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Figure 1: Interdisciplinary and cooperative research activities
between Bioengineering and other components of the University and
the local community (see Appendix 1 for details)




International Collaboration Activity
Europe

Uppsala, Sweden
ﬁ:} Stockholm, Sweden
Linkeping, Sweden

London, England

Mainz, Germany

Ludwigshafen, Germany
ﬁ B f’ Prague, Czechoslovakia
0 ’
? o e Budapest, Hungary

3 . » Munich, Germany
o S
* &‘_‘ Paris, France
i S ' Zagreb, Yugoslavia

-~
' \}.é‘a Turin, ltaly
Grenoble, France

Bordeaux, France

ongoing collaborations in Eur

et e s e T P T T R Y B R RS "5

International Collaboration Activity
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Figure 2b: Department of Bioengineering ongoing collsborstions in Asia
(see Appendix 2 for details).
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Palo Alto, CA
Menlo Park, CA

Corporate

Spinoff
Companies Sponsors
BASF
IOMED Becton-Dickinson Corp
Protein Solutions CIBA-Geigy
SARCOS CIBA-Vision
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Figure 4: Department of Bioengineering corporate interactions and_ activities
in support of state economic development (see appendix 4 for details).
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STRATEGIC PLAN

tment of Bicengineering
lege of Engineering

University of Utah

ineering departments, in the
g or the School of Medicine,
inter-disciplinary and clinically integrated
in the natiom.

nually ranks among the highest
research dollars per State FT
e College of Engineering and on

iversity, with less than 5 State FTEs.

student class last Fall was nearl

d

e It selects its graduate students

Program is nationally and internationally
rbﬂog-lze as one of the premier nloenglﬂee:;ng programs in the natien.

The Department's highest priority and immediate goal is to add a
faculty member in the general area of fissue engineering, the

engineering olds and matrices on which cells can be made to grow
and crganize ssues. This expertise would relate to nearly all of
the Department's current ongoing programs. It is also an area that is

ning to become recognized nationally as one of importance and high
priority,

The acquisition and development of expertise in this area would
held insure the Department's continued prominence as one of the nation's
leading bioengineering programs.

A second, and also very important priority, is to enhance

interactions and activitles with clinical medicine departments in the
School of Medicinae, including an expansion of its activities in the area
of decreasing the costs of health care, and pa:ticularly in the area of
rehabilitation engineering.

Priority three is to attract a leading individual in the general

area of molecular auytomation to help hybridize and synthesize the
Department's existing strengths in sensors, microsystems, and

r tion, as well as to relate closely to the Genome Initia
ha Department of Human Genetics.

ne per year

are proposed to be implemented o
will be

over the next three years; State FTE and private suppozt

ing, will require a 0.67 FTE at the
1 The Depn::mprt has now a 0.33
h would ba allocated to this position,

re a 1.0 FTE to be distributed amo
various clinical mediecine depar'weﬂ
duals involved with

Priority
existing faculty
to be used for
rehabilitat

o
t
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Lty Threa would
could be share
of Biology, or

although it is possil
tment of Human Genaeti
in the general ini

he

Thus, 2.67 FTEs over the . three years would enable t
This would amount to about a 50%
£

be implem

ir year period, or of the order o
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tional reputation for guality and
mited state and university commitment. It

t its leadership position nationally, but that
ng ti atened by developments at a large number of
Or u =3 who have historically not had
grams, or who have had weak programs, are now giving
n and ources to these activities.

The Department is
be expected to maintai
f its resource needs,

acing severely increased competition and cannot
s national leadership without some recognition

ic Plan presents several avenues with which the
Department 1 intain leadership in the field of bicengineering and
conti dramatically contribute te the health and well being of the
University and its local community.
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BACKGROUND

The Department of Bicengineering is a graduate program

College of Engineering at the University of Utah. Most
ha ineering Departments,
Sc and/or the School of
on ni

¥

o
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ng is the smallest departm
as less than 5 FTEs. As a n
joeint appointments with other departments,

faculty with major and strong affi
faculty are largely responsible for most c
significant part of graduate student supervision.

h

here are a number of research faculty
ith the department and other research
and support graduate students and tea
on there are a large number of ve

m supervise, direct, and support
ach alect and special topics c
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g has approximately 70 graduate
lass was some 25 students. The Graduate "ec

iew of the department and was quite compl n
ve bu? cautioned that low faculty salaries and low graduate
nts stipends are problems which nesd to be addressed.

UNDERGRADUATE EDUCATION:

Although Biocengineering is a graduate department, i
of streng undergraduate activities. Its courses are open
undergraduates. Its bicinstrumentation course sequence h
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-
o

popular with electrical engineering undergraduates. Its
courses are frequently taken by students in Materials Science
Its courses in medical imaging are also taken
lents in Electrical Engineering and Physics. Biomechanics
a2re very popular with Mechanical Engineering undergraduates.
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é

e

medical engineering,

o

d prima ergraduate students who intend to go on to

e school dical engineering or as a supplement to a pre-
gram for those students deciding to go to medical school. It
lso | u or engineers in more clasaical disciplin

to o immed. for one of the health care pr
rias LY, in traditional departmants ta

of - -- & "formal™ minor would rec

. ce as to their strong biocengin

Enginesring: The Department is now working to develop
Bislogical Engineering for students in engineering and
owing group of engineering

D oH o

There is a amall but rapidly g
uing that engineering needs to look to biology
for the future. This has been argued in a recent
rello, President of the [ stitute of
Andrade[3] in a paper titled, Biocengineering: A
Educ. 2

¥ increasing funding available for u dua

g education and the national interest i esa
that such an effort could acquire significant
Andrade and Horch are coordinating this effort.

EDUCATION § RESEARCH (see Figurs):

strumentation, and physiology represent

which the Department requires of all its
pse of topics represent the practical
aculty.

]

Tisaue Engineering(4] is an activity which is not now well
represented in the Department and one which is our highest and
number one priority for strengthening and developing. It has

relationships to biotechnology, to biosensors, and to artificial
organs and limbs, as well as to microsystems. Basically it refers
to the growth and development of cells in a controlled manner so
as to form fu onal biological tissues. These tissues can then

be used to augment or replace damaged tissue. Examples include
the development of cell layers for artificial blood vessels, the
succesaful implantation of liwving cells and tissues for the
production of insulin, and related topics. The Mational Science
Foundation recently instituted a program in tissue engineering. A
number of workshops have recently been held[4]. We consider it to
be the most immediate major growth area in bio- and biomedical
angineering. It is also tha future of the field of art i

ficial

organs. Hybrid orgaspa, that is the engineering of scaffolds and




which cells can grow and organize into tissues, is
to be the future of organ replacement. is hi
that the Univer ¥'s activities in artifici
cularly the a ficial heart, will greatly vinish htd”
contract expires and when Dr., Don Olson ret
of Wnl:h are expected to happen within the next three or four
The State's, the University's and the Department's futuras
is area will not be artificial devices, but rather in hybrid
3, devices which utili ntegrated cell and sue
components. The Department pects to hire an outstanding
faculty member to build a major activity in this area. oQu
existing activity is in the lab of Dr. C Rappaport, a resea
member of the facult Her space and laboratory 1ld fu
nch this growing program.

3
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The Department has close affiliations
with the majority of the clinical me

Division of Orthopedics ard the
rgery and has a 0.33 FTE position in

eering. Dr. Duane Westenscow has a small component
salary line in Bicengineering and is a tenured Professor in
Department of Anesthesioclogy. Dr. Grant Gullberg heads the
t of Radiology and
t‘e Fed‘cal diagﬂsst_c imaging courses
We now have a sr

should lead to
;n_erac:ihhs u‘:h Ophthalmology. Dr. Karin C vell has a
contract in the Center for Biopolymers at Interfaces dealing
contact lenses. Several other industrial members deal with
contact lenses and one member of CBI deals with intra-ocular
lenses. All of this leads us to expect that there will be
considerably increased activity in the area of Ophthalmology in
the near future.

We have adjunct faculty from the Departments of Neph
Pathology, and the Nora Eccles Cardiovascular Research and
ing Institate.

Trail

There are a variety of areas in clinical medicine in
bioengineering has not had a strong presence, including pediatrics
and obstetrics and gynecology. As the State's health care
products industry continues to grow and diwersify and as the
Department of Biocengineering itself continues to develop as the
nucleus, center, and catalyst for bicengineering activities in the
state, it is likely that we will be asked and expected to extend
our interests and activities into these other clinical arenas.
This will of course require additional resources and support.

Clinical Medicine and the related areas of Rehabilitation
eering and Health Care Costs are the Department's Number 2

=

is a new area for the Department. It
is discussed below under Strategic Plans and Needs.

jeuroprosthesis is an active and dynamic program led by Drs.
and Ken Horch. This program has received
considera federal and private support and visibility. It is
strong, active, dyna  and a thrust which is expected to
continue for at least a ten year period.

Richard Norm

Biosensors is another major actiwvity. It relates to

ical sensors, ! indwelling and ex-vivo,
@ body properties such as electrolyte levels, hormone
mmunclogical products, etc. Drs. Janata, Christensen,
Hlady, and Andrade all participate in this area. 113
program is well funded by both federal and private scurces. A
number of fundamental problems remain in the area of biosensors
and a considerable number of engineering, integration, systems
opportunities are developing as sensors progress from the research
stage to design and manufacturing. There is enormous dustrial
interest in this area, particularly in Japan, Britain, The
Natharlands, and Sweden. Increasing private support can be
expected.

electrochemical and op
which measu

This topic refers to the work of the Cen

Tha asss:;aha director of that center,
full time appoin nt in Bioengine g.
phen Jacobsen, holds a research appointment
he Center for Eng _nee:lja Design began as the
Design, focused almost exclusiwvely on

dical devices and equipment. They are now focused on
microelectromechanical systems and other approaches to miniaturize
yotics, senscors, and machines and dev s in
nly expect this area to continue to be active

instr
general. We certai
in the near and far future.

Drug Delivery is a strong activity represented by Dr. J.
Kopecek, whom we share with the Department of Pharmaceutics. Dr.
opecek co-directs, together with fessor Sung Wan Kim, the
Center for Controlled Chemical Delivery. ODr, Kim also has a
research appointment in Bicengineering. Drug delivery is a very
strong activity on campus, primarily in the Department of
Pharmaceutics but with strong inpu: and collaboration from
Bipengineering.

Arxtificiz] Organps and Limbs is the area represented by Dr.
W.J. Kolff and Dr. Don Olscn. We have already discussed this
briefly above the section dealing with tissue engineering. Dr.
Kolff iz now ad but still remains an active engineer
and developer. His cffice has been moved from the DUMKE Building
to MEB 30 that cur students and faculty have the opportunity to
interact with him. We are hopeful that we can encourage him to
put many of his thoughts and exp iences on paper for future
generations of scientists and engineers. We hope to work closely
with him in this regard. We also expect to revitalize an earlier
project to develop a chair in Dr. Kolff's name for either a
permanent or visiting professor of Bicengineering. We hope to
work closely with Dr, Kolff in identifying possible donors for
such a chair,

The artifiecial organ activities are primarily located in the
Northgate Industrial Park in space owned by a loca1 pr
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n the next decade most of
replaced by hybrid organs and
duced by cell and tissue cu
g and developing the area of tissue

replacement organs pro
interest in emphasizin
enginesring.

ing. This area was already referred

under Clinical M ine and is very strong. It inve

faculty Steve Joh and Mike Bergren as well as our research
adjunct faculty of Radiology, Grant b
Jeremy Hebden, an We anticipate that 8 are
v}ll continue te strong and growing one, funded primarily
thro he Department of Radiology.

Biotechnology. This ar=a under
he auspices of the Center for Biopolymers
he State's Centers of Excel;ence. Dr. Karin Caldwell,
£ the Center Bioengineering an

"ot

0 o

cengineerineg
*}13 area
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bioengines
he:e iz Dr

ma'w"" cont

ing for the acute or chroni

I
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w

in
alth
lation, means tﬁaL :chabilita:;ou'e g :
ry rubL:lv growing field in the near future. Andy is
a xesearch k:cfesso: with absolutely no state support. Giv
ortance of this area to the state of Utah, to its health
industries, and indeed to its population, some Univers

commitment would be appropriate. This is part of our 2
(see below).
ealth C Costs. We recently offered a course and seminar

series in this area jointly with Dr. Robert Huefner and his
program for health policy and administration. We ar e presently
"§E£lﬂg private support to continue and to augment this activity.
Although this area is one of enormous opportunity, rather than
being a specific emphasis, it will be inco—p»:a:ed and integrated
throughout all of the Department's activities. We anticipate
offering a course every other year on this topic. We anticipate
Fn&l:g a leadership role in the bicengineering academic co ﬁLnicy
in this area. Indeed we are already conducting a symposium at the
Fall Biomedical Engineering Society (EMES) Meeting, Octcber 1991
on this top The Department will host the Fall 1992 BMES
meeting in Salt Lake City and there will y be symposia on
all of the thrust areas in the Deyar::en:, including :h&v of
health care costs. The local health care providers, particularly
the FHP Group and Intermountain Health Care, have been

particularly supporti iterested in this activity. This
of

area is also part o

Although Utah's Department of Bicengineering is ranked among the
the

idered to be number one i

d often cons

+
n or 1e is becoming increasingly difficult to maintain it
sa position. in reason is that other schools and sta
recognized that a strong biocengineering effort is important to
institut s, and to the economic health and well being of their local
.

ch have provided signi antly increased resources for
ing activities in recent years include Johns Hopkins,
ty, Arizona State University, University of Pittsburg,
versity of Minnescta, Case Western Reserve

Yy, the University of California at San Diege,

ne example, Arizona State has increased its effort from
ulty to over 10 FTE faculty in about 5 years. Arizona
only to try to entice some of
but

iting among our faculty, T
ents to accept assistant professor positions,
uted a set of ﬂ'ns‘dcnt‘al chairs to attempt to seduce

pre
rofessors of internat standing.

Most universities are beginning to realize that they can no longer
be all things to all people, and that they must focus their resources

a activities in areas where they can make unique and special
tributions, and which can significantly maintain and enhance the

stature and reputation of the university and the health and well-being
of its local commu Y.

The State has targeted the bio-medical industries as one of the
industrial development areas which can significantly improve the state's
omy in the years ahead(5]. It is imperative that the Uniwversity
the State's interest ir with a University focus. The
and well-being of this instituticn and of the State will be
ed by the focusing of its resources and activities in areas of
ue strength, expertise, and importance -- and not in directing
irces to perhaps more traditional departments and programs which

have no particular possibility or even probability of world class
particularly if such programs are already rapresentad in other

itutions in the reg

The Department is actively involved with the biomedical industries

¥, nationally and internationally. The Department's Industrial
Advisory Bcard (Appendix) meets regularly and has worked *lcse‘y with
the State to increase awareness of the role of b;oenglreerl g in the
local economy. The Advisory Board was well represented on the
Governor's Task Force on Biomedical Industry Development, whose report
was issued in September, 1990 (Appendix).




Advisory Board the Department wi

¢ 1991 titled Entrepreneurial

s 1991 we will offer the Course
Both courses will have major

members and local industry.

The Department's Center for Bi opz:yne-s at Interfaces (CBI),
rected by Dr. Karin Caldwell, Associate Professor of Bicengineer
;e:hana the State's most successful Center of Excellence.
er has developed over the past 5 years and is recognized

Q:Jnticnall; as the leading group on the subject of biopolymer
aces, which incorporates bioccompatibility, and & variety of
tal to medical devices, biotechnology, and

arf
erfacial processes wvi
chemical engineering.

The Center now has 25 member companies -- most of them ma
multi=-national firms. In addition, it has a strong representation of
local Utah companies. The 25 member companies support Center
tivities, not only through their membership dues, but also through
aduate student fellowships and research contracts..

The Department is alsc involved with other Centers of Excellence
d diagnostic ‘"jc‘ng, laser ap cations in medicine,
cor hemical and drug delivery, signal processing, and the Center
for ineering Design, which was noted earlier.

Industrial nancial support is beginning to develop.
Dickinson Foundation supports two outstanding bloengineerin
each year (515,000 stipend each). The Department has al
founcatiaﬁ support for other projects and needs. Alumni
reasing.Bicengineering Spotlight, an annual newsletter, has a

ist'luut-an of over 1,000 and has been very well received.

n

[+8

The Department is generally perceived local
with industry and responsive to local needs.

STRATEGT TREME AN NEEDS -
is simply to maintain its statura,

The Dapartment's Strategic Pla
standing as one of the premier

reputation, and world-class
bicengineering programs.

The Department plans to increase the number of state support
FTEs and the number of auxiliary and research faculty with pesitions in
other departments on campus. addition, it expac 1.
increasing numbers of industrial participants directly, as well as
through its affiliated Centers of Excellence., It expects to continue to
play its leading and catalytic role in the region in the coordination
and enhancement of bicengineering activities among the University,
departments, and programs, and also among regional hospitals,
industries, and other institutions.

Its strategic priorities outlined below reflect an earlier
discusaion that it expects to exert leadership and a major presence i
the areas of tissue engineering, clinical medicine, including
rehabilitation engineering and the future area of molecular automation.

- |

S number one n:i“r"v iz to develop expertise and
3 Ssug engineering. We have a 0.33 position in our budget
a -he retirement of Dr. Donald J. Lyman. A 0.67 position,
the appropria space, and start-up costs will be reguired.
We are hopef“l the positien can be developed as a result of the
ive. A reguest to initiate this search has alr
been submitted to the Dean's Office.

eady

riocity twg is to continue t
clinical medi e departments, including
the areas of padiatries and ohstetr
additional 0.5 FTE.

o enhance cur interactions with
increasing our actiwvit
his will require and

We also plan to sign f::antly expand the Decartmeﬂt'q act
in the area of rehabilitation engineering and :-'u eering for
reasing the costs of health care. Rather than see‘ng these as
vidual thrust areas, we see these as areas integrated and
incorporated throughout all of the curriculum and all of the research
pPrograms. Nevertheless, this will require individuals on our
o have this as a primary area of interest in order to see to
it is indeed integrated across the Department. Rather than full ti

-pl&, 1ld be accommodated, we think, by part time
sitions, possibly two 0.25 FTE positions, which could be joint with
in the Medical School or even in other parts
th Policy Administration Program in the
ience.

z

pe

& approf
campus

r three priority is mplecular automation This basically
¢ wging in a leading vidual who can hybridize and
thesize our existing str in biosensors, microsystems, and
instrumentation and on the strengths of the Center for
ymers at Interfaces, the Center for Engineering Design, and the
Department of Humi netics, particularly its human genome sequencing
initiative. We there is an enormous future for ultraminiature
multichannel sensing and detection systems which incorporate chemical,
anical, electrical, and optical funetisns and canﬁoneh_a into fully
integrated systems for the analysis, measurement, and even production of
appropriate biochemicals. This area would completely revolutionize
.ries and clinieal diagnostics, it would completely
revolutionize process control in biotechnology and biochemical
engineering. It would completely change the way biological and medical
ments are conducted. It would probably permit the chronie, long
term, continucus monitoring of patients, animals, and other organisms.
It would contribute in a major way te the economic competitiveness of
the chemical, biotechnological, and medical industries in Utah and in
the country. We are hopeful that the new University Administration and
the College of Engineering will see this as a unique area of opportuni
which builds upon and significant;y augmenta and enhances existing
strong activities at the University of Utah.

We will continue to increase our graduate student population with
the increased FTE positions and by close collaboration with those
memLe'a of the Medical School faculty who have research programs and
\terests related to bi oerq1h2=erg Significant growth, however Can
only come from ipcreased permaneat farulty.

The Department's activities relating to the Center for Biopoly
at Interfaces are expected to be auCOHmcdatod in the new Biopolymers



« recently funde
ty and a probl

that the plans for a maj

nue and will eventually
e Department would
with

{

it
atart of £

e area of

w

lding,
the spa

1. R. Normann, V. DeCaprio

lak and C. Fred Fox, eds. Tissue En ineering, A.R.

. Biomedical Industry Devel -- Report a

endations, Sept. 24

TCES -

dustry Devel

Industrial Advisory Board

A e e g7 1 )

5.
I
'
}
|
!
!

&

Bujasauibul jo abajon

0lJd

+ Al

|Busolg

fulasau

-
b
o
*
-
—
O
=
I
s

218418

d 210




