact nature of the bribe was, but I would tell you that the Na-
tional Zoo is a great place to visit when you are here.

Mr. Reily. Thank you very much.
Senator Lieberman. Kids love it.

Thanks very much. Good luck. God bless you.

Senator LiEBERMAN. The final panel, final witness, will be
Kristen Rand, counsel for Consumers Union. Ms. Rand, thanks for

your patience in coming on as the last witness. We appreciate your
being here, and we look forward to your testimony now. We know
you have a somewhat different view of the general subject of prod-
uct liability reform, but we wanted to give you an opportunity to

be heard this morning.

TESTIMONY OF M. KRISTEN RAND,2 COUNSEL, CONSUMERS
UNION

Ms. Rand. We appreciate that very much, Mr. Chairman. I am
Kristen Rand. I am counsel in the Washington office of Consumers
Union. We are the publisher of Consumer Reports Magazine.

I am testifying today also on behalf of Public Citizen's Congress
Watch and the Consumer Federation of America. All of our organi-
zations appreciate the opportunity to share with you our views re-

garding the problems of medical device materials suppliers.

Consumer access to safe, effective medical devices is of great con-
cern to all of our organizations. We recognize that many people's

health and even lives depend on the continued availability of well-
designed and safe medical devices. We are also aware of the prob-
lem of manufacturers refusing to supply raw materials that are
critical in the production of a variety of devices. And at least one
of my colleagues from the consumer community has met with a de-
vice manufacturer to explore this issue.

We are committed that if there is a danger that consumers will

be denied access to safe medical devices because of the lack of
availability of raw materials that is indeed a problem, and we

1 See page 154.
2 The prepared statement of M. Kristen Rand appears on page 143.
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would like to work with you to find a solution to this problem. But
before we rush to implement changes that might seriously affect

device regulation or the civil liability system, we need answers to

the following questions: Does a problem really exist? And this hear-

ing has gone a long way towards convincing me that this is a real

problem. And if it is, what exactly is the scope of the problem? And
what remedy is warranted?
We just want to make sure that any remedy implemented is not

overly broad and does not needlessly dilute the civil liability sys-

tem. And the reason for our caution is explained by our experience

in the area of medical device regulation.

The past few decades are replete with examples of manufacturers
making assurances to Congress and the public that a particular de-

vice is safe and claiming that its availability is threatened by the

product liability system. When we have investigated these specific

examples, we have almost without fail discovered that the device

at issue is unreasonably dangerous or defective.

This experience has forced us to be skeptical and not accept at

face value the claims made by the device industry and manufactur-
ers.

For example, the Vitek, which has been referred to earlier, was
offered in a past Congress—as a victim of the product liability sys-

tem, it was alleged that it was safe and was being driven off the

market by excessive product liability. We now know that that de-

vice was defective.

I also would just like to say a word about the costs associated
with this litigation in that it is our view that the product liability

system is not the prime source of litigation costs, but empirical
data shows that suits by firms against one another in contract dis-

putes far exceed those of product liability suits. And I would like

to offer this article from the Wall Street Journal to be made part
of the record. 1 The opening sentence states the problem succinctly:

"Businesses may be their own worst enemies when it comes to the
so-called litigation explosion."
Senator LlEBERMAN. Were those contract disputes related to neg-

ligence or
Ms. Rand. No. They are just your standard contract disputes

where businesses enter into contracts, and this actually has a
graph that shows that product liability suits are dwarfed by just
general contract disputes. I think you might be interested in look-
ing at this in more detail.

Senator Lieberman. I think you would agree that in the case we
have talked about, in the DuPont case, clearly the concern of Du-
Pont and the other raw material suppliers here is not related to

contract disputes, but related to their fear about product liability

suits.

Ms. Rand. I understand that, but my point is that we think there
is too much focus on the product liability system when there are
other aspects of the litigation system that deserve scrutiny. And I

would also point out that in DuPont's case, I understand that they
are being dismissed from these suits where they were the supplier
for the raw materials for Vitek and that they must repeatedly show

1 See page 155.
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that they did not know of the danger or that their component was
not defective, and that consumers have that same problem in suits

where they pursue suits involving the same product and have to

repeatedly prove the same facts.

So there may be something there that we could explore that

would address both of those problems.
Senator Lieberman. Obviously I do not disagree that there isn't

too much litigation in this society generally. There is. But that fact,

at least in my response, does not diminish the particular effects

that we have heard described today of product liability litigation.

Ms. Rand. Well, I understand the specific point, and I think that

working together we can probably come up with a narrowly tai-

lored solution that gets at the problem where there is a component
that we know is safe and that there are repeated suits on exactly

the same fact pattern. I think that is what we are talking about.

And the consumer community is not interested in court resources
being expended in relitigating the same issue over and over again,

but we do want to maintain the ability of consumers to pursue law-
suits if there is a reasonable belief that a component or product is

unsafe or defective.

Senator Lieberman. Yes, understood. And, again, not to belabor
it, I want to give you an opportunity to give your testimony. But
there are different ways in which people are consumers. I under-
stand and respect your right to protect—your interest in protecting
the right of consumers who suffer from negligence and negligently
made products to sue and be reimbursed. But obviously Ms. Phil-

lips, Thomas Reily, and millions of others who have the implanted
medical devices that are so important to them are also consumers.
And we want to protect them from the loss of access to those prod-
ucts as a result of fear of suppliers of too much liability litigation.

Ms. Rand. Well, we completely agree with you that consumers'
access to safe medical devices must be maintained, and that is one
reason we are thankful to be part of this process, because if this
really is as severe a problem as it on its face appears, we would
like to work to find the solution. Because, obviously, access to de-
vices that are life-saving is as important as access to the courts if

you are the victim of a defective device.

Senator Lieberman. Absolutely. Why don't you go ahead? I will

try to control my interventions.
Ms. Rand. My testimony walks through some of what has been

proposed in the context of the broader product liability legislation,

and I will not belabor those points. I will just conclude by saying
that the consumer community views civil liability for manufactur-
ing and marketing dangerously defective devices as an irreplace-
able incentive for the production of safe medical devices.
We also think that Federal regulation of medical devices by the

FDA is inadequate. There are many cases of defective devices that
have slipped through the approval process. Therefore, we feel very
strongly that any action designed to remedy problems that device
manufacturers may be experiencing with suppliers must not con-
sist of blanket liability shields. We have not yet had a chance to
look at your draft legislation, and we will be happy to do that and
give you our comments on it. We hope we can engage in a construc-
tive dialogue to find an answer to this problem.
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Thank you.
Senator Lieberman. I thank you, Ms. Rand, and I appreciate the

spirit of your testimony. I would look forward to working with you

and the other consumer groups to see if we can come up with a so-

lution that protects the broadest understanding of the rights of con-

sumers as we have described them.
You know, the continued active role of FDA in all this is very im-

portant, and as you know, the broader product liability reform leg-

islation, S. 687, which is before Congress, does put a fair amount
of emphasis on that FDA approval.

They are not easy. They are there to protect us, and we want to

make sure that those who do not follow the FDA procedures are

in that sense not protected. And, again, I would point out the

breast implant case where the FDA did not grant its approval, and
there are other cases where FDA approval may have been received,

but then other FDA directives were not followed, such as the case

of the injectable bovine collagen which you refer to in your testi-

mony.
But let's agree that we will look forward to your comments on

the proposed legislation. I appreciate the fact that you have been
here all morning listening to the testimony and feel that—I am not
trying to put words in your mouth—at least it appears a case has
been made that you do not want to deny consumers access to these
devices. And I hope we can come to a recommendation and a rem-
edy that we all can agree on. So I thank you for that.

Ms. Rand. Thank you, Mr. Chairman.
Senator Lieberman. I thank all the witnesses. We are going to

leave the record of the hearing open for 2 weeks. We may have
some additional questions for the witnesses. You may have some
additional statements that you would like to put in the record. But,
again, in my opinion, the case is really a clear one that we have
these miraculous devices that are keeping people alive and improv-
ing the quality of life, that these devices are now, by my hearing
of this testimony, definitely endangered by the decisions made by
raw materials suppliers as a result of their fear of lawsuits. And
we simply cannot let this happen. There is too much on the line.

And I am committed to seeing if as part of product liability reform
or health care reform this year that we make sure that we avoid
this crisis and keep people healthy and, incidentally, keep people
employed in this important industry.

I thank everybody for a very constructive morning. The hearing
is adjourned.
[Whereupon, at 12:00 p.m., the Subcommittee was adjourned.]
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APPENDIX

PREPARED STATEMENT OF PAUL CITRON

Good morning, Mr. Chairman and Members of the Subcommittee. I am Paul Cit-

ron, VP Science & Technology for Medtronic, Inc. Among my responsibilities is as-

suring that our company is technologically positioned to develop and produce high
quality innovative products that treat disorders of the circulatory and neurological

systems. Medtronic, by the way, is a leader in producing therapeutic medical devices

to improve the cardiovascular and neurological health of patients around the world.

It has only been 40 years since the first development of medical device technology
which has allowed physicians to effectively replace body parts that have been dam-
aged by disease. A progression of innovative therapeutic technologies have restored
health to millions of patients in the U.S. and around the world.
The brief history of medical device breakthroughs begins in the 1950s when large

diameter vascular grafts permitting the replacement of dangerously weakened major
blood vessels were first developed. In 1958 the first electronic device, the cardiac
pacemaker, was implanted. This revolutionary technology stimulated hearts with
too slow a rate—to a rate approximating normal. With this technology, the heart
was once again able to pump sufficient quantities of blood to meet the majority of
the patients' hemodynamic requirements. Without pacemakers, patients typically

experience sharply limited ability to conduct daily living tasks, suffer from fainting
episodes, and experience premature death. The 1960s saw the emergence of the me-
chanical heart valve as a practicable replacement for defective natural valves. Im-
planted medical devices such as these offered therapy where previously none was
available. In many instances, they offered patients the possibility of saving and en-
hancing their lives. Perhaps the clearest example of the life saving capacity of medi-
cal devices has been the development of implanted defibrillators. This emerging
technology is capable of detecting dangerous heart rhythms which can lead to fibril-

lation—or detecting the fibrillation itself—and automatically delivering a precise
shock to the heart to restore normal rhythm. Carefully selected patients who receive
such devices would have been likely victims of what is aptly known as "sudden car-
diac death syndrome." Instead, they have been able to lead longer productive lives.

But the increasing unavailability of materials used to produce these critical tech-
nologies jeopardizes their future availability.

It is important to note the hostile biological environment in which implanted med-
ical devices must function. The body has created a formidable set of defenses
against foreign materials. The body recognizes these materials as being potentially
dangerous and vigorously sets out to consume, destroy, or isolate them. These de-
fenses work well. Unfortunately, the body does not recognize medical devices as al-

lies and seeks to destroy them as if they were deleterious rather than beneficial.
Only a limited number of specialized materials such as certain polyurethanes, a
small number of other polymers, solid silicone rubber, and an equally small number
of inert metals and exotic alloys have been found, when used in properly designed
devices, to be clinically acceptable for direct implantation and contact with tissue
and body fluids. These materials are used to construct the implant itself or serve
as the protective barrier to shield other components which are not themselves clini-

cally acceptable for implantation. Without such materials therapeutic implants
would not be possible.

As if the requirement of clinically acceptable tissue responses was not enough,
implantable materials must also be biodurable. That is, they must have intrinsic
physical and mechanical properties to withstand the rigors of the application in
which they are used. As an illustration of this, a prosthetic mechanical neart valve
is expected to function flawlessly for the patient's lifetime while being subjected to
wear forces and large pressure-induced forces as it opens and closes. It is not unre-
alistic for a valve to experience in excess of 600 million opening and closing cycles.

(45)
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It must do this without mechanical failure and without substantially damaging
blood cells or causing other serious complications. These are challenging require-

ments which are being met with today's technologies. Even though performance is

excellent, there is room for improvement. The perfect implant has yet to be devel-

oped. The device industry must have access to new and better materials and compo-
nents to continually advance performance and, in this way, improve health care.

The impact of medical devices has been profound and far reaching. A 1994 study
shows over 5.5 million U.S. patents annually are affected by life-saving or life-en-

hancing medical device technology. In the cardiovascular arena alone, oyer 1.2 mil-

lion procedures are performed each year to open blocked arteries with balloon

angioplasty, restore heart rhythms with implanted pacemakers and defibrillators,

provide respiratory and circulatory support during open heart surgery, and repair

blood vessels with synthetic grafts. This industry has global significance and is one
of the few in which the U.S. has a positive trade balance. Current estimates are

that the U.S. medical device industry will produce a $4.1 billion favorable trade bal-

ance on $40 billion in annual sales. The best measure of the effect of medical device

technology, though, is in terms of how it improves and sustains patients' lives. We
must never forget this.

In spite of the enormous contribution medical devices have made to the public

health, the manufacturing of these products is a business that frightens many. This
fear is largely a consequence of the possibility of liability exposure in the event a
device malfunctions or fails. As with other business enterprises, the specter of prod-
uct liability in medicine is peculiar to the United States. Its influence is growing
and is having a chilling effect on innovation. Ironically, the shadow of product liabil-

ity may actually be serving to keep better performing products from the market
rather than being a force for improvement for the following reasons.

First, medical device manufacturers must rely on components and raw materials
manufactured by other firms in order to produce their end-products. The majority
of devices integrate a broad range of technologies. In many instances, these are com-
ponents which are being produced for other commercial applications but have also

been qualified by device manufacturers for use in medical applications. For example,
in order to secure mechanical valves to the heart, a fabric sewing ring must be used.
The valve is quite literally sewn into place by the surgeon by suturing through the
fabric sewing ring into heart tissue. Certain polyester and polytetrafluoroethlene
(PFTE) fibers have been shown to be suitable for this use. To the best of our knowl-
edge, there have been no adverse clinical events associated with the fabric or fiber.

And vet, a key manufacturer of the fibers has notified the heart valve industry that
it will actively discourage the use of its material in permanently implantable prod-
ucts. The company concluded that selling raw material could not be justified in light

of the risk of litigation associated with having their raw material in these valves.
As other witnesses will testify to, raw material suppliers are named in product

liability cases even when they had no direct involvement in the design, specification
or manufacturing of the product, simply because they are another possible source
of compensation. Despite the fact that they are usually able to prevail on the merits,
the cost of proving themselves not to be liable and the negative publicity they re-

ceive far outweighs any revenues they receive for the materials they supply. The
worldwide polyester yarn market is estimated to be over $9 billion in annual sales,
while the implant market for these fibers for the entire medical device industry is

less than $200,000. Analogous ratios exist for other polymeric materials and compo-
nents. Sales to the device industry are relatively inconsequential. On the other
hand, the cost of defending against lawsuits runs into the millions of dollars.
Because of the increasing unavailability of materials and components for life-sav-

ing medical devices, the industry is now engaged in an all-out effort to find and
qualify equivalent replacement materials and sources of supply. To the extent we
are successful, the resources expended on these initiatives will merely get us back
to where we were. We will not have advanced the state of the art. Some would sug-
gest that the departure of the leading specialty chemical companies from selling ma-
terials to implant manufacturers may even lower the overall quality standard of the
portfolio of implantable materials as smaller, undercapitalized and less sophisti-
cated supply sources step in and attempt to fill the void. The flow of new materials
which would permit as yet unmet clinical needs to be addressed will be markedly
slowed. The exiting companies have the laboratories from which future break-
throughs would have likely occurred. This is not to say all progress will cease, but
rather, it will be significantly slowed.
We face a real and imminent danger that high quality life saving and life enhanc-

ing medical devices will become unavailable because critical materials and compo-
nents are made unavailable. For patients, the consequences can be tragic. A remedy
must be found which will provide the protection necessary to assure that suppliers
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will continue to provide materials to manufacturers. Unless such a remedy is put
in place, we will experience inexorable declines in medical device innovation, qual-
ity, global competitiveness, and—most distressingly—the public health as certain
patients are not able to obtain life-saving and life-sustaining technology.

PREPARED STATEMENT OF ELEANOR GACKSTATTER

Mr. Chairman, my name is Eleanor Gackstatter, and I am president and chief op-
erating officer of Meadox Medicals, Inc., a medium-sized U.S. company that employs
600 people. Located in Oakland, New Jersey, Meadox has been privately owned and
operated by William J. von Liebig since 1961.

I appreciate the opportunity to testify here today, Mr. Chairman, on an issue that
threatens the future of dozens of medical device companies and the well-being of
millions of patients the world over. I refer to the impending shortage of raw mate-
rials used in manufacturing many implantable medical devices. This is a major
health care crisis, and time is quickly becoming the enemy for American surgeons
in vascular, cardiothoracic, and general surgery—and, most importantly, the pa-
tients they serve.

Meadox Medicals was involved in the early days in development work using Du-
Pont polyester yarns for implants, as bypasses for arteries. Since that time, the com-
pany has dedicated its efforts to being a specialty manufacturer of products for vas-
cular and thoracic surgery. Through the years, polyester yarns have served this area
of medicine well. Today, nearly 100 percent of Meadox's line of vascular grafts and
fabrics are made of polyester yarns. Research & Development for improved treat-
ment and use of those yarns has been a major focus in the company and is closely
aligned with the requests and demands of the company's customer base—vascular,
cardiothoracic, and general surgeons.

In late 1992, however, medical product manufacturers such as Meadox were given
notice by their polyester yarn suppliers—in our case, Dupont—that by January 1993
all supplies of this material would be stopped. Why? Because raw materials suppli-
ers no longer wish to confront the threat of litigation that can consume millions of
dollars because of products that represent a very small part of their total business.
This is the crux of the present crisis.

Meetings between Meadox and DuPont yielded agreement that a three-year sup-
ply of Dacron® polyester would be provided, based on Meadox's traditional usage of
the material. We must have polyester or an acceptable substitute material, in order
to continue manufacturing vascular grafts and fabrics. Since the time of DuPont's
notification, Meadox Medicals' efforts to find alternative supply sources have been
exhaustive and expensive. Those efforts have also had a huge impact on company
R&D resources.

In 1994, Meadox Medicals, Inc. has budgeted its R & D at double the industry
average, as a percent of sales. A significant amount of those R&D monies are dedi-
cated to polyester yarn replacement. We are spending valuable time looking for al-

ternatives to a material that has served the American public well for more than 35
years. Resources are being taken away from the search for new and better utiliza-
tion of yarns that would yield improved or innovative products.
As a company, survival comes before the future, but how can we measure the loss

created in the future for American surgeons and their patients, by our actions
today? when supplies are vanishing, how can we choose to provide R&D supplies
for future innovative products when the surgeon needs our products to save a life

today?
If you consider the uses of the products Meadox makes, you can easily understand

the importance of the company's commitment to this specialty:

• artificial blood vessels for replacing diseased arteries;
• fabrics for patching holes in the heart;
• cuffs for heart valves so that they can be sutured to the body, primarily with

polyester sutures;
• conduits or tubes so that valves can be placed inside;
• fabrics for repairing hernias; and
• most critically, the vascular graft used to replace a ruptured artery in abdom-

inal aortic aneurysms (AAA).

Aneurysms are the 13th leading cause of death in the United States, and the inci-

dence is rising as the population ages. AAAs kill approximately 10,000 people a year
in the United States. Twenty-four percent die before reaching the operating room.
Only 50 percent of those who do reach the operating room live. At tnis moment of
medical crisis, there is no time for the surgeon to search the patient's own body for
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a replacement artery. There must be an artificial graft on the shelf at that precise

instant, ready to go. If we cannot find a way to resolve our raw materials supply

Sroblem, that shelf may well be empty in the future. We have reason to be.Ueve that

emand for this product will grow. Screening for earlier detection of aneurysms, for

example, has shown that more aneurysms of all sizes were diagnosed from 1971

through 1980 than in the previous two decades.

As a leader, in our segment of the medical device industry, Meadox Medicals is

stepping forward today to inform the public of this supply problem because its major

shareholder determined it was critical—and ethical—to do so. Companies who use

even smaller amounts of these materials for component parts of medical devices

may not have yet felt the crunch. But they soon will. This is an equally troublesome

situation.

Meadox intends to keep working closely with its surgeon-customers as it has

through the years. Internal processing for the most efficient use of its supply of pol-

yester yarn is a major focus. But if there is no immediate or interim solution to this

availability issue, we must all be concerned with the gap being created—the gap be-

tween tho time required to find alternative sources and the time required to do the

testing to show equivalency to the present polyester yarn.

Once testing of alternate materials is done, the time required to win government
approval of those materials can make the process prohibitive, not only for the small

manufacturer but also for the larger manufacturer. If, in fact, DuPont has treated

all manufacturers equally, then all implantable medical device manufacturers have

only lVz years to overcome this crucial gap in time. Meadox has already contacted

more than 15 alternate suppliers worldwide. All were interested, initially, and they

are willing to offer supplies for worldwide distribution—except in the United States.

Their reason is always the same: The risk of liability is too nigh for the size of the

market.
If, through the years, Meadox had been forced to have this level of concern on

liability risk, I hate to think of how many people might not be alive today, or how
many would have a poor quality of life because they would lack the products we
did, in fact, develop. Constant dedication to a very small but specialized area of

medical care has been our company's pride and creed. Included in this are the work
and relationships with our suppliers that have helped us forge ahead into previously

undiscovered areas of innovation. If we cannot preserve that spirit of innovation

today, then time may well be running out for American surgeons and their patients.

PREPARED STATEMENT OF KATHERINE F. KNOX
Good morning. My name is Katherine F. Knox. I am a Business Program manager

in Corporate New Business Development for the DuPont Company. For the last year
I have been helping to coordinate implementation of DuPont's policy on use of mate-
rials in implantable medical devices.

DuPont is the nation's largest and oldest diversified chemical company. We are
nearing the 200th anniversary of our founding on the banks of Delaware s Brandy-
wine River, and that longevity is a direct result of our expertise in science and tech-

nology, especially in materials innovation and development. DuPont has been a
leading manufacturer of many advanced materials such as DACRON® polyester

fiber, TEFLON® ptfe resins, nylon fiber, LYCRA® spandex fiber, KEVLAR®
aramid fiber, MYLAR® polyester film, TYVEK® spunbonded fabric, and numerous
other materials. In general, DuPont does not make finished products, we make
chemicals and raw materials such as fiber, film, or powder resin.

Many of these materials are found to be extremely useful by companies who make
well-known consumer products. Examples include the use of DuPont materials
under the SILVERSTONE® trademark for cookware, the use of KEVLAR® fibers

in police protective jackets, or the use of NOMEX® fibers in fire fighters' protective

clothing. Many materials are used extensively in specialized industrial applications.

Beginning in the 1940's researchers in medicine wanted to use advanced mate-
rials to develop implantable devices that would save lives, avoid more expensive
therapies and relieve pain. Examples of such devices include sutures, vascular
grafts to replace arteries, pacemakers, catheters and many other inventions.

DuPont's traditional business was supplying materials, not designing and manu-
facturing medical implants. DuPont knew that specialized industrial or consumer
laboratory testing was not sufficient for medical implant applications. Clinical medi-
cal testing in hospitals and medical device expertise was required. DuPont was not
a medical implant manufacturer with such facilities or expertise.

Therefore, in the 1950's DuPont adopted a conservative Medical Applications Pol-
icy which required medical researchers, medical implant manufacturers, hospitals,
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or other medical persona to sign special terms and conditions of sale. DuPont in-

formed all such customers that the DuPont materials were designed and manufac-
tured for the requirements of the industrial and consumer markets for which they
were intended or recommended for use by DuPont—not for implantation in the

human body. DuPont further informed these customers that DuPont was not an im-
plant manufacturer, did not seek or obtain FDA approval of medical devices made
with our materials, and did not design or manufacture these materials for implanta-
tion in the human body. DuPont even required all such persons to sign a disclaimer

stating that they would perform all necessary tests, medical and other, and obtain

any necessary approvals from the Food and Drug Administration.
DuPont felt this was a reasonable Policy which avoided slowing or stopping medi-

cal advances. DuPont relied on the medical experts purchasing these materials to

use them responsibly and the FDA to review the safety and efficacy of medical de-

vices.

However, changes in legal trends and business since then have made it necessary
for DuPont to adopt a new Policy. As of January 15, 1993, DuPont no longer sup-
plies material to firms using these materials in permanently implantable devices,

unless DuPont is involved in the design of the device itself. An example of the latter

is the DePuy-DuPont Orthopedics venture.
The following is a description of some of the reasons for the new Policy.

Continuity ofProcess or Notice of Change
DuPont materials are high quality materials made to demanding standards.

Thousands of customers buy these materials, and these customers help DuPont de-
cide what is needed to meet the requirements of their applications.

Historically, DuPont has been reluctant to promise continuity of process or release
specifications for most of the materials used by manufacturers in medical implants.
The material which a medical implant manufacturer purchases is made with the
same plant equipment, by the same process, and is the same grade of material used
by DuPont customers in manufacturing industrial products and consumer products
such as clothing.

DuPont materials conform to the needs of the intended industrial and consumer
applications. Therefore, in many cases DuPont businesses, in practical terms, are
not able to make a commitment to customers who make medical implants to (a)
make no changes, or alternatively (b) report to the implant manufacturer all

changes and improvements in plant, process, or release specifications. Furthermore,
DuPont does not know what characteristics or process changes are significant to the
medical implant application.
The small volume of material used in medical implants cannot support separate

plant equipment, separate processes and separate release specifications necessary
for materials designed to meet the special requirements of medical implants, and
the cost of making small batches would be prohibitive.

Litigation is an Inherent Business Risk of the Medical Implant Field

Historically, DuPont has not designed, tested, manufactured, or sold the medical
implants. In general, such medical devices provide high value to patients and are
important, life-saving or life-extending products. In almost all cases, the quantity
of raw material used to make a medical implant is minuscule. Only a few grams,
or cents, of raw material may go into a medical implant. Even the total gross
amount of raw material used in all implantable medical devices in the U.S. is be-
lieved to be relatively small.

Unfortunately, in America disappointment in medical treatment often results in
lawsuits against any company even remotely connected with the medical product.
In recent years there has been a growing trend to sue raw material suppliers. In
general, implantable medical devices are the subject of voluminous and expensive
product liability litigation. Implant manufacturers can spread such costs among im-
plant recipients by building the cost into the price of the implant. Due to the small
volume or material involved and due to the often indirect sale through distributors,
raw material suppliers cannot pass these costs along to device manufacturers.

Generally, courts have found that raw material suppliers are not responsible fin-
ished medical implants. However, cases have to be defended at great cost to get to
the point where a court determines that the company is not responsible. Litigation
can involve hundreds or thousands of cases with each case generating thousands of
dollars in lawyers' fees. This can translate into millions of dollars in defense costs,
even when the company is only a raw material supplier.
For example, 5 cents of raw material can make one medical implant. Fifty dollars

worth of raw material can make one thousand implants, which can generate one
thousand lawsuits. Those lawsuits can generate millions of dollars in legal costs

—

even if the company is found to be faultless. It can cost a company millions of dol-
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lars of lawyers' fees as a result of selling fifty dollars worth of material for use in

the field of implants.

Most medical implant manufacturers in their entire history may never experience

large scale litigation. They view the risk of catastrophic litigation as remote. Their

risk is limited to their products, which they know and can manage.
Ironically, a raw material supplier who does not control the finished product can

become involved in large scale litigation. There are few materials acceptable for use

in the human body, and many medical implants may be made from the same small

group of materials. This increases the odds that one of these few materials will be

involved in a device in litigation.

A company selling raw materials cannot justify the millions of dollars in costs,

the court appearances, and the press coverage which may accompany these con-

troversies over medical implants.

Disappearance ofAdequate "Occurrence Based" Insurance

The disappearance of adequate "occurrence based" insurance coverage in the Unit-

ed States is another reason why a raw material supplier can no longer afford to be

associated with implantable medical devices. Historically, a company used to be able

to buy insurance which covered it for current activities ("occurrences") which re-

sulted in claims and lawsuits filed in the future. A company could rest assured that,

if it bought insurance covering sales operations today, it could depend on insurance
coverage for any claims 5, 10, or 15 years in the future.

That type of insurance is no longer generally available in the U.S. at affordable

prices. Today most policies are "claims made" policies. These policies only cover a
company for the lawsuits filed in the following year. They do not insure a company
for claims or lawsuits which are filed in future years. If lawsuits are filed, the insur-

ance carrier can refuse to renew the Policy for future years. Even the large compa-
nies can be left without any insurance.
This is a particular problem in the medical implant industry. The implant may

remain in the body for as long as 20 years. This generates a long potential future
"tail" of claims. A company cannot buy insurance in the current year (when the im-
plants are sold), which will cover the potential future claims over the next 20 years.
If claims start to accumulate, then the insurance carrier can refuse to renew the
policy. There will be no insurance for the remaining years when the products are
more likely to "wear out" and become obsolete and when insurance will be most
needed.

Inability to Replace, Recall or Repair Implant Products

Inability to replace, recall, or repair medical implants is another unique problem.
If a toaster, a refrigerator, or a car become damaged, or obsolete, after 20 years they
can be replaced, recalled or repaired.
However, medical implants are expected to remain in the body and perform well

sometimes for as long as 20 years. Obviously, medical implants are equally subject
to the ravages of time and obsolescence. Medical implants are not easily replaced,
recalled or repaired. It requires surgery to replace, recall or repair the medical im-
plant.

Telling the medical implant patient that they must undergo risky, painful and ex-
pensive surgery (often not covered by medical insurance) for replacement, recall, or
repair, is liable to make them into a bitter enemy and result in a lawsuit.

The Medical Community May No Longer Have the Deciding Voice

The medical community has tremendous value for the thousands of useful medical
implants. For example, sutures are essential to all surgery. However, society has not
always kept these benefits in mind when allocating responsibilities for the risks in-
volved.

Currently, the litigation climate with respect to medical devices has become in-
creasingly hostile to raw material suppliers. Since the medical community may no
longer have the deciding vote on highly publicized medical issues, these risks have
increased. The fact that the FDA approved the medical implant, and frequently a
majority of the medical community supported the implant, carries little weight with
the courts, the public, and the press. Companies associated with the medical im-
plant can become the object of endless lawsuits, press coverage, and public dis-
approval.

DuPont is a company that stands behind the products we manufacture and sell.

However, we do not manufacture or sell medical implants. A company whose only
involvement with an implant is selling raw materials cannot justify involvement in
these controversies over medical implants.
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Conclusion

We at DuPont are saddened by the need to withhold our materials from use in

permanent medical implants. It was not a decision we arrived at lightly. Since an-
nouncing the decision last year, we allowed a transition period for our customers
to find alternate suppliers or materials, even though this meant assuming addi-

tional business risks. Unfortunately, the realities of the American litigation system
no longer allow companies such as DuPont to supply small amounts of highly valued
materials for use in implants without risking involvement in large scale implant liti-

gation.

PREPARED STATEMENT OF JAMES S. BENSON

Mr. Chairman, my name is James S. Benson, and I am senior vice president for

technology and regulatory affairs of the Health Industry Manufacturers Association
(HIMA). HIMA is a national trade association representing more than 700 manufac-
turers of medical devices, diagnostic products, and health care information systems.
HIMA's members manufacture more than 90 percent of the approximately $40 bil-

lion of health care technology products purchased annually in the United States.

I appreciate the opportunity to testify here today, Mr. Chairman, on a subject that
is of potentially grave concern to our nation's public health—an impending shortage
of the raw materials medical device manufacturers need to produce certain devices
designed for implantation within the human body. The materials in question are
used as biomaterials. Biomaterials, to put the concept simply, are materials that,

because they are generally compatible with the human body, are used in medical
devices placed in contact with internal tissue and fluids.

The biomaterials that these raw materials become when used in this fashion are
an indispensable element in hundreds of life-saving and life-enhancing products,
from pacemakers to surgical stitches. Without a reliable supply of those basic mate-
rials, the lives of thousands of patients may be in jeopardy. Equally important, with-
out a reliable supply of materials, the innovation that produces these fife-saving de-
vices may come to a halt; already, many companies are backing away from engaging
in research and development for new products that may require biomaterials.
The medical device industry is extremely grateful to you, Mr. Chairman, for hold-

ing this hearing so that this problem can be brought before this committee, the Con-
gress, and the American people.

The Problem

Basically, the problem is this: In the current litigious environment in the United
States, companies that supply to our industry the raw materials ultimately used as
biomaterials are reluctant to continue doing so. They tell us that under existing
legal procedures, they will be liable for potentially huge costs of litigation for prod-
ucts that account for a very small part of their sales. A supplier of a raw material
may be brought into litigation even though the supplier has no direct role in the
material's ultimate use as a biomaterial. And suppliers may spend millions of dol-
lars defending lawsuits involving products that account for only a fraction of their
total market.
There are those, Mr. Chairman, who would argue that suppliers ought to be held

liable if a manufactured product using their materials causes injury. But suppose
a car wrecks because its steering mechanism fails. Should the supplier who provided
the steel to the car company be held accountable if the steel meets company speci-
fications and the failure is the result of a faulty design decision by the car company?
Shouldn't the supplier's responsibility to defend lawsuits be limited to situations
where its wrongdoing led to the injury?
As a direct result of the liability environment in this country, three major raw

materials suppliers recently announced that they would limit or cease altogether
their shipments to medical device manufacturers. In all three instances, the compa-
nies stated that these were purely rational business decisions. To these companies,
the cost of responding to litigation related to the affected product areas—even in
frivolous lawsuits dismissed out of hand—were simply too high, far exceeding the
relatively minuscule revenues generated from these materials. For example, the ap-
Eroximate total market value For DuPont's Dacron® polyester (PET yarn) is $9 bil-

on. Yet the approximate value of the market for medical device usage of PET yarn
is only $185,400.
When suppliers withhold materials because they fear the cost of litigation, the

ability of some manufacturers, especially smaller companies with limited resources,
to continue producing their life-saving products is threatened. And that, in turn,
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poses problems for the public health, as thousands of Americans could be denied ac-

cess to critical products for which there are, currently at least, no substitutes.

The Medical Device Industry

Before I discuss the history of this problem in more detail and offer some possible

solutions, let me say a word about the medical device industry. First of all, device

companies are innovative; they invest an average of 6.7 percent of sales in research

and development, nearly double the 3.7 percent national average for manufacturing
companies. Thee fruits of this investment are products that enhance the quality and
value of patient care and increase the productivity of the U.S. health care system.

In the last 20 years alone, several innovative products have added immeasurably
to the health and well-being of patients. Those products range from non-invasive di-

agnostic tools, which allow doctors to pinpoint a disease process with such astonish-

ing accuracy that the frequency of "exploratory surgery has been significantly re-

duced, to implantable devices such as pacemakers and defibrillators, which use the

latest in microprocessing technology to assist malfunctioning hearts, and to lasers

and other sophisticated devices that allow surgeons to remove affected tissue safely

from even the most delicate areas of the human brain. These products may not all

use biomaterials, but many life-sustaining ones, such as pacemakers and
defibrillators, do.

Innovation by U.S. medical device manufacturers has made the U.S. industry the
world leader. But our industry's global competitiveness is clearly at risk absent a
steady supply of raw materials. The device industry is made up primarily of small,

entrepreneurial companies, the majority of them employing fewer than 100 workers.
These smaller companies account for the bulk of new innovations, and it is these
companies that have helped make the industry one of our nation's most competitive.
More specifically, the medical technology industry is one of the fastest-growing

manufacturing sectors in the United States. The Commerce Department reports
that four of the top nine fastest-growing manufacturing industries of the U.S. econ-
omy from 1987-1994 are in medical device technology. This industry achievement
is unprecedented in the history of Commerce Department tabulations. Our industry
generated a $4.5 billion trade surplus last year, a figure that has grown steadily
each year; more than a third of the industry's growth is in exports. Currently, U.S.
based companies supply 46 percent of the world s medical devices.
And our industry has been adding people to the workforce at an average annual

rate of nearly 4 percent. Today, some 280,000 men and women are employed in the
medical technology industry throughout the United States.

In sum, then, the medical device industry is one of America's most competitive.
That competitiveness—like the improved medical care that new technologies make
possible—is very much at stake, Mr. Chairman, as we consider remedies to the
shortage of biomaterials our companies face in the very near future.

History of the Problem

Let me offer a brief history of the problem. Within the last several years, we have
witnessed an alarming and accelerating trend in which the three major suppliers
of materials used in critical medical implants first have announced their intention
to withdraw from the market, and then have followed through by either restricting
sales or halting them altogether.
Dow Chemical, for example, has virtually stopped supplying its medical grade

resin and film to the implant market, with one exception—apparently, polyurethane
will be supplied only for limited use in pacemaker leads and related pacing devices,
but only until April 30, 1995. With respect to silicone, in March 1993, it is our un-
derstanding that Dow Corning stopped supplying it for use in permanent medical
implants (implanted for more than 30 days) and in all reproductive, contraceptive,
obstetric, and cosmetic applications.

Finally, on January 31, 1994, DuPont ended a one-year grace period and discon-
tinued its supply of materials—including PTFE (Teflon®), polyester (Dacron®), and
polyacetal (Delnn®)—to the permanent medical implant industry. Supply for tem-
porary implants (generally less than 30 days) are to be decided on a case by case
basis. Other material suppliers have followed suit or are currently reviewing their
policies regarding the market. Without such materials, it would be impossible for
doctors to implant a host of very important devices, such as the "shunts that drain
excess fluid from the brains of children afflicted with hydrocephalus.
The polymers that have been withdrawn serve multiple functions in a range of

medical devices, from being the primary device component (e.g., in shunts) to being
sinply electrical insulation (e.g., in pacemakers). Currently, material suppliers' poli-
cies primarily focus on permanent implants and temporary medical implants. How-
ever, future restrictions may be extended to any material which comes in contact,
internally or externally, with a patient. In fact, there is the potential for a "snow-

DR
.R

UP
NA

TH
JI

( D
R.

RU
PA

K 
NA

TH
 )



53

ball" effect here, as more and more component suppliers withdraw from the medical

implant market because they, too, fear liability costs.

For now, we believe we can say that, as a result of the reduced availability of

biomaterials, it is likely that certain vital life-saving and life-enhancing medical de-

vices will be unavailable to patients in the near future. And, it bears repeating, that

these are merely the products we now have. The insidious danger, of course, is that

the public may never know what new life-saving and life-enhancing products had
to be sacrificed on the drawing board because biomaterials—the building blocks of

many medical devices—were unavailable because of the practice of "defensive inno-

vation.'' Defensive innovation happens when companies turn from the goal of ad-

vancing medical science because of the fear of or fallout from the litigation environ-

ment.

Market Study

The effects of a biomaterials shortage are confirmed in a market study conducted

by Aronoff Associates (a copy of which is attached to this testimony), a consulting

firm specializing in the use of polymers in health care products. The study focused

on the three materials that have been withdrawn by DuPont from the permanent
medical implant market: Dacron® polyester, Teflon® PTFE, and Delrin® polyacetal.

HIMA commissioned the study to gain an understanding of the biomatenal market
structure, the supply situation, ana the future of the market. The study found that

the combined size of the permanent medical implant markets for the three materials

is minute ($600,000) compared with the total markets for those materials ($10.5 bil-

lion).

In many cases, there are no alternative suppliers of Dacron® polyester, Teflon®
PTFE, or Delrin® polyacetal. Where alternative suppliers exist, those willing to con-

sider supplying will insist on financially stringent indemnification agreements

—

costing millions of dollars—a condition that could literally put them out of reach for

small companies, the engines of innovation in the medical technology industry. Un-
fortunately, for many materials, suitable replacements simply do not now exist.

Some manufacturers may have stockpiled approximately a 3-year supply of DuPont
materials, many others nave less. The study concludes that these findings can be
applied to all materials used in medical implants.
Aronoff Associates offer some starting forecasts. Over the short term (1-3 years),

the financial requirements needed to back indemnification agreements will begin to
force small manufacturers and start-ups out of business. U.S. manufacturers will

have to divert resources from research and development to search for and qualify
replacement materials. That is already happening for many companies.
Assuming manufacturers' reserves of the DuPont materials do not deteriorate, a

DuPont materials shortage will not be felt by patients in the short term. However,
they will surely feel the shortage in the long term. Over the next 3 to 10 years,
Monoff Associates estimate, the full effect of the biomaterials crisis will be felt—un-
less substitute materials are found and approved for marketing. This means, quite
simply, that patients will not have access to life-saving, life-enhancing medical im-
plants if suitable replacements are not available. Unique, "tried and true" study ma-
terials will, in all likelihood, disappear completely, with profoundly damaging con-
sequences for small manufacturers and the innovations they typically spawn.

Impact of a Shortage

Manufacturers cannot produce implants if the appropriate raw materials are not
available, and, as reported in the Aronoff market study, materials may not be avail-

able for three primary reasons. First, as I have mentioned above, the fear of litiga-

tion may prevent existing and potential material suppliers from participating in the
implant market. Second, suitable replacements for the materials withdrawn may
simply not exist. And third, even if replacement materials are found, it may be sev-
eral years before they can be used because approval for their use in existing im-
plants may be further delayed due to FDA requirements for long-term testing.

I know there are those who believe that consumer protection only means protect-
ing consumers from unsafe products—and that is certainly an important aspect of
this issue that we fully support. But too often we overlook another important aspect
of consumer protection, and that is, that consumers are also protected when compa-
nies bring forward new products that attack disease, that make people healthier,
that sometimes save their lives. As a federally appointed blue ribbon panel review-
ing the Food and Drug Administration (FDA) said, 'The FDA must recognize that
approval of useful and safe new products can be as important to the public health
as preventing the marketing of narmful or ineffective products." The panel con-
cluded that we can "strengthen the competitive nature of American innovation
without . . . compromising consumer protection."
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There are also those who would argue that, because some manufacturers may
have experienced problems with a particular material, the use of all biomaterials

should be questioned. That argument misses the point entirely. First, if there is a

problem, it is not with the biomaterials themselves, which, in general, are inher-

ently safe, but rather with the way in which they may have been inappropriately

applied. Second, the proper use of those biomaterials has made possible devices that

have saved thousands of lives. Let me mention a few of those products and what
they make possible:

Heart valves. Heart valves are used to control the flow of blood between cham-

bers in the heart. Mechanical and tissue heart valves replace damaged or miss-

ing valves in patients. When a damaged valve leaks, a backwash of blood flows

from the bottom chamber (ventricle) to the top chamber (atrium) during the

heart's ventricular contraction. This causes the heart to function inefficiently

and, in severe cases, leaves the heart unable to circulate blood. Without replace-

ment heart valves, patients would suffer improper blood flow, premature neart

fatigue, or death.

Pledgets. Pledgets are a common tool surgeons use in a variety of surgical proce-

dures. Pledgets buttress fragile tissue and are a staple in cardiovascular-related

operations. In addition, they serve to reinforce sutures or soft tissue and pre-

vent leaking in numerous other applications. Without pledgets, physicians

would find it more difficult to perform a range of surgeries, from basic oper-

ations to heart bypass surgery.

Vascular grafts. Vascular grafts are used to repair or replace arteries in people

whose own arteries have become dilated or injured. Many vascular grafts are

"tubes" made of synthetic material(s). For example, a polyester vascular graft

can be used to treat a dilated aorta (aneurysm). Left untreated, the aneurysm
will rupture, and the majority of these patients will die. The use of polyester

grafts has reduced dramatically the death rate from ruptured aneurysms.

Vascular grafts are also used to replace blocked major arteries. If the blocked

artery is not replaced, the patient often suffers from gangrene and infection of

limbs, which can lead to amputation and, in some cases, death. Short grafts are

used to replace blocked arteries to the kidneys. Similar grafts are used as

shunts in infants who have inherited heart defects. Approximately 330,000 vas-

cular grafts were implanted in 1991-92.

Hydrocephalus shunts. Hydrocephalus is a very serious condition for which
there is no cure. The condition occurs in approximately one of every four hun-
dred live births, or can be triggered by disease, infection, tumor encroachment,
traumatic injury to the head, or aging. A build up of cerebrospinal fluid in the

brain causes an increase in pressure within the skull. Untreated, hydrocephalus
can lead to stunted mental and physical development, coma, or premature
death.

Hydrocephalus can be managed through shunting or moving the fluid from the

brain to another location in the body, where it can be absorbed. There is no al-

ternative therapy, drug, or device regimen, and the condition requires lifelong

treatment. The hydrocephalus shunt is fully implanted and, typically, will func-

tion for many years. With regular follow-up care, modern hydrocephalus shunts
are well tolerated and allow patients to lead normal and complete lives. About
75,000 shunts are implanted annually.

Other devices that might be affected by a biomaterials shortage include sutures

used on internal tissues, heart valves, and penile implants. Even more important,
though, than the fact that the device may be unavailable is what that means for

the practice of medicine and for the patient. Because devices are the tools through
which millions of medical procedures are performed—procedures which are per-

formed for the ultimate benefit of patients—the reduced availability of biomaterials
means the reduced ability to receive adequate health care for literally millions of
patients from infants to the elderly. To help grasp the sobering impact of a
biomaterials shortage on patients and medical procedures, I have attached a chart
which shows just how particular devices, procedures and patients are linked.

A biomaterials shortage could also have severe economic ramifications—perhaps
as soon as a year from now. Many device manufacturers, especially small compa-
nies, could be forced either to cut back significantly on their operations, or, conceiv-

ably, forced out of the medical implant business entirely. Under either scenario, the
economy would suffer, both locally and nationally as the job losses across the coun-
try accumulate. That, in turn, would undoubtedly deliver a severe blow to our indus-
try's innovative capabilities and limit the variety of medical products available in

the future. And, if industry innovation suffers, a vibrant segment of our national
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economy, one of the few, in which we demonstrate clear global leadership, will re-

grettably diminish.
One possible result is that the medical implant industry will move their oper-

ations overseas, a trend that, for a variety of reasons, is already taking place today.

In the absence of U.S. suppliers, U.S. medical device manufacturers will be forced

to seek raw material suppliers elsewhere. They will also be driven to develop and
introduce their products overseas due to the litigious U.S. environment. Ironically,

the best U.S. medical products might then be available only to patients in foreign

lands. Moreover, in an industry currently dominated by the United States, the glob-

al competitiveness of U.S. companies could be jeopardized.

Along these lines, HIMA would also like to go on record in support of S.687, "The
Product Liability Fairness Act," which, if enacted, would certainly improve the cli-

mate for innovation in medical technology and encourage companies to continue to

export U.S. products, not U.S. jobs.

Work on the Issue

The Health Industry Manufacturers Association has been engaged in several ef-

forts to ensure that patients continue to have access to critical medical devices.

HIMA has already worked with the FDA manufacturers, scientists, and chemical
companies to explore ways in which alternative supplies of silicone could be used
to keep existing products on the market. In particular, HIMA has assisted FDA in

establishing a testing regimen to demonstrate the equivalence of the silicone avail-

able from alternative suppliers who step forward with a substitute to Dow^ silicone.

Unfortunately, however, because the risk of liability still exists, the current sup-
ply situation for silicone should be considered fragile at best, especially since the
two companies that have so far stepped forward as alternative suppliers are small.

Although the silicone resolution might be used as a model for other materials, that
process will be much more difficult because "equivalent" materials are less abun-
dant and may not even exist for these other materials. There is, in short, no guaran-
tee that companies will be able to find alternate suppliers for the polymers that
have been withdrawn.
HIMA is part of the Biomaterials Availability Coalition (BAC), which was formed

to help avert a biomaterials crisis. The BAC comprises medical societies and sci-

entific organizations and is working to educate the medical community, Congress,
and the general public on the impact of a biomaterials shortage on the delivery of
patient care. The BAC founding member organizations include the American Acad-
emy of Ophthalmology, the American Academy of Orthopedic Surgeons, the Amer-
ican Association of Neurological Surgeons, the American College of Cardiology, the
Joint Vascular Societies, the American College of Obstetricians and Gynecologists,
the American Society of Plastic and Reconstructive Surgeons, the American
Urological Association, the Society for Biomaterials, the Society of Thoracic Sur-
geons, and the American Society for Artificial Internal Organs.

Conclusion

In conclusion, Mr. Chairman, the public health of thousands, maybe millions of
patients and the economic health of our Nation will likely be adversely affected by
a biomaterials shortage. HIMA believes a solution requires immediate congressional
attention, in order to provide continued patient access to life-saving, life-enhancing
implantable medical devices. We believe this hearing is an important first step in
that process.

The medical device industry, the FDA, and others are all working to find solutions
to this potential crisis. HIMA believes, however, that the only way to avert a
biomaterials crisis is timely legislation that limits supplier liability to instances of
genuine fault and establishes a procedure ensuring that raw materials suppliers will
not be brought into litigation unless there is good reason to believe they are, in fact,

at fault. The impact of this approach will be that manufacturers ordinarily appear
in lawsuits on behalf of suppliers, thus relieving the suppliers of heavy legal defense
costs. Device manufacturers are willing to assume this burden as a way to help en-
sure the continued availability of the materials they need to make their products,
products that American patients so desperately need.
HIMA appreciates your interest in this matter, Mr. Chairman, and we would be

happy to work with the Subcommittee in any way we can to find a workable solu-
tion. Thank you.
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Market Study: Biomairnals Supply for Permanent Medical Implants

EXECUTIVE SUMMARY

Background

Prompted by the withdrawal of E. I. du Pont de Nemours and Co. (DuPont) as a supplier of key

-materials to permanent medical. implant- manufacturers, JDMA. commissioned this study to develop

an understanding, from the perspective of the materials supplier, of the principal factors that operate

in this market. The scope of the study was limited to three materials: polyethylene terephthalate

(PET) yam, polytetrafluoroethylene (PTFE) fiber and resin, and polyacetal resin. All three are

supplied by DuPont under the registered trade marks "Dacron®," "Teflon®," and "Delrin®,"

respectively.

Objectives of the Study

The major objectives of the study were to:

A) Provide information on the size and structure of the United States market for

polyethylene terephthalate, polytetrafluoroethylene, and polyacetal used as biomaterials

for permanent medical implants.

B) Identify and analyze, from the material supplier's perspective, the key factors that

govern the current and potential supply of materials to manufacturers of permanent

medical implants.

C) Develop short term and long term forecasts indicating the pattern and adequacy of the

raw material supply for permanent medical implants and possible consequences thereof.

D) Identify alternate and potential suppliers of equivalent, replacement materials for

Dacron®, Teflon®, and Delrin*.

Findings

Size of Market for Materials Used in Permanent Medical Implants - Estimated quantities of

subject raw materials consumed in making permanent medical implants were generally derived from

the number of different implant units sold annually to United States hospitals as reported in a

commercial database. Total consumption by the United States implant industry in weight and dollar

volume for each material was calculated by applying factors to account for exports, manufacturing

losses, and other contributing elements.
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Principal findings are:

1) Dollar values of the permanent medical implant markets for PET yarn, PTFE fiber and

resin, and polyacetal resin are a minute fraction, even at ten times our estimates, of

their values for their other markets (e.g., automotive, electrical, or textile markets).

2) The implant market value is clearly not commensurate with the liability risk. For

example, it can be estimated DuPont spent about $8 million annually (for the past 5-6

years, based on an estimate of their out-of-pocket costs) for its defense of cases arising

from the use of Teflon* PTFE in a tempore mandibular joint (TMJ) implant.

3) The majority of these materials consumed by this market are used in the production of

lifesaving, permanent medical implants [e.g., vital blood vessel replacements made

from knitted polyester (PET)). The remainder is used in life-enhancing, permanent

implants [e.g. , hernia patches made of polyester (PET) fabric].

These findings are summarized in the following table:
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Marker Study: Biomaierials Supplyfor Permanent Medical Implants

qualified materials will allow at least some manufactures to maintain production for about three

years. However, in some cases, reserves may be exhausted sooner.

Most other companies producing the subject materials are now unwilling to even consider supplying

United States permanent medical implant manufacturers. Currently, only one company, Wellman,

has committed to supplying this market. They will sell polyester (PET) yarn only under stringent

indemnification agreements. Manufacturers must be able to rigorously demonstrate, to Wellman's

satisfaction, that they have the financial ability to honor such agreements. A iew other potential.)

suppliers have expressed interest in indemnification agreements as the first step in considering sales

to implant manufacturers.

Factors Influencing The Decision To Supply Medical Implant Manufacturers - The most

important factor today from the perspective of the raw material supplier, in the decision to supply

(or not supply) the implant industry, is the fear of exposure to costly, possibly catastrophic lawsuits

in an extremely litigious area. This, coupled with the fact that the dollar value of the permanent

medical implant market is virtually imperceptible relative to other markets, has created a situation in

which most suppliers are not interested in selling to the market. At present, most companies,

willing to consider supplying the market, would do so only under the protection of solidly backed

indemnification agreements. However, even then, there are reservations as their materials were

generally never intended for implants. The motivation for supplying the implant market appears to

stem from a feeling that medical needs, particularly when they are associated with saving or

improving lives, are in a special category and should be met.

Forecasts

Short Term Shortages - In the short term (1 - 3 years), today's uncertain raw materials supply

remains an everyday fact of life for the medical industry. Assuming no catastrophe destroys

existing manufacturers' reserves of FDA-qualified subject materials, and that they do not deteriorate

(e.g., PET yarn), the uncertain supply situation will probably have little to no effect on patients or

their doctors, as most medical implant manufacturers continue to produce from these reserves.

Long Term Shortages - In the longer term (probably after three years), a crisis looms in which

patients and doctors may be affected by shortages of vital medical implants and the disappearance of

certain unique, well-established, reliable materials used in critical surgery. Surgeons will have to

contend with the loss of familiar products such as PTFE surgical felts, often used in coronary valve

replacement surgery, and may be forced to use less reliable substitutes on their patients. More

significantly, implant shortages will develop as reserves of subject materials used in FDA approved

implants are exhausted, if implants made with replacement materials are not yet FDA approved.

Long term FDA testing requirements, delays in finding and qualifying substitutes, and difficulties in

adjusting manufacturers' processes to the new materials may stall the use of replacement materials.
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Furthermore, new suppliers may withdraw at any time due to increased liability fears, thereby

forcing the entire process to start over.

Industry Competitiveness - In both the shorter and longer Jerms, the supply of raw materials to the

industry will remain in turmoil, forcing diversion of resources and money to find and secure

replacement materials in order to support current product lines while slowing research and

development leading to new products.

Indemnification agreements with stringent conditions and safeguards, which only financially

powerful companies can meet, will be imposed as a precondition to supply. In the longer term, the

financial requirements needed to back indemnification agreements for material supply will alter the

structure of the implant industry itself, causing the demise or acquisition of a highly innovative

segment: small companies and independent start-ups.

Furthermore, raw material supply will be obtained, where possible, from offshore suppliers, with

insignificant United States assets, against whom United States judgements would be almost

unenforceable. Such suppliers may be willing to sell to United States implant manufacturers and

may not require indemnification.

In contrast, foreign medical implant manufacturers will have an easier time obtaining replacement

materials from foreign suppliers, as sales to these manufacturers (often made indirectly) are

apparently not considered as risky as sales to their United States counterparts. In the longer term,

while United States manufacturers will have to find and qualify replacement materials continuously,

their foreign competitors will be able to focus on development and production of new and improved

medical products. Eventually this, along with the demise of innovative small companies, will lead

to the loss of United States industry leadership in the medical implant field.
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Market Study: Biomaterials Supply for Permanent Medical Implants

INTRODUCTION

In a letter to its customers dated January 15, 1993, DuPont announced it was halting supply of"

materials to permanent implant manufacturers and would:

"...phase out sale of materials to customers using our materials in medical articles intended

for permanent implantation [original emphasis] in the human body or in .permanent

contact with internal body fluids or tissues."

This withdrawal was to be completed "...no later than January 31, 1994." (See Appendix A.)

DuPont alluded to "...unpredictable and excessive costs of doing business with manufacturers of

implantable [original emphasis] medical devices. .

.

" According to knowledgeable sources the sale

of about $0.05 worth of PTFE "Teflon" per temporo-mandibular joint (TMJ) implant to the now
defunct Vitek, resulted in mass litigation against DuPont and eventually provoked it to withdraw

from supplying the permanent implant industry.

Prompted by DuPont's withdrawal, H1MA commissioned this study to develop an understanding,

from the perspective of the materials supplier, of the key factors that operate in the permanent

medical implant materials market. In order to obtain a meaningful study in a timely manner, the

scope of this study was bmited to three materials: polyethylene terephthalate yam (PET),

polytetrafluoroethylene (PTFE), and polyacetal. All three are supplied by DuPont under the

registered trademarks Dacron*. Teflon*, and Delrin*, respectively.

The major objectives of the study were to:

A) Provide basic information on the size and structure of the United States market for

polyethylene terephthalate yarn (PET), polytetrafluoroethylene (PTFE), and polyaceial

used as biomaterials for permanent medical implants.

B) Identify and analyze, from the material supplier's perspective, the key factors that

govern current and potential supply of materials to manufacturers of permanent medical

implants.

C) Develop short term and long term forecasts indicating the pattern and adequacy of

biomaterial supply for permanent medical implants and their possible consequences.

D) Identify alternate and potential suppliers of equivalent replacement materials for

Dacron*, Teflon*, and Delrin*.
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Market Study.' Biomaterials Supplyfor Permanent Medical Implants

Although confined to three polymeric materials, we believe this study accurately depicts the factors

now generally affecting the supply of most materials to the medical implant industry.
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ESTIMATED ANNUAL CONSUMPTION OF SELECTED

MATERIALS
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UNITED STATES PERMANENT IMPLANT INDUSTRY
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Methodology

Database - To estimate the annual industry consumption of each subject raw material, we have

focussed on implants that are known to contain significant amounts of any of them and are sold in

relatively large numbers. We determined the number of units of each such implant using publicly

available data on annual sales to United States hospitals and then applied factors to estimate gross

annual production and raw material consumption. As implantable items are not tracked separately

by United States Department of Commerce statistics, a commercial sourceof information, the IMS

America Hospital Supply Index database was used.

IMS tracks sales of pharmaceuticals and hospital supplies to a statistically representative sampling of

United States hospitals by monitoring invoices on a quarterly basis. It is well regarded and

extensively used by the health care industry for competitive purposes.

Tracking Raw Material Type - The IMS Hospital Supply Index database is especially useful for

this type of study as it reports the number of units of items sold by companies as well as dollar

volume. In addition, the items of interest for this study are often identified bv material, e.g.,

Dacron*, and non-Dacron*, for vascular grafts, Dacron*, sutures, and Dacron , (or "velours," a type

of PET fabric) or Teflon*, for surgical fabrics, meshes and patches.

As the database provides excellent breakdown of products by company, it is further possible to

pinpoint items that use the materials of interest to this study since at this time there is clear

demarkation of material by producing company: e.g.. the companies that make vascular grafts from

expanded PTFE and those that use PET are distinct. In addition, a Frost & Sullivan study on "Soft

Tissue Implants," published April 1993, identifies manufacturer with material type for the major

market segment of vascular grafts. Where there was any doubt about the composition of an item,

the manufacturer was contacted for clarification.

Corrections and Factors - The IMS database excludes federal and VA hospitals from its statistical

sample of approximately 350 hospitals due to their different purchasing patterns compared to state,

local and private hospitals. This sample is projected by IMS to the universe of 5,375 state, local

and private hospitals. However, since units of implants are purchased and used .at federal and VA
hospitals, totals from the IMS universe were multiplied by a "hospital correction" of 1 .06 to account

for this omission. This is based on a 1992 total of 5,672 hospitals, including 168 federal and 129

VA hospitals, according to the American Hospital Association Annual Survey of Hospitals (i.e.,

about 1.06 x 5,375). A description of the IMS hospital sample and methodology, provided by IMS,

is given in Appendix B.

Worldwide exports, that account for about 50% of this industry's production, are also not included

in the IMS database. Total United States units were therefore multiplied by 2 to correct for this.
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For each type of implant, a typical weight was used to calculate the total weight of all units made

from a raw material. Typical weights were estimated by averaging figures provided by .individual

manufacturers about their own products and by using dimensions provided in the product

- descriptions of the IMS database and material densities obtained from manufacturers and other

sources.

As all manufacturing processes have losses and the stringent quality control of this industry produces

further losses, it was necessary to multiply the weight of raw material by a "loss factor* to t."
:
.v

determine the amount of raw material originally used. Loss factors were based on an average of

information provided by manufacturers and experts familiar with the processes involved.

As only sales to hospitals are given in the IMS database, goods made on an OEM basis for other

manufacturers that are incorporated as a piece of another device are not picked up directly. An
example of this is the use of tiny amounts of polyester for backings and collars to attach implants to

tissue and annuloplasty rings used to repair heart valves. To account for this segment, the total

quantity of raw materia) has been multiplied by an "OEM factor" estimated from industry

information.

Calculations are based on 1992 statistics, the last year for which complete figures were available at

the time the study was undertaken.

Polyester (PET) Yarn

Background - Polyester yarn has been used for permanent implants since the 1950's. It is

considered a highly reliable, safe material used as a standard building block by permanent implant

manufacturers. As a knitted or woven fabric it is used almost exclusively in wide diameter vascular

grafts and competes with expanded PTFE in smaller diameter grafts. It has been standard practice

to incorporate tiny amounts of polyester fabric in the form of collars, cuffs or backings as part of

virtually every type of implant to enable suturing to the body. In most cases the sutures themselves

have also been polyester. For all of these applications the United States industry has, over the

years, relied virtually exclusively on several types of DuPont's Dacron* polyester. Indeed until

recently the industry used Dacron" to describe virtually all materials made from polyester yarn.

Major permanent implant uses of polyester yam are given in Table 1

.
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TABLE 1 - POLYESTER (PET) YARN IMPLANT APPLICATIONS

Vimkrfnl prostheses

Asmiloplaaty rings (halt valve repair

)

Fixation devices for Have:

tewmc. collar for bean vatvc*

—Ml—1 harking for Mnphnu
central venous ralhrtrr cuff

Fabric and mesh patches used as supporting matrix in

bean

other internal sot tissue

Artificial ligammts

Sutures

Reinforcing fabric for polyurethanes and elastomer sneeu used in unptanu

Quantities of Polyester Yarn Consumed By PermaoeDl Implants - Viewed from a textile

perspective the industry consumes PET yarn to produce two major classes of products: a)

spcnaliird fabrics that take the form of vascular grafts, covers for biological vascular grafts, as well

as patches and meshes for tissue reinforcement and as a means of attachment to tissue and b)

braided structures, which almost exclusively take the form of sutures, a highly sophisticated form of

sewing thread. Continuous filament polyester (T-56 and about 5 other types of Dacron*) has been

used almost exclusively in these products. Negligible amounts of polyester staple (short fiber

lengths as in cotton) are used to make tiny (by this industry's standards) amounts of surgical felt.

These segments are most conveniently dealt with separately, although their total will account /or

virtually all PET yarn that may be permanently implanted.

Specialized Fabrics - IMS statistical data for the number of different polyester (Dacron") vascular

graft units were totaled and multiplied by the following factors to generate total units sold

worldwide:

Federal and VA Hospital Correction 1.06

OEM Factor 1.1

Export Factor 2.0

;
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Information supplied by manufacturers on the weights of the most representative straight and

bifurcated grafts was averaged to arrive at a typical unit weight The number of worldwide units

multiplied by typical unit weight gave the total weight of units sold in 1992. As with any

manufacturing process there will be some loss at each stage of production so that the final weight of

product represents some fraction of the amount initially used. Overall toss factors between 2 and 3

have been cited by experts familiar with the processes involved. That is, the weight of product sold

is about 1/3-1/2 of the weight of-raw material used. A factor of 3 was chosen on the oasis of a

worst case scenario for toss.

A similar approach was applied to calculating the amount of PET used in making patches and

meshes. Here, however, a range of unit weights was used. They were based on weights of specific

items of known dimensions, obtained from manufacturers and estimated for similar items of known

dimensions using fabric density {i.e., fabric weight per unit area). Totals for this segment are given

in Table 2.

TAKE 1 FTT YARN CONSUMPTION IMPLANTS IW2

USE
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Cardiovascular

Orthopedic

Gastrointestinal

General Closure

Urological

Non-needled precut

Of these types, sutures used in cardiovascular procedures are most likely to remain permanently .

implanted. Although not as true for the other types, they too were treated as permanent implants in

this study. As sutures are used everywhere that a surgical procedure may be performed, from

dentists' offices to hospital operating rooms, our tracking method will not give the true total number

of units since only hospital purchases are counted. However, as procedures in which sutures

become permanent implants are most likely to be done in hospitals, our method accounts for the

number of units most relevant to this study.

Based on information supplied by industry sources, a loss factor of 2 and a typical unit weight of

0. lg were used. The OEM factor was put at 1 and the export factor remained at 2 for these

estimates. The results are summarized in Table 2 which also gives an overall industry total for the

quantity of PET consumed for implants and the value of the market.

Comparison With Other Markets - Total worldwide consumption of PET fiber was an estimated

20 billion pounds in 1991, according to SRI International (Chemical Economics Handbook).

Approximately half of this was continuous filament yarn and monofilament for apparel, household

and industrial uses. Considering only this segment, which includes the types of yams used by

implant manufacturers, and applying an average volume price of $0.90/lb for standard yams, this

market had a value of $9 billion. At about $6/lb (the average of current DuPont prices for the types

of yams used for implants) total implant consumption, including sutures, amounts to about $185,355

or only 0.002% of the world market.

Indeed even the amount of waste grade fiber consumed in the United States (133 million pounds in

1992) is an incredible mammoth compared to the poundage consumed by this industry annually.

Although we do not know the amount DuPont has spent annually in the last 5-6 years to defend

itself against lawsuits arising from Vitek's use of PTFE Teflon* in a TMJ implant, informed sources

suggest it can be very conservatively estimated by assuming legal fees for each case cost about

$8,000 per year. As about 1,000 cases per year have been defended, this estimate amounts to

$8,000,000 per year for lawsuit defense. We have taken this figure as a yardstick of risk against

which to measure return, although the amount lawsuits might cost a company cannot be predicted.

Compared to settlements against manufacturers of implants (e.g. , breast implants), this may be

considered a very conservative estimate of risk. Nevertheless, even against this measure, the total

annual PET implant market amounts to 2.3% of the lawsuit dollar risk.

DR
.R

UP
NA

TH
JI

( D
R.

RU
PA

K 
NA

TH
 )



79

13 Market Sludy: Biomaterials Supply for Permanent Medical Implants

Even at ten times its size, the implant market is inconsequential compared to other-markets and this

measure of risk. These observations are summarized graphically in Fig. 1 . Please note that in

Fig. 1 , the bar for the "other" market represents only $50 million of a $9 billion total and on the

same scale would be 180 times longer than the segment shown.

"Lifesaving and Life-Enhancing Implant Market" - Of the minuscule amount of polyester"
--

consumed by the permanent implant industry, how much of it goes to saving lives "as opposed to>

enhancing lives? The analysis given in Table 3 attempts to answer this question.

TABLE 3 - PET CONSUMPTION FOR LIFESAVING IMPLANTS

IMPLANT TYPE
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Fig. 1: PET YARN MARKETS VS. RISK
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in interviews with knowledgeable industry sources. Practically all -manufacturers obtained their PET
supplies directly from DuPont, although in a few cases distributors or throwsters (i.e., "texturizers")

were apparently the immediate source.

The situation was apparently different in Europe where Enka of the Akzo group has been a major
'

• supplier to'the permanent implant industry. As DuPont has a .major fiber presence in Europe it can

be assumed that they have also supplied this market. .Companies in.the.Rhdne-Poulenc group have
' ^apparently also supplied the European- implant industry. .<The interest oHact:- of*t«on <he <partf«ii

"these companies in-supplying the United States implant market is discussed in a later section.)

Therefore, we note that European companies are not likely to be as affected by DuPont's withdrawal

as their United States competitors. This is discussed in the Forecasts section.

Potential Suppliers - Most major and smaller United States and foreign producers contacted to date

are uninterested in entering this market. From the point of view of exposure to liability many of the

largest suppliers of PET yam are multifaceted international companies often with manufacturing
facilities and substantia] interests in the United States. A list of United States companies and foreign

producers and their willingness to sell into the United States implant market is given below:

Uninterested in entering this market

Albany International

BASF (PET business being sold)

CaMac Corp., Division Cookson America
Guilford Mills, Inc.,

Guilford Fibers Division

Hoechst-Celanese & Hoechst Germany
Mitsubishi Rayon America

Rhdne-Poulenc

Toray

Toyobo America

Unitika America

Wellington Synthetic Fibers

Willing to consider or have not ruled it out yet

Enka (Akzo) [United States Reps I.C.F.]

Kuraray

Lewistown Specialty Yams, Inc.

Teijin America

Will supply with stringent protective safeguards

Wellman
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Users of DuPont resin, even if presently willing to supply yarn to this industry, may be unable to

continue to do so, as DuPont does not want even its resin to be in the chain of supply.

Some foreign producers are possibly willing to sell to third parties such as throwsters ("texturizers")

for apparel purposes on- a "don't ask, don't tell" basis. Who buys the yam would then be strictly

the business of the third party and its customer. DuPont, on the other hand, is apparently trying to

prevent such sales of its yam.

Wellman, the third largest United States producer of PET yam (e.g., sold under their Fortrel*,

registered trademark) and one of the few companies that also produces its own PET resin, reversed

its earlier position of not entering this market and will now sell to the United States implant

industry. The conditions under which yam will be sold and the motivations for supplying it will be

discussed in Part II. It should be noted however, that the yam they are offering is a partially

oriented yam (POY), not the fully oriented polyester yam used in implants since the 1950's.

According to Wellman, when further processed by "others" in the industry (i.e., throwsters) it

should come very close to currently used, traditional, fully oriented polyester. However, they will

make no warranty to that effect. (We note, it is likely that considerable developmental work will be

needed to accomplish this.)

Polytetrafluoroethylene (PTFE)

Background - Major applications of PTFE in implants, so far as raw material bulk consumed,

utilize it in fibrous and expanded form, although small amounts are used in other forms (e.g. , for

coatings). Fabrics made of PTFE fiber have long been used as permanent implants in the human
body for purposes similar to those of PET fabrics and patches. They are considered to be inert and

benign in these functions. (We note that in the case of the TMJ implant, PTFE in the form of a

composite material was exposed to continual mechanical shear, which is known to cause material

failure.)

PTFE fabrics are often used as supporting or reinforcing matrices and, as with PET, it has been

standard practice to incorporate tiny amounts of them in the form of -collars, .cuffs or -backings as a

part of other implants, such as heart valves, to enable -suturing to the body. •

In the form of tiny felt pads called pledgets, PTFE fiber is extensively used in surgery to buttress

friable tissue so that it can be sutured. Many such pledgets are routinely used during replacement of

heart valves.

Within the last 20 years, expanded PTFE (ePTFE) in tubular form has become a major material for

the construction of medium and smaller diameter vascular grafts. Major permanent implant uses of

PTFE are given in Table 4.
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/

TABLE 4 - POLYTETRAFLUOROETHYLENEffTFE) MAJOR IMPLANT APPLICATIONS

Yarn

Heart Valve

Sewing collar

Stent cover

Surgical fabric, mesh, felt for

heart patch

hernia repair

pledgets to buttress friable tissue for suturing, t.g.

in heart valve replacement

liver and others

Sutures

Braided Tape

Expanded PTFE.

Vascular graft prostheses

Surgical patches

Knee ligaments

Catheter access pons

Sutures

Other Uses of PI l-b Resin

Insulator for heart pacing wires

Suture coating

Quantities of PTFE Consumed By Permanent Implants - The two types of PTFE, yam and

ePTFE, which account for the major volume of PTFE used in implants, are distinct in terms of

form, processing, source and availability although they overlap to some extent in implant function.

They will therefore be treated as separate materials.

PTFE Yarn - Unlike PET, this is a fairly unique material that is produced by only one other

company in the world, Toray, which uses a process similar to DuPont's. In this process, rayon acts

as a matrix for fine particles of PTFE, that are sintered on exposure to high temperature to form a

continuous filament. At the same time, the heat destroys the matrix leaving a residue on the PTFE
fibers. The resultant brown fibers are converted into fabrics that are bleached by thermal or

chemical means. The filaments are fairly fine so that relatively soft, supple fabrics can be made
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from them. Other processes produce tapes derived from slit films that are likely to give much

coarser fabrics with very different properties.

Continuous filament PTFE is used for all of the yarn applications indicated in Table 5 except for felt

and pledgets which use staple (i.e., short filament lengths).

All the initial IMS statistical data in this segment for fabrics, felt and pledgets were multiplied by

the following factors:

Federal and VA Hospital Correction 1.06

Export Factor 2.0

The OEM factor for pledgets was taken as 1 as these are highly visible in the database as purchases

from both the original manufacturers and their OEM clients. The loss factor for pledgets was put at

4 as this process is reportedly highly wasteful. A typical weight of 0.03g was used for pledgets,

while the weights of surgical felts were taken as 9 - 20g depending on size, based on fabric density

information.

Fabrics using continuous filament PTFE yam are sold almost exclusively to OEM clients, such as

heart valve manufacturers, with almost none of them showing up as hospital purchases. (Only

enough to account for about 150 pounds of fiber were found this way.) Based on interviews with

knowledgeable industry sources we have therefore estimated industry consumption of continuous

filament PTFE fiber at about 1/3 of staple consumption. Estimated poundages for continuous

filament were split evenly between 200 and 400 denier yam. Prices are those currently quoted by

DuPont for each item. Estimated consumption of PTFE fiber and implant market size is

summarized in Table 5.
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-.Expanded<PTFE - Expanded PTFE is derived from PTFE fine powder. Processing takes advantage

of the ability of this material to fibrillate and produces materials with microporous walls. Major
implant uses, so far as raw material bulk consumed, are for vascular grafts and surgical patches.

^Estimates of the quantity of PTFE used -for .these purposes were based x>n information from IheJMS
database. All the initial IMS statistical -data in Jhis segment-were multiplied by The following.">
factors:

Federal and VA Hospital Correction 1 .06

Export Factor 2.0

Quantities of PTFE consumed for ePTFE implants are summarized in Table 6.

TABLE 6 cPTFt IMPL4.NT CONSUMPTION 1992
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Fig. 3: PTFE F. P.
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Supply of Fine Powder PTFE: DuPont is not necessarily the primary or only -supplier of fine

powder PTFE to implant manufacturers. In addition to DuPont major suppliers of.PTFE resin

are:

Auamont
Dailrin

Hoechst

ici

Ausimont, Daikin and ICI were all reviewing their policies and Hoechst had apparently decided

not to supply any of its materials to the United States implant industry, at the time we contacted

them. In the event any other supplier decides to halt sales of PTFE to the United States implant

industry DuPont will not be available as a fallback. The high capital investment that is

apparently needed generally limits PTFE production to major companies. As the same group of

companies dominates this business throughout the world, it is possible that supplies of this

material to United States medical implant manufacturers could dry up. if they follow DuPont's
lead. However, medical implant companies that also consume large quantities of PTFE fine

powder for non-implant purposes may well be in a position to point out to suppliers that liability

risk due to implants is far less significant if measured against total sales. Companies with this

sort of leverage might still be able to obtain supplies for implants even if suppliers would prefer

to follow DuPont's lead.

"Lifesaving and Life-Enhancing Implant Market" - An estimate of the proportion of PTFE yam
and resin that goes to lifesaving implants as opposed to life-enhancing uses is given in Table 7.

Clearly, this can only be roughly estimated. Pledgets, for example, are used to buttress sutures in

friable tissue and many are often used in heart valve implant surgery. They may, however, also be

used in somewhat less critical procedures. In general, it can be seen that the great bulk of PTFE
tracked in this study is likely to go for lifesaving implants.
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TABLE 7 - PTFE CONSUMPTION FOR L1FESAV1NG IMPLANTS

IMPLANT TYPE
DR

.R
UP

NA
TH

JI
( D

R.
RU

PA
K 

NA
TH

 )



91

Market Study; Bumtauriats Supplyfor Permanent Medical Implants

In order to avoid underestimating consumption, we have assumed SO grams resin are used per heart

valve. We have also assumed the highest price, $6/lb. The worldwide total implant consumption

would then be about 250 kilograms or SSO pounds with a value of $3300. This is summarized in

Table 8.

TABLE « - POLYACETAL IMPLANT CONSUMPTION IW2
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The following companies manufacturer polyacetal either in the United States or their-home

countries:

Asahi America

BASF
Hoechst Celanese

Hoechst Germany

Lucky-Goldstar lnt'1 America,

Korean Engineering Plastics

Mitsubishi Gas and Chemical America

Of these, only BASF, whose "Ultraform" is a copolymer, was willing to at least consider supplying

material for permanent medical implants.

Structure of the Material Supply Market

Except for polyester yam, we note that the number of actual independent manufacturing sources for

equivalent replacements of the subject materials worldwide is fewer than 12 companies. In some

cases just one or two producing companies exist. These companies are generally well known

industrial giants like DuPont.

Although there are about 150 polyester yarn manufacturers worldwide, if the United States pattern

holds, we estimate that probably not more than 25% of these are completely independent, in the

sense that they manufacture their own PET resin and do not buy it from a major producer. It may

also be noted, that PET resin can probably be more easily manufactured on a small scale with

relatively small investment compared to PTFE or polyacetal resins.

It appears likely, if the same pattern holds with all of the materials withdrawn by DuPont from the

implant industry, that a few major industrial companies will be the only other independent sources

for many of them. Our study suggests (see section II) that many of these view supply to the United

States implant industry, under present circumstances, in much the same way as DuPont.
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MAJOR FACTORS THAT INFLUENCE

SUPPLIERS' DECISIONS

TO SELL OR NOT TO SELL

TO THE PERMANENT IMPLANT MARKET
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Background

In discussing the factors that influence suppliers' decisions to sell or not to sell to manufacturers of

permanent medical implants, it is worthwhile to consider those that influenced DuPont to allow

supply to the permanent implant industry in the first place and to eventually, withhold this supply.

According to a source familiar with the evolution of DuPont's policy on supply for medical

applications, DuPont began, out of a sense of -social responsibility. In the 1940's and 1950'$.^

DuPont provided samples of materials it developed to medical researchers who requested them. In

its original -letters DuPont stated that while it was not interested in entering the field, it did not want

to hinder the progress of medical science either.

As a part of this policy, all inquiries for materials to be used in medicine were shunted through a

group that dealt with them in a standard manner. A standard letter of response was sent out stating

the materials were not made for medical applications and citing references in the medical literature

which were illustrative of the need for users to do appropriate testing {e.g. . an article on solid state

carcinogenesis). DuPont also stipulated that it would not promise continuity of supply or content.

The customer had to sign an agreement acknowledging all of the above to obtain material for

medical applications. After 1976, references to medical literature were deleted from the letter.

Although this policy has been cited by the courts as evidence in DuPont's favor, it did not prevent

them from being sued. The sale of about $0.05 worth of PTFE Teflon* per TMJ implant to the now
defunct Vitek resulted in mass litigation, a situation quite different from any DuPont had faced

previously in connection with medical implants. DuPont was forced to defend itself in about 1000

cases in 40 states, on a state by state basis, at an estimated minimum out of pocket cost of $8000

per case/year. This ultimately provoked DuPont to withdraw from supplying materials to the

permanent medical implant industry.

Contrary to the belief of some decision makers in other companies, DuPont has had to date, only

one judgement against it, for about $500,000. They believe they have an excellent chance of

overturning this on appeal. Further, DuPont states that more than 258 judgements have been in

their favor.

At present DuPont will sell to implant manufacturers when it is involved in the design.of the device.

An example of this, cited by DuPont was a joint venture with DePuy.- In effect, DuPont has' to be

in the device business with respect to that device to sell material for its manufacture.

In a letter to its customers dated January 15, 1993, to which its policy and a notice of caution were

attached, DuPont announced withdrawal of supply to customers that manufacture "medical articles

intended for permanent implantation in the human body or in permanent contact with internal body

fluids or tissues" and its intention to complete such withdrawal by January 31, 1994. During the

intervening period, DuPont permitted customers to obtain supplies so as to allow them time to find
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alternate suppliers and/or materials. (The letter of withdrawal, official policy statement and notice

of caution for implants are given in Appendix A.)

It would be difficult to overstate the repercussions of the DuPont withdrawal throughout the

industries that supply materials to manufacturers of permanent medical implants. In some cases we

considered ourselves fortunate that the individuals we spoke to did not simply hang up when the

words "supply materials for implants" were spoken. The individuals in responsive companies were

all knowledgeable of their companies' policies on this matter, and -some participated in forming.' -

u

them. In discussing supplier motivations, we will consider the responses of suppliers of the

materials covered in this report as a single group, generally without any categorization by material.

Identification of the Factors

We contacted 36 companies and separate divisions of companies dealing with the materials of

interest. Where there was a company-wide policy in place the results from the separate divisions

handling each material were lumped together as one company. In some cases the companies

contacted were totally unresponsive. Although we had a formal material supplier questionnaire, we

soon found that a less formal approach was more productive in the tense atmosphere surrounding

this issue. (For example, an informed industry source considered medical applications an

"incredibly sensitive area" and stated that they "must be extremely careful.")

Our approach was to explain that HIMA was interested in the supplier's point of view on this issue

and, where possible, to engage in a conversation in which we introduced at least the key questions

from the questionnaire. In most cases the respondents wanted their identities held confidential.

Often they did not wish their responses (beyond whether they were willing to consider supplying this

market) to be specifically associated with their companies. Thus, we have not generally associated

specific answers with companies.

In our interviews with the 26 companies which were responsive, 1 1 (42%) were willing to consider

supply to the medical implant industry, while the other 15 (58%) would not do so at the present

time.

The factors listed in Table 9 emerged as the most -important for both groups in-making'ttheir;.; ;-*i

decisions regarding supply to permanent medical implant manufacturers.
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TABLE 9 - FACTORS INFLUENCING SUPPLIERS 1 DECISIONS TO SELL OR NOT TO SELL

FACTOR
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Some reasons why the market size factor did not have an importance equal to liability were:

Exposure to what many evidently consider an inordinately high risk of lawsuit arising

from supply to this field was sufficient discouragement without need to even consider

market size.

Some major producers which sell to the implant market in other countries, -despite its size,'

simply stated they were following DuPont's lead.

Other producers which do not directly sell to this market in other countries, but

unofficially recognize that their materials reach it through third parties, have no interest in

the size of the market but are concerned with liability.

Factors other than liability concerns detracted from the importance of market size:

Several companies felt their concern about FDA matters was sufficient to prevent supply,

even without considering market size.

Still others were not concerned about the market size (or perhaps accounted it negligible)

because they felt it should be supplied for humanitarian reasons.

In one very exceptional case, a niche manufacturer did not consider the tiny market in itself

negative. However, the risks of legal liability, and protection from it were considered

critical.

FDA, Medical Hassle - An important factor documented in this study, and no doubt familiar

to those who have discussed material supply with manufacturers unacquainted with this field,

is the belief by manufacturers that they will need FDA approval or have to develop and

maintain a master file for the FDA. This taken with either one or both of the above factors

and, in at least one case, on its own was a reason not to supply this market. Were the

liability issue nonexistent, this impression would probably still keep certain producers out of

the market.

Humanitarian - Humanitarian concerns were expressed approximately 15% of the time as a

reason for supplying this market. The need to be absolutely protected against the risk of

liability while doing so was also expressed by some of these companies.

Other Factors - Other factors affecting producers' decisions to supply or not supply this

market were as follows:

Dependence on Others for Raw Materials - Some materials producers, which do not

control their own raw material supply, wish to avoid friction with suppliers they depend
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on, over the small implant market. For example, small PET yam producers often obtain

PET resin from DuPont. As DuPont apparently does not wish its resin to be converted to.

yarn that will be used in permanent implants, the yam producer is reluctant to sell to the

implant manufacturer.

Publicity - Being able to advertise about the medical use of materials, especially to save

lives, was once considered a benefit of supplying.this small'market, Although.we<li(LnotV

explore this angle extensively, we came away with the impression that at this time

companies do not want their materials to be publicly associated with implants. This fits in

with the surreptitious atmosphere surrounding this issue: even those willing to supply this

industry under any kind of arrangement do not wish this to be publicly known. Clearly,

to be publicly associated with implants makes you an easier target for lawsuits. However,

some suppliers would just consider it bad publicity at this time.

Very Demanding Marketplace - Variations from standard materials were often wanted for

very small volumes of products.

Special Facilities - One producer, which would not supply, in any case, due to market size

and liability, stated another reason for this was that they would not "feel comfortable"

unless material for this end use were produced in a specially designated area of the plant

with special machinery, even though they knew this was not required, and that the regular

plant area was clean and orderly.

Conclusions: Forces That Drive This Market

High liability Risk - The most important factor today from the perspective of the raw

material supplier in the decision to supply (or not supply) the implant industry is fear of

exposure to costly and possibly catastrophic lawsuits, in an extremely litigious area. This

fear is compounded by the inability to predict the extent of and effects of such exposure.

Liability could cost a supplier millions in defense or .hundreds of millions.(even an entire -

business) in settlements if held as legally responsible-as an implant manufacturer: This,. .
.•'

coupled with a predictably small return relative to other markets, has created a -situation in

which most suppliers are not interested in selling to the permanent medical implant market,

despite the recognition by many of the societal value in doing so.

We further note that indemnification and "held harmless" agreements may be used to reduce

the liability risk:
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Some raw material suppliers expressed a willingness to meet the needs of the medical

implant industry 'as good corporate citizens," if they were freed from liability

responsibilities. To some this meant a guarantee that would totally free them from dealing

with or paying for any lawsuit arising from use of their materials in implants. Others

wanted complete and total indemnification for any expenses arising from such lawsuits.

Initially some smaller producers felt that if the-revenue- potential -were -significant vetsusj&F-

the risk, they would consider supplying the market (e.g. , as with premium prices for PET
yam). However, as they (and their lawyers) considered this issue further, their interest

weakened. Indemnification guarantees from financially powerful companies might restore

their interest.

For some, however, indemnification agreements are not enough:

Some companies stipulated that they would only consider sales to large reputable

companies that could not only indemnify them for any expenses arising from lawsuits, but

could also prove that their materials were being appropriately used and had been properly

tested for the particular implant. (Note: problems with the Vitek temporo-mandibular

joint implant have been attributed to the inappropriate use of PTFE and improper testing.)

Profit - In special cases the possibility for significant revenue to a very small producer,

which charges premium prices, and is protected against liability, might also drive supply to

this market. With respect to the three subject materials, this factor applies specifically to

PET yarn producers; here, there are some small niche manufacturers. However, these

manufacturers may not be able to supply this market even if they would like to, as they

usually obtain PET resin from larger manufacturers which may object to supplying the

maker! even indirectly.

Profit and Social Responsibility - Our earlier analysis indicated, that there is little, and in

some cases nothing to be gained financially, from -selling to .the permanent medical implant
*"'

market. Under conditions where the risk of major -liability is perceived to be absent or .low, v

producers are more likely to sell their materials to responsible manufacturers of permanent

implants. However, even then, producers have reservations as their materials were generally

never intended for use in implants.

Despite the above factors, materials are sold to implant manufacturers. Clearly, sales to the

medical implant market must be driven by motives other than to profit alone. We conclude

that the motivation for sales to manufacturers of permanent medical implants appears to stem

from a feeling that medical needs, particularly when they are associated with saving or
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improving lives, lie in i special category and should be met. This sense of social

responsibility has benefitted those whose lives have been saved or vastly improved by the

medical implant industry's products.

Currently, fear of being penalized with massive lawsuits for acting in this socially

responsible manner is forcing suppliers to avoid the United State* permanent implant market.

ittBrith suppliers fear that they too might find themselves in ihe^ame situation as DuPont'

f

which has had to spend millions of dollars to contend with lawsuits because it supplied PTFE

far a temporo-mandibular joint implant. Materials suppliers are also aware that settlements

of cases against implant manufacturers may cost billions of dollars in the United States;

suppliers also fear, that should they be held as liable as the implant manufacturer, they will

face a similar calamity.

Aa Example

The case of Wellman, Inc., illustrates some of the factors described above. After DuPont

announced it would no longer supply PET for use in permanent medical implants,

Wellman received many requests to provide it. which they refused. In January 1994,

however, they announced their intention to supply the implant market under certain

conditions. As a company spokesperson explained, "someone had to step up", and 'this

needs to be done." When pressed further on motivation, they said "if you had to go to a

hospital, you'd like to feel they had everything there you might need." They stressed

that they consider sales to permanent medical implant manufacturers additional business,

to be treated in a strictly business-like manner, and that they are not interested in publicly

projecting any other motive for making them.

As the third largest polyester producer in the United States, and one of the few that make

their own PET resin. Wellman felt they should fill this need, as apparently no other

United Stales company was ready to do so. The absence of problems associated with

polyester implants was also cited as a factor in their decision.

Clearly, Wellman feh a sense of social responsibility; however, they intend to <

money on these sales and deal with them under strict g'uidelines including the following:

• They will make no warranties on their product

• As further processing is required after it leaves their plant, they will not take the

position that it will ever be identical to currently used DuPont yams.

• Appropriateness of use will be the responsibility of the implant manufacturer.
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• All responsibility for FDA matters will be in the hands of the implant

manufacturer.

Only companies with the financial muscle to back stringent indemnification agreements

would be considered for sales by Wellman. They will insist on convincing evidence of

the ability of the customer to back indemnification. They apparently recognize that this

approach will not help smaller implant makers, butthey haveno solution-forthis: *-*?"

Clearly, Wellman is willing to supply only on the grounds that they are substantially

protected from the risk of liability.

According to Wellman, it will be inefficient and costly to supply this market as

machinery, which can make the quantities required by the implant industry "in the blink

of an eye," will have to be diverted from normal production to fill very small orders.

Still, they intend to make some money for their trouble. In the event that supplying the

implant market costs Wellman money, they will halt sales. They added that they would

not be disappointed if they were never called on by any implant manufacturer.
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Potential for a Biomaterials Shortage for Permanent Implants

The threat of potentially crippling lawsuits, in which suppliers may be held as responsible as

the medical implant manufacturer for any problem attributed to the use of the implant, will

prevent many from supplying the United States implant market in the first place, and will, no

doubt, drive others out of it. To the extent that producers respond to the needs of the

industry, in an effort to behave in a socially-responsible -way, they will be forced .to doJt1j>
J
ar

highly cautious, wavering manner, laden with legal safeguards. Based on our interviews -

with suppliers we consider this a fact which colors any forecast of raw material shortages.

While our predictions are based on the materials and implants on which this study has

focused, we believe they may be applied generally to products used by the implant industry.

Short Term Scenarios (1-3 Years)

Size of Reserves - Over the past year DuPont continued to supply the permanent medical

implant industry in accord with its stated goal of making sure its "actions do not cause

negative economic or safety effects in the health care industry in general" (see Appendix

A). The practical effect is that some companies were able to add to their existing reserves

of DuPont materials and now some, but probably not all companies have reserves which

may last three years. Our sense is that companies using the materials in this study (e.g.

,

PET yam, PTFE fiber) for the most part will be able to produce normally for at least two

and probably three years. However, in some cases, such as with smaller, newer

producers, the time frame could be as little as one year.

Potential Shortage - At present, supply to the industry is in turmoil. Although some

manufacturers may have potential replacements for materials such as PET yarn, few, if

any, have replacement materials that could now be used in FDA qualified implants. A
near term shortage would be created if stocks of FDA qualified materials were damaged

or destroyed by some calamity, as there are no immediate replacements. For instance, if

one of the few companies which dominate supply of polyester vascular grafts and surgical

fabrics used as sewing rings for heart valves, lost its reserves, a shortage of these

lifesaving implants could result.

Ability to Meet Patient Needs - It appears that, barring calamity within the short term,

the industry segment using PET yam, PTFE yam and staple (i.e., short fiber lengths) and

probably also polyacetal resin will largely be able to supply the needs of patients.

PTFE fine powder resin, used to manufacture ePTFE vascular grafts and patches, presents

a somewhat different situation than the other materials in this report as it appears DuPont

has not recently been the sole supplier nor the main supplier to manufacturers in this field.

Should the other supplier(s), continue to supply the field, there will be no shortage.
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However, this situation may change rapidly if the other supplier(s) reconsider(s) their

policy. In at least one case, the policy was recently undergoing systematic company-wide

review. A crisis could arise if the present suppliers) withdraws without a grace period.

Implant manufacturers might then find themselves with almost nowhere to turn as DuPont
will not supply them. As major companies are involved, our sense is that they will follow

DuPont's example of allowing a grace period, and therefore the needs of patients will

probably be met in the near term.

Long Term Scenarios (3-10 Years)

Replacement Testing Time is Key - In the longer term to avoid shortages, FDA
approved implants made with replacement materials must be available before reserves of

DuPont materials run out. Here, the time needed to qualify candidate replacements for

the FDA will be critical. Should the FDA require long term animal and clinical testing

before implants made with replacement materials are approved, it is possible that reserves

of "FDA qualified" materials may be exhausted before implants made with replacements

can be marketed. Delays in finding and qualifying replacement materials, and adjusting

existing manufacturing processes for their use could aggravate this situation by postponing

the beginning of tests for FDA approval. Should these delays occur with PET yam for

example, a shortage of lifesaving vascular grafts could result.

Change of Suppliers may Delay Implants - Events both in the short and long terms

(such as court decisions holding raw material suppliers liable for the failure of implants)

could drive both old and new suppliers out of this market, regardless of indemnification

agreements. This would force implant makers to find still other suppliers (if there are

others) and to repeat the qualification process, adding to the delays described above.

(Material equivalence qualification is required each time the supplier changes.) A
shortage of lifesaving implants such as PET-based vascular grafts and sewing rings for

heart valves could develop from such delays. Further, imports, unless FDA qualified,

could not be used to fill this void. The result could be patient mortalities that might have

been avoided.

Loss of Reliable Materials - It appears almost certain that some well established, reliable

products, which have been the products of choice for surgical procedures, will disappear

entirely as stocks of them are depleted. This will be a consequence of the unavailability

the materials from which they are made.

For example, at least two items discussed in this study, PTFE yam (used to make surgical

fabrics and meshes) and PTFE staple (i.e., short fiber lengths used to make surgical felts),

are virtually unique and cannot be replaced. This is because Toray, the only other
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company making an equivalent material, will not supply the United States medical implant

market under present conditions. PTFE felt pledgets, long favored to buttress sutures, in

cardiovascular surgery and in procedures on friable tissue will disappear. The effect will

be to handicap surgeons who routinely use them, often in lifesaving procedures, forcing

them to make do. with less than what they consider best for the patient.

The same is true for the PTFE fabrics and meshes used for heart.patches, -sewing rings *.,

(used to suture heart valves to tissue), and stent covers for heart valves. Although PET
fabric might often serve the same function, many surgeons have long used PTFE, prefer

it, and consider it best for the patient. In any case, PET yarn, for this purpose, may be

unavailable.

Replacements, based on expanded PTFE fiber may appear, but these products will have

different characteristics and will, no doubt, need considerable testing before they can be

used in critical surgery, and before the FDA permits their use in medical implants.

Impact on the Permanent Medical Implant Industry

Immediate and Short Term Impact (1-3 Years)

The present supply situation is likely to impact the operation of the permanent medical

implant industry for at least the next 1 - 3 years. Some of the immediate effects, as

reported by knowledgeable sources, are:

1) The continuation of searches for equivalent replacements of well-established

materials, long used in major product lines, as well as for reliable suppliers.

(According to one source, replacements must be found for 27 materials.) This will

require the continued diversion of skilled personnel and money away from product

improvement and new product development towards:

a) task forces whose aim is to find replacements- for existing materials DuPont

has withdrawn;

b) continued testing and evaluation of new candidate materials;

c) FDA qualification of technically acceptable candidates.

2) The prospect that the above activities will continue for the foreseeable future due to

the instability of the supply situation.
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3) The inability of United States implant companies to obtain new materials of any .

kind, from polymers to integrated circuits, from other companies due to fear of

high liability costs.

4) The imposition, by suppliers, of indemnification agreements on implant

manufacturers, as a condition of sale, with sales only to those financially -able to

back them.

In short, an enormous amount of effort and money is now being spent, and will continue to

be spent, by the industry to get back to where it was about one year ago.

Although not usually a significant factor relative to the price of the final product, it should be

noted that greater premiums will likely be paid for raw materials.

Long Term Impact (3 - 10 Years)

Along with these short term effects, many of which appear likely to continue into the long

term, the following long term scenarios seem likely based on an analysis of discussions with

industry sources:

Emergence of New Suppliers/Supply Instability - If the present situation continues, all

companies will face an era of supply instability and discomfort with supply patterns. New
suppliers may emerge for some commodity materials such as PET yarn, for which there

are about 150 producers worldwide. However, there may be no new suppliers for other

materials such as polyacetal, for which there are probably fewer than a dozen independent

producers.

Under any circumstances, including indemnification agreements, new and old suppliers

with United States interests will want to be in a position to back out if they consider the

risk of liability, and the consequences thereof, too uncomfortable to live with. The results

will be the perpetual seeking of replacement suppliers for essential materials and a

continuing need to requalify new supplier materials for the FDA. Where-old. materials are

no longer available, substitutes to fill their -functions will have to be found and qualified: -

With continuation of the present circumstances, offshore raw material suppliers, with

insignificant United States assets and few United States employees, will be the best source

of raw materials as judgements decreed against them by United States courts may be

totally unenforceable in practice, and to sue them in their home countries may be equally

impractical. Hence, raw material supply, where possible, may move offshore.
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Effect On Industry Structure - Both large and small manufacturers contacted, believed

that small medical implant companies would be hardest hit by supply problems. They

noted that small manufacturers are not in a position to guarantee adequate indemnification

to the supplier or to devote resources to finding and requalifying materials from new

suppliers. By offering new or improved products, small companies can enter the market,

and may be able to compete effectively. Such companies are frequently highly innovative
:

It should be noted that-large health care-corporations have often -benefitted by acquiring"^

small, innovative companies. Even today, the great majority of device and implant

manufacturers are small and thus form the backbone of the industry.

The inability of small companies to obtain the materials they need to operate will put them

in a weakened position versus their competitors, leading to the demise of some and the

acquisition of others by larger companies with the financial muscle to deliver on

indemnification agreements. New small companies will be discouraged from starting up

in this field. To the extent that they do, they may be forced into joint ventures or

partnerships with other companies, foreign and domestic, which can supply the raw

materials or the backing for indemnification. Given all these factors, the disappearance

of independent small implant companies can be foreseen in the longer term.

Conversely, major corporations which supply materials to this industry might, to some

extent, benefit from this trend. By selling the finished implant, rather than only the raw

materials used in making it, the ratio of liability risk to return becomes much more

favorable. For example, apparently even DuPont will continue to supply materials to

implant businesses which it owns or in which it has an interest, rather than leave this field

entirely. Other large materials suppliers may find acquisition of implant companies that

use their materials a more attractive solution than staying out of this market completely.

Effect On Global Competitiveness - While almost the enure United States medical

implant industry has had to divert considerable resources simply to maintain status quo

production of existing, often long accepted products, its foreign competitors are not faced

with a disadvantage of the same scale. Foreign medical implant manufacturers will have

an easier time obtaining replacement materials from foreign suppliers as sales to them are

apparently not considered as risky as to their United States counterparts. European

implant manufacturers, for example, can still obtain PET yarn, albeit sometimes

indirectly, from European companies. In the long term, if the United States industry must

continuously find new suppliers of old raw materials for existing products, qualify these

materials for the FDA, and encounters difficulties in obtaining new materials for improved

products, it will lose ground to its foreign competitors. This, along with the loss of

innovative small manufacturers, will inevitably lead to the loss of international leadership

by the United States in the medical implant industry.
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In another scenario, implant manufacturers may be forced to market advanced devices
based on new materials only available outside the United States to reduce the risk of mass
lawsuits involving the materials supplier As a result, the American public may find
itself deprived of the best lifesaving devices (e.g. . heart valves) the United States implant
industry has to offer!

! of Alternate Materials to Dam*, TetW aad Ddrin* For
s - The very same issues of liability risk will affect the long term any emergence<***»'* owed on new polymers to replace PET. PTFE. polyacetal. The major

chemical companies which are uncertain sources of old materials for today's market are
also the most likely sources of new materials. One of the major effects of the current
supply situation, will be a reduction in the flow of new materials to the United States
implant industry. As stated earlier, this situation might change if a producer with a
material especially suitable for an implant shares in its development, as DuPont sueeested
it might do (see Appendix A).

**

It is possible that companies might supply new materials under royalty arrangements
where they consider the prospect of return high versus the liability risk, especially when
reassured by test data that their materia) is being appropriately used. To attract a supply
of new materials for use in permanent implants, royalty arrangements may become more
common. If the present circumstances continue, or worsen, such arrangements will be too
nsky, and probably will have little effect on the trend away from supplying the permanent
medical implant market.

«- » • r-
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Information in this report was compiled from sources familiar with and connected to the

permanent implant industry, including 14 industry companies and materials manufacturing

companies as:

Acheson Colloids

Port Huron, Michigan

Albany International Corp.

Albany International Monofilament Plant Division

Homer, New York

Asahi America, Inc.

New York, New York

Ausimont, USA, Inc.

Morristown, New Jersey

BASF Corporation

Parsippany, New Jersey

BASF Corporation - Fibers Division

Enka North Carolina

CaMac Corporation

Subsidiary of Cookson America Inc., Plastics Sector

Bristol, Virginia

Daikin America, Inc.

Orangeburg, New York

E.I. du Pont de Nemours and Co.

Wilimington, Delaware

Enka (Akzo) AG (Deutschland)

Wuppertal, Germany

Guilford Mills, Inc.

Guilford Fibers Division

Fuquay-Varina, North Carolina
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Hoechst AG
Bobingen, Germany

Hoechst Celanese, Inc.

Summit, New Jersey

I.C.F.

(United States Representative, Enka)
New York, New York

ICI Americas, Inc.

Wilmington, Delaware

Johnson Filament, Inc.

Williston, Vermont

Kuraray International Corp.
New York, New York

Lenzing Aktiengesellschaft

Bobingen, Germany

Lewistown Specialty Yams, Inc.

Lewistown, Pennsylvania

Lucky-Goldstar International America
Korean Engineering Plastics

Englewood Cliffs, New Jersey

Mitsubishi Gas and Chemical America Inc
New York, New York

Mitsubishi Rayon America, Inc.

New York, New York

Polymers, Inc.

Middlebury, Vermont

Shamrock Technologies

Newark, New Jersey

42
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Teijin America Inc.

New York, New York

Toyobo America, Inc.

New York, New York

Unitika America Corp.

New York, New York

Wellington Synthetic Fibers, Inc.

Leesville, South Carolina

Wellman, Inc. - Fibres Division

Fayetteville, North Carolina

Whitford Corporation

West Chester, Pennsylvania

Zeus Industrial Products, Inc.

Raritan, New Jersey

112
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This work was supported by a contract from the Health Industry Manufacturers Association.

* 1994 by the Health Industry Manufacturers Association
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January 15. 1993

Dear (Customer's Name):

This communication affects only those customers who use Du Pont materials in

implantable medical devices.

Recently Du Pont has determined that unpredictable and excessive costs of doing

business with manufacturers of implantable medical devices no longer justifies

unrestricted sale of standard raw materials to such manufacturers at customary prices.

Our new Policy and Caution Statement regarding these sales are attached. Under
Du Pom's new Policy there is a very strong presumption against sales to customers
making permanent implants.

Therefore, as of January 15, 1993, Du Pont will begin to phase out sale of materials to

customers using our materials in medical articles intended for permanent implantation

in the human body or in permanent contact with internal body fluids or tissues. We
intend to complete this phase out as soon as possible, but no later than January 31, 1994.

To allow our customers time to locate alternate suppliers of materials, or alternate

materials, during this phase out period we will honor our existing customer/supplier

relationships.

Also, effective immediately Du Pont will restrict sales of materials to companies who
use those materials in medical articles intended for brief or temporary implantation in

the human body or in contact with internal body fluids or tissues. Du Pont will not

supply the material to customers making temporary implants, unless the material comes
directly from Du Pont under a contract which expressly acknowledges the contemplated

use and contains specific business risk management requirements.

Permission to refer to material Master Files will be withdrawn, and given only to

direct customers who are purchasing material from Du Pont under contract. We intend

to complete transition to this type of supplier/customer relationship as soon as possible,

but no later than January 31, 1994.

Unless expressly agreed by contract, do not make reference to the Du Pont name or

any Du Pont trademark in association with any implantable medical device. Do not use

a Du Pont trademark as the descriptive name of an implantable medical device.

A copy ofDu Pont's Policy and Caution are attached. We sincerely regret any
inconvenience this may cause you. If you have any questions, please contact me at

(xxx-xxx-xxxx).

Sincerely.
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DUPONT POLICY REGARDING MEDICAL APPLICATIONS OF
DUPONT MATERIALS

This policy does not affect those customers who use DuPont materials in non-implantable

medical articles.

DuPont has determined that unpredictable and excessive costs of doing business with

manufacturers of implantable medical devices no longer justifies unrestricted sale of

standard raw materials to such manufacturers at customary prices.

GUIDING PRINCIPLES

There are four principles which guide DuPont's approach to this area.

1. NEUTRAL EFFECT ON HEALTH INDUSTRDZS

Our first goal is to make sure that our actions do not cause negative economic or safety

effects in the health care industry in general.

2. PROTECTION OF DUPONT BUSINESSES

Our second goal is to identify areas where DuPont businesses are involved with the health

care industry, and structure those business operations to assess business risks and reduce

them to an acceptable level.

3. FDA AND REGULATORY COMPLIANCE

Our third goal is to maintain a positive relationship with the FDA and any other regulatory

agencies.

4. DEVELOPMENT OF HEALTH INDUSTRY BUSINESSES

Our fourth goal is to identify and encourage DuPont businesses to develop "managed risk"

relationships with members of the health care industry which will result in delivery of high

value medical products.

In order to manage business risk in this area DuPont will not supply DuPont materials in the

ordinary course of business to firms using such materials for medical applications involving

permanent implantation in the human body. There are exceptions to this rule where DuPont
is involved in the design of the medical article itself or where business risk management
strategies are adequate to justify a supplier/customer relationship.

Continued on reverse side
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DUPONT POLICY REGARDING MEDICAL APPLICATIONS
OF DUPONT MATERIALS continued

Frequently DuPont materials end up in medical applications through indirect sales.

Supplier/customer relationships with distributors or resellers will be tailored to discourage

the use of DuPont materials consistent with this Policy.

Unless expressly agreed by contract DuPont product names, trademarks and the name of the

Company may not be used in conjunction with cither permanent or temporary implantable

devices, and customers should not represent to others that DuPont permits, recommends, or

endorses the use of our materials in implantable medical devices.

CATEGORY A: MEDICAL APPLICATIONS INVOLVING PERMANENT
IMPLANTATION IN THE HUMAN BODY OR PERMANENT CONTACT
WITH INTERNAL BODY FLUIDS OR TISSUES

Unless DuPont is involved in the design of the medical article itself, there is a strong

presumption that business risk management strategies will not be adequate to justify a

supplier/customer relationship in such businesses.

CATEGORY B: MEDICAL APPLICATIONS INVOLVING BRIEF OR TEMPORARY
IMPLANTATION IN THE HUMAN BODY OR CONTACT WITH INTERNAL
HUMAN BODY FLUIDS OR TISSUES

There is a presumption that business risk management strategies can be implemented which

are adequate to justify a supplier/customer relationship in such business. Acceptable business

terms necessary for forming such customer relations will be required. DuPont will not supply

materials to customers with these applications, unless the material is provided directly from

DuPont to the customer under a contract which expressly acknowledges the contemplated

use. Permission to refer to material Master Files will be restricted, and given only to direct

customers who are purchasing material under contract

CATGORY C: ALL OTHER MEDICAL APPLICATIONS

DuPont will use normal good business judgment in forming supplier/customer relationships.

No special risk management strategies are required.
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CAUTION

DO NOT USE DUPONT MATERIALS IN MEDICAL APPLICATIONS INVOLVING
PERMANENT IMPLANTATION IN THE HUMAN BODY OR PERMANENT
CONTACT WITH INTERNAL BODY FLUIDS OR TISSUES.

DO NOT USE DUPONT MATERIALS IN MEDICAL APPLICATIONS INVOLVING
BRIEF OR TEMPORARY IMPLANTATION IN THE HUMAN BODY OR CONTACT
WITH INTERNAL BODY FLUIDS OR TISSUES UNLESS THE MATERIAL HAS BEEN
PROVIDED DIRECTLY FROM DUPONT UNDER A CONTRACT WHICH EXPRESSLY
ACKNOWLEDGES THE CONTEMPLATED USE.

DUPONT MAKES NO REPRESENTATION. PROMISE. EXPRESS WARRANTY OR
IMPLIED WARRANTY CONCERNING THE SUITABILITY OF THESE MATERIALS
FOR USE IN IMPLANTATION IN THE HUMAN BODY OR IN CONTACT WITH
INTERNAL BODY FLUIDS OR TISSUES.

THE CONTENT OF DUPONT MATERIAL IS NOT CERTIFIED FOR IMPLANTS
DuPoni materials are not designed or manufactured for use in implantation in the human body

or in contact with internal body fluids or tissues. DuPont has not performed clinical testing of

these materials for implantation. DuPont will not provide to customers making implantable

devices any notice concerning its materials, as specified under 21 C.F.R. section 820.81. or

any other information necessary for medical device use of the materials under any other

statute or FDA regulation. DuPont has neither sought, nor received, approval from the FDA
for the use of these materials in implantation in the human body or in contact with internal

body fluids or tissue*.

DO NOTMAKE REFERENCETO THE DUPONTNAME OR ANY DUPONT
TRADEMARK IN ASSOCIATION WITH AN IMPLANTABLE MEDICAL DEVICE
Do not use a DuPont trademark as the descriptive name of an implantable medical device

(c.g. do not call it the "Dacroo** prosthesis'*).

ALL IMPLANTABLE MEDICAL DEVICES CARRY A RISK OF FAILUREAND
ADVERSE CONSEQUENCES
Regarding implantation of materials, you should rely upon the medical judgment of the

physician, the medical device setter and the FDA. Do not rely upon DuPont. Examples of

both harmful consequences and life-uving bene fits from the implantation of various materials

can be found in published medical articles. Without performing clinical medical studies of an

implantable medical device, DuPont cannot weigh the benefits against the risks of that device

and cannot offer a medical judgment on the safety or efficacy of the use of our material in that

device.
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Appendix B

Y
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DATABASE FOR THIS REPORT

SCOPE - Information in the Hospital Supply Index represents the purchases of

medical/surgical supplies by non-federal, non-psychiatric hospitals in the
continental United States. Products included are generally for patient support
rather than therapy and do not include more expensive equipment items which
are capitalized or leased. Purchases made by federal hospitals, psychiatric

hospitals, physicians' offices, nursing homes, ambulatory surgicenters, and
exports are not included. The current IMS hospital universe is detailed on the

following pages.

SAMPLE - IMS maintains a sample of approximately 350 hospitals from which
purchase information is gathered monthly. Panel hospitals include for-profit and
not-for-profit hospitals, both private and city-county-state facilities, and a
representation of teaching hospitals as well as members of large purchasing

groups. The sample is balanced by type of hospital, bed size, and region and is

also weighted to represent the variability of purchasing among hospitals.

METHODOLOGY - The purchase information obtained from the hospital panel is

projected to national levels (continental United States) using a universe over
sample projection system. The dollars and units from each hospital invoice are
projected dollars by projected units for the current quarter.

All data shown represent the actual purchase by the hospital as it appears on the
invoices, whether purchased from a manufacturer or a dealer. Although prompt
payment cash discounts and bottom line invoice discounts may exist, they are
not reflected in the IMS dollar purchase amounts. Rebates are not included;

however, invoiced free goods are reflected in the dollar purchase amounts.

UNIVERSE UPDATE - Each year the total universe for the Hospital Supply
Market Report is revised based on the most currently published American
Hospital Association Annual Survey of Hospitals.

The national total of hospitals, the IMS sample design, the actual number of

reporting in the current quarter follows:
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C-3 C-3

Dniverse, HSI Sample Design, and Actual Reporting Sample Hospitals
By Hospital Ownership Type and Bed Size.

Ownership Type

Private

Bed Size

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds
1-99 Beds

National
Total

225
551
651

1,077
1,431

HSI
Sample
Design

68
63
61
52
24

City-County-State 1,440
ECESCSI

5,375

62

350

Actual
Reporting
Sample
93Q3

60
75
58
52
27

Private
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C-4
C-4

By hSJuIi'ou^-"'* ReP°rtin* Sample Hospitalsoy Hospital Ownership Type and Surgical Operations.

Actual

Sup.iMl „ .
Reporting Sampling

Ownership Type £SSSL "^i!?*
1 Sa

?*ie R«e 9
Operations Total 9303 (%)

riVatC "'OOO * Surg Ops 547
7,500 - 9,999 Surg Ops Sse " iM
K°°° " !'«?? !«« Ops 545 4"

1-
'2

2.500 - 4,999 Surg Ops 836 53 I'°

Private

32,499 Surg Ops 1,649 32 lig

City-County-State 10,000 + Surg Ops
7,500 - 9,999 Surg Ops
5,000 - 7,499 Surg Ops
2,500 - 4,999 Surg Ops

1 - 2,499 Surg Ops

City-County-State T440

3,935
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C-5 C-5

Universe and Actual Reporting Sample Hospitals
By Hospital Ownership Type and Admissions.

Ownership Type

Private

Admissions

20,000 * Adms
15,000 - 19,999 Adms
10,000 - 14,999 Adms
5,000 - 9,999 Adms

1 - 4,999 Adms

National
Total

203
223
463
902

2.144

City-County-State 1,440
IBHKI
5,375

Actual
Reporting
Sample
9303

53
37
64
63
55

54
:stsi

326

Sampling
Rate
(»)

26.1
16.6
13.

B

7.0
2.6

Private
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C-6
C-6

By HospltaPown^c^'"^ RePorti "9 Sample Hospitals»y Hospital Ownership Type and Open-Heart Procedures

Actual

SBS3SS
Priv* te 1000 + O-H Procs

500 - 999 O-H Procs
250 - 499 O-H Procs

1 - 249 O-H Procs
Non Open-Heart

Private
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C-7

Universe and Actual Reporting Sample Hospitals

By Hospital Ownership Type and Bed Size and Pacemaker Status.

Bed Size
Ownership Type Pacemaker Status

Private 500 + Beds, Pacer
300 - 499 Beds, Pacer
200 - 299 Beds, Pacer
100 - 199 Beds, Pacer
1-99 Beds, Pacer

Non-Pacemaker

Private

City-County-State 500 Beds, Pacer
300 - 499 Beds, Pacer
200 - 299 Beds, Pacer
100 - 199 Beds, Pacer
1-99 Beds, Pacer

Non-Pacemaker

City-County-State
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C-8 C-8

Universe and Actual Reporting Sample Hospitals
By Hospital Ownership Type and Bed Size and PTCA Status.

Actual
Reporting Sampling

Bed Size National Sample Rate
Ownership Type PTCA Status Total 93Q3 (l)

Private 500 + Bed, PTCA 183 49 26.8
300 - 499 Bed, PTCA 303 44 14.5
200 - 299 Bed, PTCA 177 IB 10.2
100 - 199 Bed, PTCA 69 4 5.81-99 Bed, PTCA 4 0.0
Non-PTCA 3,199 157 4.9

Private

City-County-State
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C-9
C-9

1993 U.S. Hospital Universe By Hospital Type, Bed Size, and Census Region
Source: 1992 American Hospital Association Annual Survey of Hospitals

Staffed
Hospitals Beds Admissions

Census
Beds

All Hospitals

Private

500 * Beds

New England
Kid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific

300 - 499 Beds

New England
Kid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific

200 - 299 Beds

New England
Mid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific

5,
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c-io C-IO

1993 U.S. Hospital Universe By Hospital Type, Bed Size, and Census Region
Source: 1992 American Hospital Association Annual Survey of Hospitals

100 - 199 Beds

Mew England
Kid Atlantic
South Atlantic
East Horth Central
East South Central
West North Central
West South Central
Mountain
Pacific

99 Beds

New England
Kid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific
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C-ll c-n

1993 U.S. Hospital Universe By Hospital Type, Bed Size, and Census Region

Source: 1992 American Hospital Association Annual Survey of Hospitals
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C-12 C-12

1993 U93 U.S. Hospital Universe By Hospital Type, Bed Size, and Census Region
Source: 1992 American Hospital Association Annual Survey of Hospitals

100 - 199 Beds

New England
Mid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific

1-99 Beds

New England
Mid Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain
Pacific
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C-13 C-13

1993 U.S. Hospital Universe By Hospital Type, Census Region, and Bed Size
Source: 1992 American Hospital Association Annual Survey of Hospitals
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C-14 C-14

1993 U.S. Hospital Universe By Hospital Type, Census Region, and Bed Size
Source: 1992 American Hospital Association Annual Survey of Hospitals

East South Central

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds
1-99 Beds

West North Central

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds1-99 Beds

West South Central

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds
1-99 Beds

Mountain

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds
1-99 Beds

Pacific

500 + Beds
300 - 499 Beds
200 - 299 Beds
100 - 199 Beds
1-99 Beds
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C-15 C-15

1993 U.S. Hospital Universe By Hospital Type, Census Region, and Bed Size
Source: 1992 American Hospital Association Annual Survey of Hospitals
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C-16 C-16

1993 O.S. Hospital Universe By Hospital Type, Census Region, and Bed sSource: 1992 American Hospital Association Annual Survey of Hospital
>ize
Ls

Hospitals
Staffed
Beds Admissions

Census
Beds

East South Central

-

159 21,588 651,279 13,348

500
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ARONOFF ASSOCIATES

Aronoff Associates is a consulting firm that specializes in the use of polymers in health care

products. Since it was founded in 1982, Aronoff Associates has assisted major companies as

well as smaller firms in the health care field on a wide variety of projects, often international

in scope. Projects have ranged from conducting market research on a global scale, to

inventing new products, to solving problems in product development.

Marvin S. Aronoff, Ph.D.

Principal

Prior to founding Aronoff Associates, Marvin S. Aronoff held several positions directly

related to the development of products based on polymers. These positions included

Research Chemist at the Pioneering Research Laboratories of E. I. du Pont de Nemours

and Co.; Department Head, Israel Fiber Institute; and Division Director, Bioresearch

(formerly affiliated with Pfizer). For the past eighteen years, the medical applications of

polymers have been the primary focus of his work. Dr. Aronoff is the author of

numerous studies for clients on the use of polymeric materials in medical products, and is an

inventor of several health care products. He earned a B.S. in Chemistry at Queens College,

New York and an M.S. and Ph.D. in Chemistry at Florida State University. He is a

member of the American Chemical Society, the Society of Plastics Engineers (SPE) and the

Medical Polymers Division of SPE.
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PREPARED STATEMENT OF MARK REILY

Mr. Chairman and Members of the Subcommittee:
My name is Mark Reily. I am joined by Thomas, my 9 year old son, who is the

reason I am here today. Together with my wife, Jane and three other children, we
live in Houston, Texas. I am here to highlight from Thomas' perspective, as well as
my own, how recent events, which have prompted the need for this hearing, could
collectively result in an unacceptable situation that will destroy thousands of lives

of those who are dependent on implanted medical devices in order to live. Thomas
is one of those people.

When Thomas was 8 months old, in October 1985, he was diagnosed as having
hydrocephalus, or "water on the brain." The so-called water of hydrocephalus is ac-

tually cerebrospinal fluid, a liquid produced in the brain that cushions it and the
spinal cord from shock. In hydrocephalus the pint of fluid produced daily does not
drain properly from the brain, thus accumulating abnormally in the head. The fluid

builds pressure inside the head, like steam building inside a locked pressure cooker.
If left untreated, it is a well-documented medical fact that the patient will initially

suffer severe brain damage, become comatose and ultimately die.

Fortunately, a procedure has been developed and refined over several decades
that can alleviate this condition. A shunt tube made of a soft and pliable plastic

material called silastic can be implanted in the brain and drained in the abdomen
to relieve the fluid buildup. Through a combination of improved surgical procedures,
the availability of the finest appropriate Biomaterials for the shunts and technology
such as MRI and CT-Scan equipment for diagnosis, the outlook for the hydro-
cephalic patient has greatly improved over the last decade. However, it is critical

to note that these patients, primarily children, will require a shunt for their entire
life. There is no cure for hydrocephalus. Further, each patient will inevitably require
shunt revisions on a periodic basis, since despite the advances cited earlier, the
shunt may malfunction due to clogging, infection or the child-patient out growing
the tube's length. Thomas has had two shunt revisions since his original shunt was
put in. Each year in the United States, there are approximately 75,000 shunt im-
plant and revisions procedures performed.
Jane and I will never forget the Saturday in late October 1985 that we learned

that Thomas had hydrocephalus. We initially were told that based on the level of
fluid accumulated on his brain and the resulting pressure, he would surely have
brain damage, probably severe. Surgery to place a shunt in Thomas was scheduled
for the first thing Monday morning. The hours from late Saturday to Monday morn-
ing were the longest and darkest we have ever experienced. The thought of needing
to wait even 1 day to have the surgery was almost unbearable, for each minute that

Eassed the pressure was building in Thomas' head, which could further damage
im. Finally, the time came to drive to the hospital, and this act lifted our spirits,

for we were beginning to take action that would help Thomas. Modern medical tech-

nology would give Thomas a chance, and even in our moment of despair this fact

was not lost on us. On Monday morning, Thomas received a shunt. Within hours
he was showing improvement; his lethargy disappeared, he was alert, he smiled
again for the first time in weeks and even stood up in his hospital crib. Within 36
hours we were back home with the "new" Thomas. How different the outcome would
have been for Thomas that day without the availability of the medical device he so

desperately needed.
In the months that followed we began adjusting to Thomas' condition emotionally.

It is not easy to accept the fact that your child needs such a device as a shunt to

live. But over the years we have come to accept that fact, and to be grateful for

it. It is a cruel irony that as we have come to be at peace with his dependence on
his shunt, there are events transpiring that would make his life saving device unat-
tainable.

Six months after his original surgery, Thomas' shunt clogged and required revi-

sion. In the 6 hours that Thomas waited for his shunt revision surgery he became
violently ill, vomiting continuously and finally becoming semi-comatose. Mercifully,

his revision was successful and immediately he regained his old form, laughing and
smiling while playing games in his hospital bed. Again, how different yet predict-

ably sad and final would have been Thomas' fate without this medical device.

Thomas went 6 years before his next revision was required, in 1992. But the sce-

nario was the same, as the shunt malfunctioned Thomas' condition deteriorated rap-
idly and relentlessly. When a new, properly functioning shunt was implanted,
Thomas returned to his normal activities, working hard to overcome his learning
difficulties, growing and maturing, and in a child's way striving to become a produc-
tive member of our society.
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We had previously come to regard these shunt revision episodes as temporary me-
chanical digressions, sidelining Thomas for a week or so. If the lack of availability

of required Biomaterials for Thomas' shunt become a reality, as it appears it might,

for Thomas these episodes will instead become a nightmare, with predictable, per-

manent, devastating results.
,

As I reflect on Thomas' brief life I see a child who has already overcome a lifetime

of medical difficulties. For in addition to the shunt implant and revision episodes

I have detailed, Thomas was left with physical weaknesses from his hydrocephalus

requiring extensive therapy. When Thomas was 6 he was diagnosed with a very rare

seizure disorder called Landau-Klefner Syndrome, which left him unable to talk for

over 1 year. But Thomas has endured and even prospered at times in the face of

all theBe obstacles.

Early on, Thomas' mother and I went through a grieving process. We were griev-

ing for the death of our vision of our perfect child. It was not until we let that vision

go that we were able to see something much more beautiful, a young boy with an
indomitable yet loving spirit who will not let his personal medical setbacks defeat

him. I think that must surely be God's spirit living inside him.
So I stand before you today, as the guardian of that spirit, as Thomas' father, be-

seeching you to do everything in your power to ensure that the Biomaterials nec-

essary for Thomas medical implant device be readily available and of the highest

quality. For sometime in the future, perhaps next month or next year, Thomas will

wake me in the middle of the night to tell me that his head hurts and that he
thinks his shunt has broken. He will ask if we can to go to the hospital to get a
new one right away. I pray that I will be able to give him the only acceptable an-

swer.
Thank you.

PREPARED STATEMENT OF PEGGY A. PHILLIPS

Mr. Chairman, Members of the Subcommittee, my name is Peggy A. Phillips,

Esq., and I am grateful for having the opportunity to appear before you today and
share with you how a medical device known as an Automatic Implantable
Cardioverter Defibrillator (AICD) has impacted my life.

The AICD monitors the heart and delivers a shock to the heart whenever the
rhythm alters or stops.

Background
November 26, 1986, started off as a normal day. At the time, normal for me was

getting up about 5:30 a.m., working all day as Chief of Congressional Affairs for the
Air Force Surgeon General, going to law school in the evening, getting home about
10:00 p.m. and working until midnight or so on school work or office work. I was
used to this pace because I also went to undergraduate school in the evening while
working full time on Capitol Hill. I am sure this is similar to the schedule of a Unit-
ed States Senator.
However, on November 26, 1986, my life changed. I am told I collapsed as I

walked from my office to my car. I stopped breathing. I had no pulse. I had no blood
flow to my brain. I was clinically dead.

Fortunately, my car was parked next to a fire house and I immediately received
CPR from the paramedics. I was "shocked" back to life with a portable defibrillator

and taken to a nearby hospital.

This experience was very difficult to adjust to. I have been very healthy all my
life. In fact, November 26, 1986, was only the second time in my life that I was a
patient in a hospital. The first time was the day I was born.
Medical personnel performed numerous tests in an attempt to find something

wrong with me. They found nothing. I was diagnosed as experiencing sudden death
syndrome and sent home on medications.

But, life was not the same. I felt fine, but my family and friends treated me like

a piece of fine crystal. I tried to understand what they were going through. After
all, I did not remember how I looked with the tubes in my throat and nose. I did
not remember the needles in my hands and arms. I did not remember being tied

to the bed because I tried to escape from the hospital to go study for my law school
exams.
However, I was determined to get back to my old routine. Then, on the morning

of December 15, 1986, I experienced a slight chest pain while sitting in bed. As luck
would have it, my mother was across the hall and immediately responded to my
faint call. As she entered the room, my eyes rolled back and I slumped over. I had
died a second time. Mom began CPR and called the Fairfax County Fire Station #18
Advanced Life Support Emergency Team.
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I wish my mother could be here today. She is a very special lady and very deter-

mined. It is not often that a woman saves the life of the child she brought into this

world. We should all have her strength. If anyone could convince you of the impor-
tance of finding some way of sheltering major corporations who make raw materials

so others can advance medical science, she could.

The Advanced Life Support Emergency Team "shocked" me back to life and took

me to a local hospital. More tests were conducted, but no cause for these sudden
death episodes could be found. The doctors were hesitant to discharge me from the

hospital. So, I reluctantly agreed to have an Automatic Implantable Cardioverter
Defibrillator (AICD) implanted in my stomach.

Life With an AICD
Following a few minor adjustments, life with an AICD has not been much dif-

ferent than my life before the AICD. In preparing for this hearing, I wrote down
the positives and the negative changes in my life since the surgery.

The negatives are somewhat silly

• I had to get rid of 10 bikinis and 7 pair of skin tight jeans. You know, the kind
you have to lie down on the bed to zip up.

• In addition, it took a while to get used to the scars, and
• I was self-conscious about the defibrillator showing when I wore certain clothes,

like a swimsuit.
• Finally, it is inconvenient having to have the battery checked every two months

and undergoing surgery every 3-5 years to have the battery replaced.

The positives changes since my surgery far outweigh the negatives
• I am able to enjoy life without my family and friends worrying that I am going

to die again.
• I completed my law degree and am now a member of three bars including the

District of Columbia Court of Appeals.
• I am an active member of the Board of Directors of the Washington Civic Sym-

phony.
• I try to exercise at least five days a week including step aerobics, jogging and

weights.
• I especially enjoy running up the 120 or so steps on the West front of the U.S.

Capitol building, and I have run in 5K races.
• I have been a part of the initial response team following some of the most dev-

astating disasters in the history of the United States, including Hurricane An-
drew and the Los Angeles riots. I was able to travel to these devastated areas
without concern of an electronic malfunction, thanks to the AICD.

I know that I am lucky to be here today. I was fortunate on November 26, 1986,

when that Air Force Sergeant brought me back to life. He later told me that I was
his first save out of 10 victims.

I was fortunate on December 15, 1986, that my mother was across the hall. If

she had been downstairs attending to my sister who was recovering from major back
surgery, she would not have heard my call.

I was fortunate that the Fairfax County Fire Station #18 Advance Life Support
Emergency Team brought me back to life.

I was fortunate that Doctors like Levi Watkins, Dean, Postdoctoral Programs, Pro-

fessor of Cardiac Surgery, The Johns Hopkins University School of Medicine, and
Michel Mirowski, Professor of Medicine, The Johns Hopkins University School of

Medicine, were persistent in developing the AICD, even though they were criticized

by their peers.

I was fortunate that there are companies like DuPont, Dow Chemical, and others

that develop new raw materials used to advance medical science, and companies
like Cardiac Pacemakers, Inc. that manufacture the AICD device in me.

Yes, Mr. Chairman, I know that I am lucky to be alive today. But, what happened
to me could happen to you, or your loved one. Remember, I had no medical prob-

lems. There was no history of heart problems in my family. I was a good candidate

not to have a cardiac arrest. But, it happened to me, and no one knows why.
Yet, the reason does not seem that important now as long as I have the AICD.

However, I am concerned how much longer I will have that luxury when top suppli-

ers of raw materials used in these devices are pulling out of the business.

As you can see, I am not a senior citizen. In fact, I hope to live another 50 or

60 years.

I have thought about how my life would be without an AICD. I think it would
be similar to being in prison the rest of my life. And, I don't know if I could handle
that.
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Conclusion

Mr. Chairman, I consider what happened to me very personal, and I don't like

to discuss it among strangers. I was told that I was one of the youngest patients

to have the AICD implanted in this area. I am afraid that if people knew what I

have been through, they would treat me differently, probably the way I was treated

after my first episode of sudden death—like a piece of fine crystal. While I enjoy

fine crystal, I would prefer to be compared to a tough diamond.
For these reasons, it was difficult for me to appear before you today. However.

I feel very strongly about the need to examine the liability concerns of raw material

suppliers.

I am sure you have heard some horror stories of patients reacting to particular

raw materials, or medical devices that do not operate properly. When I worked for

the Air Force Surgeon General, I dealt with many medical horror stories experi-

enced by military personnel and their families. I have also read some of the legal

cases filed against DuPont and the arguments presented by the plaintiffs.

However, this is not a perfect world. We need to find incentives to encourage the

advancement of technology in the medical community, not discourage it. If Doctors

Watkins and Mirowski did not pursue their idea of developing the AICD, I and
50.000 others like me around the world may not be alive today.

I applaud the major corporations like DuPont, Dow Chemical, and others who
have done so much in the advancement of raw material science. And Mr. Chairman,

I sincerely appreciate your taking the time to hold this hearing today and express-

ing your interest in this critical issue.

Mr. Chairman, that concludes my remarks for this morning. I will be pleased to

answer any questions you or other Members may have.

PREPARED STATEMENT OF J. DONALD HILL, M.D.

The potential for a widespread shortage of polymeric raw materials used in medi-

cal device manufacturing is real. This view is supported by the accumulating evi-

dence, reports and actions of the medical device industry in the United States and
their suppliers of polymeric raw materials.

The exact extent of the problem is not yet available but, on a daily basis, it seems
to be increasing without an alternative or practical solutions.

The predicted shortage results from a unique set of circumstances only possible

in the litigious environment that has become a part of American society.

The volume, market value, and eventual profits of selling polymeric raw materials

for use in permanent medical devices is comparatively small, measured against the

risk of litigation and large financial settlements. In short, it is not a profitable busi-

ness. As a result, many suppliers of raw material are getting out, and no one is

stepping up to fill the market void.

The medical community can no longer treat this as someone else's problem. Our
patients are going to be affected in as little as 18 months, when the supply of Da-
cron, for example, runs out. Other shortages will surface in 2-3 years.

My only goal today is to provide you with information on the direct effect these

shortages will have on the public who require permanent implants which contain

these materials, even though they may be present in minute quantities.

What is the direct impact on the American public in terms of types of implants

and the number of patients involved?
Everybody will eventually be effected—you, me, your family and your community.

In my own specialty of heart and vascular surgery, an estimated 700,000 patients

per year needing implants would be directly effected and another 1.7 million indi-

rectly. This includes the following:

—35,000 people per year needing artificial heart valves to replace their defective

natural valves.
—140,000 patients per year needing pacemakers to maintain the rhythm of their

heart.—35,000 patients per year needing implantable defibrillators to resuscitate them
from sudden cardiac arrest occurring outside a medical care setting.

—230,000 patients per year needing vascular grafts to replace obstructed and dis-

eased arteries throughout their body.

There are hundreds of temporary devices not used for long term implants but will

nonetheless be caught up in the shortage of raw materials. These include 1 million

patients each year having diagnostic heart catheterization, 331,000 patients each

year having angioplasty, a procedure that dilates the small arteries of the heart.

Lastly, 342,000 patients who undergo open heart surgery every year are impacted.
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These patients require a heart-lung machine for temporary support while the correc-
tive surgery is being done. A heart-lung machine is fabricated with up to 15 poly-
meric materials.
The vast majority of these patients return to a productive life. I am confident that

in this room alone there are people or members of their families who have been or
will be the beneficiaries of some of these therapies.

Dr. Bernard Stulberg will report to you on the bone and joint implants in
orthopaedics.

In brain surgery, 75,000 life saving ventricular shunts are implanted each year.
Many of these patients are young children, who go on to live normal and productive
lives, who would otherwise be institutionalized for life.

In urology, a variety of 2500 incontinence devices and 50,000 penile implants are
used each year.
Your sight—the simple act of being able to see where you are going and what you

are eating. More than 1 million cataract implants per year for opacified lenses,
3,000 shunts for patients with glaucoma—abnormal high pressure in the eye; retinal
detachment a misfortune that strikes young and old—25,000 per year.
These numbers are sobering. Many of my colleagues in my own specialty of car-

diac surgery have dismissed this problem as impossible because of the huge effect
it would have on patient care. They cannot conceive of any scenario in which this
could come to pass. Nonetheless, it is happening.
What are the cumulative effects of the shortage? Certain patients will die in large

numbers. Other patients will not die, but will have unnecessary pain and suffering
and a poor quality of life.

The cost of health will go up. Physicians will continue to treat their patients but
will do so with less effective, more extensive technology reintroduced from the past.
We will have to spend 10 years searching and developing new biomaterials only

to have them face the same liability risks that exist today. Capital for innovation
will be in short supply because medical device manufacturing will be viewed as an
industry that has an unaddressed, unique societal problem—-deep-pocket motivated
litigation.

Large companies who are able to pay the costs of indemnifying polymeric raw sup-
pliers will gain a monopoly of the market place that will be more valuable than a
patent position. Most device innovation originates in small companies, so the oppor-
tunity to extend the art and craft of medicine would suffer or come to a standstill,
as widespread competition in the marketplace winds down.
The medical community has no motive to create an artificial crisis, as has been

suggested. Our desires are twofold. First we wish to effect a solution that will not
interrupt the ready supply of currently available high quality implantable medical
devices for our patients. Second, we wish to promote the innovation of worthwhile,
new devices.

It is certainly true that need spawns innovation. But since the problem we face
is societal in nature, any need driven technical solution would face trie same product
liability dilemma. Substitutes are not the solution. They are a Band-Aid. There
must be a balance struck between protecting the consumer against poor products
and not penalizing the rest of society, who need medical implants to enhance both
the longevity and quality of their lives. A legitimate business decision by the manu-
facturers of raw materials used in medicine, which is often a small fraction of their
overall business, is now destined to have a huge effect on the public. How far back
in the chain of command does the responsibility to the patient lie? There is some-
thing wrong with a societal process which results in the outcome we now have.

Solutions are not easy, but the medical community is unified in their support of
maintaining the authority and thoroughness of the FDA in their role of controlling
the safety and effectiveness of any device used in patients. We applaud any im-
provement in the FDA process but would resist short cuts in the approval process.
We ask the members of this Committee and the Congress to be creative in a solu-

tion that will serve all parties. We ask, further, that they act quickly because we
do not have time on our side. Thank you.

PREPARED STATEMENT OF BERNARD N. STULBERG, M.D.

I am pleased to say a few words to you on behalf of the American Academy of
Orthopaedic Surgery. Our specialty deals with medical care of the musculoskeletal
system, and as such has more than a 40 year history of using implantable medical
devices. Our field has been characterized by intense basic and clinical research into
the performance of such devices, and has been able to substantially improve the
quality of life of our patients because of these devices. I believe that we can offer
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a perspective to this recent concern relating to the availability of basic materials for

the manufacture of devices that will be used for biological implantation, and I hope
that it might prove of benefit in your deliberations. There are three basic messages
from this perspective:

1) Any implantable device that is subjected to stress has the potential to fail over

time. This is particularly true for devices used in load bearing applications;

2) The failure patterns of devices used in load bearing capacity is usually

multifactorial, involving varying contributions from device related factors, technical

factors of implantation, and biological factors, including patient usage; and
3) The risk to our patients, our specialty, and to the American manufacturers of

the products we use is substantial if we equate device failure with inadequacies of

the base materials incorporated into these devices. Until such time as new mecha-
nisms for device evaluation prior to and after implantation are developed and ap-

plied routinely, statutory protection will be necessary to protect suppliers of base
materials. These new mechanisms will require the combined efforts of scientists,

manufacturers, regulatory agencies and clinicians to establish processes of evalua-
tion that limit the exposure of patients to what ultimately become poorly performing
implants.

In short, this perspective will suggest that there is no material implanted in a
patient that could not fail eventually. These failures are not necessarily the result

of material problems, but are intricately related to the design of the part in which
the material was used, the way that the device was implanted in the patient, the
manner in which the patients system has adapted to trie device, and the level of

use to which that device is subjected. To lay blame to the material alone under-
estimates the problem substantially.

While the basic biomaterials pulled off the market by DuPont and Dow Corning
have only a small impact on the orthopaedic marketplace today, we do have a num-
ber of materials usea for a variety or applications that could be placed in similar
jeopardy if the suppliers of these materials chose to withdraw from the medical mar-
ketplace. The most obvious of these materials is the polyethylene component of total

joint replacement prostheses. Approximately 450,000 patients per year undergo hip
or knee replacement surgery in the United States each year. Each of these devices
has a component that is fabricated from a high strength metal, which mates with
a surface of ultrahigh molecular weight polyethylene (UHMPE—"polyethylene").

I would like to use the application oi materials in devices used for total hip re-

placement surgery as an example of our triumphs and failures, and the impact of
the basic materials. This surgery is used to treat end-stage arthritis of the hip joint,

fractures of the upper part of the femur, problems related to blood flow abnormali-
ties of the hip, tumors involving the hip joint, and a host of other applications. It

provides predictable pain relief and substantial improvement in function of the joint
and of the patient, and allows the restoration of a patient's quality of life. This oper-
ation is performed over 250,000 times per year in the United States, and when com-
bined with other joint replacement procedures, has spawned a $10 billion industry.
The operation first came to this country in 1968.
The hip joint carries forces of approximately 3 to 5 times body weight with each

step that an individual takes. The average individual walks on his (her) hip approxi-
mately 1 million times per year. Thus it is easy to see that devices used to replace
this joint are to be subjected to substantial forces over time. While in the early years
of joint replacement surgery we experienced some breakage of devices, a number of
other mechanisms of device failure have been identified. A large majority of these
mechanisms of failure are determined from careful analysis of the concepts used to

design the implant, the processes involved in manufacturing the device, the clinical

environment and clinical performance of the device when it was implanted, and a
careful analysis of the retrieved implant once it is removed, either for failure or in

post mortem examination. This entire process has been called the "life cycle" of the
implant, and is only recently receiving careful attention from clinicians and sci-

entists.

There may be three broad categories that can be used to describe device failure.

These are: 1) factors related to the device itself, which include its design and the
materials of which it is made; 2) factors related to the patient in whom it is im-
planted; and 3) factors related to the implantation of the device.

Currently of significant concern to the orthopaedic community is the issue of wear
of the UHMWPE. When hip replacement surgery first came to the United States
in 1968, the devices used were of stainless steel stems mated with socket devices
of all polyethylene. These were anchored with bone cement. With time, we found
that certain stems devices were not strong enough, and new metal alloys and proc-
esses for manufacturing were devised; we found that cement could fragment and
cause debris leading to excessive bone loss; and we saw wearing of the polyethylene.
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We moved to newer devices, requiring substantially greater sophistication in manu-
facturing, that would address these problems. New processes providing alternatives

to the use of cement, required mechanisms to attach devices directly to bone, re-

quired improved metallurgical processes, and led to newer approaches to using poly-

ethylene. These approaches have resulted in markedly improved devices that have
found usage in an expanding number of circumstances, many of which place even
greater stresses on devices than have been previously felt to be reasonable—most
notable is that in a famous baseball player. Polyethylene is still an extremely impor-
tant component of each of these devices. Our attempt to move to new approaches
for bone attachment appears to have had a negative impact on the performance of

this polyethylene. In one series of patients, we have been seeing evidence of wear
of a particular device in as many as 50 percent of patients by 7 years—a rate of

wear that is nearly twice as fast as what we were previously experiencing. Specific

features of this wear were the thickness of the polyethylene used in the device, the
size of the patient, the activity level of the patient, and the angle of implantation
of the device. To blame this failure rate on the base material, and to hold the suppli-

ers accountable, would not be accurate nor would it be in the best interest of our
industry.

At present, the supply of polyethylene is from two sources. The percentage of poly-

ethylene that these manufacturers produce that goes to the medical marketplace
represents approximately Vz of 1 percent (0.5 percent) of its total output. If for li-

ability reasons, these manufacturers were to withdraw from the medical market-
place, we would be forced to return to approaches used before 1968. This would have
the impact of undermining the $10 billion industry associated with joint replace-

ment activity, driving most of the industry offshore or making us entirely dependent
upon manufacturers outside of the United States.

A good deal of research effort, in time and money, by academic centers,

orthopaedic manufacturers, and materials scientists have been focused upon under-
standing the mechanisms of polyethylene wear, the consequences of wear, and the
design issues of the devices that can decrease the likelihood of wear. All efforts at

research are directed at improving the performance of the material. Only recently

are scientists and manufacturers looking for alternative materials, an expensive
process that could take years to develop and bring to the marketplace.
The point which we wish to make is that none of the materials we use is perfect.

As we identify problems in certain applications of these materials and address them
directly, we run the risk of compromising performance of other aspects of the de-

vices. There is likely to be either a biological or biomechanical consequence (or both)

to each material we use in a biological environment. It is clear that there are factors

relating to device failure that physicians may not be able to completely control

—

the biological factors such as infection, or rejection. But there also are factors that
clearly can be controlled by the physician—such as the implantation of appropriate

components in the proper position; and by the manufacturer, such as the quality of

the material selected and the proper shaping and characterization of the materials

as they are fashioned into devices. Each or these areas has an impact on how that

material will perform once it is implanted.
We believe it is important to identify those areas of the medical community that

have this precarious relationship of high risk with low return, and to provide them
with statutory protection. It will be similarly important to work toward newer meth-
ods to predict and injure safety or devices over extended periods of implantation,

and to provide a cooperative regulatory environment that stimulates their develop-

ment.
Thank you.

PREPARED STATEMENT OF PIERRE M. GALLETTI, M.D., Ph.D.

Thank you for the opportunity to address a problem of commerce which is bound
to have a major, deleterious impact on patient care in the U.S. if not properly at-

tended to. My name is Pierre M. Galletti from Brown University in Providence,

where I am a University Professor and Professor of Medical Science and Head of

the Artificial Organs, Biomaterials and Cellular Technology group. I obtained a
M.D. degree in 1951 and a Ph.D. in Physiology-Biophysics in 1954 from the Univer-

sity of Lausanne in Switzerland. Since 1957, I have been involved in artificial organ
and implant research first at the Cedars of Lebanon Hospital in Los Angeles, then
at Emory University in Atlanta and lastly at Brown University.

I speak here as President of the American Institute for Medical and Biological En-
gineering (AIMBE), an umbrella organization which includes 320 elected fellows

—

the senior scientists in the field from academia, industry and government—46 uni-
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versity baaed programs in bioengineering—and 12 specialized bioengineering soci-

eties with about 20,000 members. AIMBE was established for the purpose of unify-

ing the bioengineering community and promoting the engineering approach for en-

hancing health and quality of life through innovation and appropriate use of tech-

nology. AIMBE's focus is on the development of public policy. We have concluded

that the recent embargo on materials used for the fabrication of implantable devices

is a major public policy issue which threatens the care of critically ill patients, en-

dangers innovation and scientific progress in basic and clinically oriented research,

and affects competitiveness and employment in an industry segment in which the

U.S. currently has the undisputed leadership.

AIMBE's perspective on the Biomaterials Crisis is expressed in a letter to the Edi-

tor of Science magazine published in today's issue of that journal. I quote:

"A recent review in Science (1) pointed out significant opportunities in the cre-

ation and characterization of biomaterials which are essential components of thera-

peutic implants. As pointed out in that same review, materials which are reasonably

biocompatible with use in the human body (e.g. polyester for vascular grafts,

polyurethanes for pacemaker leads, silicone elastomers for hydrocephalus shunts)

are becoming increasingly difficult to obtain from primary producers, and may soon

disappear altogether from the U.S. scene. The reason is that chemical companies

such as DuPont, Dow, Dow-Corning and others have determined that unpredictable

and excessive liability costs of doing business with manufacturers of implantable

medical devices no longer allow unrestricted sale of standard polymers to these cus-

tomers. Under current U.S. product liability laws, any remote supplier of commodity

materials can be joined in lawsuits involving medical products which are alleged to

have failed unexpectedly, not lived up to expectations, or caused complications.

Since the sales of such materials represent but a tiny fraction of the business of

chemical companies, but account for a major part of their liability or legal costs, it

is more expedient for them to opt out of the medical device market.

This embargo, which already affects the main sources of fluorinated polymers (e.g.

Teflon®), polyacetals (e.g. Delrin®), silicone compounds, polyurethanes and poly-

esters (e.g. Dacron®), is progressively extending to other elements of medical de-

vices, i.e., the small, but essential amount of PTFE powder which enters into the

fabrication of batteries for cardiac pacemakers, or the electric components of such

devices, as well as to the specialty metals used for pacemaker casings and joint re-

placement prostheses. The resulting crisis could bring to a halt the fabrication of

implantable devices in the U.S., resulting in a shortage of widely-used, FDA ap-

proved devices on the U.S. market, inadequate treatment for thousands of patients,

and the loss of jobs in a major sector of U.S. industry. Other potential consequences

include a shortage of materials for artificial organ and cell transplantation research,

the loss of engineering and medical experience as material fabrication and clinical

trials are shifted abroad, the closing of career opportunities for graduates of U.S.

training programs, and a diminished incentive to develop new materials since the

know-how of industry is needed to assure quality-controlled production.

This is a complex situation which increasingly resembles the crisis already faced

by the U.S. small aircraft manufacturers, most of whom have gone out of business

or into bankruptcy because of liability losses. The same fate threatens the U.S. med-
ical device industry. NIH leadership is needed in addressing this issue and in direct-

ing research to establish a scientific base for technological advances in the field of

medical devices and implants. The Health Industry Manufacturers Association

(HIMA) is coordinating efforts with the FDA to establish "equivalence" criteria for

substitute materials in shortage areas, and keep critical devices on the market (2).

In the short run, the most effective remedy would be to change tort law to bar

product liability claims against remote suppliers of "off the shelf commodity mate-

rials and components of devices which have received FDA approval. The entire li-

ability burden would then fall on the device manufacturer, who could decide wheth-

er or not to market a device.

Better solutions may be generated through discussion with all involved parties.

However a temporary resolution is urgently needed if we are to avoid a shortage

of chronic implants for critically ill patients.

'

I would like now to dispel some common misconceptions that relate to the field

of biomaterials for chronic implants, and conclude by suggesting some steps that

could be taken to alleviate the impending crisis.

First some facts to keep in mind when addressing this issue. The overwhelming
majority of materials incorporated into chronic implants are standard, commodity

Elastics, metals or ceramics widely used in non-medical products. The term
iomaterial is only justified inasmuch as these materials meet definite, stable speci-

fications and are processed and potentially modified to fabricate implantable or

blood contacting devices. Therefore clinical biocompatibility characterizes the entire,
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assembled device and cannot be assumed from its constituent materials. Second,
there is no such thing as a universally biocompatible material for all applications.
The very same polymers which function satisfactorily in one type of implant (e.g.

the teflon mesh in the suture ring for a cardiac valve) can prove disastrous in an-
other context (e.g. the teflon articular surface of a temporo-mandibular joint). Third,
the quality and reproducibility of polymeric materials used for chronic implants (e.g.

Dacron polyester for vascular grafts) is directly related to the amount produced and
the experience of the manufacturer. Since the quantities used for medical devices
are vanishingly small compared to other industrial applications, it is not surprising
that reliable materials have largely been obtained from major suppliers of chemical
products developed for non-medical uses. It is not impossible to fabricate reliable
polymers on a small scale, but the cost will be orders of magnitude higher than is

Eresently the case. Finally, we should not forget that the body environment is warm,
umid and corrosive, and that under such harsh conditions some degradation is un-

avoidable in chronic implants. Unrealistic expectations all too often cloud our eval-
uation of replacement parts for the human body. Wear and aging affect the implant
as much as they affect the person who receives it. The concept of a permanent, fail-

ure-proof medical device is an ideal to strive for, but for the moment it remains
unobtainable in 100 percent of the cases. In this regard, it is paradoxical that we
should hold chronic implants to a higher standard than drugs, where side effects
and failure to achieve the desired effect are, within limits, broadly accepted.
What recommendation can I formulate to meet the biomaterials crisis? Ideally,

measures should be taken to convince remote suppliers of commodity materials or
components for medical devices to keep them available to the U.S. medical device
industry. This may require a narrowly defined change in the law to provide relief

or remedy for ultimate liability claims against providers of standard, off-the-shelf
elements of approved devices.

Second, the National Institute of Standards and Technology could undertake col-

laborative programs with industry to target, R&D and establish a strategic reserve
to insure the availability of materials which are essential for the manufacturing of
medical devices and which have proven life-saving for critically ill patients. This
would establish reliable sources of standardized, specifications-meeting, quality-con-
trolled commodity polymers designed to interact with blood or other body tissues.

Third, the Food and Drug Administration, in concert with other Federal agencies,
should build on the data bases which will result from the federally mandated medi-
cal device tracking system to develop a National Implant Data Retrieval and Analy-
sis structure. Such information will allow statistically valid evaluation of chronic
implants, and the materials and components thereof, and provide a perspective on
patient-related versus device-related failures, which are often confused.

Lastly, the National Institutes of Health should prioritize programs that expand
the science underlying the clinical use of chronic implants. This would include the
mechanisms of degradation of biomaterials, the fundamental processes in the inter-

actions between materials and body tissues, the individual and species-specific dif-

ferences in bioreactivity to materials, and the development of non-invasive implant
monitoring techniques applicable to man.

Hopefully out of the present crisis will come new insights into the success or fail-

ure of implants, better rehabilitation of critically ill patients, and preservation of
therapeutic approaches for which there are currently no substitutes. Thank you for
the opportunity to express these thoughts to you today.

PREPARED STATEMENT OF M. KRISTEN RAND
Mr. Chairman, members of the Subcommittee, I am Kristen Rand, Counsel in the

Washington Office of Consumers Union, the publisher of Consumer Reports. Thank
you for the opportunity to share our views regarding medical device materials sup-
pliers. I am testifying today on behalf of Consumers Union (CU) Public Citizen's
Congress Watch and Consumer Federation of America (CFA).
Consumer access to safe, effective medical devices is of great concern to all of our

organizations. We recognize that many people's health and even lives depend on the
continued availability of well-designed and safe medical devices.

We are also aware that device manufacturers complain that many suppliers of
raw materials are refusing to furnish substances critical to the production of a vari-

ety of medical devices.

If there is a danger that consumers will be denied access to safe medical devices
because of a lack of availability of raw materials, that is indeed a problem. Before
we hurry to implement changes that might affect device regulation, however, sev-
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eral key questions must be answered: (1) does a problem really exist? (2) if it does,

what is its scope? and (3) what remedy, if any, is warranted?

We appreciate the opportunity to be here today not only to present the views of

our organizations but also to help accurately evaluate the situation.

Particularly with regard to medical devices, our organizations always proceed

with extreme caution. The past few decades are replete with examples of manufac-

turers making assurances to Congress and the public that a particular device is safe

but claiming that its availability is nevertheless threatened by the product liability

system. Almost without fail, we later discover that the device at issue is unreason-

ably dangerous or defective. This experience has forced us to be skeptical and not

accept at face value claims made by the device industry and manufacturers. One
example of proponents of liability "reform" making misleading claims about the safe-

ty of a device is the Vitek jaw implant.

In 1990, Malcolm Skolnick, a professor of biophysics at the University of Texas

testified before the Senate Commerce Committee that jaw implants manufactured

by Vitek, Inc. and used to treat a condition known as temporomandibular joint dys-

function were safe but that Vitek was in danger of being driven out of the market

by frivolous the product liability suits. When we investigated this claim, however,

we discovered that the FDA had, a month prior to Professor Skolnick's testimony,

required Vitek to distribute a letter to oral surgeons warning of the device's tend-

ency to fragment. FDA later issued its most stringent recall order for the device.

In addition, a Subcommittee of the House Government Operations Committee un-

covered evidence suggesting that there were serious problems with the Vitek im-

plant as early as 1986. The late Congressman Ted Weiss who chaired hearings on

the issue concluded, "There is evidence that the overwhelming majority of the grafts

and implants will eventually fail if they haven't already." a

Incidents such as the Vitek implant force us to very carefully evaluate any claims

made by medical device manufacturers about the effects of liability on their prod-

ucts.

From our perspective, it is imperative that any fix designed to ensure the avail-

ability of devices not end up hurting consumers more than helping them. At this

time, since there is no specific proposal from those seeking relief it is difficult for

us to determine if we could reach an agreement regarding a specific remedy, but

we are interested in reviewing alternatives that may be offered to resolve the issue.

Meanwhile, we can identify some proposals which have been discussed in the con-

text of medical device availability which we strenuously oppose.

In general, we are opposed to changes in the civil justice system that would result

in diminution of the rights of consumers to recover fair and adequate compensation

through the courts.

Limitation on Joint and Several Liability is Not the Answer

The Health Industry Manufacturers Association (HIMA) supports the limitations

on joint and several liability contained in S. 687, the "Product Liability Fairness

Act." We find their stated position on the joint and several provision somewhat con-

fusing. HIMA has stated that raw materials suppliers "may be brought into litiga-

tion and held liable for damages, even though the supplier has no direct role in the

material's ultimate use as a biomaterial. As a direct result of this predicament,

three major raw materials suppliers recently announced that they would limit or

cease altogether their shipments to medical device manufacturers." 2 We find this

fear on the part of materials suppliers odd in light of the fact that courts are rou-

tinely dismissing suits against suppliers who sell components to manufacturers that

make devices later found to be defective. For example, a Federal court in Hawaii

recently granted summary judgment to Du Pont and Dow Corning in a case alleging

injuries from an implant manufactured by a bankrupt company. The court refused

to hold the suppliers liable where an inherently safe component part is used in a

defective end product.3 Other courts have dismissed similar cases.4 All of these

cases involve Dow Corning and/or Du Pont supplying materials for the Vitek jaw
implant discussed above. Manufacturers are clearly not in danger of being held lia-

1 Human Resources and Intergovernment Relations Subcommittee, Committee on Government
Operations, U.S. House of Representatives, June 4, 1992.

2 HIMA written testimony before the House Subcommittee on Commerce, Consumers Protec-

tion and Competitiveness, February 2, 1994.
3Kealoha v. E.I. du Pont de Nemours & Co., DC Hawaii, No. 92-00282, February 24, 1994.
4 See e.g. Bond v. E.I. duPont de Nemours & Co., Colo Ct App. No. 92CA0624, June 3, 1994

and Lamontagne v. Du Pont Co., DC Conn, No. 3:91 (CV 142, September 29, 1993.
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ble merely for supplying safe components even when the devices into which they are

incorporated are found to be defective.5

Although courts are dismissing cases against component manufacturers where
there is no evidence that the suppliers know that their materials were being used
in a dangerous manner, we feel strongly that the potential for liability must remain
where a defendant does know that a manufacturer is using a component in an un-
safe manner.6 In addition, it is important to try not to encourage manufacturers to

turn a blind eye should suspicions be raised that its components are being used in

an unsafe manner.
Blanket protection for manufacturers of raw materials or device components is in-

appropriate and unacceptable. Determining whether a particular component manu-
facturer has sufficient knowledge of a hazardous use of its components is a fact spe-

cific inquiry that is best made on a case by case basis.

A Bar On Recovery of Punitive Damages for Devices
Approved by FDA is Not the Answer
HIMA has also expressed support for the FDA defense contained in S. 687. This

provision would bar recovery of punitive damages in a case involving a drug or med-
ical device approved by the FDA, unless there was fraud perpetrated on the agency.

Our organizations are adamantly opposed to this comprehensive protection for medi-
cal devices from liability for punitive damages. History clearly demonstrates that

despite the appearance of a thorough and extensive regulatory regime, the FDA has
not been able to adequately protect the public from manufacturers who knowingly
or recklessly market dangerous medical devices. There are far too many examples
of instances where FDA could not by itself adequately protect the public from dan-
gerous, defective medical devices.

Examples of dangerous devices that managed to get through the FDA approval

process include:
• Injectable bovine collagen. In 1981 the FDA approved bovine collagen as a de-

vice. FDA accepted the manufacturer's clinical data despite serious gaps in the in-

formation including: lack of adequate follow-up; lack of representative clinical sub-

jects for the type and age of the population that would use the product; and FDA
failure to review safety information prior to pre-market approval. Subsequent to

pre-market approval, adverse reactions apparently associated with the product

began to occur. The reactions included serious autoimmune diseases. In 1991, FDA
Commissioner Kessler acknowledged that there was an association between bovine
collagen injections and autoimmune reactions.

Meanwhile, the manufacturer engaged in continuing violations of FDA regulations

including underreporting of adverse reactions, unreported label changes and making
misleading claims of efficacy.

It is worth noting that the manufacturer of bovine collagen actively sought ap-

proval of the substance as a medical device rather than as a drug. A member of

the board of directors of the manufacturer testified in a deposition that the time-

consuming drug approval process could have damaged the firm's chances to market
the product.7

• Theratronics radiation equipment. FDA approved the Therac 20 Linear Accel-

erator in 1977 for use in the treatment of cancer. In 1983, the company introduced

the Therac 25. In 1986 and 1987 the device was associated with three deaths of pa-

tients undergoing cancer therapy. When the FDA undertook an internal review after

the three deaths, the agency could not locate any record of the device's pre-market

approval. Apparently, the company had submitted an application, had received ap-

proval but FDA had failed to keep records of the approval.

Between 1984 and 1988, five deaths were associated with malfunction of a
Theratronics linear accelerator and a number of incidents associated with over- or

underexposure to radiation were reported. It was not until 1991, however, that FDA
prohibited the importation of the device. The Subcommittee on Oversight and Inves-

tigation of the House Energy and Commerce Committee 8 determined that in the

6 Moreover, in all of the cases cited above, the manufacturer of the defective device, Vitek Inc.,

was bankrupt. This fact argues contrary to manufacturers' often repeated concern that innocent

"deep-pocket" defendants are forced to pay when other culpable parties are judgment proof.
6 This is the law, for example, under the Connecticut Product Liability Act. This was the rule

applied in Lamontagne, supra.

'Deposition of Terry Knapp, MD in Ramey v. Collagen Corp. (Texas).
8 "Less than the Sum of fts Parts: Reforms Needed in the Organization, Management and Re-

sources of the Food and Drug Administration's Center for Devices and Radiological Health." A
report of the Subcommittee on Oversight and Investigations of the Committee on Energy and
Commerce, U.S. House of Representatives, May 1993.
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case of Theratronics, FDA had failed to (1) ensure that the manufacturer had dem-

onstrated either safety and efficacy or substantial equivalence before premarket ap-

proval; (2) take timely and decisive action when problems were exposed; and (3) con-

duct necessary inspections upon requests of the agency's own inspectors. As a result

of these failures, the Subcommittee report concluded, "a machine was allowed on the

market that actually killed patients seeking to benefit from it, and that may have

been ineffective in treating life-threatening diseases."

Unfortunately, there are many more examples we frequently cite including the

Bjork-Shiley heart valve, silicone breast implants, and Copper-7 IUD illustrating

FDA's inability to adequately police the medical device industry and to provide as-

surance that medical devices are safe for their intended use.

Deficiencies in FDA oversight of the medical device industry are acknowledged by

the agency itself. In November of 1993, the agency proposed to make medical manu-
facturers follow quality standards during the design phase as well as during produc-

tion. In announcing the proposal, the agency cited a figure blaming design flaws for

44 percent of problems that force manufacturers to recall defective products.

Conclusion

Currently, Federal regulation of the medical device industry is simply inadequate.

Civil liability for manufacturing and marketing dangerously defective medical de-

vices provides an irreplaceable incentive in making medical devices safer and in en-

suring that consumers who are injured by defective devices are compensated. There-

fore, our organizations feel very strongly that any action designed to remedy what
problems medical device manufacturers may be experiencing with suppliers must
not consist of liability shields.

Our resistance to remedies involving changes in the tort system should not be

read as refusal to engage in discussions of other types of proposals. If we are satis-

fied that a real problem does exist, we would be happy to explore remedies that do

not limit consumers rights to recover when they are injured by dangerous medical

devices
Some options that we are willing to explore with the manufacturers could include

indemnification for litigation expenses or government subsidies for production of

vital raw materials.
Thank you.

PREPARED STATEMENT OF BARBARA A. JACOBY

Today I come before you the fortunate beneficiary of the latest in biomedical de-

velopment for cardiovascular application. I say fortunate because through the com-

bined efforts of engineering, medicine and materials, treatment specific products are

created to repair/replace malfunctions in the body. Few outside the biomedical field

fully appreciate the role raw materials (plastics, silicones, metals and ceramics),

Elav when used to make the component parts that become the products to fix our

odily malfunctions. Further, they have little empathy for the time and cost nec-

essary to run biocompatibility and clinical trials plus the special training necessary

prior to general release.

I speak from experience both as an "active" patient/consumer and as an applied

development engineer. I practiced a heart healthy lifestyle and had few of the typi-

cal heart disease candidate characteristics. I followed a nearly fat free vegetarian

diet, never consumed alcohol or tobacco, exercised regularly and tried to relax.

Though my hypertension was controlled with medication and my cholesterol was ex-

tremely low, my disease progressed undetected. Initial diagnosis of arterial

blockages followed swiftly after mild mid-chest discomfort and three incidents of un-

stable angina (chest pain at rest and/or during sleep). The attempted percutaneous

transluminal coronary angioplasty (PTCA), commonly referred to as the "balloon",

failed resulting in an extremely large blood clot and total blockage of the right coro-

nary artery (RCA). During this interventional procedure my vital signs turned nega-

tive and I left the catherization lab with several high tech biomedical devices to pro-

tect and stabilize my heart. I am most thankful for the temporary pacemaker, the

intraaortic balloon pump and intracornary Urokinase (the expensive medication that

dissolves blood clots quickly and save many lives) available to me.
My options, I was told, now were 1) aggressive medical therapy to control the

heart's rhythm, spasms, and angina with considerable restriction physically or 2)

coronary artery bypass grafting (CABG) otherwise known as "bypass" which is an
invasive open heart, major surgery procedure under general anesthetic. I elected to

follow the medical therapy program while investigating the current status on inter-

ventional techniques. As my angina worsened, the cardiologist insisted "bypass" was
my only option and to forget the interventional devices for they were "many years
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down the road". I chose to wait and asked my internist to be alert for less invasive

options than bypass for I felt it was much too dangerous for a single closed vessel

disease in a middle aged person (otherwise reasonably healthy). I must add there
exists a family history of heart attack and sudden death. My father died in 1976
following his third heart attack. He suffered extreme angina in the 5 years prior

to his death. The only relief he had was nitroglycerin tablets to abate the pain of

angina. I marvel at the range of choices available to treat heart disease today to

help us live better quality lives even with infirmity.

After a period of 14 months I connected with a major research center approved
to run clinical trials using investigational revascularization procedures (i.e. using
laser and/or atherectomy catheters to open obstructed arteries). During a second
cardiac catheterization I learned my heart's arteries were heavily calcified (some-
thing like the mineral deposit that forms in your plumbing when you have hard
water). It became apparent I would need to return when the rotational blade
atherectomy device was reapproved for clinical trials. Without hesitation I said "Put
me on the list". It made sense to me, for the rotating blade cuts away inelastic

blockages at a high rate of speed reducing it to fine particles smaller than a red
blood cell. Seven weeks later the right coronary artery was opened and has re-

mained so to date. Six months ago the same procedure was used to open my left

anterior descending artery (LAD) commonly known as the widow(er) maker. I con-
tinue to follow a total lifestyle heart healthy program, but one cannot deny the im-
pact of genetics and other biochemical factors.

In closing, CHOICE in medical treatment and the availability of defect specific

biomedical products is what I have had and would like to have in the future. For
doctors and patients to have choice, we must NOT permit development of biomedical
products to regress and curtailment of critical raw materials will certainly reverse
the United States' sophisticated medical devices industry. Patients must be willing

to weigh the risk of bioincompatibility with that of life threatening conditions and
assume greater responsibility. Who knows what the future holds for YOUR body in

the coming decade? Will you have choices?
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ABDOMINAL AORTIC ANEURYSM

Calvin B. Ernst, M.D.

MODERN treatment of abdominal aortic aneu-

rysms began in Paris on March 29^1 95 1 , when
Dubost performed thelTrst successful aortic resection

for aneurysm.' The following year American vascular

surgeons duplicated Dubost's feat and established

aortic reconstruction as the treatment of choice. To-

day, few dispute that all aneurysms of a predefined

size should be repaired unless strong contraindica-

tions are present.

This review addresses the contemporary knowledge

and management of infrarenal abdominal aortic aneu-

rysms. It does not discuss infected aneurysms, tho-

racoabdominal and pararenal aneurysms, anastomot-

ic aneurysms, or aortic dissections. An aneurysm \i

/defined as a focal dilation of the aorta involving an

/ increase in diameter of at least 50 percent as com-/

\ pared with the expected normal diameter.' /

The Magnitude of the Problem

Abdominal aortic aneurysms were responsible for

14,982 deaths in the United States in 1988 among
people 55 years of age or older.

3 Of these deaths, 9874

occurred in men and 5108 occurred in women. Sur-

gery is the only effective treatment, and in 1988 40,000

aortic reconstructions for aneurysms were performed

in the United States. Most reports cite dramatic dif-

ferences in mortality rates between elective and emer-

gency operations, but these data do not reflect just

how lethal abdominal aortic aneurysms are. Up to

62 percent of patients with ruptured aneurysms die

before reaching the hospital.
5 When these prehos-

pital deaths are counted, the overall mortality rate

after rupture may exceed 90 percent. 5 "' This formida-

ble clinical challenge is only increasing as the popula-

tion ages.

i The incidence of abdominal aortic aneurysms may
/be rising. Two reports from the Mayo Clinic docu-

ment a threefold increase from 12.2 per 100,000 to

36.2 per 100,000 during the three decades from 1951

through 1980.
8 -9 More aneurysms of all sizes were

diagnosed from 1971 through 1980 than in the previ-

ous two decades, which suggests a real increase in
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incidence regardless of technological improvements in

detection. The increasing median age of the popula-

tion contributes to an increasing incidence. A Swedish

study conducted from 1958 to 1986 documented that

the incidence among men increased rapidly after the

age of 55, with a peak of 5.9 percent at the age

of 80."' Among women, the incidence increased rapid-

ly after the age of 70, with a peak of 4.5 percent

at the age of 90 The autopsy rate in the study was 83

percent.

Aside from the cost in lives, ruptured aneurysms

impose an increasingly onerous financial burden on

hospitals. On the basis of cost-reimbursement data for

diagnosis-related groups, one study documented that

emergency operations resulted in a mean financial loss

to the hospital of $24,655 per patient.
'

' Another study

estimated that 2000 lives and $50 million could have

been saved annually had aneurysms been treated be-

fore rupture."

Pathogenesis

Abdominal aortic aneurysms have usually been

characterized as atherosclerotic, but this view of their

pathogenesis is a restricted one. There is little support

for atherosclerosis as the unitary cause in view of re-

cent observations that suggest a multifactorial causa-

tion. Consequently, it would be more accurate to des-

ignate most aneurysms as "nonspecific." 2 As yet, no

unified concept of pathogenesis has emerged, but sev-

eral factors appear to have an important role, includ-

ing familial clustering, genetically predisposed and ac-

quired biochemical alterations in the structural matrix

of the aortic wall, and hemodynamic mechanical fac-

tors.'
359 Enthusiasm for these recent observations

must be tempered by the realization that additional

causative factors in the genesis of aneurysms will un-

doubtedly be elucidated. Pathogenesis is not simply a

complication of atherosclerosis, however. Atheroscle-

rosis may actually represent a secondary, nonspecific

response to vessel-wall injury.

Natural History and the Risk of Rupture

Estes
30 and Szilagyi et al.

1
' attempted to define the

natural history of untreated abdominal aortic aneu-

rysms before aortic reconstruction. The five-year sur-

vival of untreated patients in these two studies was 19

and 17 percent, respectively; 63 and 35 percent of the

deaths resulted from rupture. Both clinical studies

were retrospective and included selected patients from

referral-based practices. The true natural history of

abdominal aortic aneurysms when those treated are

compared with untreated aneurysms can only be de-

termined by prospective randomized analyses. Unfor-

tunately, none currently exist.

Lacking precise data on natural history, many
investigators have focused on the relation of aneu-

rysm size and expansion rate to the risk of rupture.DR
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/

Population-based studies suggest annual increases of

approximately 0.2 cm in aneurysm diameters.'2 "

Referral-based studies using computed tomography

(CT) and B-mode ultrasonography have recorded an-

nual expansion rates of from 0.30 to 0.57 cm, or an

average of 0.4 cm per year.
34" 38 Large aneurysms,

those more than 5 to 6 cm in diameter, expanded more

rapidly than small ones. 3' 36 -38 Cronenwett and his as-

sociates noted that during an average follow-up period

of 36 months, 9 percent of small aneurysms (mean

diameter, 4 cm) ruptured; an additional 9 percent ex-

panded. 36 Risk factors for rupture included the initial

diameter of the aneurysm, elevated blood pressure,

and the presence of chronic obstructive pulmonary

disease. Although 15 to 20 percent of small aneurysms

do not expand substantially, 80 percent increase pro-

gressively in diameter and approximately 20 percent

increase by more than 0.5 cm per year. Unfortunately,

it is impossible to predict the rate of expansion in any

one patient; some aneurysms remain stable for years

and then expand rapidly.

/ From clinical studies, it appears that for abdominal

aortic aneurysms less than 4.0 cm in diameter the

risk of rupture is approximately 2 percent. 36,39 From
25 to 41 percent of aneurysms larger than 5.0 cm
in diameter rupture within five years.

32 '39"" A recent

population-based study reporting a very low rup-

ture rate for small aneurysms has been questioned,

because one quarter of the patients with aneurysms

smaller than 5 cm underwent surgery, and five pa-

tients who had documented aneurysm leakage within

48 hours of ultrasound examination were excluded

from analysis.
3239""

Data on the risk of rupture for aneurysms 4 to 5 cm
in diameter are sparse, but such lesions have been

reported to have five-year rupture rates of 3 to 12

percent.

Diagnosis and Screening

Diagnosis

Abdominal ultrasonography detects aneurysms
with a sensitivity that approaches 100 percent. 45 Both

longitudinal and transverse aortic diameters can be

measured, and intravenous contrast agents or ionizing

radiation is not required. Measurements of aneurysm

size are reproducible within a range of 0.6 cm.

The success of sonography is highly dependent on the

technologist, however, and it may not be possible in

obese patients, those with excessive bowel gas, or

those with periaortic disease. Furthermore, ultraso-

nography yields imprecise data for the surgeon con-

templating aortic reconstruction, because it cannot

accurately document the proximal or distal extent of

the aneurysm. Similarly, it does not image the visceral

vessels with sufficient detail to be useful in planning

the operation.

CT is highly sensitive and specific for the identifica-

tion of abdominal aortic aneurysms and may in fact be

more accurate in estimating their size than ultraso-

nography. 46 CT also provides information on the

shape of the aneurysm and the anatomical relations of

the visceral and renal vessels.
47 " Like sonography,

CT imaging may be inaccurate in the evaluation of a

tortuous aorta, and it may suggest juxtarenal or supra-

renal extension when this is not the case. Other dis-

advantages of CT are the need for intravenous con-

trast material and the use of ionizing radiation. Since

it is less widely available and more costly than ultra-

sound, CT is not recommended for screening or as a

routine preoperative study. If, however, a plan of

watchful waiting is adopted with a decision to operate

on the basis of precise increases in aneurysm di-

ameter, then CT imaging, because of its accuracy

among different studies, is appropriate for sequential

follow-up.

Magnetic resonance imaging (MRI) may be a bet-

ter method of imaging than either ultrasonography or

CT, both for accurate aneurysm measurements and

for views of the relevant vascular anatomy. 49,50 MRI
provides coronal, transverse, and sagittal views of the

aorta that define the aneurysm and its relations to

aortic branch vessels with a clarity almost equaling

that of contrast aortography. Furthermore, MRI is

noninvasive and does not require ionizing radiation or

the injection of contrast material. Unfortunately,

MRI has limited application because it is expensive, is

not widely available, is imprecise in identifying associ-

ated occlusive arterial disease, and is contraindicated

in patients with pacemakers and those in whom ferro-

magnetic clips have been used. Consequently, at the

present time MRI offers no practical advantages over

sonography or CT.
Once an abdominal aortic aneurysm has been iden-

tified and the patient is deemed a candidate for sur-

gery, many surgeons request conventional biplanar

aortography or intraarterial digital subtraction aor-

tography in order to plan the operation. The use of

aortography for diagnosis or determination of aneu-

rysm size is inappropriate because mural thrombi may
lead to an underestimation of size or even a misdiag-

nosis of the presence of an aneurysm. There is debate

about the need for preoperative aortography; some
surgeons use this procedure routinely, some almost

never, and others selectively.
51,52 Provided there are no

compelling contraindications, aortography should be

performed in the case of suspected suprarenal or jux-

tarenal aneurysms, suspected renovascular hyperten-

sion or ischemic nephropathy, suspected mesenteric-

artery stenosis, and associated iliofemoral arterial

occlusive disease.

In summary, ultrasonography should be used for

aneurysm detection and sequential follow-up, CT
when ultrasonography is not possible and precise siz-

ing is required, and aortography to acquire anatomi-

cal information useful for aortic reconstruction, but

only after the decision to operate has been made. For

the majority of patients, only abdominal ultrasonog-

raphy followed by aortography is necessary.

Screening

Some have questioned the cost effectiveness of ran-

dom screening of the population for abdominal aortic

^
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aneurysms." Nevertheless, interest has continued in

refining screening programs to identify patients for

possible operation before rupture occurs. Society's

views of cost effectiveness are based on the value of

lives saved as compared with the expense of screen-

ing.
54 From a theoretical screening model of a popula-

tion of 100,000, it has been estimated that 1500 lives

could be saved at a cost of $78,000 per life saved.
55

Selective screening may be cost effective, especially if

it focuses on the patients at highest risk, including

patients between the ages of 55 and 80, those with

hypertension, those with aneurysms of the femoral or

popliteal artery, and those with a family history of

abdominal aortic aneurysm. 56,5'

Indications for Operation

The decision to operate on a patient must be made
on an individual basis, since all aneurysms are poten-

tially lethal and rates of expansion and frequencies of

rupture are unpredictable. Most vascular surgeons

recommend repair for all symptomatic or ruptured

abdominal aortic aneurysms and for all asymptomat-

ic aneurysms more than 5 cm in diameter, provid-

ed coexisting conditions do not preclude opera-

tion.
35-3741 '"- 58 Repair of aneurysms less than 4 cm in

diameter has occasionally been suggested. 33 For those

measuring 4 to 5 cm in diameter operation is contro-

versial, although aneurysms of this size may have a

rupture rate as high as 6 percent per year.
34 Data from

a Markov decision-model analysis suggested that ear-

ly operation was preferred to watchful waiting for an-

eurysms 4 to 5 cm in diameter. 59 Some recommend
operation for aneurysms 4 cm or more in diame-

ter.
4243,60 This perspective was supported by a study in

which 74 percent of patients under the age of 69 who
had aneurysms more than 4 cm in diameter at entry

eventually had surgery.
37 This suggests that patients

at good risk who have reasonable life expectancies and
small aneurysms will eventually require aortic recon-

struction.

A report by an ad hoc committee of the Society

for Vascular Surgery and the North American Chap-
ter of the International Society for Cardiovascular

Surgery detailed currently accepted indications for

operation. 42 Repair of asymptomatic aneurysms more

than 4 cm in diameter or twice the diameter of the

normal infrarenal aorta was recommended, provided

there are no compelling contraindications as a re-

sult of coexisting illnesses. If elective repair is con-

traindicated, repeat ultrasound examination every six

months was suggested for aneurysms 4 to 5 cm in

diameter and every three months for larger ones. If

expansion of 0.5 cm or more is documented, operation

should be seriously considered.

Contraindications to elective aortic reconstruction

include myocardial infarction within the past six

months, intractable congestive heart failure, intracta-

ble angina pectoris, severe pulmonary insufficiency

with dyspnea at rest, severe chronic renal insufficien-

cy, incapacitating residual effects from stroke, and a

life expectancy of less than two years. These contrain-

dications are largely ignored in the case of immediate
life-threatening complications, but again, the risks for

each patient must be considered individually.

Preoperative Evaluation

Coexisting conditions, particularly coronary artery

disease, must be identified and addressed preoper-

atively if one is to achieve optimal results. Hertzer's

comprehensive analysis of aortic reconstruction for

aneurysmal disease documented that myocardial in-

farction accounted for 37 percent of early postoper-

ative deaths. 6
' Furthermore, 39 percent of deaths

within five years of operation resulted from coronary

artery disease. In another study that included 263 pa-

tients with abdominal aortic aneurysms who under-

went routine coronary arteriography before elective

aortic reconstruction, severe correctable coronary ar-

tery disease was identified in 31 percent. 62
It is note-

worthy that surgically correctable disease was present

in 1 8 percent of patients in whom there was no clinical

suspicion of coronary artery disease. The authors

suggested that patients with symptomatic coronary

artery disease should undergo coronary arteriography,

with the implication that myocardial revasculariza-

tion should precede aortic reconstruction.

Many reserve coronary arteriography for patients

with clinically relevant coronary artery disease.
63,64

Those favoring a selective approach argue that pa-

tients at risk for ischemic myocardial events during

and after aortic reconstruction can be reliably identi-

fied on the basis of clinical criteria alone.63 In patients

without clinical manifestations of coronary artery dis-

ease, different centers have different approaches to

preoperative evaluation. Noninvasive studies such

as stress electrocardiography, continuous Holter mon-
itoring, stress echocardiography, exercise thallium

myocardial imaging, or other radionuclide studies

may be indicated in some subgroups of patients. Deci-

sions to undertake coronary arteriography and myo-
cardial revascularization should be based on the

results of these studies in conjunction with cardiology

consultation.65,66

Other coexisting conditions, including pulmonary
and renal disease, must also be identified and ad-

dressed preoperatively. Marginal pulmonary func-

tion, particularly values less than 50 percent of pre-

dicted for vital capacity and forced expiratory volume
in one second, may preclude elective aortic recon-

struction. Marginal renal function, as indicated by se-

rum creatinine elevations above 3 mg per deciliter

(229 jtmol per liter), must be evaluated and corrected,

if possible. Correctable renal-artery occlusive disease

may contribute to impaired renal function in certain

patients with abdominal aortic aneurysms.

Rupture of Abdominal Aortic Aneurysms

If a person with an abdominal aortic aneurysm lives\.
long enough, rupture of the aneurysm is inevitable,f
Although the overall mortality after rupture may ex-

ceed 90 percent, approximately 50 percent of those

who reach the hospital alive survive. Furthermore, the
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Table 1. Results ol Surgery for Nonruptured Abdominal Aortic

Aneurysm.
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Table 3. Late Survival after Repair of an Abdominal Aortic

Aneurysm.
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