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Engineering with the mind of a sculptor

By Maggie Hostetler

# hen Noboru Kikuchi was a boy in Japan, he was fascinated by science
and science fiction. He remembers inventing in his imagination a submarine
that could be trained to shrink as it dropped to the ocean bottom and then
enlarge again as it rose to the surface, allowing the submarine to adjust to the
varying pressures of the ocean depths.

Although he has long since entered the more practical world of academic
research as a professor of mechanical engineering at U-M, Kikuchi’s imagina-

tion still conjures up futuristic design projects, such as buildings that can repair ?

themselves or cars that are heated by human-like circulatory systems.

These ideas, however, are not just science fiction fantasies. They may be
realized someday, thanks to a breakthrough theory in engineering design that
Kikuchi and a colleague came up with in 1986.

The concept came to Kikuchi on a beach in Portugal. He was there attending |

a NATO science conference and also vacationing from his sabbatical at a
Danish university, and although he and Danish colleague Martin Bendsge had

left behind their books, computers and labs, they couldn’t quite put their minds |

on holiday.

“We had been playing for two weeks,” says Kikuchi.- “We felt tired of that
and decided that we had better do some work. We began to think about shape
optimization.”

Engineers have always had to rely upon experience, intuition and trial and
error to come up with an initial shape when designing structures such as a
bridge, an engine valve or an aircraft wing. For example, when designing a
bridge, the engineer’s task is to create a structure that can meet a number of

requirements such as carry the necessary loads, stand up to weather conditions, :

remain within certain cost limits, use certain materials and so on. These
conditions are called the design constraints; they are different for every project

: and can be expressed mathematically in
equations.

Relying upon
experience and
intuition, the
engineer comes up
with an initial shape
for the bridge that he
guesses will meet the
constraints. To see if
the guess is correct,
he checks it against
the constraint
equations. If the
design fails to meet
the constraints, the engineer alters and refines the
design until it does meet them. A different designer
might come up with a different initial shape, make the
refinements and end up doing the job even more
efficiently. When relying on human guesswork,
however, the question always remains: Is there a
shape out there no one has yet thought of that could
be refined to meet the constraints best of all—the
maximally optimal shape?

The only way to answer that question would be to
find a way to convert the constraint equations directly
into an initial shape; this would be turning the act of
creation over to the precision of mathematics rather
than relying on the imprecision of human guesswork.

Shape optimiza-
tion research aims to
do just that.

With the advent of
the tremendous
power of computers,
researchers had
hoped that at long
last a way could be
found to generate
initial shapes
mathematically.

But progress has
been slow going.

8 Bridge sketch based upon old-

& fashioned mathematical descrip-
tion of design constraints;

8 implementation leans heavily on
8 trial-and-error.

| Bridge sketch employing recent

computerized design technique

8 Dbased on the unwieldy mathemat-
| ics of boundary variation.
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Researchers have been working on
theories for a couple of decades
without much success. Most have
tried to program computers to build
a shape by varying the boundary of
a structure after representing it by
appropriate curves and surfaces.
But the mathematical demands of
these solutions are still too complex
even for computers to make
headway. Only the simplest shapes
can be modeled.

; Kikuchi and Bendsge discussed
these limitations that day on the beach in Portugal and decided, Kikuchi recalls,
“that these approaches were too restricted; if we stayed with them, designers
wouldn’t be able to realistically use them for decades.”

A new approach occurred to Kikuchi. Instead of putting together elements to
build a shape, why not start with a block and mathematically take away sub-
stances until the optimal shape is formed. “It’s the same idea as an artist uses
when making sculpture,” Kikuchi says. “Start
with a block of rock and take out gradually
portions you don’t need. It’s a very simple idea,
and if a method is to be useful for more than just
the specialist, it must be sufficiently simple for
general use, or nothing will come of it. Scholarly
work means to simplify what is complicated.”

When he and Bendsge returned to Denmark
they did some preliminary work with the —
concept, and it seemed to work. Back in Ann Sketch by Homogenization Method
Arbor, and with the collaboration of his graduate ig”l” t;“ bridge design in computer

; ; : produce the strongest and
students, Kikuchi spent the next year developing simplest form without trial-and-
the theory in the form of a sophisticated math-  ¢pror.
ematical representation. The math was then

=R
nan.

& encoded in a computer program.

Using the program, a designer punches in the design constraints for a structure,
say a bracket for an automobile body. Going through a series of stages, Kukuchi’s
program takes the numbers representing the constraints and turns them into an
initial shape. First, the bracket is represented as a solid block of substance. Then,
small spaces, which Kikuchi calls “microscale voids,” are inserted to represent the
removal of unnecessary portions of the substance. As the program goes through
its paces, more and more material falls away until all that is left is the structure
necessary to meet the constraints of the problem—an optimal bracket.

Kikuchi refers to his approach as the homogenization method. It is an elegant

Continued on page 2
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approach because it is so well-adapted to computers.
Computers are digital—they understand off and on—
and the voids and substances of the homogenization
theory fit well with off and on.

Once commercial software based on the homogeni-
zation method becomes widely available, an engineer
should be able to punch in digitized design con-
straints, then sit back and wait for the optimal shape/
layout to pop up on the computer screen. An
engineer who has never designed bridges before
could come up with an optimal initial layout. An
experienced engineer might come up with an idea he
wouldn’t otherwise have thought of.

The theory can also be used to analyze solutions
that engineers have already devised to see if they are
optimal and to improve upon them if they are not.

The Handiwork of Mother Nature

Kikuchi has been especially intrigued with check-
ing out the handiwork of one particular engineer—
Mother Nature.

He and his students have analyzed many natural
structures, including bamboo, rocks and crystals, and
have found that nature’s materials are nearly per-
fectly optimal. Although thinkers have long surmised
that natural materials and structures are optimal, the
homogenization method is the first scientific ap-
proach that holds promise of confirming this.

The study of natural materials has left Kikuchi
awestruck with nature’s perfection and has sparked
his imagination. He believes, for instance, that the
place to look for ideas for new manmade materials is
in nature and that the secret of nature’s perfect
materials is summed up in the word microstructure.

Nature’s materials are not simple, solid sheets like
such manmade materials as metals and plastics. :
Natural materials are composed of minute structures.
Porous bone tissue, for example, is made of voids and
struts. Bamboo has knots, strands and voids. These
internal structures give the materials many advan-
tages such as increased strength-to-weight ratio,
better ability to withstand impact and the ability to
grow and change from the inside out.

“Humans are so dumb compared with nature,”
Kikuchi says. “Nature has brilliant intelligence. The
fibers, knots and voids in the structure of bamboo are
exactly right for absorbing energy at a very light
weight. It's a wonderful design. Nature changes
things through manipulation of internal microstruc-
ture. We change things through external force on the
object.”

%t is this ability of nature’s materials to change
internally that Kikuchi finds most impressive. And
this is where his ideas about self-repairing buildings
and cars with circulatory systems come in: The
microstructure of natural materials resembles the
voids and substances of the homogenization theory,
and he foresees a day when, through the homogeni-
zation method, manmade materials can be designed
with microstructures. Instead of being solid sheets,
plastics, metals or ceramics will be honeycombed
with voids, tunnels or struts, laying the groundwork
for what Kikuchi calls organic function—the ability to
be controlled internally—mimicking plant and animal
tissue.

A building made of materials fashioned by the
homogenization method could be combined with
sensors and computers that would manipulate the
microstructures to make internal repairs when injury
was detected or to adapt to climate. A developer
might construct a building in the desert that reacts to
that climate just as a living plant reacts to the move-
ments of the sun. Self-healing would be especially
valuable in buildings with hazardous environments
such as nuclear reactors or toxic waste facilities. They
could be repaired without exposing humans to the
hazards.

The microstructures of a car’s skin could be
designed to carry fluids just as veins circulate blood—
providing a more uniform heat to the interior and
providing a means for self-repair of rust spots or
damage due to accidents.

All of these are visions for the future that are far
from realization.

What is the practical significance of the homogeni-
zation method for present-day applications? Kikuchi
responds, “It can be used to improve the quality of
many different products. The same method can be
used to design automotive parts, buildings, protective

_ clothing, human bone implants, textiles, machine

components and composite materials."

Toyota Motor Company has already used homog-
enization theory to design an innovative engine hood.
The underside of hoods all have structural patterns
that are supposed to maximize strength while
minimizing weight. Engineers have come up with
many concepts that solve the problem, but when the
criteria were subjected to the homogenization
method, the software produced a very complex shape
that no one had thought of before. Toyota engineers
evaluated the shape with sophisticated mathematics
and found that it was indeed the optimal solution.
Now they plan to use homogenization to design a
new floor shape for their cars and perhaps many
other parts.

Optimal automotive parts will become more and
more important in the coming years in the United
States as standards for fuel economy get stricter.

Sumitomo Heavy Industries is another Japanese
firm that has embraced the homogenization method.
The company used it to realize a 40 percent weight
reduction on a large hangar door. Akihiko Yoshii, a
senior researcher at Sumitomo, says, “Further
sophistication and related research and development
are needed for utilizing it [the optimization method]
in practical design, and we intend to contribute to that
sophistication. Then the method will become a
popular shape-optimization tool and will also become
an efficient educational tool for developing a design
sense in structural engineers.”

He Puts Theories in Public Domain

Although Kikuchi has created his own computer
program using homogenization theory, he does not
sell or give the software to the companies that are
using his concept. He has put his theories into the
public domain through published papers and
conference presentations, and companies are free to
use the information to create their own software. If
they need help with the complicated mathematics,
they can send students to study with Kikuchi.

One company that has taken advantage of the
public knowledge is Quint, a Japanese software firm,
which has created two commercial software pro-
grams called Optishape and Premat/Postmat.
Twelve Japanese firms in addition to Toyota and
Sumitomo are using the software for design chal-
lenges in the electronics, textile, ceramics, rubber,
general contracting and air conditioning industries. A
number of European companies also have shown an
interest. ;

Kikuchi is troubled that American businesses have

Kikuchi’s concept of a car enclosed by self-healing ‘skin’ containing
microstructuralvoids_and struts resembling nature’s design work.

The trabecular structure (having a
framework of small struts) of bone is
porous but has high strength-to-weight
ratio and the ability to grow and change
from the inside out. Kikuchi is attempt-
ing to transfer these design features to
manmade materials.

been slow to take a look at his theory. “At first I had
difficulty persuading American industry to look at
the theory and its potential for enhancement of their
design capability. On the other hand, many indus-
tries in Japan and Europe were extremely receptive.
Very recently some American companies, such as
Ford, have started implementing our method into
their design analysis system.”

Industry is not the only area where homogenization
theory has proved useful. Drs. Steven Goldstein, |
professor of surgery at the U-M Medical Center, and
Scott Hollister, assistant professor of surgery, are
working with Kikuchi, using homogenization theory
to study the microstructural architecture of bone.

Goldstein and Hollister used the theory to predict
how bone would respond to an implant. Their
prediction was confirmed by animal studies.
Goldstein says the results “may enable us to rely less
on in vivo animal studies in the future. Our goal is to
take it to the next step. One strut of trabecular
[having a framework of small struts] bone is 200
microns in size, about half the width of a human hair.
That is the level we are at now. We hope to magnify
the study to the cellular level, where bone orches-
trates its adaptation so that we can find out what kind
of organizational strategy the cells use and how they
are influenced by environmental and genetic cues.”

Goldstein believes that these studies will be
important for investigating fracture and fracture
repair, osteoporosis, arthritis and bone implants. He
thinks it will take a couple of more years of back-and-
forth testing between animal studies and computer
modeling to validate the method, and he predicts that
in future years his studies will deal more with
computers than animals.

Kikuchi has had numerous offers from industry to
set up research laboratories in the private sector, but
he always declines. “I could make money off of my
research programs and be a wealthy industrialist,” he
says, “but I don’t want to. In a company you have to
wear a tie, have large responsibilities and take care of
co-workers. Ilike the University—it’s fun meeting so
many brilliant, ambitious people. And besides, the
University will let me work on any strange concept I
come up with.”

Maggie Hostetler is the science writer for the Department
of Mechanical Engineering and Applied Mechanics in the
College of Engineering.

llustration by Rodney Hill, Department of Mechanical Engineering and Applied Mechanics.
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By Christine Leedy de Wit

ooking across a large

expanse of water, many

dream of setting sail.

Some, like the character
Robinson Crusoe, take off.
Most of us are content to read
about it.

Among the Special Collec-
tions of the University Library
is a body of books that can
satisfy our wanderlust without
getting anyone ruffled or wet.
These are books about real and
imaginary voyages of which
Daniel Defoe’s The Life and
Strange Surprising Adventures of
Robinson Crusoe, of York,
Mariner (London, 1719) plays
the most significant role. A
former University regent,
Lucius L. Hubbard (see
accompanying story), donated
the books during the 1920s.
Seventy years later, a Dutch
lecturer in the Department of
Germanic Languages, Ton
Broos, has helped bring the
Hubbard Collection to surface.

Crusoe was an “overnight
success,” says Broos of the
story of a man who sought ;
adventure, became stranded on p
a desert island, demonstrated by Clark and Pine.
self-reliance and wrestled with
religious belief. “Very soon
after it was published you started finding translations and
books we call ‘robinsonades,” which imitate the story.”

Broos learned of the Hubbard Collection in the Nether-
lands when writing an article about a scholar who studied
Dutch robinsonades. When he arrived in Ann Arbor and
saw the collection, Broos was amazed by its size and vowed
to “do something with this.”

What's really significant about the 50- foot -long Hubbard
collection, says
Peggy Daub,
head of the
§ Special
Collections
Library, are
the first
editions.
These include
not only the
first Crusoe,
but also
Defoe’s
sequels, The
Farther®
Adventures of
Crusoe, also
published in 1719, and just a year later the Serious Reflections
During the Life and Surprising Adventures of Crusoe.

Other early editions stand out as well, including pirate
editions of the original Robinson Crusoe and one 1747 edition
from the library of an American writer who was himself no
mean spinner of adventure yarns, Mark Twain.

“The collection is a gold mine in that it traces the evolution
of a story,” Daub says. A cultural historian, she says, might
see whether publishers of editions produced in the Victorian
era emphasized the moral teachings of Crusoe in their
introductions. Art historians could compare illustrations
from one century to next. Broos and Daub organized an
October exhibit in the Harlan Hatcher Graduate Library of
1,500-plus Robinson Crusoe editions, translations and
robinsonades collected by Hubbard.

The largest books on the shelves are translations of Crusoe
in braille; the smallest are 3" by 3" chapbooks that look like
children’s toys although they were published for adults as
pocket-size penny books for less literate folk. Children’s
editions, like a 20th-century version cut out in the shape of
Robinson Crusoe and his dog, line the shelves as well.

There are stage adaptations of Robinson Crusoe, and
robinsonades parroting the title in every way: The Female
Crusoe, Boy Crusoes, The Catholic Crusoe, Swiss Family
Robinson, American Family Robinson, and even, the Dog
Crusoe. The contents page of the latter gives the following
synopsis of the first chapter: “Crusoe’s early history, the
agonizing pains and sorrow of his puppyhood, and other
interesting matters.”

All of this flattering imitation of Crusoe shows that Defoe
really knew that insincerity can help sell a story. “Robinson

Broos and Daub with some versions of Robinson: .
Crusoe, one of the most imitated works in literary
history.
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Imagmary Voyages

Robinson Crusoe spawned a literary genre of tales of abandoned, resourceful travelers.
Or did it? Former Regent Lucius Hubbard thought Defoe copied a Dutch work.

Crusoe is one of the great counter-
feits of all time. A hoax — that’s
where I begin, when I teach Crusoe, ”
says Prof. James Winn, a specialist in
17th and 18th century English litera-
ture and director of the U-M Institute
for the Humanities.

Winn stresses that though we
today see the work as a great novel,
Defoe did not write the story as fiction.
Rather, he wrote it knowing that the
. reader in the 1700s would consider it
true. During the 17th century, those
who read, read travel literature, and,
Winn points out, Defoe was an avid
reader and political journalist who
knew the genre well.

The Hubbard collection contains
= sources that Defoe would have read: A
Cruising Voyage Round the World (1712)
4 by Captain Woodes Rogers describes

& the story of Alexander Selkirk, a
/48 seaman Rogers rescued on Juan
# Fernandez Island, where Selkirk was
marooned between 1704-1709. Ed-
ward Cooke also told the Selkirk story
in his A Voyage to the South Sea (1712).

* While Defoe may have capital-
ized on the genre of his day, he rose
above his contemporaries in his
writing and psychological insights. As
Winn describes it, Defoe, a spy and
impersonator, had an ability to get
under people's skins, to make charac-
ters real. He was so convincing, says
Winn, that the essayist Richard Steele went to the docks looking to
interview Crusoe for the Spectator. Later, scholars pointed to Defoe’s
literary prowess and cited Robinson Crusoe as one of the first ex-
amples of the novel.

As Hubbard built his collection of the ever-popular Robinson
Crusoe, he himself became intrigued by a possible source for the
story. He was urged by a publisher and bookseller in The Hague to
buy a 1732 second edition (and the only known extant copy) of a 1708
Dutch work, The Description of the Mighty Kingdom of Krinke Kesmes,
by Hendrik Smeeks.

During the 1700s the Dutch were highly successful sea voyagers,
drawing many of the maps of Defoe’s day and returning from their
trading exploits with real and imaginary stories of unknown
southlands. Krinke Kesmes tells of mariner Sjouke Gabbes's travels to
a fictitious island in the South Seas and contains a short desert island
episode. Upon acquiring the book and receiving encouragement
from a Dutch historian, Hubbard set out to prove that Defoe plagia-
rized Smeeks’ book.

According to Ton Broos, Hubbard meticulously prepared his 1921
treatise, A Dutch Source for Robinson Crusoe. “He translated the 68-
page island episode and compared the two texts line by line,” Broos
says, “but there’s simply no proof that Defoe knew the Dutch
language or had access to a translation of the Smeeks book” despite
the fact that Defoe knew several languages, had a Dutch grammar in
his library and had spied in the Netherlands.

. “In both stories the hero survives on a desert island for years, finds
footprints in the sand, builds a hut, finds water, meets with cannibals,
shoots fowl and has the company of a dog. However, other adventurers
like Dampier, Selkirk and Knox describe similar events.

Hubbard'’s scholarly contemporaries dismissed his theory that
Defoe lifted the text. W.H. Staverman, a Dutch authority on
Robinson Crusoe and robinsonades, said of Hubbard’s work, “The

letter i 1s alive, but the spirit is
| dead.”

Broos says it’s no
coincidence that when he
finally got down to doing
something with Hubbard’s
collection of imaginary
voyages it was in 1992.
“After all,” he points out,
“this is the anniversary of a
great voyage: 350 years ago
@1 Abel Janszoon Tasman
discovered New Zealand
[“sealand” in Dutch] and
the island Tasmania.

“Oh, yes,” he adds, “and
there was Columbus too.”

Christine Leedy de Wit is
moving to the Netherlands
after writing for the U-M
Office of Development.

An tmportant Dutch work that preceded
Crusoe was The Description of the Mighty
Kingdom of Krinke Kesmes by H. Smeeks.
It told of the adventures of Sjouke Gabbes.

Lucius L. Hubbard

Born in
Cincinnati
in 1849,
Hubbard was
a graduate of
the Phillips Exeter Academy
(1868), Harvard College (1872)
and Boston Law School (1875).

His 20th-year class notes for
Exeter’s Reunion Report indicate
he was an avid outdoorsman,
saying he had “spent much time
camping and shooting in Maine
[where he’d married Frances J.
Lambard of Augusta in 1875].
Author of an excellent guide and
manual, illustrated with photo-
graphs, Summer Vacations at
Moosehead Lake and Vicinity,
which received the honor of
three editions. . . . Went to
Europe in the spring of 1883,
with his family, to remain
several years.”

Hubbard quit the law in 1883,
possibly to escape a legal dispute
with an investment company he
represented. He took his family
to Bonn, Germany, and studied
mineralogy and geology. He
returned to America in 1887,
moving to Houghton, Michigan,
in 1891 to work with the State
Geological Survey and teach
geology at the Michigan Mining
School (now Michigan Techno-
logical University). In 1893 he
was appointed general manager
of four copper mines, and three
days into his job he uncovered
two rich beds of the ore. He left
mining for health reasons in
1913, two years after his appoint-
ment to the U-M Board of
Regents. Meantime, he had
become director of two banks.

Book collecting had long been
Hubbard’s passion. His collec-
tion consisted principally of
Americana, to which he added
his interest in robinsonades and
in Swift's Gulliver’s Travels.

Poor health forced him in 1914
not only to resign from the
mining companies but also to

~ auction most of his books, but he

saved his Crusoe and Gulliver
collections. (His shrewdness is
illustrated by his purchase of a
first-edition Crusoe for $750 in
1912 from a Chicago bookseller
who was about to list it at $850
despite having estimated that it
would be “cheap at $1,000.”)

In the early "20s, however,
Hubbard’s book collecting
rebounded when he received
first choice from Hermann
Ullrich’s collection of
robinsonades (books with the
Crusoe theme or with
“Robinson” on the titlepage).
His purchases culminated in an
impressive collection of more
than 1,500 works catalogued
under the umbrella title of
Imaginary Voyages. He donated
the entire collection to the
University, stipulating that there
be no public mention of his gift.

William Clements, fellow
Regent, book collector and
namesake of the University’s
William Clements Library, wrote
to Hubbard in March 1925, “You
know all people look at you and
me as unshackled maniacs, but I
think it is much more sensible to
spend money in books than in
automobiles”—Ton J. Broos.

Photo courtesy of the Bentley Historical Library



4 October 1992

Lite1sn’t ch
A costly and controversial drug poses
hard choices for health care givers

Beaulacture! "i
4t Ceatocor B.V.0 "

By Katherine Blair

: 2-year-old boy
who had been bitten more than 100 times
by a pack of dogs was helicoptered to a
Pittsburgh hospital. Despite heroic efforts to
treat his wounds and enormous doses of
antibiotics, the toddler was dying from
septic shock, a massive infection thatis a
leading cause of death in hospital intensive
care units (ICUs).

As a last-ditch effort, the boy’s doctors
contacted Centocor Incorporated, a phar-
maceutical company in Malvern, Pennsyl-
vania, and requested a small amount of
HA-1A, a new drug not yet approved by
the Food and Drug Administration (FDA)
and therefore not commercially available.
One of the first of an entirely new type of
drug—human monoclonal antibodies—
HA-1A was developed to treat the kind of
infection that the boy was dying of. It had
never been used on children, but in view of
the circumstances, the FDA approved the
request on a one-time compassionate use
basis. A 20 cc. vial was flown to Pittsburgh.
Twelve hours after the boy received HA-
1A, the crisis had passed.

The boy was lucky. Sepsis is an infection
of the organs and/or bloodstream that
almost always strikes people who already
are very sick, either because of trauma—Ilike
the boy’s—or because of illness such as
cancer, AIDS, chronic liver disease, diabetes
or alcoholism. When sepsis is suspected,
medical personnel must intervene quickly
because patients with this condition
deteriorate rapidly. Of the 400,000 Ameri-
cans who become septic each year, 140,000
die. HA-1A saves sepsis patients who
would have otherwise died, but it only
works for the 35 percent who have gram
negative bacteremia. The boy was one of
the 35 percent.

That the boy even got the drug at all was
luck—since HA-1A is not yet commercially
available, it is not regularly stocked in a
hospital pharmacy. Getting it on a compas-
sionate use basis—as the boy did—depends
on how soon after the onset of sepsis the
physician requests it and how quickly
Centocor can get it there.

The boy also got the drug for free. After
Centocor receives final FDA approval and
can market HA-1A, the single dose required
is expected to cost $3,750, the price in the
seven European countries where it has
already been approved.

The little boy’s story had a happy ending,
and his family doctors say no question that
he survived because of HA-1A. But despite
this and similar spectacular successes, HA-
1A has provoked a tremendous controversy
that highlights the hard questions facing
medicine today.

For example, should cost be a factor in
weighing treatment options? To save the
patient, HA-1A must be administered
before physicians can know with certainty
that a patient has the particular type of
sepsis for which it is effective; two thirds of
the time it will be wasted. And who picks
up the tab? Already Medicare and major
health insurers like Blue Cross/Blue Shield
have said that they will not pay for HA-1A
once it is marketed. If the insurance
companies won't pay and the patient can’t,
does the hospital? Should drug companies
be allowed to charge anything they choose
or should drug prices be regulated?

Another seemingly insoluble issue that
HA-1A raises is the treatment of patients



with no hope of recovery. Most sepsis patients
already are very sick from their underlying diseases
and many will not live very long anyway. Are
hospitals and physicians still obliged to do everything
to save them? Who should decide? Physicians,
lawyers, legislators, citizens, insurance companies?
Or should the invisible hand of the market place
prevail—those patients with financial resources will
get all treatments possible and those patients without
will not?

These are the kinds of questions that the University
of Michigan Medical Center (UMMOC), the School of
Public Health, the Law School and the Departments
of Economics and Philosophy are weighing as HA-1A
and other equally expensive and controversial high-
tech drugs and treatments become available.

* F H Ok

‘HA-1A is the first
of a series of drugs
= that will save lives
using molecular
biology’—Dr.
Robert Fekety,
chief of Infectious
Diseases.

" "UMMOC was one of 24 American medical centers

that participated in the HA-1A drug trial during 1990.
None of the UMMC sepsis patients who were in the
drug trial made as dramatic a recovery as the Penn-
sylvania boy. In fact all of the ones who recovered
exhibited such gradual improvement that it was
impossible to know at the time who had got HA-1A
and who got the placebo. Nonetheless, Dr. Robert
Fekety, chief of the Division of Infectious Diseases
and UMMC's principal HA-1A investigator during
the drug trial, calls it a “breakthrough drug.” The
overall results of the drug trial clearly indicate that,
thanks to HA-1A, a lot of people are alive now who
would otherwise be dead, Fekety says.

“HA-1A 1s a medical triumph; it is the first of a
series of drugs that will saves lives using molecular
biology,” Fekety says. “In my 35 years of treating
infectious diseases, HA-1A is one of the most exciting
things I've been a part of. In my career I have
witnessed two great breakthroughs—penicillin/
antibiotics and HA-1A /monoclonal antibodies.”

Monoclonal antibodies are a new type of drug
created through biotechnology and genetic engineer-
ing; they can produce a specific effect at an extremely

small targeted site. In the case of HA-1A, the antibod-

ies seek out, lock onto and inactivate a component of
the cell wall of gram-negative bacteria, stopping the
component from becoming poisonous and shedding
into the patient’s bloodstream, where it can cause
shock, organ failure and death, often within a few
hours.

The advantages of human monoclonal antibodies
are that by treating only the dangerous toxins
produced by bacteria, harmful side effects of a
medication, which can be as life-threatening as the
disease itself, are minimized. And since HA-1A is an
antibody primarily derived from human cells and not,
as many drugs currently are, from animal cells, the
possibility of an allergic reaction is greatly reduced.

With biotechnology and genetic engineering
techniques there is tremendous potential for develop-
ing medications that can cure diseases like sepsis. But
these “breakthrough drugs” are still very much in the
initial stages of development. HA-1A can produce
“miracle cures,” but more often than not thus silver
bullet hits wide of the mark because it only treats one
type of sepsis that is very difficult to diagnose.

General sepsis itself is not hard to diagnose, Fekety
says, because patients with it “have an ashen facial
expression and hurt all over.” But determining by
clinical examination what has caused the patient to
become septic is very hard even for very experienced

physicians. Although the physical symptoms are
nearly identical, this type of infection can be caused
by fungi, viruses, gram-positive bacteria, or gram-
negative bacteria. HA-1A only works for the subset
of gram-negative bacteria patients who have it in their
bloodstream—a condition called gram-negative
bacteremia.

Giving HA-1A routinely to all 400,000 sepsis
patients a year in the United States would add
another $1.5 billion to the national health bill, and yet
would still not save all the 125,000 who had gram
negative bacteremia, according to a study published
in the December 25, 1991, Journal of the American
Medical Association (JAMA). That is because some of
these 125,000 patients would have survived anyway
and some would have died anyway because of the
severity of their underlying disease.

The total number who would be saved on an
annual basis is not clear. Fekety says that it would
have to be given to about six patients to save one (on
a national basis 17 percent, or 64,000, sepsis patients a
year). But the medical researchers who published the
JAMA study were less optimistic. In their analysis of
the drug trial data, they concluded that only one
patient in 20 (5 percent) would be saved each year.
By their reckoning, the $1.5 billion additional health
dollars would save only 21,600 lives.

The third-party payers—Medicare, Medicaid and
insurance companies—that reimburse hospitals for
most of their expenses have said that they will not
pay for HA-1A even if it receives FDA approval
because of its high cost and uncertain benefit. This
means that when HA-1A is administered to a patient,
individual institutions like UMMC will have to pay
for it themselves. So the number of patients who will
receive HA-1A will largely depend on a hospital’s
ability to absorb the cost.

UMMC has decided for the present that it can
absorb the cost of HA-1A and stay financially solvent.

~““But-this-policy:is forcing the staffto make hard

choices: “For the $1.4 million we have allocated
annually for HA-1A,” says Richard de Leon, director
of the UMMC pharmacy and a professor in the
College of Pharmacy, “we are buying a drug for
which we won’t get reimbursed. A lot of people are
going to get it who won’t be helped. With the same
money we could buy diagnostic equipment that could
help many more people and we would get reim-
bursed for its use.”

‘We’re buying a drug
for which we won’t get
reimbursed. A lot of
people are going to
get it who won'’t be
helped’—Richard de
Leon, UMMC phar-
macy director.

To insure that of the hundreds of UMMC sepsis
patients a year only those most likely to benefit will
get the drug, a hospital committee of four pharma-
cists, five physicians and the hospital attorney spent
many hours drawing up UMMC'’s most complicated
drug protocol ever. For the first time a patient must
meet specific criteria determined by a committee to
get a medication.

Since the price of HA-1A is so high, why don’t
hospitals just refuse to buy it until the cost drops?
Edward B. Goldman, the Medical Center attorney
who helped draw up the HA-1A protocol, explains
that while UMMC is a “big player” in the field of
health care, it’s not big enough to force the price
down. It would take a similar stance by other big
players, like Blue Cross/Blue Shield of Michigan or
Medicare, to lower the drug’s cost. Goldman also
added that failure to stock and administer HA-1A
could expose the hospital to legal liability if a patient
died who could have been saved with HA-1A.
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‘We can provide HA-1A
and stay solvent. But what
do we do when 10 others
like it are approved by the
FDA but not covered by
health insurers?’—UMMC

| attorney Edward Goldman.

Why is HA-1A so expensive—12 times more than
the most costly antibiotics, which “cost maybe $300
for two days’ treatment,” according to U-M’s Dr.
Galen Toews (pronounced “Tays”). The fact that a
breakthrough technology created HA-1A doesn’t
mean the price is merited, says Toews, who is chief of
the Division of Pulmonary and Critical Care Medi-
cine. “HA-1A is not a chemical as most drugs are,” he
explains. “It’s a therapeutic agent that reacts against a
portion of a microbe. The fact that the mechanism -
here is a little different [from that of an antibiotic]
allows a company to say it plowed new ground, so it
should be able to collect a profit. But how much
profit is legitimate?”

Toews says that while it’s reasonable for a company
to recoup its costs and some profit, he finds it improb-
able that the $3,750 price tag for HA-1A reflects this.
Centocor counters that their price is merited because
research and development costs of HA-1A were $450
million. Nevertheless, in the current era of health cost
containment, Toews thinks it’s time to seriously
consider regulating drug prices. “Congress,” he
adds,”has never-addressed-how much profit in the
drug industry is legitimate."

Profits in the pharmaceutical industry are enor-
mous. “It is the crown jewel of American industry by
any measure,” says de Leon, “but regulating drug
prices too heavily could have negative consequences,
because if you take away a market incentive, you
could end up with what happened in Eastern Europe
and the former Soviet Union—zero drugs.”

Fekety counters that market incentives can bring
down the cost of expensive drugs like HA-1A in other
ways. “Since HA-1A is so expensive,” he says, “you
can be sure that companies are working to develop a
quick and inexpensive diagnostic blood test for sepsis
patients to identify those with gram-negative
bacteremia. Once such a test comes along, it will be
‘fast-tracked’ through the FDA approval process.”
Fekety thinks such a test could be available within
two years.

L

A very likely reason for the expected $3,750 per
dose price is that Centocor is struggling to stay in
business. Last April the Wall Street Journal reported
that Centocor, which has yet to show a profit, lost
$132 million in 1990 and $195 million in 1991.

At least seven competing drugs are now being
developed by other companies. Centocor itself is
working on a drug that can treat sepsis caused by
both gram-negative and gram-positive bacteria—
about 80 percent of all sepsis cases. If it is effective,
HA-1A will become obsolete. Fekety predicts, “In
three to five years, we will have new drugs that can
do what HA-1A does better and cheaper.”

Centocor spokesperson Richard Koenig contends
that the cost of HA-1A is not so high when compared
with that of other drugs like AZT, used to treat AIDS
(about $2,200 a year when taken in the usual dosage
of five times a day), and Colestipol, used to treat high
cholesterol ($1,400 a year for a maximum dosage of
four times a day). The bill for HA-1A draws criticism,
he says, because the entire cost comes in one dose
whereas these other medications are administered in
many doses over a long time, sometimes for years.
Fekety agrees, noting, “When you figure the lifetime
cost of medications designed to save years of life
when taken on a daily basis— such as those for
hypertension—HA-1A is probably not more expensive.”

Economists and health care administrators say that
the more telling figure in trying to assess the true cost
of HA-1A compared with other treatments is not the
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cost of HA-1A itself, but the cost-per-life-saved when
the drug is used. Such calculations are arrived at by
dividing the total cost of treating everyone in a group
by the number of people in the group whose lives
were saved by using the drug.

The authors of the JAMA article calculated the cost-
per-life-saved in HA-1A’s first drug trial at $99,000 if
the drug were given to all sepsis patients. Measured
against the costs of treating other medical conditions,
this cost is “not stratospheric—for example, it costs
about $10,000 to get a gall bladder removed,”Toews
says.

}I;ut public health specialists say another factor that
must be weighed here is years-of-life-saved. How
many years of life will be saved by giving HA-1A to
an already seriously ill patient? On average, five,
according to the doctors who analyzed HA-1A costs
in the JAMA article. But if five years is the average,
the life expectancy of many sepsis survivors who also
have cancer, AIDS, organ failure, acute alcoholism or
end-stage diabetes will be much less. Is it wise or
just to spend $99,000 to prolong their lives for only a
few months?

The answer at UMMC is yes. If the patient, family
and physician agree to aggressive treatment of the
underlying disease, and if the patient presents
symptoms consistent with those specified in the HA-
1A protocol, the drug will be given. Patients will not
receive HA-1A if they do not exhibit these symp-
toms, regardless of their ability and desire to pay.

‘It costs lots of money
to postpone death by
marginal amounts’—
_ Catherine G.
McLaughlin of the
- School of Public

HA-1A is making people think about health care
dollars in very specific terms. Until now such
discussions have never gotten far beyond acknowl-
edging that “it costs lots of money to postpone death
by marginal amounts,” as Catherine G. McLaughlin,
associate professor of economics in the U-M School of
Public Health, puts it.

While the idea of rationing medical treatment may
sound new, health care in the United States has
always been rationed, McLaughlin says. But until
now the mechanism for rationing has been the
patients’ (or their insurers’) ability to pay. It was
possible to avoid discussion about the cost of keeping
a comatose patient alive for a few more weeks or the
fact that the money, labor and time spent on medical
and nursing care, equipment and drugs were not
available to someone else whose chances of survival
were greater, because from the patient’s side of the
equation, medical insurance coverage was available.

This is no longer true. With expensive drugs like
HA-1A, an aging population that demands more
intensive health care, the AIDS epidemic and gener-
ally escalating health costs, even a well-insured
patient won’t be covered for certain courses of
treatment anymore. :

At the same time, the general public is pressing for
national health insurance. Many health care experts
predict enactment of such a program in the next few
years. This would extend health insurance to the 36
million people who aren’t covered now, adding so
many more potential patients to the system that
providing all of them with all possible treatments
would be financially impossible. “As a society we are
going to have to allocate medical resources in a new
way,” McLaughlin says. The question is how to
allocate those resources and who will decide.
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Although UMMC physicians and pharmacists
established the criteria for rationing HA-1A, they are
emphatic in saying that society should not make
doctors decide how health care dollars should be
spent.

Bioethicists and economists are joining with health
care professionals in grappling with the issue of
fairness and justice in a medical context. Should
American society let the “invisible hand” of the
market determine how health resources are allocated,
or should concepts of fairness and justice shape the
decision of how to use drugs like HA-1A or other
very expensive treatment regimens?

Economists, whose entire discipline is based on
allocation of scarce resources among competing ends,
have created an enormous literature on the subject of
allocating health care dollars. Prof. Theodore C.
Bergstrom of the Department of Economics says that
concepts like cost-per-life-saved and years-of-life-
saved can help with the accounting of health care
expenditures and in making some public policy
decisions, such as whether to spend more public
funds on well-baby care. For a relatively low cost of
more extensive preventive care, Bergstrom points out,
babies will benefit throughout their expected life-
times.

Another economic concept that can help shape
decisions about costly treatments for severely ill
patients—for example patients with sepsis in the final
stages of their underlying disease—is quality-
adjusted years-per-life saved. This recognizes the fact
that a life saved is not the same if the patient is in
excruciating pain or comatose.

When some of the consequences of these economic
concepts are worked out, however, it’s very hard for
people to face them, Bergstrom says. “No one wants
to admit that there are situations where it’s not worth
it to save a life. No one wants to say, ‘We have to let
this person die because it costs too much to save
him‘l 7

If health care decisions based on cost as well as
efficacy are hard to make at the policy level, they are
even more so in “real life.” Katherine Swartz, a health
care economist at the Harvard School of Public Health

¢ admit that thereare
situations where it’s
not worth it to save a
life’—Theodore
Bergstrom of the
Department of Eco-
nomics.

who collaborated with McLaughlin on a health-
insurance study, accompanied physicians on patient
rounds in hospitals. She observed that when quality
of life issues were couched in terms of cost, the
families who-had to make the decisions could not act.
If the physician said “The patient is comatose and will
die—should we pull the plug or keep him alive for
two weeks? But the two weeks will be very expensive
and who will pay for this treatment?” the families
were paralyzed. No one could say that keeping a
relative alive was not worth the money even if the
patient was in a persistently vegetative state.

But when the decision was couched in terms of
pain the families could act, Swartz said. “When a
physician said, ‘Further care is futile, and the patient
is in a lot of pain, so let’s turn off the machine,’
families could decide to have life-sustaining equip-
ment turned off.

For now, McLaughlin suggests, it's possible to
forestall such agonizing decisions by adding more
dollars to health care—for example using the “peace
dividend” and diverting dollars from national
defense to health. But the day of reckoning is coming
and economists were as emphatic as doctors in saying
that decisions about how health care dollars should
be allocated and decisions about quality of life issues
should be made by legislative bodies and reflect the
thinking of citizens themselves.

The recent experience of the state of Oregon,
however, shows that even when citizens and legisla-
tive bodies do join together to debate these issues,
designing and implementing any plan that addresses
quality of life issues or attempts to reallocate health
care dollars will be very difficult.

For five years state executives, legislators, physi-
cians and citizens labored together to revise Oregon’s
Medicaid program so that more people would be

‘No one wants to

covered, and to couple this with a program that
would guarantee health care for all state residents.
The centerpiece of the plan was a list of 709 medical
procedures that were ranked according to their cost,
effectiveness and quality of life benefit. Those
procedures that fell below number 587 would not be
covered, no matter how compelling the individual
case.

Federal approval for Oregon’s plan was necessary
because Medicaid is a federal program, but in August
the Bush administration rejected Oregon'’s plan, citing
discrimination against people with certain disabilities.
For now, the Oregon plan is in limbo.

‘Indirect-payment
decision mecha-
nisms are like pain
killers: They make
us feel better and
allow us to make
emotionally
wrenching deci-
sions’—Yale
Kamisar of the Law
School.

Direct action—public policy debates, mobilizing
citizenry and changing laws—may not be the only
way to resolve the costly quality of life dilemma,
however. Prof. Yale Kamisar of the U-M Law School,
who has been writing about right- to-die issues for
more than 30 years, predicts that resolution will be
achieved indirectly through payment mechanisms.

Already insurance companies are refusing to pay
for many experimental treatments, and Kamisar

believes that eventually they will also refuse to pay

for treatment of patients in a persistently vegetative
state.

In Kamisar’s future bedside scenario, the doctor
says something to the effect, “We can keep this
patient alive in this vegetative condition for two
years, but after 10 days the insurance won’t pay and
you must assume the $1,000-a-day cost.” Since most
families can’t afford this, the equipment will be
switched off. Kamisar adds, “INo one can be blunt
here. These indirect-payment decision mechanisms
are like pain killers: They make us feel better and
allow us to make emotionally wrenching decisions.”
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Even before it is commercially available, HA-1A
has forced health-care providers to acquire hands-on
experience with making difficult choices. Meanwhile,
the decision to give final marketing approval for HA-
1A was denied in a last-minute decision last April.
The FDA held that Centocor had not proved that HA-
1A was effective in treating sepsis and asked the

‘company to conduct another drug trial which began

in July. UMMC is again participating. The request
came despite the fact that in September 1991 an FDA
advisory panel recommended approval of HA-1A, a
move that usually leads to a green light for marketing
a drug.

All the specific issues that HA-1A raises are on hold
pending the outcome of the second drug trial. “But
the HA-1A case is only the tip of the iceberg,” says
UMMC attorney Goldman. “There are other drugs in
development that are just as specific, just as costly and
just as controversial. We could afford to provide HA-
1A and stay solvent. But what do we do when 10
others like it are approved by the FDA but not
covered by health insurers? The ethical issue of the
"70s and 80s was termination of life support. In the
’90s it is resource allocation.”

Katherine Blair is a free lance writer in Falls Church,
Virginia.



U-M launches

biggest campaign
for a public university

By Jane R. Elgass

When the University announced the
Campaign for Michigan in a series of
mainly invitation-only events on Sept.
18, it launched the largest fund-raising
project ever by a public university. The
fund-raising program and its $1 billion
goal have been described by many as the
University’s most important under-
taking of this decade.

Equally important as the dollar goal
will be the work by University officials
and volunteers nationwide to establish
a firm base of ongoing voluntary
support of the University that will
endure after the Campaign’s comple-
tion and carry the University into the
21st century with a more stable
financial base.

“The Campaign is terribly important
to the future of the University,” says
President James J. Duderstadt. “It’s
vital to sustaining the quality of the
institution. While a number of
programs and activities will benefit
from the project, a major goal is a
permanent increase in our level of
private support.”

With state appropriations down in
real terms, tuition rates pushing the
limits of what students and families
can handle, and no increase and
possibly a decrease in federal support,
the University is working to raise the
level of private support over the long
term to approach that provided by
each of the other three revenue sources.

Duderstadt notes that while $1
billion seems like a great deal of
money, “it costs $2 billion per year just
to run the University. The $1 billion
goal represents about 5 percent of our
total budget over the next decade.
Funds raised during the Campaign
will compensate for losses in state
assistance and, if we are successful,
give us a base for future growth.”

The $1 billion goal includes $850
million in gifts and pledges for
facilities, endowment and immediately
spendable funds, and $150 million in
bequests. Of the $850 million, $110
million is targeted for facilities, $340
million for endowment, and $400
million for unrestricted use.

While the Campaign will not solve
any of the University’s short-term
financial problems—and is not
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intended to—"it is vital to sustaining
the quality of its people and programs
into the future,” says Provost Gilbert R.
Whitaker Jr.

“The Campaign is clearly the way to
go for the long-term, allowing us to
build support by alumni and friends.

It also is a way to keep people in-
formed of our aspirations and needs.”

For the short-term, Whitaker says,
the University is relying on cost-
containment and internal reallocation
programs, as well as an almost across-
the-board salary freeze this year, which
he says will put the University on a
stronger fiscal base next year.

Whitaker notes that the University
units participating in the Campaign-all
17 schools and colleges and a number
of other units on the Ann Arbor
campus, as well as U-M-Flint and U-M-
Dearborn-are “excited, very engaged”
in the project. “The number of volun-
teers is way up.”

Sharing in that excitement is School
of Music Dean Paul C. Boylan, who for
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With their ‘Let’s Go Blue!” fists pumping, Campaign Team members were led in a rousing

g -

rendition of The Victors by (I-r President and Mrs. Duderstadt, Alumni Assn. Director Robert G.

Forman and band director Gary Lewis.

the past two years has headed a six-
member committee that helped units
set realistic goals for themselves and
thrashed out many of the details of
Campaign logistics. (Other members
of the Academic Programs Group
Subcommittee on Development are
deans Giles G. Bole, Medical School;
John H. D’ Arms, Horace H. Rackham

Campaign Goals Overall: $l billion
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" Endowment

activities.
Professorships
Student fellowships and scholarships
Programs

Expendable Funds

- Building Funds

Center for Undergraduate Education

School of Social Work

Cancer/Geriatrics Centers

Tennis Facility

Engineering Facility for Industrial
and Operations Engineering and
Student Services

Hill Auditorium Renovaton

Bequests

s financial structure is its endowment fund,
gifts whose principle is preserved and the earnings are used to support a wide variety of

One of the correrstones of the University’

_One of the primary sources of operating money for the University, expendable funds
help maintain the diversity of programs in place, launch major programs, develop new
courses, purchase equipment and fund faculty development.

These projects reflect the University’s determination to preserve the past where
possible through renovation and renewal, and to embrace the future through construc-
tion of state-of-the-art facilities. Funding for these projects will be a combination of gifts,
University funds and public sources. Listed below are the fund-raising goals.

Bequests enable the University to endow professorships, provide research funds and
student aid, give faculty incentive awards, and build new facilities or refurbish old ones.
They also provide general unrestricted support for critical ventures.

" $340 million

$190 million
$125 million
$ 25 million

$400 million

$110 million

$45 million
$15 million
$25 million
$ 5 million

$10 million
$10 million

$150 million

School of Graduate Studies and vice
provost for academic affairs; Rhetaugh
G. Dumas, School of Nursing; and Edie
N. Goldenberg, LS&A.)

Boylan also notes that decisions on
unit goals did not come from the top
down.

“The University didn’t come up with
a goal and then tell units what their
portion would be. The units them-
selves identified their needs and then
we and the central development
operation counseled them on what
they might realistically expect to raise,
gave them a realistic perspective on
what could be achieved,” he explains.

Boylan notes that more than 50
percent of the Campaign income is
targeted for faculty support, in terms of
endowed chairs, funds for visiting and
guest scholars, research funding, and
research and teaching facilities.

“If the Campaign is successful, and I
believe it will be, the University’s
learning environment will be substan-
tially enriched. The Campaign also
will make it possible for us to atiract
the most intelligent and artistically
gifted students and provide access for
students whose financial needs are
great.

Boylan feels the University “is ready
to embark on the Campaign. The
level of commitment, cooperation
among units, strong leadership of Joe
Roberson [executive director of the
Campaign] and the extraordinary
interest and support of the national
volunteer leadership will make us
successful despite the daunting level
we're seeking.”

US economy is resilient but government could do more
to make it stronger, top forecaster says

The Campaign for Michigan kickoff
included a Back to Class lecture series
for Team Michigan members. Faculty
members at several campus sites
addressed subjects ranging from the
end of the Cold War to the role of
African-American women in art. The
two featured lectures were presented
in the morning in the Michigan League
by Profs. Sidney Fine and Saul H.
Hymans. Hymans's lecture is reported
on below, and Fine’s on p. 10.
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