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PREFACE

This report covers the activities of the Midwest Research
Institute Bicmedical Applications Team during the period from 1 Decemper
1968 to 28 February 1969. The MRI BA Team is concerned with the applica-
tion of aerospace-generated technoclogy to problems in the nonaerospace
biomedical field. This work is being conducted for the National Aero-
nautics and Space Administration, under the technical direction of NASA's
Office of Technology Utilization, Tecinology Utilization Division,
Washington, D.C.

The MRI BA Team is directed by David Bendersky, Principal
Engineer, under the supervision of Paul C. Constant, Jr., Assistant
Director of the Engineering Sciences Division, and Manager of Technology
Utilization. Other MRI technical staff members who contributed to the
activities reported herein are: Edward T. Fago, Senior Engineer; Wilbur
E. Goll, Associate Engineer; and Donald E. Roberson, Assistant Engineer.

The coordinators at the participating medical institutions
are: Dr. John W. Trank, University of Kansas Medical Center, Kansas City,
Kansas; Drs. Robert H. Schwartz and Harry Imdwig, University of Wisconsin,
Madison, Wisconsin; Dr. William G. Kubicek, University of Minnesota,
Minneapolis, Minnesota; Blair A. Rowley, University of Missouri, Columbia,
Missouri; and Dr. Marshall P. Reich, Fitzsimon's General Hospital, Denver,
Colorado.

The all-important contiibutions of the biomedical investigators
at the participating medical institutions, whose names are given in the
text, are gratefully acknowledged.

Approved for:
MIDWEST RESEARCH INSTITUTE

ottt —

Harold L. Stout, Director
Engineering Sciences Division

14 March 1969
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SUMMARY

During the period from 1 December 1968 to 28 February 1969, the
MRI Biomedical Applicaticns Team was active on 38 biomedical problems. Four
actual and 14 potential transfers of technology resulted from the team's
activities on these problems. Twenty-two new biomedical problems were
obtained from the participating institutions during this period.

Seven reports, papers and presentations were prepared by the team.
Outside inquiries were handled as well as a variety of other miscellaneous
project activities.



I. INTRODUCT1ON

The MRI Bioégdical Applications Team was established in 1965,
under the sponsorship of the NASA Office of Technology Utilization, to
assist in the transfer of aerospace-generated technology to the non-
aero.yace biomedical field. The MRI BA Team is a multi-disciplinary
group consisting of personnel with training and experience in biology,
computer technology, electrical engineering, medicine, mechanical engi-
neering, pharmacology, and physiology.

The procedure being'used to transfer aerospace-generated
technology to biomedical applications consists of five basic steps. The
first step is to define specific- biomedical problems. The problems are
obtained from the research staffs at participating biomedical institutions.
The second step is to identify potential solutions to the biomedical prob-
lems. The identification of potential solutions is done through computer-
ized and manual literature searches, circulation of problem abstracts to
the NASA research centers and aerospace contractors, and personal contacts.
'The third step is to modify the original technology, when rcquired, to
adapt it to the biomedical problem. The fourth step is the evaluation of
the techneclogy by the biomedical researcher who submitted the problem. The
final step is to document and disseminate information on successful transfers.

Five biomedical institutions are presently participating in
the MRI BA Team program. These are the University of Kansas Medical
Center, Kansas City, Kansas; the University of Wisconsin, Madison. Wisconsinj;
the University of Missouri, Columbia, Missouri; University of Minnesota,
Minneapolis, Minnesota; and Fitzsimons General Hospital, Denver, Colorado.

IT. ACTIVITIES ON BIOMEDICAL PROBLEMS

A. University of Missouri Biomedical Problems

X-Ray Photograph Enhancement, Problem No. MU-8; Biomedical Investigators,
Dr. Peter L. Reichertz and Dr. Samuel Dwyer, III: (Transfer)

Drs. Reichertz and Dwyer are engaged in a research project to
eliminate noise, correct distortions and enhance contrast in X-ray photo-
graphs. The ultimate goal of the project is to provide improved X-rays
and computerized processing and analysis of X-rays for diagnosis. Dr. Dwyer,
a member of the Electrical Engineering Department, is now in the process of
assembling apperatus for computerized X-ray enhancement based on the system
developed at the Jet Propulsion Labora,tory.l Information on the JPL X-ray
enhancement system had been furnished to Dr. Reichertz by the MRI BA Team.
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Hardware developed by Dr. Dwyer has progressed to an operational,
but still experimental stage. Presently a simlated X-ray is scanned by an
image dissector camcra producing 200 scan lines per image generating an
analog signal representing image intensity. The signal is filtered to
remove noise, converted to digital data (201 data points per scan line),
and stored on digital tape. An IBM 360/50 computer will apply the enhance-
ment processing techniques, and store the enhanced X-ray on digital tape.
The software for the enhancement process is not yet available. Reconstruc-
tion is accomplished on an oscilloscope by converting the data to analog
signals to modulate the intensity of a raster generated on the oscilloscope
screen. Several improvements are required to produce better pictures,
especially in eliminating noise and reconstructing the image.

Four reportsglé/, previously sent by the MRI Team for evaluation,
were reviewed by Dr. Reichertz. He stated that a radiographic image amplifier
described in a report?/ and NASA Tech Brief (B68-10363) was only remotely
related to his research problems. The technique could possibly be used as a
preamplification device for film scan7ing. He reported that the report on
the NASA spatial technique filtering>/ "might be a very important tool in
reprocessing data for computer analysis." The article on pseudo-color
processingé was of no use for his research program. The report on facsimile
video enhancement§/ describes a simple and inexpensive technique for video
enhancement. The device utilizes a nonlinear amplifier whose gain character-
istic can be altered by the selection of different nonlinear feedback net-
works. One drawback is that enhancement of black areas reduced contrast
in the white area and vice versa. The system is designed for slow scan,

240 line raster per ininute, facsimile., Presently, Dr. Reichertz has no
plans to use this material.

Electrocardiogram Electrodes, Problem No. MU-9; Biomedical Investigator,
Dr. Peter L. Reichertz (Potential Transfer)

Small electrodes for electrocardiograms are needed which are
satisfactory over comparatively long periods, are not affected by movement
of the patient, and must not cause bedsores even when attached for long
periods to the back of motionless lying patients. These electrodes are to
be connected to a central computer network in hospital coronary care units
being developed at the University of Missouri under the Federal Regional
Medical Program.

Dr. Reichertz is eveluating several potential solutions previously
sent to him by the MRI BA Team.82728/ References describe long-term testing
of several types of electrodes. He reported that the material could possibly
be valugble in the development of inert long-term monitoring electrodes.



Cardiac Output Measurement, Problem No. MU-12; Biomedical Investigators,
Dr. P. L. Reichertz and Dr. R. H. Martin (Potential Transfer)

A method is needed to evaluate the amount of blood being pumped
by the heart through peripheral measurements. This type of measurement is
particularly required for critically ill patients.

Two regorts on an impedance cardiographic technique *o measure
cardiac outputgz;g/ were sent to Dr. Martin. Dr. W. G. Kubice: et al.,
at the University of Minnesota have been developing the impedance cardio-
graph method of measuring cardiac output 1der a NASA contract.

Pulmonary and Metabolic Measurement Instrumentation, Problem No. MU-13;
Biomedical Investigator. David W. Douglas (Potential Transfer)

In connection with the l'ederal Regional Medical Program at the
University of Missouri, there is a need for instrumentation for obtaining
pulmonary function and melabolic data in mass screening. Presen* instru-
mentation is not satisfactory for mass screening, because of their slow
response and lack of flexibility.

The Westinghouse Eleciric Corporation produces a Pulmonary
Function Oxygen Monitor, Model 211. Literature describing this instrument
was sent to Mr. Douglas by the MRI BA Team. The unit boasts 30 ms. response
allowing breath-to-breath measurements, oxXygen concentration measurement
within 0.5 percent accuracy, and rectilinear »trip chart reagout. Sample
flow rate is adjustable from 100cc/min to approximately 400 ce/min. Mr.
Douglas reports that he plans to arrange for a demonstration of the instru-
ment.

Simultaneous Electrocardiograph Measurements, Problem No. MU-19; Biomedical
Investigator, David W. Douglas (Potential Transfer)

The conventional procedure for obtaining electrocsardiograms from
electrodes attached to the limbs is to respectively switch to each set of
electrodes, called multiplexing. Consequently, the electrocardiogram from
each set of electrodes is not a continuous record. For multi-phase testing
being developed at the University of Missouri, wherein a number of physio-
logical functionc are monitored at the same time, it is desired to measure
all six sets cf electrodes simultaneously. There is some concern whether
electrocardiograms collected simultaneously are comparable with electrocardio-
grams collected by multiplexing.



13-1 ?s the result of a computerized literature search, nine re-
ports"'L were sent to Mr. Douglas for his evaluation. One repor 12
described a technique for triggering the cardiotachometer with which he
plans to experiment. The report on magnetocardiograms,}g/ which measure
the magnetic field associated with cellular electrical phenomena in cardiac
tissue, is pertinent to his problem. He Rlans to contact the authors of .he
report. He reported that five reportsll’ 3,15,17,13 were not applicable
to his project but referred three of themilz;ézlg/ to other investigators.

Torso Position Effects on the Electrocardiogram, Problem No. MU-21; Bio-
medical Investigator, Blair A. Rowley (Potential Transfer)

In the University of Missouri's Federal Regional Medical Program,
it is planned to take electrocardiograms with the subject in a reclining
chair. The MRI BA Team was asked to furnish data on the effects of body
positions on electrocardiograms.

A computer search of NASA iiterature revealed four pertinent
Ttalian documentsiﬂ? which Mr. Rowley is having translated. A manual
search of other literature uncovered five erticlesgélgé/ which he evalu-
ated. He reported that one articl 24 may be useful, but the others had
no apparent application to his problem.

Speed Reducer for Heart Pump Drive, Problem No. MU-22; Biomedical Investi-
gator, Alan H. Purdy (Potential Transfer)

This is a new problem submitted during this report period.

An important problem in developing an artificial implanted heeart
is supplying the energy to power the pump. The investigator proposers the*
the energy source be outside the body, and that energy be transported as
electromagnetic energy through the intact tissue wall to an implanted pumn
drive. To attain a la:rge power-to-weight ratio and high efficiency, a
high speed electric motor would be used as the prime mover. The radio
frequency energy would be converted to dec to power the motor.

The speed reducer must be highly efficient to maximize energy
transport and minimize heat generation. It must be small and lightweight,
and encapsulated in an inert and impervious material. Lubrication for
life is an important consideration.



A computerized search of NASA literature tapes revealed fifteen
citations. However, none of the citations was useful. The investigator
requested a search of helicopter transmission mechanisms and lubricants. A
manual search of N iterature turned up seven reports; the investiga-
tor requested fourfgﬁi%é} A copy of "Solid Lubricants“éé/, NASA SP-5059,
was sent to Mr. Purdy.

Implanted Transducers and Telemetry System for the Ovary Duc:s of Small
Animals, Problem No. MU-23; Biomedical Investigator, Saul D. Larks, Ph.D.
(Potential Transfer)

This is a ne~ problem submitted during this report perind.

The investiiator wishes to implant a small packege in the ovary
ducts of small animals tc measure cyclic changes which may occur. The
packeage should contain transducers to measure one or more of the following
parameters: pH, electrical potentials, pressure, and chemicals. Telemetry
must be by radio; life span should be 60 - 90 days.

Information on a pressure telemetry system, developed in connec-
tion with a NASA program by the Electro-Optical Compeany, will be sent to
the investigator. A computerized search of NASA documents will be conducted
to locate small transducers and radic telemetry units.

Detection of Embryonic Iow Levcl Mechanical Movewuc::its, Problem MU-24;
Biomedical Investigator, Samul D. Larks, Ph.D. (Potential Transfer)

This is 2 new problem submitted during this reporting period.

The investigator wishes to detect embryonic heart ectivity as
early as possible and obtain some information about its mechanical activity.
ECG recorfings may be obtained quite early but informetion of a mechenical
nature is scarce. A means of detecting the low level mechanical move-
ments of the embryo's heartbeat from the surface of the matcrnal skin is
needed.

The MRI muscle accelerometeréé/ offers a potential solution to
this problem. Information on this accelerometer will be furnished to the
investigator for evaluation. A literatire search of the NASA data bank
will also be conducted.



Remote Station Signaling, Proo.em No. MU-27; Biomedical Investigator,
Gail Bank

This is & new problem submitted during this reporting period.

The investigator has a medical comrmnicsaticns telephone network
which is used for coniinuing educetion and medical problem sclving. Normally,
one point originates the rrogram. At the end cf the progrem questions are
accerted frem other pecints. At present, there is no method employed to
electronically signal the originating point that one or more of the other
pcints kas & questior. Hence, the system tends to become szaturated with
voice requests.

. A method is needed for zllowing meny individual loceztions on z
single vcice grade telerhone circuit to individually signeal a2 signal mzin
voint. The signal mist register in the presence of voice noise, regardless
¢f the m .ber of lccations on the circuit.

Digitel Signal Enhancement Scftware, Problem Nc. MU-28; Biomedical Investi-
gatcr, Alen H. Purdy

Ihis is 2 new problem submitted during this reporting period.

Biclcgicel signals are reccrded by F.M. tape reccrding. These
signzls -ontein low frequency roise (vase line drift) and high frequency
necise. Ir order tc use these signals for analyticai applications, the
nc.se rust be removed. The tape is pleyed back through zn A-D converter
into & digital computer. Software is needed tc filter the signals and
generate anelyticel functions which will describe the signals.

A search of the NASA computer data bank (CcOSMIC) will be conducted
to locate computer programs to solve this problem.

Glucose Electrode, Problem MU-31; Biomedical Investigator, David M. Klachko,
M.D. (Potential Transfer)

This is a new problem submitted during this reporting period.

The investigator seeks an electrode sensitive to glucose in a
water base solution, such as " lood, suitable for ascertaining the concen-
tratior of glucose.



An investigator at the University of Wisconsin, S. J. Updike, M.D.,
is developing such an electrode .(in connection with Problem No. UW-20). A
cony of a paper by Dr. Updikeéé/, was sent to Dr. Klachko. He was referred
to Dr. Uodike for further Jetails.

Blood Vacuum Pressure Mcnitor, Problem MU-29; Biomedical Investigator,
David M. Klachko, M.D.

This is a new problem presented during this repcrting period.

Continuous on-line monitoring of blood gluccse is being done at
the University of Misscuri Medical Ceunter. Blood is drawn from a vein via
very small tubing (I.D. = 0.027) utilizing a roller pump at 10 ml. per hr.
It is necessary to know if the tube blocks so it may be cleared or the run
terminated without loss of datz in the line. In the current monitcring
technique the vacuum pressure is measured with a manometer at the pump
located 2bout 12 ft. from the vein. This locztion results in an undesirable
time lag.

A new monitor located at the site of the vein puncture is needed
to overcome these difficulties. Not more than 1/2 ml. of fluid should be
ccntained in the monitcr. The vacuum pressure should be adjustaeble over an
operating range of 1 mm. mercury to a maximum of 760 mm. mercury. The unit
should occupy & space no more than 1-1/2 cibic in.

Blood Sample Catheter, Problem No. MU-30; Biomedical Investigator, David
M. Klachko, M.D.

This is a new protlem submitted during this reporting period.

To make a continuous sampling of blood a very small tube (0.042 in.
I.D., 0.054 in. 0.D.) is inserted in a vein. Because of tube flexibility,
patient motion, <tc., the tip has a tendency to approach the wall and be drawn
to it by the suction in the tube. The tube is actually two tubes, one
within another. The inner tube draws the blood while the outer tube
supplies a small volume of anticoagulant. A method is needed to prevent
the end of the catheter from obstructing itself against the walls of the
vein.

B. University of Kansas Biomedical Problems

The following new problems were recently submitted by investigators
at the University of Kansas Medical Center. These problems are in the process
of being defined.
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KU-31: EKG electrodes for use during surgery and anesthesia
KU-32: Oxygen partial pressure monitoring during surgical anesthesia

KU-33: Continuous measurement of water partial pressure in a gas
anesthetic mixture

KU-34: Respiration monitor by measuring changes in thoracic volume

KU-35: Ccniinuous respiration volume flowmeter to monitor volume moved
per breath and total accumlated volume

KU-36: Remote monitoring of radial arterial blood pressure, systolic,
and average

KU-37: Reliable monitoring of'electrocardicgram during anesthesia
and surgery

KU-38: A one perscn interaction simulator for clinical training in
speech pathology

C. University of Wisconsin Biomedical Problems

Eyeblink Measurement, Problem No. UW-2; Biomedical Investigator, Prof. L. E.
Ross (Potential Transfer)

The eyeblink response has been used extensively to study -lassi-
cal condition, or learning, in adult subjects, and it offers many advantages
for work with infants. However, infants and mentally retarded children
will not tolerate the attachment of devices to the eyelid. A noncontacting
type of sensor is, therefore, required.

An infrared sight switch described in NASA Tech Brief 65-10073§§/
is considered to be a potential solution for this problem. Past efforts to
procure an infrared sight switch for clinical evaluation have been unsuccess-
ful. Further attempts were made to obtain this item for evaluation. The
Technology Utilization Officer at the Marshall Space Flight Center informed
the MRI BA Team that (l) there are no switches available from NASA and (2)
the Hayes International Corporation is licensed to manufacture and sell the
device. Prior attempts to get one of those switches from Hayes were un-
successiul; however, further attempts are now being made.



Apparatus for learning Resea:ch, Problem No. UW-S5; Medical Investigator,
Dr. R. Heber (Transfer)

For research and training of mentaliy retarded children, there is
& need for a functionally flexible apparatus for experiments on visual
learning, memory and other performance characteristies. This apparatus
must t> compact and pc-table so that it can be readily moved from school
to schocl.

Since a search »f available equipment did not reveal an sppro-
priate apparatus,a proepossl to develop the apparatus was prepared by MRI
and submitted to Dr. Heher. Dr. Heber has advised the MRI BA Team that he
will know shortly whe*her his new budget for 1969-1970 will prcvide funds
to prcceed with the development of the proposed learning machine.

Temperature Telemetry for Internal Organs, Problem l.o. UW-10, Biomedical
Investigator, Dr. R. K. Meyer (Transfer)

Endccrinclogy research on monkeys, being conducted by Dr. Meyer,
requires a method for menitoring the internal body temperature on a con-
tinuous basis. Such an inst-ument must be able to detect temperature
changes as small as 0.02°F, and must remain operative inside the animal
for sererzl months without adverse reaction to the animal.

A computer search of NASA literature indicated that a temperature
telemetry system developed at the NASA Ames Researc Centeréé/, and subse-
quently commercialized by Electro-Optical Syste 57 , was a solution for
this prcoblem. One of the telemetry units has been implanted in an ovari-
ectomized monkey since May 1968, with no apparent tissue reaction. Consider-
able data have already been accumulated on diurnal temperature changes in
response to a controlled light/dark (day/night) environment. Some tempera-
ture changes due to drug reactions have also been noted. The second unit
is still being tested in vitro and will soon be implanted in a monkey hav-
ing a normal menstrual cycle.

Enzyme Electrode Amplifier and Tclemetry System, Problem No. UW-20, Bio-
medical Investigator, Dr. S. J. Updike

Dr. Updike has develored a special enzyme electrode which he in-
terds to use for the continuous monitoring of oxygen and glucose concentra-
tions in living animal tissues. He needs a very stable, high-impedance
amplifier in order that changes in the emplifier will not mask the signal
he is attempting to measure.
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Fabrication of an amplifierég/ per information previously supplied
by the MRI BA Team indicates that temperature drift and linearity are still
major problems. A commercial amplifier was tried which also has similar
problems of stability. Effort is now being expended by Dr. Updike to
develop his own sprscial circuitry.

D Uhiversitz_pf Minnesota Biomedical Problems

Feot Support Devices, Problem No. UM-17, Biomedical TInvestigator, Prof.
John D. Allison (Potential Transfer)

Correction of certain foot disorders in children requires that
inserts be placed in the patient's shoe to support the base structure in
proper rocsition during growth. Due to frequent changes required, because
of the constant growth and corrective acticn taking place, new inserts
must be fabricated several times a year at a cost of approximately $50 per
pair. It is desired that some material and/or fabrication technique be
found to reduce the present costs.

Based on a review of the literature searchég/ previously sugplied
by the MRI BA Team, the investigator has requested four documentséglé—/ for
further evaluation. These document: are on order and will be forwarded
when received. Information on an e.ectronic shoe fitting device previously
sent to the investigator, was not dea2med relevant, since data will be ob-
tained from serial casts of the foot, rather than measuring progressive
changes in total length or metatarsal width.

Distortion of Visual Perception, Problem No. UM-26, Biomedical Investigator.
Dr. A. S. Marrazzi

Dr. Marrazzi is investigating the behavioral consequence involved
with patients having disturbed cerebral fun-tions, when they look into a
seven foot open-ended room through a set of distorting lenses. The
resulting distortion of visual perception appears as a slope in the wall
of the test chamber. The extent of the slope can then be accentuated in a
quantitative, diagnostic fashion by small test doses of drugs which have no
recognizable overt effect, but which can be readily followed instrumentally.
In order to increase the capability of the research project, a miniaturized
version of the system is needed for field use.

A computer search of the NASA data bank has been conducted and the
results have been sent to the investigator for evaluation.



Electrical Sensor for Bacteria Detection, Problem UM-28, Biomedical
Investigator,’ Professor Grace Mary Ederer (Transfer)

Professor Ederer desires to make a clinical application of the
aerospace methodology for monitoring the bacterial content of water
supplies for space craft.

. . . . i A 44,45/

Information contained in documents reviewed by the investigator—2—
indicates that work performed by Hazleton Laboratorjeséé/ for the Aerospace
Medical Research Laboratories is applicable to this L.oblem. Past attempts
to locate the Hazleton equipment were not successfvi. However, during a
recent tour of the Life Detection Laboratory at the Goddard Space flight
Center, a member of the BA Team recognized the equipment which was develcped
by Hazleton for Wright-Patterson AFB. Additional reportsézzéé/ were ob-
tained on similar work done by Hazleton for Goddard Space Flight Center.
Arrangements are now being made to borrow the unit from Goddard for use by
the investigator.

Cool Suit for Metabolic Studies, Problem No. UM-35, Biomedical Investiga-
tor, Dr. Henry L. Taylor (Potential Transfer)

This is a new problem submitted during this report period. Dr.
Taylor is engaged in the development of methods for evaluating the capacity
of the cardiovascular system to provide an adequate oxygen supply to the
heart during stress -nonditions. The reliable interpretation of electro-
cardiograms taken before and after stress requires precic=s control of the
myocardi:l oxXygen consumption, a condition which is not now available.

It is proposed to explore the problem by studying the relation-
ship of skin temperature, as controlled by a "cool suit,” to pulse rate and
blood pressure under standardized conditions of work. It is expected that
data will also be obtained, which will provide insights into the use of
"cool suits" for the purpose of studying peripheral circulation. A follow-
on course of investigation will involve the degree of cardiovascular stress
produced by the effect of heating the subject via the heat exchange mechanism
of the "cool suit."

A member of the BA Team, having prior knowledge of space suit
technology, suggested that a water-cooled garment developed for NASA by
United Aircraft Corporationig/ and commercialized by B. Welson and Company,
Inc.gg/ would be an appropriate solution to this problem. The investigator
is now interested in having the use of a NASA "cool suit" for a 6-12 month
period of investigation and efforts are now under way to prccure one through

NASA.



Miniature Power Sources, Problem No. UM-36, Biomedical Investigator,
Dr. Jchn Tester and Mr. David Gilmer

This is a new problem submitted during this report period.

Mr. Gilmer is working on a NIH project which involves the "radio
tracking" of small animals and birds, particularly ducks. Power sources,
weighing some 4.5 to 12 grams, are needed to supply miniature telemetry
equipment (see Problem UM-37) which will be either attached to or implanted
in the test subjects.

Additional information is now being gathered to provide a more
complete definition of the problem. A computer search of the NASA data
rank will then be made.

Miniature Telemetry Equipment, Problem No. UM-37, Biomedical Investigator,
Dr. Jchn Tester and Mr. David Gilmer

This is a new problem submitted during this report period.

Dr. Tester and Mr. Gilmer are working on a NIH project which
involves the "radio tracking” of small animals and birds, particularly
ducks. Due to size of the animals and virds involved, extremely compact,
lightweight telemetry equipment is needed. Information is desired on
miniaturized state-of-the-art construction information. A computerized
literature search cf the NASA data is being conducted.

Telemetry Recording Devices, PTo%lem No. UM-38, Biomedical Investigators,
Dr. John Tester and Mr. David Gilmer

This is a new problem submitted during this report period.

Dr. Tester and Mr. Gilmer is working on a NIH project which in-
volves the "radio tracking” of small animals and birds, particularly ducks.
Information on equipment capable of receiving the very weak telemetry sig-
nal and recording the desired data is needed.

Additior.al information has been requested from the investigators
in order to more clearly define the type of signal information to be re-
corded. A computerized literature search will be made when the probtlem
definition is completed.
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E. Fitzsimons Army Hospital Bicmedical Problems

Bloodless Perfusion, Problem No. FH-1l, Medi:zal Investigator, Dr. Marshal P.
Reich (Transfer)

Captain Reich is engaged in a long-range research program on
limb implantation. The ultimate goal of this program is to develop tech-
niques for grafting human arms and legs to soldiers who have lost limbs in
combat. Good results have been obtained with dogs, wherein the animal's leg
was amputated and immediately replanted. At the present time, the amputated
1limb is being kept in a hyperbaric chamber for various time periods prior to
replantation. During the storage . f the limb in the hyperbaric chamber, a
mixture of blood and dextrin solution is continuously circulated through
the vascular system to assist in keeping the limb viable. It is desired
to avoid the use of blood in the perfusate because of problems related to
the artificial circulation of blood, such as deterioration of the red cells.
A bloodless perfusate which will be capable of keeping the amputated limb
viable is desired.

. A Medlars search on perfusion was initiated by the MRI BA Team.
The search resulted in 651 citations, which were sent to the investi-
gator. The investigator reported that the search was extremely comprehen-
sive and that 12 articles are pertinent to his prcblem.

Determination of Nerve Viability, Problem No. FH-3, Biomedical Investigator,
Dr. Marshall P. Reich (Pctential Transfer)

A reliable technique is needed to determine the viability of nerves
in an umputated limb. At the present, the viability of the nerves in the
limb is determined by observing the actions of the leg after replantation.

If a reliable method was available for determining the viability of the
nerves in the amputated limb prior to replantation it would avoid the work
required for replantation of a limb in which the nerves were not viable.

The pertinent report 51,52 , which were revealed in a search of
the NASA literature tapes and requested by Dr. Reich, were obtained by the
MRI BA Team and sent to Dr. Reich.

Monitoring « ™ pH, POy, PCOp, Problem Nos. FH-4 aund FH-5, Biomedical.Investi-
gator, Capt. Marshall P. Reich (Potential Transfer)

The pH, partial pressure of oxygen, and partial pressure of carbon
dioxide in the perfusate as it is pirculated through the amputated limb, and
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the partial pressure of the tissue of the amputated limb are important param-
eters in the study of limb presefvation. Convenient and accurate methods for
making these measurements are, therefore, urgently needed. Some commercial
~quipment is available, but tests have shown this equipment to be incon-
venient and/or inaccurate.

Dr. Reich has asked the MRI BA Team to advise him with regard to
difficulties he has had with a commercial PCO, probe. Inspection of the
probe revealed that the membrane was loose with respect to the underlying
metal structure. It was recommended that the probe be returned to the
manufacturer for repair.

. Information on a new commercial machin. for measuring POo, PCOp

and pHéé/ was obtained by the MRI BA Team and sent to Dr. Reich for evalu-
ation. )

ITI. OTHER ACTIVITIES

A. Reports, Papers and Presentations

1. @Qarterly Report No. 2, covering the activities of the MRI
Biomedical Applications Team during the period from 1 September to 30
November 1968 was prepared and distributed.

2. David Bendersky, Director of the MRI Biomedical Applications
Team, gave a presentation on the NASA Biomedical Applications Program
to the Kansas City Section of the Institute of Electrical and Electronics
Engineers, Kansas City, Missouri, 2 January 19569.

3. The galley proofs of the paper e1vitled "Evaluating Aerospace
Technology in the Medical Setting,” by Dev': i dersky, were checked and
returned to the publisher. This paper is . h»: putlished in the March 1969
issue of the Jcurnal of the Association t:: thne Advancement of Medical
Instrumentation.

4. Wilbur Goll, MRI BA Team, spoke before the professional women's
service organization, Zonta International (Xansas City, Missouri Chapter)
cn 22 Sanuary 1969. The history and purpose of NASA's Biomedical Application
Teams was given as well as several examples of technology transfers.

5. David Bendersky, Director of the MRI Biomedical Applications
Team, presented an invited lecture on the NASA Biomedical Applications
Program at Bradley University, Peoria, Illinois, on 11 February 1969. The
lecture was sponsored by the Bradley University College of Engineering and
the Illinois Valley Chapter of the Institute of Electrical and Electronics

Engineers.
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€. A paper, entitled "Recent Successes in Utilizing Aerospace
Technology", by David Bendersky, has been accepted for publication in the
Journal of the Association for the Advan-ement of Medical Instrumentation.

7. Wilbur Goll, MRI BA Teesm, was the luncheon speaker for the
North Kansas City Chapter of Kiwanis International on 19 February 1969.
The talk concerned NASA's Technology Utilization Program and particularly,
the Biomedical Application Team's role in applying aerospace-generated
technology as solutions to medical research problems. Types of current
problems as well as successful transfer solutions were described. The
potentizlities of industrial participation were also mentioned and the
talk was concluded with a question and answer period.

B. Meetings

5 February 1969: Donald Roberson, MRI BA Team member, visited
the University of Missouri, Columbia, Missouri, and met with five bio-
medical investigators who had submitted problems. Discussed in these
meetings were status of current problems, new problems, and hardware de-
velopment, which are presented elsewhere in this report.

13 February 1969: Dave Bendersky and Wilbur Goll atteuded the
SRS/NASA Interagency Conference at the Goddard Space Flight Center in
Greenbelt, Maryland. Representatives from participating rehgbilitation
centers, SRS, HEW, NASA, George Washington University, and the three
Biomedical Applications Teams discussed ways and means for improving the
Interagency effort. The Goddard clean room facility and Life Detection Lab
were also toured. This tour .roved very interesting and fruitful because
information and equipment relevant to a current medical problem (Problem No.
UW-28) was located.

C. Biomedical Research Staff Mailing

A mailing tc the medical research staff at the University of Missouri
was made to stimulate the inflow of new problems to the MRI BA Team. As a
result of the mailing, 15 new problems have been submitted by biomedical
investigators at the University.

D. Inguiries

1. Dr. S. J. Updike, The University of Wisconsin, Madison,
Wisconsin, requested information regarding NASA spray-on electrocardiogram
electrodes. Information sent § February 1969.
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2. Dr. John G. Webster, The University of Wisconsin, Madison,
Wisconsin, requested that he be added to the distribution list for receiving
BA Team reports. Dr. Webster has appointments with brth the Electrical
Engineering Department and the Instrumentation Systems Center and is respon-
sible for supervision of graduate stude~ts working with meaical investigators.

3. Dr. A. A. Siebens, The University of Wisconsin, Madison,
Wisconsin, expressed the need for information in the following areas:

Muscle accelerometer

Voice controlled orthotic devices
. High efficiency D.C. motors
Constant force solenoid

Damping device for arm movements

e T =2\

M Q.

Information concerning item (a) has been sent. Items (b) thru (e) will be
written up as new problems when detailed information is available.

4, Dr. F. E. Russell, O'Fallon, Missouri, requested general
information on the NASA Biomedical Applications Program. The requecsted
information was sent to Dr. Pussell.

5. James E. Freeman, Denver Research Institute, Denver, Colorado,
requested information on the relationship between the MRI BA Team and the
user institutions. The information was prepare. and sent to Mr. Freeman.

5. Mr. Vargo, NASA Lewis Research Center, Cleveland, Ohio, in-
quired concerning the status of the X-ray enhancement system being developed
at the University of Missouri (Problem No. MU-81). He requested the infor-
mation on behalf of a Cleveland hospital which is interested in this equip-
ment.

7. Mr. B. Rowley, University of Missouri, Columbia, Missouri,
requeste. information on manufacturers of reproduction equipment. A list
of reproduction equipment manufacturers was assembled and sent to Mr.
Rowley.

E. Miscellaneous

1. A copy of a literature search on Continuous Measurement of
pH, PO», end PCO2, which had been assembled in connection with Problem No.
UM-31, was sent to Dr. Ray Ware, Southwest Research Institute, for possible
application to his Problem No. RNV-15.

17






10.

REFERENCES

"Digital Computer Processing of X-ray Photographs,” R. H. Selzer, Jet
Propulsion Laboretory, Contract No. NAS7-100, NASA-CR-80521, 15
November 1966, NASA Accession No. N67-13197.

"Sclid State Radiographic Image Amplifiers," Z. Szepesi et al.,
Westinghouse Electric C:crp., Contract No. NAS8-21206, Final Report,
Mzy 1968.

"Spatial Filtering: A Report on the State of the Art,” John H. Haleman,
General Electric Co., in NASA Electron Res. Center Aerospace Meas.
Tech., 1967, NASA Accession No. N67-17790.

"Psuedo-Color Prccessing of Electronic Photographs,” C. Gozley, Jr.,
et al., Racd Corp., Contract F44620-67-C-0045, April 1967, NASA
Accession No. N67-30442.

"Technical Manual for the Facsimile Video Enhancement Device," by C. H.
" Vermillion, NASA Goddard Space Flight Center, October 1967, Contract
X-731-67-526, NASA Tech Brief 68-10207.

"Review >f NASA-MSC Electroencephalograms and Electrocardiogram Electrode
Systems,”™ J. L. Day, NASA Manned Spacecraft Center, April 1968, NASA
Technical Note TND-4398.

"The Insulated Electrode: A Pasteless Electrocardiographic Technique,"
P. C. Richardson, USAF School of Aerospace Medicine, Proceedings of
the 20th Annual Ccnference on Engineering in Medicine and Biology,
November 13-16, 1967.

"Some New Electrode Techniques for Long-Term Physiological Mcnitoring,"
P. C. Richardson et al., Aerospace Medicine, July, 1968, IAA Accession
No. A68-34357.

"Development and Evaluation of an Impedance Cardiac Output System,"
W. G. Kubicek et al., Aerospace Medicine, December, 1968.

"Development and Evaluation of an Impedance Cardiographic System to
Measure Cardiac Output and other Cardiac Parameters,” July 1, 1967
to June 30, 1968, W. G. Kubicek et ak. University of Minnesota, NASA
Contract No. NAS 9-4500.



13.

14.

16.

17.

19,

20.

21.

22.

"Detection of Ccronary Artery Disease in Its Early Stages," A. Rumball,
Buropean Ccngress of Aviation Medicine, London, August 29 - September 2,
1960, Human Problems of Supersonic and Hypersonic Flight, Pergamon
Press (1962).

"Cardiac R-Wave Detector,” V. D. Gebben, NASA Lewis Research Center,
NASA- TM-X-1489, Jaruary 1968.

"Serial Electrccardiograms: Their Reliability and Prognostic Validity
Over a 24-Year Period,"” W. R. Harlan et al., Naval School of Aviation
Medicine, NASA-CR-85241, March 1967.

"An Instrument for VCG and Solar ECG Measurements," W. C. Hixson and
H. W. Allebach, Naval School i Aviation Medicine, AD-412814, 26
March 1963.

"Metheds of the Manual Analysis of Multi-Source, Continuously Recorded
Biomedical Data,” J. W. Nance, Systems Development Corp., Contract
AF 19(628)-1648, 30 June 1963.

"Description of Model 6NEK-1F2 Six-Charnel Electrocardiograph,”
H. Fritzsch, Joint Publications Research Service, JPRS-18859,
February 1963.

"Radiotelemetry: A Clinical Perspective,” C. A. Cacaras and J. K
Cooper, Biomedical Telemeiry, Academic Press (1965).

"The Magnetocardiogram,” R. A. Stratbucker et al., Nebraska University
College of Medicine, Annual Rocky Mcuntain Bioengineering Sy—posium,
First, U.S.A.F. Academy Proceedings, May 4, S5, 1964.

"futomatic Pattern Recognition of Physiological Signals by Computers,”
A. L. Weiber et al., U.S. Dept. of HEW, Proceedings of the Annual
Conference on Engineering in Medicine and Biology (1263).

"Electrocardiographic Study and Course of Arterial Pressure in Subjects
Subjected to Various Body Positions by Means of Tilting Table,"
E. Busnengo, Minerva Medica, November 10, 1965 (in Italian).

"On Variations of the P-Wave of Electrocardiogram in Relation to
Changes in Body Position in Space,” C. Vacca et al., Minerva Medica,
November 10, 1965 (in Italian).

"Changes in the P-Wave of the Electrocardiogram Related to Changes of
Body Positions in Space,” C. Vacca et al., Renista Medicina Aero-
nautica e Spaziale, October - December 1965 (ir Italian).

20



23.

24.

25.

26.

27.

28.

31.

33.

"Changes of Heart and Electric Axio Positions in Different Body Positions,"
E. Busnengo and F. Rossanigo, Renista di Medicina Aeronautica e
Spaziale, December 1966 (in Italian).

"Positional Bffects of Gastric Distention upon the Mean Electrical
Axis of the QRS Complex of the Electrocardiagram,” Martin Duke, M.D.,
Vascular Diseases, Vol. 2, July, 1965, IAA Accession No. A65-82101.

"On the Repeatability of Submeximal Work Tests and the Influence of
Body Position on Heart Rate During Exercise at Sub-maximal Work Loads,"
R. Hellstrom and A. Holmgren, Scandinavian Journal of Clinical and
Laboratory Investigation, Vol. 18, 1966, IAA Accession No. A67-80963.

"Reliability of Quantitative Tilt Table Data," E. Shvartz, Aerospace
Medicine, October 1968,

"Integrated Scoring of Tilt Table Response as a Means to Evaluate
Cardiovascular Deconditioning Due to True or Simulated Space Flight,"
F. B. Benjamin et al., Aerospace Medicine, February 1968.

"Cardiovascular Changes During Tilt and Leg Negative Pressure Tests,
S. J. Bartok et al., Aerospace Medicine, November 1968.

"Power Transmission Studies for Shaft-Driven Heavy-Lift Helicopters,"
Iester R. Burroughs, Sikorsky Aircraft Division, United Aircraft
Corp., October 1965, Contract DA-44-177-AMC-240(T), NAS4 Accession
No. N66-14436.

"Study of Helicopter Gear Iubrication," D. R. Bailey and S. J. Beaubien,
Shell Oil Company, Research Laboratory, March-May 1965, Contract
NOw-65-0323-C, NASA Accession No. N65-33907.

"Study of Helicopter Gear Lubrication,” D. R. Bailey et al., Shell 0il
Company, Research Lab., June-August 1965, Contract RNOw-65-0323-c,
NASA Accession No. N66-12537.

"Investigation of Solid ILubricants for Helicopter Transmission,"
Paul H. Bowen, Westinghouse Electric Corp., March 1967, Contract
DA-44-177-AMC-307(T), NASA Accession No. N67-29600.

"Solid Lubricants," M. E. Campbell, John B. loser, and Eldon Sneegas,
Midwest Research Institute, May 1966, NASA SP-5059.

"The Enzyme Electrode," S. J. Updike and G. P. Hicks, Department of
Medicine, University of Wisconsin, Medison, Nature, 3 June 1967.

21



36.

37.

40.

41.

42.

44.

45.

46.

"Photoelectric Sensor Output Controlled by Eyeball Mcvements," Spaco,
Inc., Marshall Space Flight Center (M-FS-274).

"Miniature Bioelectronic Device Accurately Measures and Telemeters
Temperature,” Ames Research Center, (ARC-52) NASA Tech Brief 66-10057).

"Inplantsble Telemetry Series,” Type BT1-T, Electro-Optical Systems, Inc.,
Biomedical Instrumentation Dept., 300 North Halstead St., Pasadena,
California, 91107.

"Progress Report on Radic Telemetry from Inside the Bcdy," by R. S.
Machay, Proceedings o1 the Second National Biomedical Sciences

Instrumentation Symposium, May 4-6, 1964, Vol. 2. Plenum Press.

Search Number: 1058-ASTRA, Fabrication of Foot Support Devices,
34 citations.

A66-81814: Investigation on the Distribution of Pressure Forces on
The Foot by the Tensometric Method, H. Szukiewicz et al. Wychowanie
Fizyczne Sport, Vol. 10, No. 1, 1966, pp. 59-66. (In Polish).

A68-12816: Advances in the Development of RPG, Richard M. Williams,
In: Advances in Structural Composites; Society of Aerospace Material
and Process Engineers, National Symposium and Exhibit, 12th, Ansheim,
California, October 10-12, 1967.

N66-10056: Design and Test of a Full-Scale Wearable Exoskeletal
Structure, Neil J. Mizen, In AEC Remotely Operated Special Equipment,
1964, pp. 158-197.

N68-12889: Recent Developments in Low-Density Ablators, by James N.
Moss and William E. Howell, 1967, NASA TM-X-60755.

G. V. Levin et al. Bio Science, 14:37, 1964.

"Rapid Detection of Microorganisms in Aerospace Water Systems,” G. V. Levin

et al Aerospace Medicine, Vol. 39, Jamary 1968, pp. 17-19. Accession
Numbers A68-18079 and A67-41627.

"Development of the Firefly Bioluminescent Asssy for the Rapid, Quantita-
tive Detection of Microbiel Conteamination of Water," G. V. levin et al.
Final Report May 1, 1966 - Merch 31, 1967. (AMRL-TR-67-71; AD-659144)
Accession Number N68-10051.

22



47. "The Design and Fabrication of sn Instrument for the Detection of
Aenosinetriphosphate (ATP)," Hazleton Labs, NASA CR-411, Accession
Number N66-20926.

48. "Use of the Fircfly Bioluminescent Reaction for Rapid Detection and
Counting of Bacteria,” E. W. Chappelle and G. V. Levin, Biochemical
Medicine, Vol. 2, No. 1, June 1968, pp. 41-52.

49. "Water-cooled Space Suit,"” David C. Jennings, J. of Spacecraft and
Rockets, Vol. 3, No. 8 August 1966, pp. 1251-1256.

50. "Cool Suif" Model 10, Full Length Suit, B. Wilson and Company, Inc.,
806 Wethersfield Avenue, Hartford, Connecticut, 06114.

51. "Development of Afferent and Effector Innervation of Somatic Musculature,"
A. A. Klishan, Arkh. Anat. Gist. i Bmbriol. (Ieningrad) Vol. 44, No. 2,
February 1963, Jeint Publications Research Service, N64-10595.

52. "Studies of the Mammalian Brain Function in Vitro," I. Sirda, Kobe
University, (Japan) April 1967, N67-32875.

53. "Blood and Tissue Gasses and the SRI Medical Mass Spectrometer,"”
W. H. Johnson, Scientific Research Instruments Corp., Paper R-89.

54. "A Mascle Accelerometer," D. Bendersky, Digest of the 7th International

Conference on Medical and Biological Engineering, August 1967,
Stockholm, Sweder.

23



