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PREFACE

This report covers the medically related activities of
the NASA Application Team Program at the Research Triangle Institute
between August 23, 1971, and August 31, 1972, performed in accomplishing
NASA Contract NASW-2273. This work was performed in the Center for
Technology Applications of the Research Triangle Institute under the
technical direction of Dr. J. N. Brown, Director. Full-time members of
the Team who participated in the project are Dr. F. T. Wooten, Director
of the Application Team; Mr. Ernest Harrison, Jr.; Mr. E. W. Page;
Mr. R. W. Scearce; and Ms. Joyce Rubens. Assistance from other members
of the RTI staff was obtained as needed.

Medical consultants who contributed significantly to the
project are Dr. E. A. Johnson, Duke University Medical Center, Durham,
North Carolina; Dr. George S. Malindzak, Jr., Bowman Gray School of
Medicine, Wake Forest University, Winston-Salem, North Carolina; Mr.
William Z. Penland, National Cancer Institute, Bethesda, Maryland;
and Professor Hal C. Becker, Tulane University School of Medicine, New
Orleans, Louisiana.

For the convenience of the reader, the names and addresses
of the sources of commercial products are included in this report.
This listing does not constitute an endorsement by either the National
Aeronautics and Space Administration or the Research Triangle Institute.
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ABSTRACT

This report presents the results of the medically related
activities of the NASA Application Team Program at the Research
Triangle Institute. This experimental program in technology appli-
cation was supported by NASA Contract No. NASW-2273 for the report-
ing period August 23, 1971, to August 31, 1972. The RTI Team is a
multidisciplinary team of scientists and engineers acting as an
information and technology interface between NASA and individuals,
institutions, and agencies involved in biomedical research and
clinical medicine. During the reporting period, participants in
the Application Team Program included Dr. J. N. Brown, Jr., Elec-
trical Engineer; Dr. F. T. Wooten, Electrical Engineer; Mr. Ernest
Harrison, Materials Scientist; Mr. E. W. Page, Electrical Engineer;
Mr. R. W. Scearce, Biomedical Engineer; and Ms. Joyce Rubens, Research
Assistant. In addition, the Team draws upon the capabilities of other
members of the RTI staff as needed.

Fourteen medical organizations are presently participating
in the RTI Application Team Program: Bowman Gray School of Medicine,
Wake Forest University, Winston-Salem, North Carolina; Duke University
Medical Center, Durham, North Carolina; Emory University School of
Medicine, Atlanta, Georgia; Institute of Rehabilitation Medicine,

New York University, New York, New York; Medical University of South
Carolina, Charleston, South Carolina; National Cancer Institute,
Bethesda, Maryland; National Heart and Lung Institute, Bethesda,
Marvland; National Institute of Environmental Health Sciences, Research
Triangle Park, North Carolina; Ochsner Clinic and Foundation, New
Orleans, Louisiana; Tulane University School of Medicine, New Orleans,
Louisiana; University of Miami School of Medicine, Miami, Florida;
University of North Carolina Dental School and Dental Research Center,
Chapel Hill, North Carolina; University of North Carolina School of
Medicine, Chapel Hill, North Carolina; and Virginia Department of
Vocational Rehabilitation, Fishersville, Virginia.

The accomplishments of the Research Triangle Institute Applica-
tion Team during the reporting period are as follows: The Team has
identified 44 new problems for investigation, has accomplished 8 technology
applications and 8 potential technology applications, has closed 88 old
problems, and reactivated 3 old problems, and on August 31, 1972, has a
total of 57 problems under active investigation.
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1.0 PROGRAM PHILOSOPHY AND METHODOLOGY

1.1 Introductory Comments

The National Aeronautics and Space Administration (NASA) has
been a leader and innovator in the establishment, operation, and assess-
ment of technology transfer programs since that agency was established
by the Space Act of 1958. Through its Tech Brief, Special Publication,
Technology Survey, and Regional Dissemination Center programs, NASA has
been successful in transferring the results of aerospace research to an
impressive number of nonaerospace applications.

In 1966, NASA established a program using an active and
directed methodology. In this program, Application Teams were establish-
ed under contract to the NASA Technology Utilization Office. The
Application Team methodology is active in that specific problems are
identified and specified through direct contact with potential users of
aerospace technology. The process is directed in that teams interact
only with potential users who are involved in reaching selected national
goals. Three teams concentrate in the biomedical area while others work
in such fields as air pollution control, water pollution control, trans-
portation, mine safety, and law enforcement. The three teams
specializing in biomedicine have been established at the following
institutions:

Research Triangle Institute
Post Office Box 12194
Research Triangle Park, North Carolina 27709

Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78228

Stanford University School of Medicine
701 Welch Road
Palo Alto, California 94304




This report covers the accomplishments and activities of the Tean
located at the Research Triangle Institute for the period August 23,
1971, to August 31, 1972. In the remainder of Section 1.0, Team ob-
jectives and methodology are presented.

1.2 Application Team Program

The NASA Application Team Program specifically seeks to achieve
the following goals:

(a) The identification of relevant aerospace technology that
can solve major medical problems;

(b) The utilization of the identified technology in order to
actually solve the existing medical problems; and

(¢) The motivation of members of the industrial community to
manufacture technology resulting from this program in
order that widest possible use of the technology can be
achieved.

Basically, the Team acts as an active interface between medical
investigators and the body of scientific and technical knowledge that has
resulted from this nation's aerospace research program. The Team attempts
to carefully define the technological problems facing the medical community
and to identify the relevant aerospace technology that can solve those
problems. The problems are those being encountered in medical research
programs in major medical schools and in the National Institutes of Health.
The Team actively engages in the identification of these problems through
direct contacts with the medical research staffs; the identification and
specification of the medical problems is then followed by search for
technology that can be utilized in solution of the problem.

Generally, technology relevant to specific problems is identified
through three approaches: (1) manual and computer searching of the aero-
space information bank created by NASA as part of its R&D effort,

(2) direct contact with the engineering and scientific staff at NASA Field
Centers, and (3) circulation of concise problem statements to a large
number of NASA scientists and engineers. Technology representing potential
solutions to problems is channeled through the Team to the problem
originator for evaluation and implementation as a solution to his problem.
Alternatively, and with increasing frequency, the Team establishes a
contact between the problem originator and NASA Field Center personnel,

and the transfer of information between NASA and the medical field becomes
more direct.

Assistance to the problem originator in implewenting solutions to
problems is an important part of the Application Team Program. This
assistance may take any one of a number of different forms. Direct
assistance to the problem originator in his efforts to implement a solu-
tion is frequently involved. During this reporting period, NASA's




Technology Utilization Division has utilized reengineering or adaptive
engineering facilities of various NASA centers in those cases where
feasibility had to be demonstrated. The Teams are responsible for
identifying the NASA technology that is potentially a solution to a
specific problem and for specifying the changes required in this
technology. The adaptive engineering activity allows the Teams to
demonstrate that the technology is in fact a solution to the problem
and allows the problem originator to make use of the NASA technology in
his research that might otherwise be impossible,

The successful transfer of information on aerospace technology to
an individual or group in the medical field followed by successful imple-
mentation of the technology with resulting benefits to the accomplish-
ment of some medical objective is called a "technology application."
Also included in the definition of technology application is the constraint
that the medical application and objective involved in the technology
application be different from the aerospace application and objective
for which the technology was originally developed. Thus, the accomplish-
ment of technology applications is indeed a difficult and long-term
objective. This objective should be distinguished from that involved
in a program to enhance the diffusion or broad utilization of demonstrated
applications of technology. The transfer of technology involves cross-
ing what may be thought of as an "application or objective barrier,"
and it involves complete evaluation of the new application; diffusion
involves neither of these requirements.

A specific methodology is applied by the Team in its efforts to
effect applications of aerospace-related technology. This methodology
is discussed in the following section.

1.3 Methodology

The methodology used by the Team consists of five basic steps:
problem definition, identification of relevant technology, evaluation of
relevant technology, utilization of technology, and documentation. This
methodology can be better understood, however, if it is separated into
the steps shown in Figure 1. These steps are described in the following
paragraphs.

Problem Screening - Effective problem screening is at least as
important to the success of the Application Team Program as any of the
operational steps identified in Figure 1. Analysis of the RTI Team's
accomplishments in the early days of the program indicates clearly that
a very significant fraction of the problems that were investigated
unsuccessfully could have been rejected very early in discussions with
problem originators. Problem selection criteria have since been developed
with the objective being to increase the probability that a technology
application can be accomplished for those problems accepted by the Team.
At the present the following criteria are being applied:
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Figure 1. Flow Chart of Application Team Transfer Methodology.




(a) Solving the problem would enhance medical diagnosis,
treatment, or patient care to the extent that imple-
mentation and adoption would be rapid.

OR

(b) The problem has been encountered in an ongoing research
program and is impeding progress of that program.

OR

(c) Either some unique characteristics of the problem
or the problem originator indicates that investigating
the problem will enhance the overall Team program.

AND

(d) Solving the problem is given high priority by the prob-
lem originator.

AND

(e) The problem is one of at most two being investigated
with an individual problem originator. (This is
violated only in the case of large group efforts.)

Problems that do not satisfy these criteria are rejected. Problems
may also be rejected following partial completion of the next step, prob-
lem definition.

Problem Definition - The objective of this step is to define
precisely and accurately the characteristics of the technology required
to solve a problem. In many cases, following the characterization of
required technology, it is found that the problem should be rejected or
closed for any of a number of reasons. These reasons include, as exam-
ples, the following: (1) the problem can be solved using commercially
available equipment; (2) the problem cannot be solved, so that an entirely
different approach is indicated; (3) the real problem is medical and
not technical in nature; and (4) the requirements cannot be specified
because insufficient information exists on the objective involved.

The end result of problem definition is the preparation of a problem
statement. This statement, to be complete, must contain (1) a com-
plete characterization of what is required to solve the problem, and
(2) the related medical problem or objective and the benefits to be
realized by solving the problem.

Identification of Relevant Aerospace Technology - Aerospace technol-
ogy that may be relevant to the solution of a problem is identified by




three approaches. First, a manual or computer search is made of the
aerospace information bank. These searches are made at one of NASA's
six Regional Dissemination Centers (RDC). The RDC used by the RTI Team
is the North Carolina Science and Technology Research Center (NCSTRC)
located in Research Triangle Park, North Carolina. In addition, searches
are made utilizing the NASA Scientific and Technical Information
Facility in College Park, Maryland. The information that can be
assessed through the information bank consists of approximately 700,000
documents, articles, and translations that have been abstracted in the
Scientific and Technical Aerospace Reports (STAR) and the International
Aerospace Abstracts (IAA). Second, the Team contacts individuals at
the Field Centers directly without circulating problem statements.

This is done when a Team member can identify a relatively few indivi-
duals at the Field Centers who are likely to have a good overview of
all work being done that 1is related to the requirements of a specific
problem. Third, problem statements are circulated to engineers and
scientists at NASA Field Centers who may be able to identify relevant
technology and suggest possible solutions to problems. These statements
are circulated in a highly selective manner with the distribution being
determined by the Team, Technology Utilization Officers (TUO) at the
NASA Field Centers, and other individuals at the Field Centers.

Evaluation - All potentially relevant technology identified in
the preceding step is evaluated by the Team to determine whether a
potential solution to a specific problem has been found. Those items of
technology that represent potential solutions to problems are presented
to problem originators along with available supporting data and informa-
tion. Any required reengineering and details of implementing the poten-
tial solutions are discussed with the problem originator.

The problem originator must then evaluate potential solutions. His
decision to implement a proposed solution will depend upon a number of
factors: (1) his assessment of the validity of the proposed potential
solution, (2) the cost of implementing the potential solution, (3) the
potential benefits to be gained, etc. The Team may be asked to supply
additional information and technical details in this evaluation.

Implementation, PFinal Evaluation, Adoption - The final step in the
technology application process is the implementation and the experimental
evaluation of potential solutions. This critical phase must occur in
order for a technology application to be complete. The team is avail-
able for assistance in this step when required, and attempts to identify
the resources necessary to meet the implementation requirements. In
many cases the actual implementation can be carried out by the problem
originator and his staff. 1In some cases, however, skills not immediately
available to the problem originator are required.for implementation and,
in these cases, some other resource is utilized. This may require the
use of a NASA capability at one of the Field Centers or at a NASA con-
tractor. In other cases the implementation may be carried out by an
industrial concern under contract to the problem originator. In general,
the team attempts to determine the most appropriate means of implementa-
tion and to make recommendations to the problem originator as required.




Documentation - Documentation is an integral part of the Team
methodology; it is involved at most steps in the process, as indicated
in Figure 1. Documentation allows analysis of the technology application
process and assessment of the program in general. At present, the Teams
report on a weekly, monthly, and semiannual schedule. Effective communi-
cation is required between Teams, potential problem originators, and
other individuals who are in a position to make use of information re-
sulting from technology applications accomplished by the Teams.

1.4 Application Team Composition and Participating
Medical Institutions

The RTI Team is a multidisciplinary group of engineers and
scientists. The educational backgrounds of the group are in physics
and electrical engineering; their experience includes industry,
education, and research at both basic and applied levels. The individ-
uals who have participated in the Application Team Program during this
reporting period are:

Name Background Responsibility
Dr. J. N. Brown, Jr. Electrical Engineer Laboratory Supervisor
Dr. F. T. Wooten Electrical Engineer Team Director
Mr. E. Harrison, Jr. Materials Scientist Solution Specialist
Mr. E. W. Page Electrical Engineer Solution Specialist
Mr. R. W. Scearce Biomedical Engineer Solution Specialist
Ms. Joyce Rubens Research Assistant Documentation

The experience and special capabilities of other individuals at RTI--
particularly in the Engineering and Environmental Sciences Division --
are frequently used as needed in the Application Team Program.

At present, 14 medical institutions are participating in the RTI
Application Team Program. These institutions are as follows:

Bowman Gray School of Medicine, Wake Forest University,
Winston-Salem, North Carolina;

Duke University Medical Center, Durham, North Carolina;
(Including Veterans Administration Hospital, Durham, North
Carolina);

Emory University School of Medicine, Atlanta, Georgia;

Institute of Rehabilitation Medicine, New York University, New
York, New York;

Medical University of South Carolina, Charleston, South Carolina;
National Cancer Institute, Bethesda, Maryland;
National Heart and Lung Institute, Bethesda, Maryland;

National Institute of Environmental Health Sciences, Research
Triangle Park, North Carolina;




Ochsner Clinic and Foundation, New Orleans, Louisiana;
Tulane University School of Medicine, New Orleans, Louisiana;

University of Miami School of Medicine, Miami, Florida;
(Including Veterans Administration Hospital, Miami, Florida);

University of North Carolina Dental School and Dental Research
Center, Chapel Hill, North Carolina;

University of North Carolina School of Medicine, Chapel Hill,
North Carolina;

Virginia Department of Vocational Rehabilitation, Fishersville,
Virginia.

Figure 2 shows the geographical distribution of the RTI Application Team
user institutions as well as the location of the major NASA resources.

The RTI Team is assisted at various stages of the technology appli-
cation process by consultants who are on the medical staffs at participat-
ing institutions. These consultants or communicators coordinate Team
activities at their institutions and assist Team members primarily in
problem definition and evaluation of potential solutions. At present,
the following individuals are consultants to the RTI Team:

Name Specialty

Dr. E. A. Johnson Cardiac Physiology
Duke University Medical Center

Dr. George S. Malindzak, Jr. Physiology
Bowman Gray School of Medicine,
Wake Forest University

Professor Hal C. Becker Radiology
Tulane University School of
Medicine
Mr. William Z. Penland Engineering

National Cancer Institute

Problems at each institution are coded by a letter and number symbol
(e.g., DU-49); the coding for each institution or special problem area
is as follows:

CP - Computer software-type problem

DU - Duke University Medical Center

EU - Emory University School of Medicine

IRM - Institute of Rehabilitation Medicine, New York University
MISC - Miscellaneous

MUSC - Medical University of South Carolina

National Cancer Institute
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NEHSC - National Institute of Environmental Health Sciences
NHLI - National Heart and Lung Institute

NIMH - National Institute of Mental Health

OF - Ochsner Clinic and Foundation

TU - Tulane University School of Medicine

UNC - University of North Carolina School of Medicine

UNCD -~ University of North Carolina Dental School and
Dental Research Center
VAM - University of Miami School of Medicine
WF - Bowman Gray School of Medicine, Wake Forest University

1.5 Definition of Terms

In the Application Team Program, a number of terms have evolved
that describe the elements and processes in this program. Because of
their number and unfamiliarity to many readers, these terms are listed
and defined in this section for reference.

Problem Originator or Researcher - An individual actively involved
in an effort to reach a specific objective in biology or medicine and
faced with a specific technological problem that 1is impeding progress
toward that objective.

Participating Institution - A medically oriented educational
institution, hospital, medical center, or government agency having as one
of its organization objectives the improvement of medical health care.

Consultant - A member of the biomedical staff at a participating
user institution who has committed a portion of his activities to assist
the Team in identifying appropriate problem originators at his
institution, in understanding and specifying problems in biology and
medicine, and in evaluating technological solutions to problems,

Application Team (Team) - A multidisciplinary group of engineers
and scientists engaged in problem-solving activities in medicine with
the specific objective of effecting the transfer of aerospace technology
to solve problems in medicine. The methodology used by the Team involves
(1) problem selection, definition, and specification; (2) identification
of potential solutions to problems by manual and computer information
searching, circulation of problem statements to NASA Field Centers, and
contacts with NASA engineers and scientists; (3) evaluation of potential
solutions; (4) implementation and adoption by problem originators of
aerospace technology as solutions or partial solutions to medical
problems; and (5) documentation.

Problem - A specific and definable technological requirement that
cannot be satisfied by commercially available equipment or by applica-
tion of information available to the problem originator through routinely
used information channels.
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Technology Application - This is the implementation and adoption of
aerospace technology that solves a problem in biology or medicine. The
medical application involvea is one that is different from that applica-
tion for which the aerospace technology was originally developed.

Problem Statement - This is a concise, written statement of a
problem used for communicating (1) sufficient details to allow a computer
search to be performed by the information search specialists, and
(2) sufficient information to enable NASA engineers and scientists to
consider possible solutions to the problem.

Computer Information Search - This is a computerized information
search of the aerospace information bank established by NASA and made
available through six Regional Dissemination Centers in the United States.
This information bank consists of the approximately 700,000 documents
that have been indexed and abstracted in the Scientific and Technical
Aerospace Reports (STAR) and International Aerospace Abstracts (IAA).

Impact - Information is given to a problem originator with the
result that he changes his activities in a way that enhances his progress
toward a medical objective. An impact is thus analogous to a technology
application except that one or more of the requirements for a technology
application are not satisfied.

11
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2.0 TECHNOLOGY APPLICATIONS., POTENTIAL TECHNOLOGY APPLICATIONS. AND
IMPACTS

2.1 Technology Applications

During the reporting period, eight applications of aerospace
technology were accomplished and are discussed in the following summaries:

PROBLEM WWRC-14 4n Improved Azillary Strap

A material developed for use in spacecraft cushions has been used to
improve a widely used arm prosthesis.

Commonly used upper extremity prostheses employ a cabling arrangement to
operate the hook that achieves pinch, thus permitting items to be
grasped and transported. In operation, the cable is passed across the
back of the patient, then around the arm near the shoulder joint so that,
by flexing the shoulder muscles, the cable can be pulled, causing the
hook to close. Usually, a saddle-type arrangement to which the cable

is attached is used around the arm at the shoulder. It is not infre-
quently constructed of canvas to which padding has been added. Unfor-
tunately, when the wearer of the prosthesis flexes his shoulders to
achieve pinch on the prosthetic hand, the saddle tends to roll up or
curl up until it actually resembles a rope, causing concentration of

all force being exerted by the shoulder and arm on a very small area.
This frequently results in tender spots caused by the excess pressure
being exerted and reduces the effectiveness of the patient in operating
his prosthesis. Basically, a means of distributing the force exerted
on the axillary strap over a larger surface area is desired in order to
reduce the force per square unit of area on the arm and shoulder. In
order to be economically feasible, the strap must essentially be a
universal device that can be applied to any patient requiring an upper
extremity prosthesis. This means that individually fitted straps that
might be contoured to the patient's arm or shoulder would not be accept-

able. This strap must be capable of being used by a large number of
people.

The NASA-developed polyurethane foam material (Temperfoam by Dynamic
Systems, Route 2, Leicester, N. C.) proposed by Ames Research Center
was felt to offer the possibility of solving this particular problem.
(See Figure 3). The foam is a special material that has some unique
characteristics. It absorbs energy, which would make it attractive

in this application because cushioning and spreading of the force
exerted by the shoulder is considered to be the primary means where-
by this problem can be solved. The material will mold to the form

of the body with which it is in contact. Because of its thermal char-
acteristics, the material, when used in a shoulder strap such as this,

13



would conform to the body and with the application of pressure would
deform to yield uniform pressure across the pad rather than concentrat-
ing the pressure,which is the source of the problem. A sample of the
material was obtained for the medical researcher who then initiated an
evaluation program. Evaluation has proved that this material is better

than anything previously tested in preventing soreness caused by the
axillary strap.

AXILLARY
STRAP

TEMPER -
FOAM PAD

SECTION A-A

Figure 3. Axillary Strap Pad.
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PROBLEM WF-103 Lzquid Crystal Sterilization

The kidney is supplied with blood by the renal artery,which consists of
at least two major branches, a larger anterior and a smaller posterior.
The former supplies the anterior part of the kidney exclusively, and the
latter supplies the posterior part exclusively. Consequently,

a line exists, called Broedel's line, which passes between the two main
arterial divisions in which there are no large blood vessels. When it
is necessary to open the kidney surgically, it is desirable to make

the incision along this line for obvious reasons. It is difficult to
locate the boundary line between the various regions visually, however.
The researcher raised the question of the applicability of liquid
crystals to determine these boundaries. Samples of encapsulated

liquid crystals were obtained by the researcher from a commercial
supplier and from Marshall Space Flight Center (MSFC). Tests were

made on dogs, and the researcher reported that the liquid crystal

films were very effective in establishing these boundaries. It

is now necessary to establish methods for sterilization of the liquid
crystal films before they can be used in procedures. The Team has been
requested to assist the researcher in determining a suitable sterilant
for the liquid crystal films that will not impair their effectiveness.

The Team contacted MSFC with respect to this problem since MSFC has been
active in using liquid crystals for nondestructive testing purposes.

The medical researcher was placed in contact with personnel at MSFC, and
the overall problem was discussed. The encapsulated liquid crystals
developed for MSFC's use under NASA contract were considered to be an
ideal solution to this particular problem. Mr. Juan Pizarro of the Tech-
nology Utilization Office at MSFC obtained a variety of liquid crystal
materials in encapsulated form. Also, personnel at MSFC who had
experience in working with liquid crystals were consulted concerning the
best means of sterilizing the encapsulated liquid crystals. Gas steri-
lization was suggested by the researchers at MSFC. Evaluation

proved this to be the best solution to the sterilization problem. The
liquid crystal material obtained from MSFC was used by the researcher

in several animal experiments to perform surgery on the kidney of dogs.
The results of these tests indicated that the technique was very
effective.

The tests were performed in the following manner. The kidney of the
dog was surgically exposed and then one of the arteries leading to
the kidney was ligated. Then the kidney was placed in a cooling
bath. Upon removal from the cooling bath, the artery not ligated
furnished blood to the kidney, heating that portion of the kidney.
The researcher was then able, using small strips of liquid cystals,
to trace out the line of demarkation between the two arterial supplies.
(See Figure 4). The juncture between the light and dark areas of the
liquid crystal strips indicates the location of Broedel's line. This
permitted incision into the kidney to be made without severing any
major arteries.

15




Figure 4. Liquid Crystal on Canine Kidney.

The advice on sterilization and the encapsulated liquid crystals supplied
by MSFC was vital in the accomplishment of this transfer. The researcher
is currently discussing, with Hoffman-LaRoche Inc., Cranburg, N. J., the
possibility of obtaining prepackaged sterile liquid crystal strips for
general use in this surgical application.

PROBLEM OF-1 Blood Embolism Detection

Blood flow measurement techniques developed by Ames Research Center have
solved a problem in open heart surgery. The last decade has shown a
dramatic increase in the use of open heart surgery as a tool for correc-
tion of heart defects. Many of these defects, such as valvular disorders,
septal defects, shunts, patent ductus, and tetralogy of Fallot, can be
corrected by open heart surgery. When the heart is opened, a heart-lung
machine must be used to provide the pumping action of the heart and
oxygenation of the blood supply. Many specialists feel that the weakest
link in the machine is the oxygenator--one of the difficulties being

the production of gas embolism, which can stop blood circulation if they
become lodged in a small artery. In addition, surgery can break loose
small particles,which can stop blood circulation. It has been estimated
that, at present, 20 percent of open heart surgery cases result in a
neurological deficiency (reduction of blood flow to the brain); thus, a
means of detecting the embolism as it occurs is vital for successful
open heart surgery.
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For years, various types of oxygenators have been used with those present-
ly used being divided into three categories: film, bubble, and membrane.
The film oxygenator works by providing a free flowing film of blood with
turbulent flow while exposed to a screen of oxygen. The bubble oxygen-
ator operates by introducing very small bubbles of oxygen into

a container of blood. Although oxygenation is easily obtained, a sig-
nificant number of embolisms result from this device. The third oxygen-
ator is the membrane type in which the blood and oxygen are separated by
a thin membrane. The basic difficulty to date with membrane oxygenators
has been the inadequate amount of oxygenation for high flow rates.

In all types of oxygenators, the basic problem of embolisms is signifi-
cant, even though the problem is most severe using a bubble oxygenator.
Because the embolisms can be trapped in very small blood passages, it
is desirable to be able to detect embolisms with sizes as small as one
micrometer.

A computer search of the NASA document file was conducted and seven docu-
ments were ordered. Although these documents were of general interest,
the specific solution to this problem came when the team contacted Mr.
Sal Rositano of Ames Research Center, who had experience in the measure-
ment of blood flow. Mr. Rositano advised the team that the Ames Research
Center had developed an ultrasonic blood flowmeter using the Doppler
technique. 1In this blood flow unit, developed under contract by L & M
Electronics, Inc. of Daley City, California, the flow is measured by
utilizing the change in frequency of an ultrasonic signal that is asso-
ciated with the velocity of the liquid through which the sound is
propagating. Mr. Rositano pointed out that an embolism traveling with
the flowing blood would generate a loud return signal, which in the

case of a flow measurement would be an error signal, but in the case

of embolism detection, would be precisely the signal of interest. This
information was given to the problem originator who carefully studied

Mr. Rositano's idea.

The problem originator modified his existing system to incorporate a
membrane oxygenator from the previously used bubble oxygenator. This
significantly reduced his embolism problem and, concurrently, he in-
stalled a Doppler flowmeter and, using the technique suggested by Mr.
Rositano, he was able to detect the existence of embolisms. This
device is currently in clinical use at the Ochsner Clinic where the
problem originator is the Chairman of the Department of Anesthesiology.
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PROBLEM NCI-8 Elliptical Lens

An optical design computer program developed by NASA has been used to
design an unusual lens necessary for basic cancer research.

In many advanced medical research studies (e.g., cancer studies), the
basic unit of study is the human cell. As medical science has demanded
more information on cellular activities, technology has frequently
played a critical role in extracting the information from regions within
each cell.

An excellent example of this fact is a study being conducted by the
National Cancer Institute (NCI) in which an optical microscope is con-
trolled by a digital computer in order to get quantitative microspectro-
photometric histochemical data. This study could not be conducted other-
wise because of the limitations on the human eye as a colorimeter. In
addition, this same system can be used to obtain three-dimensional micro-
architecture of human tissue.

Although this study has been underway for some time, a difficulty has
been encountered in obtaining sufficient light intensity from the mono-
chrometer which is focused on the specimen. The light source has been
increased in intensity to the maximum possible.

One possible solution is to use an eliptical lens between the monochro-
meter and the specimen,which will make more effective use of the avail-
able light.

This improvement in efficiency results because an elliptical lens con-
verts the rectangular beam of light from the monochrometer to a more
circular shape and thus more of the monochrometer output is focused on
the sample. The researchers have been unable to locate a commercial
source for the desired lens. The National Bureau of Standards Optical
Shop has indicated a willingness to grind the lens if procedures for
grinding elliptical lenses can be obtained.

Two circular 60-millimeter diameter lenses are required. One lens has a
focal length in the X-direction of 150 millimeters and a focal length in
the Y-direction of 40 millimeters. The second lens has a focal length
in the X-direction of minus 500 millimeters and a focal length in the Y-
direction of 50 millimeters. The wavelength of light used varies from
220 to 700 nanometers.

A direct contact was made with Juan Pizarro at Marshall Space Flight
Center who suggested a NASA-developed computer program that is used for
designing complex optical systems. This program has not been used for
elliptical lenses, but NASA personnel believed that the program would
perform the desired design. The Fortran language program documentation
and tapes were obtained from COSMIC and shipped to the researcher. The
program, resulting from a study funded by the Jet Propulsion Laboratory,
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was capable of designing optical systems containing up to 100 planes,
conic or aspheric surfaces, seven object points, six colors, and 200 rays.
The program was written in Fortran IV for use on the IBM 7094 computer.

The NCI researcher used the program in order to design the desired lenses.
The National Bureau of Standards Optical Shop will grind the lenses.

The availability of the lenses will improve the ability of the NCI
research team to extract detailed histochemical data from human cells.
This will be used in a system for automatic microspectrophotometric
analysis of biological specimens.

PROBLEM MISC-11 Electrodes for Emergency Coronary Care

Suggestions from an aerospace research team has contributed to the solu-
tion of an electrode problem that was critical in a dramatic new concept
of emergency coronary care.

It is estimated that of the approximately 600,000 deaths that occur each
year from acute heart attacks in the United States, 350,000 deaths occur
before the patient reaches the hospital. This means that a number of
people equivalent to the population of the State of Wyoming die each year
from heart attacks before reaching a medical facility. The National
Heart and Lung Institute is funding a study by Survival Technology, Inc.,
Bethesda, Maryland, that offers a dramatic and innovative concept to reduce
this large number of deaths by bringing medical care to the patient in-
stead of the patient to a medical care facility. The basic concept is

to provide a kit that consists of a portable ECG monitor and two drugs
contained in automatic injectors. The pocket-sized ECG monitor will

be attached to the patient in order to determine which of the drugs

is needed. This portable field package will be provided for emergency
personnel such as ambulance and rescue squads, and in addition, will

be provided on a prescription basis to patients with a high risk of

heart attack. These patients can transmit their ECG to a physician

by a telephone link and the physician can provide the necessary
diagnosis.

The concept is based upon the fact that the most common cause of death
due to heart attack is ventricular fibrillation, i.e., the totally un-
coordinated contraction of the heart muscle,which results in an immediate
cessation of the effective pumping of the heart. Ventricular fibrilla-
tion usually occurs in the period immediately after a heart attack and,
at present, unless this is corrected by medical personnel using a defi-
brillator, the result is death. In the confines of an alert coronary
care unit, mobile or otherwise, the patient can be defibrillated. If
he is not attended or not defibrillated, the patient dies. Recent
advances have been made in the understanding and management of ectopic
beats (abnormal heart rhythms) and ventricular fibrillation involving
not only defibrillation, but also the use of pharmacologic agents, or
drugs to suppressor abolish ectopic beats. The concept now under study
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involves a method of providing the pharmacologic agent to the patient
well before he is attended by a physician in the hospital.

If a patient in the early minutes of a heart attack experiences brady-
cardia--a heart rate below 60 beats per minute--then the patient can
be treated using the drug atropine. Bradycardia is well known to
predispose to ectopic beats, which in turn, can lead to ventricular
fibrillation. If the ectopic beat occurs without bradycardia, then the
drug lidocaine is an effective method for supression or abolition of
the ectopic beat. Lidocaine is credited for having saved the

lives of two presidents of the United States as well as many thousands
of other Americans who have had acute heart attacks. [The use of these
two new drugs is discussed in detail in the May 1972 issue of Archives
of Internal Medicine, which is published by the American Medical Asso-
ciation. ]

Selection of the appropriate drug depends upon the rapid detection of
the existence of bradycardia or ectopic beats. The small monitor used
for the detection of this condition must be a highly reliable instrument
that can be easily used by paramedical personnel. The electrodes must
be quickly attached to the body, and the electronic detector must dis-
play by a simple mechanism the existence of either of the two dangerous
conditions, or be capable of transmitting an ECG by a telephone link to
a physician. Survival Technology, Inc., has developed an appropriate
monitor (See Figure 6), but some difficulty was encountered with the
electrodes. At the time that the problem was posed to the team, the
electrodes were a weak link in the total system of detection and
treatment.

Because of the Biomedical Application Team experience with two NASA field
centers involved in developing electrodes, the Team contacted Mr. Maxwell
Lippitt of the Manned Spacecraft Center and Mr. Sal Rositano of the Ames
Research Center to discuss various techniques in their respective field
centers regarding new electrode techniques. Mr. Lippitt graciously con-
sented to supply several new rapid response-time electrode pastes for
evaluation. These pastes were evaluated by the problem originator and were
found to be inadequate for quick attachment by untrained personnel. The
Team then obtained from Mr. Sal Rositano samples of his flexible elec-
trodes, including those with built-in amplifiers, which are being used at
Ames Research Center. The electrodes, constructed of a conducting
elastomer material, are attached to the chest without a requirement

for electrode paste. The problem originator evaluated these electrodes
and found that,while they met many of the requirements for the problem,
they required some improvement in reliability of the contact as well as
improvement in ease of attachment. Hence, the problem originator modified
the NASA electrodes by using a different conducting elastomer, and by
placing the electrodes under the arm instead of on the chest. This new
material and attachment procedure have worked with a high degree of
reliability and allow a simplicity of attachment that can be utilized

by inexperienced personnel.
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This system is currently being studied at the following medical schools:
University of Pennsylvania, Duke University, Yale University, and the
University of Amsterdam. These universities have demonstrated that the
basic concept of the use of these drugs is a viable concept, and the ini-
tial tests of the cardiac monitor have proven to be successful. The
importance of this new concept is demonstrated by the fact that Dr.
Stanley J. Sarnoff, President of Survival Technology, Inc., was invited to
present the idea before the House Subcommittee on Public Health and
Environment of the Committee on Interstate and Foreign Commerce on June
14, 1972, during the deliberations on a bill pertaining to emergency
medical care. In this presentation, the electrocardiogram of James
Symington was taken using the portable monitor and transmitted by tele-
phone to a remote location where the electrocardiogram was analyzed.

This test demonstrated that the system has high potential for a signifi-
cant breakthrough in the fight against heart disease. If Food and Drug
Administration approval is obtained, Survival Technology, Inc.,

can be producing these kits within 6 months and providing them to
physicians throughout the country. The physicians will, in turn, pre-
scribe these for patients with a high risk of heart attack. In addition,
the kits can be carried by police cars, ambulances, and rescue squads.
This dramatic concept may well be the step necessary to make a signifi-
cant reduction in heart attack mortality in this country.

Figure 6. Portable Heart Monitor.
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PROBLEM WWRC-13 A Remotely Controlled Device to Pick Up and Transfe:
Single Sheets of Paper

A NASA employee has built a device that may provide the key to employment
of severely handicapped patients. This problem involves the vocational
rehabilitation of severely disabled quadriplegics. The number of voca-
tions available to such handicapped people is extremely limited. Many
such patients maintain so little control of their musculature that only
the basic proficiency that they can acquire is to punch pegs or to
depress keys on a keyboard. The Training Division of the Woodrow Wilson
Rehabilitation Center, Fisherville, Virginia, is constantly seeking
vocations for which these patients can be trained. The Friden Business
Machine Company has a bookkeeping machine called Add-Punch. With this
machine, a bookkeeping function can be accomplished by merely entering
data into the proper categories on the Add-Punch machine keyboard.

Quadriplegics can operate the machine insofar as entering the data is
concerned, but generally the data is not in a form that is readily
visible to them. In most instances, businesses that would employ a
quadriplegic to do this sort of activity (perhaps in his home) would
bring a stackof tickets to the quadriplegic for him to enter into the
machine. This poses a difficulty since the quadriplegic cannot reach
over and remove the tickets from the stack. Consequently, he cannot
gain access to the tickets underneath the top ticket unless someone is
present to transport the top ticket off the pile and into another pile
as he enters the data. A simple device that can be remotely controlled
by means of a single button is required to pick up or attach to the top
ticket on a stack and remove that ticket to another geographic position
nearby. Stacking from one tray to another is desirable, but it is not
absolutely necessary that the tickets be maintained in a neat stack as
they are removed. The person who delivers the tickets would be able to
stack them in the tray or other device for holding the tickets in some
specified position as needed by the pick-up device. Since the quadri-
plegic will certainly be marginal in performing even this kind of task,
the cost of implementing any solution to this problem must not be so
high as to make employment of a quadriplegic in this task unfeasible
from an economic standpoint. A cost of $200 or less would not be con-
sidered prohibitive in this application.

A paper-transporting device (Figure 7) that could be actuated by de-
pression of a single pushbutton was developed by Mr. George M. Dudley

of the Langley Research Center. Mr. Dudley developed the unit in
response to circulation of the problem statement in the Langley Research

newspaper by Mr. John Samos, Technology Utilization Officer at the
Langley Research Center. The solution of this problem involves a vacuum
pick-up with a transport mechanism operated by an electric motor. As
pointed out in the description of the problem, this machine is necessary
to permit the vocational rehabilitation of home-bound quadriplegics who
have the capability to use a key-type machine.




The paper-transporting unit has been evaluated by the problem originator
and personnel of the Evaluation Department of the Woodrow Wilson Rehabili-
tation Center. As a result of these tests, it has been determined that
the paper-transporting device can be effectively used by quadriplegics.
Figure 8 shows quadriplegics at the Woodrow Wilson Rehabilitation Center
in the process of using the paper transport device. Possession of this
unit now permits the Evaluation Department at Woodrow Wilson Rehabilita-
tion Center to proceed with plans for vocational rehabilitation of home-
bound handicapped persons who are otherwise qualified to carry on a key-
machine operation. Such planning could not be undertaken until the
feasibility of developing a paper transport device had been proven since
it is a vital and indispensable component.

Figure 7. Paper Transport Device.
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Figure 8. Paper Transport Device in Use by Paraplegic.
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PROBLEM WF-56 A Fluid Pressure Calibration System

An aerospace system designed to calibrate pressure transducers will be
employed by researchers and clinicians in their investigative and diag-
nostic procedures.

At many medical facilities such as the Bowman Gray School of Medicine,

a large number of pressure tranducers of various manufacturers and designs
are employed by investigators in their research program and by clinical
personnel in the diagnosis and treatment of patients. A significant
question that recurs with great frequency is, '"Has my pressure transducer
maintained calibration or is it now inaccurate?'" Many of these transducers
are inherently fragile; nonetheless they receive severe handling and are
exposed to harsh environments. Consequently, the accuracy of a trans-
ducer is usually uncertain unless it is calibrated before each use.

Since a calibration facility is not available at the Bowman Gray School

of Medicine, no doubt many transducers are used whose accuracy is no
longer within specification.

To alleviate this situation, the researcher desires to establish a cali-
bration facility where the staff and faculty members of the Bowman Gray
School of Medicine can determine the accuracy of the pressure transducers
that are employed to obtain measurements in research and clinical practice.

Basically, the calibration unit would consist of a pressure wave gener-
ator, an accurate standard transducer, a pressure chamber, and appro-
priate manifolding. The fluid within the pressure chamber can be dis-
tilled water. Means of eliminating air bubbles in the chamber is nec-
essary, because air bubbles seriously affect the pressure generated by
the pressure transducer. The pressure generator must be capable of
generating fluid pressures in the pressure chamber from near zero to
approximately 1 atmosphere of pressure (760 mm Hg gage). Frequency
response of the pressure generator with a given pressure output should

be constant (+5 percent) over the frequency range of 1/10 to 150
Hz.

Commercial function generators that have the desired frequency response
are available for use in this system. If these are used, a driver with
characteristics tailored to the response of the selected pressure gen-

erator would be required.

If the output frequency response of the pressure generator cannot be held
to a *5 percent over the frequency range from 1/10 to 150 Hz,

then a calibration curve for the pressure generator is acceptable. This,
of course, is not as desirable as a constant frequency response.

A fluid pressure calibration system designed and fabricated at the U.S.

Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas, was
evaluated as a potential solution to this problem and found to be an
acceptable solution. A calibration system based upon this design has

been fabricated by the Biomedical Engineering Department of the University
of Virginia under NASA sponsorship as a solution to this problem. Basically,
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the unit consists of three components:

(1) an electromagnetic driver/
aqueous chamber assembly, (2) a reference transducer, and (3) an elec-
tronics package housing the driver and reference transducer amplifiers,
power supplies, etc. The unit generates hydrodynamic/hydrostatic
pressure in a closed liquid system that can be used for calibration of
blood pressure transducers and similar liquid pressure transducers.
Characteristics of the unit are as follows:

Frequency range - 0 to about 350 Hz (flat to within 3 db, with
or without a catheter up to 100 cm in length)

Hydrostatic range - 0 to +50 mm of mercury pressure

Hydrodynamic range - O up to the hydrostatic pressure level
selected.

Basically, a reference signal generator is used to supply a signal to
driver amplifiers that power the electromagnetic driver. The electro-
magnetic driver, in turn, creates the desired pressure in the aqueous
solution. The aqueous chamber system is a closed, water-filled volume,
the bottom wall of which includes a bellows driven by a loud speaker
voice coil. This method of transmitting energy to the chamber has two
desirable characteristics: (1) it eliminates problems associated with
sealing the cone of the loud speaker, and (2) from a performance view-
point, it provides a method of transforming the force-generating char-
acteristics of the driver efficiently into chamber pressure through a
stroke-cross sectional area trade-off. The top of the aqueous chamber

is a Lexan cone with three manifolds. At the apex of the cone is a
fill-vent manifold provided with a Becton-Dickinson one-way stopcock.

On one side a fitting is provided for the reference pressure transducer,
and on the other side is a Touhy-Borst adapter and a Luer-lok female-
to-tubing connector, which either can be capped or can be used to provide
coupling through a catheter to a transducer. The amplitude vs. frequency
response of the system with no catheter is shown in Figure 9. The ampli-
tude vs. the frequency response of the system with a 100-cm catheter is
shown in Figure 10. Figure 11 shows the calibration system in use in the
laboratory, while Figure 12 shows a close-up of the aqueous chamber and
driver assembly.
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Figure 11. Calibration System.

Figure 12. Aqueous Chamber and Driver Assembly.
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PROBLEM WF-113 Digital Clock

Aerospace analytical procedures have proved valuable in basic heart
research. Digital computers are becoming an increasingly important tool
in the acquisition and analysis of cardiovascular data. Analog data
such as blood pressure, flow rate, ECG, etc., must be sampled at a rate
that depends upon their frequency content. If the sampling rate is too
low, not enough data is taken to reconstruct the analog signal. If the
rate is too high, more data is taken than is needed, resulting in both
wasted storage and computation time. Thus, a means of varying the
sampling rate depending upon the nature of the analog signal is essential.
It is possible to obtain the desired sampling rate through programming
techniques; however, this method requires an experienced programmer and
makes inefficient use of computer memory. In addition, software tech-
niques for controlling the sampling rate do not permit the degree of

operational flexibility that is possible through the use of an external
hardware clock.

It is necessary to be able to sample analog pressure and flow signals in

the cardiovascular laboratory at a fairly well-defined and precise fre-
quency. The intercycle time must be fairly precise. The way in which

the intersample delay is accomplished without a programmable clock is
(knowing the execution time of each part of the program) to build a series
of execution loops lasting about a millisecond and then to multiply these
loops by integer numbers to achieve the variable delays required. This

can become fairly complicated because it takes a large number of samples

in the program just to build-in the timer (as much as 25 percent of the avail-
able computer memory could be required, which is prohibitive). A millisecond
is the basic time base and,if it is desired to go under a millisecond,

the entire sequence, that is, the entire program, must be rewritten. If,

for example, a 1/2-millisecond delay were needed, it is just not possible
to run half way through an execution loop. Consequently, a programmable
periodic pulse is a more ideal situation. The pulse could provide a signal
on an external logic line,which could, in turn, provide the program interrupt
to the computer and initiate the sampling of the analog signals.

Mr. Edward Huff at Ames Research Center has designed a digital clock for
use with a research program at Ames involving the study of operant condi-
tioning of behavior in animals. The Ames unit is more versatile than
that required for the solution of this problem, but the basic techniques
are identical. Therefore, the medical researcher obtained sufficient
design information from Mr. Huff and constructed a digital clock for use
with his computer system at Bowman Gray School of Medicine.

The researcher is performing Fourier analysis and time-series (auto- and
cross-correlation) analysis of cardiovascular data. For Fourier analysis,
required sampling times are 1, 2, or 3 milliseconds, and the time-series
analysis requires sampling times of 1/2 and 1/4 millisecond. The clock
design has provided a computer-compatible pulse that actually triggers
the machine to branch on the appearance of this pulse and to sample the
basic analog data that comes from the transducers. All of these frequency
spectral analytical routines now make use of the clock. The digital clock
is shown in Figure 13 and Figure 14.
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Another important application of the clock involves the fact that the
intercycle time between cardiac cycles is not constant. Fluctuations
occur in the heart cycle in response to respiratory fluctuations such

as increase and decrease of pressure,which,in turn,increase and decrease
reflex drive of receptors that happen to be located in this area. There
is some slow variation that roughly corresponds to respiration. With
the clock, it is possible to look at 10 or any number of cycles, average
those, and perform analysis on the average of the 10 consecutive cycles,
which represents an average over, say, one respiratory cycle as opposed
to 10 isolated samples at some arbitrary position on the respiratory
cycle. For example, if one were to sample the cardiac cycle at the peak
of the respiratory cycle and then sample at the bottom of the respiratory
cycle, it would be an unfair comparison. To analyze any frequency cycle
and compare it with another arbitrarily chosen frequency cycle is in-
valid because of the intercycle and intracycle variation. It is, indeed,
possible, with the variations caused by respiration rate, for the signals
to have significantly different frequency spectra.

Since one of the objectives of this research is to determine the extent
to which contour of the cardiac pulse can be used as an indication of
disease or the type or quality of disease, then the analytical process
used in identifying that particular waveform is extremely important. The
basic need in this problem was fundamentally a programmable timing signal
that would not encroach on the relatively small computer memory, but' its
consequence relates to the quality of the signals derived from the re-
search program,which in turn relates to the identification of wave shapes
that have significance with respect to waveform analysis for disease.

Finally, another potential application is the possibility of using the
clock pulse as a trigger to stimulate the heart of the experimental
animals. This, of course, would stabilize the intercardiac cycle and
would eliminate the intercycle variable time delay. This has not yet
been implemented in this research program; however, plans are being made
to construct the hardware that will be required for implementation.

Figure 13. Digital Clock with Physiological Monitor -
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Figure 14. Interior of Digital Clock.

2.2 Potential Technology Applications

During the reporting period, eight problems achieved the status
of potential technology applications. This status indicates that an ade-
quate solution to the problem has been identified and implementation is
in various stages of accomplishment. These eight problems are discussed
in the following summaries.

PROBLEM EU-5 Sensors to Define the Position of Specific Parts of the
Human Anatomy in Space During Normal Locomotion

A suit developed for NASA may prove to be a key factor in the diagnosis
of various disorders of locomotion.

Many studies involving gait, locomotion, spinal damage, etc. require
time-spatial measurement of various bones with respect to each other or
some external reference. These studies are important for the diagnosis
of gait abnormalities and for the evaluation of the effectiveness of
therapeutic procedures and prosthetic attachments in improving treatment
of disabilities associated with locomotion. In the past, photographic
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and TV techniques against one or more reference grids have been employed
to obtain this information in a more or less fragmentary and hard to
measure fashion. These techniques require that the measurements be taken
in a laboratory or other prescribed environment in order to maintain
proximity to the optical recording apparatus and the reference grids.

It is desired to obtain a method of measuring the position of bones of
the legs and hips with respect either to an external reference point or
to a movable reference point on the body. For preliminary applications
the attachment of mobility limiting devices such as cables will be per-
mitted to prove feasibility of the measurement techniques. The eventual
goal of these studies, however, is to obtain such measurements when the
subject is free-ranging in his normal environment. This will require
telemetric transmission of these data to a remote point. Essentially,
sensors that can provide quantitative data on their positions with
respect to each other or some external reference are desired.

Figure 15. NASA Exoskeleton Suit.
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The potential solution to this problem was discovered as a result of
personal communications with personnel at the Langley Research Center (LRC).
(See Figure 15). A specially instrumented suit for the Crew Vehicle
Disturbances Study in the 1973 Skylab Mission was developed at the Langley
Research Center. The suit consists essentially of a partial exoskeleton
which is fitted to the individual by means of a suit. Potentiometers

are used at the various joints and also on rings located on the arms and
legs to provide information on the angular relationships between the
joints. The rings on the arms and legs provide information on rotation

of the arms and legs. This unit is lightweight and compatible with the
overall requirements of the problem. The results at LRC indicate that
precision of measurement of rotation of one member with respect to the
other using this technique approaches il | percent. It is anticipated

that some difficulty may be encountered in affixing the exoskeleton

to the patient. However, this difficulty may be overcome by the

light weight and relatively small size of the exoskeleton. For these
preliminary studies it is anticipated that only the lower half of the
exoskeleton unit will be required since the studies are primarily con-
cerned with gait analysis. The present suit developed at LRC uses an
umbilical cable to transmit data from the potentiometers on the exo-
skeleton to the data processing equipment.

The unit was evaluated at Emory University. It was determined that the
range of adjustment of the exoskeleton was not adequate for clinical use.
Some of the ideas in the exoskeleton suit may be incorporated into exist-
ing instrumentation at Emory. Other approaches to this problem are now
being investigated.

PROBLEM WWRC-7 A Signalling (Nurse-Call) System for Multiple
Selerosis Patients

A NASA engineer has designed a call system for multiple sclerosis patients
which is being evaluated in a major rehabilitation center.

The Woodrow Wilson Rehabilitation Center (WWRC) of the Virginia Department
of Vocational Rehabilitation is planning a new building for the Medical
Services Division. Among those who will be housed in the new building are
a number of multiple sclerosis patients with severe disabilities. Such
patients have little or no use of hands or feet. Consequently, they must
depend on the services of nurses for practically all of their needs.

Their disabilities are often so severe that they cannot accomplish the
relatively simple task (for a person without disability) of operating

the call button used in most hospitals to initiate a signaling system.

The patients requiring such a signaling system generally have voluntary
control of one or all of the following functions that could conceivably

be used for control:

(1) Breath (respiration)
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(2) Eye movement and blink

(3) Head motion--the head can generally be raised 2
inches and can be turned from side to side.

Most patients cannot change their positions except for the head so that
they remain essentially stationary unless moved by attendants. It is
desirable that the signaling system be capable of activation by a patient
sitting in a wheelchair beside the bed. Generally, complicated electronic
and optical systems of high sensitivity that require frequent adjustment
or maintenance are undesirable because of the lack of skilled technicians.
On the other hand, if an electronic or optical system of great ruggedness
and high reliability could be achieved, it would certainly be given con-
sideration. In summary, a system capable of operation by one of the three
control mechanisms available to the patient is required, but ease of main-

tenance and high reliability cannot be ignored as constraints on this
problem.

NURSE CALL
SWITCH

NURSE CALL
SWITCH

BED CLAMP

Figure 16. Breath-actuated Switch.
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The Southwest Research Institute (SwRI) Team has been working for some
time with the Marshall Space Flight Center and the Langley Research
Center on a device to permit paraplegics to perform a number of functions
from their beds. The system that is being developed employs a breath-
actuated switch suggested by personnel at the Langley Research Center
along with a logic circuit that permits the patient to control a number
of electrically operable devices from his bed. The system being developed
for the application identified by the SWRI Team is more complex than that
required by the problem at WWRC. The problem at WWRC is merely to call
the nurse and, essentially, a substitute for the hand-activated nurse-
call button is required. (See Figure 16). At WWRC a commerically avail-
able unit is used to permit communication between the nurse station and
the patient by means of an intercom system. The system is activated by

a call button. Although the problem at WWRC does not require the complex-
ity of that required at SwRI, the breath-operated microswitch suggested
by LRC as the control element for the more complex system can be used in
conjunction with the commerically available system at WWRC. The Langley
breath-~actuated switch appears to be completely compatible with the
current installation at WWRC. This, of course, is a very significant
advantage. One of the breath-actuated switches has been obtained for
evaluation at WWRC. Should the evaluation prove that the breath-actuated
switch is a viable solution to the problem, it is anticipated that WWRC
will convert all multiple sclerosis and paraplegic call stations to the
use of the breath-actuated microswitch.

PROBLEM WF-88 Accurate Determination of Arterial Pressure
Pulse Transit Time

Aerospace research has resulted in an instrument that may be useful in
careful analysis of the cardiovascular system.

The volume elasticity of blood vessels is an important parameter in the
evaluation of total cardiovascular function. Knowledge of this parameter
is necessary in formulating a meaningful model of the behavior of the
cardiovascular system under a variety of states of health and disease.

For example, atherosclerotic disease is known to change arterial
elasticity or distensibility by changing the composition of the arterial
wall. The velocity of the arterial pressure pulse wave is roughly
proportional to the inverse of arterial distensibility; therefore, changes
in arterial distensibility will produce changes in arterial pulse wave
velocity.

The researcher is involved in a project to establish a relationship be-
tween the extent of atherosclerotic disease as determined by conventional
histopathological grading and changes in pulse wave propagation velocity
that is potentially a noninvasive technique. Conventional methods of
determining arterial blood vessel elasticity yield only approximate re-
sults. In addition, conventional techniques require that a small section
of the blood vessel be removed in order to subject the vessel to pressure
changes. The volume elasticity is computed from the rate at which the
pressure changes in response to a change in vascular volume. Because of
the relationship between arterial elasticity and arterial pulse wave
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velocity, it is felt that accurate measurement of pulse wave propagation
velocity in arteries will provide information related to the arterial
blood vessel elasticity,which is, in turn, related to the amount of

a

therosclerotic disease present.

Conventional methods for determining arterial pulse wave transmission have
been shown to be unsatisfactoryl for reasons related to distortion of the
pulse wave as it travels from the heart to the extremities. Distortion
may occur (1) along the artery where a significant change in vessel wall
composition occurs (such as severe aortic atherosclerosis), (2) at vessel
bifurcations, or (3) at terminal arteriolar vascular beds where reflec-

t

ion of the pulse wave occurs. The process of wave reflection accounts

for a major part of wave distortion and occurs when part of the energy
imparted to the blood by the heart is actually reflected (bounced back)
toward the heart. When this occurs, the reflected wave adds to the
actual wave transmitted by the heart and forms a third wave. Neither the
reflected wave nor the actual pulse wave transmitted by the heart can be
measured directly; what is measured appears to be a combination of the
two. Generally, the closer to the reflection site that blood pressure
is measured, the greater the amount of reflection and distortion.
Reflection of pulse waves appears to provide one explanation for the
observation that systolic blood pressure is greater in the peripheral
vessels than in the aorta because the peripheral area is nearer the
sites of reflections.

Basically, this problem sceks a noninvasive means of detecting athero-
sclerotic disease. Since conventional techniques employ histopathological
examination, which requires surgical excision and opening of the artery,
it is desired to investigate means of indirectly sensing the presence of
atherosclerotic disease as it affects the mechanical properties of the
arterial walls. As a result, noninvasive techniques of measuring volume
elasticity of the arterial vessel or of measuring arterial pulse wave
transmission velocity, which is related to the volume elasticity of the
arterial wall, are desired.

Dr. Max Anliker has developed a unique pressure generator system at the
NASA Ames Research Center and Stanford University. This pressure generator
system eliminates the distortion present in conventional methods of measur-
ing pulse wave velocity.2 The system, developed by Dr. Anliker, consists

of two fundamental components: (1) a pressure wave generator, and (2) a
thin catheter on which is mounted two pressure transducers separated by a
fixed distance (about 10-15 cm.). The pressure wave generator operates

to produce a burst of sine waves that superimpose on the naturally occurring

1

G. S. Malindzak, Jr. and J. H. Meredith, "Comparative Study of the
Arterial Transmission Velocity," Journal of Biomechanics, Vol. III,

No. 3 (May 1970), pp. 337-350

2Max Anliker, M. B. Histand, and Eric Ogden, 'Dispersion and Attenua-

tion of Small Artificial Pressure Pulse Waves in the Canine Aorta,"”
Circulation Research., Vol. XXIII (October 1968), pp. 539-551.
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pressure pulse. The superimposed sine waves are higher in frequency than
the naturally occurring pressure pulse (usually 40 to 100 Hz; the

natural pulse is 1 to 3 Hz) and travel along with the pressure pulse.
Little difficulty is encountered in detecting the superimposed pulses.
Because they are higher in frequency, their energy is dissipated in a much
shorter distance. Consequently, little or no energy is available for
reflections, thus eliminating the distortion problems associated with
measuring the natural pulse. The time relationship of a train of sine
waves measured simultaneously at two sites provides information related

to the pulse wave velocity within the vessel segment under examination.

The method of superimposing a high frequency, sinusoidal pressure oscilla-
tion on the naturally occurring arterial pressure pulse for the purpose
of examining quantitatively the elastic behavior of the cardiovascular
system in health and disease appears unique. No such system is available
commercially. The technique has been proved to be useful in characteriz-
ing the elastic behavior of blood vessels in healthy dogs and should be
even more important in the same capacity for evaluating diseased subhuman
primates. The application of the technique for identifying the
extensiveness of atherosclerotic disease in humans noninvasively appears
also to be practical and scientifically sound. The pressure generator
system was developed by Dr. Anliker at the NASA Ames Research Center
under NASA grant NGR05-020-223.

Contact has been established with Mr. Horace Emerson of the TU Office, NASA
Ames Research Center to explore implementation possibilities.

PROBLEM VAM-12 Heart Rate Tachometer

A heart rate measuring device developed for the Skylab program may have
uses in clinical medicine. The problem originator is concerned with the
problem of assessing the extent of the loss of mental function by persons
having experienced brain damage. Patients having suffered brain damage
(e.g., a stroke victim) will be subjected to tests in which they are given
information at varying rates and are expected to make simple decisions.
For example, the patient may be shown a movie of a series of automobiles
passing a certain point and will be required to press a button each time
a particular sequence of cars is encountered (e.g., two red cars immediately
followed by one blue car). The frame speed of the movie will be
increased until the patient experiences difficulty in making decisions.
The problem is to find a quantitative measure of the level of difficulty
that is experienced by the patient. The error rate is, of course,
important but provides insufficient information to adequately determine
the point at which decision making becomes particularly stressful. One
of the parameters that will provide additional information is heart
rate. Heart rate will provide an indication of mental stress and should
be responsive to subtle changes in levels of stress. While heart rate
can be determined by a number of methods, it is necessary to have a
noninvasive technique that will not arouse the awareness of the patient.
This research should lead to a clinical method that will be useful in
determining the extent of impaired mental function.

-
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A heart rate tachometer that was developed as a possible candidate for
monitoring the astronauts' heart rates during the Skylab mission has
provided a potential solution to this problem. The proposed system, which
was suggested by a Marshall Space Flight Center employee, consists of an
ear plethysmograph together with associated tachometer circuitry. The
plethysmograph employs a light source that transmits light energy through
the ear to a photocell. As the heart beats, the quantity of blood in

the ear changes, thus modulating the intensity of the light energy received
at the photocell. The tachometer circuitry averages over several heart
cycles and produces a voltage output that is proportional to the heart
rate in beats per minute. A digital or analog voltmeter is then used

for displaying the heart rate. The expected accuracy of the system is

+ 1 beat per minute.

The MSFC Technology Utilization Office has arranged for a unit (shown
in Figure 17) to be lent to the problem originator.

PROBLEM VAM-6 Negative Pressure Chanber

Respiratory distress syndrome (also called hyaline membrane disease) is
the major cause of death in the newborn. It is estimated that more than
20,000 babies succumb to this disease in the United States each year.
Respiratory distress syndrome is a condition of the newborn in which the
lungs are collapsed; it is thought to be due to the absence, because

of immaturity, of an alveoloar substance that decreases the surface
tension and permits lung reexpansion after each expiration.

Recently, researchers at several medical centers in the United States and
Canada have produced encouraging results with the use of continuous
positive airway pressure (CPAP) and continuous negative pressure (CNP)
therapeutic techniques. The CPAP method makes use of an endotrachael tube
which continuously forces oxygen-rich air into the lungs while the CNP method
keeps the infant's lungs expanded by subjecting the chest to continuous
negative pressure. The negative pressure around the chest helps the in-
fant to expand his lungs and to maintain the proper residual volume of
air. If life can be sustained for 4 days by either method of treatment,
the missing surfactant will become present in a sufficient quantity for
normal breathing to occur.

The CNP method has been employed by specialists at the University of
Miami School of Medicine who were among the first to make use of the
technique. A commercially available respirator was modified to produce
a constant negative pressure and has proven successful in saving the
lives of several infants. The University of Miami researchers, Dr.
Akram Tamer and Dr. Eduardo Bancalari, recognized several shortcomings
in their present system and requested assistance from the RTI Biomedical
Application Team. The disadvantages of the present system are:

(1) High cost because it is equipped with an electronic cycling

system (for controlled breathing), which is not necessary in the continuous
negative pressure technique.
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(2) The negative pressure is applied to the entire body except the
head, thus interferring with the infant's cardiovascular function and
producing an increase of air in the gastrointestinal tract.

(3) The nursing care of the infant is very difficult and cannot be
given without discontinuing the negative pressure.

To overcome these disadvantages, the University of Miami medical team
wished to fabricate a CNP chamber that would cover only the infant's
thorax, arms, and upper abdomen. Such a system would offer the following
advantages over the use of continuous positive pressure in the airway:

(1) It avoids tracheal intubation and leaves the face free for
nursing care. This point is of great importance since, in addition to
feeding the infant, it is normally necessary to suck mucus from the
infant's trachea at frequent intervals. The CPAP must be discontinued
during such nursing care.

(2) 1Its interference with venous return to the right heart will be
minimal.

(3) It avoids the increase of air in the gastrointestinal tract.

The technology employed in the construction of the Lower Body Negative
Pressure system (Figure 18) for NASA's 1973 Skylab mission has direct
application in providing therapeutic treatment for respiratory distress
syndrome. A Marshall Space Flight Center engineer, Mr. Ted Knowling,
visited the University of Miami medical team to consider the applica-
bility of the NASA Lower Body Negative Pressure system to this problem.
The major problem to be encountered in the design of the needed CNP system
is the air seal that will be required at the waist. (The neck seal that
is used on commercially available respirators is thought to be adequate.)
The waist seal that was designed for NASA's Lower Body Negative Pressure
system appears to provide an excellent solution to the problem of

sealing the CNP unit at the infant's waist. Additionally, the NASA

seal is adjustable, which will allow the CNP chamber to accommodate
infants of various sizes.

A mechanical designer from the University of Miami visited Mr. Ted
Knowling at MSFC during August 1972. A preliminary design for the

CNP system was worked out at that time. The Department of Biomedical
Engineering at the University of Miami plans to fabricate the CNP

unit; the problem originator is presently seeking funds for the

project.
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Figure 18a. NASA Lower Body Negative Pressure Chamber.

Figure 18b. NASA Lower Body Negative Pressure Chamber.
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PROBLEM VAM-2 Diagnosing Gait Abnormalities

A suit developed for NASA's 1973 Skylab flights may prove to be a key
factor in the diagnosis of gait abnormalities.

Thousands of Americans suffer loss or impairment of their limb functions.
Artificial limbs and therapeutic treatment offer a degree of rehabilita-
tion for many of these persons who are then able to resume many of their
normal activities. Presently, gait abnormalities are diagnosed and
progress is followed by a physician's visual observation of the patient
while walking. The physician has little trouble in determining the type
of affliction (e.g., Parkinson's disease, cerebral palsy) by lis
observation of the patient during walking; however, it is difficult to
determine the degree of impairment of gait function. It is perhaps more
difficult to quantitate progress made by the patient. This is an
important task of the physician since therapeutic treatment must be
tailored to a particular individual's needs. More rapid and more complete
recovery might be expected if the gait abnormalities could be analyzed

in more than a subjective manner.

An equally important need for quantitating gait abnormalities exists in
the design and fitting of prosthetic limbs. Here quantitative gait infor-
mation might be used to design better prostheses. In addition, the
prosthesis adjustments could be refined to yield a more normal pattern of
walking.

Preliminary experiments employing triaxial accelerometers attached to
various points on a patient's leg indicate that a knowledge of the
acceleration of the limb segments while walking might be used to detect
and quantitate gait abnormalities. It is desired to find a method of
determining the acceleration of the body's lower limb segments.

The problem was posed to Mr. John Samos, Technology Utilization Officer

at Langley Research Center (LRC), who contacted an LRC engineer experienced
in accelerometer instrumentation. Discussions with this engineer revealed
that there were several problems involved in instrumenting a patient with
accelerometers and that an alternate approach should be considered. He
suggested that we contact the LRC staff concerned with the Crew Vehicle
Disturbances study, which is scheduled for NASA's 1973 Skylab mission.

This experiment was designed to assess the effects of crew motion on the
attitude stability of a manned spacecraft. To conduct the study, a device
for determining the position of an astronaut's limb segments relative to
the torso was developed. This system is actually a type of exoskeleton
incorporated into a pair of coveralls that measures joint rotations in
real time. (see Figure 15).

Team members discussed the applicability of this system to the study of
pathologic gait and concluded that the system provides an excellent method
of determining acceleration of the body's limb segments. In addition,

the system yields the actual position of the limb segments in space, which
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will be of even greater benefit than the acceleration data alone. The
Team has made arrangements with the principal investigator for the
Skylab Crew Vehicle Disturbances experiment to obtain the limb position
sensing system on loan to assess its potential in rehabilitation of
patients with gait abnormalities.

PROBLEM TU-29 Damage to Blood from Microwave deaters

A blood analysis technique developed for the space program may be useful
in the study of warming techniques for blood used in transfusions.

Warming of refrigerated bank blood (4° to 6°C) has become a common

clinical practice because of the difficulties encountered with transfusing
cold blood. Clinical studies have left little doubt that rapid transfusion
of large quantities of blood at refrigerator temperatures may be a
dangerous practice resulting in cardiac or general body hypothermia.
Warming of the blood before infusion reduces the morbidity and mortality

of the recipients. To avoid the effects of cardiac and general hypothermia
during massive hemorrhage, cold bank blood should be warmed to body
temperature when rapidly administered in large amounts.

Until very recently, the basic method of warming refrigerated blood in-
volved the use of some form of water bath heat exchanger. Because human
blood at 4°C is a highly viscous fluid, coil—type heating systems cannot
attain sufficient flow since they must force cold blood through a filter
before warming. The method is relatively inexpensive, but the apparatus
requires considerable warmup time as well as some blood for priming. In
addition, the precise temperature control is difficult to achieve, and

the unit must be placed close to the patient, thus adding to the equipment
clutter in an already crowded operating room. Recently, the use of
microwave blood warming has eliminated these problems by warming the

blood in the bag before filtering,which offers speed, economy, and ease

of use. The refrigerated blood can be heated to a desired temperature in
1 minute. Blood is heated only when needed and there is no wasted blood.

Microwave heating is unique in that it does not involve a hot object with
the transfer of heat through conduction, radiation, or convection. Instead,
electromagnetic energy is generated at a very high frequency (2.5 GHz)

by a special oscillator tube. This sets up an alternating

electromagnetic field that causes the molecules within the blood to
constantly try to realign themselves electrically with each field

reversal. The friction between these moving molecules generates heat, thus
converting electromagnetic energy into thermal energy.

Although initial tests on the use of microwave—heated blood indicate that
the method is basically safe, the rapidly increasing use of microwave warm-
ing demands that a more subtle test of blood damage be used to determine
whether the method is safe in all circumstances. The basic problem is to
find a method of determining subtle damage to blood from the microwave
heating.
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The potential solution to this problem was discovered as a result of a
problem statement circulation in regard to problem TU-25, 'Measurement of
Blood Damage from Heart Lung Pumps.'" In response to that problem state-
ment, Dr. Stanley Ellis of Ames Research Center suggested the use of an
enzymatic technique. The technique is used at Ames for measuring the
effect of high oxygen pressures on blood cells. In particular, the
technique uses a proteolytic enzyme that can be monitored in a simple
manner and with very high sensitivity using a specific substrate. The
enzyme is dipeptidyl aminopeptidase III, which was first purified and
characterized from the pituitary gland and which can be specifically
determined by means of the fluorogenic substrate, arg-arg-beta-naphthylamide.

The problem originator discussed the basic technique with Dr. Ellis who
then agreed to process some initial samples of microwave-warmed blood.
Dr. Delili sent 12 units of blood to Ames Research Center for analysis
using the Ames enzymatic technique. The initial tests revealed that
some of the microwave-warmed blood did, in fact, have a high reading
using the enzymatic technique. However, not all microwave-warmed
blood gave the same response, which indicated that other factors may
be obscuring the basic phenomenon. Therefore, the problem originator
plans to send additional samples to Ames for evaluation. In addition,
arrangements are being made to duplicate the Ames technique at the
Tulane School of Medicine so that more complete studies can be
instituted.

PROBLEM EU-18 Display Panel for Testing Acuity

The researcher is performing fundamental studies of the visual system
and its functioning. In a particularly significant experiment, it is
desired to determine the visual acuity of a trained laboratory animal
(a rat). After the animal enters a T-shaped passageway, it will be
trained to turn left or right in order to obtain a food pellet, de-
pending on whether the lines in a display are horizontal or vertical.
It is desired to vary the width of the dark and light strips. Starting
with large strips, the width will be incrementally reduced until the
animal can no longer determine the orientation of the strips and thus
does not know which passageway contains the food.

The overall display size can be in the range of 2 to 5 inches square,
with a 2-inch square being preferred. The width of the dark and light
strips must be incrementally variable from 1/4 inch down to 1/32 inch
or even 1/64 inch. It would be desirable to vary the strip width in
1/16-inch increments down to a strip width of 1/16 inch with additional
increments to achieve strip widths of 1/32 inch and 1/64 inch. For any
given strip width, the size of the light and dark strips must be equal
so that the total illumination presented to the animal does not change
with strip width. It is also necessary to be able to rotate the dis-
play 90° between trials in order to present horizontal or vertical
orientations to the laboratory animal.
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As a result of discussion of this problem with Mr. John Samos at the
Langley Research Center, Mr. Richard Morris and Mr. William M. Kahlbaum,
Jr., of the simulator development section, were identified as NASA
researchers who might be in a position to contribute to the solution of
this problem. A meeting was arranged in which the overall problem was
discussed, and two approaches to the solution of the problem were suggested
by Messrs. Morris and Kahlbaum.

Following discussion of these potential approaches with the medical
researcher, the suggestions were considered by the medical investigator

to be sufficiently applicable for further discussions. As a result,

Dr. K. V. Anderson, the problem originator, visited the Langley Research
Center and discussed the biomedical problem with Mr. Kahlbaum. At this
time, Mr. Kahlbaum had arranged two breadboard demonstrations on an optical
bench to show the manner in which his suggestions could be implemented

to provide a solution to the problem. Dr. Anderson was impressed with

the simplicity of both techniques and the applicability of‘the techniques
to the particular experimental problem that he faces in his research.

Both approaches were deemed capable of providing a solution to the problem.
As a result, Dr. Anderson plans to construct preliminary models of both
systems for evaluation purposes.

In the basic configuration of the optical system suggested as the first
solution (Figure 19), a point light source is required. Light from the
point source is passed through an optical lens that generates parallel

light rays. The optical material (transparency) to be projected is placed
on the other side of the lens in the parallel light. The parallel light,
having passed through the transparency, is focused by means of an additional
lens. By changing the positions of the front lens, the overall size of

the projected image can be changed.

In the second solution (Figure 20), the basic technique is that the trans-
parency is illuminated by a diffuse light source. An optical lens is used
to obtain parallel light rays in the region between the two lenses. Two
optical wedges are interposed between the lenses in the region in which
the light rays are parallel. The projected image size can be changed by
rotating the two optical wedges about their vertical axes.

The problem of changing the orientation of displayed information from
vertical to horizontal or from horizontal to vertical can, of course, be
accomplished by rotating the transparency itself by 90°. This can be
accomplished by providing a mechanically rotatable transparency carriage
that can be automatically controlled or by rotating the display optically.
Mr. Kahlbaum suggested an approach to the rotation of the image using an
optical technique employing a Dove prism. This prism has the character-
istic that an image transmitted through the prism is rotated as the

prism is rotated. The angular rotation of the image is twice the angular
rotation of the prism, so that it would be possible to construct a system
using a Dove prism in which no motion of the transparency or of the trans-
parency carriage would be required. An objection to mechanical manipulation
of the slide carrier is that this may generate noise, thus providing cues to
the animal under test. The relative ease of rotating the negative carriage
or a Dove prism will be evaluated additionally during the test program.
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2.3 Impacts

The Application Team's efforts often provide a significant
benefit to the researcher even though no technology application has been
accomplished. During this reporting period, Team activities had a
significant impact on the researcher's activities in two such problems
that are discussed in the following summaries.

PROBLEM EU-8 4 Simple, Reliable Means of Attaching Instrumenta-
tion to the Skin

Studies in human gait and locomotion frequently require the attachment of
instrumentation to human limbs to measure various parameters, such as
angular relationships between bones, rate of movement, and displacement.
Standard techniques of attaching such instrumentation consist of various
kinds of straps or adhesive tapes. Unfortunately, because of perspira-
tion, vibration, and shock encountered during walking, these techniques
are very unreliable.

Basically, improved methods or techniques are required for attaching
sensors to human 1imbs so that a fixed relationship is maintained between
the sensor and the limb to which it is attached. The attachment method
must withstand the shock and variation associated with human locomotion
while maintaining the fixed attachment relationship desired. Any material
placed in contact with the skin must be nontoxic and nonirritating and
must not be affected by perspiration. Finally, attachment and removal
must be easily accomplished.

Shortly after this problem was accepted, a Team member suggested that

the medical adhesives used on colostomy and ileostomy bags might be
useful in the solution of this problem. As a result:of the workload

at the institution, this problem assumed a low priority for several
months. When the problem assumed a high priority, the researcher con-
tacted the manufacturers of colostomy cement and obtained several differ-
ent kinds. These adhesives, after careful evaluation by the researcher
for the past 4 or 5 months, have been proved to be very effective
solutions to the problem. Two types of adhesives, Skin Bond, marketed
by United Surgical Corporation, and Marlen Ileo Cement, marketed by
Marlen Manufacturing and Development Company, have both proved to be
acceptable solutions. The researchers are extremely enthusiastic over
the success of the adhesive in this application since it replaces straps,
masking tape, adhesive tape, and a number of other cumbersome and in-
effective techniques that had been used in the past. Patient accept-
ance is also very high because, with the elimination of straps, the
patient no longer feels as encumbered as previously. The adhesive had
been used to attach various kinds of electrogoniometers to human limbs.
In this application, it has withstood the vibration and shock encountered
while walking, and the normal perspiration of the patient. Attachment
using the cement is extremely easy, and removal can be accomplished by
means of a nonirritating adhesive remover supplied by the manufacturer.
Acetone has also been discovered to be very effective in removing the
cement.
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PROBLE!1 WWRC-5 An Improved Connector for Polyoinyl 1ubing

4any males with urinary incontinence wear a leg bag urinal, which is
supported on the inside of the leg by straps around the leg. Whenever
urine is emitted by the patient, it is conducted by gravity through a
sheath and 1/4-inch polyvinyl tubing to the legbag which functions

as a collector and temporary storage for the urine. When the

patient retires at night, the leg bag can no longer be used, and a night
bag which is attached to the patient's bed at a level lower than the
patient is used. This means that the tubing must be removed from the
leg bag and attached to the night bag. Presently, the connection to the
leg bag consists of a sleeve slightly larger than the tubing, over which
the tubing must be forced to complete the connection. This requires
considerable grip and strength in the hands. Removal of the tubing fron
the leg bag is wmuch more difficult and can be quite hard for a person

of normal hand strength to accomplish. Iany of these patients have
reduced strength and partial loss of function in their hands, so it is
even more difficult for them. Upon arising in the morning, the tubing
must be removed from the night bag and connection again made to the leg
bag. It is extremely important that these patients be made as self-
sufficient as possible, not only from a practical standpoint, but also
to lower their sense of dependence and thus improve their mental outlook.

Because of the difficulty presented by the connectors now in use, many

of these patients require assistance both in the evening upon retiring

and in the morning. This is extremely undesirable both from the patient's
and the therapist's viewpoints. A new type of connector that requires
less strength to connect and disconnect but provides a leak-proof
connection is desired. It is also desirable that use of the connector

not require highly coordinated motions or great skill.

The month following acceptance of this problem, !fr. Bob Zimmerman of
George Washington University suggested that a commercially available
connector from the Cole-Parmer Instrument Company might prove to be a
solution to this problem. Information on the connector was obtained
from the manufacturer and forwarded to tne medical investigator who
tnen ordered one of the connectors to determine its applicability to
this problem. The connector has been evaluated in the clinical
environment and has been found to be completely acceptable as a solu-
tion to the problem.
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3.0 SUMMARY OF TEAW ACTIVITY DURING REPORTING PERIOD

3.1 Problem Activity Summary

The following is a summary of project activity undertaken by
the RTI Team during the period August 23, 1971, to August 31, 1972.

New Problems Accepted 44
Problems Rejected 6
Problems Inactivated 88
Problems Reactivated 3
Total Problems Currently Active 57
Preliminary Problem Statements Prepared 44
Problem Statements Disseminated 4
Responses to Problem Statements 23
RDC Computer Searches Initiated 31
Impacts 2

Potential Technology Applications
Technology Applications

A description of currently active problems categorized by health area is
attached as Appendix B.

Table I lists the currently active problems by impact area.

3.2 Presentations by Team Members at Conferences, Meetings, and
Symposia

On September 14, 1971, Dr. F. T. Wooten and Mr. Ed Page pre-
sented the Biomedical Application Team to the Executive Committee of
the University of Miami School of Medicine.

On October 6, 1971, Dr. F. T. Wooten presented, by invitation,
a paper entitled, "Future Needs for Biomedical Transducers,'" at the
Transducer Conference in Washington sponsored by the Institute of
Electrical and Electronic Cngineers.
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On October 14, 1971, Mr. Ernest Harrison presented the keynote
address at the Regional Physical Therapist Association Meeting in Asheville,
North Carolina. This presentation included a discussion of the Biomedical
Application Team Program as well as a movie of the Apollo XV flight.

On November 1, 1971, Mr. Ernest Harrison presented the keynote
address at the American Occupational Therapy Association Meeting in
Cleveland, Ohio.

During the week of November 1, 1971, Dr. F. T. Wooten attended
the Annual Conference on Engineering in Medicine and Biology held in
Las Vegas, Nevada.

On November 17, 1971, Mr. Edward Page presented Dr. Wooten's
paper entitled, "Advancements in Medicine from Aerospace Research,'" at the
National Space Conference in Huntsville, Alabama.

On February 18, 1972, Mr. Ed Page attended the Conference on
Aerospace Technology and Radiology sponsored jointly by the American
College of Radiology and the National Aeronautics and Space Administration.

On February 23, 1972, Dr. F. T. Wooten presented a paper describ-
ing the Application Team Program at the invitation of the Detroit
Engineering Society.

On March 21, 1972, Dr. F. T. Wooten presented a paper entitled,
"An Ear Oximeter for Shock Detection,'" at the IEEE INTERCON Conference in
New York.

On March 27 & 28, 1972, Dr. F. T. Wooten participated in a panel
discussion at the National Conference on Electronics in Medicine held in
Chicago. The panel discussion subject was '"Aerospace Technology in
Medicine."

On April 17, 1972, Mr. Ernest Harrison presented a paper co-
authored with Dr. J. L. Lubkur and Dr. G. D. Allen of the University of
North Carolina entitled, "Electrodes for Use in Speech Neurology," at the
American Accoustical Society Meeting in Buffalo.

During the week of April 24, 1972, Dr. F. T. Wooten attended
the Annual Conference of the Association for the Advancement of Medical
Instrumentation and presented a paper entitled, "Evaluation of a New
Catheter Pressure Transducer.'

On June 7, 1972, Mr. Ernest Harrison presented a discussion of
the Biomedical Application Team Program at the invitation of the Depart-
ment of Vocational Rehabilitation of the State of North Carolima. This
presentation was made to a meeting of about forty rehabilitation counselors.
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3.3 Visits to NASA Field Centers

In order to continually increase Team knowledge of NASA research,
members make frequent visits to field centers for technical discussions.
During this reporting period, visits were made to Ames Research Center,
Goddard Space Flight Center, Jet Propulsion Laboratory, Langley Research
Center, Lewis Research Center, Marshall Space Flight Center, and
Michoud Assembly Facility

3.4 Association for the Advancement of Medical Instrumentation
3.4.1 Committee on Aerospace Technology

In order to enhance the impact on the medical community of
technology applications resulting from the NASA program, the team is
actively seeking industrial manufacture of marketable devices. One
approach being used is a committee within the Association for the Advance-
ment of Medical Instrumentation (AAMI), which is considering ways to advise
and interest the industrial community in applications of technology.

This committee, called the Aerospace Technology Committee, met twice
during the year in association with national meetings. One meeting of
the committee was held on November 3, 1971, in association with the
Conference on Engineering in Medicine and Biology in Las Vegas, Nevada.
The other meeting of the committee was held on April 24, 1972,in associa-
tion with the Annual Meeting of the Association for the Advancement of
Medical Instrumentation.

During the meetings that were held this year, a number of
significant problem areas were discussed. During both meetings, specific
examples of NASA technology were considered and during the second meeting
actual pieces of hardware were exhibited including a vital signs monitor,
a light monitor for the blind, a sound-level meter for the deaf, a
radiation detector, and a signaling system for paraplegic patients. One
important conclusion drawn from these discussions is that a personal
interaction between a NASA or Biomedical Application Team member and the
industrial representative is required. 1In general, it was felt that it
would be very difficult to interest any company in a specific device by
general mailings but that direct contacts would be necessary. This method-
ology would be consistent with the overall Biomedical Application Team
methodology,which relies heavily on personal interaction between team
members and medical community as well as between team members and the
NASA community.

Another conclusion of the committee is that it is unexpectedly
difficult to interest companies in devices for which they have little
input during the research and development phase. Superficially,it would
seem likely that a company would find it advantageous to accept a

54




particular device for manufacture for which the research and development
cost nas already been borne by the Federal Government.
does not appear to be the case; in fact, it appears to be of major

importance to have a company involved in the project at the earliest

possible stage.

This committee, which is composed of physicians, NASA personnel,
and industrial representatives, has provided some insight into the diffi-
culties inherent in attempting to interest manufacturers in specific
technology applications. It is hoped that continued efforts by this
committee will help to solve the problems surrounding this important

aspect of the technology utilization program.

3.4.2 Conference Session on NASA Technology

At the invitation of Mr. Michael Miller, Executive Director
of AAMI, the Research Triangle Institute Biomedical Application Team
organized a program session on NASA technology at the Annual Meeting of
the Association for the Advancement of Medical Instrumentation held in

However, this

Las Vegas April 23-26, 1972. The program for the session was as follows:

Lessons from Support of Man in Space Applied
to Medical Support on Earth

New Concepts in Trace Chemical Analysis
Advanced Concepts in Graphic Techniques for
Studying Heart Function

Recent Developments in Ultrasonic Technology
for Use in Measuring Physiological States

in Man

Biomedical Engineering at the Jet Propulsion
Laboratory

Evaluation of a New Catheter Pressure
Transducer
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This session was attended by approximately 75 people and was
followed by an active question and answer session. Because of the success
of this presentation, Mr. Miller has requested that a similar session be
presented at the 1973 Conference.
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4.0 SUMMARY OF BIOMEDICAL APPLICATION TEAM STATUS AT USER INSTITUTIONS

4.1 Introduction

In Section 1.4 of this report, the 14 medical institutions
participating in the RTI Application Team Program were listed. In order
to put into perspective the relative activity and history of the activity
at each school, the following brief summaries are presented.

4.2 Summary Status for User Institutions Participating in the
Program on August 31, 1972.

Duke University Medical Center - This institution has been
active in the Application Team Program for 5 years, and a total of
84 problems have been considered at this school. During the past 2 years,
there has been a noticeable slackening of activity because of the reduction
in Federal funds at this school, but an increase in activity is expected
during the coming year.

Bowman Gray School of Medicine of the Wake Forest University -
This school has been active in the Application Team Program for 5 years
during which time a total of 112 problems have been considered. Activity
has slowed noticeably in recent months and this lower level of activity is
expected to continue at this school over the next year.

University of North Carolina Medical School and Dental School -
A total of 95 problems have been defined at the schools of medicine and
dentistry during the past 5 years. Activity at the present time is
low but an increase in activity is already underway.

Tulane University School of Medicine - Team activity started at
Tulane in December 1969 making this school one of the more recent additions
to the Application Team Program. The cooperation and enthusiasm of the
Tulane staff have contributed to a very successful program. Thus far, a
total of 34 problems have been considered and activity is expected t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>